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1 INTRODUCTION 

1.1 Project Overview 

The European Commission sought to update the General Safety Regulation for Europe to 

include new and developing technologies with the aim of reducing Europe’s annual road 

fatalities. The European Commission requested support in the development and finalisation 

of secondary type-approval legislation for the following vehicle safety measures: 

• ISA: Intelligent Speed Assistance 

• ELKS: Emergency Lane Keeping System 

• TPMS: Tyre Pressure Monitoring System (heavy duty) 

• AEBS: Advanced Emergency Braking (light duty, vehicles pedestrians/cyclists) 

• VIS: Direct Vision & Pedestrian and Cyclist Detection (heavy duty) 

• REV: Reversing Safety 

• EDR: Event Data Recorder 

• FFW: Frontal Full-Width Impact 

• DDR: Driver Drowsiness and Attention Monitoring, Advanced Distraction 

Recognition & Driver Availability Monitoring Systems 

• HED: Pedestrian and Cyclist Enlarged Head Impact Zone 

• DAMS: Driver Availability Monitoring System 

• HVEDR: Event Data Recorder (heavy duty) 

 

TRL conducted a technical study to assess and develop performance requirements and test 

protocols for the above measures. The scope of the requested service varied between 

measures in the following categories: 

A. Full support requested, i.e. draft the legal technical provisions for secondary 

legislation and trial proposed procedures where required: ISA, ELKS, TPMS 

B. Specific support requested in the context of a UNECE informal working group 

developing a UN Regulation: AEBS, VIS, REV 

C. Specific support requested to prepare the implementation of secondary legislation 

by the Commission, building on existing procedures or proposals, without carrying 

out physical trials of the procedure: EDR, FFW, DDR, HED, DAMS, HVEDR 

 

For the measures ISA, ELKS and TPMS, the final outputs were draft implementing acts for 

further consideration by the Commission. Interim outputs included preliminary lists of 

technical items that needed to be covered by requirements and tests in the technical 

annexes of each regulation. The interim outputs also collated applicable requirements for 

these items from existing test procedures where they existed. Each measure required the 

interaction of TRL and industry stakeholders and experts via bi-lateral meetings, whose 

expertise informed the development of the draft regulatory texts. The list of items, for each 

measure, were expanded in later tasks but the intention was to be as complete as possible 

after review of existing systems and test procedures, and initial consultations with experts 

in the field.  

Trials of the draft test procedures were performed and documented for TPMS. Trials of the 

draft procedures for ISA and ELKS were initially foreseen as well; however, in agreement 

with the Commission these were not performed because of restrictions related to the 

COVID-19 pandemic (ISA) and because the ELKS procedures were aligned closely with 

existing procedures. For ISA, the Commission has arranged for TRL to review test results 
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from industry-run trials and update the proposal as required. One set of results has been 

presented by industry and taken into account for the regulatory proposal.  

The measures AEBS, EDR, VIS and REV required TRL to support the development of, or 

amendments to, UN Regulations by engaging with stakeholders and by utilising and 

reviewing existing industry expertise. TRL also engaged with stakeholders via bi-lateral 

meetings and were involved in UN Informal Working Groups, helping to form workable 

draft documentation and regulation. Bi-lateral stakeholder consultations were also 

performed for measures FFW, DDR, HED and HVEDR. 

1.2 Structure of the Final Report 

TRL was commissioned to deliver reports for all the General Safety Regulation measures 

as outlined in Section 1.1. This final report has been written to collate all reports TRL has 

completed for the General Safety Regulation and provide documentation where TRL was in 

attendance of Informal Working Group meetings to discuss changes to and the integration 

of new secondary type-approval legislation for Europe.  

TRL has provided an executive summary for each published report (Section 2), 

documenting the background to individual measures, the tasks undertaken, the method, 

key findings and recommendations. TRL has delivered these reports to each respective 

Commission Policy Officer for independent review prior to being collated within this report 

for publication. This report contains the finalised reports, provided in full in the Appendices, 

in the order as listed in Section 1.1. 

Some of the reports in the Annex have titles containing “first interim” and “second interim 

report”. The second interim reports represent the final reports of the individual measures. 

First interim reports are included in the Annex only if the content of those reports is not 

included in the respective second interim report. 

The European Commission also requested the creation of slide decks to outline the key 

learnings or prepare discussions for stakeholders and the working groups. Along with the 

reports of TRL’s findings, observations and recommendations, test results, aggregated 

(and anonymised) discussions with stakeholders and presentation slides, all have been 

included in the individual reports. These additional materials have either been annexed 

within associated reports or included in the main body of the text to be discussed within. 

Where the VIS & REV measure is concerned, TRL was extensively involved in the VRU-

Proxi Informal Working Group, chairing and presenting to the group. Minutes for the 

meetings are available via the Working Group forum, hosted by the UNECE, but TRL has 

provided links to the discussions, presentations and the proposed draft regulatory text. 

These can be found within Section 2.5. 

This report provides an overview to the work performed by TRL to support development of 

the update to the General Safety Regulation for Europe, outlining each measure in 

Section 2, followed by the reports, discussions, recommendations and draft regulatory text 

(for those measures concerning the latter) in the Annexes. 
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2 GENERAL SAFETY REGULATION: EXECUTIVE SUMMARIES  

2.1 Intelligent Speed Assistance (ISA) 

Intelligent Speed Assistance (ISA) means a system to aid the driver in maintaining the 

appropriate speed for the road environment by providing dedicated and appropriate 

feedback. 

The revised General Safety Regulation (EU) 2019/2144 has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving lives 

on EU roads. One of a package of measures to be implemented within this revision was the 

mandatory fitment of ISA to passenger cars, vans, trucks, buses and coaches.  

The objective of the ISA work package was to develop draft technical annexes setting out 

requirements and test procedures for secondary type-approval legislation for regulatory 

ISA systems for vehicle categories M1, M2, M3, N1, N2 and N3. This work package was divided 

into the following tasks: 

• Task 1: Review and scope contents of draft technical annexes 

• Task 2: Detailed development of requirements and tests 

• Task 3: Trials of track-based test procedures  

• Task 4: Consultations / liaison 

• Task 5: Reporting, meetings and ad-hoc support 

Task 1 and part of Task 4 were completed in 2019. This work made a preliminary 

recommendation for the contents of the draft technical annexes for the secondary type-

approval legislation for ISA, based on literature review and bilateral meetings with 14 

stakeholders (3 automotive OEMs, 1 automotive & heavy vehicle OEM, 5 Tier 1 suppliers, 

2 test houses/technical services, 1 consumer test organisation, 1 non-government 

organisation, 1 academic organisation). The preliminary recommendations and relevant 

supporting information were documented in a first interim report (Annex 1.1), which was 

circulated to stakeholders for comment. Feedback was received from 13 stakeholders (1 

OEM association, 2 automotive OEMs and 1 automotive & heavy vehicle OEM; 1 supplier 

association and 3 suppliers; 1 consumer test organisation; 4 non-government 

organisations).  

Following this, the second stage of the work further developed the draft technical annexes 

taking into account comments from stakeholders on the report mentioned above and 

further stakeholder consultation. It was originally envisaged that this work would include 

trials of the track-based test procedures developed, but unfortunately this was not possible 

because of restrictions related to the COVID-19 pandemic. The Commission has arranged 

for TRL to review test results from industry-run trials and update the proposal as required. 

One set of results has been presented by industry and taken into account for the regulatory 

proposal. 

This report, as can be found in Annex 1.2, details the draft technical annexes developed, 

including requirements, test procedures and associated performance limits, the thinking 

behind their development, and, where appropriate, justification for the text content, as 

well as recommendations for remaining work and the way forward. 

2.2 Emergency Lane Keeping System (ELKS) 

Emergency Lane Keeping System (ELKS) means a system assisting the driver in keeping 

a safe position of the vehicle with respect to the lane or road boundary, at least when a 

lane departure occurs or is about to occur and a collision may be imminent. 

The revised General Safety Regulation (EU) 2019/2144 has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving lives 
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on EU roads. One of a package of measures to be implemented within this revision is the 

mandatory fitment of emergency lane keeping system ELKS to cars and vans.  

The objective of the ELKS work package was to develop draft technical annexes setting out 

requirements and test procedures for secondary type-approval legislation to mandate 

fitment of ELKS to M1 and N1 category vehicles. This work package was divided into the 

following tasks: 

• Task 1: Review and scope contents of draft technical annexes 

• Task 2: Detailed development of requirements and tests 

• Task 3: Consultations / liaison 

• Task 4: Reporting, meetings and ad-hoc support 

The work was performed in two stages. In the first stage, literature review and bi-lateral 

consultations with seven organisations were undertaken to develop a high-level proposal 

for the contents of the ELKS regulation. The second stage of the work developed the draft 

technical annexes taking into account comments from stakeholders on the first stage report 

and using bi-lateral consultations with key stakeholders, including ACEA and CLEPA.  

This report, as can be found Annex 2, details the draft technical annexes developed 

including requirements, test procedures and associated performance limits, the thinking 

behind their development, and, where appropriate, justification for the text content, in 

particular suggested performance limits. 

2.3 Tyre Pressure Monitoring System (Heavy Duty) (TPMS) 

The revised General Safety Regulation (EU) 2019/2144 of the European Parliament has 

entered into force and will help ensure the deployment of safety features designed to save 

lives on European roads. One of the package of measures to be implemented within this 

revision is the mandatory fitment of Tyre Pressure Monitoring Systems to larger goods and 

passenger vehicles.  

A Tyre Pressure Monitoring System (TPMS) is a system fitted on a vehicle which can 

evaluate the pressure of the tyres, or the variation of pressure over time, and transmit 

corresponding information to the user while the vehicle is running. 

The objective of this TPMS work package was to develop draft technical annexes setting 

out requirements and test procedures for secondary type-approval legislation to mandate 

fitment of TPMS to vehicles of category: M2, M3, N2, N3, O3, O4. This work package was 

divided into the following tasks: 

• Task 1: Literature review and research. 

• Task 2: Stakeholder consultation. 

• Task 3: Validation of proposed test procedure. 

• Task 4: Drafting of proposed performance requirements and test procedures. 

In parallel, under the working party on noise and tyres (GRBP) a task force on Tyre 

Pressure Monitoring System and Tyre Installation (TPMSTI) was created to update UNECE 

Regulations No. 141 and No. 142. One of the task force’s objectives was to amend UNECE 

Regulation No.141 to extend the scope to include M2, M3, N2, N3, O3 and O4 vehicles. Work 

performed by TRL was used to support the task force achieve this objective, and TRL 

participated directly in the task force meetings to develop proposed amendments to UNECE 

Regulation 141.  

Meetings with stakeholders and a literature review (see Annex 3) were used as a basis for 

drafting proposed technical requirements. These draft requirements were subsequently 

discussed and developed within the task force TPMSTI and the test procedures developed 

were then verified on three vehicles of category M3, N3 and O4. 
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In consultation with the TPMSTI, specific objectives were defined for the testing, in addition 

to proving the overall feasibility of the proposed procedures. These included tests to verify: 

• How long does it take to deflate large tyres by 20% for the diffusion and puncture 

test? 

• Is the proposed time period for deflation in these tests appropriate? 

• How long does it take for tyre temperature to stabilise such that Pwarm can be 

measured?  

• What is the effect of tyre loading on the warmup time? 

The validation testing successfully proved out the repeatability of the proposed procedures 

by carrying each test out on multiple vehicle types. Tyre warm up times for large vehicles 

were shown to be independent of vehicle speeds and the timings for deflation of tyres in 

the diffusion and puncture tests was shown to be feasible for the proposed tests. The 

revisions proposed to the tests contained in UN Regulation No. 141 deliver minimum 

technical requirements for TPMS for vehicles of categories M2, M3, N2, N3, O3 and O4. 

This report (see Annex 3) details the draft technical annexes developed including 

requirements, test procedures and associated performance limits, the rationale behind 

their development, and, where appropriate, justification for text amendments and 

proposed performance limits. 

2.4 Advanced Emergency Braking Systems (AEBS) 

Advanced Emergency Braking Systems (AEBS) means a system that will apply the vehicle 

brakes to avoid a collision without any input from the driver. A warning is given to the 

driver when the collision is still avoidable, but subsequently applies the brakes if the driver 

fails to respond. 

The revised General Safety Regulation (EU) 2019/2144 has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving lives 

on EU roads. One of a package of measures to be implemented within this revision is the 

mandatory fitment of AEBS to passenger cars and vans. 

The objective of the AEBS work package was to provide specific support in the context of 

the UNECE informal working group developing a UN Regulation on Automated Emergency 

Braking Systems (AEBS) for vehicle categories M1 and N1. This work package was divided 

into the following tasks: 

• Task 1: Issues relevant for car/van-to-car, car-to-pedestrian and car-to-cyclist 

o Influence of test conditions 

o Performance tests 

• Task 2: Car/van-to-car 

o Analysis of consumer testing 

o State of the art 

o Adaptation of the requirements for N1 vehicles 

• Task 3: Car-to-pedestrian 

o Analysis of consumer testing 

o False positive test 

• Task 4: Car-to-cyclist 

o Analysis of consumer testing 

• Task 5: Reporting writing 
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In order to maximise the quality of the consumer testing analysis, these tasks were 

completed only when a broad dataset was available with a variety of different vehicles. 

Due to the nature of the Informal Working Group, the tasks were completed when 

necessary to provide the most benefit to the group. These meetings took place 

approximately every two months with many key stakeholders and Contracting Parties. The 

specific support provided for the Informal Working Group was ad-hoc, some tasks that 

were defined in the scope of the project were replaced by more pertinent tasks for the 

benefit of the group. The report produced for Task 5 can be found within Annex 4. 

2.5 Direct Vision & Pedestrian and Cyclist Detection (Heavy Duty) and 
Reversing Safety (VIS & REV) 

The objective of the VIS & REV work package of the GSR5 project was to provide support 

to the European Commission (EC) as required and within the context of the UNECE VRU-

Proxi informal Working Group (IWG on Awareness of Vulnerable Road Users (VRUs) during 

Low-speed Manoeuvres) currently developing several UNECE Regulations relevant to the 

vision (VIS) and reversing (REV) safety measures. 

The areas of technical expertise that TRL was scoped to provide support to the EC involved 

the following: 

1. Collision landscape analyses  

2. Drafting of proposed regulations  

3. Technical support for and reviewing of VRU-Proxi related trials  

4. Attending and contributing to VRU-Proxi IWG meetings  

Deliverables for the VIS & REV work package were principally provided through technical 

presentations provided by TRL on behalf of the EC at VRU-Proxi IWG meetings and specific 

Task Force meetings. Presentations either took the form of slide decks or word documents, 

depending on the requirements of the VRU-Proxi IWG.  

Annex 5 provides links to the publicly available material presented by TRL at the VRU-Proxi 

IWGs on behalf of the EC and which should be taken as evidence of delivery: 

• Collision landscape analyses 

• Drafting of proposed regulations 

• Technical support for and reviewing of VRU-Proxi related trials 

• Attending and contributing to VRU-Proxi IWG meetings 

TRL additionally participated in numerous bilateral meetings with relevant stakeholders, 

including both industry and Contracting Party representatives.  

The proposed regulation for Moving Off Information Systems (MOIS) can be found in Annex 

5.1 and proposal presentation, Annex 5.2. 

2.6 Event Data Recorder (EDR) 

An Event Data Recorder (EDR) is a vehicle system with the purpose of recording and 

storing critical crash-related parameters and information shortly before, during and 

immediately after a collision.  

The revised General Safety Regulation (EU) 2019/2144 has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving lives 

on EU roads. One of a package of measures to be implemented within this revision is the 

mandatory fitment of EDR to passenger cars and vans.  

To implement secondary type-approval legislation on EDR, the Commission has chosen the 

approach to support a UNECE Informal Working Group with a view to develop and adopt a 
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new UN Regulation on EDR, and, in addition, address relevant aspects not covered by the 

UN Regulation in an EU delegated act on EDR.  

The objectives of this work package were to: 

• Support the Commission in a UNECE Informal Working Group developing 

harmonised requirements and a UN Regulation on EDR for M1 and N1 vehicles 

• Draft additional technical requirements for an EU delegated act on EDR for M1 and 

N1 vehicles addressing aspects that are not in scope of the UN Regulation 

TRL attended and contributed on behalf of the Commission to Informal Working Group, 

sub-group and task force meetings in the process of developing the UN Regulation within 

the UNECE Informal Working Group on Data Storage System for Automated Driving / Event 

Data Recorder (DSSAD/EDR). The new UN Regulation will contain provisions concerning 

the data elements to be recorded and their data format (recording interval, sample rate, 

minimum range, accuracy and resolution), data storage, triggering conditions, overwriting 

of events, power failure, crash resistance and survivability, and deactivation of EDR.  

TRL have developed draft contents for the EU delegated act with requirements covering 

the outstanding aspects not addressed at UNECE level: additional data elements to be 

recorded and their format, data elements that must not be recorded (anonymity), data 

retrieval, protection against manipulation and misuse, and approval of EDR as separate 

technical unit. This report can be found in Annex 6. 

2.7 Frontal Full-Width Impact (FFW) 

UN Regulation No.137 (R137) concerns the protection of M1 and N1 occupants in the event 

of a full-width frontal impact collision. The Regulation consists of a 50 km/h full-width crash 

test with a Hybrid III 50th percentile male (H3-50M) anthropometric test device (ATD, also 

known as a crash test dummy) in the driver’s seat and a Hybrid III 5th percentile female 

ATD (H3-5F) in the front passenger’s seat. Performance requirements for the thorax 

(chest) deflection of the ATD have been adapted to technical progress to encourage 

improved restraint systems, particularly relating to the protection of older car occupants. 

The objective of this work is to introduce the THOR-M 50th percentile male ATD in place of 

the H3-50M as a further adaptation to technical progress, because the THOR ATD has been 

shown to be more biofidelic (more humanlike) than the Hybrid III. In a first phase, the 

performance requirements (based on measurements made with the dummies) should be 

set to give equivalent risk of injury to those currently defined in UN R137. There is also 

scope to update the thorax deflection performance requirements in a second phase 

(outside the scope of the present work) to further enhance the protection of older 

occupants. A potential third phase of regulatory update, also outside the scope of the 

present work, would be to implement the THOR-5F 5th percentile female ATD in the front 

passenger seating position once it becomes available. 

This study evaluated the status of THOR-50M for application in UN R137, focusing on five 

key topics: 

1) Build level – the precise mechanical design of the ATD at a given point in time, including 

dimensions and material specifications for all parts, recorded in a drawing package 

a) Tight control of the build level helps ensure that ATDs produced by different 

manufactures have very similar performance 

b) UN Mutual Resolution No. 1 (M.R.1) is the repository for drawing packages (and 

other relevant documentation such as procedures for assembly, disassembly, 

inspection and certification) of ATDs used in UN Regulations 

2) Certification requirements – detailed test specifications and performance requirements 

(with tolerances) that ensure that an ATD has consistent performance over time and 

that different ATDs have very similar performance 
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a) Certification requirements help ensure that vehicle tests with an ATD have good 

repeatability and reproducibility 

3) Seating procedure – detailed instruction for how to set up the seat of a vehicle to be 

crash tested, and how to install the ATD in that seat 

a) The seating procedure helps ensure that vehicle tests with an ATD have good 

repeatability and reproducibility 

4) Repeatability and reproducibility 

a) Repeatability means the variation in measurements made with a single ATD in 

multiple tests under the same test conditions 

b) Reproducibility means the variation in measures made with multiple ATDs in tests 

under the same test conditions 

c) Good R&R helps ensure that assessment of the safety performance of a vehicle is 

robust and consistent, independent of which ATD is used for the test 

5) Injury criteria and injury risk functions 

a) Injury criteria relate measurements made on an ATD to a type of injury observed 

in the field 

b) Injury risk functions relate an injury criterion to the risk of an injury, and allow 

regulators to select performance requirements that set vehicle safety expectations  

Stakeholders, including car manufacturers, ATD manufacturers, crash test laboratories, 

and crash safety research laboratories were consulted about the current status of 

THOR-50M in regard to these issues. This report (Annex 7) documents feedback from 

stakeholders and makes recommendations for actions to resolve outstanding issues with 

the THOR-50M such that it could be implemented in UN Reg137. 

 

2.8 Driver Drowsiness and Distraction Recognition (DDR) 

2.8.1.1 Driver Drowsiness and Attention Warning (DDAW) 

TRL were commissioned to develop regulatory text and test procedure requirements for 

Driver Drowsiness and Attention Warning (DDAW) systems. These are systems that assess 

the driver’s alertness through vehicle systems analysis and warn the driver when they are 

not alert enough for safe driving. The development of the DDAW draft technical annex 

consisted of two phases of work.  

Within the first phase, TRL reviewed literature focusing on how drowsiness is expressed 

within driving behaviour and conducted stakeholder engagements with OEMs and Tier 1 

Suppliers to gather information on the DDAW systems on the market or in development. 

The output of this phase was a preliminary list of items to be considered for the DDAW 

regulation (Annex 8.1). This list was reviewed by the European Commission and distributed 

to industry for feedback. Something which became apparent during the first phase is that 

it is not possible to design a single test procedure that can assess all systems. Thus, TRL 

has recommended that the European Commission require manufacturers and suppliers to 

provide Technical Services with a dossier covering how their DDAW system works and what 

it measures, as well as providing a documentation package detailing the validation testing 

conducted to ensure that it meets the performance requirements set out within the 

regulatory draft technical annex. 

The second phase of the project focused on building a set of requirements around the items 

identified within the output of the first phase. TRL reviewed the literature on drowsiness 

thresholds for safe driving and engaged with fatigue and impairment experts to gather 

information on scientifically robust and validated methods for measuring drowsiness that 

could be used to validate DDAW systems. TRL gathered input from the fatigue and 
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impairment experts on an appropriate minimum activation threshold level for DDAW 

systems, on the scale that was recommended by the experts (the Karolinska Sleepiness 

Scale, KSS). The output of phase two was a draft regulatory annex containing requirements 

for DDAW system development and testing (Annex 8.1). The DDAW draft technical annex 

aims to ensure systems use valid and robust measurements of driver drowsiness, which 

alert drivers early enough in the drowsiness process that they can implement appropriate 

behavioural interventions to avoid collisions. 

2.8.1.2 Advanced Distraction Recognition (ADR) 

TRL were commissioned to develop a preliminary list of items to be considered for the 

future Advanced Distraction Recognition (ADR) regulation. ADR systems are defined as 

“systems capable of recognising the driver’s level of visual attention to the traffic situation 

and warning the driver when distracted”. The preliminary list will be used to support the 

development of technical annexes for ADR systems in vehicle categories M1, M2, M3, N1, N2 

and N3. Two separate tasks were conducted to gather information for the development of 

the list: a review of literature and stakeholder engagements. Literature was reviewed to 

identify any previously developed national or international test procedures, and to identify 

the indicators of visual distraction documented within scientific or academic literature. 

Stakeholders were engaged to gather information on the types of ADR systems that are 

currently on the market or in development. The gathered information was collated and 

analysed to develop the technical list (Annex 8.1). The main finding from this study is that 

ADR systems are not yet sufficiently mature to be a mandatory requirement for road 

vehicles. The technology to monitor the driver’s visual attentive state (i.e. eyes, head 

and/or face) exists; however, the integration of this technology with other components to 

create a reliable and robust ADR system (i.e. integration with the vehicle and driver, 

development of algorithms to detect distraction and non-distraction event, interacting with 

the driver when needed etc.) has proven to be a challenge for many manufacturers 

resulting in many ADR systems still being under development. It is expected that over time 

and with experience with the technology, the issues encountered by manufacturers may 

be overcome. 

2.8.1.3 Driver Availability Monitoring Systems (DAMS): Gap Analysis 

TRL were tasked with performing a gap analysis comparing the capabilities of Advanced 

Distraction Recognition (ADR) systems with the requirements of Driver Availability 

Monitoring Systems (DAMS) to identify additional elements that are not addressed by ADR 

systems, but which will be a requirement of DAMS. DAMS are part of an automated driving 

system (SAE Level 3 and 4) and are used to ensure that “the driver is available, ready, 

able and willing to take over control of the vehicle from the automated mode safely and, 

interact with and alert the driver when needed”. The approach comprised of 

1) understanding the role of the driver in a SAE Level 3 and 4 Automated Vehicle, 

2) performing stakeholder engagements with OEMs and Tier 1 suppliers, 3) establishing 

the DAMS requirements (i.e. human states to be monitored) and 4) performing a gap 

analysis between DAMS requirements and ADR capabilities. Three requirements were 

established for DAMS: Driver Presence – the system must be able to determine whether 

the driver is seated in the driving seat, Wakefulness – the system must be able to 

determine whether the driver is sufficiently alert to perform the driving task and 

Attentiveness – the system must be able to determine whether the driver is ready and 

willing to take back control from automated mode. Several gaps were identified between 

ADR systems and DAMS. The human states, metrics and trigger behaviours to be 

monitored by the system and the level of interaction between the driver and the system 

were considerably different between DAMS and ADR systems. Due to these differences, it 

is anticipated that the testing procedure to validate these systems will also be different. 

From the stakeholder engagements, it was evident that DAMS are still in the development 

phase for the majority of manufacturers and that time is needed for them to further 

develop, refine and validate their systems (see Annex 8.2). 
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2.9 Enlarged Pedestrian and Cyclists Frontal Head Impact Zone (HED) 

The pedestrian protection regulation requires a series of impactor tests are conducted to 

the frontal surfaces of M1 and N1 category vehicles with the intention of mitigating injuries 

to pedestrians. Historically child and adult headform tests were limited to the bonnet top, 

additionally, upper and lower legform tests were conducted to the bonnet leading edge and 

bumper, respectively. 

The revised General Safety Regulation (EU) 2019/2144 has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving lives 

on EU roads. One of a package of measures to be implemented within this revision is that 

vehicles are designed and constructed to provide for an enlarged head impact protection 

zone to include the windscreen. 

The objective of the HED work package was divided into the following tasks: 

• Task 1: Data fundamentals 

• Task 2: Additional insight – glazing manufacturer 

• Task 3: Existing procedures 

o Pedestrian safety regulation 

o Euro NCAP 

o BASt/FKA paper 

o Proposal for amendments 

• Task 4: Finalise procedure 

• Task 5: Meetings with stakeholders 

• Task 6: Reporting writing 

 

In February 2020, it was confirmed that the enlarged head impact protection zone would 

be pursued under the United Nations Economic Commission for Europe (UNECE) in Geneva. 

Any outstanding work on tasks was dropped; Task 4 was the only task that was not 

completed, whereas all other tasks were completed in full and included in this report, as 

can be observed within Annex 9. 

2.10  Driver Availability Monitoring Systems (DAMS) 

TRL were commissioned to develop a draft technical annex suggesting requirements and test 
procedures for the type-approval of DAMS for SAE Level 3 and 4 automated vehicles. These 
systems must ensure that the driver is available, ready, willing and able to take back control 
from the automated mode safely, as well as interact with and alert the driver when necessary 

Within the first phase, TRL 1) reviewed literature on physiological indicators of drowsiness, 
visual attention and cognitive attention, and on takeover manoeuvres, 2) reviewed current 
national and international standards and 3) conducted stakeholder engagements with OEMs 
and Tier 1 suppliers to gather information on DAMS on the market or in development. The 
output of this phase was a preliminary list of items to be considered for the DAMS regulation. 
The main finding from this was phase was determining that it is not yet feasible to develop a 
regulation for the type-approval of DAMS for Level 3 and 4 Automated Vehicles. This was due 
to the limited information regarding DAMS, the lack of consensus surrounding the 
requirements and acceptable states for drivers using Level 3 and Level 4 DAMS, the 
technological challenges to monitor certain driver states and the limited number of systems 
on the market. 
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In the second phase, TRL engaged with 1) experts in the field of driver monitoring and 
automate vehicles, 2) reviewed UNECE guidelines on secondary task engagement and 3) 
reviewed literature on driver drowsiness and automated driving, secondary task engagement 
and takeover performance, and HMI design for automated vehicles. This information was used 
to refine and update the preliminary list of items that should be covered by requirements and 
tests in the future DAMS technical Annex (Annex 10). TRL established as many of the DAMS 
system requirements as possible in this piece of work. Only once these requirements have 
been finalised, can the validation testing and documentation package requirements be 
established. 

The  

2.11 Heavy Vehicle Event Data Recorder 

An Event Data Recorder (EDR) is an on-board vehicle device that records a range of crucial 

anonymised vehicle data (such as speed, acceleration, brake use) in a short time frame 

before, during and immediately after a collision event. 

Regulation (EU) 2019/2144 of the European Parliament and Council (sometimes referred 

to as the General Safety Regulation or GSR) has entered into force and will help ensure 

the deployment of new advanced safety features that are predicted to have a high potential 

of saving lives on EU roads. One of a package of measures to be implemented within this 

revision is the mandatory fitment of EDR to all road vehicles. Mandatory fitment will first 

apply to passenger cars and vans, followed by the heavier categories of vehicle (M2, M3, 

N2 and N3). 

To implement secondary type-approval legislation on EDR, the Commission has chosen the 

approach to support a UNECE Informal Working Group with a view to develop and adopt a 

new UN Regulation on EDR, and, in addition, address relevant aspects not covered by the 

UN Regulation in an EU delegated act on EDR. 

Following the completion of a new UN Regulation on EDR for light vehicles it is expected 

that the same approach will apply to the development of a new UN Regulation on EDR for 

heavy vehicles. 

The objectives of this study were to: 

• Support the development and finalisation of secondary type-approval legislation for 

EDR, including the implementation of secondary legislation by the Commission, 

building on existing procedures or proposals, without carrying out physical trials of 

testing 

• Generate amendments to the new UN Regulation on EDR for M1 and N1 vehicles, to 

extend scope to include heavy vehicles, category M2, M3, N2 and N3 

In February 2021, the UN Working Party on Automated/Autonomous and Connected 

Vehicles (GRVA) announced the intention to extend UN Regulation No. 157 on Automated 

Lane-Keeping Systems (ALKS) from N1 vehicles to all other M and N category vehicles. 

The ALKS regulation includes the specification of a Data Storage System for Automated 

Driving, which enables the determination of interactions between the ALKS and the human 

driver (e.g. activating/deactivating the system, transition demands and so forth). 

The available documentation indicated that one area of concern regarding the DSSAD for 

heavy vehicles was survivability of the device, i.e. ensuring that data was recorded during 

a collision and accessible following a collision. For M1 vehicles, this is assessed by accessing 

the DSSAD following one of the regulated crash tests for M1 vehicles (UN Regulation Nos. 

94, 95 and 137). A further objective of the present study therefore was to: 
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• Recommend options for assessing the survivability of the DSSAD within a heavy 

vehicle ALKS regulation 

 

Based on the findings from a literature review and stakeholder consultations, this report 

(Annex 11) provides: 

• Recommendations on triggering requirements and data elements for heavy vehicle 

EDR. 

• A proposed test programme to develop additional EDR triggering options for heavy 

vehicles. This will further develop the understanding of, and evidence base for, jerk-

based (rate of change of acceleration) triggering that has been proposed in the UN 

Informal Working Group on EDR/DSSAD for triggering EDR in collisions between 

light vehicles and pedestrians. 

• Recommendations on survivability requirements for heavy vehicle EDR that provide 

assurance on the availability and accessibility of data following a collision, in the 

absence of regulated crash tests for heavy vehicles 

• Recommendations on survivability requirements for heavy vehicle DSSAD, similarly 

providing assurance on the availability and accessibility of data following a collision, 

in the absence of regulated crash tests for heavy vehicles 

• A draft amended regulatory text for heavy vehicle EDR, building on the light vehicle 

draft regulation and suggesting the updates that will be required for heavy vehicle 

EDR regulation. 
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 INTELLIGENT SPEED ASSISTANCE (ISA) 

 

Annex 1.1 Intelligent Speed Assistance (ISA): First interim report 
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EXECUTIVE SUMMARY 

TRL are providing support to the European Commission to develop the General Safety 

Regulation (GSR), specifically the secondary type approval legislation for a range of vehicle 

safety measures. The work reported is related to the Intelligent Speed Assistance (ISA) 

safety measure. ISA is a system to aid the driver in maintaining the appropriate speed for 

the road environment by providing dedicated and appropriate feedback. The objective was 

to develop draft technical annexes setting out requirements and test procedures for 

secondary type approval legislation for ISA systems for vehicle categories M1, M2, M3, N1, 

N2 and N3. 

Within the legislative remit defined by the European Parliament for the Commission, TRL 

was presented with some key questions relating to the two principal functionalities of ISA 

systems, namely determining the applicable road speed limit and providing feedback to 

the driver. These included: 

• Determining the applicable road speed limit: 

o Which road signs and signals should the system be required to recognise? 

o Which metrics (key performance indicators) should be used to measure the 

performance of camera-only as well as map and camera fusion systems in 

regulation? 

o How can the functionality and performance (in all European member states, 

in a variety of real road conditions) be tested in an effective and efficient 

way? 

o Which minimum performance levels should be required in real-road 

conditions? 

o How should performance in changing infrastructure environments after 

approval be regulated? 

• Providing feedback to the driver: 

o Should visual speed limit information to the driver be required? 

o Which feedback functions should be permissible? 

o What are suitable test procedures for the feedback functions? 

 

To address these and other questions and to develop recommendations for regulation 

contents, TRL performed bi-lateral consultations with industry experts, technical analysis 

and reviews of: speed limits and their indication in EU member states, existing test 

procedures and standards, and existing speed assistance systems on the market. 

TRL determined the following items should be covered in the ISA type approval regulation: 

• Definitions 

• Subject matter (scope) and exemptions 

• Requirements 

o Functional requirements for speed limit determination 

o Real-road performance of speed limit determination 

o Performance in changing infrastructure environments 

o Speed limit information 

o Speed limit feedback (warning or speed control) 

o Deactivation 

o Self-check and failure warning 
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o Provisions for the periodic technical inspection 

o Privacy and data protection 

• Assessment procedures 

o Test procedure for functional requirements of speed limit determination 

o Documentation procedure for real-road performance of speed limit 

determination 

o Test procedure for speed limit warning 

o Test procedure for speed control 

 

TRL’s preliminary recommendations on regulation contents for each of these items are 

discussed in the main body of the report. The following figures present a high-level 

overview of the recommendations on selected aspects: 

• Relevant road signs: Figure 1 

• Speed limit information and feedback modes: Figure 2 

• Test and assessment procedures: Figure 3 

 

 

Figure 1: TRL’s recommendation regarding relevant road signs, i.e. signs that need to be 
recognised with a defined minimum level of performance 
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Figure 2: TRL’s recommendation regarding speed limit information and feedback modes 

 

 

 

Figure 3: TRL’s recommendation regarding test and assessment procedures for type 
approval 

 



GSR: ISA interim report 

 

 

 

March – 2021 31 
 

1 INTRODUCTION 

TRL are providing support to the European Commission to develop the General Safety 

Regulation (GSR), specifically the secondary type approval legislation for the following 

vehicle safety measures: 

• AEB: Advanced Emergency Braking (light duty, vehicles and pedestrians/cyclists)  

• DDR: Driver Drowsiness and Attention Monitoring, Driver Readiness Monitoring for 

Automated Driving & Advanced Distraction Recognition 

• EDR: Event Data Recorder  

• FFW: Frontal Full-Width Impact  

• HED: Pedestrian and Cyclist Enlarged Head Impact Zone 

• ISA: Intelligent Speed Assistance  

• ELKS: Emergency Lane Keeping system 

• REV: Reversing Safety  

• TPM: Tyre Pressure Monitoring (heavy duty)  

• VIS: Direct Vision & Pedestrian and Cyclist Detection (heavy duty) 

This work package is related to Intelligent Speed Assistance (ISA), a system to aid the 

driver in maintaining the appropriate speed for the road environment by providing 

dedicated and appropriate feedback. 

The objective of this work package is to develop draft technical annexes setting out 

requirements and test procedures for secondary type approval legislation for regulatory 

ISA systems for vehicle categories M1, M2, M3, N1, N2 and N3. 

This report is the first interim deliverable on ISA giving an overview of the review and 

consultation activities undertaken, the level of expert involvement acquired, and a 

preliminary list of items to be covered in the ISA type approval regulation and TRL’s view 

of an initial outline of potential regulation contents for consultation with the Commission 

and stakeholders. 
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2 PRINCIPLES AND REMIT 

2.1 Principles 

The principles TRL followed to support the European Commission in developing new 

secondary type approval regulation for Intelligent Speed Assistance (ISA) systems are 

listed below, in terms of general principles and those specific to ISA. These were derived 

from the insights brought by consultations with the European Commission, The European 

Parliament’s mandate and expert stakeholders.   

• General 

o The regulation should not be design restrictive and, as far as possible, should 

be performance-based. 

o A minimum level of performance should be ensured by the developed 

regulation, utilising currently and readily available technology, in line with 

the current timescales for implementation.  

• ISA 

o ISA is an active safety system which assists the driver, who should have 

control of the vehicle at all times. An ISA system should: 

▪ Determine the speed limit for the driven road based on observation 

of road signs and signals, with current state of technology typically 

using a camera or camera & map-based system 

▪ Alert the driver (through the accelerator control) if the vehicle is 

exceeding the posted speed limit, automatically limit the driving 

speed, or provide other feedback  

▪ Not cause annoyance to the driver with unnecessary speed alerts or 

restrictions, which will encourage drivers to switch off the system 

completely 

For the purposes of regulation and as laid out in more detail in Section 2.2 TRL interpret 

ISA systems as a combination of three elements:  

• Speed limit determination 

• Providing information to the driver on the current limit 

• Providing feedback to the driver when the vehicle travels faster than the speed limit 

The core of these is the speed limit determination, i.e. the capability of the system to 

perceive the speed limit for the section of the road on which the vehicle is travelling at any 

given moment. Typically, this would be accomplished by visually perceiving and 

interpreting information from speed limit road signs, or by combining visually perceived 

information with data from a digital map.  

The second element is the Speed Limit Information Function (SLIF), which provides 

information to the driver on the speed limit currently in force for that vehicle to assist them 

in maintaining the speed of the vehicle within the legal speed limit.  

The third element is the Speed Limit Warning Function (SLWF), which provides feedback 

to the driver when the vehicle is exceeding the posted speed limit. This feedback could 

also be provided via a Speed Control Function (SCF) that actively controls the speed of the 

vehicle via torque reduction or the application of the service brakes.  

2.2 Remit 

The remit of the Commission’s mandate for secondary type approval legislation for ISA 

was set and informed by Regulation (EU) 2019/2144 of the European Parliament and of 

the Council of 27 November 2019 on type-approval requirements for motor vehicles and 
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their trailers, and systems, components and separate technical units intended for such 

vehicles, as regards their general safety and the protection of vehicle occupants and 

vulnerable road users1.  

An ISA system is defined in Article 3 as:  

• “a system to aid the driver in maintaining the appropriate speed for the road 

environment by providing dedicated and appropriate feedback”.  

TRL has interpreted this to mean that an ISA system should be implemented as a driver 

aid, giving them feedback in order to alert them to the current speed limit and help them 

not exceed it.  

The GSR will require the fitment of ISA systems for the vehicle categories: M1, M2, M3, N1, 

N2 and N3. The requirement will apply to new types from 5th July 2022, and to new vehicles 

from 5th July 2024. 

ISA and other systems are being mandated due to their potential for a significant reduction 

in road casualties; by assisting drivers in knowing and self-enforcing European speed limits. 

The European Parliament has therefore mandated that ISA systems should be subjected 

to European type-approval regulation and able to pass standardised tests. Recital 10 also 

states expectations regarding privacy and data protection and operability throughout a 

vehicle’s life cycle in relation to ISA and other systems: 

• “[…] intelligent speed assistance [… has] a high potential to reduce casualty 

numbers considerably [and] should function without use of any kind of biometric 

information of drivers or passengers, including facial recognition. Therefore, 

harmonised rules and test procedures for the type-approval of vehicles as regards 

those systems and for the type-approval of those systems as separate technical 

units should be established at Union level. The technological progress of those 

systems should be taken into account in every evaluation of the existing legislation, 

in order to be future proof, strictly adhering to the principle of privacy and data 

protection, and to reduce or to eliminate accidents and injuries in road transport. It 

is also necessary to ensure that those systems can be used safely, throughout the 

life cycle of the vehicle”. 

Recital 14 does not explicitly mention ISA systems but explains how the recording of 

information, to Event Data Recorders, must conform to data protection and privacy laws. 

Information from ISA systems about alleged speed violations might be relevant in this 

context. 

•  “Any processing of personal data, such as information about the driver processed 

in event data recorders or information about the driver's drowsiness and attention 

or advanced driver distraction, should be carried out in accordance with Union 

legislation on data protection, in particular Regulation (EU) 2016/679 of the 

European Parliament and of the Council. Event data recorders should operate on a 

closed-loop system, in which the data stored is overwritten, and which does not 

allow the vehicle or driver to be identified. In addition, the driver drowsiness and 

attention warning or advanced driver distraction warning should not continuously 

record nor retain any data other than what is necessary in relation to the purposes 

for which they were collected or otherwise processed within the closed-loop system. 

Furthermore, the processing of personal data collected through the 112-based eCall 

in-vehicle system is subject to specific safeguards.” 

The General Safety Regulation makes a proclamation on the operation of ISA systems in 

Recital 11;  

• “It should be possible to switch off intelligent speed assistance, for instance, when 

a driver experiences false warnings or inappropriate feedback as a result of 

 

1 https://eur-lex.europa.eu/eli/reg/2019/2144/oj 
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inclement weather conditions, temporarily conflicting road markings in construction 

zones, or misleading, defective or missing road signs. Such a switch-off feature 

should be under the control of the driver. It should allow for intelligent speed 

assistance to be switched off for as long as necessary and to be easily switched 

back on by the driver. When the system is switched off, information about the speed 

limit may be provided. The system should be always active when switching the 

ignition on and the driver should always be made aware of whether the system is 

on or off”.  

TRL considers this statement to be in regard to general operation and use of the ISA system 

and how it presents itself to the driver. In order to avoid driver annoyance the system 

should be capable of being switched off, especially in conditions in which it is objectively 

using incorrect speed limits. A single button press operation would not be excluded as long 

as it clearly stated its function to the driver. As an ISA system would be classified as an 

assistance system, it should be relatively easy to switch the system back on. The ease of 

switching the systems back on may also allow for systems which can have speeding 

feedback suppressed but still display the speed limit to the driver. TRL interprets the final 

sentence of the statement above to mean that any ISA system should be turned on with 

the activation of the master control switch. The driver must be informed permanently if 

the system is off or on, for example via a tell tale.  

Within Section 2 of Article 6, the following minimum specifications for ISA are listed; 

• “(a) it shall be possible for the driver to be made aware through the accelerator 

control, or through dedicated, appropriate and effective feedback, that the 

applicable speed limit is exceeded;” 

TRL has interpreted this to mean that the driver should be made aware of excessive speed 

through such methods as, but not restricted to, feedback conveyed through the accelerator 

pedal, for instance using pedal vibration, increased resetting force of the pedal or a ‘dead 

pedal’ speed control function. The above statement includes other forms, such as 

potentially acoustic, optical, or other haptic feedback, providing that they are effective (i.e. 

causes the driver to keep the speed below the limit or lower it accordingly), appropriate 

(i.e. ensures the driver is aware of the speed limit when being at risk of accelerating past 

or already exceeding it) and dedicated (i.e. cannot be confused by the driver for any other 

warning or alert). 

Functionality for an Intelligent Speed Assistance system can also include a supressed state, 

as defined below by the European Parliament, where the SCF and SWF can be deactivated 

but the SLIF may operate normally; 

• “(b) it shall be possible to switch off the system; information about the speed limit 

may still be provided, and intelligent speed assistance shall be in normal operation 

mode upon each activation of the vehicle master control switch;”. 

The Regulation explicitly states the information upon which the feedback to the driver shall 

be based;  

• “(c) the dedicated and appropriate feedback shall be based on speed limit 

information obtained through the observation of road signs and signals, based on 

infrastructure signals or electronic map data, or both, made available in-vehicle;”. 

TRL, after consultation with the European Commission, moved forward with the 

interpretation that ‘observation’ of roads signs was considered a minimum functional 

requirement, which at the current state of technology is usually realised by an in-vehicle 

camera. Observation of signals, which is also a necessary requirement, can be interpreted 

to relate to items such as variable message signs, future vehicle-to-infrastructure signals 

or electronic map data. The statement above therefore includes camera-only systems (if 

they can interpret variable message signs) and camera & map fusion systems, but does 

not include map-only ISA systems.   

As the intention of the European Parliament was to deem ISA as a driver assistance system, 

the parliamentary proclamation also states the following; 
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• “(d) it shall not affect the possibility, for the drivers, of exceeding the system’s 

prompted vehicle speed;” 

TRL understands this statement to mean that drivers will be able to overcome a potential 

speed control function by applying a positive action (override). This has been interpreted 

to be a method of allowing drivers to negotiate hazardous scenarios or overcome incorrect 

warnings or limitations.  

TRL interprets the final statement on Intelligent Speed Assist to relate to its capabilities to 

determine the applicable speed limit in real-world conditions, specifically, including an 

aspect to reduce (to an acceptable minimum) or eliminate the false reporting of speed 

limits. It is written as follows; 

• “(e) its performance targets shall be set in order to avoid or minimise the error rate 

under real driving conditions”.  

To address the final specification, TRL will be exploring and stipulating minimum ISA 

performance requirements.   
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3 REVIEWS AND CONSULTATIONS 

3.1 Review of speed limits and their indication in EU member states 

Speed limits and the methods by which they are indicated to road users are set at a national 

level and thus vary significantly between EU member states (Table 1). Speed limit signs 

and other signs with implicit speed limits attached broadly comply with the 1968 Vienna 

Convention on Road Signs and Signals2 in all EU and EEA member states, although Ireland, 

Malta, Andorra and Lichtenstein are not signatories to the convention. This national 

variation is the source of some difficulty to the manufacturers of ISA systems, who must 

ensure that the database of sign types and speed limits used by their system includes data 

for all EU nations.  

This section outlines the types of road sign that are used to communicate speed limits 

across Europe and seeks to illustrate the level of variation seen between member states. 

This section is not intended to be a definitive list of European speed limits or road signs.  

3.1.1 Fixed road signs for indicating the applicable speed limit 

3.1.1.1 Numerical signs 

All EU and EEA countries use a round sign with a red rim and a number written in black 

numerals to indicate the speed limit for a particular road (Figure 4). The background of the 

sign is white in all EU and EEA countries except Finland, Sweden and Iceland where it is 

yellow (Figure 5). 

 

 
Figure 4: the design of road sign commonly employed to indicate the current speed limit 

(This road sign image is in the public domain according to the copyright law of Austria because it is part of the Austrian Straßenverkehrszeichenverordnung 
(Road Traffic Sign Ordinance), or other statutes, ordinances or official decrees proclaimed officially (§ 7 Abs. 1 UrhG). 

 

 

2 https://www.unece.org/fileadmin/DAM/trans/conventn/Conv_road_signs_2006v_EN.pdf 

https://en.wikipedia.org/wiki/public_domain
https://en.wikipedia.org/wiki/Austria
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Figure 5: a speed limit sign with a yellow background as used in Finland, Sweden and 

Iceland (This file is in the public domain in Finland because it is a part of a decision or a statement issued by a public authority or other public body in 

Finland. Section 9 of the Finnish Copyright Act specifies that no copyright exists in such material.) 

The number conveys the speed limit for that section of road in kilometres per hour in all 

EU member states except the U.K., where the limit is given in miles per hour. 

In the Republic of Ireland, which shares a land border with the U.K., and Malta, the sign 

also shows km/h under the number (Figure 6). 

 
Figure 6: a speed limit sign from the Republic of Ireland that includes ‘km/h’ under the 
number (This work is ineligible for copyright and therefore in the public domain because it consists entirely of information that is common property and 

contains no original authorship.)   

Most EU and EEA countries have signs to indicate the entrance to a speed limit ‘zone’, i.e. 

usually an urban area in which all of the roads within the ‘zone’ have a speed limit below 

the normal national limit for that type of road. The design of these signs differs between 

countries, but all incorporate the standard round speed limit sign (Figure 7).  

 
Figure 7: speed limit zone signs from Austria (L) (This road sign image is in the public domain according to the copyright 

law of Austria because it is part of the Austrian Straßenverkehrszeichenverordnung (Road Traffic Sign Ordinance), or other statutes, ordinances or official 

decrees proclaimed officially (§ 7 Abs. 1 UrhG).) Finland (C) (This file is in the public domain in Finland because it is a part of a decision or a 

statement issued by a public authority or other public body in Finland. Section 9 of the Finnish Copyright Act specifies that no copyright exists in such material.)  
and Luxembourg (R) (This work is ineligible for copyright and therefore in the public domain because it consists entirely of information that is 

common property and contains no original authorship.) showing a range of the designs used across Europe to indicate the entrance to a speed limit zone. 

https://en.wikipedia.org/wiki/copyrights
https://en.wikipedia.org/wiki/public_domain
https://commons.wikimedia.org/wiki/Commons:Threshold_of_originality
https://commons.wikimedia.org/wiki/Commons:Threshold_of_originality
https://en.wikipedia.org/wiki/copyrights
https://en.wikipedia.org/wiki/public_domain
https://commons.wikimedia.org/wiki/Commons:Threshold_of_originality


GSR: ISA interim report 

 

 

 

March – 2021 38 
 

3.1.1.2 Non-numerical signs 

Most EU and EEA countries use some variation of sign which shows a diagonal black stripe 

on a white background (Figure 8) to indicate that a particular speed restriction no longer 

applies beyond that point.  

 
Figure 8: end of speed limit sign (This road sign image is in the public domain according to the copyright law of Austria because it is 

part of the Austrian Straßenverkehrszeichenverordnung (Road Traffic Sign Ordinance), or other statutes, ordinances or official decrees proclaimed officially (§ 7 
Abs. 1 UrhG).)  

The detailed design of these signs varies between countries (Figure 9) and while their basic 

meaning is similar in all countries that use it, the specific speed limit that applies beyond 

the sign depends on the category of road, country and class of vehicle. This type of sign 

might therefore be a challenge for manufacturers to deal with reliably and are likely to 

require specific validation activities to be undertaken for each country.   

 
Figure 9: examples of end of speed limit signs from Estonia (L) (According to the Republic of Estonia 

Copyright Act (passed on November 11, 1992; consolidated text May 2006): § 5. Results of intellectual activities to which this Act does not apply 1) ideas, 
images, notions, theories, processes, systems, methods, concepts, principles, discoveries, inventions, and other results of intellectual activities which are 

described, explained or expressed in any other manner in a work; 2) works of folklore; 3) legislation and administrative documents (acts, decrees, regulations, 
statutes, instructions, directives) and official translations thereof; 4) court decisions and official translations thereof; 5) official symbols of the state and 

insignia of organisations (flags, coats of arms, orders, medals, badges, etc.); 6) news of the day; 7) facts and data; 8) ideas and principles which underlie any 
element of a computer program, including those which underlie its user interfaces. Hence it is assumed that this image has been released into the public 

domain. However, in some instances the use of this image might be regulated by other laws.) Italy (C) (I, the copyright holder of this work, release this 

work into the public domain. This applies worldwide. In some countries this may not be legally possible; if so: I grant anyone the right to use this work for any 

purpose, without any conditions, unless such conditions are required by law.)  and Iceland (R) (This image is in the public domain because it 

depicts an Icelandic road sign, produced by the The Icelands Public Roads Administration (Vegagerðin). The image may be used freely.) 

 

Many EU and EEA countries also use a similar sign but incorporating a number to indicate 

the end of a specific speed limit (Figure 10). Once again, the speed limit that is in force 

beyond the sign is dependent on the country, class of road and category of vehicle.  

https://en.wikipedia.org/wiki/public_domain
https://en.wikipedia.org/wiki/Austria
https://en.wikipedia.org/wiki/public_domain
https://en.wikipedia.org/wiki/Road_signs_in_Iceland
http://www.vegagerdin.is/
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Figure 10: examples of the variety of signs used to indicate the end of a specific speed 
limit across the EU and EEA. Examples here from Austria (L) (This road sign image is in the public domain 

according to the copyright law of Austria because it is part of the Austrian Straßenverkehrszeichenverordnung (Road Traffic Sign Ordinance), or other statutes, 

ordinances or official decrees proclaimed officially (§ 7 Abs. 1 UrhG).)  Greece (C) (I, the copyright holder of this work, release this work into the 

public domain. This applies worldwide. In some countries this may not be legally possible; if so: I grant anyone the right to use this work for any purpose, 

without any conditions, unless such conditions are required by law.)  and Italy (R) (I, the copyright holder of this work, release this work into the 

public domain. This applies worldwide. In some countries this may not be legally possible; if so:I grant anyone the right to use this work for any purpose, 
without any conditions, unless such conditions are required by law.)  

 

Those countries that employ speed limit zones (Figure 7) employ nationally specific signs 

to indicate the end of those zones (Figure 11). These signs typically feature a monochrome 

version of the zone entrance sign crossed through with one or several diagonal black 

stripes.  

 
Figure 11: examples of the variety of signs used across the EU and EEA to indicate the 

end of a speed limit zone. Examples here from Austria (L) (This road sign image is in the public domain according 

to the copyright law of Austria because it is part of the Austrian Straßenverkehrszeichenverordnung (Road Traffic Sign Ordinance), or other statutes, ordinances 

or official decrees proclaimed officially (§ 7 Abs. 1 UrhG).)  Finland (C) (This file is in the public domain in Finland because it is a part of a decision or a 

statement issued by a public authority or other public body in Finland. Section 9 of the Finnish Copyright Act specifies that no copyright exists in such material.) 

and Luxembourg (R) (This work is ineligible for copyright and therefore in the public domain because it consists entirely of information that is 

common property and contains no original authorship.)  

3.1.1.3 Place name signs used as speed limit indicators 

Many EU and EEA countries have implied speed limits in urban areas which are not marked 

by numerical speed limit signs. These limits may be indicated by the presence of a place 

name sign or a pictographic ‘urban area’ sign (Figure 12). The end of these built-up areas 

is marked by a corresponding sign to indicate the end of the speed limit (Figure 13). The 

design of these signs and the speed limit they imply varies between countries. 
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Figure 12: Place name signs used to indicate the start of a built-up area and thus a lower 
speed limit in France (L) (By Vince 99 - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=7018139) and 
Germany (C) (By Erste Hochladung: Andreas06; komplette Dateineuerstellung durch Mediatus - Vorgaben der Straßenverkehrsordnung 1992, des 

Verkehrsblatts und den dazugehörender DIN-Normen, Public Domain, https://commons.wikimedia.org/w/index.php?curid=997842) and a 
pictographic sign used for the same purpose in Finland (R) (By Unknown - Finnish Transport Agency, Public 

Domain, https://commons.wikimedia.org/w/index.php?curid=4594397) 

 

  
Figure 13: Signs indicating the end of a built-up area and thus a higher speed limit in 

France (L) (By Vince 99 - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=7018095) Germany (C) (By Erstes 

Hochladen: Andreas 06, neu interpretiert und digital umgezeichnet durch Mediatus - Novelle der Straßenverkehrs-Ordnung 1992, Verkehrsblatt, DIN-Normen, 

Public Domain, https://commons.wikimedia.org/w/index.php?curid=997876) Finland (R) (By Unknown - Finnish Transport Agency, Public Domain, 

https://commons.wikimedia.org/w/index.php?curid=733290) 

Countries that use place name signs to imply a speed limit employ a sign with a different 

design when the sign is only intended to mark the entrance to a town or village where no 

speed limit change is implied (Figure 14). 

 

Figure 14: An example of a German place name sign, that is intended to mark the 
entrance to a town or village, without implying a change in speed limit for that road. (By 

Andreas 06; new drawing: Mediatus - de:Straßenverkehrs-Ordnung (German Road Regulations) 1992, Verkehrsblatt, DIN-Normen, Public Domain, 
https://commons.wikimedia.org/w/index.php?curid=1005489) 

3.1.1.4 Residential area signs 

Many EU and EEA countries employ ‘Residential Area’ or ‘Home Zone’ signs (Figure 15). 

The design and legal implications of these signs varies between countries; in the UK they 

have no specific speed limit attached to them, but in several EU countries the ‘Residential 

Area’ sign is used to denote a lower speed limit. Some but not all countries that use the 

‘Residential Area’ sign to denote a specific speed limit incorporate a traditional speed limit 

roundel into the design of the sign. The end of the residential area is marked by a 

corresponding sign, the specific meaning of which, in speed limit terms, is dependent on 

national regulations.     

https://commons.wikimedia.org/w/index.php?curid=7018139
https://commons.wikimedia.org/w/index.php?curid=997842
https://commons.wikimedia.org/w/index.php?curid=4594397
https://commons.wikimedia.org/w/index.php?curid=7018095
https://commons.wikimedia.org/w/index.php?curid=997876
https://commons.wikimedia.org/w/index.php?curid=733290
https://commons.wikimedia.org/w/index.php?curid=1005489
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Figure 15: ‘Home Zone’ or residential area signs from the UK (L) (By Traffic signs are Crown copyright. You 

may reproduce traffic signs free of charge and without having to seek permission, but you must reproduce them accurately and not in a misleading context (e.g. 

not on roadside billboards where they could mislead drivers). (ref [1]), OGL v1.0, https://commons.wikimedia.org/w/index.php?curid=12753434) and 

France (R) (By Roulex 45 self-made from source above - Arrêté du 7 novembre 2008 relatif à la création d’un panneau de signalisation routière pour les 

zones de rencontre et à la modification de la signalisation de l’aire piétonne, Public Domain, https://commons.wikimedia.org/w/index.php?curid=7422852) 

3.1.2 Motorway and expressways 

Many EU and EEA countries have implicit speed limits on their motorways and expressways. 

The start of motorway regulations, and thus the associated speed limit, is usually indicated 

by a sign similar to the ones shown in Figure 16, and the start of expressway regulations 

by a sign similar to the ones shown in Figure 17.  

  

Figure 16: Signs used to indicate the start of motorway regulations (By United Nations - Vienna 

Convention on Road Signs and Signals, Public Domain, https://commons.wikimedia.org/w/index.php?curid=68939309)  

  

Figure 17: Signs used to indicate the start of expressway regulations (By United Nations - Vienna 

Convention on Road Signs and Signals, Public Domain, https://commons.wikimedia.org/w/index.php?curid=68940789) 

 

https://commons.wikimedia.org/w/index.php?curid=12753434
https://commons.wikimedia.org/w/index.php?curid=7422852
https://commons.wikimedia.org/w/index.php?curid=68939309
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3.1.3 Other signs that may be mistaken for speed limit signs 

3.1.3.1 Advance warning signs 

Many member states employ signs to give a warning in advance of reaching a section of 

road with a lower speed limit, either on the same section of road, or when leaving the main 

carriageway. These advance warning signs generally use the conventional speed limit 

roundel (Figure 4) combined with a sub-sign indicating that the new speed limit applies a 

certain distance ahead (Figure 18), or an arrow to indicate that the limit applies to a slip-

road leaving the main carriageway. 

 

Figure 18: Advance warning signs indicating that a speed limit is in force some distance 

ahead of the sign. (You may re-use this information (not including logos or third-party material) free of charge in any format or medium, under 

the terms of the Open Government Licence v2.0. To view this licence, visit  www.nationalarchives.gov.uk/doc/open-government-licence/version/3   or write to 
the Information Policy Team, The National Archives, Kew, London TW9 4DU, or e-mail: psi@nationalarchives.gsi.gov.uk) 

3.1.3.2 Signs at national borders 

Most EU and EEA countries have signs on roads that cross their national borders that 

indicate the standard national speed limits for the various categories of road in that country 

(Figure 19). Clearly the potential difficulty presented by these signs is that the presence of 

the standard, round speed limit sign in their design makes them susceptible to being read 

as indicating a speed limit for the section of road to which they are adjacent. Given that 

their designs vary from country to country it is difficult for manufacturers to employ a 

single filtering technique to deal with all such signs that might be encountered in the EU 

or EEA.  

 

Figure 19: signs posted at national borders to show the national speed limits for the 
various categories of road that may be encountered in that country from Greece (L) (This 

work is ineligible for copyright and therefore in the public domain because it consists entirely of information that is common property and contains no original 

authorship.) Hungary (C) (This work is not covered by copyright. According to the Hungarian copyright act of 1999: I.4 The protection provided by 

this Act shall not cover legal provisions, other means of state direction, court and other official resolutions, announcements and documents issued by an 
authority or other official organ, as well as standards made obligatory by law and other similar regulations. I.7 The expressions of folklore may not enjoy 
copyright protection. However, this may not prejudice copyright protection due to the author of a folk-art-inspired work of individual and original nature.) 

and Finland (R) (This file is in the public domain in Finland because it is a part of a decision or a statement issued by a public authority or other 

public body in Finland. Section 9 of the Finnish Copyright Act specifies that no copyright exists in such material.) 

https://en.wikipedia.org/wiki/copyrights
https://en.wikipedia.org/wiki/public_domain
https://commons.wikimedia.org/wiki/Commons:Threshold_of_originality
https://commons.wikimedia.org/wiki/Commons:Threshold_of_originality
https://upload.wikimedia.org/wikipedia/commons/9/99/Road-sign-%CF%8065.svg
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3.1.3.3 Signs indicating numerical limits for other parameters 

There are a wide variety of numerically based ‘limit’ signs that could easily be mistaken for 

speed limit signs. Examples of such signs include those indicating a limit of a vehicle’s 

maximum height, width or weight (Figure 20). These signs always incorporate features 

that differentiate them from speed limit signs, e.g. dimension arrows or letters to indicate 

their unit of measurement (‘m’ or ‘T’) but nevertheless may be a source of false detections 

for an ISA system, particularly in countries e.g. the Republic of Ireland that include letters 

in their speed limit signs (Figure 6). 

 

Figure 20: Numerical limit signs, that have the potential to be confused with speed limit 

signs, indicating maximum values for vehicle height (L) (By Gigillo83 - Own work, CC BY-SA 4.0, 

https://commons.wikimedia.org/w/index.php?curid=38690556)  width (C) (By Gigillo83 - KRESZThe Hungarian Highway Code, Public Domain, 

https://commons.wikimedia.org/w/index.php?curid=31680336) and Weight (R) (By Peeperman - Own work, Public Domain, 

https://commons.wikimedia.org/w/index.php?curid=10125764) 

3.1.3.4 Minimum speed limit and advisory speed limit signs 

Many EU and EEA countries employ minimum speed limit signs to indicate that vehicles 

must travel above a certain speed. These are often seen in tunnels or on bridges where it 

is important to maintain a steady flow of traffic. While the design of these signs, and their 

corresponding cancellation signs, varies subtly between countries, all follow an essentially 

similar template (Figure 21). 

 

Figure 21: A minimum speed limit sign (L) and its corresponding cancellation sign (R), in 
this case both from Austria (By 3247 - Straßenverkehrszeichenverordnung (StVZVO), BGBl. 1998 II 1205-1227, 1220., Public Domain, 

https://commons.wikimedia.org/w/index.php?curid=1100049) 

Many EU and EEA countries employ advisory speed limit signs to advise drivers to reduce 

speed for specific hazards. These advisory limits are not enforced in the same way as 

conventional speed limits. Advisory limits may be indicated by permanently fixed signs, for 

https://commons.wikimedia.org/w/index.php?curid=38690556
https://commons.wikimedia.org/w/index.php?curid=31680336
https://commons.wikimedia.org/w/index.php?curid=10125764
https://commons.wikimedia.org/w/index.php?curid=1100049
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example at a sharp bend in the road, or by LED signs that are activated temporarily in 

response to a specific event, e.g. an obstruction in the road (Figure 22). The design of 

these signs varies from country to country. LED signs used to indicate advisory speed limits 

can be distinguished from those used to indicate mandatory variable limits as the latter 

incorporate a red roundel in their design.    

 
Figure 22: Advisory maximum speed limit signs, in this case fixed signs from the Czech 

Republic (L) (By Frisky007 - Own work, CC BY-SA 3.0, https://commons.wikimedia.org/w/index.php?curid=10803559)  and the UK (C) ( 

By UK Government - UK Traffic signs image database, Public Domain, https://commons.wikimedia.org/w/index.php?curid=17332626) and a 

temporarily activated LED sign from the UK (R) (You may re-use this information (not including logos or third-party 

material) free of charge in any format or medium, under the terms of the Open Government Licence v2.0. To view this licence, visit  
www.nationalarchives.gov.uk/doc/open-government-licence/version/3 or write to the Information Policy Team, The National Archives, Kew, London TW9 4DU, 

or e-mail: psi@nationalarchives.gsi.gov.uk) 

3.1.4 Conditional, part-time and temporary speed limits 

3.1.4.1 Conditional speed limits 

Some member states have speed limits that are only applied under specific circumstances. 

Examples of these conditional speed limits include those applied during wet weather, or 

when it is snowing. These conditional limits are often indicated using sub-signs, small 

additional signs usually mounted underneath the main road sign which add conditions to 

the requirement shown in the main sign (Figure 23). 

  

Figure 23: Italian sub-signs indicating that the restriction shown in the main sign only 
applies when there is snow or ice on the road (L) (By F l a n k e r - Own work, Public Domain, 

https://commons.wikimedia.org/w/index.php?curid=1719448) or when it is raining (R) (By Gigillo83 - Own work, CC BY-SA 3.0, 

https://commons.wikimedia.org/w/index.php?curid=10759320) 

3.1.4.2 Speed limits applied to specific categories of vehicle 

Member states usually apply a lower national speed limit to vehicles in the heavier 

categories (M2, M3, N2 and N3) and those that are towing trailers. Usually these alternate 

limits prescribe a different value to the speed limit on all roads where the national speed 

limit applies. Specific limits may be applied some categories of vehicles under specific 

circumstances. These specific speed limits may be indicated using a pictographic sub-sign 

(Figure 24). 

https://commons.wikimedia.org/w/index.php?curid=10803559
https://commons.wikimedia.org/w/index.php?curid=17332626
https://commons.wikimedia.org/w/index.php?curid=1719448
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Figure 24: A pictographic sub-sign indicating that the restriction shown on the main sign 
only applies to large goods vehicles (By Gigillo83 - Own work, Public Domain, 

https://commons.wikimedia.org/w/index.php?curid=15593111) 

3.1.4.3 Part-time limits 

Part-time limits are used where a specific hazard regularly exists at a certain time, for 

example the start of the school day or where a limit exists to reduce pollution or nuisance 

to people living nearby. Part-time limits may be indicated using a sub-sign showing the 

times at which the limit is in force (Figure 25), or using LED signs, although fixed signs 

with flashing beacons to indicate that the limit is in force are also used (Figure 26). This 

style of signage may present a particular challenge to read accurately, since it requires a 

system that is able to recognise the part-time nature of the limit and the method by which 

the limit is shown to be active. 

 

Figure 25: A sub-sign indicating that the restriction indicated by the main sign, which 
would be fixed above the sub-sign, is only in force between the hours of 07:30 and 

19:00. (By Gigillo83 - Own work, Public Domain, https://commons.wikimedia.org/w/index.php?curid=15593934) 

 

Figure 26: a part time 20mph speed limit sign which only applies when the beacons are 

flashing (This file is licensed under the Creative Commons Attribution-Share Alike 2.0 Generic license. Stanley Howe / Approach to Kirkton of Skene School / CC BY-SA 

2.0)   

Finland and Sweden have seasonal speed limits that apply in the winter months. These 

seasonal limits reduce the speed limit on motorways and rural trunk roads.  

3.1.4.4 Temporary speed limits 

Speed limits are often lowered on a temporary basis while road maintenance is underway. 

These temporary limits are often legally enforceable and are generally indicated by 

temporarily positioned versions of the fixed signs used in that country.   

https://en.wikipedia.org/wiki/en:Creative_Commons
https://creativecommons.org/licenses/by-sa/2.0/deed.en
https://creativecommons.org/licenses/by-sa/2.0/
https://creativecommons.org/licenses/by-sa/2.0/
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3.1.5 Variable speed limit signs 

Some member states employ variable speed limits on some roads. These limits are legally 

enforceable, often with dedicated fixed speed cameras. The limits are indicated using LED 

signs which are either hung on gantries above the carriageway, or supported on posts 

alongside it. The sign displayed with LEDs mimics the design of the fixed speed limit signs 

employed across Europe (Figure 4) and include a red roundel around a numerical value.  

3.1.6 Road sign positioning and design 

The position and design of road signs is under the control of individual member states. 

Each member state has a set of standards for the positioning and design of road signs 

which it applies. The national standards for road sign may include parameters such as the 

colours of road sign components, reflectivity, size, font and the design of standard 

pictograms.  

A European standard (EN 12966) exists for variable message signs, which specifies their 

visual and physical characteristics. This standard applies to all variable message signs 

including those used to indicate temporary and variable speed limits.  

3.1.7 Speed limits in force across the European Union 

Speed limits are under the control of member states. While there are similarities between 

the speed limit setting policies of all member states, in that all states have ‘national speed 

limits’, which apply a common limit to specific classes of roads, e.g. urban roads, extra-

urban roads, motorways etc., the values chosen for these national speed limits differs 

between member states. Table 1 provides an overview of the limits in force in each of the 

EU member states. In addition to the variations of chosen speed limit value the regulations 

concerning conditional speed limits also varies between member states, with some member 

states applying specific limits to young or inexperienced drivers or applying seasonal or 

weather dependent speed limits. 
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Table 1: Examples of speed limits in force across the European Union 
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Country Vehicle Type Speed Limit: 

Urban Road 

Speed 

Limit:  

Non-Urban  

Speed Limit: 

Motorways/ 

Expressways 

Comments 

Austria Passenger 

cars & vans 

50 [km/h] 100 [km/h] 130 [km/h] 

 

Belgium Passenger 

cars & vans 

50 [km/h] 70 [km/h] 

Flemish 

Region, 90 

[km/h] 

Other areas 

120 [km/h] 20 [km/h] in 

residential areas, 

30 [km/h] near 

schools and in 

streets with cycle 

paths 

Bulgaria Passenger 

cars & vans 

50 [km/h] 90 [km/h] 140 [km/h] 

Motorways, 

120 [km/h] 

Expressways 

 

Croatia Passenger 

cars & vans 

50 [km/h] 90 [km/h] 130 [km/h] 

 

Cyprus Passenger 

cars & vans 

50 [km/h] 80 [km/h] 100 [km/h] 30 [km/h] for 

Pedestrian Zones 

Czech 

Republic 

Passenger 

cars & vans 

50 [km/h] 90 [km/h] 130 [km/h] 

Motorways, 

110 [km/h] 

Expressways 

80 [km/h] in built-

up areas 

Denmark Passenger 

cars & vans 

50 [km/h] 80 [km/h] 130 [km/h] 

 

Estonia Passenger 

cars & vans 

50 [km/h] 90 [km/h] 90 [km/h] Motorways/Express

ways; Summer 

time speed limit - 

110 [km/h] 

Finland Passenger 

cars & vans 

50 [km/h] 80 [km/h] 

 

Motorways/Express

ways: Always 

displayed by traffic 

signs (80 km/h, 

100 km/h, 120 

km/h); Vans 80 

km/h or 100 km/h 

France Passenger 

cars & vans 

50 [km/h] 80 [km/h] 

(some are 

90 [km/h]) 

130 [km/h] 

Motorways, 

110 [km/h] 

Expressways 

Motorways/Express

ways: 100 [km/h] 

in rainy/wet 

conditions, 50 

[km/h] if the 

visibility is less 

than 50 m 
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Country Vehicle Type Speed Limit: 

Urban Road 

Speed 

Limit:  

Non-Urban  

Speed Limit: 

Motorways/ 

Expressways 

Comments 

Germany Passenger 

cars & vans 

50 [km/h] 100 [km/h] 130 [km/h] Many German 

autobahns have no 

speed limit, 

although a 

maximum speed 

may be 

recommended  

Greece Passenger 

cars & vans 

50 [km/h] 90 [km/h] 130 [km/h] 

Motorways, 

110 [km/h] 

Expressways 

 

Hungary Passenger 

cars & vans 

50 [km/h] 90 [km/h] 130 [km/h] 

Motorways, 

110 [km/h] 

Expressways 

 

Ireland Passenger 

cars & vans 

50 [km/h] 80 [km/h] 

and 100 

[km/h] 

120 [km/h] 

 

Italy Passenger 

cars & vans 

50 [km/h] 90 [km/h] 130 [km/h] 

 

Latvia Passenger 

cars & vans 

50 [km/h] 90 [km/h] 

(80 [km/h] 

for gravel 

roads) 

- 

 

Lithuania Passenger 

cars & vans 

50 [km/h] 70 [km/h], 

90 [km/h] 

asphalt and 

concrete 

roads (80 

[km/h] for 

less than 2 

years of 

experience) 

130 [km/h] 

Motorways, 

110 [km/h] 

Expressways 

Motorway: 130 

km/h from April to 

October; 110 km/h 

from November to 

March. For drivers 

with under 2 years 

of driving 

experience – 100 

km/h. Highway: 

120 km/h from 

April to October; 

110 km/h from 

November to 

March. For drivers 

with under 2 years 

of driving 

experience – 90 

km/h. 
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Country Vehicle Type Speed Limit: 

Urban Road 

Speed 

Limit:  

Non-Urban  

Speed Limit: 

Motorways/ 

Expressways 

Comments 

Luxembourg Passenger 

cars & vans 

50 [km/h] 90 [km/h] 130 [km/h] 

(110 [km/h] in 

the rain) 

 

Malta Passenger 

cars 

50 [km/h] 80 [km/h] 80 [km/h] 

 

 

Passenger 

vans 

40 [km/h] 60 [km/h] 60 [km/h] 

 

Netherlands Passenger 

cars & vans 

50 [km/h] 80 [km/h] 130 [km/h], 

120 [km/h] 

and 100 

[km/h] 

Motorways/Exp

ressways 

Reduced daytime 

limit on motorways 

(100 km/h) from 

2020 

Poland Passenger 

cars & vans 

50 [km/h] (5 

am -11pm), 

60 [km/h] 

(11pm - 

5am) 

90 [km/h] 140 [km/h] 

Motorways, 

110 [km/h] 

Expressways; 

100 [km/h] on 

single 

carriageway 

(expressway) 

20 [km/h] in 

residential areas 

Portugal Passenger 

cars & vans 

50 [km/h] 90 [km/h] 120 [km/h] 

Motorways, 

100 [km/h] 

Expressways 

 

Romania Passenger 

cars & vans 

50 [km/h] 90 [km/h] 

and 100 

[km/h] 

130 [km/h] 

 

Slovakia Passenger 

cars & vans 

50 [km/h] 90 [km/h] 130 [km/h] 

(90 [km/h] in 

built-up areas) 

 

Slovenia Passenger 

cars & vans 

50 [km/h] 

(30 [km/h] – 

in speed limit 

zones; 10 

[km/h] – in 

pedestrian 

zones where 

traffic is 

allowed) 

90 [km/h] 130 [km/h] 

Motorways, 

110 [km/h] 

Expressways 
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Country Vehicle Type Speed Limit: 

Urban Road 

Speed 

Limit:  

Non-Urban  

Speed Limit: 

Motorways/ 

Expressways 

Comments 

Spain Passenger 

cars & vans 

50 [km/h] 80 [km/h] 

for vans 

and light 

lorries, 90 

[km/h] for 

passenger 

cars, pick-

ups and 

multi-

purpose 

vehicles 

90 [km/h] for 

vans and light 

lorries, 100 

[km/h] for 

multi-purpose 

vehicles, 120 

[km/h] for 

passenger cars 

and pick-ups 

 

Sweden Passenger 

cars & vans 

50 [km/h] 70 [km/h] 110 [km/h] 

 

United 

Kingdom 

Passenger 

cars & vans 

48 [km/h] 96 [km/h] 112 [km/h] 

 

 

3.2 Review of existing test procedures and standards 

3.2.1 Euro NCAP: Safety Assist Assessment and Test Protocols 

Euro NCAP have developed and published an Assessment Protocol for vehicle Safety Assist 

systems (Euro NCAP, 2019). The protocol details the evaluation criteria Euro NCAP 

technicians and engineers apply when assessing passenger vehicle technologies. The 

Safety Assist protocol describes performance evaluations of the following technologies: 

Seat Belt Reminder, Lane Support Systems, Autonomous Emergency Braking and Speed 

Assist Systems. Euro NCAP’s test procedure for speed assist systems is defined in (Euro 

NCAP, 2017) 

Euro NCAP uses ISA to refer to a specific type of speed assist system that incorporates a 

Speed Limit Information Function (SLIF) and Speed Limit Function (SLF). This definition of 

ISA differs from the regulatory definition in that it strictly contains a speed control function. 

3.2.1.1 Assessment of speed limit information function 

A SLIF is a system capable of knowing and communicating the posted or implicit speed 

limit, relevant to the particular vehicle and conditions, to the driver. Such a system might 

include a camera, map or a combination of both informing the SLIF of the relevant speed 

limit. The speed limit information can be obtained via an integrated vehicle system or by 

a connected mobile device. 

Under Euro NCAP’s Safety Assist Assessment Protocol, a SLIF will only be eligible for scoring 

if it is switched on by default at the start of every journey.  

The Safety Assist Assessment Protocol, describes the general requirements for a SLIF 

system, starting with the way in which information should be shown to the driver. All SLIF 

information should be shown to the driver, either permanently or at the driver’s request, 

in their direct field of view, without the need for the head to be moved from the normal 

driving position, through a Human-Machine Interface (HMI) either via the instrument 

cluster/dashboard or a heads-up display. The applicable speed limit should be displayed 
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using a symbol representing a speed limit sign. The speed limit information must also be 

displayed at the beginning of the next journey.  

The driver should be able to access accurate and up to date speed limit information, quickly 

and with little effort, for the road they are driving on. The SLIF must also indicate the 

applicable speed limit in the presence of conditional speed limits or indicate the presence 

of a conditional speed limit that the system does not recognise but also display the original 

(non-conditional) speed limit. Systems which can properly identify road conditions and act 

accordingly will gain additional points (according to the Euro NCAP scoring system) based 

on the number of additional, “advanced”, functions the system is able to demonstrate 

(Table 2). 

Table 2: ISA advanced functions scoring chart (Euro NCAP, 2019) 

Advanced Functions Points Required Action 

Weather 

Rain/Wetness 2 Show correct speed limit 

Snow/Icy 2 
Warning only and ignore if 

irrelevant 

Time Time 3 Show correct speed limit 

Distance Distance for/in 1 Show correct speed limit 

Arrows Arrows 1 
Show correct speed limit or 

ignore if irrelevant 

Vehicle 

Categories 

Other Vehicle/Weight 

Categories 
1 Ignore if irrelevant 

Implicit Speed 

Limits 

Highway/Motorway 2 

Show correct speed limit City Entry/Exit 3 

Residential Zones 2 

Dynamic Speed 

Limits 

Dynamic Speed Signs Including 

Roadworks 
3 Show correct speed limit 

TOTAL 20  

 

Each advanced function is scored on a pass/fail basis, passes equate to the points listed 

for each individual action. For example, a SLIF which can read a road signs that indicates 

that a different limit applies when the road is icy and subsequently applies the correct 

speed limit will receive a pass and the full 2 points. The final score for the advanced 

functions is a weighted score and is calculated by multiplying the initial score (derived from 

the totalling of awarded points for each passed advanced function) by 0.025. As their test 

protocol is reliant on the infrastructure available in the vicinity of their test centres, which 

obviously varies from country to country, Euro NCAP take a pragmatic approach to the 

scoring of this test; so a system which achieves more than 12 out of the total 20 points 

will be awarded the whole score for system accuracy, i.e. 0.5. This reflects the difficulty of 

testing all of the advanced functions in a single test session. If the system relies on map 

data, the maps must be updated automatically at least every quarter, without requiring 

any action from the user for the first six years of registration.  

3.2.1.2 Assessment of speed limit warning function 

Euro NCAP specifies that a visual warning should be issued by the SLWF when the vehicle 

exceeds the posted speed limit by at least 5 km/h. Euro NCAP neither requires nor prohibits 

the use of audible or haptic warning signals. 

Euro NCAP permits the SLWF to be switched off by the driver. There are no provisions to 

state how easy the switch on/off the system should be, with the implication being that a 

single button press may be sufficient. This provision is added in order to allow the driver 

to cancel warnings due to false information and inaccurate or temporarily void speed limits.  

Euro NCAP permits speed limit warnings to be indicated using either a flashing icon 

representing traffic sign communicating the speed limit, or an additional visual signal 
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adjacent to the traffic sign icon. The protocol also allows for the use of an additional display 

to indicate the set speed (Vadj) of a manually set speed limiter in cases where Vadj is 

different from the posted speed limit. A key ISA performance indicator is the speed warning 

threshold; Euro NCAP therefore states that a warning should commence when the 

driven/indicated speed of the vehicle is exceeding the speed limit by more than 5 km/h. 

To allow for vehicle speedometer and system accuracy, a positive/negative offset is allowed 

but may be no larger than 10 km/h. A warning will be issued to the driver after exceeding 

the speed limit by 5 km/h for more than 10 seconds but the visual warning will persist for 

the duration of exceeding the limit. However, the warning sequence does not need to be 

reinitiated every time the speed limit is exceeded until the indicated speed is reduced to 5 

km/h below the indicated speed.  

3.2.1.3 Assessment of speed control function 

Euro NCAP require that Speed Control Function (SCF) must be capable of being easily 

deactivated at any time via a simple operation and must be switched off by default at the 

start of a journey.  

Euro NCAP specifies three different types of SCF: 

• Speed Limitation Function (SLF) 

• Intelligent Speed Assistance (ISA) 

• Intelligent Adaptive Cruise Control (i-ACC) 

A SLF allows the driver to manually set an adjustable limiting speed for the vehicle (Vadj). 

The driver may choose to exceed Vadj by applying a positive action, e.g. pushing the 

accelerator into the kick-down position. When the vehicle exceeds Vadj, the system will 

alert the driver via audible, visual or haptic feedback.  

A SLF may also set a semi-permanent top speed for the vehicle, for example when snow 

tyres are fitted. The most widely adopted method for restricting speed is to restrict power 

to the engine by limiting fuel flow, as explored by (European Transport Safety Council, 

2017). 

An ISA (using Euro NCAP’s definition for a moment) uses information derived from the SLIF 

to automatically set the maximum speed of the vehicle. This change should take effect 

within five seconds of a new speed limit coming into force. The driver may or may not be 

required to confirm this setting prior to it taking effect.  

I-ACC uses information from the SLIF to vary the maximum speed of an adaptive cruise 

control system. The driver is able to exceed the set limit by depressing the accelerator.  

3.2.1.4 Test for speed limit warning function 

Euro NCAP’s test procedure for speed assist systems is defined in (Euro NCAP, 2017), which 

describes their definitions, measuring equipment, valid testing conditions and the test 

procedure. As the protocol is a confirmatory procedure (to verify the manufacturer’s 

claims) it does not test the vehicle’s ISA system as a whole but focuses on the effectiveness 

of the SLIF function. The effectiveness of a SLIF system is evaluated according to its ability 

to perceive the 10 categories of speed limit (Table 2). Unless a test track contains all 

relevant types of European speed signs, the test protocol requires the vehicle to be driven 

for at least 100 km. The confirmatory drive is required to take place on a mixture of public 

urban and rural roads (including highways) while the SLIF’s reaction to conditional speed 

limits is verified and recorded.  

Notes are taken by the assessor on any discrepancies between the posted speed limit and 

the SLIF’s indicated speed limit shown to the driver. If the function is available, the protocol 

states that the vehicle should be driven both manually and in cruise control mode. This 

test method does not give detail on test conditions and country location but would give a 

limited understanding of system performance under conditions experienced on the day of 

testing. Euro NCAP apply a 12 out of 20 accuracy threshold to account for weather 
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conditions not being present, such as rain or snow, at the time of testing. It also allows for 

there being no dynamic speed limits being in place on the 100 km test route. Therefore, a 

system can still be considered accurate if it receives 12 advanced function points, without 

being tested in adverse conditions or being exposed to road works or temporary speed 

limits.  

As many SLIF systems are fitted with a warning or control function, Euro NCAP makes 

provisions for their testing. It is not reasonable to expect an assessor to break the speed 

limit on any part of the European road network in order to evaluate the response of the 

SLWF/SCF. Therefore, Euro NCAP makes allowances for testing on tracks or proving 

ground, providing the following statement is followed (section 4.1.1.1); “where speed signs 

are installed and should cover at least three different speed limits”. In order to prompt a 

response from the SLIF/SLWF systems, the VUT (vehicle under test) will be accelerated to 

at least 10 km/h over the Vlimit (legal/sign posted speed limit). This speed will be maintained 

long enough in order to assess the total/complete warning sequence. 

3.2.1.5 Test for speed control function 

The test protocol finally outlines controlled track testing of speed control functions. These 

tests are also confirmatory and are therefore performed at three different simulated speed 

limits: 

• City roads (e.g. 50km/h or 30mph) 

• Inter-Urban roads (e.g. 80km/h or 50mph) 

• Highways (e.g. 120km/h or 70mph) 

This procedure tests the activation of the warning system, how and when the vehicle alerts 

the driver and its response to the imposed speed limit. As these tests are conducted on a 

closed road test track, this test focuses on the speed control function only. It does not 

require the system to read, and display to the driver, an imposed speed limit. The Vadj will 

be set to the imposed speed limit, e.g. 120 km/h; the VUT will then be accelerated to a 

steady speed above this limit. The test driver will wait for, and record, the response of the 

speed limitation function. If the SLIF correctly identifies that the vehicle speed is above 

Vadj and the SCF slows the vehicle in response, it cannot slow the vehicle by more than 5 

km/h below Vadj. If it does, this will be regarded as a failure and receive a score of 0 (for 

the tested speed). Failing to pass all three test speeds will result in a total score of 0 for 

the Speed Control Function Test (the maximum score, upon passing all three tests, is 1.5). 

The test procedure sets out that the test track must be free of standing water, snow or ice 

and the gradient must not exceed 2 percent. 

3.2.2 London bus service limited: The Bus Safety Standard  

3.2.2.1 ISA assessment protocol  

Transport for London (TfL), in conjunction with TRL, recently announced new standards 

which new buses deployed on the London network in the future must meet. The scope of 

the standard is M3 class II London buses, (i.e. MGVW > 5 tonnes and a capacity exceeding 

22 passengers) 

The intention of these standards, as presented in TfL’s summary document (TfL, 2018), is 

to help progress to London’s 2041 vison zero casualty target through the introduction of 

buses with improved designs and fitted with countermeasures to reduce accidents, injuries 

and fatalities. One of the standards is dedicated to the fitment of ISA systems. This 

standard treats ISA as an assistance system to aid the driver in staying below the posted 

speed limit. The standard describes ISA systems as not intending to absolve the driver of 

the responsibility to keep the vehicle below the speed limit. However, ISA should act to 

limit accelerator input to prevent the bus exceeding the speed limit. The standard differs 

from others by not including a warning to the driver, for exceeding the speed limit, unless 

a fault is present. The detailed specifications for the ISA assessment and other aspects of 
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the standards can be found within the London Bus Service’s attachments for the 

specification of new buses, (London Bus Services Limited, 2019). 

As with the Euro NCAP assessments for passenger cars, the TfL Bus Safety Standard has 

brought an element of rating for busses on the London network. The (London Bus Services 

Limited, 2019) specification document lists a series of attachments which the 

manufacturers must comply with in order for their vehicle to meet the minimum ratings. 

Attachment 17 describes the Intelligent Speed Assistance Assessment Protocol which 

applies to vehicles categorised as M3; Class I and Class II (maximum mass exceeding 5 

tonnes and a carrying capacity exceeding 22 passengers). The assessment has been 

described as a method for testing the ability of an ISA system, fitted to a bus, “to restrict 

the speed of the bus to the prevailing speed limit”. The inherent spirit of the assessment 

is to encourage the fitment of ISA technologies which do not allow the driver of the bus to 

override the ISA and exceed the posted speed limit (i.e. hard-limiting systems). This 

presents a potential conflict with the remit defined for the GSR (see Section 2.2)  

Section 7 of Attachment 17 requires that manufacturers must submit a series of ‘pre-test’ 

documents to the assessor/test house detailing the functionality of the ISA system. There 

is a possible conflicting statement in the assessment protocol which requires evidence 

(from a certified body) to confirm that; “the system has been tested and approved as per 

the requirements of adjustable speed limitation devices within Regulation No 89 of the 

Economic Commission for Europe of the United Nations (UN/ECE)”, which do not apply for 

European Whole Vehicle Type approval.  

Attachment 17 continues to describe the required documents to be presented to test 

houses or assessor for assessment. From this list it was possible to identify key documents 

which could inform a list of documents to be submitted to test houses for the purposes of 

European regulation, including the following: 

• “A statement describing how the ISA system operates”, 

• “A schematic diagram and description of where the ISA system obtains the vehicle 

speed information”, 

• “A statement confirming for which option the ISA is specified” (could be altered to 

give the option for SLWF or SCF functionality), 

• “A statement as to whether speed restriction is assisted by any system, and a 

description of the operation of this system”, 

• “A statement as to whether a function that provides an over speed notification to 

the bus driver is fitted, and provide details of the form of this notification” 

• “Instructions regarding how the ISA system is enabled and disabled”. 

 

The attachment which follows (Attachment 18) provides guidance on ISA systems to be 

fitted to London buses. It describes an ISA system as a combination of an on-board map 

of speed limits (known as the Digital Speed Map, created and maintained by TfL) and a 

GPS locator. The ISA could then limit the speed of the bus via two methods: 

• Limiting further accelerator input, when the bus meets the speed limit (limits can 

be exceeded; in areas where gravity allows the bus to exceed the limit, momentarily 

when the bus enters a lower speed zone or there is a lag between the 

implementation of a speed limit and the updating of the reference Digital Speed 

Map), or 

• by doing the above and activating regenerative braking 

ISA systems for London buses can utilise road maps with information about the speed 

limits for the driven roads but it is not mandatory. The maps provided by TfL will need to 

be updated and version numbers recorded by the operators. However, there is an 

understanding (as described in the guidance notes) that there may be a time lag or missing 

information from the Digital Speed Map (as may be the case with temporary speed 
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restrictions, such as road works), preventing a timely implementation of the speed limit. 

It may also be likely that sloping (downhill) roads will incidentally cause the bus to exceed 

the speed limit. The ISA system will not apply disc/air brakes or accelerate to meet the 

speed limit, this will always be the responsibility of the driver and a continued depression 

of the accelerator will maintain the existing speed. However, the system can limit further 

accelerator input or utilise regenerative braking. 

3.2.2.2 ISA test procedure 

TfL specifies a comprehensive test procedure for the Vehicle Under Test (VUT). It has been 

separated into two options for ISA testing. However, as with Euro NCAP testing the VUT’s 

ISA system can be tested on-road but needs to have completed the track testing first. In 

order to pass the ISA assessment, the VUT must pass the checklists within; pre-test 

submissions (including a statement describing how the ISA system operates), system 

checks (i.e. physically observing a connection between the GPS and ISA system, if the 

connection cannot be observed the vehicle would have failed the test), track tests and on-

road tests. Any single failure within the four assessment checklists will result in the failure 

of the entire ISA system. The assessment protocol provides documentation to mark the 

test results against.  

The Bus Safety Standard breaks ISA testing into two phases. The initial phase allows a 

manufacturer to choose between one of two track tests. The second phase is conducted 

upon successful completion of the first phase and is a real road test (on a route to be 

determined by the technical service). Of the first phase tests, option one is a speeding alert 

test without speed reduction. Option 2 is also a speeding alert test but also tests the speed 

reduction method, which explicitly excludes the use of foundation brakes.  

As the first phase of the testing is conducted on a test track, but because any bus operating 

on the London network will rely on the Digital Speed Map (DSM), sections of the test 

track/facility will have to be entered into the DSM. This will be a complication but should 

not prevent the tests being performed.  

It should be noted that official speed limit maps for the system are provided by TfL. 

Therefore, it is not a subject of the test protocol to assess the performance of speed limit 

determination in varying locations and condition, which remains one of the major 

challenges for defining type approval procedures for ISA systems. 

3.3 Market review of ISA systems 

The European Parliament (as described in Section 2.2) requires ISA systems to be fitted 

to vehicle categories M1, M2, M3, N1, N2 and N3. TRL are aware of the prevalence of ISA 

systems fitted to M1 (encouraged by Euro NCAP) and to a lesser extent N1 vehicle 

categories. Encouraged through TfL’s Bus Safety Standard (see Section 3.2.2), M3 vehicles 

fitted with ISA systems are entering the market. These are equipped mostly with map-only 

systems specific to London, which will not be sufficient to meet future European type 

approval requirements (see Section 2.2). TRL are not aware of current implementation of 

ISA systems in other vehicle categories, but the capabilities and challenges in determining 

the road speed limit are expected to translate well between categories.   

Euro NCAP conducts ISA system testing within its SAS (Safety Assist System) protocol. 

TRL consulted with Euro NCAP to gain a broad understanding of the varying levels of ISA 

capability within the current European vehicle fleet. The assessment procedure is wide 

ranging and requires both an exchange of documentation between the manufacturer and 

Euro NCAP and a 100km confirmatory test drive conducted by a Euro NCAP testing facility 

on local public roads (see Section 3.2). Euro NCAP gives a normalised score of the SA 

systems which are available for public viewing and this score contributes to the whole 

vehicle star rating.  

10 sign recognition capabilities were evaluated (as outlined in Table 2) on the 100 km 

confirmatory test drive but some conditions may never be driven in (such as snow/rain or 

dynamic signs, while overhead LED gantry signs may not have not been on the selected 
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route) and as such were displayed as ‘n/a’ in the original recordings. However, for this 

report, individual scores are not of interest and any capabilities not tested have been 

displayed as fail, for simplicity. This caveat applies to both Table 3 and Table 4, all vehicles 

tested from 2018 to 2019 (from January to October).  

In Table 3, 16 vehicles which used systems that could read road side signage or rely on 

map information but three still required the driver to manually set the speed limit warning 

(described as Vadj). Unlike some systems from the 2018 fleet, none of the vehicles 

evaluated in 2019 had a manual speed limit warning function; rather the ISA systems are 

configured to automatically inform the driver of the speed limit on the driven road. It is 

therefore possible to assume that manufacturers (and customers) are driving the industry 

towards ISA systems which are system advised, with little need for speed confirmation 

from the driver. 

Of the 51 vehicles tested by Euro NCAP in 2018-19, 36 were able to use the information 

collected by the SLIF to propose a maximum speed setting for the speed limit function 

(SLF). Of the 36 vehicles; 26 were fitted with camera-only systems, 9 were camera and 

map fusion systems and only 1 was fitted with a map-only ISA system. Euro NCAP did not 

provide any data on how many of these cars required confirmation from the driver to set 

the SLF. 

For those vehicles which have a SLIF system fitted, the majority (32 out of the 36) could 

achieve a pass mark for at least 4 of the 10 assessed capabilities. Only two of the 36 

vehicles were capable of passing all requirements, a large and a small off-road vehicle 

fitted with camera and map fusion system. Vehicles which were fitted with a camera-only 

ISA system were capable of passing 5 out of 10 of the capabilities. In contrast, vehicles 

fitted with a camera-map fusion system were, on average, capable of achieving a pass 

mark for 6 or 7 of the capabilities. 

According to the data presented in Table 3 and Table 4, implicit speed limits and some 

weather conditions seem to be an issue for camera-only systems (noting that the system 

may not have experienced those weather conditions at the time of testing and thus 

received a mark of n/a). Across both years, a camera-only system was not presented which 

was able to pass all 10 capabilities. However, informed by those presented, TRL surmised 

that it may be possible for manufacturers to achieve this in the future as all capabilities 

were fulfilled by at least one of the camera-only systems. 

Camera-map fusion systems were more capable of detecting implicit speed limits and 

dynamic speed limits. TRL interpreted this to mean that those vehicles with fusion systems 

could usually utilise the larger amount of information available to increase system 

confidence and accuracy in detecting the true speed limit. The fusion of map and camera 

data allows the cameras to determine road types based on location and visual information, 

regarding road layout; allowing fusion systems to more accurately determine implicit speed 

limits. 
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Table 3: Euro NCAP Speed Assistance system capabilities overview 2018 
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Audi A6 Executive 5 2018 76 1.3 Manually Set

Audi A7 Executive 5 2018 76 1.3 Manually Set

Audi Q3 Small Off-Road 5 2018 85 1.3 Manually Set

BMW X5 Large Off-Road 5 2018 75 2.8 System advised System advised Camera & Map ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Citroën Berlingo Small MPV 4 2018 68 2.3 System advised System advised Camera X X X X ✓ ✓ X X X X

FIAT Panda Supermini 0 2018 7 0

Ford Focus Small Family Car 5 2018 75 2.5 System advised System advised Camera X X ✓ X ✓ ✓ ✓ X ✓ ✓

Ford Tourneo Connect Small MPV 4 2018 75 2.5 System advised System advised Camera X X ✓ X ✓ ✓ ✓ X ✓ ✓

Hyundai NEXO Large Off-Road 5 2018 80 1.7 System advised Manually Set Camera & Map ✓ X X X ✓ X ✓ X ✓ X

Hyundai Santa Fe Large Off-Road 5 2018 76 1.3 Manually Set

Jaguar I Pace Executive 5 2018 81 2.5 System advised System advised Camera & Map ✓ ✓ X X ✓ ✓ X X X ✓

Jeep Wrangler Large Off-Road 1 2018 32 1.3 Manually Set

Lexus ES Large Family Car 5 2018 77 2.4 System advised System advised Camera X ✓ ✓ X X ✓ X X X ✓

Mazda 6 Large Family Car 5 2018 73 2.4 System advised System advised Camera & Map X X X X ✓ ✓ ✓ ✓ X X

Mercedes-Benz A-Class Small Family Car 5 2018 75 3 System advised System advised Camera ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ X ✓

Nissan Leaf Small Family Car 5 2018 71 1.9 System advised Manually Set Camera & Map ✓ ✓ ✓ X X ✓ ✓ ✓ ✓ ✓

Opel/Vauxhall Combo Small MPV 4 2018 68 2.3 System advised System advised Camera X X X X ✓ ✓ X X X X

Peugeot 508 Large Family Car 5 2018 79 2.5 System advised System advised Camera ✓ ✓ ✓ X ✓ ✓ X X X ✓

Peugeot Rifter Small MPV 4 2018 68 2.3 System advised System advised Camera X X X X ✓ ✓ X X X X

Suzuki Jimny Supermini 3 2018 50 1.3 Manually Set

Volvo V60 Large Family Car 5 2018 76 2.5 System advised System advised Camera ✓ ✓ X X ✓ ✓ X X X ✓

Volvo XC40 Small Off-Road 5 2018 76 2.5 System advised System advised Camera ✓ ✓ ✓ X ✓ ✓ X X X ✓

VW Touareg Large Off-Road 5 2018 81 1.9 System advised Manually Set Camera & Map ✓ X X ✓ ✓ ✓ ✓ ✓ ✓ ✓
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Table 4: Euro NCAP Speed Assistance system capabilities overview 2019 
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Audi e-tron Large Off-Road 5 2019 76 1.3 Manually set

Audi A1 Supermini 5 2019 80 1.3 Manually set

BMW 1 Series Supermini 5 2019 72 2.5 System advised System advised Camera ✓ ✓ ✓ X ✓ ✓ X X X ✓

BMW 3 Series Large Family Car 5 2019 76 2.5 System advised System advised Camera ✓ ✓ ✓ X ✓ ✓ X X X ✓

BMW Z4 Roadster Sport 5 2019 76 2.5 System advised System advised Camera ✓ ✓ ✓ X ✓ ✓ X X X ✓

Citroen C5 Aircross (Safety Pack) Small Off-Road 5 2019 82 2.5 System advised System advised Camera ✓ ✓ ✓ X ✓ ✓ X X X ✓

DS 3 Crossback (Safety Pack) Small Off-Road 5 2019 76 2.6 System advised System advised Camera ✓ ✓ ✓ X ✓ ✓ X X ✓ ✓

Ford Focus Small Family Car 5 2019 75 2.5 System advised System advised Camera X X ✓ X ✓ ✓ ✓ X ✓ ✓

Honda CR-V Large Off-Road 5 2019 76 2.5 System advised System advised Camera ✓ ✓ X X X ✓ X X X ✓

Jeep Cherokee Small Off-Road 4 2019 69 1.3 Manually set

Kia Ceed Small Family Car 5 2019 73 1.3 Manually set

Land Rover Range Rover Evoque Small Off-Road 5 2019 73 1.3 Manually set

Lexus UX Small Off-Road 5 2019 77 2.4 System advised System advised Camera X ✓ ✓ X X ✓ X X X ✓

Mazda 3 Small Family Car 5 2019 73 2.4 System advised System advised Camera & Map X X X X ✓ ✓ ✓ ✓ X X

Mercedes-Benz B-Class Small MPV 5 2019 75 2.9 System advised System advised Camera ✓ ✓ ✓ X ✓ ✓ ✓ ✓ X ✓

Mercedes-Benz CLA Small Family Car 5 2019 75 3 System advised System advised Camera ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ X ✓

Mercedes-Benz EQC Small Off-Road 5 2019 75 3 System advised System advised Camera & Map ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓

Mercedes-Benz G-Class Large Off-Road 5 2019 72 2.7 System advised System advised Camera & Map ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ X ✓

Mercedes-Benz GLE Large Off-Road 5 2019 78 3 System advised System advised Camera ✓ ✓ ✓ ✓ ✓ ✓ ✓ ✓ X ✓

Peugeot 208 Supermini 4 2019 71 2.5 System advised System advised Camera ✓ ✓ X X ✓ ✓ X X ✓ ✓

Renault Clio Supermini 5 2019 75 2.5 System advised System advised Camera X ✓ ✓ X ✓ ✓ X X X ✓

SsangYong Korando Small Family Car 5 2019 74 1.6 Manually set Camera ✓ X X X ✓ X X X X X

Seat Tarraco Large Off-Road 5 2019 79 1.3 Manually set

Skoda Scala Small Family Car 5 2019 76 1.3 Manually set

Toyota Corolla Small Family Car 5 2019 77 2.4 System advised System advised Camera X ✓ ✓ X X ✓ X X X ✓

Toyota RAV4 Small Off-Road 5 2019 77 2.4 System advised System advised Camera X ✓ ✓ X X ✓ X X X ✓

Tesla Model 3 Large Family Car 5 2019 94 2.8 System advised System advised Map based ✓ ✓ ✓ X X ✓ ✓ ✓ ✓ X

VW T-Cross Small MPV 5 2019 80 1.3 Manually set



 

 

3.4 Initial expert consultations 

Consultations with a number of industry experts were held in order for TRL to understand 

capabilities and limitations of current and future generations of ISA systems and validation 

strategies commonly applied. 

The consultations were held as 2-hour teleconferences or face-to-face meetings. The 

meeting format was bilateral, i.e. TRL and stakeholders representing one company at a 

time, and structured by questions in a topic guide shared with the stakeholder in advance 

of the meeting. The meetings were non-public exchanges at a technical level and notes 

will not be published.   

TRL’s invitation for bilateral meetings was extended to industry through ACEA and CLEPA 

and individually to other organisations. TRL held bilateral meetings with 14 stakeholders 

(3 automotive OEMs, 1 automotive & heavy vehicle OEM, 5 tier 1 suppliers, 2 test 

houses/technical services, 1 consumer test organisation, 1 non-government organisation, 

1 academic organisation) and received written input from 1 bus OEM. 

The topic guide contained introductory information for the stakeholders (TRL task and 

timelines, ISA terminology, remit of the Commission’s mandate for ISA) and questions 

relating to the following aspects: 

• Functionality of current and future systems (camera-only or camera & map fusion; 

fusion of inputs; map update strategy) 

• Validation approaches applied in industry and suitability for type-approval (track 

vs. real road validation, test protocols, test conditions, key performance indicators 

used)  

• HMI aspects for speed limit information function, speed limit warning function and 

speed control function 

• Evaluation approaches for HMI 

• Detection and recognition capabilities of current and future camera systems (types 

of road signs, country capabilities, performance in non-ideal conditions) 

• Aspects specific to heavy vehicles (M2, M3, N2, N3) 

The answers provided by stakeholders informed the proposed contents for the ISA type 

approval regulation in Section 4, including items such as the choice of test track or real 

road testing, the makeup of testing by the technical service vs. documentation of in-house 

testing, reasonable expectations of capabilities of current and near future systems, items 

relevant for vehicles other than passenger cars. 

The authors thank the stakeholders involved in the bi-lateral consultations for their inputs, 

without which development of this report would not have been possible. 
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4 PROPOSED CONTENTS FOR ISA TYPE APPROVAL REGULATION 

4.1 Introduction 

The following sub-sections are intended to provide a basis for stakeholder discussion. They 

do not pre-empt the exact contents or wording of a future regulation, but reflect TRL’s 

current position on potential requirements and test procedures that could be recommended 

within the given legislative remit of the Commission and taking into account the state of 

technology readiness and industry best-practice as established in the review and 

consultation tasks. 

Each element addressed in the sections ‘requirements’ and ‘assessment procedures’ is 

covered with the same structure: 

• Background and source material: This section summarises the relevant parts 

of the General Safety Regulation which define the remit set by the legislator and 

cite relevant parts of existing procedures (e.g. Euro NCAP) and UN regulations. 

• High-level intent and justification: Sets out what the future regulation should 

achieve in TRL’s view and provides TRL’s considerations and rationale.  

• Initial outline of regulation contents: Contains text reflecting TRL’s current 

position on potential contents of the ISA regulation at this point in the project. Most 

elements are not yet phrased as regulatory text but the intent is to clearly 

communicate potential contents for feedback from stakeholders. Other elements 

that are taken over from existing regulations are already phrased in regulatory 

language. Annex 1 provides the contents of this sub-section as one consecutive 

text for all items (identical text as contained in this section). 

• Questions for stakeholders: Contains a list of questions where TRL require 

further input from stakeholders, for example to define limit values or take a 

decision between two possible approaches. Note that beside the stated questions, 

TRL also seek wider general feedback on the approach and contents suggested. 

Any feedback should be provided with a rationale explaining the position and where 

appropriate provide evidence-based justifications.  

 

The following figures present a high-level overview of TRL’s preliminary recommendations 

on regulation contents for selected aspects: 

• Relevant road signs: Figure 27 

• Speed limit information and feedback modes: Figure 28 

• Test and assessment procedures: Figure 29 
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Figure 27: TRL’s recommendation regarding relevant road signs, i.e. signs that need to 
be recognised with a defined minimum level of performance 

 

 

  

Figure 28: TRL’s recommendation regarding speed limit information and feedback modes 
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Figure 29: TRL’s recommendation regarding test and assessment procedures for type 

approval 

 

4.2 Definitions and scope 

4.2.1 Definitions 

4.2.1.1 Draft definitions 

The following draft definitions are suggested based on the General Safety Regulation and 

developed by TRL as required: 

• ‘common space’ means an area on which two or more information functions (e.g. 

symbol) may be displayed, but not simultaneously 

• ‘intelligent speed assistance’ (ISA) means a system to aid the driver in maintaining 

the appropriate speed for the road environment by providing dedicated and 

appropriate feedback 

• ‘feedback speed limit’ is the currently set speed above which the ISA system 

provides feedback to the driver 

• ‘perceived speed limit’ is the current maximum permitted speed as perceived by 

the ISA system 

• ‘relevant road sign’ means a physical road sign, or a variable message sign, of a 

type specified in the catalogue of functional requirements  

• ‘road sign and signal observation system’ means all parts of the ISA system required 

to detect and recognise a road sign or signal (e.g. camera and associated ECUs) 

• ‘road speed limit’ is the currently applicable maximum permitted driving speed at 

the vehicle’s location 

• ‘self-check’ means an integrated function that checks for a system failure on a 

continuous basis at least while the system is active 
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• ‘speed control function’ (SCF) means a function which limits or controls the driving 

speed to the feedback speed limit  

• ‘speed limit information function’ (SLIF) means a function that communicates the 

perceived speed limit to the driver 

• ‘speed limit feedback’ means a speed limit warning or speed control  

• ‘speed limit warning function’ (SLWF) means a function that alerts the driver that 

the driving speed is exceeding the feedback speed limit 

• ‘type of ISA STU’ means a combination of specific hardware which does not differ 

in such essential respects as the characteristics, functionality, capability [and 

performance] of speed limit determination [and speed limit feedback]. 

• ‘vehicle type with regard to the installation of an ISA system’ means motor vehicles 

that do not differ in such essential respects as the characteristics of the integration 

within the vehicle as well as the characteristics, functionality, capability and 

performance of speed limit determination and speed limit feedback. 

4.2.1.2 Questions for stakeholders 

Q1. Are any changes to the draft definitions required? Please suggest alternative 

wording and provide justification or explanation. 

Q2. Are additional definitions required? Please suggest terms and definitions and 

provide justification or explanation. 

 

4.2.2 Subject matter and exemptions 

4.2.2.1 Initial outline of regulation contents 

• The ISA regulation: 

o will apply to the vehicle categories defined in the GSR, i.e. M1, M2, M3, N1, 

N2 and N3.  

o will establish detailed technical requirements and test procedures for the EC 

type-approval of vehicles of the categories above in respect of their 

intelligent speed assistance (ISA) system and of ISA separate technical units 

(STUs). 

• For vehicle and STU approval a similar approach to the eCall regulation could be 

considered where parts of the assessments can be performed on STUs. The exact 

split is to be determined. 

• Note: Small series approval, multi-stage vehicles, individual approval scheme or 

ISA component approval are not in scope of TRL’s work. 

• Stakeholders suggested to define the following exemptions: 

o Special purpose vehicles (SPV), i.e. MxS and NxS: TRL seek additional input; 

please note questions in Section 4.2.2.2. 

o Off-road vehicles (ORV), i.e. MxG and NxG: TRL seek additional input; please 

note questions in Section 4.2.2.2. 

o Vehicles which are top-speed limited (UN Regulation No. 89 on speed 

limitation devices): While being top-speed limited, these vehicles will still be 

used on roads with speed limits lower than their top speed (e.g. in urban 

areas, at roadworks, etc.) which is why an exemption is not appropriate. 

However, TRL suggest reducing the catalogue of relevant road signs for 
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these vehicles to signs denoting a speed limit lower than their top speed. 

See Section 4.3.1. 

o Vehicles that have a limited area of operation, e.g. city buses: While the 

normal operation of these vehicles may be restricted in day-to-day use the 

vehicles will still be allowed to be operated in the EU if they hold European 

type approval and therefore should be compatible with the infrastructure in 

all European countries. TRL seek additional input; please note questions in 

Section 4.2.2.2. 

4.2.2.2 Questions for stakeholders 

Q3.  Regarding requested exemption for special purpose vehicles: 

a) Please provide a justification for exempting these categories, if relevant 

separately for individual codes (SA, SB, …). 

Q4. Regarding requested exemption for off-road vehicles:  

a) Please provide a justification for exempting these categories. 

b) How many off-road vehicles of categories MxG and NxG are registered per 

year across the EU? 

Q5. Regarding requested exemption for vehicles that have a limited area of operation:  

a) Please provide a justification for exempting these vehicles or appropriate 

reductions in requirements. 
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4.3 Requirements 

4.3.1 Functional requirements for speed limit determination 

4.3.1.1 Background and source material  

• GSR legislative remit:  

o “the dedicated and appropriate feedback shall be based on speed limit 

information obtained through the observation of road signs and signals, based 

on infrastructure signals or electronic map data, or both, made available in-

vehicle;” 

• Observation of roads signs is a minimum functional requirement, which 

at the current state of technology is usually realised by an in-vehicle 

camera.  

• Observation of signals, which is also a necessary requirement, can be 

interpreted to relate to items such as variable message signs, future 

vehicle-to-infrastructure signals or electronic map data.  

• The statement above therefore includes camera-only systems (if they 

can interpret variable message signs) and camera & map fusion systems, 

but does not include map-only systems. 

• Euro NCAP: 

o Requirements are defined in the Section 4.4 of the assessment protocol (Euro 

NCAP, 2019): 

• “The speed limit information could either be provided by vehicle-

integrated devices or by mobile devices connected to the vehicle 

network.” 

• The assessment protocol implicitly requires that speed limits indicated 

by numerical speed signs are perceived (via camera or map) on 

motorways, rural and city roads. 

• Additionally, Euro NCAP defines ‘Advanced Functions’ which attract 

additional points (Table 5). 

Table 5: Euro NCAP Advanced Functions 

Euro NCAP advanced functions  Required Action 
Weather Rain / Wetness Show correct speed limit 
Weather Snow / Icy Warning only and ignore if irrelevant 
Time Time Show correct speed limit 
Distance Distance for / in Show correct speed limit 
Arrows Arrows Show correct speed limit or ignore if irrelevant 
Vehicle Categories Other vehicle / weight categories Ignore if irrelevant 
Implicit Speed Limits Highway / Motorway Show correct speed limit 
Implicit Speed Limits City Entry / Exit Show correct speed limit 
Implicit Speed Limits Residential zones Show correct speed limit 
Dynamic Speed Limits Dynamic speed signs including 

roadworks 
Show correct speed limit 
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4.3.1.2 High-level intent and justification  

• The requirements should be defined in a performance-based manner in order to not 

be design restrictive or technology specific. In line with the legislative remit, they 

should prescribe the observation of a certain set of road signs and signals and allow 

support by electronic map data.  

• Member states in which the system must function 

o The ISA system must be capable of operating correctly in all EU member states.  

o While it is likely that a vehicle will be type approved in a single EU member 

state, the technical service undertaking the type approval assessment must 

satisfy themselves that the system has the capability to operate appropriately 

in all of the other member states.  

o The implication being that the system must have a ‘database’ of speed limits 

and their associated road signs and regulations that includes a comprehensive 

data set for all EU member states. 

• Acceptable methods of speed limit determination 

o This task could in part be accomplished using data for the current position 

derived from maps, however, allowance must be made for the fact that speed 

limits may be subject to permanent or temporary changes, or might be variable:  

• National or local authorities may choose to make a permanent change to 

the speed limit for a given road.  

• The speed limit might be lowered temporarily, for example while road 

maintenance is being conducted.   

• The speed limit might be routinely variable e.g. as a method for 

managing congestion. 

o A simple map-based system would not be capable of keeping track of these 

dynamic changes and would thus be prone to displaying incorrect speed limits 

to the driver, and consequently either annoying the driver at times when the 

perceived speed limit was lower than the road speed limit, or failing to warn the 

driver that they were exceeding the limit when the road speed limit was lower 

than the perceived speed limit. This aligns with the GSR requiring the 

observation of road signs.  

o At the time of writing no map-based system with the capability to be updated 

in real time in response to temporary and variable speed limits is available on 

the market. Thus, the most likely solution to this requirement would utilise a 

machine vision system (camera) to pick up the same visual cues that a human 

driver would rely on to determine the applicable speed limit for the road.  

o The requirements shall therefore be defined so that, with current technology, 

they can be fulfilled by both camera-only systems and camera & map fusion 

systems, without restricting future developments, such as cloud support or 

vehicle to infrastructure communication. 

• In order to operate effectively, an ISA system must be capable of determining the 

speed limit that is currently in force for the specific vehicle and road upon which it 

is travelling. There are a number of important elements to this task; the system 

must know: 

o the country (and in some cases region) in which the vehicle is travelling: 

according to stakeholders, the current country code can be derived from 

positioning systems (e.g. GNSS such as GPS; note that passenger cars have 

positioning capability due to eCall) or from observation of the traffic sign types 

encountered; the latter was described by stakeholders as less reliable.  
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o the category of vehicle to which it is fitted: this is constant over the lifetime of 

the vehicle and can be therefore be coded into the system 

o the class of road on which it is travelling: according to stakeholders this can be 

derived from map data or from observation of signs (e.g. motorway, 

expressway) and road characteristics using machine vision (e.g. number of 

lanes, divided by central barrier); the latter was described by stakeholders as 

less reliable. 

o Additionally, the system must be capable of recognising and correctly 

interpreting a range of permanent, variable and temporary road signs which 

may or may not display a numeric value for the speed limit in force. The 

rationale for defining the set of relevant road signs is discussed below; see 

Section 3.1 for background.  

• Roads with numerically signposted speed limits 

o The system must be capable of recognising and correctly interpreting 

numerically signposted speed limits (Figure 4 or Figure 5). While this task is by 

no means trivial, with the exception of the units of measurement in use (km/h 

vs mph), all the information required by the system is immediately available to 

it by reading the relevant road sign. 

o The system must also be capable of recognising when the vehicle is within the 

boundaries of a speed limit zone (Figure 7). This task is very similar to the 

requirement to recognise numerically signposted speed limits, but with the 

added complication that the same speed limit might apply to a whole network 

of roads within the zone without confirmatory signs being displayed on each 

individual road. 

• Roads with non-numerical signposted speed limits 

o The system must be capable of recognising and correctly interpreting a range 

of non-numerically signposted speed limits. This task is somewhat more 

complex than that described above as, not only must the system recognise that 

a road side item is a relevant road sign, but it must then apply the correct 

interpretation to that sign, which may be different for signs of identical 

appearance in different countries, or on different roads. Examples of such non-

numeric signs are: 

• End of speed limit, or national speed limit applies (Figure 8 or Figure 9) 

• End of a specific speed limit (Figure 10) 

• End of a speed limit zone (Figure 11) 

• Place name signs used to indicate speed limits and their corresponding 

cancellation signs (Figure 12 and Figure 13) 

• Residential or home zone signs (Figure 15) 

• Motorway and expressway signs (Figure 16 and Figure 17) 

o Each of these relies on the system knowing the country or region in which it is 

operating and the applicable national speed limit for that class of road. The 

group of ‘end of speed limit’ signs may be particularly challenging to interpret 

correctly as the speed limit that applies beyond them will vary depending on the 

class of road on which they are posted and the category of vehicle to which the 

system is fitted. Place name signs, residential zone and motorway or 

expressway signs will at least convey a single speed limit for each member state, 

although those limits will vary from country to country.  

• Implicit speed limits communicated by means other than road signs 

o Some speed limits are communicated by means other than road signs. For 

example, in the U.K. ‘dual carriageways’ – roads in which traffic travelling in 
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opposite directions are separated by a barrier or central reservation, have a 

70mph (120 km/h) national speed limit, which is indicated only by the 

separation of the carriageways. These roads are often marked with ‘national 

speed limit applies’ signs (Figure 5) whose meaning is changed by the 

separation of the carriageways. That national speed limit is different depending 

on the category of the vehicle concerned. The system must be able to determine 

the correct speed limit for the category of vehicle on this class of road. 

o The U.K. also has a convention that the presence of streetlights in a built-up 

area indicates that a 30mph (50 km/h) speed limit applies unless a contradicting 

road sign is posted. While this regulation is retained in U.K. law, explicit signage 

is routinely used to indicate 30mph speed limits in built up areas. It is therefore 

not necessary for a system to be capable of inferring a specific speed limit from 

the presence of street lighting. 

• Conditional speed limits based on vehicle or driver parameters 

o Most EU member states apply lower speed limits for heavier categories of 

vehicles. The system will be required to be configured for the category of vehicle 

to which it is fitted and apply the appropriate speed limit.  

o Many member states employ pictographic or text based sub-signs to indicate 

that an alternate speed limit applies to some categories of vehicles. As these 

sub-signs are usually appended to a numerical speed limit sign the system must 

recognise and interpret the sub-sign and, if appropriate to that category of 

vehicle, apply the indicated speed limit. 

o Some countries have different national speed limits for certain types of driver, 

e.g. those who are below a certain age or have limited driving experience. While 

it may be theoretically possible to devise a system that is capable of identifying 

the driver, perhaps based on information they supply, and thus establish their 

age or driving experience, no such system currently exists or is proposed. The 

system will therefore not be required to identify the age or driving experience 

of the driver and thus determine that the lower limit is in force. In this case the 

perceived speed limit would be that for the category of vehicle and class of road 

and the driver would maintain responsibility for ensuring that they observe the 

lower speed limit. 

o Some countries apply different speed limits when a vehicle is towing a trailer. 

Currently available systems do not have the capability to recognise when the 

vehicle has a trailer attached. The system would therefore not be required to 

identify that the vehicle was towing and thus determine that a lower limit is in 

force. In this case the perceived speed limit would be that for the category of 

vehicle and class of road and the driver would maintain responsibility for 

ensuring that they observe the lower speed limit when towing.  

• Conditional speed limits based on weather or season    

o Some member states have seasonal speed limits which apply different national 

speed limits at different times of year to account for changing driving conditions. 

Typically, these are indicated using variable message signs (e.g. LED) or by the 

national authorities physically exchanging speed limit signs for ones of a 

different value.   

o Some member states apply different speed limits under specific meteorological 

conditions, e.g. when it is raining, foggy or snowing. These conditional limits are 

typically indicated using pictographic sub-signs. Stakeholders indicated that 

these sub-signs can be difficult to interpret correctly. It can also be difficult to 

detect some of the meteorological conditions indicated by these signs, given 

currently available technology. Given the difficulty correctly reading these road 

signs and of clearly defining and identifying these conditions the system is not 

required to interpret the sub-sign but only identify that additional conditions 

apply and, as minimum functionality, disregard the sign.  
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• Conditional speed limits based on time of day or days of the week 

o Some member states employ part time speed limits, which only apply at certain 

times of day or on certain days of the week. The conditions under which these 

speed limits apply are indicated using text based sub-signs. Stakeholders 

indicated that these signs are difficult to interpret correctly using current 

machine vision systems. Given the difficulty of correctly interpreting these sub-

signs the system is not required to interpret the sub-sign but only identify that 

additional conditions apply and, as minimum functionality, disregard the sign.. 

• Retention of speed limit information 

o The system must be capable of retaining the information that it collects 

regarding the current speed limit for the road on which the vehicle is travelling 

for a to be defined minimum distance depending on the road type after the last 

observed road sign.  

o The system must be capable of retaining the value of the currently applicable 

road speed limit when the vehicle’s main power control is cycled, i.e. the system 

must retain its perceived speed limit when the vehicle is parked.  

• Time taken to update the perceived limit 

o The system must be capable of processing the information that it collects in a 

timely manner so that the system’s perceived limit is updated within [5] seconds 

of entering a new speed limit. 

4.3.1.3 Initial outline of regulation contents 

• Note: This section defines the basic functional requirements for speed limit 

determination from observation of road signs and signals, i.e. requirements to 

ensure for example that all the necessary classifiers are implemented in the system 

camera. It is recognised that observing road signs is a probabilistic process and 

cannot be achieved under all conditions and with 100% performance. Performance 

aspects are covered in another section (Section 4.3.2). 

• The system shall be able to detect and correctly classify road signs in order to 

perceive the road speed limit. This requirement applies to: 

o relevant sign types as defined in the catalogue, 

o road signs of all EU member states where a particular sign type is in use at 

the time of approval, 

o road signs of a size, design, material and retro-reflectivity conforming to the 

applicable standards in the member state concerned at the time of approval,  

o fixed signs, temporary signs and variable message signs, positioned in a way 

conforming to the applicable standards in the member state concerned at 

the time of approval, e.g. relating to lateral distance to the road edge, height 

and orientation (rotation, tilt), 

o road signs indicating a road speed limit that is lower than the vehicle’s 

maximum speed plus [10 km/h] (Note: For example, top-speed-limited 

HGVs do not need to recognise speed limit signs with values more than [10 

km/h] higher than their top speed. The tolerance is included to cover 

situations where a speed limiter may be exceeded with gravity assistance). 

• The system may (note: optional) be able to detect and classify other road signs. 

• The perceived speed limit from observed relevant road signs shall match the road 

speed limit with regard to the numerical value and the unit of measurement (km/h 

or mph). This applies to both numerical and non-numerical road signs contained in 

the catalogue. Note: This will require knowledge of the current country-code and 

road class in some instances. 



GSR: ISA interim report 

 

 

 

March – 2021 71 
 

• The system shall be able to detect if relevant road signs apply only to particular 

vehicle categories/classes, indicated by sub-signs, and perceive the correct speed 

limit.   

• The system shall be able to detect if relevant road signs apply only under additional 

conditions, indicated by sub-signs or additional information on the sign (e.g. rain, 

snow, time of day, distance or advance warning), and [either disregard the sign 

(result: previously applicable speed limit or speed limit unknown) or] perceive the 

correct speed limit based on the relevant conditions. 

• The system shall be designed with measures to disregard for the purpose of speed 

limit determination (e.g. by probability algorithms with or without map support) at 

least these categories: 

o non-applicable road signs (i.e. those that are not applicable to the vehicles 

carriageway or lane, including overview signs posted at national borders),  

o non-speed-related road signs (e.g. vehicle weight limits, vehicle width 

limits), and 

o extraneous items that are not road signs (e.g. speed limit stickers used on 

HGVs). 

• The system shall be designed to ensure that speed limits determined from 

applicable relevant road signs are preferred to map-derived speed limits.  

• The system shall be able to set the perceived speed limit within [5 seconds] of 

passing the relevant road sign.  

• The system shall retain the perceived speed limit (even after an ignition cycle) until: 

o It is replaced by a new perceived speed limit (from observation of road signs 

or signals or map data); or  

o It is replaced by ‘speed limit unknown’, based on criteria that may include 

but are not limited to: 

▪ The ISA system is deactivated 

▪ The vehicle is suspected to drive off-road 

▪ The vehicle is suspected to have turned onto a different type of road 

(e.g. away from a major road) 

▪ The system has not observed a road sign or signal for a distance of 

at least [x km] on motorways/expressways, [y km] on non-urban 

roads, or [z km] on urban roads. 
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Table 6: Required capabilities for the determination of perceived speed limits (catalogue 

of relevant sign types) 

Description  Examples System required to set 

perceived speed limit? 

Numerical road signs 

including temporary 

and variable message 

signs 
 

Yes – applying the correct 

units of measurement for 

the member state in which 

the vehicle is located 

End of speed limit or 

‘national speed limit 

applies’ signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle  

End of specific speed 

limit or speed limit 

zone signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle 

Place name signs used 

to indicate the 

presence of a speed 

limit and their 

associated cancellation 

signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle 

Urban area signs and 

their associated 

cancellation signs 
 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle 

Home zone or 

residential zone signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle 
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Motorway regulations 

apply signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the category 

of vehicle 

Expressway regulations 

apply signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the category 

of vehicle 

Vehicle category 

specific signs 

 

Yes – taking into account 

the category of vehicles 

Additional conditions 

apply (including rain, 

snow, time of day, 

arrows, distance or 

advance warning) 

 

No – the system should be 

capable of recognising that 

an additional condition 

applies that means that the 

speed limit may not be in 

force for that section of 

road and either disregard 

or set correct limit based 

on conditions. 

 

4.3.1.4 Questions for stakeholders  

Q6. Please provide feedback on the suggested requirements above. 

Q7. Is it possible for camera-only systems to fulfil the suggested functional 

requirements, in particular considering aspects such as identifying the country 

code or road class (e.g. identify U.K. dual carriageways)? Or are infrastructure 

changes by Member States required to make the speed limits easier to interpret? 

If so, what changes? 

Q8. The suggested requirements regarding conditional speed limits only include 

correct interpretation of vehicle category specific limits, but not of weather-, 

distance- or time-dependent limits. Could Member States make changes to 

infrastructure that would allow easier detection of weather, distance- or time-

dependent limits so that this functionality could be expected from a baseline 

system? 

Q9. For what distance after last observing a road sign should the system be required 

to continue to retain the perceived speed limit?  

Q10. Some stakeholders have reported that it may be difficult to reliably interpret sub-

signs, for example those indicating specific conditions under which the posted limit 

applies. If the system is able to identify that a sub-sign is present, but is unable 

to interpret its meaning, how should the system behave (should it retain the 

previous perceived speed limit or should it set the perceived speed limit to 

unknown)? 
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4.3.2 Real-road performance of speed limit determination 

4.3.2.1 Background and source material 

• GSR legislative remit: 

o ISA’s “performance targets shall be set in order to avoid or minimise the 

error rate under real driving conditions.” 

• Euro NCAP: 

o Euro NCAP requests a performance declaration from manufacturers:  

▪ Based on internal testing (by manufacturer or tier 1), the 

manufacturer declares a ‘coverage’ rate per country and per speed 

limit category (see Figure 30 of the 2020 version of the declaration 

table).  

▪ Test conditions for internal testing are not specified by Euro NCAP. 

▪ To pass the assessment, certain ‘coverage’ levels need to be achieved 

(defined as the percentage of correctly recognised signs): 

• General speed limit signs need to be covered >95% for all EU 

countries. 

• To achieve points for other speed limit signs (advanced 

function), the coverage for all Euro NCAP countries (France, 

Germany, Italy, Luxembourg, Netherlands, Spain, Sweden 

and United Kingdom) needs to be >95% and the coverage for 

at least half of all EU countries needs to be ≥50%. 
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Figure 30: Euro NCAP Speed Assist System performance declaration from 2020; note: 
N/A denotes speed limit types which are not used in the corresponding country 

4.3.2.2 High-level intent and justification 

• Adequate performance of speed limit determination in the real world shall be 

ensured, as per the legislative remit. Systems with an inappropriately high error 

rate would arguably be switched off by drivers and therefore not create road safety 

benefits.  

• In order for the regulation to be technology neutral, minimum performance 

thresholds shall be set that can be achieved with and without map-support.  

• Stakeholders indicated that system performance usually varies between countries, 

due to varying infrastructure condition (e.g. road sign deterioration), but also due 

to market considerations (requiring highest performance for ‘key markets’) or 

differing amounts of training data for camera algorithms being available.  

o While acknowledging that differences in infrastructure may not allow the 

same performance in all countries, the European regulation shall ensure an 

adequate minimum level of performance in all EU members states to ensure 

that safety benefits for consumers are realised in all countries. 

o The performance requirements shall be defined in order to ensure that 

aspects not in control of the vehicle manufacturer (such as deteriorated, 

damaged, inadequately positioned or obstructed road signs, or extreme 

weather conditions) will not negatively affect the performance rating. Only 

relevant road sign types (as per defined catalogue) shall be considered for 

performance assessment. 

• Track testing is not suitable to measure performance:  
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Austria Yes Yes Yes No

Belgium Yes Yes Yes No

Bulgaria Yes Yes Yes N/A No

Croatia Yes Yes Yes No

Cyprus Yes Yes Yes N/A N/A N/A N/A No N/A N/A

Czech Republic Yes Yes Yes No

Denmark Yes Yes Yes N/A No

Estonia Yes Yes Yes No N/A N/A

Finland Yes Yes Yes N/A N/A No

France Yes Yes Yes Yes

Germany Yes Yes Yes Yes

Greece Yes Yes Yes N/A No

Hungary Yes Yes Yes No

Ireland Yes Yes Yes N/A N/A N/A No N/A N/A N/A

Italy Yes Yes Yes Yes

Latvia Yes Yes Yes No

Lithuania Yes Yes Yes Yes

Luxembourg Yes Yes Yes Yes

Malta Yes Yes Yes Yes N/A N/A N/A

Netherlands Yes Yes Yes N/A Yes N/A

Poland Yes Yes Yes N/A N/A Yes

Portugal Yes Yes Yes Yes N/A

Romania Yes Yes Yes Yes

Slovakia Yes Yes Yes Yes

Slovenia Yes Yes Yes Yes

Spain Yes Yes Yes N/A Yes

Sweden Yes Yes Yes N/A N/A Yes N/A

United Kingdom Yes Yes Partial N/A N/A N/A Yes N/A

Fail Fail Fail Fail Pass Fail Fail Fail Fail Fail Fail

Yes High coverage > 95%

Partial Medium coverage 50-95%

No Low coverage < 50%

N/A Not existing in this country

Pass in case Euro NCAP member states 

(France, Germany, Italy, Luxembourg, 

Netherlands, Spain, Sweden and United 

Kingdom) are "Yes" or "N/A" and on the 

General
Conditional speed limits

Weather Distance Implit speed limits

Fail
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o The detection and recognition of speed signs is probabilistic and the success 

rate in real driving conditions is influenced by a large variety of factors (e.g. 

lighting conditions, scene background, driving speed). A representative set 

of all of these factors cannot be recreated reliably on a test track without 

unreasonable effort. 

o Test track measurements of map-supported systems do not reflect their on-

road performance. 

o Stakeholder commented that the detection and recognition algorithms might 

not work or not exhibit the same performance in artificial environments as 

in real-world conditions (due to advanced plausibility checks and 

interpretation of road scenes).  

• Real-world performance testing: 

o In-house performance validation by manufacturers or tier 1 suppliers 

involves, according to stakeholders, test drives in mostly all EU countries as 

well as simulations covering hundreds to tens of thousands of kilometres per 

country. 

o It would not be efficient for the technical service to repeat such an extensive 

performance evaluation. Therefore, it is suggested to assess the real road 

performance based on a declaration of system performance from the system 

manufacturer and supporting documentation to evidence the underlying 

validation testing (carried out by the manufacturer or supplier).  

o The underlying test conditions will be defined at a high level in legislation; 

the manufacturer shall make test reports, including details of test conditions 

and results, available for review/audit by the technical service.   

o A defined minimum level of performance shall be required to pass this type 

approval assessment (pass-fail threshold).  

• Performance declaration: 

o The declaration shall report performance separately for each member state. 

o The declaration shall use specified performance metrics: Based on 

stakeholder interviews, the most commonly used key performance indicators 

are: true positive detection rate (percentage of signs passed) and false 

positive detection rate (number per distance driven), or overall percentage 

of distance with correct speed limit. To align with current industry practice, 

the choice between these metrics shall be left to the manufacturer. 

o The performance declaration shall be included in the test report to the type 

approval authority.  

• The suggested performance requirements are described in section 4.3.2.3, criteria 

for the underlying validation testing and documentation in Section 4.4.2.3. 

4.3.2.3 Initial outline of regulation contents 

• The system shall be able to detect and recognise the road signs defined in Section  

4.3.1.3 and to reliably determine the road speed limit at least in the following 

conditions: 

o When operated within a speed range of [10 km/h – 160 km/h or maximum 

design vehicle speed] 

o On urban roads, non-urban roads and motorways/expressways (dual 

carriageways) 

o Without blinding sunlight, heavy or violent precipitation, or fog 
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o With unobstructed view of road signs for a continuous period of at least [0.x 

seconds], e.g. no vehicles in front blocking the view, no foliage obscuring 

the sign, no snow or dirt covering the sign 

o With road signs: 

▪ of a size, design, material and retro-reflectivity conforming to the 

applicable standards in the member state concerned  

▪ positioned in a way conforming to the applicable standards in the 

member state concerned, e.g. relating to lateral distance to the road 

edge, height and orientation (rotation, tilt) 

▪ in adequate condition, i.e. showing no damage (e.g. fading, bending, 

cracking, vandalism) that materially affects their visual properties 

▪ not deliberately invalidated, e.g. during roadworks 

• Reliable determination of the road speed limit is fulfilled if both of the following two 

criteria are met in each EU member state under the (favourable) conditions defined 

above: 

o Event-based performance:  

▪ The correct perceived speed limit is concluded in at least [xx% of sign 

passing events] for the signs and conditions described above; and  

▪ non-applicable road signs (i.e. those that are not applicable to the 

vehicles carriageway, lane, vehicle type or current conditions) or 

similar objects (false positives) are not used to incorrectly determine 

the perceived speed limit at a rate higher than [x per 100 km of 

driven distance].  

o Distance-based performance: The perceived speed limit matches the road 

speed limit for at least [xx% of distance driven] at least where the speed 

limit was indicated by a road sign contained in relevant catalogue and   

passed in the conditions described above.  

4.3.2.4 Questions for stakeholders 

Q11. Please provide feedback on the suggested requirements above. 

Q12. Are the proposed KPI metrics (event-based performance and distance-based 

performance) suitable and in alignment with current industry practice? 

Q13. What performance (preferably expressed in the defined KPI metrics) can be 

achieved by camera-only systems available for inclusion in vehicles by 2022 (what 

is technically feasible)? Note that road signs that are e.g. obscured, damaged or 

positioned incorrectly are not counted for this performance measurement, which 

makes the performance measurement less stringent. Please also consider the test 

conditions in Section 4.4.2.3. 

Q14. What minimum performance thresholds would you suggest for both of the KPI 

metrics, taking into account technical feasibility by 2022 and customer 

satisfaction? Note that road signs that are e.g. obscured, damaged or positioned 

incorrectly are not counted for this performance measurement, which makes the 

performance measurement less stringent. Please also consider the test conditions 

in Section 4.4.2.3. 

Q15. Considering introduction by 2022, is an initial phase with reduced performance 

requirements necessary to develop adequate technology? If so, which 

requirements are affected? For how long? Please justify. 
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4.3.3 Performance in changing infrastructure environments 

4.3.3.1 Background and source material 

• ISA is heavily dependent on the infrastructure it operates in because a variety of 

factors that can change over time influence the observation performance of the 

camera (including: the design, condition and positioning of road signs as well as the 

definition of their implicit meaning) and speed limits of specific roads change 

frequently. 

• GSR legislative remit: 

o Recital 10 “It is […] necessary to ensure that those systems can be used 

safely throughout the life cycle of the vehicle” 

o ISA’s “performance targets shall be set in order to avoid or minimise the 

error rate under real driving conditions.” 

• Euro NCAP do not address all aspects of this topic comprehensively, but do require 

frequent map updates (Euro NCAP, 2019): 

o Section 4.4.3 “If map-based data is required to achieve any of the points up 

to 12 the speed limits must be updated frequently (at least quarterly) and 

automatically for the first six years, without user action. (ex[cept] sending 

DVD/USB to customer allowed).” 

4.3.3.2 High-level intent and justification 

• Stakeholders reported different update strategies and support periods of map-

supported systems, including over-the-air as well as offline updates (by customer 

or technician), including updates provided free of charge as well as costed.  

• TRL understand that it is the manufacturer’s responsibility to ensure that vehicles 

continue to comply with the type approval requirements, including achieving the 

required performance level under the conditions suggested in 4.3.2.3, for a defined 

period after first registration of a vehicle. 

• It is therefore not intended to require a specific map update (or software update) 

strategy but rather require that the minimum performance level is met throughout 

the life cycle of the vehicle. It will be at the manufacturer’s discretion how this 

requirement is met.  

• Certain cases of substantial infrastructure changes, however, would require 

potential hardware updates or substantial updates of the camera software and 

should therefore in TRL’s view not be in the manufacturer’s responsibility for already 

approved vehicle types (see Table 7). 

• TRL suggest establishing a format for dialogue between local road authorities, 

manufacturers, suppliers and the European Commission in which such changes are 

announced and discussed to enable appropriate reactions on all sides. 
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Table 7: Scenarios of infrastructure changes 

Change of 
infrastructure 
scenario after 
type approval 

How could existing 
systems perceive 
correct speed limit? 

Would existing 
systems be required to 
perceive correct speed 
limit based on 

suggested 
requirements? 

Update of type-
approval legislation 
required to ensure 
compliance of future 

systems? 

The applicable 
speed limit of a 
specific road has 
changed (e.g. by 

posting a road sign)  

System can perceive 
through camera 
observation of posted 
limit and/or map 

update 

Approved system is 
required to perceive new 
speed limit if it is 
indicated by a sign 

contained in the 
catalogue of relevant 
signs 

No 

The condition of 
road signs in a 

member state has 
deteriorated since 
the time of type 
approval 

System can still 
perceive through 

camera observation of 
posted limit and/or 
map information 

Approved system is still 
required to perceive the 

correct speed limit with 
the required 
performance, but only for 
those signs that still meet 
the minimum 
requirements for sign 
condition stated in 

section 4.3.2.3 

No; for new approval 
technical service to 

ensure that the 
manufacturer’s real-
road performance 
testing reflects recent 
conditions and is not 
out of date 

A member state has 
changed the implicit 
value associated 
with a relevant road 

sign 

System can perceive 
through update of 
software parameters 
(speed limit 

associated with 
implicit sign) and/or 
map update  

Approved system is 
required to perceive new 
implicit speed limit value 

No; for new approval 
technical service to be 
aware of recent 
relevant changes and 

check manufacturers 
reflect them  

A member state has 
changed the design 
of an existing type 

of relevant road 
sign 

Recognition of new 
road sign designs 
might require re-

training the camera 
software or addition 
of classifiers (possible 
hardware limitations); 
or map update  

Approved system not 
required to perceive new 
road sign design because 

not contained in 
catalogue of relevant 
signs 

No, requirement refers 
to “designs conforming 
to the applicable 

standards in the 
member state 
concerned at the time 
of approval”, i.e. a 
new approval will need 
to include the new 
design; technical 

service to ensure in 
audit 

A member state has 
changed the rules 
for positioning road 

signs 

Recognition of road 
signs that do not 
meet the previous 

positioning rules 

might require update 
of software 
parameters 
(plausibility check); or 
map update   

Approved system not 
required to perceive new 
road sign positions 

because not contained in 

catalogue of relevant 
signs 

No, requirement refers 
to signs “positioned in 
a way conforming to 

the applicable 

standards in the 
member state 
concerned at the time 
of approval”, i.e. a 
new approval will need 
to cover the new 

positions; technical 
service to ensure in 
audit 

A member state has 
created a new type 

of road-sign, which 
is not included in 

Recognition of new 
road sign types would 

require addition of 
classifiers in the 

Approved system not 
required to perceive new 

road sign type because 
not contained in 

Yes, update annex of 
relevant road signs in 

type-approval 
legislation 
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the set of relevant 

road signs 

camera software 

(possible hardware 
limitations); or map 
update 

catalogue of relevant 

signs 

4.3.3.3 Initial outline of regulation contents 

• The manufacturer shall ensure that the real-road performance of speed limit 

determination of registered vehicles meets the requirements for at least [4 years] 

after first registration of the vehicle even in changing infrastructure conditions. 

o This only applies to road sign types contained in the catalogue of relevant 

signs at the time of approval that are of a design and positioning conforming 

to the standard applied in the member state concerned at the time of 

approval. 

• The manufacturer shall outline the measures planned to ensure compliance to the 

technical service, including, where applicable, the map update and software update 

strategy. This information shall be subject to discussion and agreement between 

the technical service and vehicle manufacturer. 

4.3.3.4 Questions for stakeholders 

Q16. Please provide feedback on the suggested requirements above. 

Q17. Do you agree that the list of scenarios outlined in Table 7 is complete or should 

other scenarios be added? 

Q18. Are the proposed requirements technically feasible, e.g. updating the implicit value 

associated with a relevant road sign in a certain country? 

Q19. Do the proposed requirements meet the right balance between technical and 

administrative effort for implementation and utility for vehicle users? 
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4.3.4 Speed limit information 

4.3.4.1 Background and source material 

• GSR legislative remit: 

o “it shall be possible for the driver to be made aware through the accelerator 

control, or through dedicated, appropriate and effective feedback, that the 

applicable speed limit is exceeded;” 

o The regulation does not contain a requirement for a permanent speed limit 

information function (SLIF), but only requires feedback when the speed limit 

is exceeded. TRL interpret the requirement of ‘effective’ and ‘appropriate’ 

feedback to include providing the driver with information about the current 

limit at least when exceeding it. Otherwise the driver would not be able to 

determine by how much the driving speed needs to be reduced or why it is 

being controlled by the vehicle. Note: Warning or speed control functions 

are covered in Section 4.3.5. 

o The regulation furthermore stipulates that information about the speed limit 

‘may still be provided’ when the system is switched off. 

• Euro NCAP criteria (Euro NCAP, 2019), Section 4.4.1 on SLIF general requirements: 

o “The speed limit shall be shown using a traffic sign and shall be clearly seen 

in the direct field of view of the driver, without the need for the head to be 

moved from the normal driving position, i.e. instrument cluster or head-up 

display.  

o The speed limit information must be shown or accessible at any time with a 

simple operation and needs to be shown at the start of the next journey 

(excluding the initialization period).   

o The indicated speed limit information may indicate the level of reliability of 

the speed limit. 

o In the presence of conditional speed limits […] the system needs to either 

properly identify and show (for example when raining) the applicable speed 

limit or alternatively, needs to indicate the presence of a conditional speed 

limit which the system is not able to compute, in addition to the non-

conditional speed limit.” 

4.3.4.2 High-level intent and justification 

• Information about the applicable speed limit shall be provided via an optical signal, 

in line with current SLIF designs on existing vehicles. 

• Leave choice to the manufacturer if the speed limit information is displayed 

permanently or only at times when the ISA system is providing feedback (warning 

or speed control function active, see Section 4.3.5). 

• Leave choice to the manufacturer if speed limit information is still being provided 

when the ISA system is switched off. 

• The visual representation should resemble a road sign or a numerical value with the 

correct unit (km/h or mph), in line with common SLIF designs. A colour display 

should not be required. 

• The information should be clearly seen in direct field of view of the driver without 

the need to turn the head sideways from the normal driving position. The intention 

is to have speed limit information included in the instrument cluster or head-up 

display, but to avoid using screens in the centre console or rear-view mirror, in 

order to ensure that this important information for the driving task is readily 

available to the driver.  
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• The requirements shall ensure that a vehicle for the continental European market 

with a speedometer in km/h shall display all speed limits in km/h (and vice versa); 

when driven in an EU region with mph speed limits, the system shall convert the 

number to km/h (and vice versa). 

4.3.4.3 Initial outline of regulation contents 

• In normal operation mode the system shall display the numerical value of the 

perceived speed limit to the driver when feedback is active (i.e. a warning being 

provided or speed control function restricting the speed); information at other times 

is permitted (optional). 

• The system may still display the perceived speed limit to the driver when the ISA 

system is deactivated (optional). 

• The optical representation shall either be a symbol resembling a speed limit traffic 

sign (e.g. Vienna Convention signs C, 14; C, 17 or E, 9 or visual representations of 

other speed limit signs common in the country concerned; display of additional sub-

signs permitted if required), or a numerical value with the unit of measurement 

(km/h or mph).  

• The optical representation shall be clearly seen in direct field of view of the driver 

without the need to turn the head sideways from the normal driving position. It 

shall be visible even by daylight. 

• The optical representation shall use the main units of the speedometer (if 

switchable, the currently active setting); converting speed limits from other units if 

required.  

• The optical representation may indicate the level of reliability of the speed limit or 

the presence of a conditional speed limit (optional). 

4.3.4.4 Questions for stakeholders 

Q20. Please provide feedback on the suggested requirements above. 

Q21. Should the design of the optical representation of the speed limit information be 

prescribed in more detail in order to achieve standardisation across different 

manufacturers (e.g. by requiring a symbol rather than permitting text such as ’50 

km/h’, or prescribing a minimum size?) 

Q22. Do you agree with the requirement to convert speed limits from mph to km/h (or 

vice versa) to match the main unit of the speedometer (i.e. displaying 70 mph as 

112 km/h in a continental approved vehicle, which is being driven in the UK unless 

the speedometer has been switched to mph)? Alternatively, it could be permitted 

to display the unit together with the symbol when it is different from the standard 

unit. 
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4.3.5 Speed limit feedback (warning or speed control) 

4.3.5.1 Background and source material 

• GSR legislative remit: 

o Requirement for ”the driver to be made aware through the accelerator 

control, or through dedicated, appropriate and effective feedback, that the 

applicable speed limit is exceeded”, i.e. 

▪ legislator’s preference is feedback through the accelerator control 

▪ other feedback modes acceptable if dedicated, appropriate and 

effective 

o ISA “shall not affect the possibility, for the drivers, of exceeding the system’s 

prompted vehicle speed”, i.e.  

▪ system must be overridable 

• Related EuroNCAP criteria (Euro NCAP, 2019): 

o SLWF criteria (Section 4.4.4): “Speed Limit Information Functions that meet 

the warning requirements below to indicate the driver that Vlimit is exceeded 

will score for Warning Function. […]  

▪ The warning shall be a flashing traffic sign used to communicate the 

speed limit or an additional visual signal adjacent to the traffic sign.   

▪ The warning commences when Vindicated is exceeding Vlimit by 

more than 5km/h (3 mph). A negative and/or positive offset with 

respect to the known speed limit is allowed but may not be larger 

than 10 km/h (5 mph).  

▪ The driver continues to be informed for the duration of the time that 

Vlimit is exceeded by more than 5 km/h, with a total duration of at 

least 10 seconds. Gaps of less than 1 second, which allow for signals 

which flash are ignored, but the signal may not start with a gap. If 

the signal is not continuous for the first 10 seconds, it needs to be 

repeated every 30 seconds or less, resulting in a minimum total 

duration of at least 10 seconds.  

▪ The warning sequence does not need to be reinitiated for each 

exceedance of Vlimit until Vindicated has reduced to more than 

5km/h below Vlimit.” 

o SCF criteria: 

▪ Automatic setting of the speed (Section 4.5.2.2): “An automatic 

setting is using the speed limit information from the SLIF to set the 

Vadj with or without driver confirmation. […]:   

• The system should adopt, or offer the driver to adopt, an 

adjusted Vadj within 5s after a change in the speed limit. 

• If Vadj is set to a speed lower than the current vehicle speed, 

the system starts to limit the vehicle speed to the new Vadj 

or shall initiate a warning (section 0) no later than 30s after 

Vadj has been set. 

• A negative and/or positive offset with respect to the known 

speed limit is allowed but may not be larger than 10 km/h (5 

mph). This offset is included in Vadj.  

• The Vadj in the automatic mode of an ISA system may be 

retained at the end of a journey.  
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• Where Vadj is set to the speed limit advised by the SLIF, the 

indication of Vadj may be suppressed.” 

▪ Speed Control (Section 4.5.3):  

• “The vehicle speed shall be limited or controlled to Vadj.  

• It shall still be possible to exceed Vadj by applying a positive 

action – e.g. kickdown (SLF/ISA) or depressing the 

accelerator (iACC).  

• After exceeding Vadj by applying a positive action, the speed 

control function shall be reactivated when the vehicle speed 

drops to a speed less than or equal to Vadj.   

• The speed control function shall permit a normal use of the 

accelerator control for gear selection.  

• The speed control function shall ensure that when stable 

speed control has been achieved, Vstab shall be within -5/+0 

km/h of Vadj (see test protocol)  

• When the speed control function is not able to limit to and/or 

maintain Vadj and Vadj is exceeded by more than 5 km/h an 

audio-visual warning is issued, with a total duration of at least 

10 seconds. No warning needs to be given when Vadj is 

exceeded as a result of a positive action.  

• Gaps of less than 1 second, which allow for signals which flash 

are ignored, but the signal may not start with a gap. If the 

signal is not continuous for the first 10 seconds, it needs to 

be repeated every 30 seconds or less, resulting in a minimum 

total duration of at least 10 seconds.   

• For systems where active braking is applied to maintain 

and/or limit the speed, this warning requirement does not 

apply.  

• Note: The warning signal does not preclude temporary 

interruption of the indication for safety reasons.” 

• Specifications of warning signals in other regulations:  

o Regulations for some safety system, such as corrective steering functions 

(UN Regulation No. 79) or safety-belt reminders (UN Regulation No. 16), 

specify detailed requirements for optical or acoustic intervention warnings. 

Some other regulations do not specify such details as the warning durations 

but just the warning mode (optical, acoustic, haptic). 

o Example of relevant stipulations in UN Regulation No. 79: 

▪ “5.1.6.1.1. Every CSF intervention shall immediately be indicated to 

the driver by an optical warning signal which is displayed for at least 

1 s or as long as the intervention exists, whichever is longer.” 

▪ “5.1.6.1.2.2. In the case of two or more consecutive interventions 

[…] an acoustic warning signal shall be provided by the system […]. 

Starting with the third […] the acoustic warning signal shall continue 

for at least 10 seconds longer than the previous warning signal.” 

o Example of relevant stipulations in UN Regulation No. 16: 

▪ “8.4.2.1. Visual warning 

• 8.4.2.1.1. The visual warning shall be so located as to be 

readily visible and recognisable in the daylight and at night 

time by the driver and distinguishable from other alerts. 
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• 8.4.2.1.2. Visual warning shall be a steady or flashing tell-

tale.” 

▪ “8.4.2.2. Audible warning 

• 8.4.2.2.1. The audible warning shall consist of a continuous 

or an intermittent (pauses shall not exceed 1 second) sound 

signal […] 

• 8.4.2.2.2. The audible warning shall be easily recognized by 

the driver.” 

▪ “8.4.2.3.1. The first level warning shall be at least a visual warning 

activated for 30 seconds or longer for […] and for 60 seconds or 

longer for […]” 

▪ “8.4.2.4.1 The second level warning shall be a visual and audible 

signal activated for at least 30 seconds not counting periods in which 

the warning may stop for up to 3 seconds […]” 

4.3.5.2 High-level intent and justification 

• Leave choice to the manufacturer if a speed limit warning function (SLWF) or a 

speed control function (SCF) is used to implement ISA. The regulation will specify 

permissible feedback modes and requirements for both. Note: A SCF is also 

considered as ‘feedback’ because when trying to accelerate beyond the applicable 

limit, the driver feels that further depression of the accelerator control does not lead 

to a speed increase.  

• All vehicle manufacturer stakeholders consulted expressed reservations against 

prescribing haptic feedback through the accelerator for ISA. Reasons cited were: 

ineffective when driver is using cruise control, the cost of integration was high, 

haptic feedback channel was not seen as appropriate for speed-related warnings, 

haptic feedback used for eco features by some manufacturers which means the 

channel cannot be used for two purposes without causing driver confusion. 

• Stakeholders provided reference to a Sensory Modality Design Tool3, developed on 

behalf of the US Department of Transportation’s Federal Highway Administration 

(Campbell et al., 2004). Based on characteristics of the message to be conveyed 

(urgency, complexity, etc.) it helps designers determine the most appropriate 

display modality for presenting in-vehicle information elements out of visual, 

auditory, tactile. Based on this tool, a manufacturer stakeholder deemed the most 

appropriate feedback modality to alert the driver to be auditory.  

• Some vehicle manufacturer stakeholders also expressed reservations against a 

requirement for acoustic feedback, due to an alleged driver preference for visual 

only warnings. Some manufacturers include acoustic warning as a feature the driver 

can choose to activate. 

• TRL’s intention is to base requirements on Euro NCAP as far as legislative 

stipulations (effective, dedicated, appropriate) are met. Notable differences: 

o Haptic feedback through the accelerator control shall be accepted as per 

GSR. Include stipulations that ensure alternative warning mode when using 

cruise control systems. 

o Other haptic feedback channels, e.g. steering wheel or seat, shall not be 

accepted because these are linked to vehicle controls or elements un-related 

 

3 https://www.fhwa.dot.gov/publications/research/safety/03065/10.cfm  

https://www.fhwa.dot.gov/publications/research/safety/03065/10.cfm
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to the driving speed and as such not considered dedicated and appropriate 

for speed-related feedback. 

o Based on consultations with the Commission, an optical-only warning, for 

example a flashing traffic sign symbol in the instrument cluster, shall not be 

accepted because it is not considered to provide a comparable level of 

effectiveness as the preferred feedback mode through the accelerator pedal. 

o A combined optical & acoustic warning, for example a dedicated speed 

warning sound and a flashing traffic sign symbol or speed limit value in the 

instrument cluster, may be deemed permissible if it can provide a 

comparable level of effectiveness as the preferred feedback mode through 

the accelerator pedal. (Pending further evidence, see stakeholder questions) 

o Note that feedback (i.e. warning or speed control) must be default on with 

each vehicle start-up as GSR stipulation (see Section 4.3.6). Note: A default 

on SCF would not be compatible with current Euro NCAP requirements. 

o The feedback threshold (for warning or control) shall be set automatically 

based on the perceived speed limit. Relying on driver confirmation of each 

speed limit (which is accepted by Euro NCAP for SCF) would not be accepted 

because it is not considered to fulfil the GSR stipulations that the system 

needs to provide effective feedback in normal operation mode. 

o No upward speed tolerance or adjustable offset as foreseen in Euro NCAP 

because the mandatory system should aim to enforce the applicable legal 

speed limit (or a speed slightly below that). Feedback requirements 

therefore to be based on actual driving speed (e.g. independently measured 

GPS speed in test). Alternatively, it shall be permitted to commence 

feedback when the speedometer speed is exceeding the limit, which would 

mean a lower speed. 

• A SCF, if implemented, must be overridable based on the GSR stipulations. 

However, for some commercial fleets there will be a desire to operate vehicles with 

non-overridable ISA systems to increase road safety in well-mapped operating 

environments. Transport for London’s Bus Safety Standard (see Section 3.2.2), for 

instance, contains such a requirement. Please consider the stakeholder question in 

this context.  

4.3.5.3 Initial outline of regulation contents 

• In normal operation mode the system shall provide dedicated, appropriate and 

effective feedback to the driver when the driving speed is exceeding the feedback 

speed limit.  

• At the choice of the manufacturer the feedback requirement can be realised via a 

speed limit warning function (SLWF) or with a speed control function (SCF), as 

specified below.  

• The perceived speed limit shall be set automatically as feedback speed limit, i.e. 

without driver confirmation, within [5 seconds] after change in the perceived speed 

limit. 

• An offset of the feedback speed limit relative to the perceived speed limit shall not 

be allowed. 

• The feedback does not need to be reinitiated for each exceedance of the feedback 

speed limit until the driving speed has reduced to more than 5 km/h (3 mph) below 

the feedback speed limit.  

• The feedback speed limit shall be retained at the end of a journey. 

• Possible feedback modes: 

o Haptic feedback through the accelerator control: 
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▪ Preference by legislator for this feedback mode. Pedal vibration, 

increased resetting force of the pedal, or similar solutions shall be 

permissible. 

▪ The feedback shall last for a total duration of at least [10 seconds]. 

Gaps of less than 1 second, which are part of a haptic sequence are 

ignored, but the feedback may not start with a gap. If the signal is 

not continuous for the first [10 seconds], it needs to be repeated 

every [30 seconds or less], resulting in a minimum total duration of 

at least [10 seconds].  

▪ The haptic warning signal shall be detectable in all typical driving 

conditions, when the driver’s foot is in contact with the accelerator 

control.  

▪ When the vehicle speed is controlled by a driver aid rather than the 

driver (e.g. adaptive/intelligent/normal cruise control, where the   

driver must be expected to not be touching the accelerator control), 

the driving speed shall automatically be adapted or a feedback of a 

different permitted mode (e.g. optical & acoustic) be issued. 

▪ Permit use of this feedback mode also for other warnings that are 

intended to prompt the driver to reduce speed, e.g. excessive speed 

for current road conditions or distance warnings (voluntary systems, 

not required for type approval). 

▪ It shall be permissible for speed limit feedback to be temporarily 

superseded by more critical warnings, e.g. forward collision warning 

or lane keep assistance. Definition of this warning strategy shall be 

left to the manufacturer. 

o Combined optical & acoustic feedback (to be determined if permissible, 

pending further evidence, see stakeholder questions): 

▪ The feedback shall last for a total duration of at least [10 seconds]. 

Gaps of less than 1 second, which are part of flashing optical signals 

or sound sequences are ignored, but the feedback may not start with 

a gap. If the signal is not continuous for the first [10 seconds], it 

needs to be repeated every [30 seconds or less], resulting in a 

minimum total duration of at least [10 seconds]. 

▪ The optical warning shall use the optical speed limit information 

(4.3.4) in a flashing mode. It shall be visible even by daylight; the 

satisfactory condition of the signals must be easily verifiable by the 

driver from the driver's seat.  

▪ The acoustic warning signal shall be audible in all typical driving 

conditions. It shall be dedicated to speed limit warnings, i.e. a 

discernible sound used only for this system. 

▪ It shall be permissible for speed limit feedback to be temporarily 

superseded by more critical warnings, e.g. forward collision warning 

or lane keep assistance. Definition of this warning strategy shall be 

left to the manufacturer. 

o Speed control function: 

▪ A ‘dead pedal’ SCF shall be permissible (i.e. driveline torque is limited 

to avoid acceleration beyond the system speed limit; application of 

foundation brakes shall not be permissible to avoid rapid 

deceleration).  

▪ The SCF shall limit or control the driving speed to the feedback speed 

limit or the equivalent speedometer speed.  
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▪ It shall be possible to exceed the feedback speed limit by performing 

a positive action, e.g. accelerator control kickdown. This override 

function shall allow a smooth and safe override and not result in 

immediate, unanticipated, inappropriate acceleration. 

▪ The speed control function shall permit a normal use of the 

accelerator control for gear selection.  

▪ The SCF shall ensure that when stable speed control has been 

achieved, the driving speed shall be within -5/+0 km/h of the 

feedback speed limit. 

▪ If the feedback speed limit is set to a speed lower than the current 

driving speed, the SCF shall start to limit the vehicle speed to the 

new feedback speed limit no later than [30 seconds] after the new 

feedback speed limit is set. 

▪ When the SCF is not able to limit to and/or maintain the feedback 

speed limit an optical & acoustic warning is issued, with a total 

duration of at least 10 seconds. No acoustic or haptic warning needs 

to be given when the feedback speed limit is exceeded as a result of 

a positive action, but the driver shall be informed of the feedback 

speed limit.  

▪ The optical & acoustic warning shall last for a total duration of at least 

[10 seconds]. Gaps of less than 1 second, which are part of flashing 

optical signals or sound sequences are ignored, but the feedback may 

not start with a gap. If the signal is not continuous for the first [10 

seconds], it needs to be repeated every [30 seconds or less], 

resulting in a minimum total duration of at least [10 seconds]. 

▪ The optical warning shall use the speed limit information symbol 

(4.3.4) in a flashing mode. It shall be visible even by daylight; the 

satisfactory condition of the signals must be easily verifiable by the 

driver from the driver's seat.  

▪ The acoustic warning signal shall be audible in all typical driving 

conditions. It shall be dedicated to speed limit warnings, i.e. a 

discernible sound used only for this system. 

▪ When the vehicle speed is controlled by a driver aid rather than the 

driver (e.g. adaptive/intelligent/normal cruise control), the driving 

speed shall automatically be adapted or an optical & acoustic warning 

as described above be issued. 

4.3.5.4 Questions for stakeholders 

Q23. Please provide feedback on the suggested requirements above. 

Q24. Are there feedback modes other than those discussed above which should be 

considered for permission in the regulation? 

Q25. TRL seek evidence on the effectiveness and appropriateness of different feedback 

modes in order to make a final choice of permissible modes. Evidence could come 

from HMI evaluations, driving simulator studies, field trials or similar activities. Of 

particular interest is the effectiveness of combined optical & acoustic feedback 

compared to haptic feedback through the accelerator control. 

Q26. In order to allow commercial fleets that desire a non-overridable ISA system to 

utilise the type approved system it could be considered to permit an optional 

secondary mode that does not allow driver override (hard-limiting function), which 

can be activated post-registration by qualified personnel only (not by the driver). 

Would the optional secondary mode post-registration be a viable solution for 
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commercial vehicle OEMs to offer their customers non-overridable ISA systems (in 

markets where this does not contravene construction & use regulations or similar 

requirements governing post-registration modifications)? 
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4.3.6 Deactivation 

4.3.6.1 Background and source material 

• GSR legislative remit: 

o Article 6.2.(b): “it shall be possible to switch off the system; information 

about the speed limit may still be provided, and intelligent speed assistance 

shall be in normal operation mode upon each activation of the vehicle master 

control switch” AND 

o Recital (11): “It should be possible to switch off intelligent speed assistance, 

for instance, when a driver experiences false warnings or inappropriate 

feedback as a result of inclement weather conditions, temporarily conflicting 

road markings in construction zones, or misleading, defective or missing 

road signs. Such a switch-off feature should be under the control of the 

driver. It should allow for intelligent speed assistance to be switched off for 

as long as necessary and to be easily switched back on by the driver. When 

the system is switched off, information about the speed limit may be 

provided. The system should be always active when switching the ignition 

on and the driver should always be made aware of whether the system is on 

or off.”  

• Related EuroNCAP criteria (Euro NCAP, 2019): 

o SLWF criteria (Section 4.4.4):  

▪ “The warning function may be switched ON/OFF by the driver where 

the last user mode may be used. “ 

o SCF criteria - Activation / de-activation of the function (Section 4.5.1): 

▪  “The speed control function must be capable of being activated/de-

activated at any time with a simple operation.   

▪ At the start of a new journey, the system should be de-activated by 

default.” 

4.3.6.2 High-level intent and justification 

o Driver must be able to switch feedback or entire ISA system off. Note that 

the GSR prescribes for certain other systems (including AEBS and ELKS) that 

a “sequence of actions” shall be required by the driver to switch the system 

off. This requirement does not apply to ISA. Therefore, the implementation 

of the deactivation operation shall be left to the discretion of the 

manufacturer. 

o Easy re-activation must be possible.  

o Require a tell-tale to make the driver aware when the system is deactivated. 

o The system, including provision of feedback (i.e. warning or speed control) 

must be default on with each vehicle start-up. Note: A default on SCF would 

not be compatible with current Euro NCAP requirements, which presents a 

conflict between regulated ISA systems and those encouraged by Euro NCAP 

at the moment. 

4.3.6.3 Initial outline of regulation contents 

• It shall be possible for the driver to manually deactivate the ISA system or the ISA 

feedback function via an ISA OFF control (information about the speed limit may 

still be provided).  

• The ISA OFF control shall allow the driver to re-activate ISA with a single action. 
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• ISA shall be automatically reinstated in normal operation mode at the initiation of 

each new ignition cycle. 

• The ISA OFF control shall be installed so as to comply with the relevant 

requirements and transitional provisions of UN Regulation No. 121 in its 01 series 

of amendments or any later series of amendments. 

• A constant optical warning signal shall inform the driver that the ISA feedback 

function has been deactivated (ISA OFF tell-tale). 

• The ISA OFF control and ISA OFF tell-tale shall be identified by the following 

symbols. The identification of the ISA OFF control shall be capable of being 

illuminated whenever the position lamps are activated. The ISA OFF tell-tale shall 

constantly emit light as long as the ISA feedback function is deactivated. 

Item Symbol Function Illumination Colour 

Intelligent 

Speed 

Assistance 

(ISA) “OFF” 

 

or “ISA OFF” 

Control Yes  

Tell-Tale Yes Yellow 

 

4.3.6.4 Questions for stakeholders 

Q27. Please provide feedback on the suggested requirements above. 
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4.3.7 Self-check and failure warning 

4.3.7.1 Background and source material 

• GSR legislative remit: 

o Recital 10: ‘It is […] necessary to ensure that those systems can be used 

safely, throughout the life cycle of the vehicle’ 

• Regulations for other safety systems, such as ESC (UN Regulation No. 140) or AEBS 

(UN Regulation No. [152]), specify requirements for malfunction indicators or 

failure warnings. 

• Relevant stipulations in UN Regulation No. [152]: 

o “5.1.4.1 A failure warning when there is a failure in the AEBS that prevents 

the requirements of this Regulation of being met. The warning shall be as 

specified in paragraph 5.5.4. 

o 5.1.4.1.1 There shall not be an appreciable time interval between each AEBS 

self-check, and subsequently there shall not be a delay in illuminating the 

warning signal, in the case of an electrically detectable failure.  

o 5.1.4.1.2 If the system has not been initialised after a cumulative driving 

time of 15 seconds above a speed of 10km/h, information of this status shall 

be indicated to the driver.  This information shall exist until the system has 

been successfully initialised. 

o 5.1.4.3 Upon detection of any non-electrical failure condition (e.g. sensor 

blindness or sensor misalignment), the warning signal as defined in 

paragraph 5.1.4.1. shall be illuminated. 

o 5.5.4 The failure warning referred to in paragraph 5.1.4.1. shall be a 

constant yellow optical warning signal.” 

4.3.7.2 High-level intent and justification 

• Require implementation of a system self-check. 

• Include failure warning requirements equivalent to those in existing regulations to 

ensure that the operational status of the ISA system can be easily verified by the 

driver. 

4.3.7.3 Initial outline of regulation contents 

• A warning shall be provided when there is a failure in the ISA system that prevents 

the requirements of this Regulation of being met. 

• There shall not be an appreciable time interval between each ISA self-check, and 

subsequently there shall not be a delay in illuminating the failure warning signal, in 

the case of an electrically detectable failure. 

• Upon detection of any non-electrical failure condition (e.g. sensor blindness or 

sensor misalignment), the warning signal shall be provided. 

• The ISA OFF tell-tale shall be used for the failure warning (see Section 4.3.6). 

4.3.7.4 Questions for stakeholders 

Q28. Please provide feedback on the suggested requirements above.  
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4.3.8 Provisions for the periodic technical inspection 

4.3.8.1 Background and source material 

• GSR legislative remit: 

o Recital 10: ‘It is […] necessary to ensure that those systems can be used 

safely, throughout the life cycle of the vehicle’ 

• Regulations for other safety systems, such as ESC (UN Regulation No. 140) or AEBS 

(UN Regulation No. [152]), specify requirements to ensure that the correct 

operational status of the systems can be verified during a periodic technical 

inspection (PTI) with limited effort. 

• Relevant stipulations in UN Regulation No. [152], Section 5.6: 

o “5.6.1 At a Periodic Technical Inspection, it shall be possible to confirm the 

correct operational status of the AEBS by a visible observation of the failure 

warning signal status. following a "power-ON" and any bulb check.   

o In the case of the failure warning signal being in a common space. the 

common space must be observed to be functional prior to the failure warning 

signal status check.   

o 5.6.2 At the time of type approval, the means to protect against simple 

unauthorised modification of the operation of the failure warning signal 

chosen by the manufacturer shall be confidentially outlined.  

o Alternatively, this protection requirement is fulfilled when a secondary 

means of checking the correct operational status of the AEBS is available.” 

4.3.8.2 High-level intent and justification 

• Include PTI requirements equivalent to those in existing regulations to ensure that 

the operational status of the ISA system can be easily verified during a PTI. 

4.3.8.3 Initial outline of regulation contents 

• At a Periodic Technical Inspection, it shall be possible to confirm the correct 

operational status of the ISA system by a visible observation of the failure warning 

signal status following a "power-ON" and any bulb check.   

• In the case of the failure warning signal being in a common space, the common 

space must be observed to be functional prior to the failure warning signal status 

check.   

• At the time of type approval, the means to protect against simple unauthorised 

modification of the operation of the failure warning signal chosen by the 

manufacturer shall be confidentially outlined.  

• Alternatively, this protection requirement is fulfilled when a secondary means of 

checking the correct operational status of the ISA system is available. 

4.3.8.4 Questions for stakeholders 

Q29. Please provide feedback on the suggested requirements above. 

Q30. Are any particular considerations required regarding PTI for vehicles of categories 

other than passenger cars and vans, i.e. M2, M3, N2 or N3? 
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4.3.9 Privacy and data protection 

4.3.9.1 Background and source material 

• GSR legislative remit: 

o Recital (10): “[…] intelligent speed assistance […] are safety systems that 

have a high potential to reduce casualty numbers considerably. […] Any such 

safety systems should function without the use of any kind of biometric 

information of drivers or passengers, including facial recognition.” 

o Recital (14): “Any processing of personal data, such as information about 

the driver processed in event data recorders or information about the 

driver’s drowsiness and attention or the driver’s distraction, should be 

carried out in accordance with Union data protection law, in particular 

Regulation (EU) 2016/679 of the European Parliament and of the Council.” 

▪ While ISA is not explicitly mentioned in recital 14, data relating to 

instances of exceeding the speed limit could be relevant in this 

context if the driver can be directly or indirectly identified. 

4.3.9.2 High-level intent and justification 

• Include requirements to ensure that the stipulations above are fulfilled for the 

approved system while not restricting future developments. 

• No suggestion to include tests.  

4.3.9.3 Initial outline of regulation contents 

• The ISA system shall offer the required functionality in the default normal operation 

mode without the use of biometric information, including facial recognition, of any 

vehicle occupants.  

• The ISA system shall not continuously record nor retain any data related to incidents 

of exceeding the speed limit other than what is necessary in relation to perform the 

required ISA functionality or other legal requirements (e.g. in case a future EDR 

regulation required recording). 

• Any processing of personal data shall be carried out in accordance with Union data 

protection law. 

4.3.9.4 Questions for stakeholders 

Q31. Please provide feedback on the suggested requirements above. 

Q32. Are the suggested requirements at risk of restricting future technological 

developments that could increase safety (e.g. recognising young drivers to provide 

stronger support)? What developments could be envisaged and what stipulations 

would be required to enable them?   
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4.4 Assessment procedures 

4.4.1 Test procedure for functional requirements of speed limit determination 

4.4.1.1 Background and source material 

• Procedure to assess the functional requirements described in Section 4.3.1  

• Euro NCAP perform a public road test drive (Euro NCAP, 2017). While major 

discrepancies between the speed limit and the indicated limit in this test are 

recorded and discussed with the manufacturer, there are no specific pass-fail 

thresholds defined: 

o Test for the SLIF (Section 4.1) 

▪ “Drive around for at least 100km on public roads, covering urban and 

rural roads and highways. During the drive, the reaction of the SLIF 

with respect to conditional speed limits needs to be verified and 

recorded.   

▪ The car should be driven in both manual and cruise control mode.  

▪ Identify any major discrepancies between the signed speed limit and 

the speed limit indicated by the SLIF.” 

4.4.1.2 High-level intent and justification 

• The aim of the assessment procedure is to ensure that the road sign and signal 

observation system (e.g. camera) offers the required minimum functionality. Note: 

Performance of the system is assessed separately (Section 4.4.2). 

• The functional assessment of the speed limit determination shall consist of two 

parts: a functional test and a declaration of EU-wide capability. 

• The functional test is suggested to consist of a basic check that the road sign and 

signal observation system (e.g. camera) of the ISA system has the ability to 

recognise the catalogue of relevant sign types in the country of test:  

o The aim is to witness that the basic functionality of detecting and recognising 

the relevant sign types is ensured.  

o This basic functionality shall be fulfilled purely by observation of road signs 

and signals, i.e. without map support even in camera-map fusion systems. 

This will ensure that the system will be able to react to changing 

infrastructure environments and variable speed limits. 

o To provide maximum flexibility, the functional test for type approval shall 

not require a real road environment unless it is necessary for the system to 

work. The test shall be able to be performed on a test track, a public road, 

or a combination. Stakeholders have commented that not all systems can 

be evaluated in artificial environments (such as test tracks). The most 

suitable arrangement may depend on system characteristics (e.g. camera-

only or camera-map-fusion system; what features are taken into account for 

plausibility checks) and characteristics of the available test facilities (can all 

required signs and road types be replicated on-track). To be chosen in 

agreement between technical service and manufacturer. 

o As this is not a measurement of performance, it is not necessary to prescribe 

a real road drive or minimum distance to cover; one sample of each sign is 

enough to demonstrate that the basic functionality exists. Also, the test 

conditions shall be favourable so as not to adversely affect the system 

function. 
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o Some systems take into account the current country code and only use the 

country-specific classifiers, i.e. signs from other countries would not be 

recognised. The signs used for the test shall therefore be chosen from 

signage available in the country where the test takes place.   

o To check if the system successfully recognised a speed limit, the technical 

service shall rely on the in-vehicle SLIF (if accessible permanently) or 

alternatively electronic vehicle signals (e.g. CAN bus recordings) to be made 

accessible in collaboration with the applicant. 

• The declaration of EU-wide capability is suggested to consist of a signed statement 

by the manufacturer and test documentation: 

o The aim is to confirm that road signs included in the relevant catalogue, but 

of a design of other countries than that of the type approval test, are 

included in the camera classifiers, i.e. can generally be detected and 

recognised. Note: This is not a declaration of performance, but of general 

functionality.  

4.4.1.3 Initial outline of regulation contents 

• Functional test of road sign and signal observation system (e.g. camera): 

o Test conditions: 

▪ The test shall be performed on a test track or, at the manufacturer’s 

request, partially or fully on a public road. 

▪ Environmental visibility conditions shall not adversely affect the 

system’s operation:  

• ambient illumination conditions of at least [2000 Lux] without 

direct blinding sunlight; 

• no heavy or violent rain, no sleet or snow, no hail and no fog. 

• At the manufacturer's discretion and with the agreement of 

the technical service the tests may be performed under 

conditions deviating from what is described above. 

▪ The vehicle headlights (low beam) may be set to automatic or on. 

High beams shall not be used.  

o Road signs: 

▪ Selection 

• Use at least one sign of each of these categories of relevant 

signs (see Section 4.3.1.3): 

o Numerical speed limit  

o Numerical speed limit displayed on variable message 

sign 

o Numerical speed limit zone 

o End of specific speed limit 

o End of speed limit (‘national speed limit applies’) 

o End of speed limit zone 

o Place name  

o Urban area 

o Home zone/residential zone 

o Motorway regulation apply 
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o Expressway regulations apply 

o Numerical speed limit with vehicle category-specific 

sub sign 

o Additional conditions apply 

• The signs used for the test shall meet the requirements 

stipulated in Section 4.3.1.3, i.e. be of a size, design, material 

and retro-reflectivity conforming to the applicable standards 

in the member state or region where the test takes place (the 

‘region of test’).  

• If signs of an individual categories do not exist within the sign 

catalogue of the member state or region of test, they shall not 

be assessed in the functional test, but only covered with the 

additional documentation. 

• The signs used for the test shall be recorded. 

▪ Condition and positioning: 

• The signs shall be in good condition (i.e. not be visibly 

deteriorated). 

• The signs shall be positioned in accordance with the 

requirements stipulated in Section 4.3.1.3, i.e. positioned in 

a way conforming to the applicable standards in the region of 

test. 

• The set up shall ensure a plausible scenario for the system, 

considering the following elements: 

o Plausible road characteristics for each speed limit: e.g. 

Dual carriageway for any speed limits higher than 100 

km/h 

o Plausible steps in speed reduction cascades: e.g. 

reduction from 130 km/h to 50 km/h should contain 

multiple intermediate steps 

•  The condition, set up and positioning shall be recorded. 

o ISA functional test: 

▪ Drive the vehicle past the road signs described above at the speed 

indicated by the sign or up to [20 km/h] lower. 

▪ Check that the perceived or feedback speed limit is updated to the 

correct value indicated by the test signs in accordance with the 

requirements described in Section 4.3.1.3, i.e. within [5 seconds] 

after passing the sign. 

▪ For systems supported by speed limit maps, it shall be checked that 

the road sign and signal observation system (e.g. camera) correctly 

recognised the test signs, e.g. by observation of electronic vehicle 

signals (e.g. CAN bus recordings). 

▪ Road signs of all categories defined above need to be successfully 

recognised. If a test sign is not detected or recognised at first passing 

the test for this sign shall be repeated. If the system fails to detect 

the sign repeatedly, this case shall be investigated by the applicant. 

The test may be repeated on a real road if the artificial track 

environment caused detection issues.  

▪ After one of the tests, drive for a distance of at least [x km] without 

new speed limit input to check that the perceived speed limit is 
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retained for the required minimum distance for the concerned road 

type, as specified in Section 4.3.1.3. 

▪ After one of the tests switch the vehicle off and restart the engine to 

check that the perceived speed limit is retained after an ignition cycle, 

as specified in Section 4.3.1.3. 

• Declaration of EU-wide sign recognition capability: 

o The vehicle manufacturer shall declare that the road sign and signal 

observation system (e.g. camera) has the capabilities required according to 

Section 4.3.1.3 and checked in the ISA functional test with the equivalent 

signage of all EU member states at the time of approval. 

o This declaration shall contain a matrix of the relevant sign categories and 

member states, confirming the ability to detect, recognise and interpret for 

each of the fields where signs exist in the country concerned.   

o This declaration shall be appended to the test report. 

• Additional technical information to be made available to the technical service: 

o The vehicle manufacturer shall give access to test documentation that allows 

the technical service to assess the contents of the declaration, e.g. by review 

of test recordings of specific sign types being recognised.  

4.4.1.4 Questions for stakeholders 

Q33. Please provide feedback on the suggested assessment procedure above. 
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4.4.2 Documentation procedure for real-road performance of speed limit determination 

4.4.2.1 Background and source material 

• Procedure to document the performance requirements described in Section 4.3.2: 

o ISA’s “performance targets shall be set in order to avoid or minimise the 

error rate under real driving conditions.” 

• Related EuroNCAP procedures: 

o Euro NCAP requests a performance declaration from manufacturers based 

on internal testing (see Section 4.3.2).  

o Test conditions for this internal testing are not specified by Euro NCAP. 

4.4.2.2 High-level intent and justification 

• The aim of the procedure is to ensure that the system (camera or camera & map, 

if fitted) delivers a sufficient level of performance in correctly determining the road 

speed limit in real-world conditions; i.e. in different countries and varying 

environmental conditions. 

• As discussed in Section 4.3.2, the performance shall be declared by the 

manufacturer based on internal testing of the full system (i.e. including speed limit 

map-support, if this is part of the type approved system). The test programme 

design and reported results shall be assessed by the technical service. 

• This section intends to: 

o define some key criteria the underlying test programme needs to meet,  

o define the technical documentation to be made available, and 

o define how the technical documentation shall be assessed by the technical 

service. 

4.4.2.3 Initial outline of regulation contents 

• Criteria for underlying performance testing (performed by manufacturer or tier 1): 

o The performance test programme shall: 

▪ Measure the system’s performance in correctly determining the road 

speed limit based on one of the key performance indicators defined 

in Section 4.3.2.3 

▪ Consist of real-driving tests, or representative simulation tests, or a 

combination of both 

▪ Involve tests for all EU member states 

▪ Involve tests of urban roads, non-urban roads, and 

motorways/expressways/dual carriageways, where each of the three 

road types shall represent at least [25% of the validation distance or 

sign passing events for each country] 

▪ Contain a mix of the relevant road signs that can be encountered on 

each road type, where each of the signs shall represent at least [x% 

of the sign passing events]  

▪ Contain a mix of conditions, including daylight/darkness and dry/light 

to moderate precipitation, that is broadly representative of real-world 

usage profiles 

o Repeated runs of the same road sections or repeated simulations of passing 

the same road sign shall be disregarded for the performance evaluation. 
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o An instance where road signs with identical speed limits are positioned on 

both sides of the carriageway shall be considered as a single sign passing 

event. 

o Non-speed related road signs shall be disregarded for the performance 

evaluation. Speed-related road signs that are not included in the relevant 

catalogue (e.g. weather/time-dependent sub-signs) may be disregarded for 

the performance evaluation. 

o Road signs that do not conform with the conditions described in Section 

4.3.2.3 (e.g. signs in inadequate condition or not positioned in accordance 

with applicable standards) may be disregarded for the performance 

evaluation. 

o Road signs encountered in environmental conditions not conforming with 

those described in Section 4.3.2.3 (e.g. heavy rain or blinding sunlight) may 

be disregarded for the performance evaluation. 

o Sufficient testing shall be conducted to evidence performance in each 

member state of a level that meets or exceeds the required minimum 

thresholds [at a statistically significant level]. 

• Declaration of system performance: 

o The vehicle manufacturer shall declare the performance of the ISA system 

to the technical service based on previous performance testing. 

o The performance declaration shall be appended to the test report (see 

examples in Table 8 and Table 9) and contain the following information: 

▪ The performance shall be reported based on both KPIs defined in 

section 4.3.2.3 (event-based and distance-based). 

▪ The performance shall be reported separately per EU member state. 

▪ The declaration shall state the test distance (driving or simulation) 

and the number of sign passing events per member state and road 

type. 

• Additional technical information to be made available to the technical service: 

o The vehicle manufacturer shall provide a test report that allows the technical 

service to assess the quality of the test programme and contain at least: 

▪ approach taken for the real-road performance testing, including 

details about the test setup for physical testing and the validity of 

simulation approaches 

▪ mix of driving conditions (e.g. daylight/darkness and 

precipitation/dry conditions) 

▪ locations of test routes (physical or simulation) or samples of sign 

passing events 

▪ date range of the test drives or samples used for testing  

▪ statistical calculations demonstrating sufficient testing 

• Assessment of the performance declaration and additional technical documentation: 

o The technical service shall perform: 

▪ a check that the reported performance levels meet the required 

minimum thresholds as define in Section 4.3.2.3, 

▪ a review of the test report to confirm that the underlying test 

programme meets the criteria defined above, 

▪ an audit of the test report: 



GSR: ISA interim report 

 

 

 

March – 2021 101 
 

• to ensure that the underlying test evidence corresponds with 

the reported results to a level of overall effect such that the 

performance declaration is confirmed as being adequate. 

• using means, at the choice of the technical service, such as: 

review of test recordings from selected parts of the validation 

drives or instances where sign passing events were 

disregarded, or re-performing parts of the validation drives. 

 

Table 8: Example table for event-based ISA performance declaration 

EU member 
state 

Event-based 
performance 

(true positive) 

False-
positive rate 

Number of sign passing events tested 
(physical/simulation) 

   Urban road Non-urban 
road 

Motorway/ 
expressway 

Austria xx% xx per 100 km xx / xx xx / xx xx / xx 

Belgium      

Bulgaria      

Croatia      

Cyprus      

Czech Republic      

Denmark      

Estonia      

Finland      

France      

Germany      

Greece      

Hungary      

Ireland      

Italy      

Latvia      

Lithuania      

Luxembourg      

Malta      

Netherlands      

Poland      

Portugal      

Romania      

Slovakia      

Slovenia      

Spain      

Sweden      

United Kingdom      
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Table 9: Example table for distance-based ISA performance declaration 

EU member 
state 

Distance-based 
performance 

Test distance (physical/simulation) 

  Urban road Non-urban road Motorway/ 
expressway 

Austria xx% xx km / xx km xx km / xx km xx km / xx km 

Belgium     

Bulgaria     

Croatia     

Cyprus     

Czech Republic     

Denmark     

Estonia     

Finland     

France     

Germany     

Greece     

Hungary     

Ireland     

Italy     

Latvia     

Lithuania     

Luxembourg     

Malta     

Netherlands     

Poland     

Portugal     

Romania     

Slovakia     

Slovenia     

Spain     

Sweden     

United Kingdom     

 

4.4.2.4 Questions for stakeholders 

Q34. Please provide feedback on the suggested assessment procedure above. 

Q35. Please also consider the questions in Section 4.3.2.4 
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4.4.3 Test procedure for speed limit warning 

4.4.3.1  Background and source material 

• The procedure will document and assess the functional requirements described in 

Section 4.3.4 and 4.3.5 for the speed limit warning function (applicable if this is the 

chosen feedback mode). 

• Related EuroNCAP procedure (Euro NCAP, 2017): 

o Test for the Speed Control Function (Section 4.1.1) 

▪ “The tests will be performed during the test drive or on a dedicated 

test track where speed signs are installed and should cover at least 

three different speed limits. 

▪ The vehicle shall be accelerated up to a speed at least 10km/h greater 

than Vlimit 

▪ This speed shall be maintained long enough to be able to assess the 

complete warning sequence”. 

4.4.3.2 High-level intent and justification 

• The assessment procedure aims to ensure that the speed limit warning method 

offers the required minimum functionality (warning the driver when the speed of 

the vehicle exceeds the feedback speed limit, as informed by the road speed limit, 

and displaying the feedback speed limit to the driver). The assessment procedure 

for the speed limit warning function shall consist of three parts: a warning, an 

alternative warning mode test and a deactivation test (whereby the ISA is turned 

off). 

• A deactivation test shall be included to aid technical services in determining if the 

presented ISA system is functioning as intended by not activating a warning when 

then driver exceeds the feedback speed limit. If the driver switches the ISA system 

off, the SLWF must not issue a warning of excessive speed, even if the SLIF 

continues to display speed limit information to the driver.   

• The purpose of this series of tests is not to assess the speed limit determination; 

so it shall be left to the discretion of the technical service, in agreement with the 

manufacturer, as to how to adjust the feedback speed limit as per test 

requirements. This can, for example, be done by using appropriate road signs set 

up alongside a track, by programming a track-specific map or by other ways of 

manipulating the feedback speed limit for this test. 

• A SLWF system must be capable of operating at any road speed limit, however, for 

the purposes of testing (regardless of the agreed upon method) the testing of a 

SLWF may only require one test speed (km/h or mph to be chosen dependent on 

the standard speedometer setting of the vehicle under test and the location of test). 

• The alternative warning applies to systems which provide haptic feedback through 

the accelerator control in vehicles offering driver aids such as cruise control and 

ACC. The function must work over a range of speeds however, for confirmation of 

the warning, only one speed is required for testing. 

• According to the functional requirements (Section 4.3.1.3), the system only needs 

to observe road signs indicating a road speed limit that is lower than the vehicle’s 

maximum speed. Any tests carried out shall be limited to driving speeds lower than 

the maximum design speed of the vehicle concerned. 

4.4.3.3 Initial outline of regulation contents 

• Test Conditions: 
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o The tests shall be performed on a track whereby: 

▪ The test surface shall be suitable for enabling stabilised speed to be 

maintained and shall be free from uneven patches.  

▪ The test surface shall be free of standing water, snow or ice.  

o Vehicle preparation: 

▪ The tyres shall be bedded and the pressure shall be as specified by 

the manufacturer for the vehicle. 

▪ The wheel size used shall be the largest size approved for the vehicle 

under test. 

• Speed limit warning test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA and SLWF activated, the vehicle shall be run at a speed 

of 15 km/h below the road speed limit. Ensure that the feedback 

speed limit is set to the road speed limit. The vehicle shall then be 

accelerated to 10 km/h above the feedback speed limit.  

▪ The vehicle will be kept at this new speed, long enough for an 

assessment of the entire warning sequence (as specified by the 

manufacturer). 

▪ The vehicle will then be decelerated to more than 5 km/h below the 

feedback speed limit (to re-instate warning), and the procedure 

above will be repeated. 

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ A warning complying with the specifications in Section 4.3.5.3 shall 

be given in both test runs when the real speed of the vehicle exceeds 

the feedback speed limit. 

▪ Information about the feedback speed limit complying with the 

specifications in Section 4.3.4.3 shall be given in both test runs at 

least when the real speed of the vehicle exceeds the feedback speed 

limit. 

• Speed limit alternative warning mode test: 

o Note: This test applies to systems providing haptic feedback through the 

accelerator control in vehicles which offer driver aids for longitudinal control 

(e.g. cruise control, ACC). The aim is to test the requirement for an 

alternative warning mode in case cruise control is used. 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA and SLWF activated, the vehicle shall be run at the test 

speed, with a driver aid controlling the speed (e.g. cruise control, 

ACC). The driver’s foot shall not contact the accelerator control. 

Ensure that the feedback speed limit is then being set to a speed, at 

least, 10 km/h lower than the test speed. 



GSR: ISA interim report 

 

 

 

March – 2021 105 
 

▪ The vehicle will be kept at the test speed, long enough for an 

assessment of the entire warning sequence (as specified by the 

manufacturer).  

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ A warning complying with the specifications in Section 4.3.5.3 for 

alternative warning modes in case of default haptic feedback and 

speed control by a driver aid shall be given. 

▪ Information about the feedback speed limit complying with the 

specifications in Section 4.3.4.3 shall be given at least when the real 

speed of the vehicle exceeds the feedback speed limit.   

• Speed limit warning deactivation test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA deactivated, the vehicle shall be run at a speed of 15 

km/h below the road speed limit. Ensure that the feedback speed 

limit is set to the road speed limit. The vehicle shall then be 

accelerated to 10 km/h above the feedback speed limit. 

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ The SLWF shall not engage, allowing the vehicle to exceed the 

feedback speed limit without a warning being issued.  

▪ Information about the feedback speed limit may be given to the 

driver. 

4.4.3.4 Questions for stakeholders 

Q36. Please provide feedback on the suggested assessment procedure above. 
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4.4.4 Test procedure for speed control 

4.4.4.1 Background and source material 

• The procedure will document and assess needs to test the aspects required in 

Section 4.3.4 and 4.3.5 for the speed control function (applicable if this is the 

chosen feedback mode). 

• Related EuroNCAP procedure (Euro NCAP, 2017): 

o Test for the Speed Control Function (Section 4.2) 

▪ “The tests will be performed at three different test speeds typical for 

the following road types: 

•  City roads (e.g. 50 km/h or 30 mph) 

•  Inter-Urban roads (e.g. 80 km/h or 50 mph) 

•  Highways (e.g. 120 km/h or 70 mph) 

▪ With the Speed Control Function activated set Vadj. In case of a 

Speed Limitation Function the vehicle shall be run at a speed of 15 

[km/h] below Vadj. The vehicle shall then be accelerated to engage 

the SLF, without applying a positive action. 

▪ Set Vadj to 120 [km/h] and accelerate the vehicle to engage the SLF. 

Lower Vadj to a speed low enough to trigger the audiovisual warning 

and measure how long it takes for the vehicle to initiate this warning. 

▪ Set Vadj to 50 [km/h] or a speed applicable at the road where the 

vehicle is tested and force the vehicle into an overrun condition (e.g. 

pulling or downhill) where the engine braking is not able to maintain 

the speed of Vadj. Measure the speed at which the warning is 

initiated.” 

• UN Regulation No. 89 defines test procedures for speed limitation devices (SLD, i.e. 

top-speed limiters) and adjustable speed limitation devices (ASLD, driver adjustable 

speed)  (UNECE, 1992): 

o It is TRL’s understanding that in the EU, only the aspects in relation to SLD 

for M2, M3, N2 and N3 apply. Other parts of the UN Regulation are not 

applicable, even not on an if-fitted basis.  

o Therefore, the procedures defined in Regulation 89 are not applicable to ISA 

systems, but elements of Annex 6 (Tests and performance requirements for 

ASLD) were used to inform the proposed SCF test procedure. 

o Test of the adjustable speed limitation function/device (Annex 6, Section 

1.5): 

▪ “With the ASLF/D deactivated, for each gear ratio selected for the 

chosen test speed Vadj, the technical service shall: 

• (a) Either measure the forces required on the accelerator 

control; 

• (b) Or measure the accelerator control position; 

▪ To maintain Vadj and a speed (Vadj*) which is 20% or 20 km/h 

(whichever is the greater) faster than Vadj.” 

▪ With the ASLF/D activated and set at Vadj, the vehicle shall be run at 

a speed of 10km/h below Vadj. The vehicle shall then be accelerated 

by either increasing the force on the accelerator control or adjusting 

the accelerator control position over a period of 1s ± 0.2s to that 

required to maintain Vadj*. This force or position shall then be 
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maintained for a period of at least 30 seconds after the vehicle speed 

has stabilised." 

▪ The instantaneous vehicle speed shall be recorded during the test in 

order to establish the curve of the speed versus the time and during 

the operation of the ASLF/D as appropriate. The accuracy of the 

speed measurement shall be ± 1 per cent. The accuracy of the time 

measurement shall be less than 0.1 s. 

▪ The test shall be considered satisfactory if the following conditions 

are met: 

• The stabilized speed (Vstab) reached by the vehicle shall not 

exceed Vadj by more than 3 km/h 

o After Vstab is reached for the first time: 

▪ Vmax shall not exceed Vstab by more than 5 per 

cent; 

▪ the rate of change of speed shall not exceed 0.5 

m/s2 when measured over a period greater 

than 0.1 s; 

▪ the stabilized speed conditions specified in 

paragraph 1.5.4.1.2. shall be attained within 10 

s of first reaching Vstab; 

o When stable speed control has been achieved: 

▪ speed shall not vary by more than 3 km/h of 

Vstab; 

▪ the rate of change of speed shall not exceed 0.2 

m/s2 when measured over a period greater 

than 0.1 s; 

▪ Vstab is the average speed calculated for a 

minimum time interval of 20 seconds beginning 

10 seconds after first reaching Vstab; 

o Tests in acceleration shall be carried out and the 

acceptance criteria verified for each gear ratio allowing 

in theory Vadj* to be achieved.“ 

4.4.4.2 High-level intent and justification 

• The aim of the assessment procedure is to ensure that the speed control method 

offers the required minimum functionality (speed limiting, to that stated by the SLIF 

system, with override). The assessment procedure for the speed control function 

shall consist of three parts: a functional test, a deactivation test (whereby the ISA 

is turned off), a response test and an overrun test. 

• The functional test is suggested to consist of a basic check that the speed control 

function (i.e. a dead pedal), override (e.g. kick-down) and overrun warning of the 

ISA system;  

o The aim is to witness that the basic functionality of using SLIF information 

to restrict the vehicle speed to the feedback threshold and allowing for 

override functionality.  

o A track based overrun test shall be included in order to check the 

functionality of an SCF i.e. does it issue an alert when it is not able to 

conform the vehicle to the speed limit in scenarios such as travelling 

downhill. 
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• A deactivation test shall be included to aid technical services in determining if the 

presented ISA system is functioning as intended by not controlling vehicle speed 

when switched off. If the driver switches the ISA system off, the SCF must not 

continue to control the speed of the vehicle, even if the SLIF continues to display 

speed limit information to the driver.   

• The purpose of this series of tests is not to assess the speed limit determination; 

so it shall be left to the discretion of the technical service, in agreement with the 

manufacturer, as to how to activate the vehicle’s SCF (to adjust the feedback speed 

limit as per test requirements). This can, for example, be done by using appropriate 

road signs set up alongside a track, by programming a track-specific map or by 

other ways of manipulating the feedback speed limit for this test. 

• Regardless of the chosen method; the testing of a fitted SCF must take into account 

a range of speeds, for speed limits most typical of three road types, City roads, 

Inter-Urban roads and Highways. (km/h or mph to be chosen dependant on the 

standard speedometer setting of the vehicle under test and the location of test). 

• According to the functional requirements (Section 4.3.1.3), the system only needs 

to observe road signs indicating a road speed limit that is lower than the vehicle’s 

maximum speed. Any tests carried out shall be limited to driving speeds lower than 

the maximum design speed of the vehicle concerned.  

4.4.4.3 Initial outline of regulation contents 

• Test Conditions: 

o The tests shall be performed on a test track whereby: 

▪ The test surface shall be suitable for enabling stabilised speed to be 

maintained and shall be free from uneven patches. Gradients shall 

not exceed 2 percent (this does not apply to the overrun test). 

▪ The test surface shall be free of standing water, snow or ice.  

o Vehicle preparation: 

▪ The vehicle mass shall be no less than the minimum kerb weight 

declared by the manufacturer. 

▪ The tyres shall be bedded and the pressure shall be as specified by 

the manufacturer for the vehicle. 

▪ Wheel size, gearbox type and gear selected for test shall follow a 

worst case approach. 

o Ambient Conditions:  

▪ The mean wind speed measured at least 1 m above the ground shall 

be less than 6 m/s with gusts not exceeding 10 m/s.  

• SCF functional test: 

o Test procedure: 

▪ With the ISA (and SCF) activated, the vehicle shall be run at a speed 

of 15 km/h below the road speed limit. Ensure that the feedback 

speed limit is set to the road speed limit. The vehicle shall then be 

accelerated to engage the SCF, without applying a positive action. 

The vehicle shall be run at three different road speeds limits, most 

representative of three distinct road types (or closest multiple of 10 

km/h below the maximum vehicle speed, whichever is lower):  

• City roads (e.g. 50 km/h or 30 mph) 

• Inter-Urban roads (e.g. 80 km/h or 50 mph) 
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• Highways (e.g. 120 km/h or 70 mph) 

▪ The vehicle will be kept at the test speed, long enough for an 

assessment of the stabilised vehicle speed. 

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ The SCF shall ensure that when stable speed control has been 

achieved, the stabilised vehicle speed shall be within -5/+0 km/h of 

the feedback speed limit. The SCF must not use the service brakes 

to do so. 

▪ The stabilised vehicle speed means the mean real vehicle speed when 

operating. It is calculated as the average real vehicle speed over a 

time interval of 20 seconds beginning 10 seconds after first reaching 

the feedback speed limit. 

• SCF response test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA (and SCF) activated, the feedback speed limit shall be 

set to a high speed (at least 20 km/h higher than the tested speed 

limit). The vehicle shall be run just below the high perceived speed 

limit without applying a positive action and without engaging the SCF. 

While driving, the feedback speed limit shall be set to the tested 

speed limit. 

▪ The test will last for a minimum of 30 seconds after the ISA accepts 

the lower feedback speed limit, or until the real speed of the vehicle 

matches the feedback speed limit (whichever occurs first).  

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ The SCF should start to limit the vehicle speed to the road limit no 

later than 30 s after the new road speed limit has been adopted as 

the new feedback speed limit. 

▪ Information about the feedback speed limit complying with the 

specifications in Section 4.3.4.3 shall be given when the vehicle 

speed is exceeding the feedback speed limit. 

• SCF deactivation test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA (and SCF) switched OFF, the vehicle shall be run at a 

speed of 15 km/h below the road speed limit. Ensure that the 

feedback speed limit is set to the road speed limit. The vehicle shall 

then be accelerated to engage the SCF, without applying a positive 

action.  

o Pass/fail criteria: 
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▪ The SCF shall not engage, allowing the vehicle to exceed the feedback 

speed limit without applying a positive action. 

▪ With the ISA system switched off, the driver should not receive 

warnings from the ISA system. 

▪ Information about the feedback speed limit may be given to the 

driver. 

• SCF override test: 

o Test procedure: 

▪ The test shall be run at a representative City road speed limit 

(existent in the region of test).  

▪ With the ISA (and SCF) activated, the vehicle shall be run at a speed 

of 15 km/h below the road speed limit. Ensure that the feedback 

speed limit is set to the road speed limit. The vehicle shall then be 

accelerated to engage the SCF, without applying a positive action. 

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

▪ Once the vehicle reaches the feedback speed limit and the stabilised 

vehicle speed has been established, the assessor shall override the 

feedback limit by applying a positive action; as specified by the 

manufacturer e.g. kickdown.  

o Pass/fail criteria: 

▪ The override function shall allow a smooth and safe override and not 

result in immediate, unanticipated, inappropriate acceleration. 

• SCF overrun test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪  With the ISA (and SCF) activated, the vehicle shall be run at a speed 

just below the road speed limit. Ensure that the feedback speed limit 

is set to the road speed limit. 

▪ Force the vehicle into an overrun condition (e.g. pulling or downhill) 

where the engine braking is not able to maintain the feedback speed 

limit.  

▪ Measure the speed at which the overrun warning is initiated. 

o Pass/fail criteria: 

▪ When the SCF is not able to limit to and/or maintain the feedback 

speed limit: 

• a warning complying with the specifications in Section 4.3.5.3 

shall be given., and 

• information about the feedback speed limit complying with the 

specifications in Section 4.3.4.3 shall be given. 

4.4.4.4 Questions for stakeholders 

Q37. Please provide feedback on the suggested assessment procedure above. 

Q38. At present, is it feasible to perform overrun testing at European test facilities? 
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Q39. Are there quantifiable bounding values to override functions in current vehicles? 

Kickdown points and required force/velocity? Relating to: “override function shall 

allow a smooth and safe override and not result in immediate, unanticipated, 

inappropriate acceleration”. 
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GLOSSARY 

Term Definition 

AEBS Advanced Emergency Braking Systems 

EDR Event Data Recorder 

ELKS Emergency Lane Keeping Systems 

GSR General Safety Regulation 

HMI Human-Machine Interface 

ISA Intelligent Speed Assistance 

PTI Periodic Technical Inspection 

SAS Speed Assist System 

SCF Speed Control Function 

SLIF Speed Limit Information Function 

SLWF Speed Limit Warning Function 

TfL Transport for London 

VUT Vehicle under test 
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Annex 1 SUMMARY OF INITIAL OUTLINE OF REGULATION CONTENTS 

This annex provides an identical copy of the text contained in the sub-sections 4.x.x.3 

(initial outline of regulation contents) to allow continuous reading. They do not pre-empt 

the exact contents or wording of a future regulation, but reflect TRL’s current position on 

potential requirements and test procedures that could be recommended within the given 

legislative remit of the Commission and taking into account the state of technology 

readiness and industry best-practice as established in the review and consultation tasks. 

Annex 1.1 Definitions 

• ‘common space’ means an area on which two or more information functions (e.g. 

symbol) may be displayed, but not simultaneously 

•  ‘intelligent speed assistance’ (ISA) means a system to aid the driver in maintaining 

the appropriate speed for the road environment by providing dedicated and 

appropriate feedback 

• ‘feedback speed limit’ is the currently set speed above which the ISA system 

provides feedback to the driver 

• ‘perceived speed limit’ is the current maximum permitted speed as perceived by 

the ISA system 

• ‘relevant road sign’ means a physical road sign, or a variable message sign, of a 

type specified in the catalogue of functional requirements  

• ‘road sign and signal observation system’ means all parts of the ISA system required 

to detect and recognise a road sign or signal (e.g. camera and associated ECUs) 

• ‘road speed limit’ is the currently applicable maximum permitted driving speed at 

the vehicle’s location 

• ‘self-check’ means an integrated function that checks for a system failure on a 

continuous basis at least while the system is active 

• ‘speed control function’ (SCF) means a function which limits or controls the driving 

speed to the feedback speed limit  

• ‘speed limit information function’ (SLIF) means a function that communicates the 

perceived speed limit to the driver 

• ‘speed limit feedback’ means a speed limit warning or speed control  

• ‘speed limit warning function’ (SLWF) means a function that alerts the driver that 

the driving speed is exceeding the feedback speed limit 

• ‘type of ISA STU’ means a combination of specific hardware which does not differ 

in such essential respects as the characteristics, functionality, capability [and 

performance] of speed limit determination [and speed limit feedback]. 

• ‘vehicle type with regard to the installation of an ISA system’ means motor vehicles 

that do not differ in such essential respects as the characteristics of the integration 

within the vehicle as well as the characteristics, functionality, capability and 

performance of speed limit determination and speed limit feedback. 

Annex 1.2 Subject matter (scope) and exemptions 

• The ISA regulation: 

o will apply to the vehicle categories defined in the GSR, i.e. M1, M2, M3, N1, 

N2 and N3.  

o will establish detailed technical requirements and test procedures for the EC 

type-approval of vehicles of the categories above in respect of their 
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intelligent speed assistance (ISA) system and of ISA separate technical units 

(STUs). 

• For vehicle and STU approval a similar approach to the eCall regulation could be 

considered where parts of the assessments can be performed on STUs. The exact 

split is to be determined. 

• Note: Small series approval, multi-stage vehicles, individual approval scheme or 

ISA component approval are not in scope of TRL’s work. 

• Stakeholders suggested to define the following exemptions: 

o Special purpose vehicles (SPV), i.e. MxS and NxS: TRL seek additional input 

o Off-road vehicles (ORV), i.e. MxG and NxG: TRL seek additional input 

o Vehicles which are top-speed limited (UN Regulation No. 89 on speed 

limitation devices): While being top-speed limited, these vehicles will still be 

used on roads with speed limits lower than their top speed (e.g. in urban 

areas, at roadworks, etc.) which is why an exemption is not appropriate. 

However, TRL suggest reducing the catalogue of relevant road signs for 

these vehicles to signs denoting a speed limit lower than their top speed. 

See Section 4.3.1. 

o Vehicles that have a limited area of operation, e.g. city buses: While the 

normal operation of these vehicles may be restricted in day-to-day use the 

vehicles will still be allowed to be operated in the EU if they hold European 

type approval and therefore should be compatible with the infrastructure in 

all European countries. TRL seek additional input 

Annex 1.3 Requirements 

Annex 1.3.1 Functional requirements for speed limit determination 

• Note: This section defines the basic functional requirements for speed limit 

determination from observation of road signs and signals, i.e. requirements to 

ensure for example that all the necessary classifiers are implemented in the system 

camera. It is recognised that observing road signs is a probabilistic process and 

cannot be achieved under all conditions and with 100% performance. Performance 

aspects are covered in another section (Section 4.3.2). 

• The system shall be able to detect and correctly classify road signs in order to 

perceive the road speed limit. This requirement applies to: 

o relevant sign types as defined in the catalogue, 

o road signs of all EU member states where a particular sign type is in use at 

the time of approval, 

o road signs of a size, design, material and retro-reflectivity conforming to the 

applicable standards in the member state concerned at the time of approval,  

o fixed signs, temporary signs and variable message signs, positioned in a way 

conforming to the applicable standards in the member state concerned at 

the time of approval, e.g. relating to lateral distance to the road edge, height 

and orientation (rotation, tilt), 

o road signs indicating a road speed limit that is lower than the vehicle’s 

maximum speed plus [10 km/h] (Note: For example, top-speed-limited 

HGVs do not need to recognise speed limit signs with values more than [10 

km/h] higher than their top speed. The tolerance is included to cover 

situations where a speed limiter may be exceeded with gravity assistance). 

• The system may (note: optional) be able to detect and classify other road signs. 
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• The perceived speed limit from observed relevant road signs shall match the road 

speed limit with regard to the numerical value and the unit of measurement (km/h 

or mph). This applies to both numerical and non-numerical road signs contained in 

the catalogue. Note: This will require knowledge of the current country-code and 

road class in some instances. 

• The system shall be able to detect if relevant road signs apply only to particular 

vehicle categories/classes, indicated by sub-signs, and perceive the correct speed 

limit.   

• The system shall be able to detect if relevant road signs apply only under additional 

conditions, indicated by sub-signs or additional information on the sign (e.g. rain, 

snow, time of day, distance or advance warning), and [either disregard the sign 

(result: previously applicable speed limit or speed limit unknown) or] perceive the 

correct speed limit based on the relevant conditions. 

• The system shall be designed with measures to disregard for the purpose of speed 

limit determination (e.g. by probability algorithms with or without map support) at 

least these categories: 

o non-applicable road signs (i.e. those that are not applicable to the vehicles 

carriageway or lane, including overview signs posted at national borders),  

o non-speed-related road signs (e.g. vehicle weight limits, vehicle width 

limits), and 

o extraneous items that are not road signs (e.g. speed limit stickers used on 

HGVs). 

• The system shall be designed to ensure that speed limits determined from 

applicable relevant road signs are preferred to map-derived speed limits. 

• The system shall be able to set the perceived speed limit within [5 seconds] of 

passing the relevant road sign.  

• The system shall retain the perceived speed limit (even after an ignition cycle) until: 

o It is replaced by a new perceived speed limit (from observation of road signs 

or signals or map data); or  

o It is replaced by ‘speed limit unknown’, based on criteria that may include 

but are not limited to: 

▪ The ISA system is deactivated 

▪ The vehicle is suspected to drive off-road 

▪ The vehicle is suspected to have turned onto a different type of road 

(e.g. away from a major road) 

▪ The system has not observed a road sign or signal for a distance of 

at least [x km] on motorways/expressways, [y km] on non-urban 

roads, or [z km] on urban roads. 

 

Table 10: Required capabilities for the determination of perceived speed limits 

(catalogue of relevant sign types) 

Description  Examples System required to set 

perceived speed limit? 

Numerical road signs 

including temporary 

and variable message 

signs 
 

Yes – applying the correct 

units of measurement for 

the member state in which 

the vehicle is located 
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End of speed limit or 

‘national speed limit 

applies’ signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle  

End of specific speed 

limit or speed limit 

zone signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle 

Place name signs used 

to indicate the 

presence of a speed 

limit and their 

associated cancellation 

signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle 

Urban area signs and 

their associated 

cancellation signs 
 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle 

Home zone or 

residential zone signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the class of 

road and category of 

vehicle 

Motorway regulations 

apply signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the category 

of vehicle 

Expressway regulations 

apply signs 

 

Yes – taking into account 

the appropriate national 

speed limit for the category 

of vehicle 

Vehicle category 

specific signs 

 

Yes – taking into account 

the category of vehicles 
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Additional conditions 

apply (including rain, 

snow, time of day, 

arrows, distance or 

advance warning) 

 

No – the system should be 

capable of recognising that 

an additional condition 

applies that means that the 

speed limit may not be in 

force for that section of 

road and either disregard 

or set correct limit based 

on conditions. 

 

Annex 1.3.2 Real-road performance of speed limit determination 

• The system shall be able to detect and recognise the road signs defined in Section  

4.3.1.3 and to reliably determine the road speed limit at least in the following 

conditions: 

o When operated within a speed range of [10 km/h – 160 km/h or maximum 

design vehicle speed] 

o On urban roads, non-urban roads and motorways/expressways (dual 

carriageways) 

o Without blinding sunlight, heavy or violent precipitation, or fog 

o With unobstructed view of road signs for a continuous period of at least [0.x 

seconds], e.g. no vehicles in front blocking the view, no foliage obscuring 

the sign, no snow or dirt covering the sign 

o With road signs: 

▪ of a size, design, material and retro-reflectivity conforming to the 

applicable standards in the member state concerned  

▪ positioned in a way conforming to the applicable standards in the 

member state concerned, e.g. relating to lateral distance to the road 

edge, height and orientation (rotation, tilt) 

▪ in adequate condition, i.e. showing no damage (e.g. fading, bending, 

cracking, vandalism) that materially affects their visual properties 

▪ not deliberately invalidated, e.g. during roadworks 

• Reliable determination of the road speed limit is fulfilled if both of the following two 

criteria are met in each EU member state under the (favourable) conditions defined 

above: 

o Event-based performance:  

▪ The correct perceived speed limit is concluded in at least [xx% of sign 

passing events] for the signs and conditions described above; and  

▪ non-applicable road signs (i.e. those that are not applicable to the 

vehicles carriageway, lane, vehicle type or current conditions) or 

similar objects (false positives) are not used to incorrectly determine 

the perceived speed limit at a rate higher than [x per 100 km of 

driven distance].  

o Distance-based performance: The perceived speed limit matches the road 

speed limit for at least [xx% of distance driven] at least where the speed 

limit was indicated by a road sign contained in relevant catalogue and   

passed in the conditions described above.  
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Annex 1.3.3 Performance in changing infrastructure environments 

• The manufacturer shall ensure that the real-road performance of speed limit 

determination of registered vehicles meets the requirements for at least [4 years] 

after first registration of the vehicle even in changing infrastructure conditions. 

o This only applies to road sign types contained in the catalogue of relevant 

signs at the time of approval that are of a design and positioning conforming 

to the standard applied in the member state concerned at the time of 

approval. 

• The manufacturer shall outline the measures planned to ensure compliance to the 

technical service, including, where applicable, the map update and software update 

strategy. This information shall be subject to discussion and agreement between 

the technical service and vehicle manufacturer. 

 

Annex 1.3.4 Speed limit information 

• In normal operation mode the system shall display the numerical value of the 

perceived speed limit to the driver when feedback is active (i.e. a warning being 

provided or speed control function restricting the speed); information at other times 

is permitted (optional). 

• The system may still display the perceived speed limit to the driver when the ISA 

system is deactivated (optional). 

• The optical representation shall either be a symbol resembling a speed limit traffic 

sign (e.g. Vienna Convention signs C, 14; C, 17 or E, 9 or visual representations of 

other speed limit signs common in the country concerned; display of additional sub-

signs permitted if required), or a numerical value with the unit of measurement 

(km/h or mph).  

• The optical representation shall be clearly seen in direct field of view of the driver 

without the need to turn the head sideways from the normal driving position. It 

shall be visible even by daylight. 

• The optical representation shall use the main units of the speedometer (if 

switchable, the currently active setting); converting speed limits from other units if 

required.  

• The optical representation may indicate the level of reliability of the speed limit or 

the presence of a conditional speed limit (optional). 

 

Annex 1.3.5 Speed limit feedback (warning or speed control) 

• In normal operation mode the system shall provide dedicated, appropriate and 

effective feedback to the driver when the driving speed is exceeding the feedback 

speed limit.  

• At the choice of the manufacturer the feedback requirement can be realised via a 

speed limit warning function (SLWF) or with a speed control function (SCF), as 

specified below.  

• The perceived speed limit shall be set automatically as feedback speed limit, i.e. 

without driver confirmation, within [5 seconds] after change in the perceived speed 

limit. 

• An offset of the feedback speed limit relative to the perceived speed limit shall not 

be allowed. 



GSR: ISA interim report 

 

 

 

March – 2021 120 
 

• The feedback does not need to be reinitiated for each exceedance of the feedback 

speed limit until the driving speed has reduced to more than 5 km/h (3 mph) below 

the feedback speed limit.  

• The feedback speed limit shall be retained at the end of a journey. 

• Possible feedback modes: 

o Haptic feedback through the accelerator control: 

▪ Preference by legislator for this feedback mode. Pedal vibration, 

increased resetting force of the pedal, or similar solutions shall be 

permissible. 

▪ The feedback shall last for a total duration of at least [10 seconds]. 

Gaps of less than 1 second, which are part of a haptic sequence are 

ignored, but the feedback may not start with a gap. If the signal is 

not continuous for the first [10 seconds], it needs to be repeated 

every [30 seconds or less], resulting in a minimum total duration of 

at least [10 seconds].  

▪ The haptic warning signal shall be detectable in all typical driving 

conditions, when the driver’s foot is in contact with the accelerator 

control.  

▪ When the vehicle speed is controlled by a driver aid rather than the 

driver (e.g. adaptive/intelligent/normal cruise control, where the   

driver must be expected to not be touching the accelerator control), 

the driving speed shall automatically be adapted or a feedback of a 

different permitted mode (e.g. optical & acoustic) be issued. 

▪ Permit use of this feedback mode also for other warnings that are 

intended to prompt the driver to reduce speed, e.g. excessive speed 

for current road conditions or distance warnings (voluntary systems, 

not required for type approval). 

▪ It shall be permissible for speed limit feedback to be temporarily 

superseded by more critical warnings, e.g. forward collision warning 

or lane keep assistance. Definition of this warning strategy shall be 

left to the manufacturer. 

o Combined optical & acoustic feedback (to be determined if permissible, 

pending further evidence, see stakeholder questions): 

▪ The feedback shall last for a total duration of at least [10 seconds]. 

Gaps of less than 1 second, which are part of flashing optical signals 

or sound sequences are ignored, but the feedback may not start with 

a gap. If the signal is not continuous for the first [10 seconds], it 

needs to be repeated every [30 seconds or less], resulting in a 

minimum total duration of at least [10 seconds]. 

▪ The optical warning shall use the optical speed limit information 

(4.3.4) in a flashing mode. It shall be visible even by daylight; the 

satisfactory condition of the signals must be easily verifiable by the 

driver from the driver's seat.  

▪ The acoustic warning signal shall be audible in all typical driving 

conditions. It shall be dedicated to speed limit warnings, i.e. a 

discernible sound used only for this system. 

▪ It shall be permissible for speed limit feedback to be temporarily 

superseded by more critical warnings, e.g. forward collision warning 

or lane keep assistance. Definition of this warning strategy shall be 

left to the manufacturer. 

o Speed control function: 
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▪ A ‘dead pedal’ SCF shall be permissible (i.e. driveline torque is limited 

to avoid acceleration beyond the system speed limit; application of 

foundation brakes shall not be permissible to avoid rapid 

deceleration).  

▪ The SCF shall limit or control the driving speed to the feedback speed 

limit or the equivalent speedometer speed.  

▪ It shall be possible to exceed the feedback speed limit by performing 

a positive action, e.g. accelerator control kickdown. This override 

function shall allow a smooth and safe override and not result in 

immediate, unanticipated, inappropriate acceleration. 

▪ The speed control function shall permit a normal use of the 

accelerator control for gear selection.  

▪ The SCF shall ensure that when stable speed control has been 

achieved, the driving speed shall be within -5/+0 km/h of the 

feedback speed limit. 

▪ If the feedback speed limit is set to a speed lower than the current 

driving speed, the SCF shall start to limit the vehicle speed to the 

new feedback speed limit no later than [30 seconds] after the new 

feedback speed limit is set. 

▪ When the SCF is not able to limit to and/or maintain the feedback 

speed limit an optical & acoustic warning is issued, with a total 

duration of at least 10 seconds. No acoustic or haptic warning needs 

to be given when the feedback speed limit is exceeded as a result of 

a positive action, but the driver shall be informed of the feedback 

speed limit.  

▪ The optical & acoustic warning shall last for a total duration of at least 

[10 seconds]. Gaps of less than 1 second, which are part of flashing 

optical signals or sound sequences are ignored, but the feedback may 

not start with a gap. If the signal is not continuous for the first [10 

seconds], it needs to be repeated every [30 seconds or less], 

resulting in a minimum total duration of at least [10 seconds]. 

▪ The optical warning shall use the speed limit information symbol 

(4.3.4) in a flashing mode. It shall be visible even by daylight; the 

satisfactory condition of the signals must be easily verifiable by the 

driver from the driver's seat.  

▪ The acoustic warning signal shall be audible in all typical driving 

conditions. It shall be dedicated to speed limit warnings, i.e. a 

discernible sound used only for this system. 

▪ When the vehicle speed is controlled by a driver aid rather than the 

driver (e.g. adaptive/intelligent/normal cruise control), the driving 

speed shall automatically be adapted or an optical & acoustic warning 

as described above be issued. 

 

Annex 1.3.6 Deactivation 

• It shall be possible for the driver to manually deactivate the ISA system or the ISA 

feedback function via an ISA OFF control (information about the speed limit may 

still be provided).  

• The ISA OFF control shall allow the driver to re-activate ISA with a single action. 

• ISA shall be automatically reinstated in normal operation mode at the initiation of 

each new ignition cycle. 



GSR: ISA interim report 

 

 

 

March – 2021 122 
 

• The ISA OFF control shall be installed so as to comply with the relevant 

requirements and transitional provisions of UN Regulation No. 121 in its 01 series 

of amendments or any later series of amendments. 

• A constant optical warning signal shall inform the driver that the ISA feedback 

function has been deactivated (ISA OFF tell-tale). 

• The ISA OFF control and ISA OFF tell-tale shall be identified by the following 

symbols. The identification of the ISA OFF control shall be capable of being 

illuminated whenever the position lamps are activated. The ISA OFF tell-tale shall 

constantly emit light as long as the ISA feedback function is deactivated. 

Item Symbol Function Illumination Colour 

Intelligent 

Speed 

Assistance 

(ISA) “OFF” 

 

or “ISA OFF” 

Control Yes  

Tell-Tale Yes Yellow 

 

Annex 1.3.7 Self-check and failure warning 

• A warning shall be provided when there is a failure in the ISA system that prevents 

the requirements of this Regulation of being met. 

• There shall not be an appreciable time interval between each ISA self-check, and 

subsequently there shall not be a delay in illuminating the failure warning signal, in 

the case of an electrically detectable failure. 

• Upon detection of any non-electrical failure condition (e.g. sensor blindness or 

sensor misalignment), the warning signal shall be provided. 

• The ISA OFF tell-tale shall be used for the failure warning (see Section 4.3.6). 

 

Annex 1.3.8 Provisions for the periodic technical inspection 

• At a Periodic Technical Inspection, it shall be possible to confirm the correct 

operational status of the ISA system by a visible observation of the failure warning 

signal status following a "power-ON" and any bulb check.   

• In the case of the failure warning signal being in a common space, the common 

space must be observed to be functional prior to the failure warning signal status 

check.   

• At the time of type approval, the means to protect against simple unauthorised 

modification of the operation of the failure warning signal chosen by the 

manufacturer shall be confidentially outlined.  

• Alternatively, this protection requirement is fulfilled when a secondary means of 

checking the correct operational status of the ISA system is available. 

 

Annex 1.3.9 Privacy and data protection 

• The ISA system shall offer the required functionality in the default normal operation 

mode without the use of biometric information, including facial recognition, of any 

vehicle occupants.  
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• The ISA system shall not continuously record nor retain any data related to incidents 

of exceeding the speed limit other than what is necessary in relation to perform the 

required ISA functionality or other legal requirements (e.g. in case a future EDR 

regulation required recording). 

• Any processing of personal data shall be carried out in accordance with Union data 

protection law. 

 

Annex 1.4 Assessment procedures 

Annex 1.4.1 Test procedure for functional requirements of speed limit determination 

• Functional test of road sign and signal observation system (e.g. camera): 

o Test conditions: 

▪ The test shall be performed on a test track or, at the manufacturer’s 

request, partially or fully on a public road. 

▪ Environmental visibility conditions shall not adversely affect the 

system’s operation:  

• ambient illumination conditions of at least [2000 Lux] without 

direct blinding sunlight; 

• no heavy or violent rain, no sleet or snow, no hail and no fog. 

• At the manufacturer's discretion and with the agreement of 

the technical service the tests may be performed under 

conditions deviating from what is described above. 

▪ The vehicle headlights (low beam) may be set to automatic or on. 

High beams shall not be used.  

o Road signs: 

▪ Selection 

• Use at least one sign of each of these categories of relevant 

signs (see Section 4.3.1.3): 

o Numerical speed limit  

o Numerical speed limit displayed on variable message 

sign 

o Numerical speed limit zone 

o End of specific speed limit 

o End of speed limit (‘national speed limit applies’) 

o End of speed limit zone 

o Place name  

o Urban area 

o Home zone/residential zone 

o Motorway regulation apply 

o Expressway regulations apply 

o Numerical speed limit with vehicle category-specific 

sub sign 

o Additional conditions apply 
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• The signs used for the test shall meet the requirements 

stipulated in Section 4.3.1.3, i.e. be of a size, design, material 

and retro-reflectivity conforming to the applicable standards 

in the member state or region where the test takes place (the 

‘region of test’).  

• If signs of an individual categories do not exist within the sign 

catalogue of the member state or region of test, they shall not 

be assessed in the functional test, but only covered with the 

additional documentation. 

• The signs used for the test shall be recorded. 

▪ Condition and positioning: 

• The signs shall be in good condition (i.e. not be visibly 

deteriorated). 

• The signs shall be positioned in accordance with the 

requirements stipulated in Section 4.3.1.3, i.e. positioned in 

a way conforming to the applicable standards in the region of 

test. 

• The set up shall ensure a plausible scenario for the system, 

considering the following elements: 

o Plausible road characteristics for each speed limit: e.g. 

Dual carriageway for any speed limits higher than 100 

km/h 

o Plausible steps in speed reduction cascades: e.g. 

reduction from 130 km/h to 50 km/h should contain 

multiple intermediate steps 

•  The condition, set up and positioning shall be recorded. 

o ISA functional test: 

▪ Drive the vehicle past the road signs described above at the speed 

indicated by the sign or up to [20 km/h] lower. 

▪ Check that the perceived or feedback speed limit is updated to the 

correct value indicated by the test signs in accordance with the 

requirements described in Section 4.3.1.3, i.e. within [5 seconds] 

after passing the sign. 

▪ For systems supported by speed limit maps, it shall be checked that 

the road sign and signal observation system (e.g. camera) correctly 

recognised the test signs, e.g. by observation of electronic vehicle 

signals (e.g. CAN bus recordings). 

▪ Road signs of all categories defined above need to be successfully 

recognised. If a test sign is not detected or recognised at first passing 

the test for this sign shall be repeated. If the system fails to detect 

the sign repeatedly, this case shall be investigated by the applicant. 

The test may be repeated on a real road if the artificial track 

environment caused detection issues.  

▪ After one of the tests, drive for a distance of at least [x km] without 

new speed limit input to check that the perceived speed limit is 

retained for the required minimum distance for the concerned road 

type, as specified in Section 4.3.1.3. 

▪ After one of the tests switch the vehicle off and restart the engine to 

check that the perceived speed limit is retained after an ignition cycle, 

as specified in Section 4.3.1.3. 
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• Declaration of EU-wide sign recognition capability: 

o The vehicle manufacturer shall declare that the road sign and signal 

observation system (e.g. camera) has the capabilities required according to 

Section 4.3.1.3 and checked in the ISA functional test with the equivalent 

signage of all EU member states at the time of approval. 

o This declaration shall contain a matrix of the relevant sign categories and 

member states, confirming the ability to detect, recognise and interpret for 

each of the fields where signs exist in the country concerned.   

o This declaration shall be appended to the test report. 

• Additional technical information to be made available to the technical service: 

o The vehicle manufacturer shall give access to test documentation that allows 

the technical service to assess the contents of the declaration, e.g. by review 

of test recordings of specific sign types being recognised. 

 

Annex 1.4.2 Documentation procedure for real-road performance of speed limit 

determination 

• Criteria for underlying performance testing (performed by manufacturer or tier 1): 

o The performance test programme shall: 

▪ Measure the system’s performance in correctly determining the road 

speed limit based on one of the key performance indicators defined 

in Section 4.3.2.3 

▪ Consist of real-driving tests, or representative simulation tests, or a 

combination of both 

▪ Involve tests for all EU member states 

▪ Involve tests of urban roads, non-urban roads, and 

motorways/expressways/dual carriageways, where each of the three 

road types shall represent at least [25% of the validation distance or 

sign passing events for each country] 

▪ Contain a mix of the relevant road signs that can be encountered on 

each road type, where each of the signs shall represent at least [x% 

of the sign passing events]  

▪ Contain a mix of conditions, including daylight/darkness and dry/light 

to moderate precipitation, that is broadly representative of real-world 

usage profiles 

o Repeated runs of the same road sections or repeated simulations of passing 

the same road sign shall be disregarded for the performance evaluation. 

o An instance where road signs with identical speed limits are positioned on 

both sides of the carriageway shall be considered as a single sign passing 

event. 

o Non-speed related road signs shall be disregarded for the performance 

evaluation. Speed-related road signs that are not included in the relevant 

catalogue (e.g. weather/time-dependent sub-signs) may be disregarded for 

the performance evaluation. 

o Road signs that do not conform with the conditions described in Section 

4.3.2.3 (e.g. signs in inadequate condition or not positioned in accordance 

with applicable standards) may be disregarded for the performance 

evaluation. 
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o Road signs encountered in environmental conditions not conforming with 

those described in Section 4.3.2.3 (e.g. heavy rain or blinding sunlight) may 

be disregarded for the performance evaluation. 

o Sufficient testing shall be conducted to evidence performance in each 

member state of a level that meets or exceeds the required minimum 

thresholds [at a statistically significant level]. 

• Declaration of system performance: 

o The vehicle manufacturer shall declare the performance of the ISA system 

to the technical service based on previous performance testing. 

o The performance declaration shall be appended to the test report (see 

examples in Table 11 and Table 12) and contain the following information: 

▪ The performance shall be reported based on both KPIs defined in 

section 4.3.2.3 (event-based and distance-based). 

▪ The performance shall be reported separately per EU member state. 

▪ The declaration shall state the test distance (driving or simulation) 

and the number of sign passing events per member state and road 

type. 

• Additional technical information to be made available to the technical service: 

o The vehicle manufacturer shall provide a test report that allows the technical 

service to assess the quality of the test programme and contain at least: 

▪ approach taken for the real-road performance testing, including 

details about the test setup for physical testing and the validity of 

simulation approaches 

▪ mix of driving conditions (e.g. daylight/darkness and 

precipitation/dry conditions) 

▪ locations of test routes (physical or simulation) or samples of sign 

passing events 

▪ date range of the test drives or samples used for testing  

▪ statistical calculations demonstrating sufficient testing 

• Assessment of the performance declaration and additional technical documentation: 

o The technical service shall perform: 

▪ a check that the reported performance levels meet the required 

minimum thresholds as define in Section 4.3.2.3, 

▪ a review of the test report to confirm that the underlying test 

programme meets the criteria defined above, 

▪ an audit of the test report: 

• to ensure that the underlying test evidence corresponds with 

the reported results to a level of overall effect such that the 

performance declaration is confirmed as being adequate. 

• using means, at the choice of the technical service, such as: 

review of test recordings from selected parts of the validation 

drives or instances where sign passing events were 

disregarded, or re-performing parts of the validation drives. 
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Table 11: Example table for event-based ISA performance declaration 

EU member 
state 

Event-based 
performance 
(true positive) 

False-
positive rate 

Number of sign passing events tested 
(physical/simulation) 

   Urban road Non-urban 
road 

Motorway/ 
expressway 

Austria xx% xx per 100 km xx / xx xx / xx xx / xx 

Belgium      

Bulgaria      

Croatia      

Cyprus      

Czech Republic      

Denmark      

Estonia      

Finland      

France      

Germany      

Greece      

Hungary      

Ireland      

Italy      

Latvia      

Lithuania      

Luxembourg      

Malta      

Netherlands      

Poland      

Portugal      

Romania      

Slovakia      

Slovenia      

Spain      

Sweden      

United Kingdom      
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Table 12: Example table for distance-based ISA performance declaration 

EU member 
state 

Distance-based 
performance 

Test distance (physical/simulation) 

  Urban road Non-urban road Motorway/ 

expressway 

Austria xx% xx km / xx km xx km / xx km xx km / xx km 

Belgium     

Bulgaria     

Croatia     

Cyprus     

Czech Republic     

Denmark     

Estonia     

Finland     

France     

Germany     

Greece     

Hungary     

Ireland     

Italy     

Latvia     

Lithuania     

Luxembourg     

Malta     

Netherlands     

Poland     

Portugal     

Romania     

Slovakia     

Slovenia     

Spain     

Sweden     

United Kingdom     

 

Annex 1.4.3 Test procedure for speed limit warning 

• Test Conditions: 

o The tests shall be performed on a track whereby: 

▪ The test surface shall be suitable for enabling stabilised speed to be 

maintained and shall be free from uneven patches.  

▪ The test surface shall be free of standing water, snow or ice.  

o Vehicle preparation: 
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▪ The tyres shall be bedded and the pressure shall be as specified by 

the manufacturer for the vehicle. 

▪ The wheel size used shall be the largest size approved for the vehicle 

under test. 

• Speed limit warning test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA and SLWF activated, the vehicle shall be run at a speed 

of 15 km/h below the road speed limit. Ensure that the feedback 

speed limit is set to the road speed limit. The vehicle shall then be 

accelerated to 10 km/h above the feedback speed limit.  

▪ The vehicle will be kept at this new speed, long enough for an 

assessment of the entire warning sequence (as specified by the 

manufacturer). 

▪ The vehicle will then be decelerated to more than 5 km/h below the 

feedback speed limit (to re-instate warning), and the procedure 

above will be repeated. 

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ A warning complying with the specifications in Section 4.3.5.3 shall 

be given in both test runs when the real speed of the vehicle exceeds 

the feedback speed limit. 

▪ Information about the feedback speed limit complying with the 

specifications in Section 4.3.4.3 shall be given in both test runs at 

least when the real speed of the vehicle exceeds the feedback speed 

limit. 

• Speed limit alternative warning mode test: 

o Note: This test applies to systems providing haptic feedback through the 

accelerator control in vehicles which offer driver aids for longitudinal control 

(e.g. cruise control, ACC). The aim is to test the requirement for an 

alternative warning mode in case cruise control is used. 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA and SLWF activated, the vehicle shall be run at the test 

speed, with a driver aid controlling the speed (e.g. cruise control, 

ACC). The driver’s foot shall not contact the accelerator control. 

Ensure that the feedback speed limit is then being set to a speed, at 

least, 10 km/h lower than the test speed. 

▪ The vehicle will be kept at the test speed, long enough for an 

assessment of the entire warning sequence (as specified by the 

manufacturer).  

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 
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▪ A warning complying with the specifications in Section 4.3.5.3 for 

alternative warning modes in case of default haptic feedback and 

speed control by a driver aid shall be given. 

▪ Information about the feedback speed limit complying with the 

specifications in Section 4.3.4.3 shall be given at least when the real 

speed of the vehicle exceeds the feedback speed limit.   

• Speed limit warning deactivation test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA deactivated, the vehicle shall be run at a speed of 15 

km/h below the road speed limit. Ensure that the feedback speed 

limit is set to the road speed limit. The vehicle shall then be 

accelerated to 10 km/h above the feedback speed limit. 

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ The SLWF shall not engage, allowing the vehicle to exceed the 

feedback speed limit without a warning being issued.  

▪ Information about the feedback speed limit may be given to the 

driver. 

 

Annex 1.4.4 Test procedure for speed control 

• Test Conditions: 

o The tests shall be performed on a test track whereby: 

▪ The test surface shall be suitable for enabling stabilised speed to be 

maintained and shall be free from uneven patches. Gradients shall 

not exceed 2 percent (this does not apply to the overrun test). 

▪ The test surface shall be free of standing water, snow or ice.  

o Vehicle preparation: 

▪ The vehicle mass shall be no less than the minimum kerb weight 

declared by the manufacturer. 

▪ The tyres shall be bedded and the pressure shall be as specified by 

the manufacturer for the vehicle. 

▪ Wheel size, gearbox type and gear selected for test shall follow a 

worst case approach. 

o Ambient Conditions:  

▪ The mean wind speed measured at least 1 m above the ground shall 

be less than 6 m/s with gusts not exceeding 10 m/s.  

• SCF functional test: 

o Test procedure: 

▪ With the ISA (and SCF) activated, the vehicle shall be run at a speed 

of 15 km/h below the road speed limit. Ensure that the feedback 

speed limit is set to the road speed limit. The vehicle shall then be 
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accelerated to engage the SCF, without applying a positive action. 

The vehicle shall be run at three different road speeds limits, most 

representative of three distinct road types (or closest multiple of 10 

km/h below the maximum vehicle speed, whichever is lower):  

• City roads (e.g. 50 km/h or 30 mph) 

• Inter-Urban roads (e.g. 80 km/h or 50 mph) 

• Highways (e.g. 120 km/h or 70 mph) 

▪ The vehicle will be kept at the test speed, long enough for an 

assessment of the stabilised vehicle speed. 

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ The SCF shall ensure that when stable speed control has been 

achieved, the stabilised vehicle speed shall be within -5/+0 km/h of 

the feedback speed limit. The SCF must not use the service brakes 

to do so. 

▪ The stabilised vehicle speed means the mean real vehicle speed when 

operating. It is calculated as the average real vehicle speed over a 

time interval of 20 seconds beginning 10 seconds after first reaching 

the feedback speed limit. 

• SCF response test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪ With the ISA (and SCF) activated, the feedback speed limit shall be 

set to a high speed (at least 20 km/h higher than the tested speed 

limit). The vehicle shall be run just below the high perceived speed 

limit without applying a positive action and without engaging the SCF. 

While driving, the feedback speed limit shall be set to the tested 

speed limit. 

▪ The test will last for a minimum of 30 seconds after the ISA accepts 

the lower feedback speed limit, or until the real speed of the vehicle 

matches the feedback speed limit (whichever occurs first).  

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

o Pass/fail criteria: 

▪ The SCF should start to limit the vehicle speed to the road limit no 

later than 30 s after the new road speed limit has been adopted as 

the new feedback speed limit. 

▪ Information about the feedback speed limit complying with the 

specifications in Section 4.3.4.3 shall be given when the vehicle 

speed is exceeding the feedback speed limit. 

• SCF deactivation test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  
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▪ With the ISA (and SCF) switched OFF, the vehicle shall be run at a 

speed of 15 km/h below the road speed limit. Ensure that the 

feedback speed limit is set to the road speed limit. The vehicle shall 

then be accelerated to engage the SCF, without applying a positive 

action.  

o Pass/fail criteria: 

▪ The SCF shall not engage, allowing the vehicle to exceed the feedback 

speed limit without applying a positive action. 

▪ With the ISA system switched off, the driver should not receive 

warnings from the ISA system. 

▪ Information about the feedback speed limit may be given to the 

driver. 

• SCF override test: 

o Test procedure: 

▪ The test shall be run at a representative City road speed limit 

(existent in the region of test).  

▪ With the ISA (and SCF) activated, the vehicle shall be run at a speed 

of 15 km/h below the road speed limit. Ensure that the feedback 

speed limit is set to the road speed limit. The vehicle shall then be 

accelerated to engage the SCF, without applying a positive action. 

▪ The technical service is required to compare the real speed (e.g. 

independently measured with GPS) of the vehicle to the feedback 

speed limit. 

▪ Once the vehicle reaches the feedback speed limit and the stabilised 

vehicle speed has been established, the assessor shall override the 

feedback limit by applying a positive action; as specified by the 

manufacturer e.g. kickdown.  

o Pass/fail criteria: 

▪ The override function shall allow a smooth and safe override and not 

result in immediate, unanticipated, inappropriate acceleration. 

• SCF overrun test: 

o Test procedure: 

▪ The test shall be run at one representative road speed limit at the 

choice of the technical service (existent in the region of test).  

▪  With the ISA (and SCF) activated, the vehicle shall be run at a speed 

just below the road speed limit. Ensure that the feedback speed limit 

is set to the road speed limit. 

▪ Force the vehicle into an overrun condition (e.g. pulling or downhill) 

where the engine braking is not able to maintain the feedback speed 

limit.  

▪ Measure the speed at which the overrun warning is initiated. 

o Pass/fail criteria: 

▪ When the SCF is not able to limit to and/or maintain the feedback 

speed limit: 

• a warning complying with the specifications in Section 4.3.5.3 

shall be given., and 
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• information about the feedback speed limit complying with the 

specifications in Section 4.3.4.3 shall be given. 
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HOW TO OBTAIN EU PUBLICATIONS 

Free publications: 

• one copy: 

via EU Bookshop (http://bookshop.europa.eu); 

• more than one copy or posters/maps: 

from the European Union’s representations (http://ec.europa.eu/represent_en.htm);  

from the delegations in non-EU countries 

(http://eeas.europa.eu/delegations/index_en.htm);  

by contacting the Europe Direct service (http://europa.eu/europedirect/index_en.htm) 

or calling 00 800 6 7 8 9 10 11 (freephone number from anywhere in the EU) (*). 
 
(*) The information given is free, as are most calls (though some operators, phone boxes or hotels may 
charge you). 

Priced publications: 

• via EU Bookshop (http://bookshop.europa.eu). 

Priced subscriptions: 

• via one of the sales agents of the Publications Office of the European Union 

(http://publications.europa.eu/others/agents/index_en.htm). 

 

 

 

http://europa.eu.int/citizensrights/signpost/about/index_en.htm#note1#note1
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EXECUTIVE SUMMARY 

Intelligent Speed Assistance (ISA) means a system to aid the driver in maintaining the 

appropriate speed for the road environment by providing dedicated and appropriate 

feedback. 

Regulation (EU) 2019/2144 of the European Parliament and Council has entered into 

force and will help ensure the deployment of new advanced safety features with high 

potential of saving lives on EU roads. One of a package of measures to be implemented 

within this revision is the mandatory fitment of ISA to passenger cars, vans, trucks, 

buses and coaches.  

The objective of the ISA work package was to develop draft technical annexes setting out 

requirements and test procedures for secondary type approval legislation for regulatory 

ISA systems for vehicle categories M1, M2, M3, N1, N2 and N3. This work package was 

divided into the following tasks: 

• Task 1: Review and scope contents of draft technical annexes 

• Task 2: Detailed development of requirements and tests 

• Task 3: Trials of track-based test procedures  

• Task 4: Consultations / liaison 

• Task 5: Reporting, meetings and ad-hoc support 

Task 1 and part of Task 4 were completed in 2019. This work made a preliminary 

recommendation for the contents of the draft technical annexes for the secondary type 

approval legislation for ISA, based on literature review and bilateral meetings with 14 

stakeholders (3 automotive OEMs, 1 automotive & heavy vehicle OEM, 5 tier 1 suppliers, 

2 test houses/technical services, 1 consumer test organisation, 1 non-government 

organisation, 1 academic organisation). The preliminary recommendations and relevant 

supporting information were documented in a First Interim Report on ISA (Annex 1.1 of 

the Final Report), which was circulated to stakeholders for comment. Feedback was 

received from 13 stakeholders (1 OEM association, 2 automotive OEMs and 1 automotive 

& heavy vehicle OEM; 1 supplier association and 3 suppliers; 1 consumer test 

organisation; 4 non-government organisations).  

Following this, the second stage of the work further developed the draft technical 

annexes taking into account comments from stakeholders on the report mentioned above 

and further stakeholder consultation. It was originally envisaged that this work would 

include trials of the track-based test procedures developed, but unfortunately this was 

not possible because of restrictions related to the COVID-19 pandemic. The Commission 

has arranged for TRL to review test results from industry-run trials and update the 

proposal as required. One set of results has been presented by industry and taken into 

account for the regulatory proposal. 

This report details the draft technical annexes developed, including requirements, test 

procedures and associated performance limits, the thinking behind their development, 

and, where appropriate, justification for the text content, as well as recommendations for 

remaining work and the way forward. 
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INTRODUCTION 

TRL are providing support to the European Commission to develop the secondary type 

approval legislation for the following vehicle safety measures in the context of the 

General Safety Regulation (Regulation (EU) 2019/2144 of the European Parliament and 

Council): 

• AEB: Advanced Emergency Braking (light duty, vehicles and pedestrians/cyclists)  

• DDR: Driver Drowsiness and Attention Monitoring, Driver Readiness Monitoring for 

Automated Driving & Advanced Distraction Recognition 

• EDR: Event Data Recorder  

• FFW: Frontal Full-Width Impact  

• HED: Pedestrian and Cyclist Enlarged Head Impact Zone 

• ISA: Intelligent Speed Assistance  

• ELKS: Emergency Lane Keeping System 

• REV: Reversing Safety  

• TPM: Tyre Pressure Monitoring (heavy duty)  

• VIS: Direct Vision & Pedestrian and Cyclist Detection (heavy duty) 

This work package is related to Intelligent Speed Assistance (ISA), a system to aid the 

driver in maintaining the appropriate speed for the road environment by providing 

dedicated and appropriate feedback.  

The objective of this work package is to develop draft technical annexes setting out 

requirements and test procedures for secondary type approval legislation for regulatory 

ISA systems for vehicle categories M1, M2, M3, N1, N2 and N3. This work package was 

divided into the following tasks: 

• Task 1: Review and scope contents of draft technical annexes 

• Task 2: Detailed development of requirements and tests 

• Task 3: Trials of track-based test procedures  

• Task 4: Consultations / liaison 

• Task 5: Reporting, meetings and ad-hoc support 

Task 1 and part of Task 4 were completed in 2019. This work made a preliminary 

recommendation for the contents of the draft technical annexes for the secondary type 

approval legislation for ISA, based on literature review and bilateral meetings with 14 

stakeholders (3 automotive OEMs, 1 automotive & heavy vehicle OEM, 5 tier 1 suppliers, 

2 test houses/technical services, 1 consumer test organisation, 1 non-government 

organisation, 1 academic organisation). The preliminary recommendations and relevant 

supporting information were documented in a First Interim Report on ISA (Annex 1.1 of 

the Final Report), which was circulated to stakeholders for comment. Feedback was 

received from 13 stakeholders (1 OEM association, 2 automotive OEMs and 1 automotive 

& heavy vehicle OEM; 1 supplier association and 3 suppliers; 1 consumer test 

organisation; 4 non-government organisations).  

Following this, the second stage of the work further developed the draft technical 

annexes taking into account comments from stakeholders on the report mentioned above 

and further stakeholder consultation. It was originally envisaged that this work would 

include trials of the track-based test procedures developed, but unfortunately this was 

not possible because of restrictions related to the COVID-19 pandemic.  

This report is divided into three main sections. The first section describes the approach 

taken to develop the requirements and tests and write the draft regulatory text. The 
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second section describes the draft regulatory text, including the thinking behind it, and, 

where appropriate, justification for the text content. The third and final main section 

describes the recommendations for remaining work and the way forward. Annexes 1–4 

provide additional content; notably Annex 1 contains the entire draft regulatory text in 

continuous tables. 
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APPROACH 

The principles and remit followed to develop the requirements and test procedures were 

the same as those reported in the First Interim Report on ISA (Annex 1.1 of the Final 

Report). It is interesting to note that stakeholders emphasized the importance of the 

general principle that the regulation should not be design restrictive and thus, as far as 

possible, performance based, because they thought that this should help to enable 

competition, which in turn should lead to better and more cost-effective solutions. 

The first step taken was to review and understand better stakeholder feedback to the 

first report, which made a preliminary outline recommendation for the contents of the 

draft technical annexes for the secondary type approval legislation. Part of this work 

involved a number of meetings with major stakeholder groups (for example ACEA and 

CLEPA), one of which the Commission was present at. In these meetings conceptual 

content was discussed, but no detailed draft text was shared. These meetings also 

allowed the development of some key ideas and highlighted some problems, as follows: 

• Ideas which arose to resolve potential issues: 

o Catalogue of road signs 

▪ There are a large number of signs related to speed limits in the 

European Union, which are often different between member states. 

In many cases the speed limit associated with these signs is 

different for different vehicle categories. In order to prevent 

ambiguity, the regulation should define precisely the signs based 

upon which an approved ISA system should determine road speed 

limits (as a minimum) and the speed limits associated with those 

signs by vehicle class if appropriate. To achieve this, it was 

proposed that a catalogue of road signs should be made containing 

this information.  

o Cascaded warnings 

▪ To some extent, defining requirements for an effective warning 

indication for ISA involves obtaining a balance between making the 

warning intrusive enough so that it is noticeable and easily 

recognised by the driver, but not so intrusive that it annoys the 

driver so that they deactivate the system, thus losing any potential 

benefit from it. To help resolve this problem the idea of allowing the 

fitment of a cascaded acoustic warning (on top of a visual warning) 

with a time delay and related to the magnitude of the speeding  

was proposed.  

o Region- or country code setting 

▪ Knowledge of the current region or country of operation is required 

to determine implicit speed limits, i.e. those where a sign does not 

show a numerical value (e.g. a national speed limit sign or a 

motorway sign). In order to provide flexibility in the regulation to 

design systems which do not have a positioning capability (e.g. 

GPS), the idea was proposed to permit a manual or semi-automatic 

setting of the region- or country code. 

• Problems which arose: 

o Mismatch of aspirations  

▪ The main problem that arose was an apparent mis-match of the 

aspirations between the European Parliament and European 

Commission, and the industry regarding the minimum capability of 

ISA systems that the regulation should mandate; the Parliament 
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and Commission arguably having somewhat higher aspirations than 

industry stakeholders.  

▪ The industry proposed that minimum capability mandated should be 

an ISA system which would recognise numerical (explicit) signs only 

but with high reliability. An advantage of this proposal is that it 

should be possible to implement this type of system at a lower cost 

using camera technology that is currently readily available. A 

disadvantage is that coverage of the system may not be as high as 

for more advanced systems, for example it may not recognise 

urban speed limits in some member states which use implicit signs. 

▪ The Parliament and Commission proposed that the minimum 

capability mandated should be higher and include: 

• At least recognition of key non-numerical signs,  

• A real-world based assessment of the performance of the 

ISA system, carried out by a technical service 

It was noted that an ISA system based on current readily available 

technology may require map data to achieve this level of capability, 

which entails additional cost compared to a camera-only based 

system. However, this cost could be minimised by using a reduced 

map stack, which only contains the required speed limit 

information, and not installing an on-board navigation system which 

is often included in current vehicles fitted with camera-map fusion 

systems. Nevertheless, it is acknowledged that newly integrating a 

positioning system and electronic map elements (in addition to a 

camera) into a vehicle’s E/E architecture could be very challenging 

within the regulatory timeframe for certain vehicle models. Lastly, it 

should be stated that higher prevalence of explicit speed limit signs 

in European member states would make the task to determine the 

applicable speed limit considerably easier. 

o Trucks speed limits  

▪ These are often quite different to those posted, vary with class of 

vehicle and can also vary with other aspects, e.g. the weight of the 

load that the truck is carrying. 

▪ Clearly, it is unrealistic to expect the minimum requirements for a 

regulated ISA system to take into account the weight of the load 

that the truck is carrying to determine the speed limit. Therefore, it 

was proposed that ISA systems on trucks should only be required to 

take into account the relevant speed limits in the catalogue, which 

is not intended to include load related ones, and other special 

variable conditions (that is, conditions which require information 

going beyond the current region or country of operation and the 

current road class, such as trailer status, prevailing environmental 

conditions, time of year, driver age or experience, or standing 

passengers) are excluded from the requirements unless the 

relevant electronic signals are available on the vehicle. However, 

further work will be required to determine precisely what speed 

limits the catalogue should contain for trucks. 

In response to the ideas and problems above, the approach taken to develop and draft 

the requirements and procedures was as follows:  

• Define requirements and test procedures in a technology neutral way, i.e. in a 

way that aims to allow all technologies included in the regulatory remit (set by 
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Regulation (EU) 2019/2144) to be approved if they meet the minimum functional 

requirements and performance levels. 

• Work to the aspiration level of the European Parliament and European 

Commission. 

• Take a modular approach to allow implementation in a step-wise fashion if 

desired. 

• Take industry stakeholder feedback into account, for example, by removing 

design restrictions, allowing different test procedures as far as possible, and 

permitting cascaded warnings and manual or semi-automatic region- or country-

code setting. 
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DEVELOPMENT OF REQUIREMENTS AND TEST PROCEDURES 

3.1 Subject matter, exemptions and definitions 

3.1.1 Subject matter 

The scope of mandatory ISA fitment is defined in Article 6 of Regulation (EU) 2019/2144, 

which refers to “all motor vehicle categories”. Item D8 of Annex II specifies ISA as 

mandatory equipment for vehicle categories M1, M2, M3, N1, N2 and N3 from 5th July 2022 

(new types) and 5th July 2024 (new registrations). Approval of separate technical units 

(STUs) shall be possible; component approval is not envisaged. The subject matter of the 

draft EC regulation is defined by reference to Regulation (EU) 2019/2144. 

 

Draft text: 

0.1 Subject matter 

This Regulation establishes detailed technical requirements and test procedures 

for the EC type approval of the vehicles referred to in Article 6 of Regulation 

(EU) 2019/2144 in respect of their Intelligent Speed Assistance system and of 

Intelligent Speed Assistance separate technical units (‘STUs’). 

 

3.1.2 Exemptions 

TRL did not, in this study, identify a need to exempt entire classes of vehicles based on 

technical reasons that would make fitment of ISA unfeasible. However, certain vehicles 

could be exempted from certain requirements based on characteristics of their usage 

(e.g. the necessity to exceed the road speed limit during their operation). Note that 

requirements for small series or individual approvals are not in scope of this study. 

ACEA feedback on the first interim report suggested exemptions for ambulances and 

police vehicles. TRL agrees with this suggestion. Usage of such vehicles by private 

owners after they are sold on by public authorities at their end of service will be 

regulated by national construction and use requirements, which may or may not permit 

operation without ISA. Exemptions from the requirement to fit ISA as drafted by TRL 

below, based on the wording used in UN Regulation No. 17 (prohibition to install side-

facing seats), could be included. It could also be considered to exempt relevant vehicles 

only from speed limit warning and speed control requirements, while still requiring speed 

limit information to be displayed to the driver. The European Commission will decide 

whether and which exemptions are adequate. 

The industry suggestions to exempt: 

• special purpose vehicles (MxS and NxS) was not applied because TRL identified no 

convincing justifications for entire classes of special purpose vehicles; 

• off-road vehicles (MxG and NxG) was not applied because these vehicles will 

frequently be used on-road and should therefore be subject to the same 

requirement as other on-road vehicles; 

• all top-speed limited vehicles (UN Regulation No. 89 on speed limitation devices) 

was not applied because these vehicles will still be used on roads with speed limits 

lower than their top speed (e.g. in urban areas, at roadworks, etc.); 

• vehicles that have a limited area of operation, such as city buses, was not applied 

because, although the normal operation of these vehicles may be restricted to a 

specific geographical area in day-to-day use at least for a certain time following 
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initial registration, based on EC type approval these vehicles will be allowed to be 

sold and operated in the entire EU and should therefore be compatible with the 

infrastructure in all European countries. 

 

Draft text: 

0.2 [Exemptions 

Ambulances or vehicles intended for use by the armed services, civil defence, 

fire services and forces responsible for maintaining public order are exempted 

from the requirement to be equipped with an intelligent speed assistance 

system.] 

 

3.1.3 Definitions 

Definitions were drafted as required to ensure that the meaning of the draft text was 

clear and unambiguous. Note that the definition of ‘Intelligent Speed Assistance’ (ISA) is 

included by reference to Article 3 of Regulation (EU) 2019/2144: 

“‘intelligent speed assistance’ means a system to aid the driver in maintaining the 

appropriate speed for the road environment by providing dedicated and 

appropriate feedback” 

 

Draft text: 

0.3 Definitions  

For the purposes of this Regulation and in addition to the definitions laid down in 

Article 3 of Regulation (EU) 2018/858, the following definitions apply: 

0.3.1 “Speed limit information function (SLIF)” comprises the speed limit 

determination system that determines the perceived speed limit, and an 

interface that communicates the perceived speed limit to the driver. 

0.3.2 “Speed limit warning function (SLWF)” means a function that alerts the driver 

that the speedometer speed is exceeding the perceived speed limit. 

0.3.3 “Speed control function (SCF)” means a function that attempts to limit the 

speedometer speed to a stable speed at or below the perceived speed limit.   

0.3.4 “Speed limit determination system” means the specific hardware required to 

obtain the speed limit through the observation of road signs and signals, based 

on infrastructure signals or electronic map data, or both. 

0.3.5 “Speed limit feedback system” means the specific hardware required to 

communicate the speed limit to the driver (SLIF HMI interface) and to provide 

feedback to the driver (SLWF or SCF).  

0.3.6 “Speedometer speed” means the driving speed of the vehicle as displayed by the 

speedometer. 

0.3.7 “Road speed limit” means the currently applicable maximum permitted legal 

driving speed at the vehicle’s location for the category of vehicle that the ISA 

system is fitted to. 

0.3.8 “Explicit speed limit sign” means an applicable road sign which shows a 

numerical value. 

0.3.9 “Implicit speed limit sign” means an applicable road sign which does not show a 

numerical value. 
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0.3.10 “Perceived speed limit” means the road speed limit as obtained by the speed 

limit determination system. 

0.3.11 “Catalogue of road signs” means the definitive list of national and regional 

variants of road sign types [and variable message sign types] based upon which 

ISA shall obtain the perceived speed limit. 

0.3.12 “Applicable road sign” means a sign contained in the catalogue of road signs for 

the category of vehicle to be approved and which is applicable to at least one 

lane of the vehicle’s carriageway, including both non-electronic signs and 

variable message signs, but not including speed limit road markings. 

0.3.13 “Common space” means an area on which two or more information functions 

(for example, symbol) may be displayed, but not simultaneously. 

0.3.14 “Self-check” means an integrated function that checks for a system failure on a 

continuous basis at least while the system is active. 

0.3.15 “Vehicle master control switch” means the device by which the vehicle’s on-

board electronics system is brought, from being switched off, as in the case 

where a vehicle is parked without the driver being present, to normal operation 

mode. 

0.3.16 “Type of ISA STU” means a combination of specific hardware which does not 

differ in such essential respects as the characteristics and functionality of the 

speed limit determination system and its performance when operated on a public 

road located within the territory of the European Union. 

0.3.17 “Vehicle type with regard to the installation of an ISA system” means motor 

vehicles which do not differ in such essential respects as: 

(a) The characteristics and functionality of the speed limit determination 

system 

(b) Characteristics of the installation of the speed limit determination 

system within the vehicle which significantly influence its performance 

when operated on a public road located within the territory of the 

European Union 

(c) The characteristics and functionality of the speed limit feedback 

system 

 

3.2 General requirements 

3.2.1 Vehicle and STU approval and multi-stage vehicles 

The general requirements on vehicle and STU approval set out the structure of the 

subsequent specific requirements, which are split into SLIF, SLWF and SCF. An ISA 

system is required to contain a SLIF and, at the choice of the manufacturer, either a 

SLWF or a SCF.  

For approval of a vehicle with regard to an ISA system, all specific requirements apply, 

as referenced in point 1.1.1.  

For approval of an ISA STU, point 1.1.3 applies, which references the specific 

requirements relating to the speed limit determination. This is intended to remove the 

burden of repeated testing of the speed limit determination system, e.g. camera or 

camera-and-map fusion system, for a manufacturer or tier 1 supplier if identical systems 

are used for different vehicle types. If an approved ISA STU is used for speed limit 

determination, the vehicle approval shall cover the vehicle-related specific requirements 

as referenced in point 1.1.2 (i.e. all requirements except 2.4.2). 
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Multi-stage type approvals shall be permissible as long as the ISA system and the 

relevant sensors are not modified at subsequent stages. 

 

Draft text: 

1.1 An ISA system shall comprise a SLIF and either a SLWF or a SCF.  

1.1.1 Type approval of a vehicle with regard to the installation of an ISA system 

shall be subject to the vehicle and its system complying with: 

(a) System requirements laid down in points 2.1, 2.2 and 2.3, and 

(b) SLIF requirements laid down in point 2.4, and 

(c) SLWF requirements laid down in point 2.5 or SCF requirements 

laid down in point 2.6. 

1.1.2 Where the motor vehicle is fitted with a type of ISA STU that has been type 

approved, the vehicle and its system shall have to comply with: 

(a) System requirements laid down in points 2.1, 2.2 and 2.3, and 

(b) SLIF requirements laid down in point 2.4.1, and 

(c) SLWF requirements laid down in point 2.5 or SCF requirements 

laid down in point 2.6. 

1.1.3 Type approval of an ISA STU shall be subject to the STU complying with 

the SLIF requirements laid down in point 2.4.2. 

1.1.4 In case of multi-stage type approval, the type approval granted at a 

previous stage in respect of the installation of an ISA system in the (base) 

vehicle shall remain valid, provided that the ISA system and the relevant 

sensors are not modified. 

 

3.2.2 Real-driving error rate  

Article 6, clause 1 (e) of Regulation (EU) 2019/2144 demands setting of performance 

targets for speed limit determination in real-driving operation: 

“its performance targets shall be set in order to avoid or minimise the error rate 

under real driving conditions.” 

This stipulation forms the basis for TRL’s proposed real-world driving reliability 

requirements and tests (see Sections 3.3.2.2 and 3.4.1.3). The general requirement, as 

drafted below, applies the broad regulatory stipulation to minimise or eliminate errors in 

real driving conditions by referring to the technically feasible and thus more narrow 

conditions laid down in the specific requirements of the draft text (point 2.4.2.4). 

 

Draft text: 

1.2 Subject to specific requirements below, the ISA system shall be designed to 

avoid or minimise the error rate under real driving conditions. 

 

3.2.3 Applicability of requirements in the European Economic Area (EEA) 

The requirements for ISA, in particular relating to determining speed limits associated 

with applicable road signs, shall only apply on public roads, i.e. excluding private roads, 
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e.g. car parks, where national standards for installation of road signs may not apply and 

where speed limits cannot be expected to be mapped reliably.  

Some non-European Union (EU) member state countries, e.g. Turkey, use similar or 

identical road signs but may position them differently, have different rules regarding 

applicability and termination of speed limits and would not be covered in EU map data. 

ACEA suggested to state clearly that ISA requirements only apply on roads located within 

the EU to avoid ambiguity over whether these signs need to be detected by the approved 

system. TRL agrees with the suggestion of explicit location-based limitations. 

The European Commission requested application of the requirements to the European 

Economic Area (EEA), consisting of the EU member states and Iceland, Liechtenstein and 

Norway, which are part of the EC type approval regime. Other countries, e.g. the United 

Kingdom or Switzerland, shall be free to apply the requirements in national regulation at 

their choosing. Note that other references in the draft regulation to the ‘territory of the 

European Union’ may need to change to ‘territory of the European Economic Area’, which 

was left to European Commission legal experts to investigate. 

The validity of existing approvals shall not be impacted if the composition of the EEA 

subsequently changes, e.g. extension with new member states.   

 

Draft text: 

1.3 The requirements set out in this Regulation shall at least apply when the 

vehicle is operated on a public road located within the territory of the 

European Economic Area, as defined at the time the type approval is 

issued. 

 

3.2.4 Privacy and data protection 

The expectations of the European Parliament and the Council of the European Union with 

regard to privacy and data protection relating to ISA and other safety systems are set 

out in Recitals (10) and (14) of Regulation (EU) 2019/2144: 

Recital (10): “[…] intelligent speed assistance […] are safety systems that have a 

high potential to reduce casualty numbers considerably. […] Any such safety 

systems should function without the use of any kind of biometric information of 

drivers or passengers, including facial recognition.” 

Recital (14): “Any processing of personal data, such as information about the 

driver processed in event data recorders or information about the driver’s 

drowsiness and attention or the driver’s distraction, should be carried out in 

accordance with Union data protection law, in particular Regulation (EU) 2016/679 

of the European Parliament and of the Council.” 

From a technology perspective, future ISA systems could be envisaged which identify 

individual occupants using biometric information to offer personalised settings, collate 

speed limit compliance records for sharing with insurance providers, etc. The draft 

regulation shall ensure that the ISA functionality required for type-approval is offered 

without the need for drivers to provide consent to using biometric information. 

Should other EU-specific type approval regulations stipulate recording of information 

about speed limit compliance, e.g. future event-data recorder (EDR) or data storage 

systems for automated driving (DSSA) requirements, this information may be provided 

by the type approved ISA system to avoid the necessity to install an additional system 

for that purpose.  

Processing of personal data shall be carried out in accordance with applicable data 

protection legislation. However, TRL, in line with stakeholder feedback received, 
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considers it not necessary to include a specific stipulation in the type approval regulation 

as relevant Union data protection law automatically applies. 

 

Draft text: 

1.4 Privacy and data protection 

1.4.1 The ISA system shall offer the required functionality in the normal 

operation mode without the use of biometric information, including facial 

recognition, of any vehicle occupants. 

1.4.2 The ISA system shall not continuously record nor retain any data related to 

incidents of exceeding the speed limit other than what is necessary in 

relation to perform the required ISA functionality or other European Union 

specific regulatory acts regarding vehicle approval. 

 

3.3 Specific requirements 

The specific requirements were divided into the following four main parts: 

• ISA failure warning, control and provisions for Periodic Technical Inspection (PTI), 

the first two of which are related to the Human Machine Interface (HMI) 

• Speed Limit Information Function (SLIF) 

• Speed Limit Warning Function (SLWF) 

• Speed Control Function (SCF) 

3.3.1 ISA failure warning, control and provisions for Periodic Technical Inspection  

Failure warning 

Following a similar approach to other regulations (e.g. UN Regulations No. 130 and 152) 

text was drafted to require a constant optical failure warning signal for electrically 

detectable failures and non-electrical failures, such as sensor obscuration, excluding 

temporary obscuration, such as sun glare. This warning signal can also be used to 

indicate when the system is deactivated. In other regulations this signal is often 

mandated to be yellow. However, this requirement was dropped because systems which 

use other colours may already be in use, i.e. fitted to vehicles. 

 

Draft text: 

2.1 ISA failure warning 

2.1.1 A constant optical warning signal shall be provided when there is a failure 

in the ISA system that prevents the requirements of this Regulation of 

being met. 

2.1.1.1 There shall not be an appreciable time interval between each ISA self-

check, and subsequently there shall not be a delay in illuminating the 

warning signal, in the case of an electrically detectable failure. 

2.1.1.2 Upon detection of any non-electrical failure condition (for example, sensor 

obscuration excluding temporary obscuration such as sun glare), the failure 

warning signal as defined in point 2.1.1 shall be activated. 

 

Control (Deactivation / re-activation) 
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Regulation (EU) 2019/2144, Article 6, clause 2 (b) requires: 

“it shall be possible to switch off the [ISA] system; information about the speed 

limit may still be provided, and intelligent speed assistance shall be in normal 

operation mode upon each activation of the vehicle master control switch” 

Text was drafted to reflect these requirements, i.e. require fitment of a means to 

deactivate the ISA and its reinstatement upon each activation of the vehicle master 

control switch. However, for the Emergency Lane Keep System (ELKS) draft text, a 

stakeholder requested that the text related to the reinstatement be modified by adding 

the part in square brackets, see below: 

“The ISA system shall be automatically reinstated in normal operation mode upon 

each activation of the vehicle master control switch, [at least provided the driver 

door is opened in-between].” 

This additional text is also included here to be consistent with the ELKS draft text. The 

reason given for it was to cover situations when the driver has not completed a journey 

and has, for example, switched their car off at traffic lights or in a traffic jam to save fuel 

or indeed has stalled the car. Reinstatement of the ISA in these situations could increase 

customer annoyance. As for the ELKS text, the Commission should consider whether or 

not this proposed modification should be included in the draft text. 

Regulation (EU) 2019/2144, Recital (11) states in regard to the switch-off feature: 

“[…] It should allow for intelligent speed assistance to be switched off for as long 

as necessary and to be easily switched back on by the driver. […] and the driver 

should always be made aware of whether the system is on or off.” 

To help ensure that a driver is not discouraged from re-activating the ISA system after 

deactivating it and in line with Recital (11), draft text was added to require that it should 

not be more onerous to reactivate the system than deactivating it (point 2.2.1.3) and 

that the driver shall be informed when the system is deactivated (point 2.2.1.2). Note 

that TRL’s initial suggestion in the First Interim Report on ISA (Annex 1.1 of the Final 

Report) to require a specific ISA OFF tell-tale using a harmonised symbol has not been 

included in the draft text based on industry feedback. If a harmonised symbol is 

considered appropriate in the future, this should be included in UN Regulation No. 121. 

In addition, in alignment with stakeholder feedback, draft text was written to permit 

automatic deactivation of the ISA when ‘highly automated systems’ and not the driver 

control the speed of the vehicle. It should be noted that ‘highly automated systems’ are 

SAE level 3 and above systems as defined in SAE J3016_2018061 and do not include SAE 

level 2 systems such as Adaptive Cruise Control with lane centering. Care was taken to 

ensure that this was clear in the draft text by including reference to a definition of these 

systems, i.e. ‘those systems which perform the object and event detection and response 

dynamic driving subtask’ and to give an example of such a system, i.e. Automated Lane-

Keeping System (ALKS) for low speed application. 

ALKS for low speed application is a system which is activated by the driver and which 

keeps the vehicle within its lane for travelling speed of 60 km/h or less by controlling the 

lateral and longitudinal movements of the vehicle for extended periods without the need 

for further driver input which operates continuously under “hands off” driver supervision.  

 

Draft text: 

2.2 ISA control 

 

1 SAE J3016_201806 Available from: https://saemobilus.sae.org/content/j3016_201806 

https://saemobilus.sae.org/content/j3016_201806
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2.2.1 It shall be possible for the driver to manually deactivate the ISA system. 

When deactivated, the ISA system shall continue determining the road 

speed, and information about the perceived speed limit may still be 

provided to the driver. The following conditions shall apply as appropriate. 

2.2.1.1 The ISA system shall be automatically reinstated in normal operation mode 

upon each activation of the vehicle master control switch, [at least provided 

the driver door is opened in-between]. 

2.2.1.2 A constant optical warning signal shall inform the driver that the ISA 

system has been deactivated. The failure warning signal specified in point 

2.1.1 may be used for this purpose.  

2.2.1.3 Following manual deactivation of the ISA system, it shall be possible for the 

driver to re-activate the system with no more than the number of actions 

required to deactivate it.  

2.2.2 Automatic deactivation of ISA is permitted in situations when highly 

automated systems control the speed of the vehicle, that is, those systems 

which perform the object and event detection and response dynamic 

driving subtask, such as Automated Lane Keeping System (ALKS).  

 

Periodic Technical Inspection (PTI) 

Provisions for PTI were drafted based closely on those in UN Regulation No. 152 for 

Advanced Emergency Braking Systems (AEBS) for M1 and N1 vehicles. 

 

Draft text: 

2.3 Provisions for the Periodic Technical Inspection  

2.3.1 At a Periodic Technical Inspection, it shall be possible to confirm the correct 

operational status of the ISA system by a visible observation of the failure 

warning signal status following a "power-ON" and any bulb check.  

In the case of the failure warning signal being in a common space, the 

common space must be observed to be functional prior to the failure 

warning signal status check. 

2.3.2 At the time of type approval, the means to protect against simple 

unauthorised modification of the operation of the failure warning signal 

chosen by the manufacturer shall be confidentially outlined. 

Alternatively, this protection requirement is fulfilled when a secondary 

means of checking the correct operational status of the ISA system is 

available. 

 

3.3.2  Speed Limit Information Function (SLIF) requirements 

3.3.2.1 SLIF display 

The draft text for the SLIF display was written taking the following high-level intent and 

justification into account: 

• Display speed limit at least when it is exceeded 

o Regulation (EU) 2019/2144, Article 6, clause 2 (a) requires that “it shall be 

possible for the driver to be made aware through the accelerator control or 
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through dedicated, appropriate and effective feedback, that the applicable 

speed limit is exceeded”.  

▪ The regulation does not contain a requirement for a permanent 

speed limit information function (SLIF), but only requires feedback 

when the speed limit is exceeded. TRL interpret the requirement of 

‘effective’ and ‘appropriate’ feedback to include providing the driver 

with information about the current limit at least when exceeding it. 

Otherwise the driver would not be able to determine by how much 

the driving speed needs to be reduced or why it is being controlled 

by the vehicle. 

▪ Stakeholder feedback supported a requirement for a non-

permanent SLIF. A reason given for this was to allow other 

information to be displayed in place of the SLIF when the speed 

limit is not being exceeded, for example, for truck drivers, a 

recommended driving speed for economy or other reasons, which 

could be lower than the road speed limit. 

• Display located in the direct field of view of the driver 

o Guidance was taken from: 

▪ UN Regulation No. 39 on speedometers, which requires that the 

display ”shall be located within the direct field of view of the driver 

and shall be clearly legible both day and night”.  

▪ Euro NCAP Speed Assist System Assessment Protocol (Euro NCAP, 

2019) requires that the display “shall be clearly seen in the direct 

field of view of the driver, without the need for the head to be 

moved from the normal driving position”.  

• Detailed display options 

o Euro NCAP have a requirement that ”the speed limit shall be shown using a 

traffic sign”. This requirement has influenced many current systems fitted 

to cars and vans. 

o UN Regulation No. 89 requires that adjustable speed limitation functions 

(ASLF) permanently indicate the adjustable speed limit value to the driver. 

Some systems achieve this via display on the speedometer. 

o Ideally, regulation should encourage competition as much as possible by 

enforcing the minimum required and not restricting design solutions. 

Stakeholder feedback supported this principle. 

o On this basis, two options were drafted; the first a display on the 

speedometer and the second a separate display using a numerical value or 

a symbol resembling a Vienna Convention speed limit traffic sign. 

• Display permitted when ISA system switched off 

o Regulation (EU) 2019/2144, Article 6, clause 2 (b) stipulates 

that, ”information about the speed limit may still be provided” when the 

ISA system is switched off.  

 

Draft text: 

2.4.1 SLIF display 
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2.4.1.1 The display of the SLIF shall be located in the direct field of view of the 

driver and be clearly legible both day and night. Additional display of the 

same information at other locations such as the navigation system display 

shall be permitted. 

2.4.1.2 In the absence of conditions leading to the deactivation of the ISA system 

according to points 2.2.1 and 2.2.2, the SLIF shall display the perceived 

speed limit to the driver, at least when the speedometer speed is exceeding 

the perceived speed limit. 

2.4.1.2.1 The perceived speed limit shall be displayed either: 

(a) on the speedometer in a manner that is noticeable and does not 

reduce the speedometer’s legibility, or  

(b) in a separate display as a numerical value either using a symbol 

resembling a Vienna Convention speed limit traffic sign (display of 

additional sub-signs is permitted) or text consisting of the value and 

the unit of measurement (km/h). 

2.4.1.3 When the ISA system is deactivated, display of the perceived speed limit is 

permitted. 

 

3.3.2.2 Speed limit determination  

Regulatory remit 

Article 6, clause 1 (c) of Regulation (EU) 2019/2144 specifies the sources from which the 

ISA system shall be capable to derive speed limit information: 

 “the dedicated and appropriate feedback shall be based on speed limit 

information obtained through the observation of road signs and signals, based on 

infrastructure signals or electronic map data, or both, made available in-vehicle” 

Based on this, observation of (conventional, i.e. non-electronic) roads signs is a 

minimum functional requirement, which at the current state of technology is usually 

realised by an in-vehicle camera. Observation of signals, which is also a necessary 

requirement, can be interpreted to relate to items such as variable message signs, 

vehicle-to-infrastructure signals or electronic map data. Based on the current state of 

technology, the regulatory stipulation therefore includes, in principle, camera-only 

systems (with the ability to interpret variable message signs) and camera-map fusion 

systems but does not include map-only systems because these don’t observe road signs. 

The draft requirements for speed limit determination have therefore been written in a 

technology neutral way, i.e. in a way that aims to allow all technologies included in the 

regulatory remit above to be approved if they meet the minimum functional requirements 

and performance levels. One of the important aspects in this regard is to only require 

determination of speed limits which are indicated by an applicable road sign (which 

means a sign contained in the catalogue of road signs for the category of vehicle to be 

approved and which is applicable to at least one lane of the vehicle’s carriageway, 

including both non-electronic signs and variable message signs, but not including speed 

limit road markings); other signs may be used by an advanced system but are not 

required. Note that the catalogue of road signs is yet to be defined and populated by the 

European Commission (see Section 4.1). 

 

Functional requirements 

In order to operate effectively, an ISA system must be capable of determining the speed 

limit that is currently in force for the specific vehicle and road upon which it is travelling. 

There are a number of important elements to this task: 
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• The system must be capable of recognising and correctly interpreting a range of 

permanent and temporary non-electronic road signs and electronic variable 

message signs. 

• The system must know the country (and in some cases region) in which the 

vehicle is travelling. 

• The system must know the class of road on which it is travelling. 

For sign recognition and interpretation, the task splits into two relevant categories: 

• Explicit speed limit signs, meaning signs (non-electronic and electronic) which 

show a numerical value: For passenger cars and vans, these signs can mostly be 

directly interpreted as the applicable speed limit. For heavy vehicles, the situation 

is more complex in that certain signs are not applicable to these vehicles because 

a lower implicit speed limit may apply based, for example, on the current 

country/region or  road class. The requirements in point 2.4.2.2 specify that the 

ISA system shall be able to recognise (e.g. using camera input) and interpret 

those explicit signs where the associated road speed limit for the category of 

vehicle to be approved matches the numerical value shown on the sign.  

• Implicit speed limit signs, meaning signs (non-electronic and electronic) which do 

not show a numerical value, such as city entry signs or national speed limit signs: 

For correct interpretation of the speed limit, these signs require knowledge of the 

current country/region and/or road class. The requirements in point 2.4.2.3 

specify that the ISA system shall be able to determine (using all relevant system 

inputs, e.g. using camera input and map data where applicable) speed limits 

associated with implicit signs (and with explicit signs which are included in the 

catalogue of road signs but where the associated speed limit does not match the 

numerical value shown on the sign). 

Irrespective of the type of system (camera-only or camera-map fusion), the 

requirements only include speed limits which are indicated by road signs contained in the 

catalogue of road signs (see definition ‘applicable road sign’), and meet the criteria for 

sign design, size, positioning, condition and obscuration defined in point 2.4.2.2.2, and 

are encountered in the conditions defined in point 2.4.2.2.3. The rationale underlying this 

decision is that technology neutral requirements should in principle allow systems to 

determine the speed limit with information that is available to be obtained, in principle, 

from visual observation of the road scene by a human driver. ISA is not an automated 

driving feature but a driver assistance system which remains under the control of the 

driver and can only slow a vehicle down but not accelerate it to unsafe speeds. 

Therefore, the system should not be required to compensate for shortcomings in 

infrastructure design or maintenance, which would also make speed limit determination 

challenging for human drivers. 

The country (and in some cases region) in which the vehicle is travelling can be derived 

automatically from on-board positioning systems (e.g. GNSS such as GPS) and map data, 

or from camera observation of the road signs encountered; the latter was described by 

stakeholders as less reliable at the current state of technology. In order to provide 

maximum flexibility, point 2.4.2.1 of the draft text permits either automatic detection 

(with the option to request confirmation of country changes by the driver for less reliable 

solutions) or manual setting by the driver. Manual setting would be the least convenient 

option for drivers, however might represent the solution that is easiest to implement. It 

should be noted that automatic country/region detection by GNSS would not require a 

full map-stack as used for a full navigation solution but could be realised in a more cost-

effective way by using a reduced map stack only providing a country/region border layer. 

The class of road on which the vehicle is travelling can be derived from on-board 

positioning and map data, or from camera observation of signs (e.g. motorway, 

expressway) and interpretation of road characteristics using machine vision (e.g. number 

of lanes, divided by central barrier); for the latter approach, advanced camera systems 
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are required and it was described by stakeholders as less reliable at the current state of 

technology. Again, for vehicles without an on-board navigation system, a reduced map 

stack could be used which only provides the road class layer for Europe. 

TRL suggests that other variable conditions which influence the applicable implicit speed 

limit and change frequently are not required to be taken into account for speed limit 

determination, unless the relevant electronic signals are available (point 2.4.2.3.2). 

Examples include trailer status, prevailing environmental conditions, time of year, driver 

age or experience, and standing passengers in buses and coaches. In these cases, TRL 

proposes that manufacturers base the perceived speed limit to which the system defaults 

to, on the assumed most common condition in normal operation. The manufacturer is 

free to fit additional sensors to sense the current conditions and determine the correct 

road speed limit. In effect, this provision accepts that in certain variable conditions that 

cannot be detected by existing in-vehicle sensors, an incorrect speed limit will be 

determined that is too high or too low. The Commission should consider whether or not 

this provision should be included in the draft text. 

Considering the challenges outlined above in deriving speed limits from implicit signs and 

for heavy vehicles in general, stakeholder feedback from industry suggested to focus 

requirements only on explicit signs (and require a high reliability for those) in order to 

ensure robust speed limit determination on road sections covered by explicit signs and 

accept the reduced coverage from excluding all implicit speed limits. In this study, TRL 

could not identify the proportions of the European road network which are covered by 

explicit and implicit signs. However, considering that in many countries implicit signs are 

often the only sign to indicate urban speed limits and the national speed limit on rural 

roads (i.e. the system would not work in these cases) both of which have a high casualty 

burden relating to vulnerable road users and vehicle occupants, respectively, TRL 

consider it necessary to include speed limits associated with implicit signs to provide 

adequate casualty benefits. Nevertheless, TRL support the industry suggestion to exclude 

from the set of required signs (at least initially) specific national variants which have 

characteristics that make them difficult to recognise (e.g., French city entry signs have 

different dimensions based on the length of the city name). Lastly, it should be stated 

that higher prevalence of explicit speed limit signs in European member states would 

make the task to determine the applicable speed limit considerably easier. 

 

Real-world reliability requirements 

Regulation (EU) 2019/2144 specifies that real-driving performance targets shall be set 

for ISA systems (see Section 3.2.2). Poor reliability of speed limit determination, i.e. 

failure to determine a road speed limit or incorrect determination, could cause driver 

annoyance, reduce confidence in and acceptance of the ISA system and increase drivers’ 

inclination to deactivate the system, resulting in the loss of associated casualty benefits. 

TRL specified, using information about established practice obtained in industry 

consultations, three performance metrics to measure real-world reliability in point 

2.4.2.4.2 of the draft text: 

• True positive rate (associated with event-based performance) 

• False positive rate (associated with event-based performance) 

• True positive distance (associated with distance-based performance) 

TRL suggest that all three metrics shall be measured because they put emphasis on 

different aspects of reliability and present more challenges, respectively, on lower speed 

road segments where signs are repeated more frequently and high-speed segments 

where much positive test distance can be accumulated with few sign detections. The two 

event-based metrics are calculated on the basis of the number of sign passing events 

and aim to ensure, respectively, that a high number of applicable signs is interpreted 

correctly and that a low number of non-applicable signs or other roadside objects is used 
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mistakenly to determine a speed limit. The distance-based metric aims to ensure that a 

high proportion of the distance driven is covered with correct speed limit information. 

Distance-based measurements take the retention period of speed limit information (i.e. 

after what distance after a sign passing event does the ISA system determine ‘speed 

limit unknown’) into account implicitly. TRL therefore decided, based on stakeholder 

feedback and to ensure design freedom by manufacturers and tier 1 suppliers, to not 

prescribe explicit minimum retention periods in the draft text. 

The pass/fail thresholds for the above performance metrics, also specified in point 

2.4.2.4.2, were defined by the European Commission and included in the report at their 

request. In TRL’s view, taking into account input from individual stakeholders, these 

values  appear suitable to ensure an adequate minimum performance level and technical 

feasibility, however should be further confirmed in trials. Stakeholder have not had an 

opportunity to comment on these values before this report was written. When 

interpreting the thresholds it needs to be understood that the prescribed values take into 

account only stretches of road where the speed limit is indicated by a road sign contained 

in the catalogue and where the conditions outside the control of the in-vehicle system are 

favourable for system performance (i.e. only road signs which are of the correct size and 

design, positioned correctly, not materially damaged and not obscured, and which are 

encountered in conditions excluding fog or direct blinding sunlight). This means that 

shortcomings in infrastructure design or maintenance and environmental conditions that 

can be challenging for sign detection and recognition are not counted negatively towards 

system performance.  

Some industry stakeholders were critical of implementing real-world reliability 

requirements taking into account implicit signs and asserted that camera-only technology 

available for implementation within the timeframe set by the regulation might not be able 

to provide sufficient reliability for customer satisfaction. (The stakeholder suggestion to 

focus on explicit signs only instead is discussed above). Other industry stakeholders and 

the European GNSS Agency, GSA, argued that the optimal solution were camera-map 

fusion systems because camera-only systems would incur additional cost for harmonising 

and better maintaining road signs, and because there will be situations where one of the 

sensors does not work and could be complemented by the other (e.g. bad weather for 

camera, tunnels for positioning technology). Implementation of camera-map fusion 

systems is considered more costly for vehicle manufacturers; however, it should be 

noted that there would not be a requirement for a full navigation map, but only the 

speed limit layer which is more cost effective. Nevertheless, it is acknowledged that 

newly integrating a positioning system and electronic map elements (in addition to a 

camera) into a vehicle’s E/E architecture could be very challenging within the regulatory 

timeframe for certain vehicle models. It is important to note that trials of the real-world 

procedure were not in scope of this study and TRL therefore consider it important that an 

investigation is performed whether the suggested pass/fail thresholds can be met with 

different types of currently available systems before the procedure is implemented in 

legislation. Possible approaches could include a dedicated trial programme and / or 

implementation of the real-world reliability tests as a monitoring requirement for an 

initial phase before enforcement of pass/fail thresholds, as was done for the Real Driving 

Emissions (RDE) test procedure.  

Stakeholder inputs to this study indicated that the reliability of speed limit determination 

of current systems can vary considerably between different countries, based on 

characteristics of the national infrastructure (road layout, sign positioning, frequency of 

signs, prevalence of explicit speed limit signs, etc.) or availability and accuracy of map 

data. To ensure adequate performance EU-wide, TRL therefore initially consulted on a 

suggestion to require extended real-world driving tests to be carried out by the 

manufacturer and performance be reported for all EU member states; see First Interim 

Report on ISA (Annex 1.1 of the Final Report). Taking into account stakeholder feedback 

which emphasised the disproportionate effort involved in this approach and direction 

given by the European Commission, TRL developed the more efficient approach to 

require testing in at least one EU member state to be performed by the technical service 
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and supplemented by additional documentation for audit that describes and evidences 

the due diligence activities performed by the manufacturer to ensure adequate EU-wide 

performance (see point 2.4.2.4.4). These manufacturer activities could include, for 

example, identification of and testing in the country that is considered most challenging 

for the specific system implemented (worst-case testing) and/or a quality assessment of 

the map data used throughout the EU. 

 

Life cycle performance requirements 

Regulation (EU) 2019/2144, Recital (10) states, for ISA and other regulated safety 

systems, that: 

“It is […] necessary to ensure that those systems can be used safely throughout 

the life cycle of the vehicle” 

For speed limit determination, ISA is heavily dependent on the infrastructure it operates 

in because a variety of factors impacting visual road sign observation can change over 

time (including the design, condition and positioning of road signs as well as the 

definition of their implicit meaning) and speed limits of specific roads change sometimes. 

TRL have therefore drafted requirements on life cycle performance with the aim to 

balance the need for continued reliability of speed limit determination for safe operation 

with technical feasibility (point 2.4.2.4.5). The requirements shall ensure that the 

observation system continues to recognise changes to posted speed limits (e.g. by giving 

priority to detected signs over map information in relevant circumstances) and that 

frequent updates to map data are offered to vehicles owners, if applicable. 

Acknowledging the technical difficulties that would be associated with requiring 

recognition of new sign designs or types that were developed after type approval (note 

that hardware updates might be required in some cases, where the processing 

capabilities of cameras are not sufficient for additional classifiers), the requirements, as 

drafted, are limited to speed limits that were included in the catalogue of road signs at 

the time of approval. 

An adequate time period after definite discontinuation of production still needs to be 

decided. The preliminary value of 10 years was defined by the European Commission and 

included in the report at their request. 

 

Structure of the draft text 

Based on the above considerations, a modular approach has been used to draft the speed 

limit determination requirements, which are divided into three main parts: 

• Part 1: Speed limit determination through observation of explicit speed limit signs 

• Part 2: Speed limit determination through observation of road signs and signals 

(explicit and implicit signs) 

• Part 3: Speed limit determination real-world driving reliability 

 

 

PART 1: Speed limit determination through observation of explicit speed limit signs 

Draft text: 

2.4.2 Speed limit determination 
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2.4.2.1 Region- or country-code setting 

To determine the current region or country of operation, the ISA system 

shall fulfil either requirement (a) or (b) below: 

(a) The system shall be able to automatically detect the region- or 

country-code and set it with or without user confirmation.  

(b) It shall be possible for the driver to manually set the region- or 

country-code. The user manual shall indicate that this procedure is 

required for correct operation. The system shall retain the manually 

set region- or country-code even after activation of the vehicle’s 

master control switch. 

2.4.2.2 Speed limit determination through observation of explicit speed limit signs 

2.4.2.2.1 In the absence of conditions leading to the deactivation of the system 

according to points 2.2.1 and 2.2.2, the SLIF shall be able, through 

observation of road signs (using, for example, camera input only), to 

recognise all explicit speed limit signs where the associated road speed 

limit for the category of vehicle to be approved matches the numerical 

value shown on the sign, and determine the road speed limits no later than 

when the observation sensor of the speed limit determination system (for 

example, camera) passes the road sign, at least when: 

(a) the signs meet all criteria specified in point 2.4.2.2.2, and 

(b) the signs are encountered in the operational and environmental 

conditions specified in point 2.4.2.2.3 

This shall be demonstrated in accordance with the relevant tests and 

documentation specified in point 3.1. 

2.4.2.2.2 Criteria for road signs: 

(a) of a design and size conforming to the applicable standards in 

the member state concerned 

(b) positioned in a way conforming to the applicable standards in 

the member state concerned (for example relating to lateral 

distance to the road edge, height, rotation and tilt) 

(c) showing no damage (for example, fading, reduced retro-

reflectivity, bending, cracking, vandalism) that materially affects 

their visual properties 

(d) not partially or fully covered (for example, foliage, snow or dirt 

obscuring the sign, or deliberate invalidation during roadworks) 

2.4.2.2.3 Operational and environmental conditions: 

(a) full operating speed range of the vehicle 

(b) with unobstructed view of the road sign for a continuous period 

of at least 0.5 seconds 

(c) in all illumination conditions without direct blinding sunlight and 

dipped (passing) beam head lamps if necessary 

(d) in the absence of weather conditions affecting the visibility of 

road signs (for example, fog) 
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PART 2: Speed limit determination through observation of road signs and signals 

Draft text: 

2.4.2.3  Speed limit determination through observation of road signs and signals 

2.4.2.3.1 In the absence of conditions leading to the deactivation of the system 

according to points 2.2.1 and 2.2.2, the SLIF shall be able, through 

observation of road signs and signals (using all relevant system inputs, for 

example, camera input and electronic map data where applicable), to 

determine the road speed limits associated with all applicable road signs 

(as defined in the catalogue of road signs for the category of vehicle to be 

approved, Annex 1) no later than when a point positioned on the subject 

vehicle [25 m] rear of the observation sensor of the speed limit 

determination system (for example, camera) passes the road sign, at least 

when: 

(a) the signs meet all criteria specified in point 2.4.2.2.2, and 

(b) the signs are encountered in the operational and environmental 

conditions specified in point 2.4.2.2.3 

This shall be demonstrated in accordance with the relevant tests specified 

in point 3.2. 

2.4.2.3.2 The SLIF is not required to take into account special variable conditions 

influencing the road speed limit (that is, conditions which require 

information going beyond the current region or country of operation and 

the current road class, such as trailer status, prevailing environmental 

conditions, time of year, driver age or experience, or standing passengers) 

unless the relevant electronic signals are available on the vehicle. In the 

case that special variable conditions may be present and relevant electronic 

signals are not available, the speed limit determination shall default to the 

assumed most common condition in typical normal operation. 

 

PART 3: Speed limit determination real-world driving reliability 

Draft text: 

2.4.2.4 Speed limit determination real-world driving reliability 

2.4.2.4.1 In the absence of conditions leading to the deactivation of the system 

according to points 2.2.1 and 2.2.2, the SLIF shall be able, through 

observation of road signs and signals (using all relevant system inputs, for 

example, camera input and electronic map data where applicable), to 

reliably determine the road speed limits associated with all applicable road 

signs (as defined in the catalogue of road signs for the category of vehicle 

to be approved, Annex 1), at least when: 

(a) the signs meet all criteria specified in point 2.4.2.2.2, and 

(b) the signs are encountered in the operational and environmental 

conditions specified in point 2.4.2.2.3 

2.4.2.4.2 Reliable determination of the road speed limit is fulfilled if both 

performance requirements, (a) and (b), are met in real-world driving:  

(a) Event-based performance  

- True positive rate TP_E: The correct road speed limit shall 

be determined for at least [90] per cent of sign passing 

events. A sign passing event is an instance where the vehicle 

passes a road sign as specified in point 2.4.2.4.1 and where 

no special variable conditions according to point 2.4.2.3.2 



GSR: ISA second interim report 

 

 

 

March – 2021 
 166 
 

apply. Instances where identical road signs are positioned on 

both sides of the carriageway shall be considered as a single 

sign passing event.  

- False positive rate FP_E: The false positive rate shall be 

less than or equal to [2 per 100 km] of driven distance. A 

false positive event is an instance where an object or a sign 

other than an applicable road sign is used to incorrectly 

determine the road speed limit (disregarding instances where 

a sign is positioned ambiguously to an extent that an 

average driver would be uncertain to which carriageway it 

applies or where special variable conditions according to 

point 2.4.2.3.2 apply). 

(b) Distance-based performance 

- True positive distance TP_D: The correct road speed limit 

shall be determined for at least [90] per cent of distance 

driven at least for road speed limits as specified in point 

2.4.2.4.1 and where no special variable conditions according 

to point 2.4.2.3.2 apply. 

This shall be demonstrated in accordance with a real-world driving test as 

specified in point 3.3. 

2.4.2.4.3 Before conducting the real-world driving test, in agreement between the 

Technical Service, the Type Approval Authority and the Manufacturer, a 

route outline shall be selected that is: 

(a) located on public roads within the territory of the European Union, 

and 

(b) unbiased, that is, chosen with the intention to generate a passed or 

failed test by virtue of the technical performance of the system and 

not by virtue of an extreme route choice. 

2.4.2.4.4 To demonstrate system performance requirements European Union-wide, 

the Manufacturer shall provide technical documentation that contains at 

least: 

(a) The basic design of the system and a description of the speed limit 

determination system, including the sensors and, if applicable, 

electronic map data sources used. 

(b) Description of due diligence activities performed to provide evidence 

that the requirements in point 2.4.2.4.1 are met for operation in all 

European Union member states. Examples of relevant activities 

include: 

i. Worst-case European Union member state(s) identified, and 

testing performed in them to show requirements are met 

ii. For system that uses electronic map data, an assessment of 

the integrity and reliability of the electronic map data 

throughout all European Union member states which 

indicates that requirements are met 

and also make associated evidence available for audit.  

The Technical Service shall assess the documentation provided and audit 

associated evidence to judge that reasonable and adequate steps have 

been taken to ensure that the requirements in point 2.4.2.4.1 are met for 

operation in all European Union member states. 
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2.4.2.4.5 Life cycle performance 

2.4.2.4.5.1 The Manufacturer shall ensure that the reliability of speed limit 

determination is maintained for at least [10 years] after the production of 

the approved type is definitely discontinued. This only applies to road speed 

limits as specified in point 2.4.2.4.1 in the version of this Regulation at the 

time the type approval was issued. 

2.4.2.4.5.2 If electronic map data is used to achieve the required performance, the 

Manufacturer shall offer frequent data updates to vehicle owners. These 

updates shall be made available to vehicle owners free of charge. The user 

manual shall indicate that updates are required to maintain performance 

and explain the procedure to perform updates. 

 

3.3.3 Speed Limit Warning Function (SLWF) requirements 

The draft text for the SLWF was written taking the following high-level intent and 

justifications into account: 

• Link of warning to speedometer speed 

o It was decided to link the warning to speedometer speed rather than true 

vehicle speed. The main reason for this was to reduce potential for driver 

confusion by ensuring a direct link of the warning to the speed indicated on 

the speedometer. This approach was supported by stakeholders although 

they also supported the idea of an adjustable warning threshold. However, 

an adjustable threshold was not deemed appropriate because mandatory 

ISA system should aim to enforce the applicable legal road speed limit. It 

could be argued that because a speedometer always under-predicts the 

true vehicle speed, allowing some upward adjustment would still ensure 

that the legal speed limit should not be exceeded. However, this cannot be 

guaranteed without knowing precisely how inaccurate the speedometer 

reading is (which is not known) and it could send the wrong message to 

the driver in terms of adhering to the speed limit.  

• Warning indication 

o Drafting requirements for an effective warning indication for ISA is 

challenging because it involves obtaining a balance between making the 

warning intrusive enough so that it is noticeable and easily recognised by 

the driver, but not so intrusive that it annoys the driver so that they 

deactivate the system, thus losing any potential benefit from it. If the ISA 

system produces a large number of false warnings, i.e. gives a warning 

when the vehicle is not actually speeding, this can annoy a driver even 

more and thus is also an important factor. 

o Current ISA systems are usually designed to Euro NCAP criteria and often 

have a visual warning only, although some have an acoustic warning 

mostly implemented as an option which the driver can switch on or off.  

Regulation (EU) 2019/2144, Article 6, clause 2 (a) requires that: 

“it shall be possible for the driver to be made aware through the 

accelerator control, or through dedicated, appropriate and effective 

feedback, that the applicable speed limit is exceeded” 

Based on consultations with the European Commission it was decided that 

an optical-only warning, for example a flashing traffic sign symbol in the 

instrument cluster, would not be sufficient to meet this requirement 

because it could not be considered to provide a comparable level of 
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effectiveness as the preferred feedback mode through the accelerator 

pedal. 

o Recent research performed by stakeholders (Annex 2, recent research, 

industry stakeholder) shows that while a driver may not always recognise a 

current visual only warning, they do recognise a visual warning coupled 

with an acoustic warning. However, the research also showed that most 

drivers would deactivate the ISA with the visual and acoustic warning.  

An idea for a way forward was developed through discussion with 

stakeholders of the results of this research and how a balance between a 

sufficiently intrusive warning that would not be too annoying could be 

achieved. This was to permit implementation of a cascaded acoustic 

warning on top of a visual warning. The cascaded warning could be time-

delayed compared to the visual warning and related to the magnitude of 

the speeding; if speeding is greater, the time delay for the acoustic 

warning could be less and / or the magnitude of the warning more.  

o Further recent research performed by (Carsten et al., 2020) (summary of 

results presented in Annex 3, recent research, transport safety 

stakeholder) confirmed the annoying nature of acoustic warnings and 

emphasized how much less annoying feedback through the accelerator 

pedal, by increasing the restoring force, was. However, interestingly it 

identified a speed control function as the least annoying form of feedback.   

o On the basis of the above and following the principle of enforcing the 

minimum required and not restricting design solutions, performance 

requirements for the warning were drafted based on permitting the fitment 

of either a visual warning coupled with a cascaded acoustic or haptic 

warning or a haptic warning alone, provided through the accelerator 

control. It should be noted that: 

▪ This is a first draft of potential requirements which, ideally, need 

updating following further research. Also, further stakeholder 

consultation will be required to confirm and / or update the 

parameters in square brackets.  

▪ The requirements have been drafted so that a haptic warning 

through the accelerator control is not permitted at times when the 

speed of the vehicle is being controlled by a driver aid and the 

driver may not be touching the accelerator control (e.g. cruise 

control). 

▪ The parameters for the cascade requirements have been set 

through consideration of: 

• Lowest cascade time was set mainly by considering a vehicle 

driving from a non-urban area (speed limit 80 – 100 km/h) 

into an urban area (speed limit 50 km/h), the driver not 

noticing the sign and limiting the distance travelled at a high 

speed to 50–100 m (100 m @ 100 km/h = 100/27.8 = 3.6 

sec; 50 m @ 80 km/h = 50/22.2 = 2.3 sec). 

• Highest cascade time was set mainly to allow commercial 

vehicles (CVs) to exceed the speed limit to overtake and for 

the operation of predictive cruise control. Note that if a CV 

driver speeds for more than one minute an entry will be 

made into the tachograph digital card. 

• The relationship to speedometer speed and true speed 

(Figure 1). Note that when exceeding speedometer speed by 

10 per cent, because this is within the tolerance of the 
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speedometer, the vehicle may not actually be exceeding the 

true road speed limit. 

 

Figure 1: Relationship of percent over with speedometer speed and true speed 

 

▪ The requirement that the warning shall be for at least 10 seconds or 

until the speedometer speed is equal to or below the perceived 

speed limit was aligned with Euro NCAP requirements under 

consideration that this is long enough to be noticed by the driver 

and that a warning for a longer time could lead to driver annoyance 

and potential system deactivation.  

▪ Based on stakeholder feedback and the principle of not restricting 

design solutions, a requirement was added to allow the vehicle to 

be equipped with a means to suspend the SLWF warning to allow 

for the presentation of more critical warnings, if the manufacturer 

wishes to. 

▪ Industry feedback suggested that a small speed tolerance for the 

visual warning threshold would be beneficial to avoid unnecessary 

visual warnings being provided due to small speed fluctuations in 

cruise control operation with a set speed identical to the road speed 

limit. This should be considered by the European Commission in 

further industry consultations.    

 

Draft text: 

2.5.1 In the absence of conditions leading to the deactivation of the ISA system 

according to points 2.2.1 and 2.2.2, if the perceived speed limit is known 

and the speedometer speed exceeds it, the SLWF shall warn the driver as 

specified in point 2.5.2.  

2.5.2 The warning indication shall be provided by: 

(a) a visual warning and a cascaded acoustic or haptic warning; or 

(b) a haptic warning alone 

At times when the speed of the vehicle is actively controlled by a driver aid 

where the driver is not expected to be touching the accelerator control (for 

example, cruise control), the use of a haptic warning is not permitted and 

only option (a) with a cascaded acoustic warning is permitted.  

2.5.2.1 Visual warning and cascaded acoustic or haptic warning 

The visual warning shall be noticeable and easily recognisable by the driver 

and be provided by flashing of the SLIF display or an additional visual 

signal adjacent to the SLIF display. 

It shall be provided within [2 seconds] that the speedometer speed exceeds 

the perceived speed limit and until the speedometer speed is equal to or 

Speedo speed (km/h) 130 120 100 80 65 50 30

Lowest true speed 114.5 105.5 87.3 69.1 55.5 41.8 23.6

30 percent over 169 156 130 104 84.5 65 39

30 percent over true lowest 148.9 137.1 113.5 89.8 72.1 54.4 30.7

20 percent over 156 144 120 96 78 60 36

20 percent over true lowest 137.5 126.5 104.7 82.9 66.5 50.2 28.4

10 percent over 143.0 132.0 110.0 88.0 71.5 55.0 33.0

10 percent over true lowest 126.0 116.0 96.0 76.0 61.0 46.0 26.0
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below the perceived speed limit. 

The cascaded acoustic warning shall be noticeable by the driver, unique 

and easily recognisable and be provided by a continuous or intermittent 

sound signal [or by vocal information. Where vocal information is employed 

the Manufacturer shall ensure that it uses the language(s) of the market 

into which the vehicle is sold]. The acoustic warning may be varied to 

indicate the magnitude and / or time that the speed limit has been 

exceeded for. 

The cascaded haptic warning shall be noticeable by the driver and be 

provided through the accelerator control, for example by increasing the 

restoring force of the accelerator control.   

The cascaded acoustic or haptic warning shall be provided, at least, when 

any of the following conditions are met: 

(a) Speedometer speed exceeds perceived speed limit by greater 

than or equal to [30 per cent] for longer than [3 seconds] 

(b) Speedometer speed exceeds perceived speed limit by greater 

than or equal to [20 per cent] for longer than [10 seconds]  

(c) Speedometer speed exceeds perceived speed limit by greater 

than or equal to [10 per cent] for longer than [60 seconds] 

for at least 10 seconds or until the speedometer speed is equal to or below 

the perceived speed limit. 

[The manufacturer may offer means for the driver to temporarily suppress 

the acoustic warning for the period until the perceived speed limit 

changes.] 

2.5.2.2 Haptic warning alone 

The haptic warning alone shall be noticeable by the driver and be provided 

through the accelerator control, for example by increasing the restoring 

force of the accelerator control. 

It shall be provided within [2 seconds] that the speedometer speed exceeds 

the perceived speed limit and until the speedometer speed is equal to or 

below the perceived speed limit.  

2.5.3 If the vehicle is equipped with a means to suspend the SLWF warning to 

allow for the presentation of more critical warnings (for example, forward 

collision warning or lane keep assistance), the following shall apply. 

The Manufacturer shall provide a documentation package which gives 

access to the strategy and basic design of the system which controls the 

presentation of applicable warnings to the driver. The Technical Service 

shall assess that all applicable warnings are presented to the driver in a 

manner that is intuitive and understood easily.  

2.5.4 The SLWF warning indication shall be demonstrated in accordance with the 

relevant tests specified in point 3.4. 

 

3.3.4 Speed Control Function (SCF) requirements 

Recent research performed by (Carsten et al., 2020) (summary of results presented in 

Annex 3, recent research, transport safety stakeholder) compared five different feedback 

strategies for ISA in a driving simulator setting: 

Visual warning and: 
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• Auditory warning 

• Haptic (force feedback) pedal 

• Vibrating pedal 

• SCF and vibrating pedal 

• SCF alone 

The feedback strategies were compared to a baseline situation without feedback to 

determine their effect on speed compliance and other aspects including 

pleasantness/annoyance. The overall effectiveness of an ISA system will be a 

combination of its immediate impact on speeding (compliance) combined with 

annoyance, because drivers will be more likely to switch a system off if it is perceived as 

unpleasant or annoying. 

SCF alone, the feedback mode covered in this section, was found to be effective at 

reducing driving speed to ensure speed limit compliance. Some other feedback modes 

have achieved greater reductions in speed; however, in TRL’s understanding the desired 

effect is to reduce the speed to a level at or slightly below the road speed limit 

(compliance), but not necessarily to levels much lower than that. Regarding 

pleasantness/annoyance SCF alone was identified as the most favourable option of those 

investigated, both when driving alone or with a passenger. Overall, TRL consider SCF 

alone the most effective and therefore most desirable feedback mode. 

Requirements for the SCF were drafted using input from UN Regulation No. 89 and Euro 

NCAP’s Assessment Protocol – Safety Assist (Euro NCAP, 2019), and making adaptations 

where deemed necessary.  

The functional requirement in point 2.6.1.1 was based on UN R89, however adapted to 

avoid any reference to restricting the fuel feed, in order to make it also applicable to 

electric vehicles.  

In line with the SLWF stipulations and based on the considerations outlined in Section 

3.3.3 the SCF requirements were based on speedometer speed rather than true speed. 

Note that this is different to UN R89 and Euro NCAP. Therefore, the proposed tolerance 

for the stabilised speed of –5/+0 km/h in relation to the perceived speed limit is in 

practice larger than Euro NCAP requirements because any speedometer tolerance 

permitted by UN Regulation No. 39 will add to underestimation of the speed (UN R39 

grants only negative tolerance). This decision was taken to avoid imposing implicit 

speedometer accuracy requirements while still ensuring that the true speed and the 

speed indicated to the driver will not exceed the perceived speed limit. The permitted 

variation and rate of change of stabilised speed were taken from UN R89. 

For situations where stable speed control cannot be achieved (overrun condition), e.g. 

during downhill driving, the system is required to issue a warning to ensure that drivers 

can rely on being made aware if the vehicle is speeding despite active SCF. Overrun 

warning requirements were included by reference to the corresponding SLWF 

requirements. 

The SCF shall be overridable by the driver to conform with the stipulation in Article 6, 

clause 2 (d) of Regulation (EU) 2019/2144 that ISA “shall not affect the possibility, for 

the drivers, of exceeding the system’s prompted vehicle speed”. A positive action is 

required to avoid inadvertent overrides. The condition for re-initiation of the SCF (“after 

the speedometer speed has dropped to a speed less than or equal to the perceived speed 

limit”; point 2.6.1.5) was based on established practice by Euro NCAP.  

Point 2.6.2 was added to clarify that ISA shall still support the driver while a driver aid is 

used for longitudinal control of the vehicle (e.g. cruise control). To offer maximum 

possible flexibility for manufacturers it shall be permissible for the vehicle to either 

continue limiting the vehicle speed using the SCF function or, alternatively, activate a 

SLWF. 
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Draft text: 

2.6 SCF requirements 

2.6.1 In the absence of conditions leading to the deactivation of the ISA system 

according to points 2.2.1 and 2.2.2, the SCF shall attempt to limit the 

speedometer speed to the perceived speed limit. This shall be 

demonstrated in accordance with the relevant tests specified in point 3.5. 

2.6.1.1 The SCF shall attempt to limit the speedometer speed to a stabilised 

speed by reducing the vehicle’s propulsion power (that is, driveline 

torque). The SCF shall not actuate the vehicle’s service braking system 

except for vehicles of categories M1 and N1, where the vehicle's service 

braking system may be actuated. A permanent brake (for example, 

retarder) may be incorporated only if it operates after the SCF has 

restricted the propulsion power to a minimum. 

2.6.1.2 The SCF intervention shall begin before or no later than [2 seconds] after 

the speedometer speed first exceeded the perceived speed limit. 

2.6.1.3 When stable speed control has been achieved, the speedometer speed 

shall not vary by more than 4 per cent or 2 km/h, whichever is greater, 

and the rate of change of speedometer speed shall not exceed 0.2 m/s2 

when measured on a period greater than 0.1 seconds. The stabilised 

speed shall fall within the following range: 

(perceived speed limit minus 5 km/h) ≤ stabilised speed ≤ 

perceived speed limit 

2.6.1.4 If the SCF is not able to achieve stable speed control at a stabilised speed 

equal to or below the perceived speed limit within [30 seconds] after the 

speedometer speed first exceeded the perceived speed limit, the system 

shall warn the driver in accordance with the requirements specified in 

point 2.5.2. The visual warning shall be provided immediately. The 

acoustic or haptic warning shall be provided immediately if any of the 

conditions (a), (b) or (c), specified in point 2.5.2.2, is met considering the 

period since the speedometer speed first exceeded the perceived speed 

limit. 

2.6.1.5 It shall be possible for the driver to override the SCF intervention by 

performing a positive action such as depressing substantially the 

accelerator control. Accelerator control kickdown shall not be the only 

available positive action. When a positive action is applied the SCF shall be 

temporarily suspended without causing unduly strong acceleration and be 

re-initiated after the speedometer speed has dropped to a speed less than 

or equal to the perceived speed limit. 

2.6.1.6 The SCF shall permit a normal use of the accelerator control for gear 

selection. 

2.6.1.7 The SCF shall issue a brief and subtle acoustic signal every time the 

perceived speed limit changes to a different value.  

2.6.2 At times when the speed of the vehicle is actively controlled by a driver 

aid rather than the driver (for example, cruise control), and in the absence 

of conditions leading to the deactivation of the ISA system according to 

points 2.2.1 and 2.2.2, either the SCF shall remain active in accordance 

with point 2.6.1 or a SLWF shall be activated in accordance with point 2.5. 
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3.4 Test procedures 

3.4.1 SLIF test procedures 

3.4.1.1 Speed limit determination through observation of explicit speed limit signs test 

The approach taken to develop the test procedure to verify the requirements established 

in Section 3.3.2.2, Part 1 was to write in the style of the recent UN Regulation No. 152 

on AEBS for M1 and N1 vehicles and other relevant regulations. 

Points to note: 

• The aim of the procedure is to check that the speed limit can be determined for all 

applicable explicit signs in the catalogue for which the road speed limit matches 

the numerical value on the sign, if they are in good condition and positioned 

correctly.  

• The procedure requires that the sign is passed at a speed higher than indicated on 

it to ensure that the SLIF displays the speed limit which can be observed and 

checked. This keeps the test procedure as simple as possible. Passing at a speed 

lower than indicated, the SLIF may not display the speed and thus the speed limit 

would need to be read from the vehicle in some other way, e.g. off the Controller 

Area Network (CAN) bus. 

• In case of time constraints, testing is allowed to proceed in conditions not quite 

ideal at the manufacturer’s discretion. 

• In the future, alternative equivalent and better procedures to assess may be 

developed. To permit use of these, a statement has been added that, by 

agreement between the manufacturer and the technical service, the test track-

based procedure described can be replaced with a laboratory-based procedure 

that has been shown to be equivalent. 

• The procedure has not yet been trialled due to current restrictions related to the 

COVID-19 pandemic 

 

Draft text: 

3.1 SLIF: Speed limit determination through observation of explicit speed limit 

signs test 

3.1.1 Subject vehicle conditions 

3.1.1.1 Test mass 

The vehicle mass shall be the unladen mass as declared by the 

Manufacturer. 

3.1.1.2 Tyres 

The tyres shall be bedded and the pressure shall be as recommended by 

the Manufacturer for the vehicle. 

3.1.1.3 Pre-test conditioning 

If requested by the Manufacturer the subject vehicle can be driven a 

maximum of 100 km on a mixture of urban and rural roads with other 

traffic and roadside furniture to calibrate the sensor system, and the 

country- or region code can be set (manually or automatically) to the 

country or region of test. 

3.1.2 Road signs 

The road signs used for the tests shall be explicit speed limit signs where 
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the associated road speed limit for the category of vehicle to be approved 

matches the numerical value shown on the sign. They shall meet all criteria 

specified in point 2.4.2.2.2. 

A minimum of [5] different signs of the type above (including non-

electronic road signs and those displayed on a variable message sign) as 

used in the member state where testing takes place shall be selected by 

the Technical Service for testing. The signs used for the tests shall be 

recorded in the test documentation. 

The Manufacturer shall demonstrate, through the use of documentation, 

compliance with all other explicit speed limit signs (as defined in the 

catalogue of road signs for the category of vehicle to be approved, Annex 

1) where the associated road speed limit for the category of vehicle to be 

approved matches the numerical value shown on the sign. Any such 

documentation shall be appended to the test report.  

3.1.3 Testing conditions 

The tests shall be performed: 

(a) on a flat surface which is free from uneven patches, standing 

water, snow and ice, and provides the driver an unobstructed view 

of the road sign for a continuous period of at least 0.5 seconds 

(b) in all illumination conditions without direct blinding sunlight and 

dipped (passing) beam head lamps if necessary 

(c) in the absence of weather conditions affecting the visibility of 

signs (for example, fog) 

At the Manufacturer’s discretion and with the agreement of the Technical 

Service the tests may be performed under conditions deviating from what is 

described above. 

3.1.4 Test procedure 

Drive the subject vehicle in a smooth manner so that its attitude is stable 

past the road sign selected for testing at: 

(a) a speedometer speed greater than the sign indicates, and  

(b) a distance from the road edge such that the position of the sign 

meets applicable standards in the member state concerned. 

By agreement between the Manufacturer and the Technical Service the test 

track-based procedure described above can be replaced with a laboratory-

based procedure that has been shown to be equivalent. 

3.1.4.1 The test requirements are fulfilled if the SLIF displays the speed limit value 

shown on all road signs tested no later than when the observation sensor of 

the speed limit determination system (for example, camera) passes the 

signs. 

 

3.4.1.2 Speed limit determination through observation of road signs and signals test 

The aim of this test procedure is to verify the requirements established in Section 

3.3.2.2, Part 2, i.e. to check that the correct speed limit can be determined for all 

applicable signs in the catalogue. How well this is achieved (i.e. the reliability) is checked 

in the real-world driving test procedure described in Section 3.4.1.3 below. 

Points to note: 
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• To perform tests on a test track is permitted provided the SLIF does not require 

electronic map data to function. This proviso has been added to ensure that if 

signal (e.g. map) data is required to determine the speed limit, representative 

data is used. 

• For SLIF systems that use signal (e.g. map) data to determine the speed limit, 

tests may need to be performed on a public road. For these tests the sign has to 

be passed at a speed lower than the road speed limit for safety reasons. For SLIF 

systems that display the speed limit only when it is exceeded, observation of the 

SLIF will not be sufficient to check that the correct speed limit has been 

determined upon passing a sign; therefore, the technical service will need to liaise 

with the manufacturer to find another appropriate method, e.g. reading the 

information off the CAN bus.. 

• It is permitted to use appropriate results from the real-world driving reliability 

test, described in Section 3.4.1.3 below, for the purposes of this test procedure. 

• The procedure has not yet been trialled due to current restrictions related to the 

COVID-19 pandemic 

 

Draft text: 

3.2 SLIF: Speed limit determination through observation of road signs and 

signals test 

3.2.1 Subject vehicle conditions 

Subject vehicle conditions shall meet the requirements specified in point 

3.1.1. 

3.2.2 Road signs 

The road signs used for the tests shall be explicit and implicit speed limit 

signs. They shall meet all criteria specified in point 2.4.2.2.2. 

A minimum of [10] different signs of both explicit and implicit speed limit 

signs (including non-electronic road signs and those displayed on a variable 

message sign) as used in the member state where testing takes place shall 

be selected by the Technical Service for testing. The signs used for the 

tests shall be recorded in the test documentation. 

The Manufacturer shall demonstrate, through the use of documentation, 

compliance with all other applicable road signs (as defined in the catalogue 

of road signs for the category of vehicle to be approved, Annex 1). Any 

such documentation shall be appended to the test report. 

3.2.3 Testing conditions 

Testing conditions shall meet the requirements specified in point 3.1.3. 

With agreement between the Manufacturer and the Technical Service, the 

tests can be performed either: 

(a) on a public road, or  

(b) on a test track resembling a realistic road environment to allow 

the SLIF to determine the road type, provided the SLIF does not 

require electronic map data to function. 

3.2.4 Test procedure  

Drive the subject vehicle in a smooth manner so that its attitude is stable 

past the road sign selected for testing at: 

(a) a speedometer speed: 
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- equal to or at maximum [20 per cent] lower than the sign 

indicates for tests on a public road  

- [at least 10 per cent greater than the sign indicates for 

tests on test track] 

(b) at a distance from the road edge such that the position of the 

sign meets applicable standards in the member state concerned. 

By agreement between the Manufacturer and the Technical Service the test 

track or road-based procedure described above can be replaced with a 

laboratory-based procedure that has been shown to be equivalent. 

3.2.4.1 The test requirements are fulfilled if the SLIF determines the road speed 

limits associated with all signs tested (as defined in the catalogue of road 

signs for the category of vehicle to be approved, Annex 1) no later than 

when a point positioned on the subject vehicle [25 m] rear of the 

observation sensor of the speed limit determination system (for example, 

camera) passes the road signs. 

Appropriate results from the real-world driving reliability test can also be 

used to demonstrate fulfilment of the requirements. 

3.4.1.3 Speed limit determination real-world driving reliability test 

The aim of this test procedure is to verify the requirements established in Section 

3.3.2.2, Part 3, i.e. to check that the SLIF can reliably determine the correct speed limit 

for all speed limits associated with applicable signs in the catalogue in real-world driving 

conditions where the signs could also be recognised and interpreted by a human driver, 

i.e. their condition and position meets applicable standards and environmental conditions 

allow the sign to be seen clearly. 

Points to note: 

• The real-world test procedure has been developed using a desk-based approach 

and trialling was not in scope of this study. Therefore, the procedure outlined 

should be considered a first step in the development of a procedure which needs 

to be trialled and updated appropriately to ensure consistent and meaningful 

results. Possible approaches to achieve this could include a dedicated trial 

programme and / or implementation of the real-world reliability tests as a 

monitoring requirement for an initial phase before enforcement of pass/fail 

thresholds, as was done for the RDE test procedure. 

• It is acknowledged that it is challenging to ensure repeatability and reproducibility 

of a real-world test procedure. The test drive criteria laid down in point 3.3.1 and 

the associated requirements, in particular in points 2.4.2.4.1 and 2.4.2.4.2, aim 

to control test conditions to the level required without being overly restrictive and 

thus making arranging and performing of tests impossible. Again, these aspects 

should be verified as per the bullet point above.  

• Requirements, such as the percentage of different types of road that should be 

driven on, the maximum distance that can be driven on one type of road in one 

go, and a consecutive route in which repeated parts are not counted, have been 

defined to try and ensure that the test drive passes an adequate number and 

variety of signs.  

• To try and ensure that a consistent result is achieved from the test drive, 

requirements have been defined that the drive should be long enough to achieve 

sufficient sign passing events that the key performance metrics tend to a 

consistent value towards the end of the test drive. Initial values of at least 400 

km for the length of the drive and +/- 5 per cent for variation in the key metrics 

are proposed. 
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• Signs passed during the test drive that do not meet the applicable standards for 

their condition and position and / or in environmental conditions preventing them 

being seen clearly should not contribute to the reliability assessment. It is 

expected that these signs will be identified from analysis of video footage of the 

test drive. 

 

Draft text: 

3.3 SLIF: Speed limit determination real-world driving reliability test  

3.3.1 The test drive shall: 

(a) be appropriate to measure the system’s performance at correctly 

determining the road speed limit using the performance criteria 

specified in point 2.4.2.4.2. 

(b) involve driving on public roads within the territory of the 

European Union, as agreed between the Manufacturer, the Technical 

Service and the Type Approval Authority. 

(c) involve driving on urban roads, non-urban roads, and 

motorways/expressways/dual carriageways, where each of the three 

road types shall represent at least [20 per cent, 25 per cent and 25 

per cent], respectively, of the total distance of the route. The route 

shall be one consecutive route with the same start and end point, 

where any repeated parts of the route in the same direction shall 

not count towards the test distance. The length of an individual 

section of urban road, non-urban road and 

motorway/expressway/dual carriageway travelled continuously shall 

not be greater than [20 km, 40 km and 40 km] respectively. 

(d) involve driving in daylight and darkness conditions, where 

darkness shall represent at least [20 per cent] of the total distance. 

(e) consist of a test distance greater than [400 km] and sufficient 

sign passing events such that the performance metrics TP_E and 

TP_D vary less than [+/- 5 per cent] within the final 50 km of the 

route when calculated on a continuous basis. 

3.3.2 Performance metric calculation 

The performance metrics shall be calculated as: 

TP_E = (n(TP)/(n(TP)+n(FN))) * 100% 

FP_E = (n(FP)*100)/d_total 

TP_D = (d_correct/d_total) * 100% 

where: 

n(TP) – Number of sign passing events where the correct speed limit 

was concluded within [25 m] after passing the sign 

n(FN) – Number of sign passing events where no or an incorrect 

speed limit was concluded within [25 m] after passing the sign 

n(FP) – Number of false positive events  

d_total – Total distance driven for test drive where the road speed 

limit was indicated by a road sign as specified in point 2.4.2.4.1 and 

where no special variable conditions according to point 2.4.2.3.2 

apply. 

d_correct – Distance driven for test drive where the road speed limit 
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was indicated by a road sign as specified in point 2.4.2.4.1, where 

no special variable conditions according to point 2.4.2.3.2 apply, and 

during which the perceived speed limit matched the road speed 

limit. 

 

3.4.2 SLWF: Speed limit warning function test 

Two series of tests have been developed for the technical service to verify the SLWF 

requirements (see Section 3.3.3) for systems with: 

• A visual warning and a cascaded acoustic or haptic warning consisting of;  

o tests to check that warnings are given as specified. 

o a test to check that a warning is not given when ISA is deactivated. 

o in the case of a system that has a cascaded haptic warning, a test to 

check that an acoustic warning is given when a driver aid where the 

driver is not expected to be touching the accelerator control (e.g. cruise 

control) is being used. 

• A haptic warning alone 

o a test to check that the warning is given as specified. 

o a test to check that a warning is not given when ISA deactivated. 

o a test to check that an acoustic warning is given when a driver aid 

where the driver is not expected to be touching the accelerator control 

(e.g. cruise control) is being used. 

Points to note: 

• The procedure has not yet been trialled due to current restrictions related to the 

COVID-19 pandemic, but as it is simple this may not be necessary. However, it is 

noted that tolerances for the initial driving speed for the visual and cascaded 

acoustic or haptic warning tests are quite small if a low test speed limit is chosen; 

e.g., 1 to 8 per cent of 30 km/h is 30.3 to 32.4 km/h. For 50 km/h this is better; 

1 to 8 per cent of 50 km/h is 50.5 km/h to 54 km/h, which could likely be 

achieved by a test driver. 

 

Draft text 

3.4 SLWF: Speed limit warning function test 

3.4.1 Subject vehicle conditions 

Subject vehicle conditions shall meet the requirements specified in point 

3.1.1. 

3.4.2 Road signs 

The Technical Service shall select suitable road signs for the test that meet 

the requirements in point 3.1.2. 

3.4.3 Testing conditions 

Testing conditions shall meet the requirements specified in point 3.1.3. 

3.4.4 Test procedure for options (a) and (b) 

(a) Visual warning and cascaded acoustic or haptic warning 

Part 1:Warnings test 
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The Technical Service shall select a test speed limit. The initial speed limit 

shall be at least 38 per cent higher than the test speed limit. The perceived 

speed limit shall be set at the initial speed limit. 

The subject vehicle shall be driven with an activated SLWF using the 

accelerator control in a smooth manner so that its attitude is stable past a 

road sign indicating the test speed limit at: 

(i) speedometer speeds: 

(1) Between [1 and 8] per cent higher than the test speed limit 

(2) Between [10 and 18] per cent higher than the test speed limit 

(3) Between [20 and 28] per cent higher than the test speed limit 

(4) Between [30 and 38] per cent higher than the test speed limit 

(ii) a distance from the road edge such that the position of the sign meets 

applicable standards in the member state concerned. 

Continue at a constant speed until an acoustic or haptic warning is noticed 

or for at least 60 seconds, whichever is sooner, and then slow down to a 

speedometer speed less than or equal to the test speed limit. 

Part 2: Deactivation (no warnings) test 

The ISA system shall be deactivated and a test repeated as in Part 1 at one 

speedometer speed selected by the Technical Service. 

Part 3: SLWF with driver aid control test 

In the case that the vehicle type may be equipped with a driver aid where 

the driver is not expected to be touching the accelerator control (for 

example, cruise control), one additional test shall be performed with an 

activated SLWF and the driver aid controlling the speed of the vehicle at 

one speedometer speed selected by the Technical Service. 

 

(b) Haptic warning alone 

Part 1: Warnings test 

The Technical Service shall select a test speed limit. The initial speed limit 

shall be at least 38 per cent higher than the test speed limit. The perceived 

speed limit shall be set at the initial speed limit. 

The subject vehicle shall be driven with an activated SLWF using the 

accelerator control in a smooth manner so that its attitude is stable past a 

road sign indicating the test speed limit at a speedometer speed at least 1 

percent higher than  the test speed limit and at a distance from the road 

edge such that the position of the sign meets applicable standards in the 

member state concerned. 

Continue at a constant speed until a haptic warning is noticed or for at least 

60 seconds, whichever is sooner, and then slow down to a speedometer 

speed less than or equal to the test speed limit. 

Part 2: Deactivation (no warnings) test 

The ISA system shall be deactivated and a test repeated as in Part 1 at one 

speedometer speed selected by the Technical Service. 

Part 3: SLWF with driver aid control test 

In the case that the vehicle type may be equipped with a driver aid where 

the driver is not expected to be touching the accelerator control (for 



GSR: ISA second interim report 

 

 

 

March – 2021 
 180 
 

example, cruise control), the option (a) part 1 warnings tests shall be 

performed with an activated SLWF and the driver aid controlling the speed 

of the vehicle. By agreement between the Manufacturer and the Technical 

Service the test track-based procedures above can be replaced with 

laboratory-based procedures that have been shown to be equivalent. 

3.4.4.1 The test requirements for options (a) and (b) are fulfilled if: 

(a) Visual warning and cascaded acoustic or haptic warning 

Part 1: Warnings test 

A visual warning compliant with the requirements set out in point 2.5.2.1 is 

provided within [2 seconds] of the vehicle passing the sign and a cascaded 

acoustic or haptic warning is present and noticeable as follows: 

(1) For speedometer speed between [1 and 8] per cent higher than 

the test speed limit no cascaded acoustic or haptic warning is 

presented, i.e. only a visual warning is presented. 

(2) For speedometer speed between [10 and 18] per cent higher 

than the test speed limit, from at least [60 seconds] after passing 

sign for at least 10 seconds or until speedometer speed equal or less 

than that the test speed limit 

(3) For speedometer speed between [20 and 28 ] per cent higher 

than the test speed limit, from at least [10 seconds] after passing 

sign for at least 10 seconds or until speedometer speed equal or less 

than that the test speed limit 

(4) For speedometer speed between [30 and 38] per cent higher 

than the test speed limit, from at least [3 seconds] after passing 

sign for at least 10 seconds or until speedometer speed equal or less 

than that the test speed limit 

Part 2: Deactivation (no warnings) test  

No warnings (visual, haptic or acoustic) are presented. 

Part 3: SLWF with driver aid control test 

Visual and acoustic warnings are presented as for part 1. 

 

(b) Haptic warning alone 

Part 1: Warnings test 

A haptic warning compliant with the requirements set out in point 2.5.2.2 is 

provided within [2 seconds] of the vehicle passing the sign 

Part 2: Deactivation (no warnings) test 

No haptic warning is presented 

Part 3: SLWF with driver aid control test 

Visual and acoustic warnings are presented as for option (a) part 1. 

 

3.4.3 SCF test procedures 

Five tests have been developed for technical services to verify the SCF requirements (see 

Section 3.3.4) and were based in large parts on the Euro NCAP Test Protocol – Speed 

Assist Systems (Euro NCAP, 2017): 
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• SCF acceleration test (point 3.5.3.1), to verify for three different test speeds that 

the SCF is able to limit the speedometer speed to within the required tolerance in 

a situation where the vehicle is being accelerated from below the speed limit. The 

test speeds were chosen to be representative of typical European urban, inter-

urban and motorway speed limits, respectively. The calculation method for the 

stabilised speed is based on Euro NCAP’s Assessment Protocol but has been 

modified to be based on speedometer speed rather than true speed (see Section 

3.3.4). The calculation method employed in UN R89 is not used because it is 

understood that for certain control characteristics the initiation condition 

prescribed in the regulation (beginning 10 seconds after first reaching the 

stabilised speed) might never be met and hence calculation would not be possible. 

Note that the proposed calculation method should be verified in trials before 

finalising the regulation. 

• SCF response test (point 3.5.3.2), to verify that an SCF intervention is initiated in 

a situation where the vehicle is driven at a constant speed and the speed limit 

drops to a lower value. The test intends to verify only that an intervention in 

initiated but is not intended to check the performance at limiting the speed in this 

situation (note that a warning would be issued to the driver in case of an 

overrun). Therefore, the test speed has no impact on the test result and a low 

value (urban speed limit) was chosen pragmatically for ease of performing the 

test.  

• SCF deactivation test (point 3.5.3.3), to verify that the SCF does not limit the 

vehicle speed and no alternative warning is issued when ISA is deactivated. 

• SCF override test (point 3.5.3.4), to verify that the driver has the ability to 

accelerate past the speed limit by applying a positive action (override) and that, 

subsequently, SCF will limit the speed again once it has dropped below the speed 

limit. 

• SCF overrun test (point 3.5.3.5), to verify that the SCF issues a warning in a 

situation where it is not able to limit the speed to the speed limit (e.g. downhill 

driving). This test will require, in most cases, a facility with a long downhill 

section, because pulling vehicles might not be practicable depending on vehicle 

weight and assistance systems installed. Such a facility might not be available at 

all technical services which is why a provision was included to allow the use of 

documentation for this test, with the consent of the Type Approval Authority.  

The subject vehicle conditions prescribed for the tests are aligned with those defined for 

the SLIF test. Relevant characteristics of the vehicle to be tested (gearbox type, tyre size 

and gear selection) shall be chosen by the technical service to represent the worst case 

of the vehicle type. 

The tests have been designed to be performed on a test track or alternatively on a 

chassis dynamometer in order to accommodate the test facilities available to technical 

services. The prescribed test track characteristics and ambient weather conditions are 

based on UN R89 with minor modifications to align with the conditions prescribed for SLIF 

and SLWF tests. To provide flexibility and allow testing to be performed also under 

conditions not meeting these requirements as long as the test result is not influenced, 

the draft text provides an option to deviate from these conditions if manufacturer and 

technical service agree. The prescribed chassis dynamometer characteristics are taken 

from UN R89. An accuracy of speed measurement is not prescribed because the vehicle’s 

speedometer speed is used for the test. 

It should be noted that the procedure has not yet been trialled due to current restrictions 

related to the COVID-19 pandemic. 

 

Draft text: 
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3.5 SCF: Speed control function tests 

3.5.1 Subject vehicle conditions 

3.5.1.1 Subject vehicle conditions regarding test mass, tyres and pre-test 

conditioning shall meet the requirements specified in point 3.1.1. 

3.5.1.2 The gearbox type, tyre size and gear selection for the tests shall be based 

on a worst-case selection for the type to be approved. 

3.5.1.3 The settings of the drivetrain of the test vehicle shall conform to the 

specifications of the Manufacturer. 

3.5.2 The tests shall be performed on a test track or on a chassis dynamometer. 

3.5.2.1 Test track 

3.5.2.1.1 The test track surface shall be suitable to enable a stabilised speed to be 

maintained and shall be free from uneven patches, standing water, snow 

and ice. 

3.5.2.1.1.1 Gradients shall not exceed 2 per cent and shall not vary by more than 1 per 

cent excluding camber effects. For the SCF overrun test specified in point 

3.5.3.5, any gradients are permitted. 

3.5.2.1.2 Ambient weather conditions for track test 

3.5.2.1.2.1 The mean wind speed measured at a height at least 1 m above the ground 

shall be less than 6 m/s with gusts not exceeding 10 m/s. 

3.5.2.1.3 [At the Manufacturer's discretion and with the agreement of the Technical 

Service the tests may be performed under conditions deviating from what is 

described above.] 

3.5.2.2 Chassis dynamometer 

3.5.2.2.1 The equivalent inertia of the vehicle mass shall be reproduced on the 

chassis dynamometer with an accuracy of ± 10 per cent. The time shall be 

measured with an accuracy of 0.1 seconds. 

3.4.2.2.2 The power absorbed by the brake during the test shall be set to correspond 

with the vehicle’s resistance to progress at the tested speeds. This power 

may be established by calculation and shall be set to an accuracy of ± 10 

per cent.  

3.5.3 Test procedures 

3.5.3.1 SCF acceleration test 

3.5.3.1.1 The test specified in point 3.5.3.1.2 shall be repeated for three different 

speed limits: 

(a) Urban speed limit: Initial speedometer speed ≤ 20 km/h; test 

speed limit = 50 km/h 

(b) Inter-urban speed limit: Initial speedometer speed ≤ 50 km/h; 

test speed limit = 80 km/h 

(c) Motorway speed limit: Initial speedometer speed ≤ 100 km/h; 

test speed limit = 130 km/h 

Only those tests where the test speed limit is lower than the vehicle’s 

maximum design speed have to be performed. 

3.5.3.1.2 The subject vehicle shall be driven with an activated SCF within the initial 

speedometer speed range. The perceived speed limit shall be set to the test 

speed limit (for example by presenting the vehicle with a road sign 

displaying the test speed limit). The vehicle shall then be accelerated, 
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without applying a positive override action, until an SCF intervention is 

initiated. While the intervention remains active, the vehicle shall be driven 

long enough to allow an assessment of the stabilised speed. 

During the test, the speedometer speed shall be recorded. The stabilised 

speed shall be calculated by averaging the speedometer speed over a time 

interval of 20 seconds beginning 10 seconds after the speedometer speed 

first reached the perceived speed limit minus 10 km/h. 

3.5.3.1.3 The test requirements are fulfilled if the stabilised speeds lie within the 

following boundaries: 

(a) Urban speed limit: 45 km/h ≤ stabilised speed ≤ 50 km/h 

(b) Inter-urban speed limit: 75 km/h ≤ stabilised speed ≤ 80 km/h 

(c) Motorway speed limit: 125 km/h ≤ stabilised speed ≤ 130 km/h 

3.5.3.2 SCF response test 

3.5.3.2.1 The test specified in point 3.5.3.2.2 shall be performed at the urban speed 

limit with: 

70 km/h ≤ initial speedometer speed ≤ 79 km/h; 

Initial speed limit = 80 km/h;  

Test speed limit = 50 km/h. 

3.5.3.2.2 The subject vehicle shall be driven with an activated SCF at a constant 

speed within the initial speedometer speed range and the perceived speed 

limit shall be set to the initial speed limit so that no SCF intervention is 

active. The perceived speed limit shall then be set to the test speed limit 

(for example by presenting the vehicle with a road sign displaying the test 

speed limit) and the vehicle shall be driven at a constant speed within the 

initial speedometer speed range long enough to initiate an SCF 

intervention.  

3.5.3.2.3 The test requirements are fulfilled if an SCF intervention is initiated no later 

than [2 seconds] after the vehicle’s perceived speed limit was set to the 

test speed limit. 

3.5.3.3 SCF deactivation test 

3.5.3.3.1 The test specified in point 3.5.3.3.2 shall be performed at the urban speed 

limit with: 

Initial speedometer speed ≤ 35 km/h;  

Test speed limit = 50 km/h. 

3.5.3.3.2 The subject vehicle shall be driven with a deactivated SCF within the initial 

speedometer speed range. The perceived speed limit shall be set to the test 

speed limit (for example by presenting the vehicle with a road sign 

displaying the test speed limit). The vehicle shall then be accelerated, 

without applying a positive override action, for more than [2 seconds] after 

the test speed limit has been exceeded. 

3.5.3.3.3 The test requirements are fulfilled if no SCF intervention is initiated and no 

speed limit warning (visual, acoustic or haptic) is issued.  

3.5.3.4 SCF override test 

3.5.3.4.1 The test specified in point 3.5.3.4.2 shall be performed at the urban speed 

limit with: 

Initial speedometer speed ≤ 35 km/h;  
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Test speed limit = 50 km/h;  

Final speedometer speed ≥ 65 km/h. 

3.5.3.4.2 The subject vehicle shall be driven with an activated SCF within the initial 

speedometer speed range. The perceived speed limit shall be set to the test 

speed limit (for example by presenting the vehicle with a road sign 

displaying the test speed limit).  

The vehicle shall then be accelerated, without applying a positive override 

action, until an SCF intervention is initiated. While the intervention is 

active, a positive override action as specified by the Manufacturer shall be 

applied to accelerate the vehicle to the final speedometer speed range. 

The vehicle shall then be decelerated to a speedometer speed below the 

test speed limit and accelerated again, without applying a positive override 

action, until an SCF intervention is initiated. 

3.5.3.4.3 The test requirements are fulfilled if: 

(a) the SCF intervention is temporarily suspended when the positive 

override action is applied, so that the vehicle can be accelerated to 

the final speedometer speed, and 

(b) an SCF intervention is initiated during the subsequent 

acceleration. 

3.5.3.5 SCF overrun test 

3.5.3.5.1 The test specified in point 3.5.3.5.2 shall be performed at the urban speed 

limit with: 

Test speed limit = 50 km/h; 

Final speedometer speed ≥ 65 km/h.  

If such a test cannot be practically achieved (for example due to limitations 

of the test facilities), with the consent of the Type Approval Authority this 

requirement may be demonstrated through the use of documentation. 

3.5.3.5.2 The perceived speed limit shall be set to the test speed limit (for example 

by presenting the vehicle with a road sign displaying the test speed limit). 

The subject vehicle shall be driven with an activated SCF at a speed below 

the test speed limit. The vehicle shall then be forced into exceeding the test 

speed limit (without applying a positive override action, for example by 

downhill driving or pulling the vehicle) until a visual warning and an 

acoustic or haptic warning have been issued. 

3.5.3.5.3 The test requirements are fulfilled if: 

(a) the SCF did not actuate the vehicle’s service braking system (for 

vehicle categories other than M1 and N1), and 

(b) the system warns the driver in accordance with the requirements 

specified in point 2.5.2. 
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REMAINING STEPS 

4.1 Catalogue of road signs 

TRL have made suggestions in the First Interim Report on ISA (Annex 1.1 of the Final 

Report) which types of signs should be included in the requirements based on the aim to 

realise adequate road safety benefits and under consideration of stakeholder input 

regarding the capabilities and limitations of current and near-future technology. As 

outlined in Section 0, stakeholders proposed to expand this list of sign types into a full 

catalogue of road signs, i.e. a definitive list of national and regional variants of road sign 

types and variable message sign types based upon which ISA shall obtain the perceived 

speed limit. This catalogue should be referenced in or become part of the regulation to 

form the basis of type approvals and should be updated and version controlled to provide 

traceability for market surveillance tests in later years. A reasonable transition period for 

new type approvals should be defined to allow sufficient time for system design when the 

catalogue is updated. 

It is important to note that designing and populating such catalogue were not included in 

the scope of this study. Stakeholders, based on discussions with TRL, performed some 

initial work to scope the contents of a template for information that should be included in 

the catalogue. The results of this work are described in Annex 4, to be taken forward by 

the European Commission. 

TRL suggest the following process to design and populate the catalogue of road signs: 

Step 1: Decide what types of signs should be included in catalogue  

• TRL have made suggestions in Section 4.3.1.3 of the First Interim Report on 

ISA (Annex 1.1 of the Final Report) which types of speed limit signs should be 

included in the requirements. 

• Note that specific national variants which have characteristics that make them 

difficult to recognise (e.g., French city entry signs have different dimensions 

based on the length of the city name) may be included from a later date than 

initial implementation. 

Step 2: Create template of information required for signs 

• The catalogue should contain information about the design of the relevant 

signs in each EU member state and the associated speed limit split by vehicle 

category and road class where applicable. 

• Additional informative elements could be included regarding national 

requirements concerning aspects such as size and positioning of each sign 

type. 

• Note that this may include information collected for potential use in the future, 

for example, associated speed limit by time of day. 

• TRL have proposed a draft template; presented in Annex 4, Table 1.  

Step 3: Populate template with information for each EU member state 

Step 4: Implement process to update and version control the catalogue when signs 

and / or associated speed limits change in the future. 

4.2 Trialling of draft test procedures 

It was originally envisaged that this work would include trials of the track-based test 

procedures developed, but unfortunately this was not possible because of restrictions 

related to the COVID-19 pandemic. The Commission has arranged for TRL to review test 
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results from industry-run trials and update the proposal as required. One set of results 

has been presented by industry and taken into account for the regulatory proposal. 

It is important to note that trials of the real-world reliability procedure were not included 

in the scope of this study and TRL therefore consider it important that an investigation is 

performed whether the proposed procedure is suitable and suggested pass/fail thresholds 

can be met with different types of currently available systems before the procedure is 

implemented in legislation. Possible approaches could include a dedicated trial 

programme and / or implementation of the real-world reliability tests as a monitoring 

requirement for an initial phase before enforcement of pass/fail thresholds, as was done 

for the Real Driving Emissions (RDE) test procedure. 
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ANNEX 1: DRAFT PERFORMANCE REQUIREMENTS AND TESTS 

7.1 Subject matter, exemptions and definitions 

0 Subject matter, exemptions and definitions 

0.1 Subject matter 

This Regulation establishes detailed technical requirements and test procedures 

for the EC type approval of the vehicles referred to in Article 6 of Regulation 

(EU) 2019/2144 in respect of their Intelligent Speed Assistance system and of 

Intelligent Speed Assistance separate technical units (‘STUs’). 

  

0.2 [Exemptions 

Ambulances or vehicles intended for use by the armed services, civil defence, 

fire services and forces responsible for maintaining public order are exempted 

from the requirement to be equipped with an intelligent speed assistance 

system.] 

  

0.3 Definitions  

For the purposes of this Regulation and in addition to the definitions laid down in 

Article 3 of Regulation (EU) 2018/858, the following definitions apply: 

0.3.1 “Speed limit information function (SLIF)” comprises the speed limit 

determination system that determines the perceived speed limit, and an 

interface that communicates the perceived speed limit to the driver. 

0.3.2 “Speed limit warning function (SLWF)” means a function that alerts the driver 

that the speedometer speed is exceeding the perceived speed limit. 

0.3.3 “Speed control function (SCF)” means a function that attempts to limit the 

speedometer speed to a stable speed at or below the perceived speed limit.   

0.3.4 “Speed limit determination system” means the specific hardware required to 

obtain the speed limit through the observation of road signs and signals, based 

on infrastructure signals or electronic map data, or both. 

0.3.5 “Speed limit feedback system” means the specific hardware required to 

communicate the speed limit to the driver (SLIF HMI interface) and to provide 

feedback to the driver (SLWF or SCF).  

0.3.6 “Speedometer speed” means the driving speed of the vehicle as displayed by the 

speedometer. 

0.3.7 “Road speed limit” means the currently applicable maximum permitted legal 

driving speed at the vehicle’s location for the category of vehicle that the ISA 

system is fitted to. 

0.3.8 “Explicit speed limit sign” means an applicable road sign which shows a 

numerical value. 

0.3.9 “Implicit speed limit sign” means an applicable road sign which does not show a 

numerical value. 

0.3.10 “Perceived speed limit” means the road speed limit as obtained by the speed 

limit determination system. 

0.3.11 “Catalogue of road signs” means the definitive list of national and regional 

variants of road sign types [and variable message sign types] based upon which 
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ISA shall obtain the perceived speed limit. 

0.3.12 “Applicable road sign” means a sign contained in the catalogue of road signs for 

the category of vehicle to be approved and which is applicable to at least one 

lane of the vehicle’s carriageway, including both non-electronic signs and 

variable message signs, but not including speed limit road markings. 

0.3.13 “Common space” means an area on which two or more information functions 

(for example, symbol) may be displayed, but not simultaneously. 

0.3.14 “Self-check” means an integrated function that checks for a system failure on a 

continuous basis at least while the system is active. 

0.3.15 “Vehicle master control switch” means the device by which the vehicle’s on-

board electronics system is brought, from being switched off, as in the case 

where a vehicle is parked without the driver being present, to normal operation 

mode. 

0.3.16 “Type of ISA STU” means a combination of specific hardware which does not 

differ in such essential respects as the characteristics and functionality of the 

speed limit determination system and its performance when operated on a public 

road located within the territory of the European Union. 

0.3.17 “Vehicle type with regard to the installation of an ISA system” means motor 

vehicles which do not differ in such essential respects as: 

(a) The characteristics and functionality of the speed limit determination 

system 

(b) Characteristics of the installation of the speed limit determination 

system within the vehicle which significantly influence its performance 

when operated on a public road located within the territory of the 

European Union 

(c) The characteristics and functionality of the speed limit feedback 

system 

  

  



GSR: ISA second interim report 

 

 

 

March – 2021 
 191 
 

7.2 Requirements 

1 General requirements 

1.1 An ISA system shall comprise a SLIF and either a SLWF or a SCF.  

1.1.1 Type approval of a vehicle with regard to the installation of an ISA system 

shall be subject to the vehicle and its system complying with: 

(a) System requirements laid down in points 2.1, 2.2 and 2.3, and 

(b) SLIF requirements laid down in point 2.4, and 

(c) SLWF requirements laid down in point 2.5 or SCF requirements 

laid down in point 2.6. 

1.1.2 Where the motor vehicle is fitted with a type of ISA STU that has been type 

approved, the vehicle and its system shall have to comply with: 

(a) System requirements laid down in points 2.1, 2.2 and 2.3, and 

(b) SLIF requirements laid down in point 2.4.1, and 

(c) SLWF requirements laid down in point 2.5 or SCF requirements 

laid down in point 2.6. 

1.1.3 Type approval of an ISA STU shall be subject to the STU complying with 

the SLIF requirements laid down in point 2.4.2. 

1.1.4 In case of multi-stage type approval, the type approval granted at a 

previous stage in respect of the installation of an ISA system in the (base) 

vehicle shall remain valid, provided that the ISA system and the relevant 

sensors are not modified. 

  

1.2 Subject to specific requirements below, the ISA system shall be designed to 

avoid or minimise the error rate under real driving conditions. 

  

1.3 The requirements set out in this Regulation shall at least apply when the 

vehicle is operated on a public road located within the territory of the 

European Economic Area, as defined at the time the type approval is 

issued. 

  

1.4 Privacy and data protection 

1.4.1 The ISA system shall offer the required functionality in the normal 

operation mode without the use of biometric information, including facial 

recognition, of any vehicle occupants. 

1.4.2 The ISA system shall not continuously record nor retain any data related to 

incidents of exceeding the speed limit other than what is necessary in 

relation to perform the required ISA functionality or other European Union 

specific regulatory acts regarding vehicle approval. 

  

  

2 Specific requirements 

2.1 ISA failure warning 

2.1.1 A constant optical warning signal shall be provided when there is a failure 

in the ISA system that prevents the requirements of this Regulation of 
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being met. 

2.1.1.1 There shall not be an appreciable time interval between each ISA self-

check, and subsequently there shall not be a delay in illuminating the 

warning signal, in the case of an electrically detectable failure. 

2.1.1.2 Upon detection of any non-electrical failure condition (for example, sensor 

obscuration excluding temporary obscuration such as sun glare), the failure 

warning signal as defined in point 2.1.1 shall be activated. 

  

2.2 ISA control 

2.2.1 It shall be possible for the driver to manually deactivate the ISA system. 

When deactivated, the ISA system shall continue determining the road 

speed, and information about the perceived speed limit may still be 

provided to the driver. The following conditions shall apply as appropriate. 

2.2.1.1 The ISA system shall be automatically reinstated in normal operation mode 

upon each activation of the vehicle master control switch, [at least provided 

the driver door is opened in-between]. 

2.2.1.2 A constant optical warning signal shall inform the driver that the ISA 

system has been deactivated. The failure warning signal specified in point 

2.1.1 may be used for this purpose.  

2.2.1.3 Following manual deactivation of the ISA system, it shall be possible for the 

driver to re-activate the system with no more than the number of actions 

required to deactivate it.  

2.2.2 Automatic deactivation of ISA is permitted in situations when highly 

automated systems control the speed of the vehicle, that is, those systems 

which perform the object and event detection and response dynamic 

driving subtask, such as Automated Lane Keeping System (ALKS).  

  

2.3 Provisions for the Periodic Technical Inspection  

2.3.1 At a Periodic Technical Inspection, it shall be possible to confirm the correct 

operational status of the ISA system by a visible observation of the failure 

warning signal status following a "power-ON" and any bulb check.  

In the case of the failure warning signal being in a common space, the 

common space must be observed to be functional prior to the failure 

warning signal status check. 

2.3.2 At the time of type approval, the means to protect against simple 

unauthorised modification of the operation of the failure warning signal 

chosen by the manufacturer shall be confidentially outlined. 

Alternatively, this protection requirement is fulfilled when a secondary 

means of checking the correct operational status of the ISA system is 

available. 

  

2.4 SLIF requirements 

2.4.1 SLIF display 

2.4.1.1 The display of the SLIF shall be located in the direct field of view of the 

driver and be clearly legible both day and night. Additional display of the 

same information at other locations such as the navigation system display 

shall be permitted. 
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2.4.1.2 In the absence of conditions leading to the deactivation of the ISA system 

according to points 2.2.1 and 2.2.2, the SLIF shall display the perceived 

speed limit to the driver, at least when the speedometer speed is exceeding 

the perceived speed limit. 

2.4.1.2.1 The perceived speed limit shall be displayed either: 

(a) on the speedometer in a manner that is noticeable and does not 

reduce the speedometer’s legibility, or  

(b) in a separate display as a numerical value either using a symbol 

resembling a Vienna Convention speed limit traffic sign (display of 

additional sub-signs is permitted) or text consisting of the value and 

the unit of measurement (km/h). 

2.4.1.3 When the ISA system is deactivated, display of the perceived speed limit is 

permitted. 

  

2.4.2 Speed limit determination 

2.4.2.1 Region- or country-code setting 

To determine the current region or country of operation, the ISA system 

shall fulfil either requirement (a) or (b) below: 

(a) The system shall be able to automatically detect the region- or 

country-code and set it with or without user confirmation.  

(b) It shall be possible for the driver to manually set the region- or 

country-code. The user manual shall indicate that this procedure is 

required for correct operation. The system shall retain the manually 

set region- or country-code even after activation of the vehicle’s 

master control switch. 

2.4.2.2 Speed limit determination through observation of explicit speed limit signs 

2.4.2.2.1 In the absence of conditions leading to the deactivation of the system 

according to points 2.2.1 and 2.2.2, the SLIF shall be able, through 

observation of road signs (using, for example, camera input only), to 

recognise all explicit speed limit signs where the associated road speed 

limit for the category of vehicle to be approved matches the numerical 

value shown on the sign, and determine the road speed limits no later than 

when the observation sensor of the speed limit determination system (for 

example, camera) passes the road sign, at least when: 

(a) the signs meet all criteria specified in point 2.4.2.2.2, and 

(b) the signs are encountered in the operational and environmental 

conditions specified in point 2.4.2.2.3 

This shall be demonstrated in accordance with the relevant tests and 

documentation specified in point 3.1. 

2.4.2.2.2 Criteria for road signs: 

(a) of a design and size conforming to the applicable standards in 

the member state concerned 

(b) positioned in a way conforming to the applicable standards in 

the member state concerned (for example relating to lateral 

distance to the road edge, height, rotation and tilt) 

(c) showing no damage (for example, fading, reduced retro-

reflectivity, bending, cracking, vandalism) that materially affects 
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their visual properties 

(d) not partially or fully covered (for example, foliage, snow or dirt 

obscuring the sign, or deliberate invalidation during roadworks) 

2.4.2.2.3 Operational and environmental conditions: 

(a) full operating speed range of the vehicle 

(b) with unobstructed view of the road sign for a continuous period 

of at least 0.5 seconds 

(c) in all illumination conditions without direct blinding sunlight and 

dipped (passing) beam head lamps if necessary 

(d) in the absence of weather conditions affecting the visibility of 

road signs (for example, fog) 

  

2.4.2.3  Speed limit determination through observation of road signs and signals 

2.4.2.3.1 In the absence of conditions leading to the deactivation of the system 

according to points 2.2.1 and 2.2.2, the SLIF shall be able, through 

observation of road signs and signals (using all relevant system inputs, for 

example, camera input and electronic map data where applicable), to 

determine the road speed limits associated with all applicable road signs 

(as defined in the catalogue of road signs for the category of vehicle to be 

approved, Annex 1) no later than when a point positioned on the subject 

vehicle [25 m] rear of the observation sensor of the speed limit 

determination system (for example, camera) passes the road sign, at least 

when: 

(a) the signs meet all criteria specified in point 2.4.2.2.2, and 

(b) the signs are encountered in the operational and environmental 

conditions specified in point 2.4.2.2.3 

This shall be demonstrated in accordance with the relevant tests specified 

in point 3.2. 

2.4.2.3.2 The SLIF is not required to take into account special variable conditions 

influencing the road speed limit (that is, conditions which require 

information going beyond the current region or country of operation and 

the current road class, such as trailer status, prevailing environmental 

conditions, time of year, driver age or experience, or standing passengers) 

unless the relevant electronic signals are available on the vehicle. In the 

case that special variable conditions may be present and relevant electronic 

signals are not available, the speed limit determination shall default to the 

assumed most common condition in typical normal operation. 

  

2.4.2.4 Speed limit determination real-world driving reliability 

2.4.2.4.1 In the absence of conditions leading to the deactivation of the system 

according to points 2.2.1 and 2.2.2, the SLIF shall be able, through 

observation of road signs and signals (using all relevant system inputs, for 

example, camera input and electronic map data where applicable), to 

reliably determine the road speed limits associated with all applicable road 

signs (as defined in the catalogue of road signs for the category of vehicle 

to be approved, Annex 1), at least when: 

(a) the signs meet all criteria specified in point 2.4.2.2.2, and 

(b) the signs are encountered in the operational and environmental 
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conditions specified in point 2.4.2.2.3 

2.4.2.4.2 Reliable determination of the road speed limit is fulfilled if both 

performance requirements, (a) and (b), are met in real-world driving:  

(a) Event-based performance  

- True positive rate TP_E: The correct road speed limit shall 

be determined for at least [90] per cent of sign passing 

events. A sign passing event is an instance where the vehicle 

passes a road sign as specified in point 2.4.2.4.1 and where 

no special variable conditions according to point 2.4.2.3.2 

apply. Instances where identical road signs are positioned on 

both sides of the carriageway shall be considered as a single 

sign passing event.  

- False positive rate FP_E: The false positive rate shall be 

less than or equal to [2 per 100 km] of driven distance. A 

false positive event is an instance where an object or a sign 

other than an applicable road sign is used to incorrectly 

determine the road speed limit (disregarding instances where 

a sign is positioned ambiguously to an extent that an 

average driver would be uncertain to which carriageway it 

applies or where special variable conditions according to 

point 2.4.2.3.2 apply). 

(b) Distance-based performance 

- True positive distance TP_D: The correct road speed limit 

shall be determined for at least [90] per cent of distance 

driven at least for road speed limits as specified in point 

2.4.2.4.1 and where no special variable conditions according 

to point 2.4.2.3.2 apply. 

This shall be demonstrated in accordance with a real-world driving test as 

specified in point 3.3. 

2.4.2.4.3 Before conducting the real-world driving test, in agreement between the 

Technical Service, the Type Approval Authority and the Manufacturer, a 

route outline shall be selected that is: 

(c) located on public roads within the territory of the European Union, 

and 

(d) unbiased, that is, chosen with the intention to generate a passed or 

failed test by virtue of the technical performance of the system and 

not by virtue of an extreme route choice. 

2.4.2.4.4 To demonstrate system performance requirements European Union-wide, 

the Manufacturer shall provide technical documentation that contains at 

least: 

(c) The basic design of the system and a description of the speed limit 

determination system, including the sensors and, if applicable, 

electronic map data sources used. 

(d) Description of due diligence activities performed to provide evidence 

that the requirements in point 2.4.2.4.1 are met for operation in all 

European Union member states. Examples of relevant activities 

include: 

i. Worst-case European Union member state(s) identified, and 

testing performed in them to show requirements are met 

ii. For system that uses electronic map data, an assessment of 
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the integrity and reliability of the electronic map data 

throughout all European Union member states which 

indicates that requirements are met 

and also make associated evidence available for audit.  

The Technical Service shall assess the documentation provided and audit 

associated evidence to judge that reasonable and adequate steps have 

been taken to ensure that the requirements in point 2.4.2.4.1 are met for 

operation in all European Union member states. 

2.4.2.4.5 Life cycle performance 

2.4.2.4.5.1 The Manufacturer shall ensure that the reliability of speed limit 

determination is maintained for at least [10 years] after the production of 

the approved type is definitely discontinued. This only applies to road speed 

limits as specified in point 2.4.2.4.1 in the version of this Regulation at the 

time the type approval was issued. 

2.4.2.4.5.2 If electronic map data is used to achieve the required performance, the 

Manufacturer shall offer frequent data updates to vehicle owners. These 

updates shall be made available to vehicle owners free of charge. The user 

manual shall indicate that updates are required to maintain performance 

and explain the procedure to perform updates. 

  

2.5 SLWF requirements 

2.5.1 In the absence of conditions leading to the deactivation of the ISA system 

according to points 2.2.1 and 2.2.2, if the perceived speed limit is known 

and the speedometer speed exceeds it, the SLWF shall warn the driver as 

specified in point 2.5.2.  

2.5.2 The warning indication shall be provided by: 

(a) a visual warning and a cascaded acoustic or haptic warning; or 

(b) a haptic warning alone 

At times when the speed of the vehicle is actively controlled by a driver aid 

where the driver is not expected to be touching the accelerator control (for 

example, cruise control), the use of a haptic warning is not permitted and 

only option (a) with a cascaded acoustic warning is permitted.  

2.5.2.1 Visual warning and cascaded acoustic or haptic warning 

The visual warning shall be noticeable and easily recognisable by the driver 

and be provided by flashing of the SLIF display or an additional visual 

signal adjacent to the SLIF display. 

It shall be provided within [2 seconds] that the speedometer speed exceeds 

the perceived speed limit and until the speedometer speed is equal to or 

below the perceived speed limit. 

The cascaded acoustic warning shall be noticeable by the driver, unique 

and easily recognisable and be provided by a continuous or intermittent 

sound signal [or by vocal information. Where vocal information is employed 

the Manufacturer shall ensure that it uses the language(s) of the market 

into which the vehicle is sold]. The acoustic warning may be varied to 

indicate the magnitude and / or time that the speed limit has been 

exceeded for. 

The cascaded haptic warning shall be noticeable by the driver and be 

provided through the accelerator control, for example by increasing the 
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restoring force of the accelerator control.   

The cascaded acoustic or haptic warning shall be provided, at least, when 

any of the following conditions are met: 

(a) Speedometer speed exceeds perceived speed limit by greater 

than or equal to [30 per cent] for longer than [3 seconds] 

(b) Speedometer speed exceeds perceived speed limit by greater 

than or equal to [20 per cent] for longer than [10 seconds]  

(c) Speedometer speed exceeds perceived speed limit by greater 

than or equal to [10 per cent] for longer than [60 seconds] 

for at least 10 seconds or until the speedometer speed is equal to or below 

the perceived speed limit. 

[The manufacturer may offer means for the driver to temporarily suppress 

the acoustic warning for the period until the perceived speed limit 

changes.] 

2.5.2.2 Haptic warning alone 

The haptic warning alone shall be noticeable by the driver and be provided 

through the accelerator control, for example by increasing the restoring 

force of the accelerator control. 

It shall be provided within [2 seconds] that the speedometer speed exceeds 

the perceived speed limit and until the speedometer speed is equal to or 

below the perceived speed limit.  

2.5.3 If the vehicle is equipped with a means to suspend the SLWF warning to 

allow for the presentation of more critical warnings (for example, forward 

collision warning or lane keep assistance), the following shall apply. 

The Manufacturer shall provide a documentation package which gives 

access to the strategy and basic design of the system which controls the 

presentation of applicable warnings to the driver. The Technical Service 

shall assess that all applicable warnings are presented to the driver in a 

manner that is intuitive and understood easily.  

2.5.4 The SLWF warning indication shall be demonstrated in accordance with the 

relevant tests specified in point 3.4. 

  

2.6 SCF requirements 

2.6.1 In the absence of conditions leading to the deactivation of the ISA system 

according to points 2.2.1 and 2.2.2, the SCF shall attempt to limit the 

speedometer speed to the perceived speed limit. This shall be 

demonstrated in accordance with the relevant tests specified in point 3.5. 

2.6.1.1 The SCF shall attempt to limit the speedometer speed to a stabilised speed 

by reducing the vehicle’s propulsion power (that is, driveline torque). The 

SCF shall not actuate the vehicle’s service braking system except for 

vehicles of categories M1 and N1, where the vehicle's service braking 

system may be actuated. A permanent brake (for example, retarder) may 

be incorporated only if it operates after the SCF has restricted the 

propulsion power to a minimum. 

2.6.1.2 The SCF intervention shall begin before or no later than [2 seconds] after 

the speedometer speed first exceeded the perceived speed limit. 

2.6.1.3 When stable speed control has been achieved, the speedometer speed shall 

not vary by more than 4 per cent or 2 km/h, whichever is greater, and the 
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rate of change of speedometer speed shall not exceed 0.2 m/s2 when 

measured on a period greater than 0.1 seconds. The stabilised speed shall 

fall within the following range: 

(perceived speed limit minus 5 km/h) ≤ stabilised speed ≤ 

perceived speed limit 

2.6.1.4 If the SCF is not able to achieve stable speed control at a stabilised speed 

equal to or below the perceived speed limit within [30 seconds] after the 

speedometer speed first exceeded the perceived speed limit, the system 

shall warn the driver in accordance with the requirements specified in point 

2.5.2. The visual warning shall be provided immediately. The acoustic or 

haptic warning shall be provided immediately if any of the conditions (a), 

(b) or (c), specified in point 2.5.2.2, is met considering the period since the 

speedometer speed first exceeded the perceived speed limit. 

2.6.1.5 It shall be possible for the driver to override the SCF intervention by 

performing a positive action such as depressing substantially the 

accelerator control. Accelerator control kickdown shall not be the only 

available positive action. When a positive action is applied the SCF shall be 

temporarily suspended without causing unduly strong acceleration and be 

re-initiated after the speedometer speed has dropped to a speed less than 

or equal to the perceived speed limit. 

2.6.1.6 The SCF shall permit a normal use of the accelerator control for gear 

selection. 

2.6.1.7 The SCF shall issue a brief and subtle acoustic signal every time the 

perceived speed limit changes to a different value. 

2.6.2 At times when the speed of the vehicle is actively controlled by a driver aid 

rather than the driver (for example, cruise control), and in the absence of 

conditions leading to the deactivation of the ISA system according to points 

2.2.1 and 2.2.2, either the SCF shall remain active in accordance with point 

2.6.1 or a SLWF shall be activated in accordance with point 2.5. 
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7.3 Test procedures 

3 Test requirements 

3.1 SLIF: Speed limit determination through observation of explicit speed limit 

signs test 

3.1.1 Subject vehicle conditions 

3.1.1.1 Test mass 

The vehicle mass shall be the unladen mass as declared by the 

Manufacturer. 

3.1.1.2 Tyres 

The tyres shall be bedded and the pressure shall be as recommended by 

the Manufacturer for the vehicle. 

3.1.1.3 Pre-test conditioning 

If requested by the Manufacturer the subject vehicle can be driven a 

maximum of 100 km on a mixture of urban and rural roads with other 

traffic and roadside furniture to calibrate the sensor system, and the 

country- or region code can be set (manually or automatically) to the 

country or region of test.  

3.1.2 Road signs 

The road signs used for the tests shall be explicit speed limit signs where 

the associated road speed limit for the category of vehicle to be approved 

matches the numerical value shown on the sign. They shall meet all criteria 

specified in point 2.4.2.2.2. 

A minimum of [5] different signs of the type above (including non-

electronic road signs and those displayed on a variable message sign) as 

used in the member state where testing takes place shall be selected by 

the Technical Service for testing. The signs used for the tests shall be 

recorded in the test documentation. 

The Manufacturer shall demonstrate, through the use of documentation, 

compliance with all other explicit speed limit signs (as defined in the 

catalogue of road signs for the category of vehicle to be approved, Annex 

1) where the associated road speed limit for the category of vehicle to be 

approved matches the numerical value shown on the sign. Any such 

documentation shall be appended to the test report.  

3.1.3 Testing conditions 

The tests shall be performed: 

(a) on a flat surface which is free from uneven patches, standing 

water, snow and ice, and provides the driver an unobstructed view 

of the road sign for a continuous period of at least 0.5 seconds 

(b) in all illumination conditions without direct blinding sunlight and 

dipped (passing) beam head lamps if necessary 

(c) in the absence of weather conditions affecting the visibility of 

signs (for example, fog) 

At the Manufacturer’s discretion and with the agreement of the Technical 

Service the tests may be performed under conditions deviating from what is 

described above. 

3.1.4 Test procedure 
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Drive the subject vehicle in a smooth manner so that its attitude is stable 

past the road sign selected for testing at: 

(a) a speedometer speed greater than the sign indicates, and  

(b) a distance from the road edge such that the position of the sign 

meets applicable standards in the member state concerned. 

By agreement between the Manufacturer and the Technical Service the test 

track-based procedure described above can be replaced with a laboratory-

based procedure that has been shown to be equivalent. 

3.1.4.1 The test requirements are fulfilled if the SLIF displays the speed limit value 

shown on all road signs tested no later than when the observation sensor of 

the speed limit determination system (for example, camera) passes the 

signs. 

  

3.2 SLIF: Speed limit determination through observation of road signs and 

signals test 

3.2.1 Subject vehicle conditions 

Subject vehicle conditions shall meet the requirements specified in point 

3.1.1. 

3.2.2 Road signs 

The road signs used for the tests shall be explicit and implicit speed limit 

signs. They shall meet all criteria specified in point 2.4.2.2.2. 

A minimum of [10] different signs of both explicit and implicit speed limit 

signs (including non-electronic road signs and those displayed on a variable 

message sign) as used in the member state where testing takes place shall 

be selected by the Technical Service for testing. The signs used for the 

tests shall be recorded in the test documentation. 

The Manufacturer shall demonstrate, through the use of documentation, 

compliance with all other applicable road signs (as defined in the catalogue 

of road signs for the category of vehicle to be approved, Annex 1). Any 

such documentation shall be appended to the test report. 

3.2.3 Testing conditions 

Testing conditions shall meet the requirements specified in point 3.1.3. 

With agreement between the Manufacturer and the Technical Service, the 

tests can be performed either: 

(a) on a public road, or  

(b) on a test track resembling a realistic road environment to allow 

the SLIF to determine the road type, provided the SLIF does not 

require electronic map data to function. 

3.2.4 Test procedure  

Drive the subject vehicle in a smooth manner so that its attitude is stable 

past the road sign selected for testing at: 

(a) a speedometer speed: 

- equal to or at maximum [20 per cent] lower than the sign 

indicates for tests on a public road  

- [at least 10 per cent greater than the sign indicates for 

tests on test track] 
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(b) at a distance from the road edge such that the position of the 

sign meets applicable standards in the member state concerned. 

By agreement between the Manufacturer and the Technical Service the test 

track or road-based procedure described above can be replaced with a 

laboratory-based procedure that has been shown to be equivalent. 

3.2.4.1 The test requirements are fulfilled if the SLIF determines the road speed 

limits associated with all signs tested (as defined in the catalogue of road 

signs for the category of vehicle to be approved, Annex 1) no later than 

when a point positioned on the subject vehicle [25 m] rear of the 

observation sensor of the speed limit determination system (for example, 

camera) passes the road signs. 

Appropriate results from the real-world driving reliability test can also be 

used to demonstrate fulfilment of the requirements. 

  

3.3 SLIF: Speed limit determination real-world driving reliability test  

3.3.1 The test drive shall: 

(a) be appropriate to measure the system’s performance at correctly 

determining the road speed limit using the performance criteria 

specified in point 2.4.2.4.2. 

(b) involve driving on public roads within the territory of the 

European Union, as agreed between the Manufacturer, the Technical 

Service and the Type Approval Authority. 

(c) involve driving on urban roads, non-urban roads, and 

motorways/expressways/dual carriageways, where each of the three 

road types shall represent at least [20 per cent, 25 per cent and 25 

per cent], respectively, of the total distance of the route. The route 

shall be one consecutive route with the same start and end point, 

where any repeated parts of the route in the same direction shall 

not count towards the test distance. The length of an individual 

section of urban road, non-urban road and 

motorway/expressway/dual carriageway travelled continuously shall 

not be greater than [20 km, 40 km and 40 km] respectively. 

(d) involve driving in daylight and darkness conditions, where 

darkness shall represent at least [20 per cent] of the total distance. 

(e) consist of a test distance greater than [400 km] and sufficient 

sign passing events such that the performance metrics TP_E and 

TP_D vary less than [+/- 5 per cent] within the final 50 km of the 

route when calculated on a continuous basis. 

3.3.2 Performance metric calculation 

The performance metrics shall be calculated as: 

TP_E = (n(TP)/(n(TP)+n(FN))) * 100% 

FP_E = (n(FP)*100)/d_total 

TP_D = (d_correct/d_total) * 100% 

where: 

n(TP) – Number of sign passing events where the correct speed limit 

was concluded within [25 m] after passing the sign 

n(FN) – Number of sign passing events where no or an incorrect 
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speed limit was concluded within [25 m] after passing the sign 

n(FP) – Number of false positive events  

d_total – Total distance driven for test drive where the road speed 

limit was indicated by a road sign as specified in point 2.4.2.4.1 and 

where no special variable conditions according to point 2.4.2.3.2 

apply. 

d_correct – Distance driven for test drive where the road speed limit 

was indicated by a road sign as specified in point 2.4.2.4.1, where 

no special variable conditions according to point 2.4.2.3.2 apply, and 

during which the perceived speed limit matched the road speed 

limit. 

  

3.4 SLWF: Speed limit warning function test 

3.4.1 Subject vehicle conditions 

Subject vehicle conditions shall meet the requirements specified in point 

3.1.1. 

3.4.2 Road signs 

The Technical Service shall select suitable road signs for the test that meet 

the requirements in point 3.1.2. 

3.4.3 Testing conditions 

Testing conditions shall meet the requirements specified in point 3.1.3. 

3.4.4 Test procedure for options (a) and (b) 

(b) Visual warning and cascaded acoustic or haptic warning 

Part 1:Warnings test 

The Technical Service shall select a test speed limit. The initial speed limit 

shall be at least 38 per cent higher than the test speed limit. The perceived 

speed limit shall be set at the initial speed limit. 

The subject vehicle shall be driven with an activated SLWF using the 

accelerator control in a smooth manner so that its attitude is stable past a 

road sign indicating the test speed limit at: 

(i) speedometer speeds: 

(1) Between [1 and 8] per cent higher than the test speed limit 

(2) Between [10 and 18] per cent higher than the test speed limit 

(3) Between [20 and 28] per cent higher than the test speed limit 

(4) Between [30 and 38] per cent higher than the test speed limit 

(ii) a distance from the road edge such that the position of the sign meets 

applicable standards in the member state concerned. 

Continue at a constant speed until an acoustic or haptic warning is noticed 

or for at least 60 seconds, whichever is sooner, and then slow down to a 

speedometer speed less than or equal to the test speed limit. 

Part 2: Deactivation (no warnings) test 

The ISA system shall be deactivated and a test repeated as in Part 1 at one 

speedometer speed selected by the Technical Service. 

Part 3: SLWF with driver aid control test 
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In the case that the vehicle type may be equipped with a driver aid where 

the driver is not expected to be touching the accelerator control (for 

example, cruise control), one additional test shall be performed with an 

activated SLWF and the driver aid controlling the speed of the vehicle at 

one speedometer speed selected by the Technical Service. 

 

(b) Haptic warning alone 

Part 1: Warnings test 

The Technical Service shall select a test speed limit. The initial speed limit 

shall be at least 38 per cent higher than the test speed limit. The perceived 

speed limit shall be set at the initial speed limit. 

The subject vehicle shall be driven with an activated SLWF using the 

accelerator control in a smooth manner so that its attitude is stable past a 

road sign indicating the test speed limit at a speedometer speed at least 1 

percent higher than  the test speed limit and at a distance from the road 

edge such that the position of the sign meets applicable standards in the 

member state concerned. 

Continue at a constant speed until a haptic warning is noticed or for at least 

60 seconds, whichever is sooner, and then slow down to a speedometer 

speed less than or equal to the test speed limit. 

Part 2: Deactivation (no warnings) test 

The ISA system shall be deactivated and a test repeated as in Part 1 at one 

speedometer speed selected by the Technical Service. 

Part 3: SLWF with driver aid control test 

In the case that the vehicle type may be equipped with a driver aid where 

the driver is not expected to be touching the accelerator control (for 

example, cruise control), the option (a) part 1 warnings tests shall be 

performed with an activated SLWF and the driver aid controlling the speed 

of the vehicle. By agreement between the Manufacturer and the Technical 

Service the test track-based procedures above can be replaced with 

laboratory-based procedures that have been shown to be equivalent. 

3.4.4.1 The test requirements for options (a) and (b) are fulfilled if: 

(a) Visual warning and cascaded acoustic or haptic warning 

Part 1: Warnings test 

A visual warning compliant with the requirements set out in point 2.5.2.1 is 

provided within [2 seconds] of the vehicle passing the sign and a cascaded 

acoustic or haptic warning is present and noticeable as follows: 

(1) For speedometer speed between [1 and 8] per cent higher than 

the test speed limit no cascaded acoustic or haptic warning is 

presented, i.e. only a visual warning is presented. 

(2) For speedometer speed between [10 and 18] per cent higher 

than the test speed limit, from at least [60 seconds] after passing 

sign for at least 10 seconds or until speedometer speed equal or less 

than that the test speed limit 

(3) For speedometer speed between [20 and 28 ] per cent higher 

than the test speed limit, from at least [10 seconds] after passing 

sign for at least 10 seconds or until speedometer speed equal or less 

than that the test speed limit 
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(4) For speedometer speed between [30 and 38] per cent higher 

than the test speed limit, from at least [3 seconds] after passing 

sign for at least 10 seconds or until speedometer speed equal or less 

than that the test speed limit 

Part 2: Deactivation (no warnings) test  

No warnings (visual, haptic or acoustic) are presented. 

Part 3: SLWF with driver aid control test 

Visual and acoustic warnings are presented as for part 1. 

 

(b) Haptic warning alone 

Part 1: Warnings test 

A haptic warning compliant with the requirements set out in point 2.5.2.2 is 

provided within [2 seconds] of the vehicle passing the sign 

Part 2: Deactivation (no warnings) test 

No haptic warning is presented 

Part 3: SLWF with driver aid control test 

Visual and acoustic warnings are presented as for option (a) part 1. 

  

3.5 SCF: Speed control function tests 

3.5.1 Subject vehicle conditions 

3.5.1.1 Subject vehicle conditions regarding test mass, tyres and pre-test 

conditioning shall meet the requirements specified in point 3.1.1. 

3.5.1.2 The gearbox type, tyre size and gear selection for the tests shall be based 

on a worst-case selection for the type to be approved. 

3.5.1.3 The settings of the drivetrain of the test vehicle shall conform to the 

specifications of the Manufacturer. 

3.5.2 The tests shall be performed on a test track or on a chassis dynamometer. 

3.5.2.1 Test track 

3.5.2.1.1 The test track surface shall be suitable to enable a stabilised speed to be 

maintained and shall be free from uneven patches, standing water, snow 

and ice. 

3.5.2.1.1.1 Gradients shall not exceed 2 per cent and shall not vary by more than 1 per 

cent excluding camber effects. For the SCF overrun test specified in point 

3.5.3.5, any gradients are permitted. 

3.5.2.1.2 Ambient weather conditions for track test 

3.5.2.1.2.1 The mean wind speed measured at a height at least 1 m above the ground 

shall be less than 6 m/s with gusts not exceeding 10 m/s. 

3.5.2.1.3 [At the Manufacturer's discretion and with the agreement of the Technical 

Service the tests may be performed under conditions deviating from what is 

described above.] 

3.5.2.2 Chassis dynamometer 

3.5.2.2.1 The equivalent inertia of the vehicle mass shall be reproduced on the 

chassis dynamometer with an accuracy of ± 10 per cent. The time shall be 
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measured with an accuracy of 0.1 seconds. 

3.4.2.2.2 The power absorbed by the brake during the test shall be set to correspond 

with the vehicle’s resistance to progress at the tested speeds. This power 

may be established by calculation and shall be set to an accuracy of ± 10 

per cent.  

3.5.3 Test procedures 

3.5.3.1 SCF acceleration test 

3.5.3.1.1 The test specified in point 3.5.3.1.2 shall be repeated for three different 

speed limits: 

(a) Urban speed limit: Initial speedometer speed ≤ 20 km/h; test 

speed limit = 50 km/h 

(b) Inter-urban speed limit: Initial speedometer speed ≤ 50 km/h; 

test speed limit = 80 km/h 

(c) Motorway speed limit: Initial speedometer speed ≤ 100 km/h; 

test speed limit = 130 km/h 

Only those tests where the test speed limit is lower than the vehicle’s 

maximum design speed have to be performed. 

3.5.3.1.2 The subject vehicle shall be driven with an activated SCF within the initial 

speedometer speed range. The perceived speed limit shall be set to the test 

speed limit (for example by presenting the vehicle with a road sign 

displaying the test speed limit). The vehicle shall then be accelerated, 

without applying a positive override action, until an SCF intervention is 

initiated. While the intervention remains active, the vehicle shall be driven 

long enough to allow an assessment of the stabilised speed. 

During the test, the speedometer speed shall be recorded. The stabilised 

speed shall be calculated by averaging the speedometer speed over a time 

interval of 20 seconds beginning 10 seconds after the speedometer speed 

first reached the perceived speed limit minus 10 km/h. 

3.5.3.1.3 The test requirements are fulfilled if the stabilised speeds lie within the 

following boundaries: 

(a) Urban speed limit: 45 km/h ≤ stabilised speed ≤ 50 km/h 

(b) Inter-urban speed limit: 75 km/h ≤ stabilised speed ≤ 80 km/h 

(c) Motorway speed limit: 125 km/h ≤ stabilised speed ≤ 130 km/h 

3.5.3.2 SCF response test 

3.5.3.2.1 The test specified in point 3.5.3.2.2 shall be performed at the urban speed 

limit with: 

70 km/h ≤ initial speedometer speed ≤ 79 km/h; 

Initial speed limit = 80 km/h;  

Test speed limit = 50 km/h. 

3.5.3.2.2 The subject vehicle shall be driven with an activated SCF at a constant 

speed within the initial speedometer speed range and the perceived speed 

limit shall be set to the initial speed limit so that no SCF intervention is 

active. The perceived speed limit shall then be set to the test speed limit 

(for example by presenting the vehicle with a road sign displaying the test 

speed limit) and the vehicle shall be driven at a constant speed within the 

initial speedometer speed range long enough to initiate an SCF 

intervention.  
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3.5.3.2.3 The test requirements are fulfilled if an SCF intervention is initiated no later 

than [2 seconds] after the vehicle’s perceived speed limit was set to the 

test speed limit. 

3.5.3.3 SCF deactivation test 

3.5.3.3.1 The test specified in point 3.5.3.3.2 shall be performed at the urban speed 

limit with: 

Initial speedometer speed ≤ 35 km/h;  

Test speed limit = 50 km/h. 

3.5.3.3.2 The subject vehicle shall be driven with a deactivated SCF within the initial 

speedometer speed range. The perceived speed limit shall be set to the test 

speed limit (for example by presenting the vehicle with a road sign 

displaying the test speed limit). The vehicle shall then be accelerated, 

without applying a positive override action, for more than [2 seconds] after 

the test speed limit has been exceeded. 

3.5.3.3.3 The test requirements are fulfilled if no SCF intervention is initiated and no 

speed limit warning (visual, acoustic or haptic) is issued.  

3.5.3.4 SCF override test 

3.5.3.4.1 The test specified in point 3.5.3.4.2 shall be performed at the urban speed 

limit with: 

Initial speedometer speed ≤ 35 km/h;  

Test speed limit = 50 km/h;  

Final speedometer speed ≥ 65 km/h. 

3.5.3.4.2 The subject vehicle shall be driven with an activated SCF within the initial 

speedometer speed range. The perceived speed limit shall be set to the test 

speed limit (for example by presenting the vehicle with a road sign 

displaying the test speed limit).  

The vehicle shall then be accelerated, without applying a positive override 

action, until an SCF intervention is initiated. While the intervention is 

active, a positive override action as specified by the Manufacturer shall be 

applied to accelerate the vehicle to the final speedometer speed range. 

The vehicle shall then be decelerated to a speedometer speed below the 

test speed limit and accelerated again, without applying a positive override 

action, until an SCF intervention is initiated. 

3.5.3.4.3 The test requirements are fulfilled if: 

(a) the SCF intervention is temporarily suspended when the positive 

override action is applied, so that the vehicle can be accelerated to 

the final speedometer speed, and 

(b) an SCF intervention is initiated during the subsequent 

acceleration. 

3.5.3.5 SCF overrun test 

3.5.3.5.1 The test specified in point 3.5.3.5.2 shall be performed at the urban speed 

limit with: 

Test speed limit = 50 km/h; 

Final speedometer speed ≥ 65 km/h.  

If such a test cannot be practically achieved (for example due to limitations 

of the test facilities), with the consent of the Type Approval Authority this 
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requirement may be demonstrated through the use of documentation. 

3.5.3.5.2 The perceived speed limit shall be set to the test speed limit (for example 

by presenting the vehicle with a road sign displaying the test speed limit). 

The subject vehicle shall be driven with an activated SCF at a speed below 

the test speed limit. The vehicle shall then be forced into exceeding the test 

speed limit (without applying a positive override action, for example by 

downhill driving or pulling the vehicle) until a visual warning and an 

acoustic or haptic warning have been issued. 

3.5.3.5.3 The test requirements are fulfilled if: 

(a) the SCF did not actuate the vehicle’s service braking system (for 

vehicle categories other than M1 and N1), and 

(b) the system warns the driver in accordance with the requirements 

specified in point 2.5.2. 

  

 



GSR: ISA second interim report 

 

 

 

March – 2021 
 208 
 

ANNEX 2: RECENT RESEARCH – INDUSTRY STAKEHOLDER 

Source: European Automobile Manufacturers Association (ACEA) 
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ANNEX 3: RECENT RESEARCH – TRANSPORT SAFETY STAKEHOLDER 

The following slides show a summary of the University of Leeds’ ISA Interface Study 

(Carsten et al., 2020), available in full at: 

https://environment.leeds.ac.uk/download/downloads/id/5102/isa_interface_study_acces

sible.pdf  

The European Transport Safety Council’s (ETSC) accompanying policy briefing document 

is available at:  

https://etsc.eu/wp-content/uploads/ISA-PolicyBriefing-InterfaceStudy.pdf  

 

 

 

 

https://environment.leeds.ac.uk/download/downloads/id/5102/isa_interface_study_accessible.pdf
https://environment.leeds.ac.uk/download/downloads/id/5102/isa_interface_study_accessible.pdf
https://etsc.eu/wp-content/uploads/ISA-PolicyBriefing-InterfaceStudy.pdf
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ANNEX 4: CATALOGUE OF ROAD SIGNS – POTENTIAL CONTENTS 

Normative elements required for each applicable road sign (by EU member state): 

• Description / type; 

• Design variants with pictograms (note that variable message signs should be 

included); and 

• Associated road speed limits by vehicle category (and permissible maximum 

mass, if applicable) and road class. 

 

Informative elements that could be included to avoid inefficiencies created by individual 

system designers having to collect information: 

• Additional sign properties, for example dimensions with tolerances, colours and 

font (size, colour, shape), material, retro-reflectivity, etc.; 

• Position, for example, minimum and maximum distance from road edge, minimum 

and maximum height, variation of angle to road about z-axis, sign rotation around 

x-axis, number of signs on same pole, etc.; 

• National requirements for repeater signs and conditions for implicit speed limit 

termination; 

• Associated road speed limits by special variable conditions, for example trailer 

status, prevailing environmental conditions, time of year, driver age or 

experience, standing passengers, etc. 

 

ACEA have supplied an Excel spreadsheet to the Commission which contains an initial 

draft of potential information they propose should be included in a catalogue (Figure 2). 

TRL’s proposed draft template, taking into account ACEA’s suggestions, is presented in 

Table 1. 
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Figure 2: Overview of draft template for catalogue of road signs, supplied by ACEA to the European Commission as Excel spreadsheet 

# DESCRIPTION VIENNA CONF. REQUIRED SIGNS TRAFFIC RULE PROPERTIES POSITION REMARK

1

Numerical road signs 

including temporary and 

variable message signs

YES

2

End of speed limit or 

‘national speed limit 

applies’ signs

YES

3

End of specific speed 

limit or speed limit zone 

signs

YES

4

Place name signs used to 

indicate the presence of 

a speed limit and their 

associated cancellation 

signs

YES

5

Urban area signs and 

their associated 

cancellation signs

YES

6
Home zone or residential 

zone signs
YES

7
Motorway regulations 

apply signs
YES

8
Expressway regulations 

apply signs
YES

9
Vehicle category specific 

signs
YES

10

Additional conditions 

apply (including rain, 

snow, time of day, 

arrows, distance or 

advance warning)

NO

NAME OF MEMBER STATE

NAME, ADDRESS OF THE ROAD AUTHORITY IN CHARGE

AS WELL AS:

ALL OTHER RELATED ROAD AUTHORITIES WORKING AND IMPLEMENTING SIGNS

ALL PRIVATE ORGANISATIONS RESPONSIBLE FOR PRIVATIZED ROADS

ALL AGENCIES, OFFICES AND COMMUNES WORKING ON ROADS (E.G. CONSTRUCTION SITES) PLACING SPEED LIMITS

CREATE OVERVIEW AND DATABASE 

INCLUDING EACH POSSIBLE AND USED SIGN 

IN THE SPECIFIC COUNTRY.

OVERVIEW CONTENTS ALL:

- DESIGN VARIANTS (WITH PICTOGRAMM) 

INCLUDING LED SIGNS

- RESOLUTION AND FORMAT TO BE DEFINED

- IN WHICH SIGNS MAY THIS SIGNS BE 

INCLUDED AND WITH WHICH DIMENSIONS 

AND POSITIONING? LIST ALL SIGNS

- ...

CREATE OVERVIEW AND DATABASE OF 

FORMER (BUT STILL USED), CURRENT AND 

FUTURE TRAFFIC RULES.

OVERVIEW CONTENTS ALL:

- TRAFFIC RULES

- USED EXEMPTIONS FOR VEHICLE 

CATEGORIES IN THE MEMBER STATE WITH 

ITS REQUIREMENTS FOR SPEED

- USED ESEMPTIONS DUE TO TIME, 

WEATHER, SEASON, AREA ...

- DEFINITIONS OF VALIDITY OF SPEED LIMITS 

BASED ON TIME, DISTANCE, 

INFRASTRUCTURE (E.G. SPEED LIMIT IS VALID 

UNTIL NEXT CROSSING, REGULATION FOR 

END OF SPEED LIMIT AT CONSTRUCTION 

ZONES ...) 

- DEFINITION OF NEEDED AMOUNT AND 

POSITIONING OF SIGNS

- PERIOD OF CLEANING, MAINTENANCE AND 

EXCHANGE OF SIGNS

- INFOSYSTEM TO AUTHORITY ABOUT DIRTY 

OR DAMAGED SIGNS 

- SPEED LIMIT RULES FOR COMBINATION OF 

FIXED SIGNS AND TEMPORARY LED SIGNS 

(E.G. FIXED SIGN WITH VALUES SETS SPEED 

LIMIT AND 200M FURTHER DOWN THE 

ROAD A TEMPORARY LED SIGN IS NOT 

SHOWING ANY LIMIT [BLACK SCREEN]. IS 

THE FIXED SIGN THEN VALID OR THE SPEED 

LIMIT HIGHER?)

- PROCESS OF SIGN DESIGN CHANGES IN THE 

COUNTRY

- ...

CREATE OVERVIEW AND DATABASE 

INCLUDING EACH POSSIBLE AND USED SIGN 

IN THE SPECIFIC COUNTRY.

OVERVIEW CONTENTS ALL:

- DIMENSIONS MIN AND MAX 

- COLOUR (RAL, ...)  AND FONT (SIZE, 

COLOUR, SHAPE). DO DIFFERENT COLORS 

CAUSE  DIFFERENT MEANINGS AS E.G. 

MOTORWAY SIGN BLUE/GREEN IN ITALY?)

- MATERIAL

 -RETROREFLECTIVITY

- WIDTH OF OUTER RING, THICKNES AND 

AMOUNT OF ALL LINES, SYMBOLS AND 

BORDERS

- RESOLUTION AND BRIGHTNESS OF LED 

SIGNS

- USED PICTOGRAMMS AND THEIR 

VARIANTS

- SHAPE OF EDGES, USED RADIUS

- 3D CONTOUR OF SIGN ITSELF OR PRINTING 

ON IT

- ...

CREATE OVERVIEW AND DATABASE FOR 

POSITIONING OF SIGNS IN THE SPECIFIC 

COUNTRY. 

OVERVIEW CONTENTS:

- POSITIONS USED (LEFT, RIGHT, ABOVE, 

PAINTED ON STREET)

- MIN AND MAX DISTANCE FROM ROAD 

EDGE

- MIN AND MAX HEIGHT

- VARIANTS OF ANGLE TO ROAD (AROUND Z 

AXIS OF SIGN POLE)

- SIGN ROTATION (AROUND X AXIS) 

- AMOUNT OF SIGNS PER STREET TYPE 

(BOTH SIDE OF THE ROAD OR ONLY 

LEFT/RIGHT/ABOVE)

- MEASURES FOR KEEPING VISIBILITY 

(TIMEFRAME FOR CUTTING TREES, PARKING 

PROHIBITION, ...)

- AMOUNT OF SIGNS ON THE SAME POLE

- AMOUNT AND WAYS OF ARANGING THE 

SIGNS TOGETHER

- ...

PLEASE ADD HERE ALL POSSIBLE 

ADDITIONAL INFORMATION.

THIS COULD BE:

- SIGN ACCORDING OR NOT ACCORDING TO 

VIENNA CONVENTION

- IF SO DESCRIPE DIFFERENCES

- HOW WILL SIGNS BE PERMANENTLY OR 

TEMPORARILY INVALIDATED (E.G. IN 

CONSTRUCTION ZONES) SO THAT THEY ARE 

NO LONGER RECOGNIZED BY THE CAMERA 

(E.G. COVERED, TURNED, DEMOUNTED)

- HOW ARE SIGNS ADDITIONAL MARKED OR 

POSITIONED TO DECIDE FOR WHICH STREET 

THEY ARE VALID (E.G. PARALLEL ROADS)

- ALL VARIANTS OF ADDITIONAL INFO SIGNS 

(E.G. WET, SNOW, TIME OF DAY WHERE 

SPEED LIMIT IS VALID, ...)
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Table 1: TRL’s proposed template for the catalogue of road signs 

Catalogue of Road Signs for Intelligent Speed Assistance (ISA) systems 

Version: [version number] 

Applicable from: [date] 

EU member state: [member state name] 

Vehicle category: [M1 / M2 / M3 / N1 / N2 / N3] 

Normative elements: Informative elements: 

Sign 

type 

Sign 

variant 

Description Pictogram Associated road speed limit for vehicle 

category concerned 

Sign properties Sign position  Repeater signs and 

termination 

Special variable 

conditions 

Additional 

information 

1 A Description of 

variant A of 

sign type 1 

Pictogram of 

variant A of 

sign type 1 

All road types: [x km/h]  

OR  

Urban, extra-urban, expressway, 

motorway: [w, x, y, z km/h] 

AND/OR  

Split by permissible maximum mass 

National standards 

concerning:  

- Dimensions with 

tolerances  

- Colours and font 

(size, colour, shape)  

- Material 

- Retro-reflectivity 

- Width of outer ring 

- Thickness and 

amount of all lines, 

symbols and borders 

- Resolution and 

brightness of 

variable message 

signs 

- etc. 

National standards 

concerning:  

- Positions used (left, 

right, above) 

- Minimum and 

maximum distance 

from road edge 

- Minimum and 

maximum height 

- Variation of angle to 

road about z-axis 

- Sign rotation 

around x-axis 

- Number of signs on 

same pole 

- etc. 

National standards 

concerning:  

- Distance between 

repeater signs 

- Number of 

repeater signs 

- conditions for 

implicit speed 

limit termination 

Associated road 

speed limits by 

special variable 

conditions:  

- Trailer status 

- prevailing 

environmental 

conditions 

- time of year 

- driver age or 

experience 

- standing 

passengers 

- etc. 

Other information: 

- How are signs 

temporarily 

invalidated (e.g. 

at road works)? 

- How are signs 

marked or 

positioned to 

indicate 

applicable 

carriageway? 

 



 

 

 

 

HOW TO OBTAIN EU PUBLICATIONS 

Free publications: 

• one copy: 

via EU Bookshop (http://bookshop.europa.eu); 

• more than one copy or posters/maps: 

from the European Union’s representations (http://ec.europa.eu/represent_en.htm);  

from the delegations in non-EU countries 

(http://eeas.europa.eu/delegations/index_en.htm);  
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or calling 00 800 6 7 8 9 10 11 (freephone number from anywhere in the EU) (*). 
 
(*) The information given is free, as are most calls (though some operators, phone boxes or hotels may 
charge you). 
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• via EU Bookshop (http://bookshop.europa.eu). 

Priced subscriptions: 

• via one of the sales agents of the Publications Office of the European Union 

(http://publications.europa.eu/others/agents/index_en.htm). 
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Executive Summary 

Emergency Lane Keeping System (ELKS) means a system assisting the driver in keeping 

a safe position of the vehicle with respect to the lane or road boundary, at least when a 

lane departure occurs or is about to occur and a collision may be imminent. 

The Regulation (EU) 2019/2144 of the European Parliament and Council (sometimes 

referred to as the General Safety Regulation, or GSR) has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving 

lives on EU roads. One of a package of measures to be implemented within this revision 

is the mandatory fitment of emergency lane keeping system ELKS to cars and vans.  

The objective of the ELKS work package was to develop draft technical annexes setting 

out requirements and test procedures for secondary type approval legislation to mandate 

fitment of ELKS to M1 and N1 category vehicles. This work package was divided into the 

following tasks: 

• Task 1: Review and scope contents of draft technical annexes 

• Task 2: Detailed development of requirements and tests 

• Task 3: Consultations / liaison 

• Task 4: Reporting, meetings and ad-hoc support 

The work was performed in two stages. In the first stage, literature review and bi-lateral 

consultations with seven organisations were undertaken to develop a high-level proposal 

for the contents of the ELKS regulation. The second stage of the work developed the 

draft technical annexes taking into account comments from stakeholders on the first 

stage report and using bi-lateral consultations with key stakeholders, including ACEA and 

CLEPA.  

This report details the draft technical annexes developed including requirements, test 

procedures and associated performance limits, the thinking behind their development, 

and, where appropriate, justification for the text content, in particular suggested 

performance limits. 
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1 Introduction 

TRL are providing support to the European Commission to develop the General Safety 

Regulation (GSR), specifically to develop  input for the secondary legislation  of 

Regulation (EU) 2019/2144 for the following vehicle safety measures: 

• AEB: Advanced Emergency Braking (light duty, vehicles and pedestrians/cyclists)  

• DDR: Driver Drowsiness and Attention Monitoring, Driver Readiness Monitoring for 

Automated Driving & Advanced Distraction Recognition 

• EDR: Event Data Recorder  

• FFW: Frontal Full-Width Impact  

• HED: Pedestrian and Cyclist Enlarged Head Impact Zone 

• ISA: Intelligent Speed Assistance  

• ELKS: Emergency Lane Keeping System 

• REV: Reversing Safety  

• TPM: Tyre Pressure Monitoring (heavy duty)  

• VIS: Direct Vision & Pedestrian and Cyclist Detection (heavy duty) 

This report is related to Emergency Lane Keeping Systems (ELKS). ELKS means a system 

assisting the driver in keeping a safe position of the vehicle with respect to the lane or 

road boundary, at least when a lane departure occurs or is about to occur and a collision 

may be imminent.  

The objective of the ELKS work package was to develop draft technical annexes setting 

out suggested performance based requirements and test procedures for secondary type 

approval legislation as regards fitment of ELKS to vehicles of categories M1 and N1.  

This work package was divided into the following tasks: 

• Task 1: Review and scope contents of draft technical annexes 

• Task 2: Detailed development of requirements and tests 

• Task 3: Consultations / liaison 

• Task 4: Reporting, meetings and ad-hoc support 

The work was performed in two stages. In the first stage, literature review and bi-lateral 

consultations with seven organisations were undertaken to develop a high-level proposal 

for the contents of the ELKS regulation. The organisations consulted included vehicle 

manufacturers (OEMs), suppliers, consumer testing type organisations, technical services 

and by extension national authorities. The high-level proposal and relevant supporting 

information were documented in a report (Edwards et al. 2019) which was circulated to 

stakeholders for comment.  

Following this, the second stage of the work further developed the draft technical 

annexes taking into account comments from stakeholders on the report mentioned above 

and using bi-lateral consultations with key stakeholders, including ACEA and CLEPA. 

This report is divided into three sections. The first section describes the principles, 

approach, and baseline requirements which formed the basis on which to develop the 

requirements and tests and write the draft regulatory text. The second section describes 

the draft regulatory text, including the thinking behind it, and, where appropriate, 

justification for the text content, in particular suggested performance limits. The third 

and final section describes the way forward. 
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2 Principles, Approach and Baseline Requirements 

The first two parts of this section outline the principles and approach followed to develop 

the ELKS regulation. The third part describes the development of the baseline 

requirements which were changed to overcome problems that arose during detailed 

development of requirements and tests.  

2.1 Principles 

The principles followed to develop the ELKS regulation are listed below in terms of 

general ones and those specific to ELKS. These were derived from the insights acquired 

from consultation with the Commission and expert stakeholders.  

• General 

o The regulation developed should not be design restrictive and hence should 

be performance-based, as far as possible 

o Given the timescales intended for its implementation, the regulation 

developed should ensure an acceptable minimum level of performance that 

can be delivered using readily available current technology 

• ELKS 

o ELKS is an active safety system to assist the driver and therefore the 

driver should have control of the vehicle at all times and the ELKS should: 

▪ Assist the driver to keep the vehicle from leaving the lane in the 

case of driver unintentional manoeuvres 

▪ Only be required to become active when the vehicle is about to 

unintentionally leave its lane of travel and a collision may occur  

▪ Not annoy the driver with unnecessary interventions such that the 

option is taken to switch it off leading to the loss of potential benefit 

2.2 Approach 

The overall approach followed to develop the regulatory proposal was that it should: 

• Adhere to the requirements laid out in the Regulation (EU) 2019/2144 (EP 2019). 

• Align with and not be in conflict with requirements mandated by UN Regulation 

No. 79 (UNECE 2018) 

• Follow the principles outlined above 

2.2.1 Main relevant requirements of Regulation (EU) 2019/2144 

The definition of ELKS is given as: 

ELKS means a system that assists the driver in keeping a safe position of the 

vehicle with respect to the lane or road boundary, at least when a lane departure 

occurs or is about to occur and a collision may be imminent. 

‘Assisting’ is understood to mean either an intervention to guide the vehicle leaving the 

lane back into the lane OR a warning to the driver to intervene and do this. 

Specific requirements for ELKS are detailed in Article 7 (EP 2019). These include: 

• Only possible to switch off ELKS by itself and by a sequence of actions to be 

carried out by the driver 

o Article 7:4(a) It shall only be possible to switch off systems [ELKS] one at 

a time by a sequence of actions to be carried out by the driver 

• ELKS switched ON by default with each activation of the vehicle master control 

switch (i.e. ignition switch for vehicles with conventionally fuelled engines). 
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o Article 7:4(b) the systems shall be in normal operation mode upon each 

activation of the vehicle master control switch  

• ELKS audible warnings shall be easy to suppress, but it should not be possible to 

suppress other system functions easily at the same time 

o Article 7:4(c) it shall be possible to easily suppress audible warnings, but 

such action shall not at the same time suppress system functions other 

than audible warnings;  

• ELKS intervention can be overridden by driver  

o Article 7:4(d) it shall be possible for the driver to override such systems 

2.2.2 Relationship with UN Regulation No. 79 

UN Regulation No. 79 revision 4 (UNECE 2018) contains requirements for three control 

functions that are relevant to ELKS. These are: 

• Corrective Steering Function (CSF) type (c) which is defined as a control function 

which, for a limited duration, changes the steering angle of one or more wheels in 

order to correct lane departure (e.g. to avoid crossing lane markings, leaving the 

road). 

• Automatically Commanded Steering Function (ACSF) category B1 which is defined 

as a control function which actuates the steering system in order to assist the 

driver in keeping the vehicle in the lane by influencing the lateral movement of 

the vehicle. 

• Emergency Steering Function (ESF) type a(ii) which is defined as a control 

function which can automatically detect a potential collision and, for a limited 

duration, automatically activate the vehicle steering system with the purpose of 

avoiding or mitigating a collision with another vehicle driving (note that the 

vehicle may be driving in the same or opposite direction as the subject vehicle) in 

an adjacent lane into the path of which the subject vehicle is drifting.  

Consultation with stakeholders and analysis of these functions revealed that, in general, 

the aim of the CSF type (c) function is to protect the inattentive driver by providing a 

corrective steering action for a limited duration and similarly for ESF type a(ii) function 

the aim is to protect the inattentive driver but also to reduce system interference for the 

attentive driver for crossing dashed lane markings when it is safe to do so.  

In contrast, in general, the aim of the ACSF B1 function is to provide more comfortable 

driving by providing continuous lateral support within specified limits, for example when 

the system can clearly determine the course of the lane ahead. Regulation 79 mandates 

that an ACSF B1 function can be switched off by a single action by the driver and will 

automatically deactivate if the driver is not holding the steering wheel and doesn’t react 

to the warning given. Based on this, it was concluded that the ACSF B1 function is not 

the best option for definition of the ELKS mainly because the ELKS should support the 

driver only in case of unintentional lane crossing , be switched on by default and 

switched off only by a sequence of actions by the driver. 

On this basis it was proposed that the appropriate functions for definition of the ELKS are 

CSF type (c) and ESF type a(ii) ones. The ELKS requirements will have to be compatible 

with an ACSF B1 function that could be proposed on top of the ELKS function. Based on 

the principle that the ELKS regulation to be developed should deliver an acceptable 

minimum level of performance (see Section 2.1) it is proposed that an ESF type a(iii) 

function (which is defined as a control function which can detect a potential collision and, 

for a limited duration, activate the steering system with the purpose to avoid or mitigate 

a collision with another vehicle into the lane of which the driver initiates a lane change 

manoeuvre) should not be included to ensure an unreasonable burden is not put on the 

manufacturer. Also, on this basis, it was proposed that the ESF type a(ii) function should 

be optional, i.e. its fitment is not mandated, but it should be tested if fitted. 
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Another important consideration regarding the relationship of the ELKS regulation with 

Regulation 79 is that the scope of Regulation 79 appears not to include systems that use 

differential braking for directional control. Because one of the principles is that the ELKS 

regulation should not be design restrictive and differential braking type systems are likely 

to be in use in the timescales for implementation of the ELKS regulation, it was proposed 

that the ELKS regulation is written in a manner to accommodate these types of system.  

It was decided to solve this problem by transposing (or referencing) the relevant parts of 

Regulation 79 into a European Union ELKS regulation and making appropriate 

adjustments where there is reference to the use of steering to provide directional control. 

The first part of this process involved redefining Corrective Steering Function and 

Emergency Steering Function as follows:  

"Corrective Directional Control Function (CDCF)" means a control function within 

an electronic control system whereby, for a limited duration, changes to the 

steering angle of one or more wheels and/or braking of individual wheels may 

result from the automatic evaluation of signals initiated on-board the vehicle, in 

order to correct lane departure, e.g. to avoid crossing lane markings, leaving the 

road. 

"Emergency Directional Control Function (EDCF)" means a control function which 

can automatically detect a potential collision and automatically activate the 

vehicle steering system and/or individual wheel braking for a limited duration, to 

change the direction of the vehicle with the purpose of avoiding or mitigating a 

collision, with another vehicle driving* in an adjacent lane into which path the 

subject vehicle is drifting.  

*Note: vehicle may be driving in opposite direction. 

Currently, differential braking type systems are subject to the requirements of UN 

Regulation No. 13H, specifically the requirements of Annex 8 which shall be applied to 

the safety aspects of all complex electronic vehicle control systems, (including those 

defined in an independent regulation), which provide or form part of the control 

transmission of the braking function, and including those which utilize the braking 

system(s) for automatically commanded braking or selective braking. The purpose of 

these requirements is to show that, with the differential braking system fitted, the overall 

braking system still respects under normal and fault conditions, all the appropriate 

performance requirements specified within Regulation 13H. The author believes that this 

is sufficient and further modification of the braking regulations is not necessary, provided 

the approach proposed above is followed.  

2.2.3 Technology considerations 

One of the principles established above was that the regulation developed should ensure 

an acceptable minimum level of performance that can be delivered using readily available 

current technology.  

From consultation with expert stakeholders it was concluded that the current readily 

available technology was not capable of detecting plain road edges reliably enough. On 

this basis, it was proposed that the systems mandated should be capable of detecting the 

following lane edges / scenarios: 

o Solid lane markings 

o Dashed lane markings 

o Solid or dashed lane markings adjacent to road edges 

for all lane markings as defined in Commission Regulation (EU) No. 351/2012 Annex II, 

Appendix ‘Visible lane marking identification’. 

Also, the regulation developed should not restrict the placing on the market of improved 

ELKS such as those which can detect road edges without lane markings adjacent to them 

and / or those fitted with systems to detect potential collisions and avoid them. 
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2.3 Baseline requirements 

Taking the approach described above into account and through consultation with 

stakeholders the following top-level objectives were derived to guide the development of 

the baseline requirements: 

• Prevent lane departure toward another lane  

• Prevent lane departure towards a road edge  

• Keep driver annoyance to a minimum in order to avoid deactivation by the driver 

resulting in loss of all potential ELKS benefit 

Using these objectives and building on the information above, initial baseline 

requirements for ELKS consisting of the following two options were proposed: 

Option A: 

Mandate fitment of a Corrective Directional Control Function (CDCF) to prevent 

crossing of solid and dashed lane markings unless a driver intentional manoeuvre 

is detected. 

 

Figure 1: Option A: CDCF fitted to prevent ‘unintended’ crossing of solid and dashed lane 
markings 

Option B: 

Optionally, to help reduce driver annoyance, permit deactivation of CDCF for 

dashed lane markings provided vehicle fitted with an Emergency Corrective 

Directional Control Function (CDCF) to avoid a collision with a vehicle driving in an 

adjacent lane. 
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Figure 2: Option B: Crossing of dashed lane markings into adjacent lane permitted 
provided EDCF fitted to avoid a collision with a vehicle driving in an adjacent lane 

 

Unfortunately, during the drafting of the detailed text a number of problems were found 

with these baseline requirements. The problems found included: 

• Definition of the performance requirements and test procedure for an Emergency 

Directional Control Function (EDCF).  

Initially, it was thought that the requirements and test procedure for this 

function could be based on the Euro NCAP procedure for this type of function. 

However, to represent the threat (oncoming or overtaking vehicle), the 

Euro NCAP procedure uses a Global Vehicle Target (GVT) which represents a car. 

ISO are currently developing an appropriate standard for this ‘car GVT’ which is 

expected to be complete sometime in 2020 (ISO/CD 19206-3). However, EDCF 

should detect threats other than cars, such as motorcycles and no vehicle 

targets which represent motorcycles currently exist. This causes a problem for 

the introduction of an appropriate test procedure into regulation. 

• How to deal with dashed lane markings next to road edges for an EDCF. 

If an EDCF is fitted which allows crossing of dashed lane markings, because 

readily available current technology cannot detect road edges reliably (see 

Section 2.2.3 above) and hence distinguish that a dashed lane marking is next to 

a road edge a problem arises for countries, such as Sweden and France, which 

have dashed lane markings next to road edges. The problem is that departure 

over dashed lane marking next to a road edge may be permitted without 

intervention. Two potential solutions for this problem were discussed: 

o Allow deactivation of lane keep intervention for dashed lane markings 

on driver side of vehicle only 

o Fit road edge detection and do not permit deactivation of lane keep 

intervention for road edges, even if there are dashed lane markings 

next to them. 

But neither of these were preferred by stakeholders. 

To help resolve these challenges, stakeholders proposed new baseline requirements 

which can be summarised as follows: 

• In the case of unintended lane departure: 

o Mandate an intervention for crossing solid lane markings  
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o Mandate a warning for crossing solid or dashed lane markings, regardless 

of whether or not there is a threat or road edge 

Implementation of these baseline requirements would result in the responses to lane 

markings and road edges as summarised in Figure 3 below. 

 

 

Figure 3: Response of ELKS to lane markings and road edge scenarios assuming 
implementation of new baseline requirements proposed by stakeholders 

 

The main advantages of these new baseline requirements were that they should help 

simplify the proposed ELKS regulation greatly and side-step problems caused by the 

readiness of currently available technology, namely the need to define requirements for 

EDCF and / or provisions for road edge detection, both of which were proving problematic 

to resolve.  

However, a potential disadvantage was that they may result in a reduction of the 

effectiveness of the ELKS mandated because only a warning is given to the driver 

(compared to an intervention supplemented with a warning) for two collision scenarios 

which contain a large proportion of the target population (Euro NCAP 2016), namely: 

• Crossing dashed lane marking into oncoming traffic 

• Crossing lane marking next to road boundary into obstacle (note that there are 

dashed lane markings next to road boundaries in some EU member states, e.g. 

Sweden and France) 

To estimate the magnitude of this potential disadvantage the following two items were 

considered: 

• The effectiveness of a Lane Departure Warning System (LDWS) compared to a 

Corrective Directional Control Function (CDCF) 

• In terms of driver annoyance, whether or not unjustified warnings would be less 

likely to lead to a driver switching the system off compared to unjustified lane 

keep interventions 

The author could not find any relevant information in the literature to be able to compare 

the effectiveness of a LDWS to a CDCF. Indeed, for this reason the underlying 

effectiveness data used for the ELKS measure for the General Safety Regulation Impact 

Assessment (EC 2018) were LDWS effectiveness data from Sternlund et al. (2017) and 

Cicchino (2018). Both these studies were based on real-world accident data and used 

methods which compared the accident exposure of cars with and without LDWS fitted to 
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derive effectiveness values. The effectiveness values applied for the Impact Assessment 

for the target population of: 

‘casualties in head-on and single-vehicle crashes on roads with speed limits between 70 

km/h and 120 km/h (40 mph and 70 mph) and dry or wet road surfaces (i.e. not covered 

by ice or snow)’ 

were 53% for fatalities and 38.5% for seriously and slightly injured. These results show 

that the effectiveness of a LDWS is reasonably high and assuming that the effectiveness 

of a CDCF system is higher, the gap is not likely to be that great because there is not 

that much head room. 

From their customer feedback vehicle manufacturers indicated that unjustified warnings 

were less likely to lead to a driver switching the system off compared to unjustified lane 

keep interventions.  

In conclusion, the magnitude of the potential disadvantage of the new baseline 

requirements cannot be estimated accurately. However, disadvantages to the benefit 

caused by a reduction in effectiveness due to the fitment of an LDWS instead of an CDCF 

should, to some extent, be offset by drivers being less likely to switch the system off. 

Also, because the GSR Impact Assessment was based on data for LDWS, the new 

baseline requirements can deliver the benefit predicted by it. 

In summary, it is proposed to implement the new baseline requirements: 

• In the case of unintended lane departure: 

o Mandate an intervention for crossing solid lane markings  

o Mandate a warning for crossing solid or dashed lane markings, regardless 

of whether or not there is a threat or road edge 

as the starting point for detailed development of requirements and tests for the ELKS 

regulation on the following basis: 

• They fulfil the principles and follow the overall approach originally proposed above 

• They overcome problems with the requirements proposed previously, namely setting 

appropriate performance requirements for an EDCF caused by the readiness of 

currently available technology 

• They should enforce systems which have reasonably high effectiveness values which 

can deliver the benefit predicted in the GSR Impact Assessment 
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3 Detailed Development of Performance Requirements and 
associated Tests  

To develop the draft technical annexes, an iterative process involving bi-lateral 

consultations with key stakeholders, including ACEA and CLEPA, was undertaken. This 

entailed cycles in which: 

• TRL drafted text which was circulated to key stakeholders 

• Draft text was discussed with stakeholders in internet-based meetings and suggested 

changes and comments noted 

• TRL considered suggested changes and comments, and updated the text where 

appropriate  

The approach followed to develop the requirements and tests was as detailed in Section 2 

above. Additional points to note are: 

• The layout of the draft text was based on that used in draft UN Regulation No. 

152 for Advanced Emergency Braking System (AEBS) for M1 and N1 vehicles 

(UNECE 2019), i.e.: 

o Requirements were divided into ‘General’ and ‘Specific’ sections. 

o Test requirements were written as separate sections. 

o To enable clarity for potential future market surveillance activities, 

performance requirements for functions and, if applicable, conditions under 

which these requirements should be met, were written in the specific 

requirements section. 

• The content and style of draft text was written to be suitable for inclusion within 

an EU regulation. 

• Requirements for the Lane Departure Warning System (LDWS) were based on 

those in UN Regulation No. 130. 

• Requirements for the Corrective Directional Control Function (CDCF) were based 

on those in UN Regulation No. 79 for a Corrective Steering Function (CSF) type (c) 

and lane keep requirements developed within this project. 

The sections below describe the thinking and, if appropriate, justification for the draft 

text content, including suggested performance limits, for each of the draft text sections. 

 

3.1 Scope 

The scope is defined in Regulation (EU) 2019/2144 Article 7.3 and is: 

Vehicles of category M1 and N1 shall also be equipped with an Emergency Lane-

Keeping System. 

Article 16 and Annex II detail the implementation dates for the regulation.  

For fitment of ELKS, these are: 

• For new vehicle types, the date of application of the regulation. 

• For new vehicles, 24 months after the date of application of the regulation. 

It should be noted that for vehicles with hydraulic power assisted steering systems the 

implementation dates for fitment of ELKS are later. These vehicles, however, shall be 

fitted with a lane departure warning system (LDWS) instead. 

• For new vehicle types with hydraulic power assisted steering systems: 

o ELKS fitted: 24 months after the date of application of the regulation 
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o LDWS fitted: for the period from the date of application of the 

regulation to 24 months later 

• For new vehicles with hydraulic power assisted steering systems: 

o ELKS fitted: 48 months after the date of application of the regulation 

o LDWS fitted: for the period from 24 months after the date of 

application of the regulation to 24 months later 

Currently, the date of application of the regulation is expected to be in July2022.  

It should be noted that ACEA have raised a concern about meeting the currently 

proposed schedule for implementation of the regulation because its implementation will 

entail many changes for vehicles that have not been designed to be ready to incorporate 

them. These concerns are greater for some vehicle types such as Light Commercial 

Vehicles (LCVs) which have long life cycles. To help solve this problem they propose that 

the implementation date for new vehicles is extended. They suggest that one way to do 

this could be to define the new vehicles application date on the basis of a ‘Start of 

Production’ date to allow vehicles to be produced and sold for a given number of years. 

ACEA comment: 

Due to the tight schedule for GSR ELKS regulation 2022 new-types dates, in 

combination with that the GSR2 regulation is very heavy and implies a lot of 

changes on cars that have not been designed for these constraints. The All-types 

application should be extended beyond 2024. A differentiated transition period for 

certain vehicles e.g. LCV with long life cycles or technologies that might not fully 

be applicable to the coming regulation e.g. differential braking systems, might 

also be needed.   

One possible solution could be to define minimum Start of Production (SOP) date 

for All Types rule --> e.g. If vehicle was type approved after before 2014 the all 

types rule is extended to 2026 or does not apply. 

3.2 Definitions 

Definitions were drafted as required to ensure that the meaning of the draft text was 

clear and unambiguous. Where possible, to help ensure consistency, they were based on 

definitions from other regulations and standards, for example: 

• The Emergency Lane Keeping System (ELKS) definition was copied from 

Regulation (EU) 2019/2144. 

• The lane keeping function definition ‘Corrective Directional Control Function 

CDCF)’ was based on the definition of a Corrective Steering Function (CSF) type 

(c) in UN Regulation No. 79 – see Section 2.2.2. 

• The lane departure warning system (LDWS) definition was copied from Regulation 

(EU) 2019/2144. This definition is nearly the same as the one in UN Regulation 

No. 130. 

It should be noted that a vehicle type definition has been included but it is not known 

whether or not it will be needed, because it is not known exactly how the Commission 

will incorporate the draft text written into the final EU regulation. However, it can be 

deleted easily if it is not needed. 
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Draft text 

0.10 “Emergency Lane Keeping System (ELKS)” means a system that assists the 

driver in keeping a safe position of the vehicle with respect to the lane or 

road boundary, at least when a lane departure occurs or is about to occur 

and a collision may be imminent.  

0.11 “Vehicle master control switch” means the device by which the vehicle’s on-

board electronics system is brought, from being switched off, as in the case 

where a vehicle is parked without the driver being present, to normal 

operation mode.  

0.12 "Corrective Directional Control Function (CDCF)" means a control function 

within an electronic control system whereby, for a limited duration, changes 

to the steering angle of one or more wheels and/or braking of individual 

wheels may result from the automatic evaluation of signals initiated on-board 

the vehicle optionally enriched by data provided off-board the vehicle, in 

order to correct lane departure, e.g. to avoid crossing lane markings, leaving 

the road. 

0.13 "Lane Departure Warning System (LDWS)" means a system to warn the 

driver that the vehicle is drifting out of its travel lane. 

[0.14] ["Vehicle Type with Regard to its Emergency Lane Keeping System" means a 

category of vehicles which do not differ in such essential aspects as:  

(a) Vehicle features which significantly influence the performances of the 

Emergency Lane Keeping System;  

(b) The type and design of the Emergency Lane Keeping System.] 

0.15 "Subject Vehicle" means the vehicle being tested. 

0.16 “Distance to Lane Marking (DTLM)” means the remaining lateral distance 

(perpendicular to the lane marking) between the inner side of the lane 

marking and most outer edge of the tyre before the subject vehicle crosses 

the inner side of the lane marking. 

0.17 "Common Space" means an area on which two or more information functions 

(e.g. symbol) may be displayed, but not simultaneously. 

0.18 "Self-Check" means an integrated function that checks for a system failure 

on a continuous basis at least while the system is active.  

0.19 “Dry road” means a road with a nominal peak braking coefficient of 0.9. 

0.20 “Flat road” means a road with a slope less than 1% in the longitudinal 

direction and for the lateral direction, less than 2% for half a lane width 

either side of the centreline and less than 3% for the outer half of the lane. 

 

3.3 Requirements 

The requirements section was divided into ‘general requirements’ and ‘specific 

requirements’ to follow the layout typically used for regulations. 

3.3.1 General Requirements 

The main part of the General Requirements section defines that an ELKS shall comprise a 

LDWS and a CDCF (see Section 2.3 ‘baseline requirements’) and directs the reader to 

what specific requirements this system and function shall meet. 

A general requirement was added to emphasize the importance that the system should 

be designed to minimise driver annoyance to help ensure it is not switched off so that the 

benefits it offers can be realised. 
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General requirements that are normally included in UN regulations such as 

Electromagnetic Compatibility (EMC) of the system by reference to the relevant 

regulation (UN Regulation No. 10) were not included in the draft text. This was because 

the author understands that the ELKS regulation will be implemented as an EU 

Regulation and hence requirements such as EMC will be included implicitly as part of the 

General Safety Regulation which will sit above the ELKS regulation. 

Draft text 

1 General requirements 

1.1 An ELKS shall comprise a LDWS and a CDCF 

1.1.1 The LDWS shall meet the requirements of paragraphs 2.1 to 2.4 and 

paragraph 2.5. 

1.1.2 The CDCF shall meet the requirements of paragraphs 2.1 to 2.4 and 

paragraph 2.6. 

1.2 ELKS lane departure warnings and interventions 

Subject to specific requirements below the system shall be designed to 

minimise warnings and interventions for driver intended manoeuvres. 

 

3.3.2 Specific Requirements 

The specific requirements were divided into the following three main parts: 

• Failure warning, deactivation, suppression and Periodic Technical Inspection (PTI), 

the first three of which are related to the Human Machine Interface (HMI) 

• Lane Departure Warning System (LDWS) 

• Lane keep system - Corrective Directional Control Function (CDCF) 

 

3.3.2.1 Failure warning, deactivation, suppression and PTI 

In terms of approach, the information that should be provided to the driver related to the 

ELKS status was discussed with stakeholders. From these discussions it was agreed that 

the ELKS should be envisaged as an active system which is works in the background and 

supplies assistance to the driver when needed. Advanced Emergency Braking Systems 

(AEBS) and Electronic Stability Control (ESC) are examples of this type of system. 

Therefore, it was agreed that the driver should be informed if the ELKS cannot provide 

the support regulated, but the driver should not be informed if the ELKS cannot detect 

the lane markings because, for example, they are worn. This is because this could lead to 

supplying the driver with too much information and possibly distracting him from the 

driving task which would negate the primary purpose of the ELK assistance system. 

Failure warning 

Following a similar approach to other regulations (e.g. UN Regulations No. 130 and 152 

draft) text was drafted to require a constant optical failure warning signal for electrically 

detectable failures and non-electrical failures such as sensor mis-alignment. It should be 

noted that non-electrical failures do not include periods when the sensor may be blinded 

by the sun and/or lane markings are not detected. This warning signal can also be used 

to indicate when the system is deactivated. In other regulations this signal is often 

mandated to be yellow. However, at the suggestion of a stakeholder this requirement 

was dropped because systems which use other colours may already be in use, i.e. fitted 

to vehicles. 

Because the ELKS comprises a lane departure warning system (LDWS) and a lane keep 

system (CDCF) system, it is possible that the CDCF could fail but the LDWS could still be 

functional, if for example, there was a CDCF failure related to the steering system. In this 
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case one would want the LDWS to remain active to provide assistance to the driver. To 

permit this, for the case that LDWS lane departure optical warning is provided by flashing 

the failure warning signal, the text was drafted appropriately. 

Draft text 

2.1 ELKS failure warning 

A warning shall be provided when there is a failure in the ELKS that 

prevents the requirements of this Regulation of being met.  

2.1.1 The warning shall be a constant optical warning signal. This warning signal 

may be interrupted by an optical warning according to paragraphs 2.5.3.1 

or 2.6.5.1, if the ELKS is only partially* affected by the failure. 

*Note: ELKS partial failures are failures of the CDCF only or the LDWS only. 

2.1.1.1 There shall not be an appreciable time interval between each ELKS self-

check, and subsequently there shall not be a delay in illuminating the 

warning signal, in the case of an electrically detectable failure. 

2.1.1.2 Upon detection of any non-electrical failure condition (e.g. sensor 

misalignment), the warning signal as defined in paragraph 2.1.1 shall be 

activated. 

2.1.2 If the vehicle is equipped with a means to deactivate the ELKS a warning 

shall be given when the system is deactivated according to paragraph 2.2. 

This shall be a constant optical warning signal. The warning signal specified 

in paragraph 2.1.1 above may be used for this purpose. 

 

Deactivation 

From learnings from discussions with stakeholders it is proposed that manual 

deactivation of the ELKS whilst driving should be permitted. This was because situations 

can occur while driving which will trigger repeated ELKS interventions, e.g. on a narrow 

country road or in roadworks. Therefore, deactivation of the system should be permitted 

while driving. If it is not provided, the repeated interventions will likely annoy the driver 

which could cause customer acceptance problems. Also, the driver could likely choose to 

switch the ELKS off at the beginning of the trip, thus negating any possible benefit from 

it. Further discussions revealed support for a Euro NCAP-type approach that permits 

deactivation while driving but not by a simple single action of the driver as for an ACSF 

B1 system (i.e. a lane positioning comfort type system). An example of such a solution is 

a switch which requires two presses or a long press to deactivate and a single press to 

reactivate. 

Regulation (EU) 2019/2144 requires (see Section 2.2.1):  

o It shall be possible to switch off systems [ELKS] only one at a time by a 

sequence of actions to be carried out by the driver 

o The systems [ELKS] shall be in normal operation mode upon each 

activation of the vehicle master control switch 

It is assumed that a ‘long press’ of a button would be considered a sequence of actions, 

i.e. press and hold. 

Text was drafted to permit fitment of a means to manually deactivate the ELKS and its 

reinstatement upon each activation of the vehicle master control switch. However, a 

stakeholder requested that the text related to the reinstatement be modified by adding 

the part in square brackets, see below: 

The ELKS function shall be automatically and fully reinstated upon each activation 

of the vehicle master control switch, [at least provided the driver door is opened 

in-between]. 
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The reason given for this was to cover situations when the driver has not completed a 

journey and has for example switched their car off at traffic lights or in a traffic jam to 

save fuel or indeed has stalled the car. Reinstatement of the ELKS in these situations will 

likely increase customer annoyance. The Commission should decide whether or not this 

proposed modification should be included in the draft text because the author was unable 

to make a definite recommendation. 

Text was drafted to permit automatic deactivation of the ELKS, either partially or fully, in 

situations such as off-road use, being towed, when towing a trailer, etc. Partial 

deactivation was permitted for situations such as towing a trailer when it may be 

necessary to deactivate the lane keep capability but not the lane departure warning.  

Text was also drafted to mandate a constant optical warning signal to inform the driver if 

the ELKS has been deactivated. In the case that the ELKS may not be fully deactivated, 

for example CDCF deactivated but LDWS not, text added to allow interruption of the 

signal so, for example, if desired for the LDWS it can be utilised as an optical warning 

signal. 

Draft Text 

2.2 ELKS deactivation 

2.2.1 Manual deactivation 

When a vehicle is equipped with a means to manually deactivate the ELKS 

function, either partially or fully, the following conditions shall apply as 

appropriate: 

2.2.1.1 The ELKS function shall be automatically and fully reinstated upon each 

activation of the vehicle master control switch, [at least provided the driver 

door is opened in-between]. 

2.2.1.2 The ELKS control shall be designed a in such a way that manual 

deactivation shall not be possible with less than two deliberate actions, e.g. 

press and hold on a button, or select and confirm on menu option. 

2.2.1.3 The manual deactivation capability shall be tested in accordance with the 

relevant vehicle test(s) specified in paragraph 3 to this Regulation. 

2.2.2 Automatic deactivation 

If the vehicle is equipped with a means to automatically deactivate the ELKS 

function, either partially or fully, for instance in situations such as off-road 

use, being towed, a trailer being hitched to the vehicle or the ESC being 

deactivated the following conditions shall apply as appropriate: 

2.2.2.1 The vehicle manufacturer shall provide a list of situations and corresponding 

criteria where the ELKS function is automatically deactivated to the 

technical service at the time of type approval and it shall be annexed to the 

test report. 

2.2.2.2 The ELKS function shall be automatically and fully reactivated as soon as 

the conditions that led to the automatic deactivation are not present 

anymore. 

2.2.3 A constant optical warning signal shall inform the driver that the ELKS 

function has been deactivated. The failure warning signal specified in 

paragraph 2.1.1 may be used for this purpose. This warning signal may be 

interrupted by an optical warning according to paragraphs 2.5.3.1 or 

2.6.5.1, if the ELKS is only partially deactivated. 

Author’s Note: 

A stakeholder proposed to change section 2.2.3 to the following: 
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‘A constant optical warning signal shall inform the driver that the ELKS function has been 

fully deactivated. The failure warning signal specified in paragraph 2.1.1 above may be 

used for this purpose. If the ELKS is partially deactivated, the system shall give an 

information to the driver.’ 

The intention and effect of this proposed change were not made clear, so it was decided 

that the draft text should not be changed at this stage. Open questions included:  

• Why is the change necessary? 

• What information would be given to the driver? 

However, modification of the draft text could be considered at a later stage following 

further consultation. 

 

Suppression 

To help reduce driver annoyance, draft text was written to permit automatic suppression 

of the ELKS for driver intended manoeuvres. Ideally the ELKS should only intervene in 

the case of driver unintended manoeuvres. Driver intended manoeuvres can be detected:  

• By sign of driver activity, for example 

o Active turn indicator or 

o Active input to brake or accelerator control or 

o Driver input to the steering control, for example steering wheel torque 

above a threshold 

• OR by dynamic of vehicle manoeuvre or lane geometry, for example 

o Lateral departure velocity above given value, or 

o Tight curve, e.g. curve radius below threshold or 

o Lane is very narrow, e.g. width below threshold 

• OR by a combination of the factors above 

Detecting whether a driver manoeuvre is intentional or unintentional with a degree of 

certainty is difficult and therefore there are many manoeuvres for which it is unknown 

(Figure 4). For these manoeuvres, by default the LDWS and CDCF are activated in case 

driver assistance is needed. In the case that driver assistance is not needed the LDWS 

warning still occurs and the CDCF lane keep intervention can be overridden by driver 

steering input, but this interference will likely annoy the driver. Because of this, to 

minimise driver annoyance, system designers may be encouraged to set low limits for 

parameters to suppress the ELKS, such as lateral departure velocity, to reduce driver 

annoyance at the expense of not activating for some unintentional manoeuvres, thus 

reducing the effectiveness of the ELKS.  

 



 ELKS 2nd Interim Report 

 

 

 

March 2021  257 
 

 

Figure 4: Summary of suggested approach in relation to ELK system action for solid and 
dashed lane markings with respect to whether or not the driver manoeuvre was detected 

as unintentional or intentional 

 

To counter this tendency, a requirement was written that the technical service assess the 

system for detection of likely intended manoeuvres and check that any unintended 

manoeuvres within the scope of the lane keep test parameters, in particular the lateral 

departure velocity, are not suppressed. In addition, this issue was kept in mind when 

setting lane keep test parameters, in particular lateral departure velocity. 

Requirements for assessment of the system for detection of likely intended driver 

manoeuvres by the technical service were also written. 

In addition, draft text was written to permit automatic suppression of the ELKS when 

other steering functions, (e.g. ACSF, ESF or ALKS), are controlling the lateral movement 

of the vehicle. 

Draft Text 

2.3 Automatic suppression 

2.3.1 For driver intended manoeuvres 

As part of the CEL Annex requirements, the manufacturer shall provide a 

documentation package which gives access to the basic design and logic of 

the system for detection of likely driver intended manoeuvres and automatic 

suppression of the ELKS. This package shall include a list of parameters 

detected and a basic description of the method used to decide that the 

system should be suppressed, including limit values where possible. For 

both the CDCF and LDWS, the technical service shall assess the 

documentation package to show that driver unintentional manoeuvres, 

within the scope of the lane keep test parameters (in particular lateral 

departure velocity), will not result in automatic suppression of the system.  

2.3.2 Automatic suppression of the ELKS is permitted in situations when other 

assistive or automated steering functions, (e.g. ACSF, ESF or ALKS), are 

controlling the lateral movement of the vehicle. 

 

Periodic Technical Inspection (PTI) 

Provisions for PTI were drafted based closely on those in the draft UN Regulation No. 152 

for Advanced Emergency Braking Systems (AEBS). 

Draft Text 

2.4 Provisions for the Periodic Technical Inspection  

2.4.1 At a Periodic Technical Inspection, it shall be possible to confirm the correct 

operational status of the ELKS by a visible observation of the failure warning 

Manoeuvre Unintentional Unintentional / Intentional Intentional

Detection
(Unintentional / Intentional)                  

Frequency

Yes

Low

No

High

Yes

Medium / High

ELKS Action

Intervene, keep in lane (solid) /
Warn (dashed)

Intervene, keep in lane (solid) /
Warn (dashed) 
OR
Limit intervention by driver override 
(solid)
Warn (dashed)

Stop intervention / warning 
by automatic system 
suppression

Lateral departure velocity
Steering input



 ELKS 2nd Interim Report 

 

 

 

March 2021  258 
 

signal status following a "power-ON" and any bulb check.  

In the case of the failure warning signal being in a common space, the 

common space must be observed to be functional prior to the failure 

warning signal status check.  

2.4.2 At the time of type approval, the means to protect against simple 

unauthorised modification of the operation of the failure warning signal 

chosen by the manufacturer shall be confidentially outlined.  

Alternatively, this protection requirement is fulfilled when a secondary 

means of checking the correct operational status of the ELKS is available. 

 

3.3.2.2 Lane Departure Warning System (LDWS) 

The approach taken to develop the requirements for the LDWS and write the draft text 

consisted of the following steps: 

• Start with requirements for LDWS within UN Regulation No. 130 

• Adjust these to align with the requirements for the CDCF component of the ELKS 

and transform into required format, e.g. write performance requirements and 

conditions under which they should be met within specific requirements section 

It was necessary to align the requirements for parameters such as the operational speed 

range and lateral departure velocity with those for the ELKS CDCF component to allow 

that the ELKS as a whole can appear as a single coherent system to the driver; for 

example to allow system suppression to occur in a logical manner and to allow warnings 

to occur before interventions when crossing solid lane markings unintentionally. Further 

detail for why the CDCF parameter ranges were proposed can be found in Section 

3.3.2.3. 

The LDWS operational speed range in Regulation 130 is ‘above 60 km/h’. The operational 

speed range for the CDCF is proposed to be 70 km/h to 130 km/h, but when reducing 

speed from above 70 km/h operate until speed less than 65 km/h – see Section 3.3.2.3. 

To align a speed range of 65 km/h to 130 km/h was recommended for LDWS.  

The LDWS lateral departure velocity operational range in Regulation 130 is 0.1 m/s to 

0.8 m/s. The operational range proposed for the CDCF is 0.2 m/s to 0.5 m/s. To align a 

lateral departure velocity range of 0.1 m/s to 0.5 m/s was recommended for LDWS. 

The LDWS maximum crossing of lane marking before warning in Regulation 130 is before 

the outside of the vehicle’s front tyre is 0.3 m beyond the lane marking outer edge. The 

operational range proposed for the CDCF is before the outside of the vehicle’s front tyre 

is 0.3 m beyond the lane marking inner edge. To align the CDCF requirement was chosen 

which references the lane marking inner edge. 

The conditions in which the requirements shall be met were also aligned with the CDCF 

ones where relevant, i.e. the surface, the lane markings and their condition and the 

weather conditions such as illumination and fog. 

The requirements for the LDWS warning indication were copied from Regulation 130. 

Therefore, the top-level requirements proposed were: 

The lane departure warning shall be noticeable by the driver and be provided by:  

(a) At least two warning means out of optical, acoustic and haptic, or  

(b) One warning means out of haptic and acoustic, with spatial indication about 

the direction of unintended drift of the vehicle. 

It was also proposed that a CDCF intervention should be considered a haptic warning to 

allow better integration of the LDWS and CDCF ELKS components. 

In addition, to comply with the Article 7: 4(c) requirements in Regulation (EU) 

2019/2144, namely:  
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‘It shall be possible to easily suppress audible warnings, but such action shall not at the 

same time suppress system functions other than audible warnings’  

an option for the driver to temporarily suppress the audible warning for the duration of 

the vehicle master control switch cycle was included provided that the remaining warning 

is still noticeable by the driver 

The author is unsure whether or not it is appropriate to include this requirement because 

it may be superfluous because practically if a manufacturer was concerned about 

annoying the driver with audible warnings, they would likely choose to fit a system with 

optical and/or haptic warnings. For this reason, this requirement is included in square 

brackets. The Commission should decide whether or not to include it.   

Draft Text 

2.5 LDWS requirements 

2.5.1 Speed range 

The LDWS shall be active at least within the vehicle speed range between 

[65 km/h] and the lower of [130 km/h] or maximum vehicle speed and at 

all vehicle load conditions, unless deactivated as per paragraph 2.2. 

2.5.2 Lane departure warning 

In the absence of conditions leading to deactivation or suppression of the 

system according to paragraphs 2.2 and 2.3, when operated within the 

prescribed speed range according to paragraph 2.5.1, the LDWS shall be 

able to warn the driver as specified in paragraph 2.5.3 at the latest if the 

vehicle crosses over a visible lane marking for the lane in which it is running 

by more than a DTLM of [-0.3 m]: 

(a) for lateral departure velocities in the range of the [0.1 m/s] to [0.5 

m/s]  

(b) on straight, flat and dry roads 

(c) for lane markings in line with one of those described in Commission 

Regulation (EU) No. 351/2012 Annex II, Appendix ‘Visible lane marking 

identification’ 

(d) with the markings being in good condition and of a material 

conforming to the standard for visible markings of that contracting party 

(e) in all illumination conditions without direct blinding sunlight and low 

beam head lamps if necessary 

(f) in absence of weather conditions affecting the visibility of lane 

markings (e.g. no fog) 

It is recognised that the performance required may not be fully achieved in 

other conditions than those listed above. However, the system shall not 

unreasonably switch the control strategy in these other conditions. 

The lane departure warning capability shall be demonstrated in accordance 

with the relevant vehicle test(s) specified in paragraph 3. 

2.5.3 LDWS warning indication 

2.5.3.1 The lane departure warning referred to in paragraph 2.5.2 above shall be 

noticeable by the driver and be provided by:  

(a) at least two warning means out of optical, acoustic and haptic, or  

(b) one warning means out of haptic and acoustic, with spatial indication 

about the direction of unintended drift of the vehicle. 

[The manufacturer may offer means for the driver to temporarily suppress 

an audible warning for the duration of the vehicle master control switch 
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cycle provided that the remaining warning is still noticeable by the driver.] 

2.5.3.1.1 Where an optical signal is used for the lane departure warning, it may use 

the failure warning signal as specified in paragraph 2.1.1 in a flashing 

mode. 

2.5.3.1.2 When there is a lane keep intervention by the CDCF, this shall be 

considered a haptic warning according to paragraph 2.5.3.1.  

2.5.3.2 The LDWS optical warning signals shall be activated following a vehicle 

master control switch "power-ON". This requirement does not apply to 

warning signals shown in a common space. 

2.5.3.3 The LDWS optical warning signals shall be visible even by daylight; the 

satisfactory condition of the signals must be easily verifiable by the driver 

from the driver’s seat. 

2.5.3.4 The optical warning signal shall be demonstrated in accordance with the 

relevant vehicle test(s) specified in paragraph 3. 

 

3.3.2.3 Corrective Directional Control Function (CDCF) 

The approach taken to develop the requirements for the CDCF and write the draft text 

was to: 

• Start with the requirements in UN Regulation No. 79 for a Corrective Steering 

Function (CSF) type (c) to correct lane departure 

• Modify so that differential braking type systems can also be allowed. 

• Add requirements for lane keep capability for crossing of solid lane markings 

Lane Keep 

Three main questions to answer to develop the requirements were: 

• What the operational speed range of the function should be? 

• What range of lateral departure velocities should the vehicle be kept in lane for? 

• How far should a vehicle be allowed to cross a solid lane marking? 

To answer the first question the following were considered in conjunction with 

stakeholder consultation: 

• Speed limits of European roads – see Appendix A – speed limits of European roads 

• Operational speed ranges of current systems reported by Euro NCAP – see 

Appendix B 

The data for the European road speed limits shows that the speed limit for urban roads is 

generally 50 km/h, for non-urban roads generally 90 km/h but ranges from 70 km/h to 

100 km/h, and for motorways often 130 km/h but ranges from 80 km/h to 140 km/h (or 

unrestricted in Germany). 

The data for the operational speed ranges of current systems shows that the minimum 

operational speed is usually 60 or 65 km/h with a small number of systems operating 

from a lower speed of 50 km/h. The maximum operational speed is generally quite high 

and much above 130 km/h and appears to be somewhat related to the maximum speed 

of the vehicle.  

Based on these data a minimum operational speed range for ELKS of 65 km/h to 130 

km/h was suggested on the basis that current systems should meet this requirement and 

that the system would be active on non-urban roads and motorways but not on urban 

roads where interventions for intended manoeuvres may be more likely. 

In consultation with stakeholders the following issues were raised and discussed: 
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• In general, the target population for ELKS is collisions that occur on inter-

urban roads at higher speeds, the majority at 70 km/h plus (Euro NCAP 

2016).  

• Safety margins are needed to ensure that it is guaranteed that the requirement is 

met. 

• Driving below 70 km/h occurs in urban environments with unclear lane markings 

and thus a high potential for driver annoyance. Also speeds often fluctuate 

between 40 km/h and 65 km/h. If lower end of speed range was 65 km/h, which 

could actually be 60 km/h when taking safety margin into account, this could 

cause much driver annoyance as the system would switch on and off as the 

vehicle speed changed from 40 km/h to 65 km/h.  

After discussion the following performance requirements were proposed:  

• Active at least within the vehicle speed range between [70 km/h] and the lower of 
[130 km/h] or maximum vehicle speed 

• In the case that the vehicle reduces its speed from above [70 km/h] to below [70 

km/h], the system shall be active at least until the vehicle speed reduces below 

[65 km/h]. 

To answer the second question about the minimum range of lateral departure velocities 

that the system should operate for, the following was considered: 

• Stakeholder discussion revealed that high lateral departure velocities (circa 0.6 

m/s and above) are usually indicative of driver intended manoeuvres and 

manufacturers sometimes use this parameter as an indicator to identify intended 

manoeuvres. Designers may be encouraged to set low limits for this parameter to 

help minimise driver annoyance. Therefore, ideally, the test range should be set 

to discourage this. In their assessment for unintentional manoeuvres Euro NCAP 

test for a lateral departure range of 0.2 m/s to 0.5 m/s (Euro NCAP 2019). 

• Results from Euro NCAP assessments of current ELK systems show that they 

achieved full points for the lateral velocity departure range of 0.2 m/s to 0.5 m/s 

provided they worked for that scenario (Euro NCAP 2019 – 2). However, it should 

be noted that all tests were conducted with a test velocity of 72 km/h.  

• A simple relationship was developed between lateral departure velocity and lateral 

acceleration and bend radius – see Appendix C. This relationship shows that a 

lateral departure velocity of 0.5 m/s equates to keeping a vehicle in its lane in a 

bend of radius 400 m at a speed of 72 km/h and a bend of radius 772 m at a 

speed of 100 km/h. 

Note that ideally this relationship should be confirmed through testing using real 

systems and vehicles. 
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Test speed 72 km/h 

 

Test speed 100 km/h 

Figure 5: Relationship between lateral departure velocity, lateral accelerations and bend 
radii for test speeds of 72 km/h and 100 km/h 

• On UK motorways bends have radii in region of 1000–2000 m, on other major 

roads often in region of 300–500 m, so a 0.5 m/s value for the upper range of a 

requirement for lateral departure velocity appears reasonable. 

Stakeholders, suggested that the lateral departure velocity requirement for higher speeds 

should be reduced and the following was proposed: 

• Vehicle should be kept in lane for lateral departure velocities in the range of the 

0.2 m/s to 0.5 m/s for vehicle speeds up 100 km/h and for lateral departure 

velocities in the range of 0.2 m/s to 0.3 m/s for vehicle speeds greater than 100 

km/h. 

The main reason for selecting 100 km/h was related to the speed limits on inter-urban 

roads and motorways and their typical bend radii. The speed limits on inter-urban roads 

and motorways in Europe are 100 km/h or less and 140 km/h or less, respectively – see 

Appendix A – speed limits on European roads. Bend radii are tighter on inter-urban roads 

than motorways and hence greater lane keeping capability is needed for these roads. 

To answer the third question about how far a vehicle should be allowed to cross a solid 

lane marking, the value used in the Euro NCAP assessment of a Distance to Lane Marking 

(DTLM) of [-0.3m] was effectively adopted (Euro NCAP 2019). This value was set based 

on consideration of lane departure over a solid marking and a road edge. For a road edge 

Euro NCAP permits departure over the edge of 0.1 m based upon the logic that this 

means that about half the tyre width will still be on the road, thus reasonable control of 

the vehicle should still be possible. The inside of a lane marking is typically 0.2 m or 

greater from the road edge, so to ensure reasonable control of the vehicle in the 

situation of crossing a solid lane marking next to a road edge, a DTLM value of [-0.1 m – 

0.2 m = -0.3 m] was chosen. 

The conditions in which the lane keep requirements should be met were developed based 

on consideration of detection of the lane markings and potential effects of environmental 

conditions on vehicle dynamics. For detection of lane markings, they should be in line 

with one of those described in the Commission Regulation (EU) No. 351/2012, in good 

condition and visibility should be good. Performance at night time with head lamps if 

necessary was added  For potential effects on vehicle dynamics the road surface should 

be straight, flat, and dry and weather conditions good, e.g. no storm, not below 5°C. 

 

Draft Text 

 

Lateral 

departure 

velocity 

(m/s)

Average 

lateral 

acceleration 

(m/s2)

Radius of 

bend          

(m)

0.2 0.40 1000

0.3 0.60 667

0.4 0.80 500

0.5 1.00 400

0.6 1.20 333

0.7 1.40 286

1 2.00 200

Lateral 

departure 

velocity 

(m/s)

Average 

lateral 

acceleration 

(m/s2)

Radius of 

bend          

(m)

0.2 0.40 1929

0.3 0.60 1286

0.4 0.80 965

0.5 1.00 772

0.6 1.20 643

0.7 1.40 551

1 2.00 386
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2.6 CDCF performance requirements 

2.6.1 Speed range 

The CDCF shall be active at least within the vehicle speed range between 

[70 km/h] and the lower of [130 km/h] or maximum vehicle speed and at 

all vehicle load conditions, unless deactivated as per paragraph 2.2. 

However, in the case that the vehicle reduces its speed from above [70 

km/h] to below [70 km/h], the system shall be active at least until the 

vehicle speed reduces below [65 km/h]. 

2.6.2 Lane keep 

In the absence of conditions leading to deactivation or suppression of the 

system according to paragraphs 2.2 and 2.3, the CDCF shall be able to 

prevent lane departure by crossing of visible lane markings in the scenarios 

shown in the following table by more than a DTLM of [-0.3 m]: 

(a) for lateral departure velocities in the range of the [0.2 m/s] to [0.5 

m/s] for vehicle speeds up [100 km/h] and for lateral departure 

velocities in the range of [0.2 m/s] to [0.3 m/s] for vehicle speeds 

greater than [100 km/h]. 

(b) on straight, flat and dry roads 

(c) for lane markings in line with one of those described in Commission 

Regulation (EU) No. 351/2012 Annex II, Appendix ‘Visible lane marking 

identification’ 

(d) with the markings being in good condition and of a material conforming 

to the standard for visible markings of that contracting party 

(e) in all illumination conditions without direct blinding sunlight and low 

beam head lamps if necessary  

(f) in absence of weather conditions affecting the dynamic performance of 

the vehicle (e.g. no storm, not below 5°C) or the visibility of lane 

markings (e.g. no fog) 

No. Scenario Description 

1. Solid line – Departure to right side of vehicle. 

   

2 Solid line – Departure to left side of vehicle. 

 

 

It is recognised that the performances required for the scenarios in this 

table may not be fully achieved in other conditions than those listed above. 

However, the system shall not unreasonably switch the control strategy in 

these other conditions. 

This shall be demonstrated in accordance with Annex 6 of UN Regulation 

No. 79 for steering based systems or Annex 8 of UN Regulation No. 13-H 

for non-steering based systems. 

The lane keep capability shall be demonstrated in accordance with the 

relevant vehicle test(s) specified in paragraph 4. 
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Driver Steering Override 

The approach taken to develop the requirements for this item was: 

• Base on UN Regulation No. 79 

• Add requirements for non-steering based CDCF, e.g. differential braking type ones 

Regulation 79 requires that: 

‘The steering control effort necessary to override the directional control provided 

by the system shall not exceed 50 N in the whole range of CSF operations.’ 

Consultation with expert stakeholders revealed that the typical override force measured 

for current ‘steering based’ lane support systems was about 4 Nm or slightly less, which 

assuming a steering wheel rim diameter of 0.35 m equates to about 23 N (Euro NCAP 

2019 - 2). This is about half the maximum mandated by Regulation 79. 

In response to this, a proposal to set a more stringent override force limit for ELKS was 

discussed with vehicle manufacturers and other stakeholders. After much discussion it 

was recommended that the current Regulation 79 override force limit should be adhered 

to because: 

• Harmonisation with Regulation 79 offers advantages such as keeping the 

regulation straight forward. Also, the current Regulation 79 limit was set following 

much debate and careful consideration by the UNECE ACSF informal working 

group taking into account safety issues and potential future systems; for example, 

future emergency steer type functions may require override force limits higher 

than those typically used for current lane keep functions. 

• Vehicle manufacturers have to allow a considerable safety margin to ensure 

performance requirements are met for all situations and configurations. Examples 

of influencing factors that drive the need for a safety factor are: 

o Vehicle design-dependent friction between steering wheel and torque 

sensor  

o Production tolerances  

o Measurement tolerances 

Also, whilst test driving a current car being assessed by Euro NCAP, the author noted a 

potential problem with how the steering override can be implemented. For a particular 

vehicle, once the override torque of about 4 Nm was reached, the torque required to turn 

the steering wheel dropped almost instantaneously to a very low value. This could cause 

control issues, especially if the torque to override the function was higher. In response to 

this issue, following discussion with stakeholders, a proposal to add the following 

requirement to the Regulation 79 requirement was recommended: 

‘Significant loss of steering support once overridden shall not happen suddenly.’ 

Non-steering-based ELK systems, such as differential braking type ones, require steering 

input in the opposite direction to which they are directing the vehicle to override them. 

As a result of consultation with stakeholders, for non-steering based ELKS, a proposal to 

limit the steering input to 25 degrees to override was recommended. 

Non-steering-based systems by their design act indirectly on the steering system rather 

than directly. Because of this, steering force magnitudes are those as for ‘normal’ 

steering which practically are below 50 N for M1 and N1 vehicles. On this basis and to 

reduce the regulatory burden, vehicle manufacturer stakeholders recommended that 

non-steering-based ELKS should have to meet the steering input limit requirement only 

and not the force requirements. The author found it difficult to make a recommendation 

whether or not to include the steering override force requirements for non-steering-

based systems and thus defaulted to the ‘safe’ option to include them.  
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The choice of the word ‘Additionally’ or ‘Alternatively’ in the draft text below includes or 

does not include the force requirements, respectively. The Commission should decide 

which option to choose.  

Draft Text 

2.6.3 Steering override 

2.6.3.1 The steering control effort necessary to override the directional control 

provided by the system shall not exceed 50 N. Significant loss of steering 

support once overridden shall not happen suddenly. 

2.6.3.2 [Additionally / Alternatively], for CDCF systems which do not act on the 

steering itself (e.g. differential braking type CDCF), the steering input shall 

not exceed [25] degrees. 

2.6.3.3 The steering override control effort shall be demonstrated in accordance 

with the relevant vehicle test(s) specified in paragraph 4. 

 

Warning Indication 

The approach taken to develop the requirements for this item was: 

• Base on UN Regulation No. 79 

The warning indication requirements for Corrective Steering Function (CSF) in Regulation 

79 were copied and pasted into the draft text. An option for the driver to temporarily 

suppress the audible warning for the duration of the vehicle master control switch cycle 

was added to comply with the Article 7: 4(c) requirements in Regulation (EU) 2019/2144, 

namely:  

‘It shall be possible to easily suppress audible warnings, but such action shall not at the 

same time suppress system functions other than audible warnings’  

Draft Text 

2.6.4 CDCF warning indication 

2.6.4.1 Every CDCF intervention shall immediately be indicated to the driver by an 

optical warning signal which is displayed for at least 1 s or as long as the 

intervention exists, whichever is longer. The optical signal may be the 

flashing of the failure warning signal specified in paragraph 2.1.1. 

2.6.4.1.1 In the case of an intervention longer than 10 seconds an acoustic warning 

signal shall be provided until the end of the intervention. The manufacturer 

may offer means for the driver to temporarily suppress the audible warning 

for the duration of the vehicle master control switch cycle. 

2.6.4.1.2 In the case of two or more consecutive interventions within a rolling 

interval of 180 seconds and in the absence of a steering input by the driver 

during the intervention, an acoustic warning signal shall be provided by the 

system during the second and any further intervention within a rolling 

interval of 180 seconds. Starting with the third intervention (and 

subsequent interventions) the acoustic warning signal shall continue for at 

least 10 seconds longer than the previous warning signal. 

2.6.4.2 The requirements in paragraphs 2.6.4.1.1 and 2.6.4.1.2 shall be 

demonstrated in accordance with the relevant vehicle test(s) specified in 

paragraph 4. 

 



 ELKS 2nd Interim Report 

 

 

 

March 2021  266 
 

3.3.3 Test procedures 

3.3.3.1 Lane Departure Warning System (LDWS) 

The approach taken to develop the requirements for this item was: 

• Base on UN Regulation No. 130 / Regulation (EU) 351/2012 

• Write in style of draft UN Regulation No. 152 on AEBS (UNECE 2019) 

Points to note were: 

• Tests were included for: 

o Optical warning signal 

o Lane departure warning signal 

o Manual deactivation test for warning signal and default on with activation 

of the master control switch 

• A test for failure detection contained in Regulation 130 was not included in the 

test procedures for the LDWS. This is because, effectively, it will be covered by 

tests within the CEL annex for the CDCF which will have many components in 

common with the LDWS. 

• Tolerances for testing were kept the same as for Regulation 130 / Regulation (EU) 

351/2012 which means that the tests can be performed with a driver and a 

driving robot is not necessary. 

• Performance requirements and test conditions were aligned with those in the 

performance requirements section which in turn were aligned with those for the 

CDCF. 

Draft Text 

3 Test requirements for LDWS 

3.1 General provisions 

Vehicles fitted with LDWS shall fulfil the appropriate test requirements of 

this paragraph. 

3.2 Testing conditions 

The tests shall be performed: 

• On a flat and dry asphalt or concrete road type surface, which may 

not contain any irregularities (e.g. large dips or cracks, manhole 

covers or reflective studs) within a lateral distance of 3.0 m to either 

side of the centre of the test lane and with a longitudinal distance of 

30 m ahead of the subject vehicle from the point after the test is 

complete 

• In all illumination conditions without direct blinding sunlight and low 

beam head lamps if necessary  

• In ambient air temperatures between [5°C and 45°C]. 

• In the absence of weather conditions affecting the visibility of lane 

markings, e.g. fog 

At the manufacturer's discretion and with the agreement of the Technical 

Service the tests may be performed under conditions deviating from what 

is described above (e.g. at lower ambient air temperatures). 

3.2.1 Lane markings 

The lane markings on the road used for the tests shall be in line with one of 

those described in Commission Regulation (EU) No. 351/2012 Annex II, 

Appendix ‘Visible lane marking identification’. The markings shall be in 

good condition and of a material conforming to the standard for visible lane 

markings. The lane-marking layout used for the tests shall be recorded in 
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the test report.  

The width of the lane shall be a minimum of 3.5 m for the purpose of the 

tests of this paragraph. The vehicle manufacturer shall demonstrate, 

through the use of documentation, compliance with all other lane markings 

identified in Commission Regulation (EU) No. 351/2012 Annex II, Appendix 

‘Visible lane marking identification’. Any of such documentation shall be 

appended to the test report. 

3.2.2 Subject vehicle conditions 

3.2.2.1 Test mass 

The subject vehicle shall be tested in a load condition agreed between the 

manufacturer and the Technical Service. No load alteration shall be made 

once the test procedure has begun. The vehicle manufacturer shall 

demonstrate, through the use of documentation, that the system works at 

all load conditions. 

3.2.2.2 The subject vehicle shall be tested at the tyre pressures recommended by 

the vehicle manufacturer. 

3.2.2.3 Where the LDWS is equipped with a user-adjustable warning threshold, the 

tests specified in paragraph 3.3 shall be performed with the warning 

threshold set at its maximum lane departure setting. No alteration shall be 

made once the test procedure has begun. 

3.2.2.4 Pre-test conditioning 

If requested by the vehicle manufacturer the vehicle can be driven a 

maximum of 100 km on a mixture of urban and rural roads with other 

traffic and roadside furniture to calibrate the sensor system. 

3.3 Test procedures 

3.3.1 Optical warning signal verification test 

With the vehicle stationary, check that the optical warning signal(s) comply 

with the requirements of paragraph 2.5.3.2. 

3.3.2 Lane departure warning test 

3.3.2.1 Drive the vehicle at a speed of [70 km/h +/- 3 km/h] into the centre of the 

test lane in a smooth manner so that the attitude of the vehicle is stable.  

Maintaining the prescribed speed, gently drift the vehicle, either to the left 

or the right, with a lateral departure velocity of between [0.1] and [0.5 

m/s] so that the vehicle crosses the lane marking. Repeat the test at a 

different rate of departure within the range [0.1] and [0.5 m/s].  

Repeat the above tests drifting in the opposite direction. 

3.3.2.2 The test requirements are fulfilled if the LDWS provides the lane departure 

warning indication mentioned in paragraph 2.5.3.1 above at the latest 

when the DLTM is [-0.3 m]. 

3.3.2.3 In addition, the vehicle manufacturer shall demonstrate to the satisfaction 

of the Technical Service that the requirements for the whole speed range 

and lateral departure velocity range are fulfilled. This may be achieved on 

the basis of appropriate documentation appended to the test report. 

3.3.3 Manual deactivation test 

3.3.3.1 If the vehicle is equipped with means to manually deactivate the ELKS 

(LDWS), turn the vehicle master control switch to the “Power ON” position 

and deactivate the ELKS (LDWS). The warning signal specified in paragraph 

2.2.3 shall be activated. 
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Turn the master control switch to the “Power OFF” position [and open 

driver’s door]. Turn the vehicle master control switch to the “Power ON” 

position and verify that the previously activated warning signal is not 

reactivated, thereby indicating that the ELKS (LDWS) has been reinstated 

as specified in paragraph 2.2.1.1. 

 

3.3.3.2 Corrective Directional Control Function (CDCF) 

The approach taken to develop the requirements for this item was: 

• Base on UN Regulation No. 79 test requirements for Corrective Steering Function 

(CSF) for lane departure (type (c)) 

• Adjust to allow testing of non-steering-based CDCF, e.g. different steering 

override requirements 

• Add lane keep test requirements  

• Write in style of draft UN Regulation No. 152 on AEBS (UNECE 2019) 

A main question which had to be resolved to write the procedure was: 

• What type of lane keep test procedure should be used? 

Using literature review, two candidate test procedures currently in use that could be 

adapted to assess the lane detection and lane keeping capability of the CDCF were 

identified, namely the lane keep test procedure used in the current Euro NCAP lane 

support systems assessment (Euro NCAP 2019) and the lane keeping functional test used 

in Regulation 79 for the assessment of the lane keeping capability of ACSF category B1 

systems.  

Euro NCAP lane keep test procedure 

In this procedure the vehicle is driven using a steering robot in a straight lane with 

defined road makings and / or a road edge as required. A steering input is applied to give 

the vehicle a specified yaw and lateral departure velocity. Following this, steering effort is 

removed so that the vehicle starts to leave the lane with the lateral velocity specified and 

the steering oriented in the straight ahead position as illustrated in Figure 6.  

 

 

Figure 6: Euro NCAP lane keep test procedure, note driving on left hand side of road as in 
UK. Source Euro NCAP 

 

As the vehicle starts to get close to the lane markings and / or road edge, the lane keep 

system should activate and keep the vehicle in the lane.  

UN Regulation No. 79 ACSF Cat B1 lane keep test procedure 

In this procedure the vehicle is driven without any force applied by the driver on the 

steering control (e.g. by removing the hands from the steering control) with a given 

constant speed into a bend with a given radius with lane markings at each side (Figure 

7). 
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Figure 7: UN Regulation No. 79 ACSF Cat B1 lane keep test procedure 

 

As the vehicle starts to get close to the lane markings and / or road edge, the lane keep 

system should activate and keep the vehicle in the lane.  

The advantages and disadvantages of each of the procedures are as follows: 

• Euro NCAP type procedure: 

Advantages are that it is a tried and tested procedure that is fit for purpose 

without any major alterations and is generally accepted by stakeholders.  

Disadvantages are that is that it does not align with current test procedures used 

in Regulation 79. 

• UN Regulation No. 79 ACSF B1 type procedure: 

Advantages are that it is a test procedure currently used within regulation, so test 

services are somewhat familiar with it, although some stakeholders mentioned 

that there are ongoing problems with its implementation currently.  

Disadvantages are that it would require modification to be fit to test the CDCF 

envisaged. Modifications envisaged are that the vehicle would be driven in the 

lane at a specified speed around a bend of a specified radius, the steering force 

would be released which would cause the vehicle to start to drive out of the lane 

due to the steering self-centring. Requirements could be set for the CDCF to 

intervene and keep the vehicle in the lane for specified lateral accelerations. The 

lateral accelerations could be varied by changing the vehicle speed and / or bend 

radius. Stakeholders have mentioned that it can be difficult to find test facilities 

which have bends with the radii needed to perform these tests. 

Based on these advantages and disadvantages it was proposed that a Euro NCAP type 

procedure should be used. Another reason for this proposal was because it is the more 

appropriate procedure for assessment of a system which provides a temporary 

intervention to correct lane departure (rather than long-lasting steering support), which 

the CDCF is intended to do.  

 

Other points to note were: 

• Lane keep test: Lane markings – For the lane keep test with single solid lane 

markings, to help ensure minimal influence from other lane markings on the test 
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result it was proposed that the solid lane marking shall be a minimum of 7 m 

distance from any other lane markings. This was estimated as follows: 

o From the Euro NCAP Lane Support Systems test protocol (Euro NCAP 

2019)  

d = d1 + d2 

For lateral departure of 0.5 m/s (largest velocity to be tested),  

d1 = 0.75 m  

If allow about 3 sec free drift as recommended by stakeholders   

d2 = 3 *0.5 m/s = 1.5 m 

Therefore d = d1 + d2 = 0.75 + 1.5 = 2.25m.  

 

Typical car width = 1.8 m 

Need to be at least same distance from another lane marking compared to 

one being tested  

Therefore, distance to other lane marking = 2.25*2 + 1.8 m = 6.3 m 

Ideally, need a little more than this, otherwise other lane marking could 

help detection of marking being tested. 

Typical two-lane road width =3.5 *2 m. 

Therefore, on basis that central lane marking in two lane road on a test 

track could be removed, pragmatically choose minimum of 7 m. 

• Lane keep test: tolerances and driving robot – The tight tolerances defined for 

parameters such as the test speed and lateral departure velocities in the Euro 

NCAP test procedure dictate that a driving robot must be used for testing; a test 

driver would not be able to achieve the tolerances required. Based on familiarity 

of the test being performed with a driving robot and the requirement to test at the 

minimum and maximum lateral departure velocities which a driver could not do, it 

was proposed to keep the tight tolerances for the test parameters for the test. 

• Steering Override test: Compared to Regulation 79, additional requirements were 

included for testing of non-steering-based systems. 

Draft Text 

4 Test requirements for CDCF 

4.1 General provisions 

Vehicles fitted with CDCF shall fulfil the appropriate test requirements of 

this paragraph. 

4.2 Testing conditions 

The tests shall be performed: 

• On a flat and dry asphalt or concrete road type surface, which may 

not contain any irregularities (e.g. large dips or cracks, manhole 

covers or reflective studs) within a lateral distance of 3.0 m to either 

side of the centre of the test lane and with a longitudinal distance of 
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30 m ahead of the subject vehicle from the point after the test is 

complete. 

• In all illumination conditions without direct blinding sunlight and low 

beam head lamps if necessary. 

• In ambient air temperatures between [5°C and 45°C]. 

• In the absence of weather conditions of weather conditions affecting 

the dynamic performance of the vehicle (e.g. no storm, not below 

5°C) or the visibility of lane markings (e.g. fog). 

At the manufacturer's discretion and with the agreement of the Technical 

Service the tests may be performed under conditions deviating from what 

is described above (e.g. at lower ambient air temperatures). 

4.2.1 Lane markings 

The solid lane marking on the road used for the tests shall be in line with 

one of those described in Commission Regulation (EU) No. 351/2012 Annex 

II, Appendix ‘Visible lane marking identification’. The marking shall be in 

good condition and of a material conforming to the standard for visible lane 

markings. The lane-marking used for the tests shall be recorded in the test 

report.  

The solid lane marking shall be a minimum of [7 m] distance from any 

other lane markings, for the purpose of the tests of this paragraph. The 

vehicle manufacturer shall demonstrate, through the use of documentation, 

compliance with all other solid lane markings identified in Commission 

Regulation (EU) No. 351/2012 Annex II, Appendix ‘Visible lane marking 

identification’. Any of such documentation shall be appended to the test 

report. 

4.2.2 Subject vehicle conditions 

4.2.2.1 Test mass 

The subject vehicle shall be tested in a load condition agreed between the 

manufacturer and the Technical Service. No load alteration shall be made 

once the test procedure has begun. The vehicle manufacturer shall 

demonstrate, through the use of documentation, that the system works at 

all load conditions. 

4.2.2.2 The subject vehicle shall be tested at the tyre pressures recommended by 

the vehicle manufacturer. 

4.2.2.3 Where the CDCF is equipped with a user-adjustable timing threshold, the 

test specified in point 4.3.3 shall be performed with the timing threshold 

set at its latest setting for system intervention. No alteration shall be made 

once the test procedure has begun. 

4.2.2.4 Pre-test conditioning 

If requested by the vehicle manufacturer the vehicle can be driven a 

maximum of 100 km on a mixture of urban and rural roads with other 

traffic and roadside furniture to calibrate the sensor system. 

4.3 Test procedures 

4.3.1 Warning indication test 

4.3.1.1 The subject vehicle shall be driven with an activated CDCF on a road with 

solid lane markings on at least one side of the lane.  

The test conditions and the subject vehicle test speed shall be within the 

operating range of the system. 

During the test, the duration of the CDCF interventions and of the optical 

and acoustic warning signals shall be recorded. 
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In the case of paragraph 2.6.5.1.1 of this Regulation, the subject vehicle 

shall be driven such that it attempts to leave the lane and causes CDCF 

intervention to be maintained for a period longer than 10 seconds. If such a 

test cannot be practically achieved due to e.g. the limitations of the test 

facilities, with the consent of the Type Approval Authority this requirement 

may be fulfilled through the use of documentation. 

The test requirements are fulfilled if:  

(a) The acoustic warning is provided no later than 10 s after the beginning 

of the intervention. 

In the case of paragraph 2.6.5.1.2 of this Regulation, the subject vehicle 

shall be driven such that it attempts to leave the lane and causes at least 

three interventions of the system within a rolling interval of 180 seconds. 

The test requirements are fulfilled if:  

(a) An optical warning signal is provided for each intervention, as long as 

the intervention exists, and  

(b) An acoustic warning signal is provided at the second and third 

intervention, and  

(c) The acoustic warning signal at the third intervention is at least 10 s 

longer than the one at the second intervention. 

4.3.1.2 In addition, the manufacturer shall demonstrate to the satisfaction of the 

Technical Service that the requirements defined in paragraphs 2.6.5.1.1 

and 2.6.5.1.2 are fulfilled in the whole range of CDCF operation. This may 

be achieved on the basis of appropriate documentation appended to the 

test report. 

4.3.2 Steering override test 

4.3.2.1 The subject vehicle shall be driven with an activated CDCF on a road with 

solid lane markings on each side of the lane. 

The test conditions and the subject vehicle test speed shall be within the 

operating range of the system.   

The vehicle shall be driven such that it attempts to leave the lane and 

causes CDCF intervention. During the intervention, the driver shall apply 

the steering control effort necessary to override the intervention.  

The force and steering input applied by the driver on the steering control to 

override the intervention shall be recorded. 

The test requirements are fulfilled if: 

(a) The force applied by the driver on the steering control to override the 

intervention does not exceed 50 N, and 

(b) Significant loss of steering support once overridden does not happen 

suddenly. 

(c) [Additionally / alternatively], for ELK systems which do not act on the 

steering itself (e.g. differential braking type CDCF), the steering input 

does not exceed [25] degrees. 

4.3.2.2 In addition, the manufacturer shall demonstrate to the satisfaction of the 

Technical Service that the requirements defined in paragraph 2.6.4 are 

fulfilled in the whole range of CDCF operation. This may be achieved on the 

basis of appropriate documentation appended to the test report. 

4.3.3 Lane keep test 

4.3.3.1 The CDCF shall be tested for each test scenario described in paragraph 2.6. 
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4.3.3.1.1 Tests for all scenarios shall be performed with lateral velocities of [0.2 m/s 

and 0.5 m/s].  

4.3.3.1.2 A test path shall be driven which consists of an initial straight path parallel 

to the solid lane marking being tested, followed by a fixed radius curve to 

apply a known lateral velocity and yaw to the subject vehicle, followed 

again by a straight path without any force applied on the steering control 

(e.g. by removing the hands from the steering control). 

 

4.3.3.1.3 The subject vehicle speed during the test up to the point of system 

intervention shall be [72 km/h +/- 1] km/h.  

The curve of fixed radius driven to apply the lateral velocity required shall 

have a radius of 1200 m or more. 

The lateral velocity required shall be achieved to a tolerance of [+/- 0.05 

m/s]. 

The vehicle manufacturer shall provide information describing the radius of 

the curve to be driven and the location when the closed loop path and/or 

speed control shall be ended so as not to interfere with the system 

intervention for each test. 

4.3.3.2 The test requirements are fulfilled if the subject vehicle does not cross the 

lane marking by a DTLM of more than [-0.3 m]. 

4.3.3.3 In addition, the vehicle manufacturer shall demonstrate to the satisfaction 

of the Technical Service that the requirements for the whole speed range 

and lateral departure velocity range are fulfilled. This may be achieved on 

the basis of appropriate documentation appended to the test report. 
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4 Way Forward 

The next steps for the ELKS regulation are: 

• Drafting of the EU regulatory proposal and consultation process by the 

Commission:  

o It is planned that in particular the Motor Vehicle Working Group (MVWG) 

meetings to take place in 2020 will be used for this purpose.  

Note: There is a call for applications for those who wish to attend the 

meeting (and are eligible to attend): 

https://ec.europa.eu/growth/content/continuously-open-call-applications-

working-group-motor-vehicles_en  

• Application of regulation 

Following the publication of Regulation (EU) 2019/ 2144 the date of application of 

the General Safety Regulation is currently expected to be from 5 July 2022. 

• Review and potential update of regulation 

Article 14 ‘Review and reporting’ of the European Parliament draft resolution 

states that: 

By ... [five years after the date of application of this Regulation] and every five 

years thereafter, the Commission shall submit an evaluation report to the 

European Parliament and to the Council on the achievements of the safety 

measures and systems, including their penetration rates and convenience for the 

user. The Commission shall investigate whether those safety measures and 

systems act as intended by this Regulation. Where appropriate, that report shall 

be accompanied by recommendations, including a legislative proposal to amend 

the requirements concerning general safety and the protection and safety of 

vehicle occupants and vulnerable road users, in order to further reduce or to 

eliminate accidents and injuries in road transport. 

With regard to the progression of technology, it is recommended that the 

following should be considered as part of this review: 

o Mandatory fitment of ELKS which can detect road edges 

o Mandatory fitment of ELKS with threat detection for oncoming and 

overtaking vehicles 

o Review of CDCF lateral departure velocity performance requirements 

https://ec.europa.eu/growth/content/continuously-open-call-applications-working-group-motor-vehicles_en
https://ec.europa.eu/growth/content/continuously-open-call-applications-working-group-motor-vehicles_en
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7 Appendix A: Literature Review Summary 

This section contains the results of a literature review of existing test procedures, 

standards and relevant literature performed to provide relevant information for the 

development of draft technical annexes for the GSR ELKS measure. It also contains a 

review of the lane markings in Europe and the speed limits of European roads by country.  

Two key documents reviewed were Regulation EU 2019/2144 and UN Regulation No. 79 

for the approval of vehicles with regard to steering equipment. Other documents 

identified as relevant and reviewed were the EuroNCAP procedures for Lane Support 

Systems (LSS) which are part of the Safety Assist Protocol, UN Regulation No 130, the 

US NCAP procedures for LDW, and technical standards BS ISO 112270:2014 and SAE 

J3048_201602.  

7.1 Regulation EU 2019/2144 

The recital clauses and articles relevant to ELKS are noted below. 

Clause 5: 

Technical progress in the area of advanced vehicle safety systems offers new possibilities 

for reducing casualty numbers. In order to minimise the number of severe injuries and 

fatalities, a package of the relevant new technologies need to be introduced. 

Clause 6: 

Within the context of Regulation (EC) No 661/2009 of the European Parliament and of 

the Council, the Commission assessed the feasibility of extending the existing 

requirement in that Regulation to install certain systems (for example, advanced 

emergency braking systems and tyre pressure monitoring systems) in certain categories 

of vehicle so that it applied to all vehicle categories. The Commission also assessed the 

technical and economic feasibility and market maturity of imposing a new requirement to 

install other advanced safety features. Based on those assessments, the Commission 

published a report for the European Parliament and the Council in December 2016 

entitled "Saving Lives: Boosting Car Safety in the EU”. The staff working document 

accompanying that report identified and put forward 19 potential regulatory measures 

that would be effective in further reducing the number of road accidents and road 

fatalities and injuries. 

Clause 8: 

Advanced vehicle systems can be more effective in reducing fatalities, decreasing the 

number of road accidents and mitigating injuries and damage if they are designed to be 

convenient for users. Therefore, vehicle manufacturers should do their utmost to ensure 

that the systems and features provided for in this Regulation are developed in such a 

way that supports the driver. The functioning of those systems and features and their 

limitations should be explained in a clear and consumer-friendly manner in the motor 

vehicle’s user instructions. 

Clause 9: 

Safety features and warnings used in assisting driving should be easily perceived by 

every driver, including the elderly and persons with disabilities. 

Clause 10: 

Advanced emergency braking systems, intelligent speed assistance, emergency lane-

keeping systems, driver drowsiness and attention warning, advanced driver distraction 

warning and reversing detection systems are safety systems that have a high potential to 

reduce casualty numbers considerably. In addition, some of those safety systems form 

the basis of technologies which will be used for the deployment of automated vehicles 

too. Any such safety system should function without use of any kind of biometric 

information of drivers or passengers, including facial recognition. Therefore, harmonised 

rules and test procedures for the type-approval of vehicles as regards those systems and 
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for the type-approval of those systems as separate technical units should be established 

at Union level. The technological progress of those systems should be taken into account 

in every evaluation of the existing legislation, in order to be future proof, strictly 

adhering to the principle of privacy and data protection, and to reduce or to eliminate 

accidents and injuries in road transport. It is also necessary to ensure that those systems 

can be used safely, throughout the life cycle of the vehicle. 

Clause 15: 

Advanced emergency braking systems or emergency lane-keeping systems might not be 

fully operational in some cases, in particular due to shortcomings in road infrastructure. 

In those cases, the systems should deactivate themselves and give information about the 

deactivation to the driver. If they do not deactivate automatically, it should be possible to 

switch them off manually. Such deactivation should be temporary and should only last for 

the period when the system is not fully operational. Drivers might also need to override 

advanced emergency braking system or emergency lane keeping system where the 

functioning of the system could lead to greater risk or harm. This would ensure that the 

vehicles are under the driver’s control at all times. Nevertheless such systems could also 

recognise instances where the driver is incapacitated and intervention by the system is 

therefore needed in order to prevent an accident being worse than it would otherwise be. 

Article 3: Definitions 

(11) 'Emergency lane-keeping system' means a system assisting the driver in keeping a 

safe position of the vehicle with respect to the lane or road boundary, at least when a 

lane departure occurs or is about to occur and a collision may be imminent. 

Article 7: Specific requirements relating to passenger cars and light commercial 

vehicles 

3. Vehicles of categories M1 and N1 shall be equipped with an emergency lane-keeping 

system. 

4. Advanced emergency braking systems and emergency lane-keeping systems shall 

meet the following requirements in particular:  

(a) it shall be possible to switch off systems only one at a time by a sequence of 

actions to be carried out by the driver;  

(b) the systems shall be in normal operation mode upon each activation of the 

vehicle master control switch;  

(c) it shall be possible to easily suppress audible warnings, but such action shall 

not at the same time suppress system functions other than audible warnings;  

(d) it shall be possible for the driver to override the systems. 

7.2 Standards and Test procedures 

7.2.1 UN Regulation No. 79 

This regulation details provisions concerning the approval of vehicles with regard to 

steering equipment. It was considered a key document because the steering systems of 

all vehicles fitted with ELKS will need to comply to it.  

Summary notes of the parts of the regulation relevant to lane keep systems are given 

below, for easy reference. 

7.2.1.1  Scope 

This regulation applies to the steering equipment of vehicles of categories M, N and O 

with the exceptions of: 

• Steering equipment with a purely pneumatic transmission 
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• Autonomous steering systems for which the driver may not be in primary control 

of the vehicle. 

• ACSF of category B2, D or E as defined in the regulation. For vehicles fitted with 

these functions the driver may not be in primary control of the vehicle. 

It is also does not apply to lane keeping systems that use differential braking for 

directional control, because the brakes are not considered part of the steering 

equipment. 

7.2.1.2  General requirements 

• Electromagnetic Compatibility – fulfil technical requirements of UN Regulation 10 

(5.1.5) 

• Advanced driver assistance systems (5.1.6) 

o Shall not cause any deterioration in the performance of the basic steering 

system 

o Shall be designed such that the driver may, at any time and by deliberate 

action, override the function 

7.2.1.3 Specific requirements  

Corrective Steering Function (CSF) 

• Definition: 

A control function within an electronic system whereby, for a limited duration, changes to 

the steering angle of one or more wheels may result from the automatic evaluation of 

signals initiated on-board the vehicle, in order: 

(a) To compensate a sudden, unexpected change in the side force of the vehicle, 

or;   

(b) To improve the vehicle stability (e.g. side wind, differing adhesion road 

conditions "μ-split"), or;  

(c) To correct lane departure, (e.g. to avoid crossing lane markings, leaving the 

road). 

• Requirements: 

o Electronic control systems 

▪ Special requirements to be applied to be safety aspects of electronic 

control systems (CEL Annex 6). 

• Documentation package, fault strategy and verification 

o HMI 

▪ Optical warning signal  

• Immediately indicated to the driver, at least 1 second long 

or as long as the intervention exists, whichever is longer, 

(5.1.6.1.1) 

▪ Additionally, acoustic warning signal for CSF based on evaluation of 

presence and location of lane marking and boundaries 

• In case of intervention longer than 10 sec acoustic warning 

shall be provided until end of intervention (5.1.6.1.2.1). 

• In case of two or more consecutive interventions within a 

rolling interval of 180 seconds and in absence of steering 

input from driver during the intervention acoustic warning 

shall be provided during the second and any further 

intervention within a rolling interval of 180 seconds. Starting 
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with the third intervention the warning signal shall continue 

for 10 seconds longer than the previous one (5.1.6.1.2.2). 

▪ Steering control effort necessary to override directional control 

provided by the system shall not exceed 50 N (5.1.6.1.3). 

o Test procedures (to demonstrate required performance met for): 

▪ Optical and acoustic warnings (Annex 8, 3.1.1) 

▪ Steering control force to override intervention (Annex 8, 3.1.2) 

Automatically Controlled Steering Function Category B1 (ACSF Cat B1) 

• Definition 

ACSF: means a function within an electronic control system where actuation of the 

steering system can result from automatic evaluation of signals initiated on-board the 

vehicle, possibly in conjunction with passive infrastructure features, to generate control 

action in order to assist the driver. 

Category B1: A function which assists the driver in keeping the vehicle within the chosen 

lane, by influencing the lateral movement of the vehicle. 

• Requirements: 

o Electronic control systems 

▪ Special requirements to be applied to be safety aspects of electronic 

control systems (CEL Annex). 

• Documentation package, fault strategy and verification 

• Performance 

o To ensure that excessive intervention of steering control is suppressed the 

following requirements shall be fulfilled (5.6.2.1.3): 

▪ Steering control effort necessary to override directional control 

provided by the system shall not exceed 50 N 

▪ Does not cross lane markings below maximum lateral acceleration 

aysmax specified by manufacturer, within limits given. 

 

Author’s note: Other assessments such as EuroNCAP use lateral departure 

velocities. Using simple calculation (see Appendix B), the table below shows the 

relationship between lateral accelerations (used in Regulation 79) and lateral 

departure velocities (used in EuroNCAP). Note that the radius of the circle is 

estimated for a vehicle speed of 20 m/s (72 km/h). 
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▪ Moving average over half second of lateral jerk shall not exceed 5 

m/s3. 

o HMI 

▪ Equipped with means for driver to activate and deactivate 

(5.6.2.1.2) 

• Deactivate at any time by single action of driver 

• Following deactivate, only activate by deliberate action of 

driver, i.e. when cycle ignition remain in previous state  

▪ Optical signal if system is active (5.6.2.2.1) 

▪ Optical signal to indicate when system in standby mode (5.6.2.2.2) 

▪ Optical and acoustic or haptic warning signals if system exceeds 

maximum lateral acceleration specified and vehicle starts to cross 

lane marking in absence of any driver input to steering control, 

(5.6.2.2.3). 

▪ Optical warning to signal system failure, can be deactivated if 

system deactivated by driver (5.6.2.2.4) 

▪ Means to detect driver is holding steering wheel with optical 

warning (period no longer than 15 seconds), followed by acoustic 

warning (period no longer than 30 seconds), followed by 

deactivation of system (after 30 seconds), (5.6.2.2.5). 

o Test procedures 

▪ Lane keeping functional test (Annex 8, 3.2.1) 

• The vehicle shall be driven without any force applied by the 

driver on the steering control (e.g. by removing the hands 

from the steering control) with a constant speed on a curved 

track with lane markings at each side. The necessary lateral 

acceleration to follow the curve shall be between 80 and 90 

per cent of the maximum lateral acceleration specified by 

the vehicle manufacturer aysmax. 

• Requirements, vehicle shall be kept in lane for 80-90% of 

aysmax, and lateral jerk shall not exceed 5 m/s3 

▪ Maximum lateral acceleration test  (Annex 8, 3.2.2) 

• The Technical Service defines a test speed and a radius 

which would provoke a higher acceleration than aysmax + 0.3 

m/s2 (e.g. by travelling with a higher speed through a curve 
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with a given radius). Vehicle driven without force applied to 

steering wheel.  

• Requirements, Lateral acceleration shall remain within limits 

defined in 5.6.2.1.3 and lateral jerk does not exceed 5 m/s3 

(Author’s note: by logical deduction, vehicle should leave 

lane, but not listed as a specific requirement). 

▪ Overriding force test (Annex 8, 3.2.3) 

▪ Hands-off transition test (Annex 8, 3.2.4) 

Emergency Steering Function (ESF) 

Author’s notes: ACSF group decided that all functions to ‘assist avoidance of a 

collision’ should be excluded from the scope of CSF (Ref: GRRF-82-13e). Hence 

a new category of ESF was developed. 

• Definition 

A control function which can automatically detect a potential collision and automatically 

activate the vehicle steering system for a limited duration, to steer the vehicle with the 

purpose of avoiding or mitigating a collision, with:  

(a) Another vehicle driving* in an adjacent lane: *vehicle may be driving in 

opposite direction. 

(i) Drifting towards the path of the subject vehicle and/or;  

(ii) Into which path the subject vehicle is drifting and/or;  

(iii) Into which lane the driver initiates a lane change manoeuver.  

(b) An obstacle obstructing the path of the subject vehicle or when the obstruction 

of the subject vehicle’s path is deemed imminent. 

ESF shall cover one or more of the use cases from the list above 

• Requirements 

o Electronic control systems 

▪ Special requirements to be applied to be safety aspects of electronic 

control systems (CEL Annex 6). 

• Documentation package, fault strategy and verification 

o Performance 

▪ Only start intervention if risk of collision detected (5.1.6.2.1) 

▪ Means to monitor driving environment (e.g. lane markings, road 

edge, other road users) for use case shall be fitted. (5.1.6.2.2) 

▪ Automatic avoidance manoeuvre initiated by ESF shall not lead 

vehicle to leave road (5.1.6.2.3) 

• For road with lane markings shall not lead to vehicle crossing 

lane marking with exception if intervention starts during lane 

change, the system may steer vehicle back into its original 

lane of travel. 

• In absence of lane marking on one or both side(s) of vehicle, 

ESF intervention permitted provided does not produce lateral 

offset of greater than 0.75 m on side where lane marking 

absence. 

▪ ESF intervention shall not lead vehicle to collide with another road 

user. (5.1.6.2.4) 
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o HMI 

▪ ESF intervention indicated to driver by optical and acoustic or haptic 

warning signal (5.1.6.2.6). 

▪ System failure indicated to driver by optical warning signal which 

may be suppressed if system manually deactivated (5.1.6.2.7). 

▪ Steering control effort necessary to override directional control 

provided by the system shall not exceed 50 N (5.1.6.2.8). 

o Test procedures 

▪ Unintentional lateral manoeuvre ESF type a i/ii (Annex 8, 3.3.1) 

• Test vehicle driving in adjacent lane shall approach Vehicle 

Under Test (VUT) and vehicles shall minimise lateral 

separation until ESF intervention started 

• Requirements, warnings of ESF intervention given and VUT 

does not leave original lane. 

▪ Intentional lateral manoeuvre ESF type a iii (Annex 8, 3.3.2) 

• VUT starts a lane change while another vehicle driving in an 

adjacent lane such that collision would occur if no 

intervention. 

• Requirements, ESF intervention started, warnings given and 

VUT does not leave original lane 

7.2.2 UN Regulation 130 

A summary of the requirements within UN Regulation 130 are given below: 

• Scope  

o Lane Departure Warning Systems (LDWS) fitted to vehicles of categories 

M2, N2, M3 and N3 as follows: 

• General 

o Electromagnetic Compatibility demonstrated by compliance with Regulation 

10 

• Performance requirements 

o Warn the driver if vehicle crosses over visible lane marking for lane in 

which vehicle is running for a road with directional form that varies 

between straight and a curve having an inner lane marking minimum 

radius of 250 m, when there has been no purposeful demand to do so. 

o Warning may be suppressed when there is a driver action which indicates 

an intention to depart from the lane. 

o LDWS shall be active at least at vehicle speeds above 60km/h unless 

manually deactivated 

• Means to deactivate if fitted 

o LDWS shall be automatically reinstated at the initiation of each new 

ignition ‘on’ cycle 

o Constant optical warning signal to inform driver LDWS function 

deactivated. 

• Warning indication 

o Lane departure warning shall be noticeable by the driver and be provided 

by: 
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▪ (a) At least two warning means out of optical, acoustic and haptic, 

or  

▪ (b) One warning means out of haptic and acoustic, with spatial 

indication about the direction of unintended drift of the vehicle. 

o Further details of departure warning and interaction with failure warning 

• Periodic Technical Inspection 

o It shall be possible to confirm the correct operational status of the LDWS 

by a visible observation of the failure warning signal status, following a 

"power-ON" 

o Requirements for protection against tampering 

• Test procedures 

o Requirements for tests for the following functions are specified: optical 

warning signal, lane departure warning, failure detection and deactivation 

warning.  

o For lane departure warning tests: 

▪ Lane markings used shall be those of one of the Contracting Parties 

identified in an Annex. Note that these markings are for multi-

carriageway type roads, rather than single carriageway ones 

▪ The test involves gently drifting the vehicle travelling at a speed of 

65 km/h out of the straight lane at different departure velocities 

between 0.1 and 0.8m/s in both directions. 

▪ Requirement is that the LDWS shall provide the lane departure 

warning indication at the latest when the outside of the tyre of the 

vehicle’s front wheel closest to the lane markings crosses a line 0.3 

m beyond the outside edge of the visible lane marking to which the 

vehicle is being drifted. 

7.2.3 EuroNCAP Lane Support Systems (LSS) Assessment 

As part of their vehicle safety rating, EuroNCAP assess lane support systems (LSS) and 

have developed a test protocol to help perform this assessment (EuroNCAP 2019).  

EuroNCAP’s protocol defines procedures for the assessment of the following lane support 

systems: 

• Emergency Lane Keeping (ELKEURONCAP) defined as a default ON heading correction 

that is applied automatically by the vehicle in response to the detection of the 

vehicle that is about to drift beyond a solid lane marking, the edge of the road or 

into oncoming or overtaking traffic in the adjacent lane. 

• Lane Keeping Assist (LKAEURONCAP) defined as a heading correction that is applied 

automatically by the vehicle in response to the detection of the vehicle that is 

about to drift beyond a delineated edge line of the current travel lane. 

• Lane Departure Warning (LDWEURONCAP) defined as a warning that is provided 

automatically by the vehicle in response to the vehicle that is about to drift 

beyond a delineated edge line of the current travel lane. 

For the LSS to be eligible for assessment the vehicle must also be equipped with ESC 

(Electronic Stability Control) in accordance with the EU regulatory requirements. 

To assess each type of lane support system (LSS), the LSS is assessed for a number of 

given scenarios which are difference for each type of LSS. The test procedure is 

fundamentally the same for all the tests, with the exception of the oncoming and 

overtaking vehicle scenarios for an ELKEURONCAP system. For these scenarios a Global 

Vehicle Target is used. The sections below describe: 
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• Test scenarios for each LSS, namely ELKEURONCAP, LKAEURONCAP and LDWEURONCAP. 

• Test conditions  

• Test procedure 

• Global Vehicle Target 

7.2.3.1 Test Scenarios 

ELKEURONCAP  

ELKEURONCAP test scenarios include road edge, oncoming and overtaking vehicles as 

described below. 

Road Edge tests 

Road edge tests are performed for the scenarios shown in Figure 8 below for the 

passenger side only with lateral departure velocities within the range 0.2 to 0.5 m/s with 

0.1 m/s incremental steps. 

 

Figure 8: EuroNCAP road edge test scenarios for ELKEURONCAP. Source EuroNCAP. 

Oncoming vehicle tests 

Oncoming vehicle tests are performed with lateral departure velocities within the range 

0.3 to 0.6 m/s with 0.1 m/s incremental steps as shown in Figure 9.  The paths of the 

Vehicle under Test (VUT) and Global Vehicle Target are synchronised so that the front 

edges of the vehicle meet with a lateral position that gives a 10% overlap (assuming no 

system reaction) of the width of the VUT.  



 ELKS 2nd Interim Report 

 

 

 

March 2021  286 
 

 

Figure 9: EuroNCAP oncoming vehicle test scenarios for ELKEURONCAP. Source EuroNCAP. 

 

Overtaking vehicle tests 

Overtaking vehicle tests are performed with 0.1m/s incremental steps within the lateral 

velocity range of 0.3 to 0.6m/s for unintentional lane change and 0.5 to 0.7m/s for 

intentional lane changes for departures at the driver side only (. Both unintentional and 

intentional lane changes are tested in two situations:  

• GVT and VUT travel at the same speed (no relative velocity)  

• GVT @ 80km/h is overtaking the VUT @ 72km/h (relative velocity of 

8km/h) 

 

Figure 10: EuroNCAP overtaking vehicle test scenarios for ELKEURONCAP. Source EuroNCAP. 

 

LKAEURONCAP 

LKAEURONCAP test scenarios include dashed and solid line tests as shown in Figure 11 and 

Figure 12 below. Tests are performed with 0.1 m/s incremental steps within the lateral 

velocity range of 0.2 to 0.5m/s for departures at both sides of the vehicle. 
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Figure 11: EuroNCAP dashed line test scenarios for LKAEURONCAP. Source EuroNCAP. 

 

Figure 12: EuroNCAP solid line test scenarios for LKAEURONCAP. Source EuroNCAP. 

 

LDWEURONCAP 

LDWEURONCAP test scenarios include dashed and solid line tests as shown in Figure 13 and 

Figure 14 below. Tests are performed with 0.1 m/s incremental steps within the lateral 

velocity range of 0.2 to 0.5m/s for departures at both sides of the vehicle. 

 

Figure 13: EuroNCAP dashed line test scenarios for LDWEURONCAP. Source EuroNCAP. 
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Figure 14: EuroNCAP solid line test scenarios for LDWEURONCAP. Source EuroNCAP. 

 

7.2.3.2 Test conditions 

Test conditions are specified for the test track and preparation of the Vehicle under Test 

(VUT).  

Conditions for the test track include track slope and friction, weather and lane markings / 

road edge. The use of two different types of lane markings are required conforming to 

one of the lane markings as defined in UNECE Regulation 130 to mark a lane with a width 

of 3.5 to 3.7m and a road edge as follows: 

Dashed line with a width between 0.1 and 0.25 m, with 0.1 and 0.15 for centrelines 

Solid lines with a width between 0.1 and 0.25 m 

Road edge consisting of grass and/or gravel or any other approved surrogate 

 

Figure 15: EuroNCAP layout of lane markings. Source EuroNCAP. 

Preparation of the vehicle includes items such as the driver configurable system settings 

of the LSS, tyres, wheel alignment mass and fitting of test equipment. 

7.2.3.3 Test procedure 

The first part of the test procedure specifies how the vehicle should be conditioned before 

performing the test. These specifications include actions to account ‘run-in’ the vehicle 

because often it is a new vehicle delivered directly to the test laboratory.  

The next part of the procedure specifies the fundamental lane keep test procedure. In 

this procedure the Vehicle Under Test (VUT) is driven usually using a steering robot in a 

straight lane with defined road makings and / or a road edge as required at a speed of 72 

km/h or 80 km/h, depending on the test scenario. A steering input is applied to give the 

VUT a specified yaw and lateral departure velocity. Following this steering effort is 

removed so that the vehicle starts to leave the lane (and head into a collision course with 

the oncoming or overtaking Global Vehicle Target (GVT)) with the lateral velocity 

specified and the steering oriented in the straight ahead position as illustrated in Figure 

16. As the vehicle starts to get close to the lane markings and /or road edge, the lane 

keep system should activate and keep the vehicle in the lane or in the case of the 

oncoming or overtaking GVT, avoid a collision  
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Figure 16: Lane departure test paths. Source EuroNCAP.  

The parameters used to determine the steering input are shown in the table below. The 

radius of the curve driven is 1200 m to represent an unintentional manoeuvre. For 

intentional manoeuvres a tighter radius of 800 m is used. 

 

 

 

Table 1 : EuroNCAP test path parameters. Source EuroNCAP. 

 

 

7.2.3.4 Global Vehicle Target 

The Global Vehicle Target (GVT), which is used for the oncoming and overtaking vehicle 

test scenarios is a ‘balloon car’ which if impacted will not cause extensive damage to the 

vehicle under test (Figure 17). It replicates the visual, radar and LIDAR attributes of a 

typical M1 passenger vehicle. 
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Figure 17: Global Vehicle Target used in EuroNCAP lane support system assessment. 
Source EuroNCAP. 

 

7.2.4 Other 

7.2.4.1 US NCAP 

US NCAP provide star ratings of vehicles for consumer information. This rating is mainly 

based on the vehicle’s performance in frontal and side crash tests and a rollover 

resistance test. Information about the availability of recommended safety technologies 

fitted to the vehicles is also given in terms of standard fit, optional fit or not available. 

Lane Departure Warning (LDW) is one of the four recommended technologies.  

US NCAP perform tests to confirm fitment of recommended safety technologies. The test 

procedure for the LDW confirmation is also used to assess the performance of lane 

keeping support (LKS) systems (NHTSA 2013). At present the output of the tests for the 

LKS is used for informative purposes only and does not influence the US NCAP rating.  

In the procedure the vehicle is driven in a straight lane at 72 km/h (45mph) in a straight 

lane with defined road markings as required. The driver applies steering input to 

establish a yaw rate and drift the vehicle out of the lane to the required side with the 

required lateral velocity. The vehicle is positioned to the left hand side of the lane for a 

right hand side departure and right hand side of the lane for a left hand side departure. A 

start gate and pylons are used to help the driver establish target lateral velocities.  

For LDW tests the requirements are: 

1. Test speed and yaw rate validity conditions must be satisfied.  

2. The lateral velocity of the vehicle at the time of the LDW alert must be between 0.3 to 

2.0 ft/s(0.1 to 0.6 m/s).    

3. The LDW alert must not occur when the lateral position of the vehicle is greater than 

+2.5 ft (+0.75 m) from the lane line edge. Vehicles in-lane are given positive values.  

4. The LDW alert must occur before the lane departure exceeds – 1.0 ft (-0.3 m). 

For LKA tests the driver should not apply any steering input as the vehicle leaves the 

lane, e.g. remove hands from steering wheel.  

The test procedure does not contain LKS performance requirements. However, it does 

require that the following are documented: 

1. Report how many LKS tests performed with lateral velocities between 0.3 ft/s to 2.0 

ft/s (0.1 to 0.6 m/s) were able to prevent a lane departure. For the tests where a 

departure was prevented, the lateral distance from the corner of the vehicle closest to 

the lane line shall be reported.  
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2. Report the lateral velocities used to determine the LKS performance threshold and 

whether a lane departure was prevented during each test trial. The LKS performance 

threshold is defined as the largest lateral velocity in which a lane departure is 

prevented. For the tests where a departure was prevented, the lateral distance from 

the corner of the vehicle closest to the lane line shall be reported.  

3. If the LKS tests are performed using a lane delineated with two lines, report the 

occurrence of any secondary lane departures. A secondary lane departure results 

from an LKS-induced heading correction away from the initial lane departure (i.e., if a 

test was performed with an initial departure to the right, a secondary departure will 

occur when the vehicle crosses a lane line to the vehicle’s left. 

It should be noted that the lateral departure velocities that can be achieved with this test 

procedure are limited. This is because high yaw rates (i.e. large steering inputs) are 

needed to establish high lateral departure velocities and these large steering inputs may 

cause LKS interventions to be suppressed if the system interprets the driver’s inputs as a 

deliberate lane change manoeuvre attempt. 

7.2.4.2  ISO 112270:2014 

ISO 112270:2014 issued in 2014 contains the basic control strategy, basic driver 

interface elements, minimum functionality requirements, minimum requirements for 

diagnostics and reaction to failure and performance test procedures for Lane Keeping 

Assistance Systems (LKAS) fitted to passenger cars, commercial vehicles and buses. The 

standard defines that the function of a LKAS is to support the driver in keeping the 

vehicle within the current lane. LKAS acquires information on the position of the vehicle 

within the lane and, when required, sends commands to actuators to influence the lateral 

movement of the vehicle. LKAS provides status information to the driver. For this it is 

understood that the standard allows for different technologies which are capable of 

laterally controlling the vehicle, such as steering control or differential braking. 

The standard makes clear that a LKAS is a support system for the driver to maintain safe 

lane keeping operations and does not perform an automated driving function. Therefore, 

all responsibility for the safe operation of the vehicle remains always with the driver.  

As part of the basic control strategy, the following three main states are defined: 

• LKAS off state 

• LKAS on state 

o LKAS standby state 

o LKAS active state 

To transition between the standby and active states, the system is activated or 

deactivated. The system shall evaluate the activation criteria, for example the position of 

the vehicle in the lane relative to the lane markings is known, in both the standby and 

active states. It will activate only when all criteria are met and deactivate when a 

criterion is not met. The lane keeping action influences the lateral movement of the 

subject vehicles such that the calculated time to lane departure increases compared to 

vehicle movement without lane keeping action unless the driver overrides the system. 

The system can detect suppression requests to minimize nuisance lane keeping actions. 

The suppression request can be issued, e.g. if the driver operates a turn signal.   

In terms of basic driver interface operational and display elements are specified. These 

include: 

• The means for the driver to override the lane keeping action at any time 

• That specific driver actions can be considered as suppression requests 

• The means to transition from LKAS on to off and to keep the system in the off 

state regardless of whether the system is in the active or standby state 

• Information about whether the LKAS is in an on state 
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• Information that the LKAS is in an active state, except if other systems, such as a 

LDW system, provide this information 

• Information that the LKAS is not available due to a failure. 

In terms of minimum functionality requirements, to cover the main purpose to help the 

driver to keep the vehicle inside the lane, two test procedures are defined, one of which 

should be fulfilled. The first procedure involves drifting the vehicle out of a lane on a 

straight road. The second procedure involves driving along a straight road into a bend 

with a radius that is not necessarily constant. For both these test procedures the 

following requirements are recommended: 

• Vehicle test speed between 20 and 22 m/s 

• No longitudinal deceleration > 3 m/s2 

• If longitudinal deceleration exceeds 1 m/s2, speed cannot reduce by more than 5 

m/s 

• LKAS lateral acceleration max = 3 m/s2 

• LKAS lateral jerk max = 5 m/s3 

• Vehicle kept in lane (vehicle’s tyres outer edge passes the lane boundary no 

further than 0.4 m (for light vehicles category M1). 

Information about the pattern and width of national road markings in a selection of 

countries worldwide is given in an informative annex.  

In terms of failure reactions, for component failure recommendations are given that the 

driver shall be notified immediately and the LKAS switched off. Further details are given 

for when the LKAS is performing a lane keeping action. 

 

7.2.4.3 SAE J3048_201602 

The purpose of SAE J3048_201602 issued in 2016 is to provide guidance for the 

implementation of driver-vehicle interfaces (DVI) for intervention type lane keeping 

assistance systems (LKAS) as defined by ISO 11270. Therefore, it is effectively a 

supplement to ISO 11270. Similar to ISO 11270, it allows for different technologies 

which are capable of laterally controlling the vehicle, such as steering control, differential 

braking or drive torque. 

The standard also clarifies that an LKAS will not be designed to prevent lane departures 

on a sustained basis thus automating the driving of the vehicle. Interventions will be 

momentary and LKAS will hinder a lane departure through lateral control (where the 

driver fails to indicate when manoeuvring or fails to react), however, in some scenarios 

the vehicle may attempt an intervention but the road conditions may be too adverse (too 

slippery, tight curvature/road geometry leading to high departure velocities) and will not 

support the LKAS intervention. Furthermore, an LKAS will allow the driver of the vehicle 

to actively override an intervention (through direct action such as steering or by 

suppression through indication). Finally, LKAS as defined do not cover lane centring type 

technologies that perform constant steering corrections.   

Notable other clarifications and additions in the standard (compared to ISO 11270) 

include: 

• For the LKAS active state, the following sub-states are defined:  

o LKAS intervening – system is exerting one or more vehicle control 

functions (e.g. steering, braking, drive torque) 

o LKAS overridden – system intervention is temporarily suspended or 

overcome by steering 
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o LKAS suppressed – while activation criteria are not met, system 

intervention is temporarily suspended due to driver request or a system 

feature intended to prevent an LKAS action 

• Deactivation 

o Suppression request: A LKAS lane keeping action may be suppressed 

under specified conditions, such as turn signal activation or intervention by 

another safety system (e.g., electronic stability control). Suppression 

based on turn signal activation may be cancelled if the turn signal remains 

activated for a prolonged period of time. 

o The driver shall be provided with the means to transition from LKAS on to 

LKAS stand-by or LKAS off, and to keep the system in the LKAS stand-by 

or LKAS off state for at least the current ignition cycle. 

 

7.3 Lane markings in the European Union 

For ‘Contracting Parties’ the Vienna Convention on Road Signs and Signals (UNECE 1968) 

stipulates requirements and recommendations for road markings and their use. Most 

member states (MS)of the European Union are ‘Contracting Parties’, with a few 

exceptions such as Cyprus, Ireland and Malta; therefore it can be considered a ‘defacto’ 

standard for the EU.  

The information within the convention relevant for road markings is contained in Chapter 

IV (articles 25, 26, 28 & 29) and Annex 2. The relevant articles in Chapter IV and 

information in Annex 2 are summarised below.  

Chapter IV ‘Road Markings’ 

Article 25: 

• Carriageway markings are to be used by the authority when deemed necessary to 

regulate, warn or guide traffic/road users. 

Article 26: 

• Continuous longitudinal line markings on the carriageway must not be crossed by 

the road vehicle; neither shall vehicles be permitted to cross continuous 

longitudinal line markings consisting of two lines. 

• Broken Longitudinal lines on the carriageway do not prohibit vehicles passing over 

them but are used to either: 

i. “demarcate lanes for the purpose of guiding traffic” 

ii. “give warning of the approach to a continuous line and the prohibition 

that line conveys, or of the approach to another section of road 

presenting a particular behaviour”  

• The ratio between gap length and “stroke” length (length of the line) shall be 

smaller for (i) than compared to broken lines used for (ii) 

• Double broken lines may be used to delineate lanes in which the direction of travel 

may be reversed as per Article 23, paragraph 11.  

• Where longitudinal broken lines are positioned adjacent to continuous longitudinal 

lines, drivers must pay attention to the direction given by the line on their side of 

the road.  

Article 26 bis: 
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• Lanes marked for other vehicle categories such as bicycles; need to be 

distinguished from other road markings by being wider and having less space 

between the strokes.  

• Domestic legislation may specify the conditions under which other road vehicles 

can cross these markings. 

Article 29: 

• Road markings must be painted in white or yellow but colours must be consistent 

across the class types. 

Article 29 bis: 

• Temporary road markings (e.g. used during road works or diversions) shall be 

applied in different colours to those used for the permanent markings. 

• Temporary markings take precedence over permanent markings 

Annex 2: ‘Road Markings’ 

Chapter II; Longitudinal Markings 

• The width of continuous/broken lane markings should be at least 0.1 m. 

• The width between double lines should be between 0.1 and 0.18 m. 

B. Traffic Lane Markings 

• “Traffic lanes shall be marked by broken lines, by continuous lines or by other 

appropriate means”. 

• Outside built up areas: 

i. On two way roads the centre line shall normally consist of a broken line, 

continuous lines must be used in special circumstances. 

ii. On three lane roads, lanes are indicated with broken lines (where there is 

good visibility). To improve safety continuous lines or broken lines next to 

continuous lines may be used.  

iii. On carriageways with more than three lanes, the counter flowing traffic must 

be separated by one or two continuous lines. Traffic lanes must be separated 

by broken lines. 

D. Borderlines indicating the limits of the carriageway 

• The limits of the carriageway are preferably marked with continuous lines and are 

allowed to include; studs, buttons or reflex reflectors. 

ISO 112270 Annex B contains pattern and width information on lane markings in fifteen 

EU member states for multi-carriageway type roads. Additional information, such as the 

lane widths and markings for other road types, is detailed for Italy and the Netherlands 

and other non-EU countries such as USA, Canada and Japan. 

UN Regulation 130 Annex 3 contains a table which details pattern and width information 

on lane markings that are present in 18 countries around the world, many of which are 

within the EU. The information in this table is similar to that in ISO 112270 with the 

exception that Regulation 130 also contains information lane markings used on single 

carriageway roads in some countries where they are different, such as France. Regulation 

130 stipulates that the manufacturer shall demonstrate (through the use of 

documentation) that the Lane Departure Warning System (LDWS) complies with all the 

lane markings identified in the table.  

To obtain further information about the pattern of lane markings on the edge of roads 

within EU member states google maps street view was used to determine whether the 
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marking is solid or dashed and note other information observed such as the length of the 

dashes / spaces and colour (see Table 2).  

It is seen that the majority of EU member states have white solid lane markings adjacent 

to road edges on single carriageway roads, notable exceptions being France, the 

Netherlands and Sweden although they have solid road edge lane markings for motorway 

type roads. Another exception is Ireland which has dashed yellow road edge lane 

markings. Some other member states such as Latvia and Lithuania have a mixture of 

dashed or solid road edge lane marking dependent on the type of single carriageway 

road. 

Table 2: Pattern of road markings adjacent to edge of single carriageway roads within EU 
member states 

No Member State Road Edge 
Marking 
Observed 

Road Type Comment (e.g. length of dashes, 
colour, etc.) 

1 Austria Solid Single carriageway 
Motorway 

 
 
 
 

No information  
 

White lines, Solid centreline, 
dashed lane divide, wider 
dashed lines with shorter spaces 
to separate hard shoulder 

2 Belgium Solid Single carriageway White lines 
Solid/continuous lines 

Dashed/broken line separates 
lanes 

3 Bulgaria None Single carriageway White and yellow lines. 
No edge markings observed on 
trunk roads. 

 

4 Croatia Solid Single carriageway White lines. 
Some roads have solid edge 

markings, others such as 
township and older rural roads 
have no edge markings. 

5 Cyprus Solid Single carriageway Very limited information  

6 Czech Republic Solid Single Carriageway White lines 
Single carriageways have 
continuous white lines 

 

7 Denmark “Solid” Motorway White in colour but are not solid 
white.  
Edge lines are continuous but 
they are small dashes to be 
perceived as a white line as a 

vehicle driver passes by but may 
act as rumble strips.  

8 Estonia Solid and 
dashed 

Single carriageway White lines 
Carriageway quality varies even 
within the same category.  

Single carriageways may have 
no edge markings/or small 
dashed edge markings and very 
small lane divide markings.  
Dual carriageways have solid 
edge markings and dashed lane 
markings. 

9 Finland Solid Single and Dual 
carriageways 

White lines 
Continuous line edge markings, 
with narrow lane divide 
markings 



 ELKS 2nd Interim Report 

 

 

 

March 2021  296 
 

No Member State Road Edge 

Marking 
Observed 

Road Type Comment (e.g. length of dashes, 

colour, etc.) 

Single carriageway roads have 

continuous edge markings 

10 France Dashed Single carriageway White lines 
Dashed lane divide with larger 
dashed markings to denote 
separated traffic.  

Single carriageway roads may 
have dashed edge markings  

11 Germany Solid Motorway 
 
 
Single carriageway 

Solid white lines marking edge 
of road 
No data available  
 

12 Greece Solid Single carriageway White lines 

Quality varies with only some 
single carriageway roads being 
edged with continuous white 
lines 

13 Hungary Solid Single carriageway White lines 
Continuous line edge markings 
Rural single carriageways do not 
have edge markings 

14 Ireland Dashed Single carriageway Major single carriageway routes 

have yellow dashed edge 
markings but central divide 
markings are white.  
Rural single carriageway roads 
do not have edge markings 

15 Italy Solid Single carriageway White lines 

Continuous line edge markings 

16 Latvia Solid and 
dashed 

Single carriageway White lines 
Single carriageway edge 
markings can be found to be 
both dashed markings and 
continuous single lines 

17 Lithuania Solid and 
dashed 

Single carriageway White lines 
Major route single carriageway 
roads have continuous line edge 
markings. Rural single 
carriageway roads have dashed 
road edge markings similar in 

size to the lane divide markings 

18 Luxembourg Solid Single and three 
lane carriageway 

White lines 
Major routes have a continuous 
edge line; however, they are 
painted to give a dappled effect, 

perhaps to also act as rumble 

strips, and are not truly solid 
edge lines. 
Rural single carriageways have 
no edge markings 
Three lane carriageways have 
continuous edge line markings 

and counter-flow traffic is 
separated by two adjacent 
continuous white lines 

19 Malta Solid and 
dashed 

Single carriageway White lines 
Edge markings vary but road 

edge markings are either single 
continuous lines or dashed 
markings. Major routes have 
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No Member State Road Edge 

Marking 
Observed 

Road Type Comment (e.g. length of dashes, 

colour, etc.) 

continuous road edge lines. 

20 Netherlands Dashed Single carriageway White road edge markings 
Closely dashed road edge 
markings which may look like a 
solid line to the driver or act as 
a rumble strip. 

On rural roads the dashed edge 
markings have a larger gap 
between the markings but often 
have continuous central divide 
lines. 

21 Poland Solid Single carriageway White lines 

Continuous singe road edge lines 

Rural single carriageway roads 
are not edged with markings 

22 Portugal Solid Single carriageway White lines 
Single carriageways have a 
continuous road edge line. 

Dual carriageway lines are also 
edged with a single continuous 
line. 
Line thickness varies depending 
on road location. 

23 Romania  Solid and 
Dashed 

Single carriageway White lines 
Single carriageways have both, 
“short”, dashed edge markings 
and a single continuous line. 
A continuous line is used as a 
central divide. 

24 Slovakia Solid Single carriageway White lines 

Major single carriageway routes 
have a single continuous edge 
marking. 
Rural single carriageways do not 
have edge markings. 

25 Slovenia Solid Single carriageway White lines 
Single carriageway edge 
markings vary. Major routes 
have a single continuous edge 
line while rural routes have no 
edge markings.  

26 Spain Solid Single carriageway White lines 
Single carriageway roads have a 
single continuous road edge line. 
Dual carriageway roads have a 
single continuous road edge line. 

27 Sweden Solid and 
dashed 

Single carriageway White lines 
Single carriageways are edged 
with dashed markings 
Dual carriageways and three 
lane carriageways are edged 
with continuous lines which are 

not truly solid. This is possibly to 
create rumble strips while being 
perceived by the driver as a 
continuous road edge marking. 

28 United 
Kingdom* 

Solid Single carriageway White lines 
Single carriageway roads have 

either a single continuous road 
edge line or no road edge 



 ELKS 2nd Interim Report 

 

 

 

March 2021  298 
 

No Member State Road Edge 

Marking 
Observed 

Road Type Comment (e.g. length of dashes, 

colour, etc.) 

markings.  

Dual carriageways will also have 
a single continuous line. 

 

 

7.4 Speed limits of European Roads by Country 

For passenger cars and vans; from: 

https://ec.europa.eu/transport/road_safety/going_abroad/spain/speed_limits_en.htm 

Country Urban Road 

(km/h) 

Non-Urban 

(km/h) 

Motor- / 

Expressways 

(km/h) 

Comments 

Austria 50  100 130 

 

Belgium 50  70 Flemish 

Region 

90 Other 

areas 

120 20 km/h in residential areas, 30 

km/h near schools and in streets 

with cycle paths 

Bulgaria 50 90 120 - 140  

 

Croatia 50 90 130 

 

Cyprus 50  80 100 30 km/h for Pedestrian Zones 

Czech Republic 50 90 110 - 130  80 km/h in built-up areas 

Denmark 50 80 130 

 

Estonia 50 90 90 Motorways/Expressways; 

Summer time speed limit - 110 

km/h 

Finland 50 80 80 - 120 Motorways/Expressways: Always 

displayed by traffic signs (80 

km/h, 100 km/h, 120 km/h); 

Vans 80 km/h or 100 km/h 

France 50 80 (some are 

90) 

110 - 130  Motorways/Expressways: 100 

km/h in rainy/wet conditions, 50 

km/h if the visibility is less than 

50 m 

Germany 50 100 130 Motorways/Expressways: 

Generally unlimited with 130 

km/h recommended speed 

Greece 50 90 110 - 130  

 

https://ec.europa.eu/transport/road_safety/going_abroad/spain/speed_limits_en.htm
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Hungary 50 90 110 - 130  

 

Ireland 50 80 and 100 120 

 

Italy 50 90 [km/h] 130 

 

Latvia 50 90 (80 for 

gravel roads) 

- 

 

Liechtenstein 50 80 - 

 

Lithuania 50 70,  

90 asphalt 

and concrete 

roads (80 for 

less than 2 

years of 

experience) 

110 - 130  Motorway: 130 km/h from April 

to October; 110 km/h from 

November to March. For drivers 

with under 2 years of driving 

experience – 100 km/h. 

Highway: 120 km/h from April to 

October; 110 km/h from 

November to March. For drivers 

with under 2 years of driving 

experience – 90 km/h. 

Luxembourg 50 90 130 (110 in 

the rain) 

 

Malta 50 80 80 

 

Netherlands 50 80 100 - 130 

 

Norway 50 80 [km/h] 100 

 

Poland 50 (5 am -

11pm), 

60 (11pm - 

5am) 

90 110 - 140  

100 on single 

carriageway 

expressway 

20 in residential areas 

Portugal 50 90 100 - 120  

 

Romania 50 90 and 100 130 

 

Slovakia 50 90 130 (90 in 

built-up areas) 

 

Slovenia 50 90 110 - 130 For urban roads 30 km/h in 

speed limit zones; 10 km/h in 

pedestrian zones where traffic is 

allowed 

Spain 50 80 for vans 

and light 

lorries,  

90 for 

passenger 

cars, pick-ups 

and multi-

purpose 

90 for vans 

and light 

lorries,  

100 for multi-

purpose 

vehicles, 

120 for 
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vehicles passenger cars 

and pick-ups 

Sweden 50 70 110 

 

Switzerland 50 80 100 - 120  

 

United Kingdom 48 96 112 
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8 Appendix B: Operational speed ranges of current ELK 
systems reported by Euro NCAP 

Note: Data extracted from vehicle handbook or provided to Euro NCAP by manufacturer. 

Vehicle Category Year Tested Default ON Min Speed Max Speed 

Supermini 2019 YES 65 250 

Executive 2018 YES 65 250 

Large off-road 2019 YES 65 250 

Small off-road 2018 YES 65 250 

Small MPV 2018 YES 60 180 

Small off-road 2019 YES 65 180 

Small off-road 2019 YES 65 180 

Large off-road 2018 YES 60 130 

Large off-road 2018 YES 60 180 

Executive 2018 YES 50 180 

Small family car 2019 YES 60 200 

Small off-road 2019 YES 50 180 

Small family car 2018 YES 60 200 

Small MPV 2019 YES 60 200 

Small family car 2019 YES 60 200 

Small off-road 2019 YES 60 200 

Large off-road 2019 YES 60 200 

Large off-road 2019 YES 60 200 

Small MPV 2018 YES 60 180 

Large family car 2018 YES 60 180 

Small MPV 2018 YES 60 180 

Small off-road 2019 YES 30 140 

Large off-road 2019 YES 60 250 

Small off-road 2019 YES 60 250 

Small family car 2019 YES 60 250 

Supermini 2018 YES 55 200 

Large family car 2019 YES 40 145 

Small off-road 2018 YES 65 250 

Small MPV 2019 YES 60 200 

Large off-road 2018 YES 60 180 
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9 Appendix C: Derivation of relationship between lateral 
velocity, acceleration and bend radius 

 

Derivation: 

Assume test speed (VT) >>> lateral velocity (VL), then VT   ≈   VR       (1) 

 

For time duration of 1 second: 

Θ  =  tan-1 (VL/ VT)   ≈   VL/ VT      in radians for small angles     (2) 

Assume re-input of lateral drift velocity every second, i.e. constant lateral 

acceleration 

If continue like this will eventually travel around in a circle: 

 

However, geometry means that in 1 second will travel 2Θ radians: 

 

Circle consists of 2π radians 

Therefore, time to travel a circle = 2π/ 2Θ̇  seconds = π/ Θ̇     seconds  (3) 

R

Each segment implies 
1 second of forward 
travel.
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Circumference of circle travelled  = velocity * time to travel a circle 

     = VR * π/ Θ̇         (4) 

Circumference of circle = 2πR 

Solve for R:    R = VR/ 2Θ̇              (5) 

 

Lateral acceleration    = VR
2/R                                (6) 

Substitute for R from (5) = 2VR Θ̇             

Substitute for Θ from (2) ≈ 2VR*(VL/ VT) ≈  2VL     for short (1 second) time 

duration ..note from (1)    VT   ≈   VR 

 

i.e. lateral acceleration ≈ 2*(lateral velocity)  for short time duration / constant lateral 

acceleration 

and R ≈ VR
2/(lateral acceleration)     for short time duration / constant lateral 

acceleration 
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10 Appendix D: Draft performance requirements and tests 

10.1 Definitions 

0.10 “Emergency Lane Keeping System (ELKS)” means a system that assists the 

driver in keeping a safe position of the vehicle with respect to the lane or 

road boundary, at least when a lane departure occurs or is about to occur 

and a collision may be imminent.  

0.11 “Vehicle master control switch” means the device by which the vehicle’s on-

board electronics system is brought, from being switched off, as in the case 

where a vehicle is parked without the driver being present, to normal 

operation mode.  

0.12 "Corrective Directional Control Function (CDCF)" means a control function 

within an electronic control system whereby, for a limited duration, changes 

to the steering angle of one or more wheels and/or braking of individual 

wheels may result from the automatic evaluation of signals initiated on-board 

the vehicle optionally enriched by data provided off-board the vehicle, in 

order to correct lane departure, e.g. to avoid crossing lane markings, leaving 

the road. 

0.13 "Lane Departure Warning System (LDWS)" means a system to warn the 

driver that the vehicle is drifting out of its travel lane. 

0.14 "Vehicle Type with Regard to its Emergency Lane Keeping System" means a 

category of vehicles which do not differ in such essential aspects as:  

(a) Vehicle features which significantly influence the performances of the 

Emergency Lane Keeping System;  

(b) The type and design of the Emergency Lane Keeping System.  

0.15 "Subject Vehicle" means the vehicle being tested. 

0.16 “Distance to Lane Marking (DTLM)” means the remaining lateral distance 

(perpendicular to the lane marking) between the inner side of the lane 

marking and most outer edge of the tyre before the subject vehicle crosses 

the inner side of the lane marking. 

0.17 "Common Space" means an area on which two or more information functions 

(e.g. symbol) may be displayed, but not simultaneously. 

0.18 "Self-Check" means an integrated function that checks for a system failure 

on a continuous basis at least while the system is active.  

0.19 “Dry road” means a road with a nominal peak braking coefficient of 0.9. 

0.20 “Flat road” means a road with a slope less than 1% in the longitudinal 

direction and for the lateral direction, less than 2% for half a lane width 

either side of the centreline and less than 3% for the outer half of the lane. 
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10.2 Requirements 

1 General requirements 

1.1 An ELKS shall comprise a LDWS and a CDCF 

1.1.1 The LDWS shall meet the requirements of paragraphs of 2.1 to 2.4 and 

paragraph 2.5. 

1.1.2 The CDCF shall meet the requirements of paragraphs of 2.1 to 2.4 and 

paragraph 2.6. 

1.2 ELKS lane departure warnings and interventions 

Subject to specific requirements below the system shall be designed to 

minimise warnings and interventions for driver intended manoeuvres. 

  

  

2 Specific requirements 

2.1 ELKS failure warning 

A warning shall be provided when there is a failure in the ELKS that 

prevents the requirements of this Regulation of being met.  

2.1.1 The warning shall be a constant optical warning signal. This warning signal 

may be interrupted by an optical warning according to paragraphs 2.5.3.1 

or 2.6.5.1, if the ELKS is only partially* affected by the failure. 

*Note: ELKS partial failures are failures of the CDCF only or the LDWS only. 

2.1.1.1 There shall not be an appreciable time interval between each ELKS self-

check, and subsequently there shall not be a delay in illuminating the 

warning signal, in the case of an electrically detectable failure. 

2.1.1.2 Upon detection of any non-electrical failure condition (e.g. sensor 

misalignment), the warning signal as defined in paragraph 2.1.1 shall be 

activated. 

2.1.2 If the vehicle is equipped with a means to deactivate the ELKS a warning 

shall be given when the system is deactivated according to paragraph 2.2. 

This shall be a constant optical warning signal. The warning signal specified 

in paragraph 2.1.1 above may be used for this purpose. 

2.2 ELKS deactivation 

2.2.1 Manual deactivation 

When a vehicle is equipped with a means to manually deactivate the ELKS 

function, either partially or fully, the following conditions shall apply as 

appropriate: 

2.2.1.1 The ELKS function shall be automatically and fully reinstated upon each 

activation of the vehicle master control switch, [at least provided the driver 

door is opened in-between]. 

2.2.1.2 The ELKS control shall be designed a in such a way that manual 

deactivation shall not be possible with less than two deliberate actions, e.g. 

press and hold on a button, or select and confirm on menu option. 

2.2.1.3 The manual deactivation capability shall be tested in accordance with the 

relevant vehicle test(s) specified in paragraph 3 to this Regulation. 

2.2.2 Automatic deactivation 

If the vehicle is equipped with a means to automatically deactivate the ELKS 

function, either partially or fully, for instance in situations such as off-road 
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use, being towed, a trailer being hitched to the vehicle or the ESC being 

deactivated the following conditions shall apply as appropriate: 

2.2.2.1 The vehicle manufacturer shall provide a list of situations and corresponding 

criteria where the ELKS function is automatically deactivated to the 

technical service at the time of type approval and it shall be annexed to the 

test report. 

2.2.2.2 The ELKS function shall be automatically and fully reactivated as soon as 

the conditions that led to the automatic deactivation are not present 

anymore. 

2.2.3 A constant optical warning signal shall inform the driver that the ELKS 

function has been deactivated. The failure warning signal specified in 

paragraph 2.1.1 above may be used for this purpose. This warning signal 

may be interrupted by an optical warning according to paragraphs 2.5.3.1 

or 2.6.5.1, if the ELKS is only partially deactivated. 

2.3 Automatic suppression 

2.3.1 For driver intended manoeuvres 

As part of the CEL Annex requirements, the manufacturer shall provide a 

documentation package which gives access to the basic design and logic of 

the system for detection of likely driver intended manoeuvres and automatic 

suppression of the ELKS. This package shall include a list of parameters 

detected and a basic description of the method used to decide that the 

system should be suppressed, including limit values where possible. For 

both the CDCF and LDWS, the technical service shall assess the 

documentation package to show that driver unintentional manoeuvres, 

within the scope of the lane keep test parameters (in particular lateral 

departure velocity), will not result in automatic suppression of the system.  

2.3.2 Automatic suppression of the ELKS is permitted in situations when other 

assistive or automated steering functions, (e.g. ACSF, ESF or ALKS), are 

controlling the lateral movement of the vehicle. 

2.4 Provisions for the Periodic Technical Inspection  

2.4.1 At a Periodic Technical Inspection, it shall be possible to confirm the correct 

operational status of the ELKS by a visible observation of the failure warning 

signal status following a "power-ON" and any bulb check.  

In the case of the failure warning signal being in a common space, the 

common space must be observed to be functional prior to the failure 

warning signal status check.  

2.4.2 At the time of type approval, the means to protect against simple 

unauthorised modification of the operation of the failure warning signal 

chosen by the manufacturer shall be confidentially outlined.  

Alternatively, this protection requirement is fulfilled when a secondary 

means of checking the correct operational status of the ELKS is available. 

  

2.5 LDWS requirements 

2.5.1 Speed range 

The LDWS shall be active at least within the vehicle speed range between 

[65 km/h] and the lower of [130 km/h] or maximum vehicle speed and at 

all vehicle load conditions, unless deactivated as per paragraph 2.2. 

2.5.2 Lane departure warning 

In the absence of conditions leading to deactivation or suppression of the 
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system according to paragraphs 2.2 and 2.3, when operated within the 

prescribed speed range according to 2.5.1, the LDWS shall be able to warn 

the driver as specified in paragraph 2.5.3 at the latest if the vehicle crosses 

over a visible lane marking for the lane in which it is running by more than 

a DTLM of [-0.3 m]: 

(a) for lateral departure velocities in the range of the [0.1 m/s] to [0.5 

m/s]  

(b) on straight, flat and dry roads 

(c) for lane markings in line with one of those described in Commission 

Regulation (EU) No. 351/2012 Annex II, Appendix ‘Visible lane marking 

identification’ and other markings expected on EU roads. 

(d) with the markings being in good condition and of a material 

conforming to the standard for visible markings of that contracting party. 

(e) in all illumination conditions without direct blinding sunlight and low 

beam head lamps if necessary  

(f) in absence of weather conditions affecting the visibility of lane 

markings (e.g. no fog) 

It is recognised that the performance required may not be fully achieved in 

other conditions than those listed above. However, the system shall not 

unreasonably switch the control strategy in these other conditions. 

The lane departure warning capability shall be demonstrated in accordance 

with the relevant vehicle test(s) specified in paragraph 3. 

2.5.3 LDWS warning indication 

2.5.3.1 The lane departure warning referred to in paragraph 2.5.2 shall be 

noticeable by the driver and be provided by:  

(a) at least two warning means out of optical, acoustic and haptic, or  

(b) one warning means out of haptic and acoustic, with spatial indication 

about the direction of unintended drift of the vehicle. 

2.5.3.1.1 Where an optical signal is used for the lane departure warning, it may use 

the failure warning signal as specified in paragraph 2.1.1 above in a flashing 

mode. 

2.5.3.1.2 When there is a lane keep intervention by the CDCF, this shall be 

considered a haptic warning according to paragraph 2.5.3.1.  

2.5.3.2 The LDWS optical warning signals shall be activated following a vehicle 

master control switch "power-ON". This requirement does not apply to 

warning signals shown in a common space. 

2.5.3.3 The LDWS optical warning signals shall be visible even by daylight; the 

satisfactory condition of the signals must be easily verifiable by the driver 

from the driver’s seat. 

2.5.3.4 The optical warning signal shall be demonstrated in accordance with the 

relevant vehicle test(s) specified in paragraph 3. 

 

2.6 CDCF performance requirements 

2.6.1 Speed range 

The CDCF shall be active at least within the vehicle speed range between 

[70 km/h] and the lower of [130 km/h] or maximum vehicle speed and at 

all vehicle load conditions, unless deactivated as per paragraph 2.2. 
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However, in the case that the vehicle reduces its speed from above [70 

km/h] to below [70 km/h], the system shall be active at least until the 

vehicle speed reduces below [65 km/h]. 

2.6.2 Lane keep 

In the absence of conditions leading to deactivation or suppression of the 

system according to paragraphs 2.2 and 2.3, the CDCF shall be able to 

prevent lane departure by crossing of visible lane markings in the scenarios 

shown in the following table by more than a DTLM of [-0.3 m]: 

(a) for lateral departure velocities in the range of the [0.2 m/s] to [0.5 

m/s] for vehicle speeds up [100 km/h] and for lateral departure 

velocities in the range of [0.2 m/s] to [0.3 m/s] for vehicle speeds 

greater than [100 km/h]. 

(b) on straight, flat and dry roads 

(c) for lane markings in line with one of those described in Commission 

Regulation (EU) No. 351/2012 Annex II, Appendix ‘Visible lane marking 

identification’. 

(d) with the markings being in good condition and of a material conforming 

to the standard for visible markings of that contracting party. 

(e) in all illumination conditions without direct blinding sunlight and low 

beam head lamps if necessary 

(f) in absence of weather conditions affecting the dynamic performance of 

the vehicle (e.g. no storm, not below 5°C) or the visibility of lane 

markings (e.g. no fog) 

No. Scenario Description 

1. Solid line – Departure to right side of vehicle. 

   

2 Solid line – Departure to left side of vehicle. 

 

 

It is recognised that the performances required for the scenarios in this 

table may not be fully achieved in other conditions than those listed above. 

However, the system shall not unreasonably switch the control strategy in 

these other conditions. 

This shall be demonstrated in accordance with Annex 6 of UN Regulation 

No. 79 for steering based systems or Annex 8 of UN Regulation No. 13-H 

for non-steering based systems. 

The lane keep capability shall be demonstrated in accordance with the 

relevant vehicle test(s) specified in paragraph 4. 

2.6.3 Steering override 

2.6.3.1 The steering control effort necessary to override the directional control 

provided by the system shall not exceed 50 N. Significant loss of steering 

support once overridden shall not happen suddenly. 

2.6.3.2 [Additionally / Alternatively], for CDCF systems which do not act on the 



 ELKS 2nd Interim Report 

 

 

 

March 2021  310 
 

steering itself (e.g. differential braking type CDCF), the steering input shall 

not exceed [25] degrees. 

2.6.3.3 The steering override control effort shall be demonstrated in accordance 

with the relevant vehicle test(s) specified in paragraph 4. 

2.6.4 CDCF warning indication 

2.6.4.1 Every CDCF intervention shall immediately be indicated to the driver by an 

optical warning signal which is displayed for at least 1 s or as long as the 

intervention exists, whichever is longer. The optical signal may be the 

flashing of the failure warning signal specified in paragraph 2.1.1 

2.6.4.1.1 In the case of an intervention longer than 10 seconds an acoustic warning 

signal shall be provided until the end of the intervention.   The 

manufacturer may offer means for the driver to temporarily suppress the 

audible warning for the duration of the vehicle master control switch cycle. 

2.6.4.1.2 In the case of two or more consecutive interventions within a rolling 

interval of 180 seconds and in the absence of a steering input by the driver 

during the intervention, an acoustic warning signal shall be provided by the 

system during the second and any further intervention within a rolling 

interval of 180 seconds. Starting with the third intervention (and 

subsequent interventions) the acoustic warning signal shall continue for at 

least 10 seconds longer than the previous warning signal. 

2.6.4.2 The requirements in paragraphs 2.6.4.1.1 and 2.6.4.1.2 shall be 

demonstrated in accordance with the relevant vehicle test(s) specified in 

paragraph 4. 

 

3 Test requirements for LDWS 

3.1 General provisions 

Vehicles fitted with LDWS shall fulfil the appropriate tests requirements of 

this paragraph 

3.2 Testing conditions 

The tests shall be performed: 

• On a flat and dry asphalt or concrete road type surface, which may 

not contain any irregularities (e.g. large dips or cracks, manhole 

covers or reflective studs) within a lateral distance of 3.0m to either 

side of the centre of the test lane and with a longitudinal distance of 

30m ahead of the subject vehicle from the point after the test is 

complete. 

• In all illumination conditions without direct blinding sunlight and low 

beam head lamps if necessary. 

• In ambient air temperatures between [5°C and 45°C]. 

• In the absence of weather conditions affecting the visibility of lane 

markings, e.g. fog 

At the manufacturer's discretion and with the agreement of the Technical 

Service the tests may be performed under conditions deviating from what 

is described above (e.g. at lower ambient air temperatures). 

3.2.1 Lane markings 

The lane markings on the road used for the tests shall be in line with one of 

those described in Commission Regulation (EU) No. 351/2012 Annex II, 

Appendix ‘Visible lane marking identification’. The markings shall be in 

good condition and of a material conforming to the standard for visible lane 

markings. The lane-marking layout used for the tests shall be recorded in 
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the test report.  

The width of the lane shall be a minimum of 3.5 m for the purpose of the 

tests of this paragraph. The vehicle manufacturer shall demonstrate, 

through the use of documentation, compliance with all other lane markings 

identified in Commission Regulation (EU) No. 351/2012 Annex II, Appendix 

‘Visible lane marking identification’. Any of such documentation shall be 

appended to the test report. 

3.2.2 Subject vehicle conditions 

3.2.2.1 Test mass 

The subject vehicle shall be tested in a load condition agreed between the 

manufacturer and the Technical Service. No load alteration shall be made 

once the test procedure has begun. The vehicle manufacturer shall 

demonstrate, through the use of documentation, that the system works at 

all load conditions. 

3.2.2.2 The subject vehicle shall be tested at the tyre pressures recommended by 

the vehicle manufacturer. 

3.2.2.3 Where the LDWS is equipped with a user-adjustable warning threshold, the 

tests specified in paragraph 3.3 shall be performed with the warning 

threshold set at its maximum lane departure setting. No alteration shall be 

made once the test procedure has begun. 

3.2.2.4 Pre-test conditioning 

If requested by the vehicle manufacturer the vehicle can be driven a 

maximum of 100 km on a mixture of urban and rural roads with other 

traffic and roadside furniture to calibrate the sensor system. 

3.3 Test procedures 

3.3.1 Optical warning signal verification test 

With the vehicle stationary check that the optical warning signal(s) comply 

with the requirements of paragraph 2.5.3.2. 

3.3.2 Lane departure warning test 

3.3.2.1 Drive the vehicle at a speed of [70 km/h +/- 3 km/h] into the centre of the 

test lane in a smooth manner so that the attitude of the vehicle is stable.  

Maintaining the prescribed speed, gently drift the vehicle, either to the left 

or the right, with a lateral departure velocity of between [0.1] and [0.5 

m/s] so that the vehicle crosses the lane marking. Repeat the test at a 

different rate of departure within the range [0.1] and [0.5 m/s].  

Repeat the above tests drifting in the opposite direction. 

3.3.2.2 The test requirements are fulfilled if the LDWS provides the lane departure 

warning indication mentioned in paragraph 2.5.3.1 above at the latest 

when the DLTM is [-0.3 m]. 

3.3.2.3 In addition, the vehicle manufacturer shall demonstrate to the satisfaction 

of the Technical Service that the requirements for the whole speed range 

and lateral departure velocity range are fulfilled. This may be achieved on 

the basis of appropriate documentation appended to the test report. 

3.3.3 Manual deactivation test 

3.3.3.1 If the vehicle is equipped with means to manually deactivate the ELKS 

(LDWS), turn the vehicle master control switch to the “Power ON” position 

and deactivate the ELKS (LDWS). The warning signal specified in paragraph 

2.2.3 shall be activated. 
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Turn the master control switch to the “Power OFF” position [and open 

driver’s door]. Turn the vehicle master control switch to the “Power ON” 

position and verify that the previously activated warning signal is not 

reactivated, thereby indicating that the ELKS (LDWS) has been reinstated 

as specified in paragraph 2.2.1.1. 

 

4 Test requirements for CDCF 

4.1 General provisions 

Vehicles fitted with CDCF shall fulfil the appropriate tests requirements of 

this paragraph 

4.2 Testing conditions 

The tests shall be performed: 

• On a flat and dry asphalt or concrete road type surface, which may 

not contain any irregularities (e.g. large dips or cracks, manhole 

covers or reflective studs) within a lateral distance of 3.0m to either 

side of the centre of the test lane and with a longitudinal distance of 

30m ahead of the subject vehicle from the point after the test is 

complete. 

• In all illumination conditions without direct blinding sunlight and low 

beam head lamps if necessary. 

• In ambient air temperatures between [5°C and 45°C]. 

• In the absence of weather conditions of weather conditions affecting 

the dynamic performance of the vehicle (e.g. no storm, not below 

5°C) or the visibility of lane markings (e.g. fog). 

At the manufacturer's discretion and with the agreement of the Technical 

Service the tests may be performed under conditions deviating from what 

is described above (e.g. at lower ambient air temperatures). 

4.2.1 Lane markings 

The solid lane marking on the road used for the tests shall be in line with 

one of those described in Commission Regulation (EU) No. 351/2012 Annex 

II, Appendix ‘Visible lane marking identification’. The marking shall be in 

good condition and of a material conforming to the standard for visible lane 

markings. The lane-marking used for the tests shall be recorded in the test 

report.  

The solid lane marking shall be a minimum of [7 m] distance from any 

other lane markings, for the purpose of the tests of this paragraph. The 

vehicle manufacturer shall demonstrate, through the use of documentation, 

compliance with all other solid lane markings identified in Commission 

Regulation (EU) No. 351/2012 Annex II, Appendix ‘Visible lane marking 

identification’. Any of such documentation shall be appended to the test 

report. 

4.2.2 Subject vehicle conditions 

4.2.2.1 Test mass 

The subject vehicle shall be tested in a load condition agreed between the 

manufacturer and the Technical Service. No load alteration shall be made 

once the test procedure has begun. The vehicle manufacturer shall 

demonstrate, through the use of documentation, that the system works at 

all load conditions. 

4.2.2.2 The subject vehicle shall be tested at the tyre pressures recommended by 

the vehicle manufacturer. 
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4.2.2.3 Where the CDCF is equipped with a user-adjustable timing threshold, the 

test specified in point 4.3.3 shall be performed with the timing threshold 

set at its latest setting for system intervention. No alteration shall be made 

once the test procedure has begun. 

4.2.2.4 Pre-test conditioning 

If requested by the vehicle manufacturer the vehicle can be driven a 

maximum of 100 km on a mixture of urban and rural roads with other 

traffic and roadside furniture to calibrate the sensor system. 

4.3 Tests procedures 

4.3.1 Warning Indication test 

4.3.1.1 The subject vehicle shall be driven with an activated CDCF on a road with 

solid lane markings on at least one side of the lane.  

The test conditions and the subject vehicle test speed shall be within the 

operating range of the system. 

During the test, the duration of the CDCF interventions and of the optical 

and acoustic warning signals shall be recorded. 

In the case of paragraph 2.6.5.1.1 of this Regulation, the subject vehicle 

shall be driven such that it attempts to leave the lane and causes CDCF 

intervention to be maintained for a period longer than 10 seconds. If such a 

test cannot be practically achieved due to e.g. the limitations of the test 

facilities, with the consent of the Type Approval Authority this requirement 

may be fulfilled through the use of documentation. 

The test requirements are fulfilled if:  

(b) The acoustic warning is provided no later than 10 s after the beginning 

of the intervention. 

In the case of paragraph 2.6.5.1.2 of this Regulation, the subject vehicle 

shall be driven such that it attempts to leave the lane and causes at least 

three interventions of the system within a rolling interval of 180 seconds. 

The test requirements are fulfilled if:  

(a) An optical warning signal is provided for each intervention, as long as 

the intervention exists, and  

(b) An acoustic warning signal is provided at the second and third 

intervention, and  

(c) The acoustic warning signal at the third intervention is at least 10 s 

longer than the one at the second intervention. 

4.3.1.2 In addition, the manufacturer shall demonstrate to the satisfaction of the 

Technical Service that the requirements defined in paragraphs 2.6.5.1.1 

and 2.6.5.1.2 are fulfilled in the whole range of CDCF operation. This may 

be achieved on the basis of appropriate documentation appended to the 

test report. 

4.3.2 Steering override test 

4.3.2.1 The subject vehicle shall be driven with an activated CDCF on a road with 

solid lane markings on each side of the lane. 

The test conditions and the subject vehicle test speed shall be within the 

operating range of the system.   

The vehicle shall be driven such that it attempts to leave the lane and 

causes CDCF intervention. During the intervention, the driver shall apply 

the steering control effort necessary to override the intervention.  
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The force and steering input applied by the driver on the steering control to 

override the intervention shall be recorded. 

The test requirements are fulfilled if: 

(d) The force applied by the driver on the steering control to override the 

intervention does not exceed 50 N, and 

(e) Significant loss of steering support once overridden does not happen 

suddenly. 

(f) [Additionally / alternatively], for ELK systems which do not act on the 

steering itself (e.g. differential braking type CDCF), the steering input 

does not exceed [25] degrees. 

4.3.2.2 In addition, the manufacturer shall demonstrate to the satisfaction of the 

Technical Service that the requirements defined in paragraph 2.6.4 are 

fulfilled in the whole range of CDCF operation. This may be achieved on the 

basis of appropriate documentation appended to the test report. 

4.3.3 Lane keep test 

4.3.3.1 The CDCF shall be tested for test scenarios No 1 and No 2 described in 

paragraph 2.6.2. 

4.3.3.1.1 Tests for all scenarios shall be performed with lateral velocities of [0.2 m/s 

and 0.5 m/s].  

4.3.3.1.2 A test path shall be driven which consists of an initial straight path parallel 

to the solid lane marking being tested, followed by a fixed radius curve to 

apply a known lateral velocity and yaw to the subject vehicle, followed 

again by a straight path without any force applied on the steering control 

(e.g. by removing the hands from the steering control). 

 

4.3.3.2.1 The subject vehicle speed during the test up to the point of system 

intervention shall be [72 km/h +/- 1] km/h.  

The curve of fixed radius driven to apply the lateral velocity required shall 

have a radius 1200 m or more. 

The lateral velocity required shall be achieved to a tolerance of [+/- 0.05 

m/s]. 

The vehicle manufacturer shall provide information describing the radius of 

the curve to be driven and the location when the closed loop path and/or 

speed control shall be ended so as not to interfere with the system 

intervention for each test. 

4.3.3.2 The test requirements are fulfilled if the subject vehicle does not cross the 

lane marking by a DTLM of more than [-0.3 m]. 

4.3.3.3 In addition, the vehicle manufacturer shall demonstrate to the satisfaction 

of the Technical Service that the requirements for the whole speed range 

and lateral departure velocity range are fulfilled. This may be achieved on 

the basis of appropriate documentation appended to the test report. 
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EXECUTIVE SUMMARY 

The revised General Safety Regulation (EU) 2019/2144 of the European Parliament has 

entered into force and will help ensure the deployment of safety features designed to 

save lives on European roads. One of the package of measures to be implemented within 

this revision is the mandatory fitment of Tyre Pressure Monitoring Systems to larger 

goods and passenger vehicles.  

A Tyre Pressure Monitoring System (TPMS) is a system fitted on a vehicle which can 

evaluate the pressure of the tyres, or the variation of pressure over time, and transmit 

corresponding information to the user while the vehicle is running. 

The objective of this TPMS work package was to develop draft technical annexes setting 

out requirements and test procedures for secondary type approval legislation to mandate 

fitment of TPMS to vehicles of category: M2, M3, N2, N3, O3, O4. This work package was 

divided into the following tasks: 

• Task 1: Literature review and research. 

• Task 2: Stakeholder consultation. 

• Task 3: Validation of proposed test procedure. 

• Task 4: Drafting of proposed performance requirements and test procedures. 

In parallel, under the working party on noise and tyres (GRBP) a task force on Tyre 

Pressure Monitoring System and Tyre Installation (TPMSTI) was created to update UNECE 

Regulations No. 141 and No.142. One of the task force’s objectives was to amend UNECE 

Regulation No.141 to extend the scope to include M2, M3, N2, N3, O3 and O4 vehicles. 

Work performed by TRL was used to support the task force achieve this objective, and 

TRL participated directly in the task force meetings to develop proposed amendments to 

UNECE Regulation 141.  

Meetings with stakeholders (see Annex 2) and a literature review (see Annex 3) were 

used as a basis for drafting proposed technical requirements. These draft requirements 

were subsequently discussed and developed within the task force TPMSTI and the test 

procedures developed were then verified on three vehicles of category M3, N3 and O4. 

In consultation with the TPMSTI, specific objectives were defined for the testing, in 

addition to proving the overall feasibility of the proposed procedures. These included 

tests to verify: 

• How long does it take to deflate large tyres by 20% for the diffusion and puncture 

test? 

• Is the proposed time period for deflation in these tests appropriate? 

• How long does it take for tyre temperature to stabilise such that Pwarm can be 

measured?  

• What is the effect of tyre loading on the warmup time? 

The validation testing successfully proved out the repeatability of the proposed 

procedures by carrying each test out on multiple vehicle types. Tyre warm up times for 

large vehicles were shown to be independent of vehicle speeds and the timings for 

deflation of tyres in the diffusion and puncture tests was shown to be feasible for the 

proposed tests. The revisions proposed to the tests contained in UN Regulation No. 141 

deliver minimum technical requirements for TPMS for vehicles of categories M2, M3, N2, 

N3, O3 and O4. 

This report details the draft technical annexes developed including requirements, test 

procedures and associated performance limits, the rationale behind their development, 

and, where appropriate, justification for text amendments and proposed performance 

limits. 
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1 INTRODUCTION 

TRL are providing support to the European Commission to develop the General Safety 

Regulation (GSR), specifically to develop input for the secondary legislation of Regulation 

(EU) 2019/2144 of the European Parliament and Council for the following vehicle safety 

measures: 

• AEB: Advanced Emergency Braking (light duty, vehicles and pedestrians/cyclists)  

• DDR: Driver Drowsiness and Attention Monitoring, Driver Readiness Monitoring for 

Automated Driving & Advanced Distraction Recognition 

• EDR: Event Data Recorder  

• FFW: Frontal Full-Width Impact  

• HED: Pedestrian and Cyclist Enlarged Head Impact Zone 

• ISA: Intelligent Speed Assistance  

• ELKS: Emergency Lane Keeping System 

• REV: Reversing Safety  

• TPM: Tyre Pressure Monitoring (heavy duty)  

• VIS: Direct Vision & Pedestrian and Cyclist Detection (heavy duty) 

This report is related to Tyre Pressure Monitoring for ‘heavy duty vehicles’, i.e. those in 

categories M2, M3, N2, N3, O3 and O4. A ‘Tyre Pressure Monitoring System’ is defined as 

“a system fitted on a vehicle, able to perform a function to evaluate the inflation pressure 

of the tyres or the variation of this inflation pressure over time and to transmit 

corresponding information to the user while the vehicle is running”.  

Despite significant improvements in road safety in Europe over the past decades, 

progress in the reduction of road fatalities rates has stalled in recent years. According to 

EU statistics1, since 2013, there has been no overall decrease in the number of road 

fatalities and some states are even recording increases in fatalities. Advances in vehicle 

safety can contribute to casualty reductions with improved protection of vulnerable road 

users, and the proposed legislation provides measures to increase safety at vehicle level. 

This is expected to both reduce the number of collisions or lower the severity of those 

that do occur, hence reducing the number of fatalities and severe injuries. 

TPMS is able to prevent tyre failures and the associated risks, not only to the vehicle 

itself, but also to other road users. These risks can result from possible loss of control of 

the vehicle, enforced stops on roads which hinder other traffic and require operatives to 

carry out roadside repairs, and the spreading on roads of debris from tyres which have 

failed due to underinflation and the resultant overheating. 

TPMS can also contribute to reductions in emissions through reduced fuel use, which can 

occur due to the increased rolling resistance of an underinflated tyre. Research2 suggests 

that a saving of up to 0.35% in CO2 emissions can be achieved by using a TPMS-equipped 

N3 vehicle and trailer, equating to 1,217 kt/year across the 27 states of the EU. 

Type approval for TPMS requires a vehicle test procedure to be defined that provides a 

suitable, definitive check of whether the system fitted will conform to the stated 

requirement, of evaluating tyre inflation pressure and transmitting suitable information to 

 

1 https://ec.europa.eu/transport/road_safety/sites/roadsafety/files/pdf/observatory/historical_evol.pdf 

2 van Zyl, P., Goethem, S.v., Jansen, S., Kanarchos, S., Rexeis, M., Hausberger, S., Smokers, R.: Study on tyre 
pressure monitoring systems (tpms) as a means to reduce light-commercial and heavy-duty vehicles fuel 
consumption and co2 emissions. Final report, European Commission DG Clima (2013) 
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a driver. The test procedure should be representative of real-world usage conditions, be 

as straightforward to follow as possible and be repeatable.  

The objective of the TPMS work package was to develop draft technical annexes setting 

out requirements and test procedures for secondary type approval legislation to mandate 

fitment of TPMS to vehicles of category: M2, M3, N2, N3, O3, O4. This work package 

consisted of the following tasks: 

• Task 1: Literature review and research. 

• Task 2: Stakeholder consultation. 

• Task 3: Validation of proposed test procedure. 

• Task 4: Drafting of proposed performance requirements and test procedures. 

In parallel, under the working party on noise and tyres (GRBP) a task force on Tyre 

Pressure Monitoring System and Tyre Installation (TPMSTI) was created to update UNECE 

Regulation No. 141 and No.142. 

• The European Commission chaired this task force. 

• One of the task force’s objectives was to amend UNECE Regulation No.141 to 

extend the scope to include M2, M3, N2, N3, O3 and O4 vehicles. 

Work performed by TRL was used to support the task force achieve this objective, and 

TRL participated directly in the task force meetings to develop proposed amendments to 

UNECE Regulation No.141. 

The proposed technical requirements and accompanying test procedure were based on 

the existing UNECE Regulation No. 1413 which describes the technical requirements for 

TPMS fitted to M1 and N1 vehicles. Consultation with a range of stakeholders took place 

both bi-laterally and by participation in the aforementioned UNECE TPMS informal ‘task 

force’ group (TF TPMTSI4), which included among the participants, the European Tyre 

and Rim Technical Organization (ETRTO), as well as representatives from the European 

Automobile Manufacturers Association (ACEA5) and the European Association of 

Automotive Suppliers (CLEPA6).  

The performance requirements and test procedures developed under this process were 

drafted and subsequently validated with physical, track-based tests, with variations 

appropriate to the additional vehicle categories covered by the revised Regulation. The 

fourth stage of the process was to confirm and develop the draft technical annexes, 

taking into account comments made by the stakeholders during the bi-lateral and other 

consultations as well as the results from the track testing.  

This report is structured such that the open and significant questions are presented first, 

followed by summaries of the results of the tests that support the decisions made. Due to 

the volume of data recorded, detailed test results are available on request in a separate 

spreadsheet document. Information relating to vehicle speed limits, stakeholder 

consultations, a literature review, and the draft text itself are provided in annexes to the 

main report.   

 

 

3 ‘Uniform provisions concerning the approval of vehicles with regard to their Tyre Pressure Monitoring Systems 
(TPMS)’ for vehicles of category M1, N1. 

4 https://wiki.unece.org/pages/viewpage.action?pageId=94047545 

5 Asociația Europeană a Producătorilor de Automobile 

6 Comité de Liaison Européen des Fabricants d'Equipements et de Pièces Automobiles 

https://wiki.unece.org/pages/viewpage.action?pageId=94047545
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2 PRINCIPLES AND KEY TECHNICAL ASPECTS 

The first two parts of this section outline the principles and approach followed to develop 

the TPMS regulation based on the existing UN Regulation No.141 for vehicles of category 

M1 and N1. The third part describes the high-level technical issues that were identified 

during the course of the work and the rationale on which subsequent decisions were 

made. Further specific changes to the draft regulatory text (see Section 11) are detailed 

in Section 3.1. 

2.1 Principles 

The principles followed to develop the TPMS regulation for the vehicle types under 

consideration are listed below, in terms of general principles and those specific to TPMSs.  

2.1.1 General requirements 

• The regulation developed should be technology-neutral and hence should be 

performance-based, as far as possible. 

• Given the timescales intended for its implementation, the regulation developed 

should ensure an acceptable minimum level of performance that can be delivered 

using readily available current technology. 

• The regulation should allow for new technology to be introduced and not restrict 

future technological developments. 

2.1.2 TPMS-specific requirements 

• The requirements and test procedures to be defined shall be a physical test (e.g. 

test track-based) based on the procedure as defined by UNECE Regulation No.141 

under additional consideration of the proposals submitted by third parties. 

• The TPM system shall be capable of working with environmental conditions in all 

Member States.  

• The TPM system shall provide an appropriate warning to the driver. TPM systems 

shall be designed to avoid resetting or recalibration at a low tyre pressure. 

2.1.2.1 Main relevant requirements of the current version of UNECE Regulation 

No.141(UN R41.00) 

The definition of TPMS is given as: 

2.7: “TPMS means a system fitted on a vehicle, able to perform a function to evaluate 

the inflation pressure of the tyres or the variation of this inflation pressure over time and 

to transmit corresponding information to the user while the vehicle is running.” 

Three main tests are specified by UN Regulation No.141 in order for a TPMS to satisfy the 

minimum technical requirements. These are as follows: 

Tyre pressure detection for incident-related pressure loss (i.e. Detection of a tyre 

puncture) 

5.2.1.: The TPMS shall illuminate the warning signal described in paragraph 5.5. within 

not more than ten minutes of cumulative driving time after the in-service operating 

pressure in one of the vehicle's tyres has been reduced by twenty per cent or it is at a 

minimum pressure of 150 kPa, whatever is higher 

Detection for a tyre pressure level significantly below the recommended pressure for 

optimum performance including fuel consumption and safety: (i.e Detection of a diffusion 

event where all tyres lose pressure) 
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5.3.1.:  The TPMS shall illuminate the warning signal described in paragraph 5.5. within 

not more than sixty minutes of cumulative driving time after the in-service operating 

pressure in any of the vehicle's tyres, up to a total of four tyres, has been reduced by 

twenty per cent or it is at a minimum pressure of 150 kPa, whatever is higher. 

Malfunction test 

5.4.1.:  The TPMS shall illuminate the warning signal described in paragraph 5.5. not 

more than 10 minutes after the occurrence of a malfunction that affects the generation 

or transmission of control or response signals in the vehicle's tyre pressure monitoring 

system. 

For each of these three requirements, the TPMS warning is specified as: 

5.5.1.:  The warning indication shall be by means of an optical warning signal conforming 

to Regulation No. 121. 

2.1.3 Key technical aspects 

2.1.3.1 Main relevant requirements of UNECE Regulation No.141 

The main issues which were found from the bi-lateral meetings and literature review are 

summarised here; more information is contained in Annex 2 and 3. These key technical 

issues led to the composition of proposed amendments to UNECE Regulation No.141; 

these were subsequently discussed with the TPMSTI task force group and verified in track 

testing. 

2.1.3.1.1 Technology considerations 

One of the principles established above was that the regulation developed should ensure 

an acceptable minimum level of performance that can be delivered using readily available 

current technology. This was verified via bilateral discussions with stakeholders, where it 

was demonstrable that systems for M2, M3, N2, N3, O3 and O4 vehicles (i.e. ‘heavy duty’ 

vehicles) were currently available on the market and indeed equipped to vehicles on the 

road in Europe. 

Consultation indicated that for these vehicles, direct TPMS were overwhelmingly the 

dominant technology, with pressure inside each tyre measured independently, either via 

a sensor inside the tyre or at the valve. However, one stakeholder indicated that on 

vehicles of category O4, pressure was assessed via the ABS sensor and delivered to a 

‘modal valve’ from which the pressure could be read. However, all other stakeholders 

indicated direct TPMS was used and all aftermarket TPMS reviewed used direct pressure 

measurement; it is clear that the expected technology used on ‘heavy duty’ vehicles will 

be direct TPMS. Despite this, it was considered important that regulation should not 

prevent other technologies (i.e. indirect TPMS and other methods) from being introduced 

2.1.3.1.1 Reference pressure 

UN Regulation No. 141 specifies a ‘learning phase’ as part of the test procedure for the 

puncture and diffusion tests (see Section 9). 

2.4.1.: Drive the vehicle for a minimum of twenty minutes within the speed range in 

paragraph 1.4.2. to this annex, and with an average speed of eighty km/h (10 km/h). It 

is allowed to be outside the speed range for a maximum cumulative time of two minutes 

during the learning phase.  

As well as providing a learning phase for indirect TPMSs, this phase warms the tyres and 

allows Pwarm (the in-service operating pressure) to be identified and pressure reductions 

for the puncture and diffusion tests to be made from Pwarm (see Figure 1). This 

approach was supported for ‘heavy duty’ vehicles by ETRTO and all other stakeholders in 

the bilateral meetings, with the rationale that measurement from Pwarm:  

• measures a realistic situation for the vehicle in use on the road; 
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• mitigates, to some extent, the effects of ambient temperature on pressure at 

different testing locations. 

It should be noted that the US (FMVSS 138) tyre pressure is assessed by reducing the 

pressure by 25% from Pcold (the recommended cold pressure). This means that the test 

is faster (and therefore cheaper) to complete as there is no phase in the test to warm the 

tyres. However, this means that the test may be not representative of the tyre in use and 

the outcome of a test could differ depending on the ambient temperature at the 

geographic testing location.  

An approach substantially different to that currently in force for M1 and N1 vehicles in 

Europe was considered unjustified and stakeholders agreed that the existing approach 

should also be applied to ‘heavy duty’ vehicles. 

 

Figure 1: Diagram depicting different tyre reference pressures 

 

2.1.3.1 Truck/trailer compatibility 

Stakeholder consultation quickly highlighted the issue of compatibility of truck and trailer 

as an important issue. At Type Approval, vehicles of category N2 and N3 will be assessed 

separately from vehicles of category O3 and O4, but in order for the benefits to be 

maximised on the road, the TPMS installed in the vehicles should be as compatible as 

possible. Furthermore, the TPMS warning for the O category vehicle should be able to be 

displayed to the driver or user of the N category vehicle. 

Standardisation of the communication interface between the towing and towed vehicle 

was discussed with stakeholders as part of the bilateral meetings and within the UNECE 

Task Force group. It became clear that current/future systems may use a range of 

communication types (e.g. RF, Bluetooth, WiFi), as well the vehicle Controller Area 

Network (CAN) as that specified by ISO 11992: Road vehicles - Interchange of digital 

information on electrical connections between towing and towed vehicles. 

The opinion of stakeholders was that “the vast majority” of O3 and O4 vehicles (i.e. 

trailers), especially newer ones, had an ISO 11992 interface that could be used for TPMS 

messages. One stakeholder suggested that more than 90% of trailers in the European 

fleet had such an interface, although it was acknowledged that trailers tended to have a 

long vehicle life and some older ones would not have this facility. However, for new 
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vehicles, the opinion of stakeholders was that trailers and trucks would have an ISO 

11992 communication interface, which reserves CAN messages for TPMS warnings.  

The earlier phases of the project identified cabin displays that could adapt to provide 

TPMS warnings for the truck (N2/N3) and trailer (O3/O4), although these were TPMS 

provided by the same supplier. This project did not assess compatibility of TPMS from 

different manufacturers on the truck and trailer, but we consider that if the ISO 11992 

interface is a minimum requirement or is encouraged, this should allow different systems 

to input standard TPMS messages.  

In TRL’s view, the regulation should not prescribe how the communication should be 

made between the truck and trailer, but that the minimum functionality should be 

provided via the ISO 11992 interface, while not preventing other communication 

methods. If other communication methods (i.e. wireless) these should be made using an 

open and standardised communication protocol). TRL proposed that a separate group of 

experts from the UNECE Task Force group define the detailed communication 

requirements as these were out of scope of our work and more appropriately defined by 

TPMS developers who have the detailed knowledge required to ensure that these are fit 

for purpose. Therefore, TRL have not verified whether there are any practical problems 

for TPMSs from different manufacturers being compatible using ISO 11992 messaging 

interface or whether there are any other issues with being able to transfer the required 

warnings via this method. However, draft regulatory text has been proposed with the aim 

of maximising compatibility for TPMS systems on trucks and trailers on the road after 

they are approved separately.  

2.1.3.1 TPMS warnings 

UNECE Regulation No.141 specifies that the TPMS warning shall be by means of an 

optical warning signal (as specified by UNECE Regulation No.121) but does not mandate 

identification of the tyre to which the warning pertains. For the vehicle categories under 

consideration here, the greater number of wheels on each vehicle mean that any system 

is very likely to depict the tyre location as well as the warning and it is arguably more 

important that the defective tyre is identified on vehicles with many tyres. Current 

systems available, including the system used for validation tests in this project, have an 

adaptive screen which displays pressure for each tyre. However, in line with the current 

Regulation 141, it was considered that the basic warning functionality was adequate to 

indicate a tyre pressure issue. This approach mandates a minimum requirement that 

allows providers to offer their own advanced features, while still requiring a simple and 

readily understandable Regulation 121 warning for each vehicle.  

One stakeholder (ETRTO) proposed a multi-stage TPMS warning, with a ‘maintenance 

alert’ at 8% pressure reduction from Pwarm and an ‘alert warning’ if this issue has not 

been rectified after the vehicle has travelled 1,000km. Furthermore, the ‘alert warning’ 

was proposed to be triggered if a pressure reduction of 16%, or pressure reduction 

gradient of greater than 120 kPa/min, was detected. No supporting evidence or rationale 

was provided for the threshold values proposed. After consideration, it was felt that there 

was not sufficient evidence to mandate a dual level warning and, while it should not be 

excluded as being a feature offered by system providers, the minimum requirement 

should be maintained as a simple, well-understood tyre pressure loss warning 

2.1.3.1 TPMS thresholds 

UNECE Regulation No.141 specifies a reduction of 20% from Pwarm for the puncture test 

(or 150kPA, whichever is greater) and 20% plus 7kPa from Pwarm for the diffusion test. 

From the bilateral meetings, the overall consensus was that these values were 

appropriate for TPMS on N2/3, M2/3 and O3/4 vehicles. In particular, TPMS 

manufacturers and vehicle manufacturers considered these reductions appropriate for a 

minimum performance requirement for TPMSs (see Section 9.2). 
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Current TPMSs for heavy duty vehicles are based on direct measurement of tyre pressure 

and many systems with sensors in the tyre or at the valve also measure internal tyre 

temperature. This allows for temperature compensation of the pressure as well as high 

temperature warnings indicative of excessive heat transfer from the wheel or braking 

system. These are positive aspects and could be considered state of the art features. The 

proposal from ETRTO is based on a direct system with temperature compensation, 

indicative by the warning threshold of 8% which from information gathered in the 

stakeholder consultation, is likely to toggle the warning on and off with ambient 

temperature and vehicle use cycles for systems that do not adjust pressure readings with 

tyre temperature. This is not desirable from the point of view of the warning being 

ignored if it is triggered when there is not a pressure issue. Furthermore, a threshold of 

8% would effectively mandate direct TPMS for large vehicles, in conflict with one of the 

aims of this work to maintain technology neutrality.  

Most direct TPMSs trigger on the basis of pressure gradient (in addition to absolute 

pressure). While this is advantageous and the best way in which to provide an early 

warning of pressure loss, it is currently not feasible to test. For example, reducing the 

tyre pressure at a constant rate while driving on a test track is not possible and so the 

pressure gradient proposed by ETRTO cannot be implemented in a track test with the 

current equipment. 

The bilateral meetings revealed that stakeholders supported the use of Pwarm, as in the 

existing test for vehicles of category M1 and N1 and also supported pressure reductions 

for the puncture and diffusion test of 20%. This is also comparable to the ‘alert warning’ 

of 16% pressure reduction proposed by ETRTO, and also in line with existing 

requirements for other vehicle types. 

It should be noted that alternative pressure reductions were not tested as it was felt that 

the consensus among stakeholders was that a 20% reduction was appropriate since it is 

in line with requirements for M1 and N1, as well as providing a minimum requirement 

that can be met by current systems while also not excluding other potential TPMS 

technologies.  

2.1.3.1 Minimum tyre pressure 

UNECE Regulation No.141 specifies a reduction of 20% from Pwarm for the puncture test 

(or 150kPA, whichever is greater). In practice, the minimum pressure is very rarely the 

greater of these values and was included in regulation because very small number of M1 

vehicles have a very low manufacturer recommended cold pressure which, when reduced 

from Pwarm, could be below the minimum design pressure.  

Discussion in the TPMS task force group (TF TPMSTI) on what the minimum pressure for 

vehicles of M2, M3, N2, N3, O3 and O4 vehicles should be revealed that the minimum 

pressure values for C2 class tyres (typical on M2 and N2 vehicles) had a consensus 

minimum pressure value of ~220KPa. It was proposed that this value is used for vehicles 

that had a C2 tyre equipped (although in practice it would not be expected to be used) 

and that for vehicles fitted with tyres of class C3, there should be no minimum value as 

the recommended pressures are always significantly in excess of the minimum design 

pressure. 
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3 DEVELOPMENT OF PERFORMANCE REQUIREMENTS AND ASSOCIATED TESTS 

The minimum technical requirements for TPMSs were developed via consultation with key 

stakeholders (see Annex2, Section 9) and subsequent discussions by the UNECE informal 

working group (TF TPMSTI7). The test methods and other technical aspects related to: 

tyre warming and cooling, soak periods, tyre deflation times, vehicle test speeds, were 

investigated in track tests in addition to validation of the proposed test procedures. The 

following section details the subsequent proposed changes to UN Regulation No.141 with 

the associated rationale for the change from the existing regulation. The draft regulatory 

text can be found in full in Section 11. The test results which validate the proposed 

amendments listed here, where these relate to test parameters, can be found in Section 

4.3. 

3.1 Proposed amendments to UN Regulation No 141 

This section describes the proposed amendments from the current text of UN Regulation 

No.141 and the associated rationale for the change. The full draft regulatory text is 

presented in Appendix C, where changes proposed by TF TPMSTI are highlighted in 

yellow and TRL proposed changes (also agreed or under consideration by TF TPMSTI) are 

highlighted in green. Many of the aspects proposed for change by the task force were on 

vehicle categories or systems other than TPMS and were therefore out of scope; these 

have been included here so that the Commission has sight of the full suite of changes 

proposed to UN Regulation No. 141. In the following, the changes relevant to TRL’s 

proposals are included (i.e. those that relate to TPMS for vehicles of category M2, M3, 

N2, N3, O3 and O4). 

3.1.1 Paragraph 1 (Scope) 

Original text in UNECE Regulation No.141 

This Regulation applies to the approval of vehicles of category M1 up to a maximum 

mass of 3,500 kg and N18 when equipped with a tyre pressure monitoring system, except 

for vehicles fitted with dual wheels on an axle. 

Revised wording: 

This Regulation applies to the approval of vehicles of category: M1 up to a maximum 

mass of 3,500kg, M2, M3, N1, N2, N3, O3, and O4, when equipped with a tyre pressure 

monitoring system. 

Explanation: 

The Regulation scope was amended to include vehicles of category M2, M3, N2, N3, O3 

and O4. The original scope of UN Regulation No.141 has been retained (vehicles of 

category M1 up to maximum mass of 3,500kg and N1), but without the restriction only to 

vehicles with single wheels. Vehicles with twin wheels will be included in the scope of the 

amended regulation. This measure is intended to ensure that all of the tyres on relevant 

vehicles are included in the Regulation, in order to prevent some tyres not being 

monitored by a TPMS. 

 

7 https://wiki.unece.org/pages/viewpage.action?pageId=94047545 

8 As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3.), document 
ECE/TRANS/WP.29/78/Rev.4, para. 2 - 
www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html. 

https://wiki.unece.org/pages/viewpage.action?pageId=94047545
http://www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html
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3.1.2 Paragraph 2.4 (Definitions) 

Additional text: 

 “Twin wheel” means the fitment of a pair of wheels on one side of an axle, on the same 

hub. 

Explanation: 

The definition of “twin wheel” was added, as the majority of vehicles in relevant 

categories have multiple tyres on each side of some axles. 

3.1.3 Paragraph 2.8 (Definitions) 

Original text in UNECE Regulation No. 141 

"Tyre Pressure Monitoring System (TPMS)" means a system fitted on a vehicle, able to 

perform a function to evaluate the inflation pressure of the tyres or the variation of this 

inflation pressure over time and to transmit corresponding information to the user while 

the vehicle is running; 

Revised text: 

"Tyre Pressure Monitoring System (TPMS)" means a system fitted on a vehicle which can 

evaluate the pressure of the tyres or the variation of pressure over time and transmit 

corresponding information to the user while the vehicle is running; 

Explanation: 

The definition of Tyre Pressure Monitoring System has been modified to align with the 

definition in GSR (Regulation (EU) 2019/2144 of the European Parliament and Council). 

3.1.4 Paragraph 2.14 (Definitions) 

Additional text: 

“Cumulative driving time” means the total time elapsed where the vehicle is driven at 

speeds equal to or higher than 25 km/h and further deducted by 120 seconds for each 

event where the vehicle speed drops below 25 km/h.  

Explanation: 

Definitions for cumulative driving time added (missing from UN Regulation No.141). 

3.1.5 Paragraph 5.1.1. (Specification and Tests) 

Original text in UNECE Regulation No.141 

Any vehicle of categories M1 up to 3,500 kg and N1, in both cases with all axles equipped 

with single tyres, and fitted with a tyre pressure monitoring system complying with the 

definition of paragraph 2.7. shall meet the performance requirements contained in 

paragraphs 5.1.2. to 5.5.5. of this Regulation over a wide range of road and 

environmental conditions encountered within the territory of the Contacting Parties. 

Revised text: 

Any vehicle of categories M1 up to 3,500kg, M2, M3, N1, N2, N3, O3 or, O4, in all cases 

fitted with a tyre pressure monitoring system complying with the definition of paragraph 

2.8, shall meet the performance requirements contained in paragraphs 5.1.2. to 5.5.7. of 

this Regulation over a wide range of road and environmental conditions encountered 

within the territory of the Contacting Parties.  

Explanation: 

The scope is amended to include vehicles of category M2, M3, N2, N3, O3 and O4. 

Consideration of only vehicles fitted with single wheels is removed since the amended 

regulation will apply to vehicles with single and twin wheels. 



 TPMS Interim Report 

 

 

 

March 2021  336 
 

3.1.6 Paragraph 5.1.3 

Original text in UNECE Regulation No.141 

The system shall operate from a speed of 40 km/h or below, up to the vehicle's 

maximum design speed. 

Revised text: 

For vehicles of category M1 up to a maximum mass of 3,500 kg and N1, the system shall 

operate from a speed of 40 km/h or below, up to the vehicle's maximum design speed.  

For vehicles of categories M2, M3, N2, N3, O3 and O4, the system shall operate from a 

speed of 30 km/h or below, up to the vehicle’s maximum design speed.  

Explanation: 

The speed ranges of operation for M2, M3, N2, N3, O3 and O4 vehicles are added, in line 

with typical operating speeds and speed limits for vehicles of these categories as agreed 

by consensus from stakeholder bilateral meetings and in TPMS task force group. 

3.1.7 Paragraph 5.1.5 

Additional text: 

If a variant of any vehicle submitted for approval is fitted with twin wheels, that variant 

shall be used for the tests defined in Annex 3 of this regulation and one of the tyres on a 

twin wheel (the ‘test tyre’) must be deflated for the puncture test in 2.5 of Annex 3 of 

this regulation.  

Explanation: 

A requirement is included to ensure that for the puncture test, a tyre from the twin wheel 

(if present on any variant submitted for approval) is tested. This is to ensure that the 

TPMS can detect a puncture on any of the tyres of the vehicle, including on a twin wheel. 

If the vehicle range includes a variant that is fitted with twin wheels, an example of that 

variant must be used for the testing. This prevents a vehicle with twin wheels gaining 

type approval without having been tested in that form.  

3.1.8 Paragraph 5.2.3 

Revised / additional text: 

For vehicles of category M2, M3, N2, N3, O3 and O4, fitted with class C2 or C3 tyres, the 

TPMS shall illuminate the warning signal described in paragraph 5.5. within not more 

than ten minutes of cumulative driving time after the in-service operating pressure in one 

of the vehicle's tyres has been reduced by 20 per cent. 

Explanation: 

The minimum tyre pressure level for M2, M3, N2, N3, O3 and O4 vehicles in the puncture 

test is removed with the rationale that the 20% reduction from Pwarm is greater than the 

minimum design pressure for any tyre fitted to these vehicles. 

3.1.9 Paragraph 5.3.3  

Additional text: 

For vehicle categories M2, M3, N2 and N3, fitted with tyres of the tyre class C2 or C3, the 

TPMS shall illuminate the warning signal within not more than 60 minutes of cumulative 

driving time after the in-service operating pressure in any of the vehicle's rolling tyres in 

contact with the ground has been reduced by twenty per cent.   

Explanation: 



 TPMS Interim Report 

 

 

 

March 2021  337 
 

The minimum tyre pressure level for vehicles of category M2, M3, N2, and N3 in the 

diffusion test is removed with the rationale that the 20% reduction from Pwarm is 

greater than the minimum design pressure for any tyre fitted to these vehicles. 

3.1.10 Paragraph 5.3.4 

Additional text: 

For vehicles of category O3 and O4, fitted with tyres of the tyre class C2 or C3, the TPMS 

shall transmit an appropriate warning signal described in 5.5 within not more than 60 

minutes of cumulative driving time after the in-service operating pressure in any of the 

vehicle's rolling tyres in contact with the ground has been reduced by 20 per cent.   

Explanation: 

The minimum tyre pressure level for O3 and O4 vehicles in the diffusion test is removed 

with the rationale that the 20% reduction from Pwarm is greater than the minimum 

design pressure for any tyre fitted to these vehicles. Trailers are split from other vehicle 

categories as these have requirement to transmit warning rather than illuminate the 

warning. 

3.1.11 Paragraph 5.5.2 

Additional text: 

In the case of an N2 or N3 category vehicle towing an O3 or O4 category vehicle, the 

optical warning signal referred to in 5.5.1 must indicate whether any warning relates to 

the individual towing or towed vehicle(s).  

Explanation: 

The requirement is added for vehicles of category N2 and N3 to distinguish between a 

TPMS warning from the tractor unit or from a trailer. This is to aid the driver in 

identifying the location of the origin of a TPMS warning on the vehicle. 

3.1.12 Paragraph 5.5.5 

Additional text: 

For vehicles of category O3 and O4, the optical warning signal referred to in 5.5.1 must 

be displayed to the driver of the towing vehicle, as specified in paragraph 5.5.4.  

(5.5.4 states: The warning signal must be visible even by daylight; the satisfactory 

condition of the signal must be easily verifiable by the driver from the driver's seat.) 

Explanation: 

A requirement is added for vehicles of category O3 and O4 vehicles that the TPMS 

warning must be displayed to the driver of the towing vehicle. This allows the warning to 

be in the cab of the truck but also does not exclude the possibility of using mirror 

systems (provided the warning signal complies with other requirements). 

3.1.13 Annex 1: Paragraph 9.1 

Revised text: 

Mass of the vehicle when tested:  

Front axle / Second axle / Third axle / Fourth axle / Fifth axle / Sixth axle / Total 

Explanation: 

The facility to record axle loads for multiple axles is added so that information can be 

recorded for M2, M3, N2, N3, O3 and O4 vehicles. 
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3.1.14 Annex 3; Paragraph 1.5.2 

Additional text: 

1.5.2. Vehicle speed.  

The TPMS shall be calibrated and tested for vehicles of categories M2, M3, N2, N3, O3, 

O4:  

(c)  in a speed range from 25 km/h and 90 km/h (or the vehicle's maximum design 

speed if it is less than 90 km/h) for the puncture test to verify the requirements of 

paragraph 5.2. to this Regulation; and  

(d) In a speed range from 25 km/h and 90 km/h (or the vehicle's maximum design speed 

if it is less than 90 km/h) for the diffusion test to verify the requirements of paragraph 

5.3 to this Regulation and for the malfunction test to verify the requirements of 

paragraph 5.4. to this Regulation.  

The whole speed range shall be covered during the test.  

For vehicles equipped with cruise control, the cruise control shall not be engaged during 

testing.  

Explanation: 

Addition of new speed ranges for M2, M3, N2, N3, O3 and O4 vehicles for puncture and 

diffusion test respectively. These speed ranges have been selected after a review of 

vehicles in these categories and information provided by stakeholders. 

3.1.15 Annex 3; Paragraph 2.1 

Original text in UNECE Regulation No.141 

Before inflating the vehicle's tyres, leave the vehicle stationary outside at ambient 

temperature with the engine off shaded from direct sunlight and not exposed to wind or 

other heating or chilling influences for at least one hour. Inflate the vehicle's tyres to the 

vehicle manufacturer's recommended cold inflation pressure (Prec), in accordance with the 

vehicle manufacturer's recommendation for the speed and load conditions, and tyre 

positions. All pressure measurements shall be carried out using the same test equipment. 

Revised text: 

Before inflating the vehicle's tyres, leave the vehicle stationary outside at ambient 

temperature with the engine off shaded from direct sunlight and not exposed to wind or 

other heating or chilling influences for at least one hour for M1 and N1 vehicles and 4 

hours for M2, M3, N1, N2, N3, O3 and O4 vehicles. Inflate the vehicle's tyres to the 

vehicle manufacturer's recommended cold inflation pressure (Prec), in accordance with 

the vehicle manufacturer's recommendation for the speed and load conditions, and tyre 

positions. All pressure measurements shall be carried out using the same test equipment. 

Explanation: 

Addition of minimum 4-hour soak period for vehicles of category M2, M3, N2, N3, O3, O4 

based on findings from TPMS testing that 1 hour is insufficient to stabilise the 

temperature. 

3.1.16 Annex 3; Paragraph 2.3 

Original text in UNECE Regulation No.141 

If applicable, set or reset the tyre pressure monitoring system in accordance with the 

vehicle manufacturer's recommendations. 

Additional text: 
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If applicable, set or reset the tyre pressure monitoring system in accordance with the 

vehicle manufacturer's recommendations and verify in particular the measures avoiding 

inadvertent reset control operation according to paragraph 5.1.6. 

Explanation: 

Addition of requirement to check that there are measures that prevent the TPMS being 

inadvertently reset. 

3.1.17 Annex 3; Paragraph 2.4 

Original text in UNECE Regulation No.141 

Learning Phase 

Revised text: 

Learning/Tyre warming phase. 

Explanation: 

Change proposed to title of phase as this provides both the learning phase for indirect 

systems and warms the tyres to allow the measurement of Pwarm. 

3.1.18 Annex 3; Paragraph 2.4.1 

Original text in UNECE Regulation No.141 

Drive the vehicle for a minimum of twenty minutes within the speed range in 

paragraph 1.4.2. to this annex, and with an average speed of eighty km/h (10 km/h). It 

is allowed to be outside the speed range for a maximum cumulative time of two minutes 

during the learning phase. 

Revised text: 

For M1 vehicles of mass up to 3,500 kg and N1 vehicles, drive the vehicle for a minimum 

of 20 minutes within the speed range in paragraph 1.5.2. to this annex, and with an 

average speed of eighty km/h (±10 km/h). It is allowed to be outside the speed range 

for a maximum cumulative time of two minutes during this phase.  

For vehicles of category M2, M3, N2, N3, O3 and O4 vehicles, drive the vehicle for a 

minimum of 120 minutes at a speed of fifty-seven km/h (±10 km/h). It is allowed to be 

outside the speed range for a maximum cumulative time of two minutes during this 

phase.  

Explanation: 

Split of M1 and N1 from other vehicle categories for clarity. Addition of speed and 

duration of learning/warning phase for vehicles of category M2, M3, N2, N3, O3 and O4. 

The value (57 km/h) is the rounded-down average of the speed ranges in 1.5.2 in line 

with the average for M1 and N1 vehicles in the existing regulation. 

3.1.19 Annex 3; Paragraph 2.5.1 

Original text in UNECE Regulation No.141 

Procedure for the puncture test to verify the requirements of paragraph 5.2. to this 

Regulation. 

Deflate one of the vehicle's tyres within five minutes of measuring the warm pressure as 

described in paragraph 2.4.3. above, until it is at Pwarm  

-20 per cent, or it is at a minimum pressure of 150 kPa, whichever is higher, namely 

Ptest. Following a stabilisation period of between two and five minutes the pressure Ptest 

shall be rechecked and adjusted if necessary. 
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Revised text: 

Following the requirements specified in 5.1.5, deflate one of the vehicle's tyres within five 

minutes of measuring the warm pressure as described in paragraph 2.4.3. above, until it 

is at Pwarm -20 per cent, or it is at a minimum pressure of 150kPa for M1 up to 3,500kg 

and N1, fitted with tyres of class C1 or of [220] kPa for M1 up for M1 up to 3,500kg and 

N1, fitted with tyres of class C2.  Following a stabilisation period of between two and five 

minutes the pressure Ptest shall be rechecked and adjusted if necessary. 

Explanation: 

Reference to 5.1.5 added to clarify the previously described selection of the test tyre for 

the puncture test (selection of the twin tyre if applicable) and modification of minimum 

pressure level in line with the wider range of vehicle categories in scope. 

3.1.20 Annex 3; Paragraph 2.5.2 

Original text in UNECE Regulation No.141 

Procedure for the diffusion test to verify the requirements of paragraph 5.3. to this 

Regulation. 

Deflate all four tyres within five minutes of measuring the warm pressure as described in 

paragraph 2.4.3. above, until the deflated tyres are at Pwarm  

- 20 per cent plus a further deflation of 7 kPa, namely Ptest. Following a stabilisation 

period of between two and five minutes the pressure Ptest shall be rechecked and 

adjusted if necessary. 

Revised text: 

Procedure for the diffusion test to verify the requirements of paragraph 5.3. to this 

Regulation. 

Deflate all tyres within five minutes of measuring the warm pressure as described in 

paragraph 2.4.3. above for vehicles of category M1 and N1 and 15 minutes for vehicles 

of category M2, M3, N2, N3, O3 and O4, until the deflated tyres are at Pwarm - 20 per 

cent plus a further deflation of 7 kPa, namely Ptest. Following a stabilisation period of 

between two and five minutes the pressure Ptest shall be rechecked and adjusted if 

necessary. 

Explanation: 

Deletion of “four” as the scope now means that vehicles could well have more than four 

wheels and replaced with “all”. Increase of time allowed to reduce tyre pressure in all 

tyres to maximum of 15 minutes for vehicles of category M2, M3, N2, N3, O3 and O4 in 

line with results from validation tests. 
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4 VALIDATION OF PROPOSED TEST PROCEDURES 

The aim of the testing was to determine the following: 

• How long does it take to deflate large tyres for the diffusion and puncture test? 

• Is the proposed time period for deflation in these tests appropriate? 

• How long does it take for tyre temperature to stabilise such that Pwarm can be 

measured?  

• What is the effect of tyre loading on the warmup time? 

• Can the proposed test procedures be carried out repeatably, reliably, and 

practically? 

• Are there any other lessons from the test validation? 

The physical testing was originally planned to take place in March/April 2020; ultimately 

this was delayed until July 2020 due to the global Covid-19 pandemic and ensuing travel 

restrictions. Testing resumed on the 13/07/2020, after restrictions were lifted for travel 

and working. All staff and attendees were required to follow the UK’s guidelines on Covid-

19 for the duration of the tests and mitigations in place at the test track, hence no third 

parties (including leading industry members or representatives) were able to witness the 

testing.  

The trials were performed to assess the validity of the proposed Tyre Pressure Monitoring 

System type approval and fundamentally followed the test procedure set out for M1 and 

N1 vehicles in UN Regulation No. 141. Therefore requiring three tests procedures to be 

validated; a diffusion test (to test the systems capability of perceiving low pressure in all 

tyres at once), a puncture test (to assess the TPMS’s capability of perceiving rapid 

deflation in a single tyre) and a malfunction test (assessing the systems capability of 

quickly perceiving a fault related to the systems mechanical or electronic hardware). 

Each test was therefore performed on three vehicles, an M3 bus, a N3 truck and an O4 

category trailer. Each test was recorded using well known, commercially available 

software, allowing the synchronised measurement of each vehicles speed and location, as 

well as recording the display of the Tyre Pressure Monitoring System. The truck and 

trailer were tested in combination in order to replicate real world operations of such 

vehicles, however, they were assessed separately.  

All tests were conducted at Millbrook Proving grounds on the High-Speed Circuit, allowing 

for a constant and maintained speed. This was necessary for the warmup phases of all 

three test procedures to ascertain an acceptable time frame for vehicles fitted with C3 

tyres to reach Pwarm. It was believed to be the tyre category with the most difficult to 

achieve Pwarm in the current specified time of a minimum of 20 minutes, under UN 

Regulation No. 141. It was considered that the increased size, mass and relative low 

speed of vehicles with C3 tyres warranted further testing and exploration to determine if 

it was feasible to reach Pwarm within this relatively short time frame; concerns which 

were also shared by industry bodies, such as ETRTO. Therefore, as well as conducting the 

procedural tests according to the proposed amendments of R.141, TRL conducted further 

tests of warmup and cooling times for both the bus and the truck and trailer combination. 

The extra tests also allowed TRL to justify any changes to the allowable time between the 

stopping of the vehicle and measuring of the tyre pressures before deflating 20% below 

Pwarm, in either the diffusion or deflation tests.  

TRL also expanded on the warmup and cooling tests by repeating the warmup phases 

with two speeds, for each vehicle. The first of which as at the average of the specified 

speed range, 57 kph, thereby exemplifying the current acceptable test speed in 

concurrence with UN Regulation No. 141, for M1 and N1 vehicles. The second of the tests 

speeds was at the vehicles maximum operational speed, which is allowable under UN 

Regulation No. 141 providing it is lower than the maximum allowable test speed. As both 

vehicles were only capable of reaching 80 kph (bus) and 90 kph (truck), operating the 
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vehicles at Vmax would only serve to reach a stabilised value for Pwarm in less time and 

not invalidate the test or the requirements of UN Regulation No. 141.  

4.1 Test plan 

The tests followed those set out in UN Regulation No. 141, including a diffusion test, 

puncture test and a malfunction test. Each applied to a different vehicle class in order to 

capture the tests effectiveness in repeatability and applicability across multiple platforms 

and vehicle categories. The tests were conducted from 13/07/2020 to 20/07/2020 and in 

total covered 6 days, 5 of which were active tests days and one day for vehicle set-up 

(13/07/2020). Table 1, outlines the original test matrix proposed to Millbrook Proving 

Ground, while Table 2 records the actual tests conducted in order with each vehicle and 

the chosen warmup period speed (kph). The time to reach a stable Pwarm was believed 

to be the most unpredictable measure during the trials and as such required tests to be 

repeated at either the average speed for the allowable range (57 kph) or the maximum 

speed of the vehicle (90 kph for the truck and trailer or 80 kph for the bus).  

Table 1: TPMS test schedule matrix 

Date Day Tests Comment 

13/07/2020 Mon Fit system to Bus Fit system to 

truck and trailer 

Tyre 

deflation 

time tests 

(bus) 

Fit bus system first 

Test bus deflation 

times while truck 

system being fitted 

14/07/2020 Tues Tyre warming 

tests/cooling 

tests - Bus 

Diffusion, 

malfunction & 

Puncture (Bus) 

(Fit system 

to truck 

and trailer) 

Bus testing 

Continue truck system 

fitting if required 

15/07/2020 Wed Diffusion, 

malfunction & 

Puncture (Bus) 

Repeat bus 

puncture test 

 
Bus testing 

16/07/2020 Thurs Tyre warming 

tests/cooling 

tests - 

truck/trailer 

Diffusion, 

malfunction & 

Puncture 

(Truck) 

 
Combined truck/trailer 

warming/cooling tests 

Truck testing 

17/07/2020 Fri Diffusion, 

malfunction & 

Puncture (Truck) 

Repeat truck 

diffusion test 

 
Truck testing 

18/07/2020 Sat 
    

19/07/2020 Sun 
    

20/07/2020 Mon Diffusion, 

malfunction & 

Puncture (Trailer) 

Repeat trailer 

malfunction test 

 
Trailer testing 

21/07/2020 Tues 
   

Contingency 

22/07/2020 Wed 
   

Contingency 

23/07/2020 Thurs 
   

Contingency 

24/07/2020 Fri 
   

Contingency 
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To establish a realistic time period for deflating C3 tyres a test was conducted on the 

13/07/2020, measuring total deflation times from Pcold to Pcold -20% of those tyres 

fitted to the bus. This test set the guidelines for following cooling tests while the first tyre 

warming test on the 14/07/2020 established that the warming of C3 tyres to a stabilised 

Pwarm warranted a change to the test procedure. The warming of the bus, truck and 

trailer tyres, required a minimum warm up time of 1 hour and 15 minutes to be 

considered stable. Thus, requiring the TRL team to develop the new test matrix as 

observable in Table 2  

Table 2and conduct further tests on the final day of the trails (20/07/2020), dedicated to 

establishing an acceptable warm up and allowable measuring time (cooling period) for all 

vehicles now considered under the amendments to UNECE Regulation No.141. 

 

Table 2: The tests completed by TRL organised by date, vehicle type and warmup speed 
(kph) 

Date Test Vehicle Warmup Speed 

(kph) 

13/07/2020 

  

  

TPMS installation Bus   

TPMS installation Truck   

Tyre deflation Bus - 

14/07/2020 

  

  

  

  
 

Tyre warming Bus 57 

Tyre cooling Bus - 

Tyre warming Truck 57 

Tyre cooling Truck 57 

Tyre warming Trailer 57 

Tyre cooling Trailer 57 

15/07/2020 

  

  

  

Puncture test Truck 90 

Malfunction test Truck - 

Puncture test Trailer 90 

Malfunction test Trailer - 

16/07/2020 

  

  

  

Tyre warming Bus 80 

Diffusion test Bus 80 

Malfunction test Bus - 

Diffusion test Trailer 90 

17/07/2020 

  

Puncture test Bus 80 

Diffusion test Truck 90 

20/07/2020 

  

  

  

Tyre warming Bus 57 

Tyre cooling Bus - 

Tyre warming Truck 57 

Tyre cooling Truck - 
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4.2 Test conditions 

4.2.1 Vehicles 

Three vehicles were chosen for the validation of the proposed TPMS test procedures; an 

M3 bus (provided by Millbrook), an N3 truck and an O4 trailer. The Truck and trailer were 

hired from a third-party supplier. All three vehicles were first assessed by the staff at 

Millbrook Proving Grounds to prove road worthiness and fitness for use on the proving 

grounds. Millbrook took care prior, to all testing, to weigh and recorded key details of 

each vehicle, including axles weights, tyre make and model and recommended pressures.  

4.2.1.1 Category M3 vehicle: Bus 

The bus, as depicted in Figure 2, was provided by Millbrook for the purpose of TPMS 

testing due to its ubiquity in London and the UK, thus, representing a typical vehicle 

found in the M3 class (in the United Kingdom). The bus provided was often used as 

training vehicle at the proving grounds and excluding the fitment of the Pressure Check 

TPMS unit, remained unaltered throughout the trials. As no permanent alterations could 

be made to the vehicle, the TPMS had to be partially fitted externally to the body work 

and the chassis. With the main TPM system harness and power supply (drawn from the 

vehicle battery) feeding into the driver’s cabin for connection to the TPMS display and 

CCU (Central Control Unit), as visible in, Figure 3.  All tyres were fitted with internal 

sensor units (that measured both internal tyre temperature and pressure) which were 

glued to the internal tyre wall as per TPMS manufacturer fitment instructions.  

 

s.  

 

 

Figure 2: The bus used by TRL for the entire duration of the trials  

 

 



 TPMS Interim Report 

 

 

 

March 2021  345 
 

 

Figure 3: Offside (front corner) view of the bus, showing the TPMS power 

supply and main harness secured externally 

 

 

Figure 4: Offside view of the bus, with the TPMS and power capable visible (in 

its unloaded test condition) 

Table 3, outlines the tyre make and model situated at each wheel location. All tyres were 

considered to have been previously ‘run-in’ after having been used at Millbrook 

previously for training purposes but were in a good condition and not degraded in any 

manner. 60% of the vehicle mass was found to be distributed over the rear axle, thus 

requiring the fitment of twin tyres and a marginally even distribution between the left 

and right sides (the differences accounted for by the location of the driver compartment, 

staircase and engine). The bus was believed, by TRL, to be atypical of an unloaded bus in 

(current) operation, in the UK (as of July 2020). The tyres therefore needed to be 

inflated to typical operation pressures, for which the manufacturer recommended 121 psi 

for all tyres, as recorded in Table 4,  
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Table 3: Bus: vehicle weights and tyre details 

Tyres Make & 

size 

Left side Right side 
 

Axle 1 (F) 275/70 R22.5 275/70 R22.5 
 

Axle 2 (DO/DI) 

(Twin wheel) 

Inner & Outer - 275/70 R22.5 Inner & Outer - 275/70 R22.5 
 

    

Vehicle weight Left side (kg) Right side (kg) Total 

Axle 1  2,314 2,365 4,679 

Axle 2 3,265 3,804 7,069 
   

11,748 

 

Table 4: The recommended pressures for the bus 

Recommended 

pressures (psi) 

Front 121 

Rear 121 

 

4.2.1.2 Category N3 and O4 vehicles: Tractor unit and trailer 

The tractor unit and the trailer (3 Axle – 6 wheel) were both hired from the same 

company, for the duration of the trials and were retrofitted with the same model of   

Pressure Check TPMS unit) as the bus. Figure 5 depicts the truck and trailer in 

combination, as it remained for all but a single warmup and cooling tyre test on the final 

day (20/07/2020). Whereby the truck was used on its own to further inform the chosen 

warmup period for heavy classification vehicles. As per the bus, all tyres fitted to the 

truck and trailer were considered by TRL to have been ‘run-in’ prior to the testing and 

were of a good condition. All tyres fitted to the trailer were of the same brand and model 

but, as can be observed in Table 5, the truck was fitted with a mixture of tyre brands and 

models. TRL believed that this was typical of normal operation and acceptable to proceed 

with the trials.  
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Figure 5: The truck and trailer in situ at Millbrook Proving Grounds prior to 

testing 

 

As per the fitment of the TPMS to the bus, the main harness was attached externally (as 

pictured in Figure 6) in order to reduce the amount of interference with the vehicle 

systems as possible. Power for the unit was drawn from the truck battery, internally from 

the driver’s cabin.  

 

 

Figure 6: Nearside view of the truck and trailer combination, with the TPM 

system main harness and monitoring system GPS visible 
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Table 5: The truck and trailer tyre make and models 

Tyres Make & 

size 

Left side Right side 

Truck Steer - 

Axle 1 (F) 

Brand A R22.5 – 156/150C – 

315/70 

Brand A– R22.5 – 156/150C – 

315/70 

Truck Lift - Axle 

2 (L) 

Brand B– R22.5 – 156/150C – 

315/70 

Brand B– R22.5 – 156/150C – 

315/70 

Truck Driver – 

Axle 3 (DO/DI) 

(Twin Wheel) 

Brand C– R22.5 – 154/150K – 

315/70 

Brand D– R22.5 – 154/150C – 

315/70 

Trailer – Axle 1 

(T1) 

Brand B R168 – 385/65 R22.5 

- 160K 

Brand B R168 – 385/65 R22.5 - 

160K 

Trailer - Axle 2 

(T2)  

Brand BR168 – 385/65 R22.5 - 

160K 

Brand B R168 – 385/65 R22.5 - 

160K 

Trailer - Axle 3 

(T3) 

Brand B R168 – 385/65 R22.5 

- 160K 

Brand B R168 – 385/65 R22.5 - 

160K 

 

The staff at Millbrook Proving Grounds were also able to record the axle weights, as 

recorded in Table 6, for both the truck and trailer. The truck had a 56% weight bias 

towards the steer axle, which was considered by TRL to be its maximum loaded condition 

and therefore for the purpose of the tests both wheels were ‘fully loaded’. The drive axle 

was not considered fully loaded but was considered partially loaded when the trailer was 

attached, albeit a fraction of typical operational loads. The trailer’s tyres were unloaded, 

as they were only carrying the sprung mass of the trailer without additional load.   
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Table 7 and Table 8, are the recommended tyre pressures, for typical operational loads, 

even when the vehicle operates without load in the trailer. The trailers tyres were all 

required to be a Prec of 130 psi while the truck was required to have 125 psi, for the 

steered and lift axle wheels and 95 for the drive wheels. The lower pressures for the 

driver wheels were in part due to the twin wheel arrangement and to compensate for 

pressure increases due to significant loading (in typical real-world operation).  

 

Table 6: The truck and trailer axle weights 

Vehicle weight Leftside (kg) Rightside (kg) Total 

Truck Steer - F  2,702 2,704 5,406 

Truck Drive - 

DO/DI 

2,110 2,074 4,184 

Trailer - T1  831 998 1,829 

Trailer - T2 895 827 1,722 

Trailer - T3 802 972 1,774 
   

14,915 
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Table 7:  The recommended tyre pressures for a truck/tractor unit 

Recommended 

pressures (psi) 

Steer 

Axle (F) 

Lift 

Axle 

(L) 

Drive Axle (DO/DI) – Twin 

Wheels 

125 125 95 

 

 

Table 8: The recommended tyre pressures for the trailer unit 

Recommended 

pressures (psi) 

T1 T2 T3 

130 130 130 

 

4.2.2 Tyre Pressure Monitoring System  

The purpose of the trials was to test and evaluate the effectiveness of the proposed TPMS 

type approval test procedure. Therefore, TRL believed that any TPM system used in the 

trials would serve as a means of monitoring tyre pressure (and temperature) stability in 

order to establish appropriate soak, warmup and allowable cooling times. At the time of 

the trials, it was not possible to purchase (or hire) a vehicle with an iTPMS which could 

also monitor internal tyre temperatures. For this reason, TRL chose to purchase a set of 

dTPM systems from a Tier-1 supplier; items purchased and used in the trial are listed 

below: 

Systems purchased: 

• 2x Kit with CCU, main harness, one additional receiver, the receiver harness and 

an in-line fuse 

• 2x Kit with the display, mounting bracket and harness 

Sensors purchased and fitted to each vehicle: 

• Tractor Sensors:  

o 2x Kit Tyre sensors - (8 sensors) 

• Trailer Sensors:  

o Kit of Tyre sensors (6 sensors) 

• Bus Sensors:  

o Kit of Tyre sensors (6 sensors): same as for the trailer 

The tyre sensors, as pictured in Figure 7, are designed to be held inside rubber pouches 

which are themselves glued to the inside of the tyre wall, the process for fitment has 

been depicted in Figure 8. A representative from the TPMS manufacturer travelled to 

Millbrook Proving Grounds for the express purpose of correctly fitting the TPM systems to 

the three vehicles and all monitored tyres, with no involvement in the trials or test plan. 

Prior to the trials the the TPMS manufacturer representative worked to install all tyres 

with a pressure sensor. The contact patch required for the pouches to be correctly 

adhered to the internal tyre wall and subsequent surface preparation remained the only 

alteration made to the tyres during the trial. TRL believed that the addition of the TPM 

sensors did not require the tyres to be rebalanced before installation.  

The TPMS manufacturer’s representative also installed the TPM display and harnesses for 

the receivers and CCU. To which their external fixing can be observed in Figure 4 and 

Figure 6 to both the bus and the tractor unit. A harness was not required for the trailer 

as the TPM system could recognise the truck and trailer as a single unit. However, the 

TPM system required the receiver be placed at the rearmost point of the truck to detect 
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the tyres positioned on Axle T3 and F. The TPMS manufacturer’s representative then set 

all recommended pressures (using the dedicated manufacturer’s hand-held tool as 

presented in Figure 9), pressure thresholds (between Prec – 10% and Prec - 20%) and 

assigned locations to all sensors, allowing the CCU to monitor the pressure and 

temperatures for each wheel correctly.  Figure 10, pictures the main harness, the CCU 

and additional receiver as purchased from the TPMS manufacturer prior to installation. 

No alterations were made to the system prior to installation. Figure 11, pictures the 

TPMS unit prior to set up in both the bus and truck, Figure 14 and Figure 15, which were 

in turn monitored by a livestreaming webcam for remote observation by the TRL team. 

Remote observation served two purposes during the trials, as it was important to be able 

to record and capture all responses and data output from the TPMS display but also to 

limit peer to peer contact during the Covid-19 Pandemic.  

 

 

Figure 7: The TPMS manufacturer’s (TPMS) tyre sensors (two of the 20 used in 

the trials before fitment) 
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Figure 8: Tyre sensors and pocket fitment to tyres from both the bus and tractor unit 

 

 

Figure 9: The TPMS Hand-Held Tool, used to set pressure thresholds and the 

sensor orientation 
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Figure 10: The CCU, main harness, additional receiver, receiver harness and in-

line fuse 

 

 

Figure 11: The display, which also included a bracket for mounting and a 

harness 

 

TRL believed it was necessary to record the trials in multiple formats and multiple data 

types, including GPS location and speed tracking as well as the TPMS displayed readouts. 

Therefore, Millbrook provided a laptop running specialised software for this purpose. The 

software recorded the livestreamed feed from the webcam (of the TPMS display) and the 

GPS (location and speed) simultaneously. Figures Figure 12 to Figure 16, display the 

recording equipment in situ for both the bus and the tractor unit. The software allowed 

for the recording to be stopped or altered while in vehicle and streamed back to the TRL 
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team for real-time observation. In both vehicles the TPMS had to be linked to the 

vehicle’s power supply none invasively. This therefore required the installation of a power 

splitter but allowed the TPMS to remain ‘awake’ while the engine had been switched off. 

The in-built pressure check system could then be used while in the garage (for safety 

reasons engines must be switched off in contained areas, as was required for soak 

periods), allowing the TRL team to monitor the time for the tyres to soak and reach 

ambient temperatures or cool down from a warmup period. Since the software was also 

capable of recording the GPS speed, the driver was given a separate display so that a 

constant speed could be maintained, particularly for the warmup periods when reaching 

Pwarm (stabilised).  

 

 

Figure 12: The monitoring equipment fitted to the bus (including live capture of 

the recording software) 

 

 

Figure 13: The TPMS display, as installed in the bus, including the power supply 

unit 
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Figure 14: Driver's view of the recording equipment and TPMS (including the 

webcam for live video capture and GPS linked speedometer)  

 

 

 

 

Figure 15: The monitoring equipment and TPMS display installed in the tractor 

unit cabin (including the live streaming camera and GPS unit)  
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Figure 16: The driver's view in the tractor unit, including a GPS linked 

speedometer 

 

4.2.3 Weather and track conditions 

UN Regulation No. 141, Annex 3, point 1.2 states the following: “The road shall have a 

surface affording good adhesion. The road surface shall be dry during testing”. Therefore, 

it was necessary for the trials to be conducted in these conditions. The weather was fair 

and dry for all days, besides the morning of the 15/07/2020, whereby track conditions 

were damp but dry by midday. TRL believed that it had little to no effect on the results of 

the trials other than to extend the warming period of the Truck puncture test (at 90 kph). 

TRL wished to understand the effects of ambient temperature on the warming period and 

the time to reach a stabilised Pwarm, to which Table 9, records the average ambient 

temperature for each day. 

 

Table 9: The average daily ambient temperature at Millbrook Proving Grounds 

during the trials 

Test 

Day 

Monday 

13/07/20

20 

Tuesday 

14/07/20

20 

Wednesda

y 

15/07/20

20 

Thursday 

16/07/20

20 

Friday 

17/07/20

20 

Monday 

20/07/20

20 

Temp(°

C) 

20.6 17.7 16.1 18.9 23.1 17.9 

 

Average temperatures for each day remained moderate and representative for the time 

of year in the United Kingdom. However, TRL required a constant recording of the 

temperatures throughout the day, to better understand the effects of ambient 

temperatures on the stabilisation time of tyre pressures (and temperatures). Figure 17 

plots the recorded ambient temperature from the beginning to the end of each test day. 

Allowing TRL to rule out or conclude on the ambient effects and recommend warming 

periods based on such information, in post analysis.  
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Figure 17: The ambient temperature (°C) recorded at the Millbrook Proving 

Ground weather station for each day of testing 

 

4.3 Test results 

Test results are presented in chronological order, as detailed in  

Table 2. Data collected during testing, and from which results are presented here, is 

available in a separate spreadsheet document. 

4.3.1 Soak time 

Before each test, the vehicle to be used was ‘soaked’ in an enclosed building, protected 

from sun and wind. In one case the vehicle was parked outside with its tyres shielded by 

screens.  

It was found on one occasion, when the vehicle was left unscreened in the sun, 

temperatures of some tyres rose to 10 °C above the shade temperature. After soaking 

indoors for 2 hours, some tyres were still 2-3 °C above the shade temperature. It is 

proposed therefore that the minimum time for temperature stabilisation should be 4 

hours. 

4.3.2 Tyre deflation – bus 

An initial test was conducted to check whether several tyres could be deflated in a 

reasonably short time period, in preparation for conducting a diffusion test. Three tyres 

were deflated on the bus in steps of 30 second periods, with pressures measured at each 

interval. The tyres were deflated in total to a level below 80% of their initial inflation 

pressures, from an average of 114 psi, to below 91 psi. The rate of pressure loss was 

found to range between 12.1 psi per minute and 17.3 psi per minute, with an average 

loss rate of 15.0 psi per minute – see Figure 18 and Figure 19. The time for the average 

pressure to drop by 20% was approximately 80 seconds. 

It was noted that while the pressure was being checked after a stage of deflation, the 

pressure being measured in the tyre would rise. A separate test was conducted to 

determine by how much the pressure increased, which showed that the increase stopped 

at around 2 psi. This value was therefore added to the values plotted in Figure 18, in 

order to use a stabilised pressure. 
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Figure 18: bus tyre deflation time 

 

 

Figure 19: bus tyre deflation gradient 

 

4.3.3 Tyre warming - bus 

Tests were conducted to determine how long the vehicles should be driven in order that 

the pressure should stabilise, i.e. for Pwarm to be reached. Using the remote video link, 

tyre temperatures were monitored and recorded at 2-minute intervals in order to check 

when thermal equilibrium had been reached. This was done initially at a vehicle speed of 

57 kph, and results from the bus are shown in Figure 20. 

In Figure 20, individual tyre temperatures are shown plotted on the left axis, and the 

smoothed average change (discussed below) was plotted on the right axis. Also shown is 
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ambient temperature, plotted at the start and end of the test, and at 30-minute 

intervals. 

 

 

Figure 20: bus tyre warming at 57 kph 

 

To determine when stability had been reached, a rolling average of the change in tyre 

temperatures over 10 minutes was calculated and monitored. This value was also 

averaged across all vehicle tyres, thus smoothing any erratic or inconsistent readings. 

When the value of smoothed change reached zero, the temperature was regarded as 

being stable. In this case, zero was reached after 1:33 hours. 

It was noted that in most tests the rolling average did not reach zero but levelled off and 

increased at a very low rate, typically 0.2 – 0.1 psi per 10 minutes. Thus, it was decided 

that the temperature would be regarded as stable when the rolling average stayed at 

0.1 °C or below for 10 minutes. It should be noted that the resolution of the temperature 

measurement being monitored was 1.0 °C therefore it is likely that small changes were 

being masked by the coarseness of the measurement.  

An illustration of the slow increase is shown in Figure 21, which is an expanded view of 

the end section of one test. 



 TPMS Interim Report 

 

 

 

March 2021  360 
 

 

Figure 21: temperature stabilisation 

 

4.3.4 Tyre cooling - bus 

After warming, the rate at which tyres cooled, and at which the pressure dropped, was 

measured. This was done in order to assess what time period would be appropriate in 

which to allow tyre pressures to be adjusted in the diffusion tests, combined also with the 

deflation time (as discussed in paragraph 4.3.2). It was expected that a balance would 

be required between the number of people required to deflate a number of tyres in a 

given time, and the pressure that would be lost through cooling when the vehicle had 

stopped, in order that the deflation could be achieved without the pressure falling 

significantly through cooling. Heat soak from other parts of the vehicle was also 

considered to be a possible factor, maintaining and possibly raising tyre temperatures, 

though this effect was not measured directly. 

Figure 22 shows that the average pressure fell from 132 to 128 psi over 26 minutes, with 

a corresponding fall in temperature of 37 to 30 °C. Temperatures were measured by 

hand on each tyre sidewall and tread, then averaged. The pressure fell at a rate of 0.15 

psi per minute. 
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Figure 22: bus tyre pressure drop 

 

4.3.5 Deflation test, warming and cooling - truck and trailer 

A test was conducted to measure warming up and cooling down times for the truck and 

trailer. The test was conducted by driving at a steady speed of 57 kph. 

During the test, tyre temperatures were measured and recorded; tyre pressures and 

temperatures were recorded after the vehicle had stopped. The truck was fitted with a lift 

axle, which was lowered during all testing in order to maximise the amount of data 

obtained.  

The temperatures during warming are plotted in Figure 23 and Figure 24. 

Using the rolling average method described in paragraph 4.3.3, temperatures on both 

truck and trailer were seen to stabilise after approximately 55 minutes. 

After the test, the tyre pressures and temperatures (wall and tread) were recorded over 

an eighteen-minute period, with the exception of the inner drive axle tyres. These were 

excluded due to a problem with the tyre valve extensions, which was rectified for later 

tests. 

The tyre pressures were found to fall at an average rate of 0.08 psi / min on the tractor 

unit and 0.02 psi / min on the trailer. Temperatures fell at an average rate of 0.11 

degree / min on the tractor unit and 0.10 degree / min on the trailer. 
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Figure 23: truck tyre warming at 57 kph 

 

 

 

Figure 24: trailer tyre warming at 57 kph 

 

4.3.6 Puncture test – truck, warming and cooling truck and trailer 

The puncture test procedure was carried out on the truck and trailer. The two vehicles 

were tested in parallel, with one tyre being deflated on each. The tyre of the left, outer 

drive wheel on the tractor unit (a twin wheel) was deflated for the test, and the front, left 

trailer wheel. 
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The test procedure was followed correctly and fully, without incident. After tyre deflation, 

the TPMS warned immediately (before driving) of low pressures in both of the tyres that 

had been deflated. The warnings both cleared as soon as the tyres were re-inflated. 

The vehicle was driven at 90 kph (the maximum test speed) for the warming up (i.e. 

learning) phase in order to test whether this reduced the time to stabilise. The 

stabilisation time was seen to be 50-55 minutes.  

The test was restarted due to an instrumentation problem therefore the initial 

temperatures can be seen to somewhat higher than ambient. This may have had the 

effect of shortening the time to warm up. 

 

 

Figure 25: truck tyre warming at 90 kph (puncture test) 

 

 

Figure 26: trailer tyre warming at 90 kph (puncture test) 
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4.3.7 Malfunction test – truck and trailer 

The malfunction test was conducted by disconnection of the CAN line to the TPMS 

display. The system warned of a fault immediately and the test procedure was 

successfully followed without incident. As the TPMS monitored both truck and trailer, the 

test was deemed to have been carried out on both vehicles simultaneously. 

4.3.8 Diffusion test – bus, warming and cooling 

The diffusion test procedure was carried out on the bus and all tyres were deflated. 

The test procedure was followed successfully without incident. After tyre deflation, the 

TPMS warned immediately (before driving) of low pressures in all tyres. The warnings all 

cleared as soon as the tyres were re-inflated. 

After ignition cycling, during the learning phase, it was noted that there was a delay in 

readings appearing on the TPMS display. The vehicle was driven for 5:20 minutes before 

readings appeared.   

The vehicle was driven at 80 kph (the maximum vehicle speed) for the warming up (i.e. 

learning) phase in order to test whether this reduced the time to stabilise. This meant 

that the learning phase was extended beyond the time stated in the test procedure; 

however, this is not believed to be significant in terms of validating the procedure. 

The temperatures recorded during warming up are shown in Figure 27. The test was 

restarted three times due to instrumentation faults and a procedural issue at the facility, 

consequently the starting temperature was higher than ambient. This may have 

shortened the stabilisation time, which was seen to be approximately 1:05 hours (Figure 

27).  

 

 

Figure 27: bus tyre warming at 80 kph - diffusion test 

4.3.9 Malfunction test – bus 

The malfunction test was again conducted by disconnection of the CAN line to the TPMS 

display. The system warned of a fault immediately and the test procedure was 

successfully followed without incident. The warning cleared immediately when the fault 

was rectified. 
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4.3.10 Diffusion test – trailer, warming and cooling 

The diffusion test procedure was carried out on the trailer and all tyres were deflated. 

The test procedure was followed successfully without incident, although a restart was 

required due to an instrumentation problem. After tyre deflation, the TPMS warned 

immediately (before driving) of low pressures in all tyres. The warnings all cleared as 

soon as the tyres were re-inflated. 

The vehicle was driven at 90 kph for the warming up phase. 

The temperatures recorded during warming up (including for the truck) are shown in 

Figure 27 and Figure 28. Here it can be seen that temperature stability was reached after 

45 – 50 minutes, though this time may have been shortened by the elevated starting 

temperature after the restart. 

The time for two people to deflate all 6 tyres of the trailer was measured at 10:53 

minutes. This equates to 3:38 minutes per tyre per person, though additional persons 

were needed in order to record the time taken and to take notes. These would not all be 

needed during a simple execution of the test procedure. 

 

 

Figure 28: truck tyre warming - trailer diffusion test 
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Figure 29: trailer tyre warming - diffusion test 

4.3.11 Puncture test – bus 

The puncture test procedure was followed successfully with the bus without incident. 

After tyre deflation, the TPMS warned immediately (before driving) of low pressure in the 

deflated tyre. The warning cleared as soon as the tyre was re-inflated.  

The vehicle was again driven at 80 kph for the warming up phase. 

The tyre chosen for deflation was fitted to the left, outer drive wheel. 

Results are shown in Figure 30, where it can be seen that the average tyre temperature 

stopped increasing at 1:26 hours. However, the rolling average temperature essentially 

plateaued at about 50 minutes, with very small increases (0.2 – 0.3°C) recorded from 

this point.  

This is somewhat different to the bus diffusion test (Figure 27), where the average 

temperature and the rolling average appear to stabilise at the same time. 
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Figure 30: bus tyre warming at 80 kph - puncture test 

4.3.12 Diffusion test – truck, warming and cooling 

The diffusion test procedure was carried out on the truck and all tyres were deflated. 

The test procedure was followed successfully without incident. After tyre deflation, the 

TPMS warned immediately (before driving) of low pressures in all tyres. The warnings all 

cleared as soon as the tyres were re-inflated. 

The vehicle was driven at 90 kph for the warming up phase 

The temperatures recorded during warming up (including for the truck) are shown in 

Figure 31 and Figure 32. Here it can be seen that temperature stability was reached after 

approximately 1:15 hours.  

The time for two people to deflate all 8 tyres of the truck was measured at 13:48 

minutes. This equates to 3:27 minutes per tyre per person, though additional persons 

were again needed to record the time taken and to make notes.  
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Figure 31: truck tyre warming - diffusion test 

 

 

Figure 32: trailer tyre warming - truck diffusion test 

 

4.3.13 Tyre warming and cooling tests 

In order to further explore the effect of vehicle speed during the warming phase, 

additional tests were conducted on the truck and bus at 57 kph. Temperatures and 

pressures were also measured during cooling of the tyres, in order to provide further 

information to determine a suitable maximum time allowable for deflation during 

diffusion tests. 
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The truck warming test was abandoned due to continual warnings given by the TPMS, 

which made the temperatures unreadable. This warning was found to be due to the 

trailer having been removed without reconfiguration of the TPMS. 

Results of these tests are shown in Figure 33 to Figure 35. 

 

 

Figure 33: bus tyre warming at 57 kph 

 

 

Figure 34: bus tyre cooling 
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Figure 35: truck tyre cooling 

 

The average bus tyre temperature first stopped increasing at 1:16 hours, though the 

rolling average was essentially stable at 1:05 hours. 

The pressure measured during bus tyre cooling decreased at a rate of 0.11 psi / minute, 

which was the same as for the front wheels of the truck. The truck lift and drive axle tyre 

pressures fell at lower rates of 0.06 and 0.05 psi per minute respectively. Although there 

is a wide relative variation in these figures, all of the rates are low, with a maximum 

pressure drop on any tyre of either vehicle of 3.6 psi in 30 minutes (2.7%) and an 

average across all tyres of both vehicles of 2.6 psi in 30 minutes.  

If 15 minutes are allowed for pressure adjustment in a diffusion test, then these changes 

(though not the rates) will be halved, as the effect is essentially linear over this time 

period. 

4.4 Analysis of results 

4.4.1.1 Vehicle speed 

Combined test results from the truck and trailer are shown in Figure 36 to Figure 41. Also 

shown on the charts are ambient temperature at the end of each test. 

The results show that warming up time appears not to be noticeably faster at the higher 

speeds. The ambient temperature seems in some cases to influence the temperature 

reached but does not affect the warming up time. 

Using the rolling average results, the temperatures appear to have stabilised after 

approximately 1:05 hours for the truck, 0:55 hours for the trailer and at around 1:30 

hours for the bus. These time periods give guidance therefore for the definition of a 

warming up period that will be suitable for a range of vehicle configurations and ambient 

conditions.  
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Figure 36: truck tyre warming comparison 

 

 

Figure 37: truck tyre warming comparison - rolling average change 
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Figure 38: trailer tyre warming comparison 

 

 

Figure 39: trailer tyre warming comparison - rolling average change 
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Figure 40: bus tyre warming comparison 

 

 

Figure 41: bus tyre warming comparison - rolling average change 

 

4.4.1.2 Tyre load 

All vehicles were tested unloaded, there was however some variation in load on individual 

tyres. This is illustrated in Figure 42, where it can be seen that there was a difference of 

up to 67% between some tyres. 
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Figure 42: tyre load 

 

The tyre load appears to have had little effect on warming up time, as can be seen in 

Figure 43 to Figure 45. These tests were conducted at the same speed and at similar 

ambient temperatures.  

The most heavily loaded tyres (those on the front of the truck and of the bus) reach the 

highest temperatures, and the least loaded (on the trailer) are the coolest. Although 

comparison of only a small number of tests may not provide conclusive evidence, the 

results do not suggest that increasing loading will have a significant effect on warming up 

time.  

As a TPMS will need to work under any load condition, and the unloaded case is a 

representative condition, loading of the vehicles is not believed to be necessary. Loading 

the vehicles is believed to be an unnecessary complication to type approval testing, 

particularly in the case of buses. 
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Figure 43: bus tyre warming 

 

 

Figure 44: truck tyre warming 
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Figure 45: trailer tyre warming 

 

4.5 Main conclusions from validation testing 

The main conclusions that can be drawn from the test programme, based on single 

vehicles of category M3, N3 and O4, to validate the proposed amendments to UNECE 

Regulation No.141 are as follows: 

• Overall, the proposed test procedures for the diffusion, puncture and malfunction 

tests, based on amendments to the existing UNECE Regulation No. 141 were 

shown to be feasible and appropriate for vehicles of category N2, N3, M2, M3, O3 

and O4. 

• The tyre warming tests to increase the tyre to stable operating conditions 

(Pwarm) was found to be between 45 minutes and 1.5 hours. Tyre temperature 

stabilisation time appeared to be independent of vehicle speed and load. 

Consequently, a warming phase of 2 hours was proposed to account for variation 

in vehicles not tested during this programme. 

• It was found on one occasion, when one vehicle was left unscreened in the sun, 

temperatures of some tyres rose to 10 °C above the shade temperature. After 

soaking indoors for 2 hours, some tyres were still 2-3 °C above the shade 

temperature. It was therefore proposed that the minimum time for temperature 

stabilisation should be minimum of 4 hours prior to testing. 

• For the diffusion test, the time taken to reduce the pressures of all tyres from 

Pwarm by 20% was increased from the baseline UNECE Regulation No.141 of 

within 5 minutes. The time for two people to deflate all six tyres of the trailer was 

measured at 10:53 minutes. This equated to 3:38 minutes per tyre per person. A 

value of 15 minutes was therefore proposed for the time window in which to 

deflate the tyres for the diffusion test.  

• Tyre cooling tests showed that the rate of cooling in these tests was between 0.02 

psi/min and 0.15 psi/min. The timings proposed for the pressure reduction and 

stabilisation check were therefore considered to result in an acceptably small 

reduction in tyre pressure due to cooling. 
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• Subsequent timings to allow checking of pressure after the initial pressure 

reduction were also increased, based on the findings from the testing to enable 

this to be carried out for vehicles with a larger number of tyres. 

• The puncture test was executed on all vehicles as proposed and without technical 

issues. 

• The malfunction test involved disconnecting the CAN line to the TPMS display on 

all vehicles and was executed as proposed and without technical issues.  
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5 WAY FORWARD 

The next steps for the TPMS regulation are: 

• Drafting of the EU regulatory proposal and consultation process by the 

Commission:  

o It is planned that in particular the Motor Vehicle Working Group (MVWG) 

meetings to take place in 2020 will be used for this purpose.  

Note: There is a call for applications for those who wish to attend the 

meeting (and are eligible to attend): 

https://ec.europa.eu/growth/content/continuously-open-call-applications-

working-group-motor-vehicles_en  

• Application of regulation 

Following the publication of Regulation (EU) 2019/ 2144 the date of application of 

the General Safety Regulation is currently expected to be from 5 July 2022. 

• Review and potential update of regulation 

Article 14 ‘Review and reporting’ of the European Parliament draft resolution 

states that: 

By ... [five years after the date of application of this Regulation] and every five 

years thereafter, the Commission shall submit an evaluation report to the 

European Parliament and to the Council on the achievements of the safety 

measures and systems, including their penetration rates and convenience for the 

user. The Commission shall investigate whether those safety measures and 

systems act as intended by this Regulation. Where appropriate, that report shall 

be accompanied by recommendations, including a legislative proposal to amend 

the requirements concerning general safety and the protection and safety of 

vehicle occupants and vulnerable road users, in order to further reduce or to 

eliminate accidents and injuries in road transport. 

With regard to the progression of technology, it is recommended that the 

following should be considered as part of this review: 

o Review of TPMS technologies  

o Review of truck/trailer compatibility 

 

 

  

https://ec.europa.eu/growth/content/continuously-open-call-applications-working-group-motor-vehicles_en
https://ec.europa.eu/growth/content/continuously-open-call-applications-working-group-motor-vehicles_en
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8 ANNEX 1: SPEED LIMITS OF EUROPEAN ROADS BY COUNTRY 

 

Table 10: EU speed limits for heavy goods vehicles (over 3.5t), from: 

https://ec.europa.eu/transport/road_safety/going_abroad/spain/speed_limits_en.htm 

Country  Urban Road 

(km/h) 

Non-Urban 

(km/h) 

Motor- / 

Expressways 

(km/h) 

Comments 

Austria  50  70 80 

 

Belgium  50  70 Flemish 

Region 

90 Other areas 

90 Roads with 

two or more lanes 

not separated by 

road markings 

20 km/h in 

residential areas, 

30 km/h near 

schools and in 

streets with cycle 

paths 

Bulgaria  50 80 

70 for HGVs with 

O3, O4 trailers 

50 with 

dangerous goods 

100 - 90 

 

Croatia  50 80 90 

 

Cyprus  50  64 80 30 km/h for 

Pedestrian Zones 

Czech Republic  50 80 80 

 

Denmark  50 80 80 

 

Estonia  50 90 90 

 

Finland  50 80 80  

60 for those > 

7.5 t 

 

France  50 80  

60 for 

combinations 

over 12 t 

90 - 80 

 

Germany  50 60 

80 for vehicles 

without a trailer 

and below 7.5 t 

80  

Greece  50 80 

70 for HGVs with 

85 – 80 

80 – 70 for HGVs 

 

https://ec.europa.eu/transport/road_safety/going_abroad/spain/speed_limits_en.htm
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type O3, O4 

trailers 

with type O3, O4 

trailers  

Hungary  50 70 80  

 

Ireland  50 80 90 

 

Italy  50 80 for vehicles up 

to 12 t 

70 for vehicles 

over 12 t 

100 for vehicles 

up to 12 t 

80 for vehicles 

over 12 t 

 

Latvia  50 80 - 

 

Liechtenstein  50 80 - 

 

Lithuania  50 80 asphalt and 

concrete roads 70 

other roads 

90  

 

Luxembourg  50 75 90 

 

Malta  40 60 60 

 

Netherlands  50 80 80 

 

Norway  50 80 80 

 

Poland  50 (5 am -11pm), 

60 (11pm - 5am) 

70 80 20 in residential 

areas 

Portugal  50 

40 for 

semitrailers and 

trailers 

80 

70 for 

semitrailers and 

trailers 

–90 – 80  

80 – 70 for 

semitrailers and 

trailers  

 

Romania  50 80 and 90 110 

 

Slovakia  50 90 90 

 

Slovenia  50 

30 in speed limit 

zones 

10 in pedestrian 

zones with 

allowed traffic 

80 –80 - 90 
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Spain  50 80 90 

 

Sweden  50 70 90 80 km/h 

maximum limit 

for those vehicles 

with a trailer 

Switzerland  50 80 80  

 

United Kingdom  48 64 96 80 km/h for dual 

carriageways 
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Table 11: EU speed limits for buses, from 

(https://ec.europa.eu/transport/road_safety/going_abroad/spain/speed_limits_en.ht
m) 

Country Urban Road 

(km/h) 

Non-

Urban 

(km/h) 

Motor- / 

Expressways 

(km/h) 

Comments 

Austria 50  80 100 
 

Belgium 50  70 Flemish 

Region 

75 Outside 

built-up 

areas 

Other 

public 

roads 

90 Roads with 

two or more 

lanes in each 

direction 

100 Roads with 

four or more 

lanes for buses 

and coaches 

equipped with 

seat belts and 

a 100 km/h 

speed limiter  

20 km/h in residential 

areas, 30 km/h near 

schools and in streets 

with cycle paths 

Bulgaria 50 80 

70 with a 

trailer 

100 - 90  
 

Croatia 50 80 100 
 

Cyprus 50  80 100  

Czech 

Republic 

50 90 130 - 110  
 

Denmark 50 80 80 
 

Estonia 50 90 90 
 

Finland 50 80 80 - 100 
 

France 50 80 (some 

are 90) 

100 - 90  
 

Motorways/Expresswa

ys: 100 km/h for 

buses below 10 t, 70 

km/h for buses or 

coaches with standing 

passengers 

Germany 50 80 

60 for 

buses with 

passenger 

standing 

room 

80 

60 with 

standing room 

100 for buses 

with special 

technical 

equipment 

 

Greece 50 80 100 - 90 
 

https://ec.europa.eu/transport/road_safety/going_abroad/spain/speed_limits_en.htm
https://ec.europa.eu/transport/road_safety/going_abroad/spain/speed_limits_en.htm
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Hungary 50 70 80  
 

Ireland 50 80 100 
 

Italy 50 80 100 
 

Latvia 50 80 - 
 

Liechtenstein 50 80 - 
 

Lithuania 50 80,  

80 asphalt 

and 

concrete 

roads 

90 - 100  
 

Luxembourg 50 75 90 
 

Malta 40 60 60 
 

Netherlands 50 80 80 - 100 
 

Norway 50 80 80 
 

Poland 50 (5 am -11pm), 

60 (11pm - 5am) 

70 80 with at least 

two lanes in 

both directions 

100 for buses 

with special 

technical 

equipment 

20 in residential areas 

Portugal 50 80 –100 - 90  
 

Romania 50 80 and 90 110 
 

Slovakia 50 90 100 (90 in 

built-up areas) 

 

Slovenia 50 80 

50 for city 

public 

transport  

60 if there 

are 

standing 

passengers 

70 for 

articulated 

buses or 

coaches 

80 - 100 For 

Motorways/expresswa

ys: 80 km/h for 

articulated buses or 

coaches. 100 km/h for 

buses (without trailer). 
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Spain 50 90 

80 for 

buses with 

trailer 

 

100 

90 for buses 

with trailer 

 

Sweden 50 70 90 
 

Switzerland 50 80 100  
 

United 

Kingdom 

48 80 112 96 km/h for dual 

carriageways 
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9 ANNEX 2: STAKEHOLDER CONSULTATION 

9.1 OEM and Tier 1 questionnaire 

Table 12: Stakeholder Questionnaire 

Stakeholder questions Stakeholder feedback 

System functionality Aggregated responses 

1 What is the name of your system 
(make, model, type, including trade 
name if applicable)? 

Tire Pressure Indicator (TPI), Tyre Pressure Monitoring 
System, Modal valves (old commercial name), dTPMS 
(direct Tyre Pressure Monitoring System) or iTPMS 
(indirect Tyre Pressure Monitoring System) 

2 Please briefly describe your TPMS 

and the principle of operation. 

dTPMS: Each wheel on the vehicle is fitted with a 

device which can be capable of capturing multiple type 

of data (i.e. pressure, temperature and acceleration). 
This data is then transferred via RF to a receiver in the 
vehicle body. The receiver compares the detected 
pressures to the recommended pressure and if 
appropriate, alerts the driver.  
iTPMS: Typically fitted to M1 and N1 vehicles, uses a 

module which analyses wheel speed based on changes 
to wheel radius. Alerting the driver to changes in 
pressure when appropriate.  
Modal Valves: Are typically fitted to trailers and can 
monitor the tyre pressure with an ECU which will alert 
the truck of low pressure (when the tyre pressure 
reduces below the pre-set recommended/reference 

pressure) in one of the trailer's tyres. However, it 
relies on the trucks being able to receive the signal 

from the valves via a wired ISO connection or "over-
the-air".  

3 Does your system monitor tyre 
temperature? 

Trailer modal valves and iTPM systems are not yet 
capable of monitoring temperature as well as pressure. 

dTPM systems are capable of measuring temperature 
allowing the receiver to compensate pressure changes 
for temperature changes.  

4 Does the system reset every time 
the ignition is cycled? 

Depends on the vehicle category: M1/N1 the systems 
(dTPMS/iTPMS) reset only when requested by the 

driver. For other categories the reset can occur every 
ignition cycle.  

5 Does your system distinguish 
between rapid deflation (e.g. a 

puncture) and slow diffusion of 
pressure, and how?  

Both dTPM and iTPM systems can distinguish between 
rapid deflation and slow diffusion. Algorithms can be 

implemented to check the pressure change gradients 
over time and make a determination.  

6 How many wheels/axles are catered 
for?  

M1 and N1 category vehicles are currently restricted to 
4 wheels. System suppliers can retrofit dTPM systems 
which can monitor up to around 32 wheels, depending 
on the application.  

7 Can the system accommodate twin 
wheels? Please explain any issues 

iTPM systems are not currently capable of monitoring 
twin wheels as many systems are unable to 
differentiate between the two tyres in a twin 
configuration as they share a single wheel speed 
sensor.  
dTPM systems monitor each wheel/tyre individually, so 
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Stakeholder questions Stakeholder feedback 

there is no technical issue with a twin wheel 
configuration.  

8 Are trailers included? If so, how is 

this done, and what happens if 
trailers are changed? Are trailer 
systems interoperable with cab 
systems? 

Trailer OEMS are typically providing a standard 

truck/trailer communication (CAN J1939) and or a 
wired ISO 11992 link for the trailer to communicate 
data to the truck. Modal valves can use this link to 
communicate low tyre pressure. Suppliers may also 
communicate "over-the-air" to the truck or 3rd party 
however, these are not standardised.  

9 Can the system automatically detect 

wheel and sensor locations, or does 
the user need to do this, and how is 
it done?  

Available retrofit dTPM systems have the functionality 

(in some cases) to automatically detect which wheels 
are located where. However, this is often a manual 
teach in process.  
iTPM systems can identify the wheel which is 
underinflated but not if the wheels are twinned.  

10 How are wheel/tyre changes 
catered for?  

Wheel or tyre changes will not affect iTPM systems, as 
they monitor outputs such as wheel speed and no 
sensors can be found within the wheels. However, the 
system will need to be reset by the driver. 
dTPMS: Sensors would have to be retained between 

wheel changes or replaced and the new sensors 
'located'. This may be difficult for fleets which do not 
own their fleet's tyres.  

11 Does the system automatically 

detect wheel and sensor positions? 
If so, how is this done? 

No. 

12 Is the system specific to a vehicle 
make and model? 

Retrofit dTPM systems are not vehicle specific and can 
cater for: 
a) Buses & coaches: M2, M3 
b) Trucks Light to Heavy: N1, N2, N3 
c) Trailers Medium & Heavy: O3, O4 
However, reference thresholds change accordingly.  

OEM integrated systems are adapted for each vehicle 
model.  

13 Is retrofit/after-market installation 
possible? 

OEM fitted systems (dTPMS or iTPMS) are not possible 
to retrofit. Retrofit systems are available on the 
market (which are highly likely to be dTPMS, at the 

time of writing). 

14 What will trigger a malfunction 
indicator lamp on your TPMS? 

TPMS malfunction indicated if TPMS is unable to 
provide low tyre pressure warnings.  
Examples causes: 
a) wheels fitted with no TPM sensors 
b) End-of-life/faulty TPM sensors/receiver/ECUs 

c) Loss of communication between TPM sensors and 
receivers/ECUs 
d) Loss of communication between other TPMS 
components, e.g. receivers, ECUs, HMI 
e) TPMS not configured, TPM sensors not assigned to 
wheel positions 

f) Loss of power supply (ECU)/empty battery (sensor) 
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Stakeholder questions Stakeholder feedback 

Driver interface   

15 Where and how is the warning 

displayed to the driver? 

Regardless of the TPMS used (when low pressure is 

detected in at least one tyre) a low-pressure warning 
tell-tale conforming to UN R121 will be displayed to 
the driver via the dashboard or a proprietary display. 
This may not be the case for trailer-truck combinations 
which cannot communicate via an ISO connection or 
"over-the-air". In these cases, trailers may be fitted 

with external warning lights (visible to the driver).  

16 What mode/cascade of warning 
(visual, audible, haptic)? 

Typically, the R121 tell-tale visual warning for low 
pressure will be shown. Suppliers and OEMs will 
sometimes include a warning cascade dependent on 
the severity of the pressure loss. Which may include a 

change in colour (e.g. changing from amber to red) or 

the addition of text to describe the severity. 

17 How long does the warning remain 
active? 

Typically, Low tyre pressure warnings will be displayed 
for as long as there is low pressure in the tyre or a 
malfunction. iTPM systems can be reset to accept the 
new tyre pressures as the reference pressure and this 
would eliminate the warning.  

18 How do the warnings for puncture, 
diffusion and malfunction differ? 

Warning strategies differ across suppliers and 
manufacturers. Typically, a warning strategy is 
implemented based on pressure loss severity. 
Underinflation will be displayed with the activation of 
the associated R121 tell-tale. Punctures/bursts may be 

denoted with a more severe colour (red rather than 
amber) to the tell-tale, blinking of the tell-tale, 

accompanied by text or an audible alert.  

19 Does a diffusion alert change to a 
higher status (e.g. amber to red) 
after a period of time/distance? 

Not typically implemented on M1 and N1 vehicles. It is 
technically feasible (however, not yet often requested) 
for light and heavy goods vehicles as it is possible to 

define different warning levels, initiating a higher 
warning a period of time or distance. 

20 Can the user switch the TPMS off? It is typically not possible to switch off integrated TPM 
systems, which are fitted by the OEM. Retrofit 
systems, likewise, can only have alerts switched off 

when the underinflation/puncture/malfunction has 
been resolved.   

21 Can driver suppress a warning 
without switching the system off? 

Not typically possible, however, some systems may 
allow the driver to supress the audible warning only.  

22 Is evidence available of the warning 

effectiveness (e.g. from simulator 
trials or other sources)? 

Evidence exists for M1 and N1 vehicles. Organisation 

Internationale des Constructeurs d'Automobiles (OICA) 
produced a field study for UN WP.29.  

Testing   

23 What reduction in pressure do you 

think should trigger (a) puncture 
warning and (b) diffusion warning, 
and why? 

General consensus that the warning thresholds should 

continue to conform with R141 (i.e. -20% from Pwarm).  
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Stakeholder questions Stakeholder feedback 

24 Are warning thresholds pre-set or 
based on user specified settings?  

Currently passenger vehicle warning thresholds are 
pre-set, as are modal valves on commercial trailers 
(O3/O4). For other vehicle categories, OEMs may 

request suppliers or request access to alter thresholds 
depending on vehicle application. Suppliers can allow 
customers to alter the threshold pressures and 
reference pressure (even "over-the-air" by a fleet 
management service) but not minimum pressures.   

25 If warning thresholds are pre-set, 
what are they set to? 

Typically, alerts are set to conform with R141 ( -20% 
from Pwarm).  Some OEMs and suppliers will/have 
chosen to implement warning strategies with tighter 
thresholds.  

26 Does the system compensate for 

temperature – for pressure changes 

or for sensor drift? 

Not all TPM systems are capable of compensating for 

temperature changes. However, of those that do they 

can compensate for ambient temperature (as is typical 
with iTPM systems) or tyre temperature changes (as is 
typical with dTPM systems). 

27 When must baseline levels be re-
set? (e.g. wheel change, ambient 
temperature change, vehicle 

loading.) 

There is no must for a re-set, typically there will be a 
re-set after changes to the cold inflation reference 
pressure.  

28 Can baseline levels be re-set or 
warnings disabled without a low 
tyre pressure being rectified?  

Not typically possible.  

29 Do you consider that your TPMS 
would behave differently on 

different types of vehicle (e.g. large 
goods, medium goods)? 

The systems reference pressures are adjusted to fit 
each application. But should behave in the same way.  

30 How is the whole system validated? 
What is the test procedure that is 

used? 

OEMs will conform with the regulation test procedures 
(R141, FMVSS 138, GB 26149-2017 Cat II) plus a 

catalogue of test scenarios beyond the legal 
requirements for vehicle tests preferably on public 
roads. Software and HMI testing may also be included.  

31 UN REG 141 specifies measurement 
of operating pressure (Pwarm) and 

tests at 20% lower than this.  
US Regulation FMVSS 138 specifies 
measurement of cold inflation 
pressure (Pcold) and tests at 25% 
lower than this.   

In your view which is the best 
approach and why?  

Using R141 specifications for the measurement of 
operating pressure (Pwarm) and tests at 20% lower 

are largely the industry preference.  
"Low tyre pressure warning relative to Prec: Can lead 
to "cold morning sickness" (warning toggling on/off)".  
'Low tyre pressure warning relative to Pwarm: Allows 
driver to be warned about low tyre pressure "earlier" 

while tyres are warm and in use rather than getting a 
warning once the tyres cool'.  

32 How long do you believe it will take 
tyres on a M2/3, N2/3, O3/4 
vehicles to reach stable operating 

temperature? Do you have any 
supporting evidence for this? 

Between 20 and 40 minutes, with an average running 
speed of [60] km/h. This will also be dependent upon 
load conditions. Speed and times as specified by R.117 

(tyre approval regarding rolling noise) are often used 
as a guide for vehicles fitted with C2 and C3 tyres 
(Conforming with UN Regulation 54).  

33 In your opinion, what speeds (and 
why) are appropriate for testing? 
Should these differ for M2/3, N2/3 

The largest suggested range 
> [30] km/h, up to a maximum of [130] km/h, or up 
to the maximum speed of the vehicle. 
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Stakeholder questions Stakeholder feedback 

and O3/4 vehicles? 

34 Do you consider that there should 
be any exemptions in the proposed 
regulations? If so, please explain 
your rationale.  

"One common Pmin for all affected vehicle classes is 
not recommended (might be too tight for certain 
vehicle classes and too low for others)".  
Twin wheeled small/light vehicle classes which use 
iTPM systems may be exempt. No exemptions needed 

for heavier vehicle categories which do not use iTPM 
systems.  

35 Do you consider that the vehicle 
categories in the regulations are 
suitably grouped?  

It will be difficult to find common requirements 
amongst all vehicle classes. Classes of concern are the 
following vehicle classes: (N2), N3, M3, O4; (x) 

borderline vehicle classes. Tyre sizes or categories 

may be a sensible way to group vehicles. (C1, C2, C3).  

The future   

36 How do you anticipate TPMS 
evolving in the short and long term? 

There is an anticipation that TPM systems will become 
standard equipment fitted to LCV/HCV fleets. With 

improved mobile connectivity and connectivity to fleet 
management systems. This will come with improved 
transmission technologies. It will be combined with 
other technologies such as; "Loose Wheel Indicator 
(LWI), road roughness and road friction estimation 
(Road Surface Information RSI)". 

37 If your system is a direct TPMS, 
what are its benefits compared to 

indirect systems? 

"Direct TPMS provides faster and more accurate 
information and warnings. 

With direct TPMS temperature compensation is 
possible. 
With direct TPMS measurement in standstill is possible. 
Direct TPMS is independent of load conditions. 

Direct TPMS can measure dual tires individually. 
Direct TPMS can determine also axles that are not 
equipped with ABS sensors (trailers, multi-axle trucks 
etc)". 

38 If your system is an indirect TPMS, 
what are its benefits compared to 

direct systems? 

"No maintenance or spare parts over vehicle lifetime, 
much lower cost. No environmental issues with worn 

out sensors (electronic waste)".  

39 Are there any aspects of the driver 
interface that you are looking to 
develop? 

Often regarded the responsibility of the OEM. 

Have we missed anything important?    

    "Even though iTPMS are according to our knowledge 
not in series application for anything but M1 and N1, 
the legislation should be kept open for iTPMS also for 
these vehicle categories. With no mandatory TPMS 
fitment and few slip control systems fitted in heavier 

vehicles, the market was just too small to justify costly 
iTPMS development, with the future regulation, this 
will surely change".  

Is there any other information you   
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Stakeholder questions Stakeholder feedback 

would like to add? 

  
"For testing: Load; vehicles should be tested fully 

laden and unladen (it has a high influence on 
temperature elevation). 
No Minimum pressure recommended for vehicle 
classes N2, N3, M3, O3 and O4 (too many application 
varieties)". 

 

9.2 Stakeholder comments 

A key element of TRL’s methodology and approach to creating new regulatory 

requirements for heavy vehicle TPM systems, was to proactively engage with members 

and organisations within the automotive sector. In the summer of 2019 (May to August) 

TRL contacted OEMs (of both heavy & light commercial vehicles, buses & coaches and 

trailers), Tier 1 suppliers (tyre manufacturers and TPM system suppliers), fleet operators 

(haulage and logistics) and NGO’s (such as ACEA and ETRTO). Thus, giving TRL a wide 

and varied perspective, in order to establish a firm grounding of how including heavy 

vehicles into Regulation No. 141 will impact the heavy vehicle sector, improve vehicle 

safety, drive innovation and what changes in regulation will need to be made to 

accommodate the new vehicle classes for heavy vehicle TPM type approval.  

To maintain transparency and impartiality, all stakeholders were provided with a topic 

guide (describing the aims of the General Safety Regulation and the intended changes to 

regulations governing Tyre Pressure Monitoring type approval) and a questionnaire, as 

presented in Table 12. The questionnaire covered such topics as; system functionality, 

the driver interface, current and future type approval testing and the future of Tyre 

Pressure Monitoring Systems (including their role in integrated fleet management 

systems). The questionnaire was distributed to heavy vehicle OEMs manufacturers via 

ACEA (the European Automobile Manufacturers Association), Tier 1 suppliers via CLEPA 

(the European Association of Automotive Suppliers) and ETRTO (the European Tyre and 

Rim Technical Organisation). Each organisation distributed the questionnaire to its 

members and those with the expertise and knowledge of heavy vehicles or TPM systems, 

responded to the questionnaire and attended either face to face or teleconference 

meetings for further discussions.  

9.2.1 System functionality 

TRL believed it was necessary to first establish the current state of the art for TPM 

systems, especially if they differed in function from those currently fitted to and approved 

for M1 and N1 vehicles. Manufacturers disclosed that TPM systems fitted to heavy 

vehicles, in principle, operated in the same way as those fitted to M1 and N1 vehicles 

albeit there was a clear preference for dTPM (Direct Tyre Pressure Monitoring) systems. 

OEMs and TPM system suppliers both responded to question 2 with firm agreement on 

the definition for the variants of currently available TPM systems. Reportedly heavy 

vehicle Direct TPM systems (dTPMS) functionally operate as per those fitted to light 

vehicles, which in turn conform to Regulation No. 141. Each wheel on the vehicle 

(sometimes including spares) are fitted with a sensor either; in place of or attached to 

the air valve, on the internal rim or on the internal tyre wall. The sensors are typically 

capable of monitoring more than pressure (e.g. temperature and acceleration) to allow 

the control unit to make pressure reading adjustments based on temperature changes. 

An advantage which dTPM systems have over iTPM systems, as Indirect systems can only 

monitor pressure through changes in wheel speed (via the ABS architecture) or 

vibrations. Therefore, decreasing the probability of issuing false low pressure or puncture 

alerts to the driver and increasing user trust in the TPM systems. Alerts which are 
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informed by data transmitted from the sensors relayed to receivers via RF but many 

manufacturers commented on the potential for BTLE (Bluetooth Low-Energy area 

networks) to be used in its place. 

Only systems currently fitted to trailers (O3 and O4 category) may be considered 

different and functionally behave as iTPM (Indirect Tyre Pressure Monitoring) systems 

perform on light vehicles, by monitoring the ABS (Anti-lock Braking System). Such 

systems were once referred to, commercially, as Modal valves and as with light vehicle 

iTPM systems which observe the rotation speed of the trailer’s tyres. Both systems alert 

the driver of low tyre pressure when the wheel rotational speed difference (due to 

changes in tyre radius as pressure is released) in one or more of the wheels exceeds a 

pre-set threshold, equivalent to a 20% pressure drop from either the recommended 

pressure (Prec) or the warm stable pressure (Pwarm). However, the systems are limited 

by truck to trailer compatibility and have been largely replaced by dedicated TPM 

systems (and Electronic Braking Systems) and although all trucks may be able to receive 

the ABS data over the ISO connection, they may not be configured to receive a low-

pressure warning. Fleet managers and manufacturers, who had developed their own 

monitoring networks, commented that tyre pressure status (for commercial vehicles) was 

commonly monitored over-the-air. Fleet managers in this instance would be more likely 

to perceive low pressure in the truck or trailer’s tyres before the driver. Manufacturers of 

M2 and M3 class vehicles made no comment in this regard but TRL does not believe it to 

be infeasible for bus and coach operators (or manufacturers) to make the technology 

available.  

Multiple OEMs and system suppliers responded to questions regarding the software 

capabilities of iTPM and dTPM systems. All of whom remarked that both dTPM and iTPM 

systems are capable of perceiving both a slow and rapid pressure loss as they both 

implement monitoring algorithms. Algorithms which check and compare against a critical 

pressure threshold, typically the recommended pressure as described by the OEM or tyre 

manufacturer. Direct TPM systems are capable of sampling pressures or temperatures 

every few seconds (even when stationary) while iTPM systems are only capable of the 

same performance while the vehicle is running. In the case of iTPM systems especially, 

M1 and N1 manufacturers currently allow thresholds to be reset by the driver and is 

more achievable for iTPM systems due to their inherent architecture. Indirect TPM 

systems rely upon the ABS system, to which the algorithm compares the wheel rotation 

speed for each wheel and determines that a threshold difference or excessive vibration 

indicates the presence of a puncture or lost pressure (in one or more of the tyres). The 

reference difference is then stored in the ECU (a copiability of dTPM systems also) and is 

retained, even between engine cycles, to alert the driver at the beginning of their next 

journey of an underinflated tyre. This comment fostered multiple discussions with 

stakeholders, surrounding the viability of allowing users of heavy vehicles to voluntarily 

reset the warning thresholds. Despite being a common feature for M1 and N1 vehicles, it 

is largely unaccepted among, not only operators but also heavy vehicle after-market 

suppliers. Most of the after-market sales for TPM systems are of the dTPM variety, which 

nominally do not allow the reference pressures to be altered by the vehicle users, in 

order to maintain an accurate maximum warning threshold of -20% from Pwarm.  

All stakeholders were asked about the limitations of current TPM systems, significant 

among which was the maximum number of tyres which can be catered for. In almost all 

cases M1 and N1 vehicles have 2 axles and 4 wheels, with a typical maximum of six 

wheels for N1 vehicles fitted with twin wheeled rear axles. From the responses which TRL 

received to question 6 through 12, it appears that dTPM systems are only currently 

limited by the market demand, while iTPM systems reportedly are, so far, incapable of 

determining which of the two tyres in a twin wheel arrangement is underinflated. A 

secondary issue may also be in determining which of the two tyres in the twin 

arrangement is underinflated, as the inflated tyre may compensate and prevent a 

significant difference in comparable wheel speeds. Tier 1 suppliers had a significant 

amount of information available on the exact properties and limitations of either system 

type, however, dTPM systems were not limited by the number of wheels (in standard; 

M2, M3, N2, N3, O3 and O4 class arrangements) or a twin wheel arrangement. Simply as 
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each wheel can be fitted with a sensor and the control unit only needs to be configured 

for the number of sensors to include in its network.   

Direct systems fitted retroactively, reportedly, include all typical vehicle configurations 

and layouts, including all common European truck and trailer combinations and will 

detect sensors based on the pre-set vehicle combination/layout. Traditionally data is 

universally transferred from trailers to trucks via a wired ISO 11992 link and can be a 

method by which to transfer data regarding the EBS (and if equipped tyre pressure 

status). However, for dTPMS equipped vehicles, combinations are often set by either the 

fleet management software or the operator prior to its use. Therefore, the TPM CCU will 

await the detection of sensors within the trailer unit and link them to the truck network, 

even when the trailer is decoupled, and another is attached (for the next operation). 

Although dTPM systems can learn the location (of sensors) and vehicle layout, a teaching 

process is necessary to set the low tyre pressure warning thresholds. The teaching 

process is completed by the fleet operator typically upon the changing of operating 

conditions, especially with the changing of towed loads, but is not typical for operators of 

M class vehicles.  

All stakeholders remarked on the ability for both dTPM and iTPM systems to be largely 

unaffected by wheel changes, and only requiring a simple recognition process or a reset 

of the system, as is the case with iTPM systems. The reset provides a system 

recalibration, to establish a new reference point for differences between the wheel speeds 

as per M1 and N1 vehicle systems currently allow. Wheel changes for heavy class 

vehicles regarding dTPM systems may prove more challenging, according to 

stakeholders, as many HGV fleet operators may not own the tyres fitted to their vehicles 

or indeed receive wheels fitted with matching system sensors after a roadside repair. 

Retaining the sensors between tyre changes may need to either be mandated or 

recommended in order to preserve functionality and correct operation, preventing the 

TPMS issuing a false low-pressure, puncture or missing tyre alert. Wheels fitted without 

TPM sensors were covered in the list of malfunction alerts provided by stakeholders and 

although may not be an issue for vehicles fitted with iTPM systems, TRL perceived it to 

be a significant problem with vehicles fitted with dTPM systems (likely to be a more 

significant portion of the market for HGV and M3 operators).  

9.2.2 Driver interface 

The driver interface was of concern to TRL as Regulation 141 refers to UN Regulation No 

121. which governs the tell-tales and indicators for M1 and N1 vehicles. TRL it was 

therefore necessary to enquire with stakeholders about their approach to displaying 

TPMS alerts and messages to drivers. To which most stakeholders independently 

referenced their compliance with R.121, whether the TPMS tell-tales were displayed on 

the common area (dashboard) or on a proprietary display. Some stakeholders provided 

details regarding external TPMS warning lights fitted to trailers, believing them to be 

compliant with R.121, while allowing the free interchange of trailers with trucks. The 

warning lights are designed to flash or illuminate when the trailer’s TPM system detects a 

tyre with low pressure and warranted more investigation from TRL before reaching a 

conclusion, although during discussions TRL believed them to be compliant.  

Low tyre pressure warnings as per R.121. are required to be of a set colour and shape 

but the regulation allows for further alerts, such as cascade alerts (increasing severity 

with an indicative colour, often red). Many stakeholders preferred to include text or 

further visual alerts to clearly convey severity, allowing drivers to make an informed 

decision on how to proceed. All alerts regardless of severity remain active until the 

warning is cleared by addressing the fault/malfunction or inflating the tyres to Prec, 

regardless of system variant. If specified by the manufacturer these warnings may be the 

same for a puncture, slow leak or malfunction but will not clear until dealt with or unless 

there is a system reset, as is possible with most iTPM systems. Alerts will therefore 

persist when the system is switch off, as part of the engine cycle, but stakeholders 

reported that it was not possible for a user to independently switch off the TPM system 

(once integrated, whether as manufactured or in retrofitting) to clear an alert.  
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9.2.3 Testing 

The type approval of TPM systems under Regulation 141 requires practical testing at a 

test track, as per Annex 3, and has formed the basis for the heavy vehicle classification 

TPMS type approval as proposed by TRL. All stakeholders were therefore requested to 

provide comments on the current type approval test procedure and recommend 

improvements or highlight disadvantages. The first of the recommendations, received 

from all stakeholders independently, was to keep the warning thresholds presently 

specified within R.141 of Pwarm -20%.  

Pwarm -20% was reportedly both a threshold which the industry currently conforms to, 

as it’s specified by R.141, and a threshold which can be considered safe without issuing 

false alerts. False alerts typically occur when thresholds are set to within the 10-15% 

range, as ambient temperatures can have an effect within these ranges. Although some 

suppliers can compensate for temperature changes, it is not typical of TPM systems. 

Pressure thresholds are typically set (and remain so) by the OEM during manufacture and 

although retrofit systems have customisable thresholds, they will be set by the supplier 

(“on-site” with the vehicle or remotely “over-the-air”) and not the user. Retrofit 

thresholds are typically set to alert at Pwarm -20% for the most severe warning alerts 

but many suppliers chose to implement a cascade of alerts at lesser thresholds. Thus, 

giving drivers the ability to monitor the behaviour and manage the risks associated with 

low-pressure or deflating tyres. TRL found that following the thresholds presented by 

R.141 formed an industry minimum and should be that required for the heavy vehicle 

TPMS test procedure.   

OEMs and suppliers both remarked on the rigorous testing regimes they undertake, 

which go beyond those required by R.141, all in order to validate the TPMS whether it’s a 

direct or indirect system. Validation procedures will not only conform with R.141 but also 

FMVSS No. 138 (as specified by NHTSA) and GB 26149-2017 Cat II. OEMs and suppliers 

may typically include Software and HMI (Human-Machine Interface) testing, however, for 

the purposes of type approval TRL does not believe that there is a mandate for their 

inclusion. Regarding FMVSS No. 138, TRL wanted to clarify the benefits of pressure 

threshold requirements as specified in R.141 compared with those in FMVSS No. 138. As 

the regulation developed by NHTSA for the American market requires that the tell-tale 

alerts illuminate when the pressure drops to Pcold -25% rather than Pwarm -20%. 

Industry members all concluded that the thresholds specified within R.141 were far more 

representative of real-world operational pressures. Whereas the Pcold -25% would likely 

give false alerts when the vehicle was stationary and in ‘cold’ ambient temperatures.  

To reach operational pressures for M1 and N1 vehicles, R.141 specifies a minimum 

warm-up period of 20 minutes. Thus, the test vehicle must run for a minimum of 20 

minutes on the test track, at the specified test speed, before the tyres can be considered 

to have reached a stabilised temperature and pressure. TRL was unsure if this minimum 

time period would apply to vehicles fitted with C2 and C3 class tyres and therefore 

requested input from stakeholders. To which they responded that it could take between 

20 and 40 minutes to reach a stabilised pressure for either tyre class but will be highly 

dependent on load and speed conditions. In contrast, some stakeholders referred to UN 

Regulation No. 117, which specifies a warm-up period of 180 minutes for C3 class tyres 

before they can be used in tyre noise emission type approval tests. 

Stakeholders were concerned that the minimum pressure value of 150 kPa, would not be 

applicable to C2 and C3 tyres, particularly when under load this value would be severely 

under standard recommended pressures. TRL were advised to remove the minimum 

pressure for all newly considered vehicle classes but to also consider grouping the 

vehicles by fitted tyre sizes: C1, C2 and C3. Standard loads for each tyre application can 

vary greatly between the tyre classes, so it was also advised that the testing should be 

split into two sections, the first of the tests conducted with no additional load in the 

vehicles and then a second with the vehicles fully laden. Thereby the TPM system would 

be approved for both extremes.  
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9.2.4 The future 

TRL requested for contributing stakeholders to share guidance on upcoming technology 

improvements or changes that may alter the way in which the amendments to Regulation 

141 will affect the industry. To which many responded that the TPM will become further 

integrated with other vehicle architecture, such as “Loose Wheel Indicators” (LWIs) or 

link with remote monitoring systems. The fleet operators or service teams will have ‘live’ 

updates on the pressures being recorded in each wheel, will then be able to issue alerts 

on behalf of the system or suggest to the driver a correct course of action before a 

warning passes a particular severity threshold i.e. enacting a tyre change if a puncture is 

detected or to service the vehicle when one or more tyres are experiencing a slow leak. 

After assessing the responses from stakeholders, TRL did not believe that the 

amendments to Regulation 141, for the inclusion of M2, M3, N2, N3, O3 and O4 vehicles, 

would limit TPMS technology development or that of ancillary systems which may 

communicate or rely on the TPMS architecture.  
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10 ANNEX 3: LITERATURE REVIEW 

10.1 UNECE Regulation 

TRL undertook a review of available literature, beginning with establishing the precedent 

set by Europe's current legal framework (for vehicle type approval) and through feedback 

from stakeholders justify amendments to existing regulations. TRL's approach aimed to 

expand UNECE Regulation No. 141 (2017) for the inclusion of heavy vehicle classes (M2, 

M3, N2, N3, O3 and O4).Then to establish the current uptake and use of TPM systems 

across the European Union, TRL reviewed the current state of the art and how these 

systems are implemented by OEMs and suppliers. Whereby Tyre Pressure Monitoring 

Systems conform with the definition defined by the European Parliament and agreed to 

by ETRTO (European Tyre and Rim Technical Organisation), (2020), to mean: “a system 

fitted on a vehicle, able to perform a function to evaluate the inflation pressure of the 

tyres or the variation of this inflation pressure over time and to transmit corresponding 

information to the user while the vehicle is running”. Which aided TRL to understand how 

well TPM systems are integrated into the production of each newly considered vehicle 

class and if there is an attempt to harmonise/standardise performance criteria.  

TRL contacted multiple stakeholders within the automotive industry and Tier 1 suppliers, 

establishing an understanding of the technologies in use and gathered responses 

regarding the inclusion of heavy vehicle classes into European Regulation No. 141 (or 

other). During these consultations, each stakeholder provided their opinion describing; 

the functioning of their TPM systems, the challenges of standardising TPM systems, type 

approval and supplied TRL with supporting documentation. A common challenge, 

reported to TRL, was the inclusion of a fixed lower pressure threshold. This was 

highlighted most often as each of the heavy vehicle classes contains multiple operating 

domains, with varying optimal operating tyre pressures. 

On the 7th April 2016, Revision 2 (of the UN 195 Agreement), was proposed to introduce 

a new regulation for Tyre Pressure Monitoring Systems (2016): Uniform provisions 

concerning the approval of vehicles regarding their Tyre Pressure Monitoring Systems 

(TPMS). The proposal was accepted and ratified into the UNECE framework as addendum 

140, on 30th January 2017, as UN Regulation No. 141. Moving forward TRL referred to 

this version as definitive and was the document used as the foundation to integrate the 

following vehicle classes: M2, M3, N2, N3, O3 and O4 vehicle classes. Governed by 

Regulation No. 141, M1 and N1 vehicles are required to be fitted with a TPM system 

(unless otherwise exempt) which must alert the driver of at least one under-inflated tyre 

and of a malfunction in the TPM system (e.g. a fault, missing sensor or a loss of power). 

They are required to communicate the underinflation or malfunction to the driver 

optically, as a minimum, as per UNECE Regulation No. 121. (2018).  

Section 5.5, Warning Indication, prescribes the following. “The warning indication shall be 

by means of an optical warning signal conforming to Regulation No. 121”. This regulation 

regards the location and identification of hand controls, indicators and tell-tales for M1 

and N1 vehicles. Ensuring that drivers have clear and easy access to vehicle controls, 

tell-tales and indicators, reducing driver confusion. After the responses received from the 

stakeholders, as seen in Table 12 (Question 15), the requirements outlined in R.121, are 

believed to be well understood by the M1 and N1 vehicle industry. OEMs manufacturing 

M2, M3, N2 and N3 motor vehicles are aware of the regulation while those producing O3 

and O4 trailers are far less knowledgeable.  

TRL communicated directly with several industry members regarding the tell-tales that 

are currently fitted to the European heavy vehicle and trailer fleet. TRL discovered that of 

those vehicles fitted with a TPM system (factory fitted or retrofit), as a minimum, all were 

fitted with a tell-tale system as conforming with Regulation No. 121. Many manufacturers 

and suppliers choose to add further alerts (such as audible), cascade alerts and or 

provide more information including pressure and temperature readings. Further to these 

discussions, ETRTO (2020), proposed a framework for including light and heavy duty 
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commercial vehicles into R.141, and defined two distinct TPMS warning levels, 

maintenance and alert. Therefore, according to ETRTO, the TPM tell-tale should only 

activate as an alert when the safety of the driver or passengers is critical. Rapid 

deflations (understanding pressure deflation gradients will be key to detecting rapid 

deflations) and prolonged cumulative deflations will issue an alert which requires 

immediate attention by the driver, however, slow deflations will only issue a maintenance 

warning.  

ETRTO, therefore, proposed separate pressure thresholds and times which will improve 

the regulation, regarding the current and newly proposed vehicle categories. Table 13, 

outlines ETRTO’s what they perceived to be the optimum percentage pressure decrease 

and maximum delay before issuing the alert. The organisation suggests that TPM 

systems, available in Europe, can detect pressure changes between 8 – 10%. Which is a 

far stricter corridor threshold than that currently required by UN Regulation No. 141 

(Pwarm – 20%, for safe operation of the vehicle) but ETRTO only suggests this as a 

maintenance warning. Pwarm is the maximum achieved (and stabilised) tyre pressure 

under test conditions, while the vehicle is driven at the test speed. Pwarm will be an 

increase from Pcold (the cold inflation pressure before testing), the manufacturers 

recommended inflation pressure. Alerts, according to ETRTO (2020) which require 

immediate attention shall be issued when the tyre pressure is 20% below Pwarm, for M1, 

N1, M2, O1 and O2 vehicles and include vehicles with twin wheels. Which would remove 

the exemption from vehicles fitted with twin wheels, requiring them to be fitted with 

either a dTPM or iTPM system. For both the Maintenance and Alert warnings, ETRTO 

recommends that the heavy-duty vehicles; N2, N3, M3, O3 and O4, have more stringent 

thresholds. Maintenance warnings should be given at -8% and Alerts given at -16% 

below Pwarm and for the latter within 5 minutes.   

Table 13: Proposed warning levels for light and heavy duty commercial vehicle 

TPMS, as described by ETRTO (2020), Table 2.  

Warning 

Levels 

Vehicle 

category 

Maintenance Alert 

Trigger 

levels 

 Relative 

deflation 

in %, 

comparing 

Pmeasured 

to Pwarm is 

superior to 

the 

proposed 

threshold 

value 

Maximum 

cumulative 

driving 

distance or 

driving time 

under 

‘Maintenance’ 

level before a 

change to 

‘Alert’ warning 

level occurs 

Relative deflation 

in %, comparing 

Pmeasured to 

Pwarm is superior 

to the proposed 

threshold value 

or Pmeasured 

below the 

proposed 

absolute 

minimum value 

Pmin 

Deflation 

gradient is 

superior to 

the 

threshold 

gradient 

value 

defined 

Thresholds M1 and N1 

(dual 

fitment/twin 

wheels), 

M2, O1 and 

O2 

10% 500 km or 12 

hours 

(whichever 

occurs first) 

20% or 220 kPa 

(whichever 

occurs first) 

>120 

kPa/min 

N2, N3, M3, 

O3 and O4 

8% 1000 km or 12 

hours 

(whichever 

occurs first) 

16% >120 

kPa/min 

Detection 

times 

All 1 hour 1 hour 5 minutes 2 minutes 

 



 TPMS Interim Report 

 

 

 

March 2021  400 
 

It was believed by ETRTO that the detailed threshold boundaries for each vehicles class 

will allow drivers (or remote logistics operatives) to quickly and completely understand 

the problem and its severity. Systems are capable of providing a digital read-out of all 

tyres and their current inflation pressures, highlighting those which are below the 

recommendation manufacturer inflation pressures for the vehicle class/load conditions. 

To which an amber warning is displayed for low pressure and a red alert for punctures or 

rapid deflations. After-market devices have incorporated such staggered warning 

functions (depending on severity), which have also been reviewed prior to the initial 

introduction of TPM systems to EU regulation, by Grygier, et al. (2010), whose research 

was sponsored by NHTSA and focussed on TPM systems which could be fitted to Medium 

& Heavy Trucks and Buses (up to a maximum mass of 80,000 pounds ≈ 36 tonnes). 

Following on from their earlier research in (Grygier et al., 2009), Grygier, et al. 

investigated 5 major TPM systems on two types of heavy vehicles, a 10 wheeled trailer 

and truck. All 5 systems were capable of measuring between 10% and 20% of pressure 

loss from Pwarm, however, they concluded that those TPM systems which could 

compensate for tyre temperature were far better at alerting the driver when the pressure 

dropped below both thresholds. Despite the increased accuracy of those systems offering 

temperature compensation in 2010 and at the time of writing (as discusses in TRL’s 

stakeholder consultations), TRL does not perceive justification for temperature 

compensation as a requirement for type approval. Providing that all systems can detect a 

Pwarm -20% pressure decrease within the hour stipulated by Regulation 141.   

As displayed within Table 14, Regulation No. 121 allows manufacturers and suppliers the 

option of two tell-tales as minimum requirements: 42a (Low tyre pressure (including 

malfunction)) and 42b (Low Tyre Pressure (including malfunction) that identifies the 

affected tyre). Both tell-tales are required to be displayed not more than 10 minutes 

once the malfunction or pressure loss (less 20% from the operating pressure or lower 

than the minimum pressure of 150 kPa) is detected. However, R.121 does not require 

the fitment of staged/staggered or cascading alerts dependent upon severity as ETRTO 

recommends. In this regard, TRL believes that functionality befitting of type approval 

would only require an alert when the pressure of the tyre is critical, requires immediate 

attention (Pwarm -20%) and will impact the safety of the driver, passengers and the 

public.  
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Table 14: Extract of TPM system Tell-tales, from Table: Symbols, their 

illumination and colours (2018). 

No. Item Symbol Function Illumination Colour 

42a. Low tyre 

pressure 

(including 

malfunction) 

9 

Tell-tale Yes Yellow 

42b. Low tyre 

pressure 

(including 

malfunction) 

that identifies 

affected tyre 9,10 

Tell-tale Yes Yellow 

 

Light and heavy goods vehicle OEMs and TPM system suppliers operating within Europe 

have been perceived, by TRL, to be familiar with the challenges faced when implementing 

TPM systems into M1 and N1 vehicles. All have committed to utilising Regulation No. 121 

as the basis for how to the execute clear alerts for drivers with the justification that they 

work well and are universally accepted for M1 and N1 vehicles.   

Manufacturers, of M2, M3, N2, and N3 vehicles, commonly specified that their TPM 

systems were conforming with UN R.121, not only in the design of the displayed tell-tales 

but also their location within the cabin. Often displayed in the instrument cluster or on a 

separate display within the driver’s direct field of view. Tier 1 suppliers typically follow 

the latter method for their retrofit systems; however, further functionality is often 

provided. As an example of Tier 1 supplier industry practice; Continental (2020), is 

producing direct tyre pressure monitoring systems, which are placed inside of the vehicle 

tyres which communicate wirelessly to an on-board CCU (Central Control Unit). This unit 

can either relay temperature and pressure data to the driver (via a proprietary screen) or 

a remote fleet management system. In the case of M3 and O3, O4 trailer compatibility, 

the Continental system can re-learn the devices present in the exchanged truck or trailer. 

This is common for many suppliers offering homogenous TPM systems to fleet operators. 

Nevertheless, they are yet to be capable of truck or trailer exchange, as many suppliers 

and OEMs state that it is not achievable without an agreed-upon universal 

communication protocol. 

Although, O3 and O4 trailer manufacturers often provide TPM systems which can 

communicate via an ISO connection to the pulling vehicle, O3 and O4 Manufacturers are 

largely unfamiliar with the requirements surrounding R.121. It was TRL’s opinion to 

expect an element of unreadiness within this sector (at the time of writing) and that 

requiring O3 and O4 manufacturers to supply tell-tales directly into the pulling vehicle’s 

cabin is outside of the regulatory scope. Many Tier 1 suppliers, in combination with trailer 

OEMs, are developing solutions for warning the driver of low tyre pressure, especially in 

instances when the trailer is considered a separate (and interchangeable) entity to the 

pulling vehicle. In these instances, the trailer, although capable, may not be 

communicating the tyre pressure via an ISO connection but rather via another ‘external’ 

 

9 “Additionally, either of the low tyre pressure tell-tales may be used to indicate a tyre pressure monitoring 

system (TPMS) malfunction”. (2018) 

10 “The vehicle outline shown is not intended to be restrictive but is the recommended outline. Alternative 

vehicle outlines may be used in order to better represent the actual outline of a given vehicle”. (2018) 
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method. As per Regulation, No. 121 tell-tales are defined as, "an optical signal that, 

when alight, indicates the actuation or deactivation of a device, a correct or defective 

functioning or condition, or a failure to function”,  the new/amended regulation for heavy 

vehicle tyre pressure monitoring systems should not exclude external warning lights. 

Such pressure warning lights are visible to the driver in rear-view mirrors, as exampled 

by but not exclusive to, Continental (2020). The external warning indicator, located 

typically on the driver side of the attached trailer, flashes or permanently illuminates an 

amber light (as per R.121 for tell-tale warnings) when the dTPMS or iTPMS sensors 

detect an underinflated tyre. As stipulated by point 5.1.2 (within R.121), warning lights 

of this nature are clear and dedicated warnings to alert the driver of low tyre pressure in 

the trailer, TRL believes that such indicators currently comply with R.121. 

UN Regulation No. 141 refers to Regulation No. 121, with respect to the method by which 

tell-tales shall be displayed for M1 and N1 vehicles; TRL recommends that the 

requirements of Regulation 121 are expanded to include the newly considered vehicle 

categories: M2, M3, N2, N3, O3 and O4. The inclusion of the heavier vehicle classes into 

Regulation No. 121 will allow industry to agree upon standard alert functionality (for tyre 

pressure loss and system malfunction) and as a minimum will provide users the same 

level of alert clarity that is offered by passenger vehicles. Therefore, Regulation No. 121 

can be referenced as heavier vehicle classes begin to incorporate further advanced driver 

assistance technologies.  

Regarding the test methodology outlined within UN Regulation No. 141, Annex 3 (Tests 

for Tyre Pressure Monitoring Systems), many stakeholders shared concerns over the time 

required to reach stable tyre temperatures (Pwarm) and the correct associated stabilised 

test speeds. As Pwarm means: “the inflation pressure for each tyre position elevated 

from the cold pressure (Pcold) by the temperature effects during vehicle usage”, UN 

Regulation No. 141, point 2.10 (Regulation No. 141: Uniform provisions concerning the 

approval of vehicles with regard to their Tyre Pressure Monitoring Systems (TPMS), 

2017). Stakeholder concerns were collated and are observable within Table 12 (Question 

32). Stakeholders believed that the times and speeds required within Annex 3 of R.141 

were not only designated for M1 and N1 vehicles but the associated tyre class, C1. Larger 

vehicles fitted with C2 and C3 tyres may require more time to warm up to a stabilised 

Pwarm temperature but are also more restricted in their operating speeds. Maximum 

operating speeds varies across the many vehicle categories, while certain classes are 

restricted to operating at 90 km/h, others are designed to operate at much lower speeds. 

The lower operating speeds necessitates an increased running time, when compared with 

M1 and N1 vehicles, to achieve measurable stabilised Pwarm temperatures. The inclusion 

of heavy vehicles will require Annex 3 to be amended to provide sufficient time for tyre 

soaking (before testing) and warming (during the learning phase). 

The test procedure for Tyre Pressure Monitoring Systems is described within R.141 

(Annex 3, Paragraph 2) and stipulates a minimum soaking time for the vehicle’s tyres of 

1 hour, before the initial inflation to Prec (the recommended tyre pressure), allowing the 

tyres to reach ambient temperature. Concerns were raised regarding the soak time as 

R.141 applies to M1 and N1 vehicles. The size and volume of C1 tyres can be significantly 

less than C2 and C3 classification tyres. Therefore, to compensate for this disparity, 

OEMs and Tier 1 suppliers referred to UN Regulation No. 117 (2020). Regulation No. 117 

has been developed to approve new motorised vehicle tyres regarding their sound 

emissions, adhesion on wet surfaces and rolling resistance. Regulation No. 117 applies to 

the approval of C1, C2 and C3 tyres for use on M, N and O class vehicles. In which Annex 

6, Section 4, begins by requiring all tested tyres to be soaked/thermally conditioned (to 

ambient temperature) from 2-6 hours, dependant on the chosen test method. Then a 

warm-up period is required for the test procedure, differing by Load Index (LI) and Tyre 

Class, of which Table 15 outlines the warm-up times, while Table 16 indicates the 

associated test speeds, for C2 and C3 class tyres.  
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Table 15: Warm-up times required for measuring rolling resistance, as depicted 

within UN Reg. No. 117 (2020) (Annex 6, Section 4, Table 3) 

Tyre Class Nominal rim 

diameter 

Warm-up 

duration 

(minutes) 

C2 and C3 (LI 

< 121) 

All 50 

C3 (LI > 121) < 22.5 (572 mm) 150 

C3 (LI > 121) > 22.5  180 

 

 

Table 16: Test speeds required for measuring rolling resistance, as depicted 

within UN Reg. No. 117 (2020)(Annex 6, Section 3, Table 1) 

Tyre 

Class 

Load 

Index 

Speed Symbol Speed (km/h) 

C2 

and 

C3 

LI < 121 All 80 

C3 LI > 121 J 100 km/h and lower 

or tyres not marked 

with speed symbol 

60 

K 100 km/h and 

higher 

80 

 

The test procedure outlined within Annex 6 of R. 117, describes a bench test of new-tyre 

rolling resistance with the use of a resistive drum and an applied load, to the wheel under 

test. It was TRL’s understanding that the long warm-up times required for this bench test 

are not only a factor of warming the tyres to a typical stabilised operating temperature 

but to also ‘break-in’ the tyres. The ‘break-in’ would bring the tyre’s surface to a typical 

‘start of operational life’ state and therefore the rolling resistance observed would be that 

typical of the tyre in use. TRL believes that a tyre ‘break-in’ period would not be 

necessary in order to test pressure monitoring systems. 

Point 2.4.1 (UN Regulation No. 141, Annex 3) specifies the following;” Drive the vehicle 

for a minimum of twenty minutes within the speed range in paragraph 1.4.2. to this 

annex, and with an average speed of eighty km/h (±10 km/h). It is allowed to be outside 

the speed range for a maximum cumulative time of two minutes during the learning 

phase.” The requirement to have an average speed of 80 km/h (±10 km/h) is consistent 

with the testing of C1 class tyre rolling resistance, as per R.117. Requiring a minimum of 

20 minutes for the learning phase allows enough time for the tyres to reach their typical 

operational Pwarm.  20 minutes may not be sufficient for tyres with larger mass and size 

but in its current form R.141 does not restrict the maximum time allowable for tyres to 

reach a stabilised Pwarm. TRL does not believe that point 2.4.1 should amended for the 

newly considered vehicle classes and their respective tyre classes (C2 and C3). However, 

as Table 16 indicates, there is a necessity to specify an average operating speed of 60 

km/h for C3 tyre classes, with a load index of more than 121 and with the speed symbol, 

J (or lack thereof). Nevertheless, it must be considered that there is a possibility that 

such tyre classes are not used in vehicles which would apply for large scale type 

approval. Therefore, it may be more suitable to extend the requirement to vehicles fitted 

with tyres conforming to UN Regulation No. 54 (2018).  Thereby, requiring all considered 

vehicles to maintain an average speed of 80 km/h, during the learning phase.  
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10.2 Market Review 

Tyre Pressure Monitoring Systems are an established technology, especially since their 

inclusion into Regulation (EC) No 661/2009 (2009), and the United States’ investigatory 

work by NHTSA (2001). Upon the introduction of Regulation No. 141, studies focused to 

quantify the market impact and make future predictions regarding fleet running costs, 

TPMS product costs, emissions reductions (Such as the one conducted by the 

Netherlands Organisation for Applied Scientific Research (2013) prior to the introduction 

of TPMS to EU regulation) etc. The development of TPM systems has continued since 

their introduction to regulation, as the industry strives towards better hardware and 

software solutions, as presented by Xiangjun, (Xiangjun, 2016) and Sharmila & Vinod 

(Sharmila and Vinod, 2016). The latter of which aimed to create a real-time monitoring 

TPM system, as many on the market sample at intervals, therefore, increasing the 

opportunity to detect an under inflated tyre before it becomes a hazard and endager the 

lives of the occupants or other road users. 

Others such as Mustafic, et al. (Mustafic et al., 2014) contributed by conducting an 

investigative study, as TPM systems became mandatory on all new M1 and N1 vehicles 

produced from 2014 onwards. Their investigation aimed to classify the economic, safety 

and fuel consumption benefits via a meta-analysis of industry studies. From their 2014 

analysis, Mustafic, et al. were able to identify two separate and distinct TPMS variants. 

The two technology branches are categorised as, Direct and Indirect Tyre Pressure 

Monitoring Systems. Classifications which TRL agrees with and has used in its 

assessment of TPM systems. Direct monitoring systems are described by Mustafic, et al. 

as consisting of sensors, fitted to each wheel, relays (if needed) and receivers/central 

control units (CCUs).  

The sensors precisely monitor the pressure and or temperature on the inside of each 

wheel and deliver the data to the CCU via a wireless RF (Radio Frequency) network. The 

CCU compares those values against the threshold pressure and if they fall below the 

threshold a warning is issued to the driver:  A visual warning which may also include 

severity or text values. The longevity of such systems depends on the wheel sensor 

battery life and user care. In contrast, Indirect TPM systems utilise existing vehicle 

infrastructure (typically the ABS architecture) to monitor the number of wheel revolutions 

and comparing differences between them. Isermann & Wesemeier (2009), proposed to 

combine wheel speed with vertical wheel speed oscillation to improve the accuracy of 

readings. Any perceived differences in tyre diameter, due to changes in the number of 

revolutions and vertical oscillations (compared with the other tyres), will be interpreted 

as a change in the nominal tyre pressure. However, this relies upon the TPM system 

monitoring the wheel revolutions over a long period of time, while the vehicle is in 

motion and comparing to a known datum (which can be changed/reset by the driver of 

the vehicle). As stated by Mustafic, et al. in 2014, the prices of Direct TPM systems are 

significantly higher than Indirect systems. The independent sensors fitted to each wheel, 

the receivers and interpretation of the transmitted data, have higher manufacturing, 

fitment, software and system costs than Indirect systems which utilise existing vehicle 

architecture. 

Mustafic, et al. also directly consulted the automotive industry, including Tier 1 suppliers, 

asking several pertinent questions. The first of which concerned market penetration of 

TPM systems onto the light-commercial and heavy-duty markets. Mustafic, et al. 

reported that in 2014, TPM systems were fitted to, 1% of the M2 and N1 vehicles and up 

to 2.5% of N3 vehicles in Europe; the majority of which were fitted by the manufacturer, 

while up to 40% were retrofitted. Formed by the stakeholder engagements, it was TRL’s 

understanding that the number of vehicles fitted with TPM systems has increased since 

2014 but the market penetration of the technologies, for the concerned vehicle classes, 

has remained largely the same. It must also be noted that key stakeholders, heavy-duty 

vehicle OEMs and suppliers, preferred to install Direct TPM systems. Even when 

presently, stipulated by Regulation No.141 (2017), many N1 vehicles remain exempt 

from the fitment of TPM systems due to requirement of twin wheels, which are typically 

fitted to cope with the heavy loads. Stakeholders further remarked on the difficulty 
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implementing Indirect systems on twin wheels, for each wheel set can only be catered to 

with one ABS wheel speed sensor. Indirect systems are therefore incapable of identifying 

which of the two wheels has experienced a puncture or is deflating. The change in wheel 

speeds may then be ‘disguised’ by the still functional tyre operating at or close to the 

correct wheel speed. 

Furthermore, during TRL’s stakeholder engagement, it was discovered that many 

manufacturers of O3 and O4 vehicles were providing bespoke tyre pressure monitoring 

solutions (in some cases even where twin-wheels are fitted). TRL considered these 

systems to be classified as Indirect, as they too monitored the differences in wheel 

revolutions and communicated this information to the pulling vehicle via an ISO 

connection. Reportedly, often due to the constant interchanging of trucks and trailers, 

this data was not typically utilised by the pulling vehicle to alert the driver of pressure 

loss in the trailer’s tyres. However, as the new regulation must be technology-neutral 

and Direct systems are capable of being fitted in all wheels, there should be no reason to 

continue to make twin-wheeled vehicles exempt from the fitment of TPM systems.  

TPM thresholds and performance criteria have been a key concern for industry and their 

associated governing bodies. NHTSA deemed it to be an issue worth perusing in 2009 

and published a document pertaining to the testing of heavy truck TPM systems. Grygier, 

et al., (Grygier et al., 2009) published their findings at the 21st ESV conference in 

Stuttgart to showcase how such systems can be evaluated in order to define suitable 

testing procedures. Grygier, et al. acknowledged that at the time of publication the U.S. 

had also excluded heavy trucks from their regulatory framework (Federal Motor Vehicle 

Safety Standard (FMVSS) No. 138, Tyre Pressure Monitoring Systems (TPMS). Grygier, et 

al. needed to assess the state of the art of TPM systems to include those systems which 

cater for heavy vehicles. These systems had to withstand greater pressures, due to the 

heavy carry loads and vehicle weight, compared with the regulatory mandated vehicles 

below 10,000 pounds (in gross vehicle weight). Their market investigation found 

concluded it wouldn’t be possible for an indirect system to monitor all wheels. As they 

were incapable of counting the revolutions of individual wheels fitted on twin wheel 

drums. Thus, agreeing with the exemptions made by Regulation No. 141. However, 

Grygier, et al. identified 5 distinct forms of direct tyre pressure monitoring systems; rim 

mounted (inside the tyre envelope), tire patch (mounted to the tyre inside the tyre 

envelope), interior valve stem (inside the tyre envelope), flow-through (outside of the 

tyre) and end-of-valve stem mount (outside of tyre). Of which, two rim mounted 

systems, two flow-through systems and an end-of-valve system were tested.  

Mustafic, et al. found that M1 and N1 manufacturers largely favoured Indirect systems 

and believed this to be a choice based on simplicity and low cost, rather than a 

dedication to a particular technology. To which equal concerns have been raised by such 

bodies as Transport and Environment (T&E). T&E distributed a report in (2016) indicating 

the operational failures of Indirect tyre pressure monitoring systems, with evidenced 

testing of factory fitted systems. T&E listed what they thought to be the most notable 

shortcomings of the technology: 

• iTPMS are unable accurately measure type pressure in real time; 

• iTPMS rely on regular calibration by the driver (opens vulnerability to improper 

tuning); 

• All vehicles with iTPMS must be moving in order to record values; 

• Can be easily influenced by external factors affecting wheel rotation speed such as 

road conditions (ice), road surface type, tyre type etc.   

TRL believed it necessary to review these concerns, particularly surrounding the ability of 

drivers/users to recalibrate iTPM systems and whether this may be allowable for the 

newly considered classifications. Responses to TRL’s stakeholder engagement indicated 

that OEs and suppliers of TPM systems (fitted to heavier vehicle classes) do not typically 

allow for user recalibration of threshold pressure values. This is a product of heavy 
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vehicle OEMs and suppliers favouring the fitment of dTPMS, which have the capacity to 

store (and retain) threshold values and the need to reduce driver error. 

Both Direct and Indirect systems can be prone to false alerts, which typically occur with 

changes in temperature, often while tyres are still cold before running (after a long 

period in low-temperature environments, stationary). Thus, lowering their pressure below 

the recommended manufacturer pressure, to which the vehicle issues an alert. This can 

be negated by driving the vehicle and raising the tyre temperature, which will, in turn, 

raise the tyre pressure to Pwarm. Therefore, to combat such false alerts, improvements 

were continually made and most significantly in the areas of the algorithms (and 

associated decision-making rules) used to observe pressure and temperature changes. 

Exampled by, Egaji, et al. (2019), who proposed a new decision rule to eliminate the 

majority of false alerts associated with previously unpredicted external temperature 

changes. Given the focus of industry to tackle such problems and the need for light-

commercial and heavy-duty vehicles to operate in a wide range of temperatures, TRL 

recommends maintaining the current R.141 (Annex 3, Point 1.1) to test in a range of 

ambient temperatures from 0 to 40°C and the driving times in either the diffusion or 

puncture test. 

In their conclusion, Grygier, et al. (Grygier et al., 2009) summarised their proposed test 

procedure to which they included the deflation threshold for the heavy truck tyres. They 

believed that direct systems, on the market at the time of testing, would be capable of 

reliably detecting a 10-15% pressure loss from the cold inflation pressure. Cold inflation 

pressures are equivalent to manufacturers recommended inflation pressure and not the 

pressure of the tyres after the soak period. TRL believes that based on the presented 

evidence from stakeholders, this may be functionally achievable and wholly detectable by 

direct pressure monitoring systems. However, at such pressure ranges, temperature has 

a significant influence over pressure changes and would provide a more significant 

percentage drop in pressure (from Pwarm) when the tyres heat during running. Grygier, 

et al. (2010) later highlighted that multiple system manufacturers provide a chart of tyre 

pressure temperature-compensation chart or self-compensate for the increase in 

temperatures during normal operation. The advanced systems are capable of tracking 

temperature and pressure increases and map a loss of pressure from Pwarm to below 

Prec (manufacturer recommended pressure) or allow the user to make compensations. 

Grygier, et al (2010), extended their research and tested 5 TPM systems: SmartWave 

Dana, Tire-SafeGuard (TPM-W206 and TPM-P310B1), WABCO-IVTM and the final TPM 

system was a system from PressurePro Advantage. This was in order to develop a better 

understanding of TPM system capabilities for heavier vehicles (up to 80,000 lbs) and 

develop associated testing procedures, reasoning that existing procedures for vehicles of 

category M1 (in the U.S.) were insufficient for the heavier vehicle classes. Largely due to 

the increased pressure and number of monitored wheels. Initially Grygier, et al. aimed to 

find appropriate minimum pressure alert thresholds but found that at the time few dTPM 

systems were capable of changing the set pressure thresholds, so the trials were adapted 

to assess their alert capabilities.  

Grygier, et al. therefore developed four approaches to testing their chosen systems, as 

depicted within Table 17(as found within (Grygier et al., 2010), Table 6.18). The four 

proposed approaches were the result of reviewing data collected from the Low Pressure 

Detection testing, in 2010. Each TPM system was capable of being calibrated and 

detecting low pressure levels (up to -35%, for the system developed by WABCO, from 

the cold inflation pressure), however testing scenarios depended upon the form of 

calibration performed and the desired maximum test pressure (for each tyre). Cool 

calibration refers to the tyres being calibrated at the CIP, Cold Inflation Pressure 

(referred to as Pcold within R.141), below the ambient temperature without a soak period. 

The term “cool detection” referred to the potential of a TPM system to detection low 

pressure threshold (up to -35% from Pcold, without heating the tyres to normal 

operational temperatures. This would have removed the need to drive the test vehicles at 

normal operation speeds (100 km/h or the maximum vehicle speed, which-ever is 

higher) and over long distances. A hot calibration test can be compared to UN Regulation 

141’s Learning phase (Paragraph 2.4), raising the tyres to ambient temperature (after 
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inflation to Prec) through a soak period and then raising them to a typical operational 

temperature with a driving period at typical highway speeds.  

Grygier, et al’s. testing in 2010, concluded that not all TPM systems tested could both 

detect a slow leak (<1psi/min) and low pressure (-20% from CIP) but all could detect 

low pressure within 30 minutes, regardless of which vehicle they were fitted to and the 

running speed. A few of the systems developed by Tire-SafeGuard could detect slow 

leaks within three minutes but all their systems could detect low pressure within 15 

minutes. The quick response times of these systems prompted Grygier, et al. to suggest 

a maximum slow leak detection time limit of 15 minutes, beyond which any TPM may be 

considered to have failed to inform the driver with sufficient warning (as per the 

detection tests, as can be seen in Table 17). Particularly if the vehicle is running with 

warmed tyres, whereby the measured pressure has further to ‘drop’ before falling below 

the, –20% from CIP, threshold. TRL agrees that the status of the pressure must remain 

known to the TPM system or be made available to the vehicle system/ECU, to be 

displayed to the driver on ignition start. However, Grygier, et al. believed that within 15 

minutes and retain the low-pressure warning for up to 5 minutes after the ignition had 

been switched off.  

Table 17: Four approaches to Low Pressure Detection Tests, as depicted by 

(Grygier et al., 2010), Table 6.18 

Test 

Conditions 

Cool 

Calibration 

And Cool 

Detection 

Cool 

Calibration 

And Hot 

Detection 

Hot 

Calibration 

And Hot 

Detection 

Continuous 

Run Hot 

Calibration and 

Detection 

Calibration Test 

Time (minutes) 8-10 8-10 10-15 >120 

Speed (km/h) <40 <40 100 100 

Distance (km) 3 3 16 Not Specified 

Detection Test 

Time (minutes) 8-10 10-15 10-15 10-15 

Speed (km/h) <40 100 100 100 

Distance (km) 3 16 16 16 

Maximum Time to Low-Pressure Detection 

Time (minutes) 10 15 15 15 

“Memory of Warning” Test 

Time (minutes) 5 5 5 5 

Tyre Cooling Time (Back to Initial CIP Temperature) 

Times 

(minutes) 

30 30-120 30-120 30-120 

Reset Identification Test 

Time (minutes) 8-10 8-10 10-15 >120 

Speed (km/h) <40 <40 100 100 

Distance (km) 3 3 16 Not Specified 

 

 

Combined with knowledge gained form the stakeholder consultations TRL believes that 

the maximum time of 15 minutes, before alerting the driver of low tyre pressure, was 
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likely a factor of the sampling rate of the tested technologies. Modern Direct TPM 

systems are capable of sampling the tyre pressure while stationary (and on long time 

steps such as every 15 minutes) and between 30 seconds to every 2 minutes while 

running. Indirect systems are not yet capable of detecting tyre pressure change while 

stationary but while running, these systems are just as capable of sampling on the same 

time scale. Even when considering the advance of TPM technology (since 2010) and a 

dTPM systems’ capability to quickly detect a pressure loss of –20% from Pwarm, TRL 

does not see fit to change the testing time requirements for the diffusion and puncture 

tests. As per paragraphs 2.5 and 2.6 of Annex 3 of UN Regulation No. 141 and as 

suggested by ETRTO, highlighted in Table 13, alerts should be given at a maximum run 

time of 1 hr for the slow pressure diffusion test and 5 minutes for the low pressure 

puncture test. The time limit of 1 hr should only remain to maintain technology 

neutrality, however, there is an expectation that modern TPM systems (whether Indirect 

or Direct) would detect pressure losses of -20% Pwarm within 30 minutes. To further 

remain technologically neutral, TRL recommends that the pressure thresholds, required 

by UN Regulation No. 141, of -20% from Pwarm are also required as a minimum 

performance threshold for light and heavy goods vehicles (including O3 and O4 trailers). 

It was believed to be achievable by manufacturers and suppliers in 2010 and presently, 

through TRL’s interactions with stakeholders, for vehicles which utilise either an Indirect 

or Direct TPM system. The threshold of -20% from Pwarm will be considered a minimum 

safe operating pressure for any recommended tyre pressure (unless the minimum 

acceptable pressure is stated to be higher, by the tyre manufacturer), fitted to heavy and 

light commercial vehicles and passenger vehicles and is currently achievable for both 

Indirect and Direct TPM systems. 
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11 ANNEX 4: DRAFT REGULATORY TEXT 

The following draft text is colour coded to indicate the proposed revisions to the existing 

UN Regulation 141 (UNECE R41.00). The paragraphs that have proposed changes that 

were in scope of TRL’s work on vehicles of category M2, M3, N2, N3, O3 and O4 are 

highlighted in green. Those paragraphs or sections of text that have been proposed for 

change by the informal working group TF TPMSTI, and to which TRL also participated, are 

highlighted in yellow. These are included so that the Commission has all the amendments 

proposed by the TPMSTI group at the time of this report. It should also be noted that at 

the time of delivery of this report, the final text is still under development by the TF 

TPMSTI group and further editorial changes along with the creation of Annex defining the 

truck/trailer communication interface are anticipated. 

 

1. Scope 

This Regulation applies to the approval of vehicles of category: M1 up 

to a maximum mass of 3,500 kg, M2, M3, N1, N2, N3, O3 and O4,11 

when equipped with a tyre pressure monitoring system. 

2. Definitions  

For the purposes of this Regulation: 

2.1. "Approval of a vehicle" means the approval of a vehicle type with 

regard to its tyre pressure monitoring system. 

2.2.  "Vehicle type" means vehicles which do not differ significantly 

in such essential aspects as: 

   (a) The manufacturer’s trade name or mark; 

 (b) Vehicle features which significantly influence the 

performances of the tyre pressure monitoring system; 

   (c) The design of the tyre pressure monitoring system. 

2.3.  "Wheel" means a complete wheel consisting of a rim and a wheel disc; 

2.4 "Twin wheel" means the fitment of a pair of wheels on one side of an 

axle, on the same hub; 

2.5.  "Tyre" means a pneumatic tyre, being a reinforced flexible 

envelope that is provided with, or forms in conjunction with the wheel 

on which it is mounted, a continuous, essentially toroidal, closed 

chamber containing a gas (usually air) or a gas and liquid, that is 

intended normally to be used at a pressure greater than atmospheric 

pressure; 

 Tyres shall be classified as follows:  

(a)  Class C1 tyres — Tyres conforming to UN Regulation No. 30; 

(b)  Class C2 tyres — Tyres conforming to UN Regulation No. 54 

and identified by a load capacity index in single formation 

lower or equal to 121 and a speed category symbol higher or 

equal to ‘N’; 

 

 11 As defined in the Consolidated Resolution on the Construction of Vehicles (R.E.3.) 

(ECE/TRANS/WP.29/78/Rev.6, para. 2).  
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(c)  Class C3 tyres: Tyres conforming to UN Regulation No. 54 

and identified by:  

(i) A load capacity index in single formation higher or 

equal to 122; or  

(ii) A load capacity index in single formation lower or equal 

to 121 and a speed category symbol lower or equal to 

‘M’. 

2.6.  "Maximum mass" means the maximum value of the vehicle 

stated by the manufacturer to be technically permissible (this mass 

may be higher than the "permissible maximum mass" laid down by the 

national administration); 

2.7. "Maximum axle load" means the maximum value, as indicated by the 

manufacturer, of the total vertical force between the contact surfaces 

of the tyres or tracks of one axle and the ground and resulting from the 

part of the vehicle mass supported by that axle; this load may be 

higher than the "authorized axle load" laid down by the national 

administration. The sum of the axle loads may be greater than the 

value corresponding to the total mass of the vehicle; 

2.8. "Tyre Pressure Monitoring System (TPMS)" means a system fitted on 

a vehicle which can evaluate the pressure of the tyres or the variation 

of pressure over time and transmit corresponding information to the 

user while the vehicle is running; 

2.9. "Cold tyre inflation pressure" means the tyre pressure at ambient 

temperature, in the absence of any pressure build-up due to tyre usage; 

2.10. "Recommended cold inflation pressure (Prec)" means the pressure 

recommended for each tyre position by the vehicle manufacturer, for 

the intended service conditions (e.g. speed and load) of the given 

vehicle, as defined on the vehicle placard and/or the vehicle owner's 

manual; 

2.11. "In service operating pressure (Pwarm)" means the inflation pressure 

for each tyre position elevated from the cold pressure (Prec) by 

temperature effects during vehicle usage; 

2.12. "Test Pressure (Ptest)" means the actual pressure of the tyre(s) selected 

for each tyre position after deflation during the test procedure. 

2.13. “Cumulative driving time” means the total time elapsed where the 

vehicle is driven at speeds equal to or higher than 25 km/h and further 

deducted by 120 seconds for each event where the vehicle speed drops 

below 25 km/h.  

2.14. "Tyre Pressure Refill System (TPRS)" means a system fitted on a 

vehicle which refills underinflated tyres fitted to an axle of the vehicle 

with air pressure from a vehicle mounted reservoir (infrastructure) 

while the vehicle is running but not limited to. 

2.15. "Central Tyre Inflation System (CTIS)" means a system fitted on a 

vehicle which controls the air pressure in each tyre fitted to an axle of 

the vehicle with air pressure from a vehicle mounted reservoir 

(infrastructure) while the vehicle is running but not limited to.  

  3.  Application for approval 

3.1.  The application for approval of a vehicle type with regard to 

its tyre pressure monitoring system shall be submitted by the vehicle 

manufacturer or by his duly accredited representative; 
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3.2. It shall be accompanied, in triplicate, by a description of the vehicle 

type with regard to the items specified in Annex 1 to this Regulation: 

3.3. A vehicle representative of the vehicle type to be approved shall be 

submitted to the Type Approval Authority or the Technical Service 

responsible for  conducting the approval tests. 

3.4. The Type Approval Authority shall verify the existence of satisfactory 

 arrangements for ensuring effective control of the conformity 

of production before type approval is granted. 

4.  Approval 

4.1. If the vehicle submitted for approval pursuant to this Regulation meets 

all the requirements of paragraph 5. below, approval of that vehicle 

type shall be granted. 

4.2. An approval number shall be assigned to each type approved. Its first 

two digits (at present 01 for the Regulation as amended by the 01 series 

of amendments) shall indicate the series of amendments incorporating 

the most recent major technical amendments made to the regulation at 

the time of issue of the approval. The same Contracting Party may not 

assign the same number to another type of vehicle. 

4.3. Notice of approval or of extension or of refusal of approval of a 

vehicle type pursuant to this Regulation shall be communicated to the 

Contracting Parties to the Agreement which apply this Regulation by 

means of a form conforming to the model in Annex 1 to this 

Regulation. 

4.4. There shall be affixed, conspicuously and in a readily accessible place 

specified on the approval form, to every vehicle conforming to a 

vehicle type approved under this Regulation an international approval 

mark consisting of: 

4.4.1. A circle surrounding the letter "E" followed by the distinguishing 

number of the country which granted approval;12 

4.4.2. The number of this Regulation, followed by the letter "R", a dash and 

the approval number to the right of the markings prescribed in 

paragraph 4.4.1. 

4.5. If the vehicle conforms to a vehicle type approved, under one or more 

regulations annexed to the Agreement, in the country which granted 

approval under this Regulation, the symbol prescribed in 

paragraph 4.4.1. need not be repeated; in such a case, the regulation 

and approval numbers and the additional symbols for all the 

regulations under which approval has been granted in the country 

which granted approval under this Regulation shall be placed in 

vertical columns to the right of the symbol prescribed in paragraph 

4.4.1. 

4.6. The approval mark shall be clearly legible and be indelible. 

4.7. The approval mark shall be placed close to or on the vehicle data plate 

affixed by the manufacturer. 

4.8. Annex 2 to this Regulation gives examples of approval marks. 

 

 12 The distinguishing numbers of the Contracting Parties to the 1958 Agreement are reproduced in Annex 

3 to the Consolidated Resolution on the Construction of Vehicles (R.E.3) (ECE/TRANS/WP.29/78/Rev.6) 
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  5.  Specifications and tests 

5.1.  General 

5.1.1. Any vehicle of categories M1 up to a maximum mass of 3,500 kg, M2, 

M3, N1, N2, N3, O3 and O4, in all cases fitted with a Tyre Pressure 

Monitoring System (TPMS) complying with the definition of 

paragraph 2.8, shall meet the performance requirements contained in 

paragraphs 5.1.2. to 5.6. of this Regulation over a wide range of road 

and environmental conditions encountered within the territory of the 

Contracting Parties. 

5.1.1.1. A Tyre Pressure Refill System (TPRS) shall be deemed to be 

equivalent to a Tyre Pressure Monitoring System (TPMS) when the 

test criteria of Annex 4 are met. In this case, TPMS is not required to 

be installed. 

5.1.1.2. A Central Tyre Inflation System (CTIS) shall be deemed to be 

equivalent to a Tyre Pressure Monitoring System (TPMS) when the 

test criteria of Annex 4 are met. In this case, TPMS is not required to 

be installed. 

5.1.1.3. If more than one system as defined in paragraphs 2.8., 2.14. or 2.15. 

has been installed, all systems shall be approved according to the 

requirements of this Regulation. 

5.1.2. The effectiveness of the tyre pressure monitoring system fitted on a 

vehicle shall not be adversely affected by magnetic or electrical fields. 

This shall be demonstrated by fulfilling the technical requirements and 

respecting the transitional provisions of Regulation No. 10 by 

applying: 

(a) The [03] series of amendments for vehicles without a coupling 

system for charging the Rechargeable Electric Energy Storage 

System (traction batteries); 

(b) The [06 series]13 of amendments for vehicles with a coupling 

system for charging the Rechargeable Electric Energy Storage 

System (traction batteries)  

5.1.3. For vehicles of category M1 up to a maximum mass of 3,500 kg and 

N1, the system shall operate from a speed of 40 km/h or below, up to 

the vehicle's maximum design speed. 

 For vehicles of category M2, M3, N2, N3, O3 and O4, the system shall 

operate from a speed of 25 km/h or below, up to the vehicle's 

maximum design speed. 

5.1.4. The vehicle shall fulfil the tests (puncture, diffusion and malfunction) 

as specified in Annex 3. 

5.1.5. If a variant of any vehicle submitted for approval is fitted with twin 

wheels, that variant shall be used for the tests defined in Annex 3 of 

this Regulation and one of the tyres on a twin wheel (the ‘test tyre’) 

must be deflated for the puncture test in 2.5 of Annex 3 of this 

Regulation. 

5.1.6. For vehicles of categories M1 up to a maximum mass of 3500 kg and 

N1 

 

13 Discussion in the TPMSTI group about how to reference these. Suggestion to remove reference to fixed point 

revisions and state only “the latest..” rather than referring to a specific series. 
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In case of a given warning and if the tyre pressure monitoring system 

is equipped with a reset function but does not detect a minimum 

pressure as defined in paragraphs 5.2.1. and 5.3. after executing the 

reset function, the reset control shall be designed and/or located inside 

the vehicle in such a way that the risk of an inadvertent reset by 

vehicle occupants or cargo is reduced.  

For vehicles where the tyre pressure monitoring system does not 

detect if the pressure is above a minimum pressure as defined in 

paragraphs 5.2.1. and 5.3. after executing the reset function, the tyre 

pressure monitoring system shall include at least measures avoiding a 

reset if the vehicle did not become stationary after a pressure warning 

was issued, and either 

• measures avoiding inadvertent reset control operation (e.g. 

shortly touching on the reset control or continuous blocking 

of the reset control by vehicle occupants or cargo), or  

• an activation by at least two deliberate actions (e.g. in a menu 

based system). 

The manufacturer shall provide in the vehicle owner's handbook, or by 

any other communication means in the vehicle, the necessary 

information. 

5.2. Tyre pressure detection for incident-related pressure loss. 

5.2.1. For vehicles of category M1 up to a maximum mass of 3,500 kg and 

N1, fitted with tyres of the tyre class C1, the TPMS shall illuminate 

the warning signal described in paragraph 5.5. within not more than 

ten minutes of cumulative driving time after the in service operating 

pressure in one of the vehicle's tyres has been reduced by 20 per cent 

or it is at a minimum pressure of 150 kPa, whichever is higher. 

5.2.2. For vehicles of category M1 up to a maximum mass of 3,500 kg and 

N1, fitted with tyres of the tyre class C2, the TPMS shall illuminate 

the warning signal described in paragraph 5.5. within 10 minutes of 

cumulative driving time after the in-service operating pressure in one 

of the vehicle's tyres has been reduced by 20 per cent or it is at a 

minimum pressure of 220 kPa, whichever is higher. 

5.2.3. For vehicles of category M2, M3, N2, N3, O3 and O4, fitted with class 

C2 or C3 tyres, the TPMS shall illuminate the warning signal 

described in paragraph 5.5. within not more than 10 minutes of 

cumulative driving time after the in-service operating pressure in one 

of the vehicle's tyres has been reduced by 20 per cent. 

5.2.4. The low tyre pressure warning signal described in paragraph 5.5. shall 

be illuminated whenever the towed vehicle TPMS provides low tyre 

pressure warning information via the communication interface 

described in paragraph 5.6  

5.3. Detection for a tyre pressure level significantly below the 

recommended pressure for optimum performance including fuel 

consumption and safety. 

5.3.1. For vehicles of category M1 up to a maximum mass of 3,500kg and 

N1, fitted with tyres of the tyre class C1, the TPMS shall illuminate 

the warning signal described in paragraph 5.5. within not more than 

sixty minutes of cumulative driving time after the in service operating 

pressure in any of the vehicle's tyres, has been reduced by 20 per cent 

or it is at a minimum pressure of 150 kPa, whichever is higher. 

5.3.2. For vehicle category of category M1 up to a maximum mass of 

3,500kg and N1, fitted with tyres of the tyre class C2, the TPMS shall 
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illuminate the warning signal described in 5.5. within not more than 

60 minutes of cumulative driving time after the in service operating 

pressure in any of the vehicle's tyres has been reduced by twenty per 

cent or it is at a minimum pressure of [220] kPa, whichever is higher. 

5.3.3. For vehicle categories M2, M3, N2 and N3, fitted with tyres of the tyre 

class C2 or C3, the TPMS shall illuminate the warning signal within 

not more than 60 minutes of cumulative driving time after the in-

service operating pressure in any of the vehicle's rolling tyres in 

contact with the ground has been reduced by 20 per cent.   

5.3.4 For vehicle categories O3 and O4, fitted with tyres of the tyre class C2 

or C3, the TPMS shall transmit an appropriate warning signal 

described in 5.5 within not more than 60 minutes of cumulative 

driving time after the in-service operating pressure in any of the 

vehicle's rolling tyres in contact with the ground has been reduced by 

20 per cent.   

5.3.5. The low tyre pressure warning signal described in paragraph 5.5. shall 

be illuminated whenever the towed vehicle TPMS provides low tyre 

pressure warning information via the communication interface 

described in paragraph 5.6. 

5.4. Malfunction detection. 

5.4.1. The TPMS shall illuminate the warning signal described in 

paragraph 5.5. not more than 10 minutes after the occurrence of a 

malfunction that affects the generation or transmission of control or 

response signals in the vehicle's tyre pressure monitoring system. 

5.4.2. The malfunction indication warning signal described in paragraph 5.5. 

shall be illuminated whenever the towed vehicle TPMS provides a 

malfunction indication via the communication interface described in 

paragraph 5.6. 

5.4.3. The malfunction indication warning signal described in paragraph 5.5. 

shall be illuminated whenever no valid TPMS information is available 

from a connected towed vehicle, that is required to have TPMS, via 

any communication interface described in paragraph 5.6. 

5.5. Warning indication. 

5.5.1. The warning indication shall be by means of an optical warning signal 

conforming to Regulation No. 121. 

5.5.2 In the case of a vehicle of category N2 or N3 towing at least one 

vehicle of category O3 or O4, the optical warning signal referred to in 

5.5.1. must indicate whether any warning relates to the individual 

towing or towed vehicle(s). 

5.5.3. The warning signal shall be activated when the ignition (start) switch 

is in the "on" (run) position (bulb check). This requirement does not 

apply to tell-tales shown in a common space. 

5.5.4. The warning signal must be visible even by daylight; the satisfactory 

condition of the signal must be easily verifiable by the driver from the 

driver's seat. 

5.5.5 For vehicles of category O3 and O4, the optical warning signal referred 

to in 5.5.1 must be displayed to the driver of the towing vehicle of 

category N2 or N3, as specified in paragraph 5.5.4. 

5.5.6. The malfunction indication may be the same warning signal as the one 

used to indicate under-inflation. If the warning signal described in 

paragraph 5.5.1. is used to indicate both under-inflation and a 

malfunction of the TPMS, the following shall apply: with the ignition 

(start) switch in the "on" (run) position the warning signal shall flash 
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to indicate a malfunction. After a short period of time the warning 

signal shall remain continuously illuminated as long as the 

malfunction exists and the ignition (start) switch is in the "on" (run) 

position. The flashing and illumination sequence shall be repeated 

each time the ignition (start) switch is in the "on" (run) position until 

the malfunction has been corrected. 

5.5.7. The tell-tale of the warning described in paragraph 5.5.1. may be used 

in a flashing mode in order to provide information about the reset 

status of the tyre pressure monitoring system in accordance with the 

owner's manual of the vehicle. 

5.6. Communications interface between towing and towed vehicles 

5.6.1 In the case of a vehicle of category N2 or N3 towing at least one 

vehicle of category O3 or O4, the communications interface between 

these vehicles can be achieved via wired or wireless equipment, 

provided that the TPMS equipment in the towing vehicle and in the 

towed vehicle(s) are compatible. 

5.6.1.1. Wired equipment should be based on the braking electric control line 

which conforms to ISO 11992-1 and be a point-to-point type. 

Different wired specifications may be used, provided that the TPMS 

equipment in the towing vehicle and in the towed vehicle(s) are 

compatible. 

5.6.1.2. In the case of a wireless equipment, the communication link must be 

an open standard specification. Provision must be made to ensure that 

the wireless link is set up between the physically connected vehicles 

(as opposed to other vehicles in the vicinity), and that information 

shared over this link is secure against outside interference. 

5.6.1.3. In the case of a point-to-point link between a towing vehicle ECU and 

a towed vehicle ECU, there shall be an open standard specification to 

allow a TPMS ECU, which does not constitute part of the point-to 

point link, to connect, communicate and operate via the towed vehicle 

ECU which constitutes part of the point-to-point link, i.e. standardised 

gatewaying. 

  6.  Supplementary information 

6.1. The owner’s manual, if any, of the vehicle shall contain at least the 

following information: 

6.1.1. A statement that the vehicle is equipped with such a system (and 

information how to reset the system, if the actual system includes such 

a feature). 

6.1.2. An image of the tell-tale symbol described in paragraph 5.5.1. (and an 

image of the malfunction tell-tale symbol, if a dedicated tell-tale is 

used for this function). 

6.1.3. Additional information about the significance of the low tyre pressure 

warning tell-tale illuminating and a description of the corrective action 

to be undertaken if this happens, including the reset procedure if the 

actual system includes such a feature. 

6.2. If no owner's manual is supplied with the vehicle, the information 

required in paragraph 6.1. above shall be displayed in a prominent 

place on the vehicle. 
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  7.  Modifications and extension of approval of the 
   vehicle type 

7.1. Every modification of the vehicle type as defined in paragraph 2.2. of 

this Regulation shall be notified to the Type Approval Authority 

which approved the vehicle type. The Type Approval Authority may 

then either: 

7.1.1. Consider that the modifications made do not have an adverse effect on 

the conditions of the granting of the approval and grant an extension 

of approval; 

7.1.2. Consider that the modifications made affect the conditions of the 

granting of the approval and require further tests or additional checks 

before granting an extension of approval. 

7.2. Confirmation or refusal of approval, specifying the alterations, shall 

be communicated by the procedure specified in paragraph 4.3. above 

to the Contracting Parties to the Agreement applying this Regulation. 

7.3. The Type Approval Authority shall inform the other Contracting 

Parties of the extension by means of the communication form which 

appears in Annex 1 to this Regulation. It shall assign a serial number 

to each extension, to be known as the extension number. 

  8.  Conformity of production 

8.1. The conformity of production procedures shall comply with those set 

out in Appendix 2 of the Agreement (E/ECE/324–

E/ECE/TRANS/505/Rev.2), with the following requirements: 

8.2. The Type Approval Authority which has granted type approval, may 

at any time verify the conformity of production in each production 

facility. The normal frequency of these verifications shall be at least 

once per year. 

  9.  Penalties for non-conformity of production 

9.1. The approval granted in respect of a vehicle type pursuant to this 

Regulation may be withdrawn if the requirements laid down in 

paragraph 8 are not complied with. 

9.2. If a Contracting Party to the Agreement, which applies this 

Regulation, withdraws an approval it has previously granted, it shall 

forthwith so notify the other Contracting Parties applying this 

Regulation, by means of a copy of the approval form bearing at the 

end, in large letters, the signed and dated annotation "APPROVAL 

WITHDRAWN".  

  10.  Production definitively discontinued 

 If the holder of the approval completely ceases to manufacture a type 

of vehicle approved in accordance with this Regulation, he shall so 

inform the authority which granted the approval. Upon receiving the 

relevant communication that authority shall inform thereof the other 

Contracting Parties to the Agreement applying this Regulation by 

means of a copy of the approval form bearing at the end, in large 

letters, the signed and dated annotation "PRODUCTION 

DISCONTINUED". 
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  11.  Names and addresses of Technical 
Services     responsible for 
conducting approval tests, and of    Type 
Approval Authorities  

 The Contracting Parties to the Agreement which apply this Regulation 

shall communicate to the United Nations Secretariat the names and 

addresses of the Technical Services responsible for conducting 

approval tests and of the Type Approval Authorities which grant 

approval and to which forms certifying approval or extension or 

refusal or withdrawal of approval, issued in other countries, are to be 

sent. 

  12.  Transitional provisions 

12.1. As from the official date of entry into force of the 01 series of 

amendments, no Contracting Party applying this Regulation shall 

refuse to grant or refuse to accept type approvals under this 

Regulation as amended by the 01 series of amendments. 

12.2. As from [6 July 2022], for vehicle types of category M1 and as from 

[6 July 2024] for vehicle types of other categories than M1, 

Contracting Parties applying this Regulation shall not be obliged to 

accept type approvals to the preceding series of amendments, first 

issued after [06 July 2022]. 

12.3. Until [6 July 2022], for vehicle types of category M1 and until [6 July 

2024] for vehicle types of other categories than M1, Contracting 

Parties applying this Regulation shall accept type approvals to the 

preceding series of amendments, first issued before [6 July 2022]. 

12.4. As from [06 July 2022], for vehicle types of category M1 and as from 

[6 July 2024] for vehicle types of other categories than M1, 

Contracting Parties applying this Regulation shall not be obliged to 

accept type approvals issued to the preceding series of amendments to 

this Regulation. 

12.5. Notwithstanding the transitional provisions above, Contracting Parties 

who start to apply this Regulation after the date of entry into force of 

the most recent series of amendments are not obliged to accept type 

approvals which were granted in accordance with any of the preceding 

series of amendments to this Regulation/are only obliged to accept 

type approval granted in accordance with the 01 series of 

amendments. 

12.6. Notwithstanding paragraph 12.4., Contracting Parties applying this 

Regulation shall continue to accept type approvals issued according to 

the preceding series of amendments to this Regulation, for the 

vehicles/vehicle systems which are not affected by the changes 

introduced by the 01 series of amendments. 

12.7. [Contracting Parties applying this Regulation shall not refuse to grant 

type approvals according to any preceding series of amendments to 

this Regulation or extensions thereof.] 
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Annex 1 

  Communication 

(maximum format: A4 (210 x 297 mm)) 

  

 

concerning:2 Approval 

   Approval extended 

   Approval refused 

   Approval withdrawn 

   Production definitively discontinued 

of a vehicle type with regard to its tyre pressure monitoring system pursuant to 

Regulation No. 141. 

Approval No.:  ....................     

 Extension No.:  ................. 

1. Trade name or mark of the vehicle: 

 ......................................................................................................................................   

2 Vehicle type (if applicable, variants that are included):  

3. Manufacturer's name and address:................................................................................   

4. If applicable, name and address of the manufacturer's representative: 

  .................................................................................................................   

5. Vehicle submitted for approval on: ..............................................................................  

6. Technical Service responsible for conducting approval tests: ......................................  

7. Date of test report: ........................................................................................................  

8. Number of test report: ..................................................................................................  

9. Brief description of the vehicle type: ...........................................................................  

 

 1 Distinguishing number of the country which has granted/extended/refused/withdrawn approval 

(see approval provisions in the regulation). 

 2 Strike out what does not apply. 

issued by:  Name of administration: 

...................................... 

...................................... 

...................................... 
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9.1. Mass of the vehicle when tested: 

 Front axle: ....................................................................................................................   

 Second axle: .................................................................................................................   

 Third axle: ....................................................................................................................   

 Fourth axle: ..................................................................................................................   

 Fifth axle: .....................................................................................................................   

 Sixth axle: .....................................................................................................................  

 [etc] 

 Total: ............................................................................................................................  

9.2. Tyre Class, Marking and wheel size(s) of standard unit equipment: ............................  

9.3. Brief description of the tyre pressure monitoring system2 / tyre pressure refill 

system2 / central tyre inflation system2 including implemented measures to 

avoid inadvertent reset control operation according to paragraph 5.1.6., if 

applicable ......................................................................................................................  

10. Result of the tests: 

10.1. According to Annex 3 (TPMS), if applicable2: 

 Measured  

Time to warning 

(mm:ss) 

"Puncture test"  

"Diffusion test"  

"Malfunction test"  

 

10.2 According to Annex 4 (TPRS/ CTIS), if applicable2: 

 Start of refilling 

Time [s] 
Refill Process completed  

Time [s] 

Malfunction warning ON 

Time [s] 

"Refill 
function
ality" 

   

"Malfunction warning"    

 

 

11. Position of approval mark: ...........................................................................................  

12. Reason(s) of extension (if applicable):  ........................................................................  

13. Approval granted/refused/extended/withdrawn2 ..........................................................  

14. Place:  ...........................................................................................................................  

15. Date:  ............................................................................................................................  

16. Signature:  ....................................................................................................................  

17. The list of documents deposited with the Type Approval Authority which has 

granted approval is annexed to this communication and can be obtained upon 

request. 
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Annex 2 

  Arrangements of approval marks 

 (See paragraph 4.4. of this Regulation) 

 

         a = 8 mm min. 

 The above approval mark affixed to a vehicle shows that the vehicle type 

concerned has, with regard to the equipment of a tyre pressure monitoring system, 

been approved in the Netherlands (E 4), pursuant to Regulation No. 141 under 

approval number 002439. The two digits of the approval number indicates that the 

approval was granted in accordance with the requirements of Regulation No. 141 as 

amended by the 01 series of amendments. 

 

141R - 012439 
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Annex 3 

  Tests requirements for Tyre Pressure Monitoring 
Systems (TPMS) 

1. Test conditions 

1.1. General 

In the case that both TPRS and TPMS are fitted to a vehicle, when 

TPMS is tested according to the tests outlined in this Annex, then 

TPRS shall be deactivated before commencing tests of TPMS. TPRS 

shall remain deactivated during tests of TPMS and can be reactivated 

after TPMS tests have been completed. 

In the case that both CTIS and TPMS are fitted to a vehicle, when 

TPMS is tested according to the tests outlined in this Annex, then 

CTIS shall be deactivated before commencing tests of TPMS. CTIS 

shall remain deactivated during tests of TPMS and can be reactivated 

after TPMS tests have been completed. 

1.2.  Ambient temperature. 

  The ambient temperature shall be between 0 °C and 40 °C. 

1.3.  Road test surface. 

 The road shall have a surface affording good adhesion. The road 

surface shall be dry during testing. 

1.4. The tests shall be conducted in an environment free of interferences 

from radio wave. 

1.5. Vehicle conditions. 

1.5.1. Test weight. 

 The vehicle may be tested at any condition of load, the distribution of 

the mass among the axles being that stated by the vehicle 

manufacturer without exceeding any of the maximum permissible 

mass for each axle. 

 However, in the case where there is no possibility to set or reset the 

system, the vehicle shall be unladen. For vehicles of category M1 up 

to a maximum mass of 3,500 kg, M2, M3, N1, N2, and N3 there may 

be, in addition to the driver, a second person on the front seat (if 

fitted) who is responsible for noting the results of the tests.  

The load condition shall not be modified during the test. The load 

condition shall not be modified during the test. 

1.5.2. Vehicle speed. 

 The TPMS shall be calibrated and tested for vehicles of category M1 

up to a maximum mass of 3,500 kg and N1: 

(a) In a speed range from forty km/h and 120 km/h or the vehicle's 

maximum design speed if it is less than 120 km/h for the 

puncture test to verify the requirements of paragraph 5.2. to 

this Regulation; and 

(b) In a speed range from forty km/h and 100 km/h or the vehicle's 

maximum design speed if it is less than 100 km/h for the 

diffusion test to verify the requirements of paragraph 5.3 to this 
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Regulation and for the malfunction test to verify the 

requirements of paragraph 5.4. to this Regulation. 

The TPMS shall be calibrated and tested for vehicles of categories M2, 

M3, N2, N3, O3 and O4: 

(c)  In a speed range from 30 km/h and 90 km/h (or the vehicle's 

maximum design speed if it is less than 90 km/h) for the 

puncture test to verify the requirements of paragraph 5.2. to 

this Regulation; and 

(d)  In a speed range from 30 km/h and 90 km/h (or the vehicle's 

maximum design speed if it is less than 90 km/h) for the 

diffusion test to verify the requirements of paragraph 5.3 to this 

Regulation and for the malfunction test to verify the 

requirements of paragraph 5.4. to this Regulation. 

  The whole speed range shall be covered during the test. 

 For vehicles equipped with cruise control, the cruise control shall not 

be engaged during testing. 

1.5.3. Rim position. 

 The vehicle rims may be positioned at any wheel position, consistent 

with any related instructions or limitations from the vehicle's 

manufacturer. 

1.5.4. Stationary location. 

 When the vehicle is parked, the vehicle's tyres shall be shaded from 

direct sun. The location shall be shielded from any wind that may 

affect the results. 

1.5.5. Brake pedal application. 

 Driving time shall not accumulate during service brake application 

while the vehicle is moving. 

1.5.6. Tyres. 

 The vehicle shall be tested with the tyres installed on the vehicle 

according to the vehicle manufacturer's recommendation. However, 

the spare tyre may be utilised for testing TPMS malfunction. 

1.5.7 Lift axle(s) 

 If the vehicle is equipped with lift axle(s), the lift axle(s) shall be fully 

lowered such that the tyres shall have contact with the ground during 

testing. 

1.6. Accuracy of pressure measurement equipment. 

 Pressure measurement equipment to be used for the tests contained in 

this annex shall be accurate to at least +/-3 kPa. 

2.  Test procedure 

 The test shall be performed at a test speed within the range in 

accordance with paragraph 1.5.2. to this annex, at least once for the 

test case according to paragraph 2.6.1. to this annex ("puncture test"), 

and at least once for each test case according to paragraph 2.6.2. to 

this annex ("diffusion test"). 

2.1. Before inflating the vehicle's tyres, leave the vehicle stationary outside 

at ambient temperature with the engine off shaded from direct sunlight 

and not exposed to wind or other heating or chilling influences for at 

least one hour for vehicles of category M1 and N1 and 4 hours for 

vehicles of category M2, M3, N2, N3, O3 and O4. Inflate the vehicle's 
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tyres to the vehicle manufacturer's recommended cold inflation 

pressure (Prec), in accordance with the vehicle manufacturer's 

recommendation for the speed and load conditions, and tyre positions. 

All pressure measurements shall be carried out using the same test 

equipment. 

2.2. With the vehicle stationary and the ignition locking system in the 

"Lock" or "Off" position, activate the ignition locking system to the 

"On" or "Run" position. The tyre pressure monitoring system shall 

perform a check of lamp function for the low tyre pressure tell-tale as 

specified in paragraph 5.5.2. of this Regulation. This last requirement 

does not apply to tell-tales shown in a common space. 

2.3. If applicable, set or reset the tyre pressure monitoring system in 

accordance with the vehicle manufacturer's recommendations and 

verify in particular the measures avoiding inadvertent reset control 

operation according to paragraph 5.1.6. 

2.4. Learning/Tyre warming phase. 

2.4.1. For M1 vehicles of mass up to 3,500 kg and N1 vehicles, drive the 

vehicle for a minimum of 20 minutes within the speed range in 

paragraph 1.5.2. to this annex, and with an average speed of 80 km/h 

(10 km/h). It is allowed to be outside the speed range for a maximum 

cumulative time of two minutes during this phase.  

For vehicles of category M2, M3, N2, N3, O3 and O4 , drive the vehicle 

for a minimum of 120 minutes at a speed of 57 km/h (+10 km/h). It is 

allowed to be outside the speed range for a maximum cumulative time 

of two minutes during this phase.  

2.4.2. At the discretion of the Technical Service, where the driving test is 

undertaken on a track (circle/oval) with only turns in a single 

direction, then the driving test in paragraph 2.4.1. above should be 

equally split  

(+/-2 minutes) in both directions. 

2.4.3. Within the five minutes of completing the learning phase, measure the 

warm pressure of the tyre(s) to be deflated. The warm pressure shall 

be taken as the value Pwarm. This value will be used for subsequent 

operations. 



 TPMS Interim Report 

 

 

 

March 2021  424 
 

2.5. Deflation phase. 

2.5.1. Procedure for the puncture test to verify the requirements of 

paragraph 5.2. to this Regulation. 

Following the requirements specified in 5.1.5, deflate one of the 

vehicle's tyres within five minutes of measuring the warm pressure as 

described in paragraph 2.4.3. above, until it is at Pwarm -20 per cent, 

or it is at a minimum pressure of 150kPa for vehicles of category M1 

up to a maximum mass of 3,500kg and N1, fitted with tyres of class 

C1; 

or 

of 220 kPa for vehicles of category M1 up to a maximum mass of 

3,500 kg and N1, fitted with tyres of class C2, 

whichever is higher, namely Ptest. Following a stabilisation period of 

between two and five minutes the pressure Ptest shall be rechecked and 

adjusted if necessary. 

2.5.2. Procedure for the diffusion test to verify the requirements of 

paragraph 5.3. to this Regulation. 

 For vehicles of category M1 up to a maximum mass of 3,500 kg and 

N1, fitted with tyres of tyre class C1 deflate all tyres within five 

minutes of measuring the warm pressure as described in paragraph 

2.4.3. above, until the deflated tyres are at Pwarm - 20 per cent plus a 

further deflation of 7 kPa, namely Ptest or it is at a minimum pressure 

of 150 kPa. Following a stabilisation period of between two and five 

minutes the pressure Ptest shall be rechecked and adjusted if 

necessary.  

For vehicles of category M1 up to a maximum mass of 3,500 kg and 

N1, fitted with tyres of tyre class C2 deflate all tyres within five 

minutes of measuring the warm pressure as described in paragraph 

2.4.3. above, until the deflated tyres are at Pwarm - 20 per cent plus a 

further deflation of 7 kPa, namely Ptest or it is at a minimum pressure 

of 220 kPa. Following a stabilisation period of between two and five 

minutes the pressure Ptest shall be rechecked and adjusted if 

necessary.  

For vehicles of category M2, M3, N2, N3, O3 and O4 deflate all tyres 

within 15 minutes of measuring the warm pressure as described in 

paragraph 2.4.3. above, until the deflated tyres are at Pwarm - 20 per 

cent plus a further deflation of 7 kPa, namely Ptest. Following a 

stabilisation period of between 5 and 10 minutes the pressure Ptest 

shall be rechecked and adjusted if necessary 2.6. Low tyre pressure 

detection phase. 

2.6.1. Procedure for the puncture test to verify the requirements of 

paragraph 5.2. to this Regulation. 

2.6.1.1. Drive the vehicle along any portion of the test course (not necessarily 

continuously). The sum of the total cumulative drive time shall be the 

lesser of 10 minutes or the time at which the low tyre pressure tell-tale 

illuminates. 

2.6.2. Procedure for the diffusion test to verify the requirements of 

paragraph 5.3. to this Regulation. 

2.6.2.1. Drive the vehicle along any portion of the test course. After not less 

than twenty (20) minutes and not more than forty (40) minutes bring 

the vehicle to a complete standstill with the engine switched off and 

the ignition key removed for not less than one (1) minute or more than 

three (3) minutes. Resume the test. The sum of the total cumulative 
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drive time shall be the lesser of sixty (60) minutes of cumulative 

driving under the conditions set out in paragraph 1.5.2. above or the 

time at which the low tyre pressure tell-tale illuminates. 

2.6.3. If the low tyre pressure signal did not illuminate, discontinue the test. 

2.7. Low pressure tell-tale illumination 

2.7.1. For vehicles of category M1 up to a maximum mass of 3,500 kg and 

N1 

 If the low tyre pressure tell-tale illuminated during the procedure in 

paragraph 2.6. above, deactivate the ignition locking system to the 

''Off'' or ''Lock'' position. After a five minutes period, reactivate the 

vehicle's ignition locking system to the ''On'' (''Run'') position. The 

tell-tale must illuminate and remain illuminated as long as the ignition 

locking system is in the "On" ("Run") position. 

2.7.2. For vehicles of category M2, M3, N2, N3, O3 and O4 

 If the low tyre pressure tell-tale illuminated during the procedure in 

paragraph 2.6. above, deactivate the ignition locking system to the 

''Off'' or ''Lock'' position. After a five minutes period, reactivate the 

vehicle's ignition locking system to the ''On'' (''Run'') position. The 

tell-tale must illuminate within ten minutes and remain illuminated as 

long as the ignition locking system is in the "On" ("Run") position. 

2.8. Inflate all of the vehicle's tyres to the vehicle manufacturer's 

recommended cold inflation pressure. Reset the system in accordance 

with the instructions of the vehicle manufacturer. Determine whether 

the tell-tale has extinguished. If necessary, drive the vehicle until the 

tell-tale has been extinguished. If the tell-tale does not extinguish, 

discontinue the test. 

2.9. Repetition of the deflation phase. 

 The test may be repeated, at the same or different loads, using the 

relevant test procedures in paragraphs 2.1. to 2.8. above, with the 

relevant tyre(s) on the vehicle under-inflated, in accordance with the 

provisions of paragraph 5.2. or 5.3. to this Regulation, whichever is 

relevant. 

3.  TPMS malfunction detection 

3.1. Simulate a TPMS malfunction, for example, by disconnecting the 

power source to any TPMS component, disconnecting any electrical 

connection between TPMS components, or installing a tyre or wheel 

on the vehicle that is incompatible with the TPMS. When simulating a 

TPMS malfunction, the electrical connections for the tell-tale lamps 

shall not be disconnected. 

3.2. Drive the vehicle for up to ten minutes of cumulative time (not 

necessarily continuously) along any portion of the test course. 

3.3. The sum of the total cumulative drive time under paragraph 3.2. shall 

be the lesser of ten minutes or the time at which the TPMS 

malfunction tell-tale illuminates. 

3.4. If the TPMS malfunction indicator did not illuminate in accordance 

with paragraph 5.4. to this Regulation, as required, discontinue the 

test. 

3.5. For vehicles of category M1 up to a maximum mass of 3,500 kg and 

N1 

 If the TPMS malfunction indicator is illuminated or illuminates during 

the procedure in paragraphs 3.1 to 3.3 above, deactivate the ignition 

locking system to the ''Off'' or ''Lock'' position. After five minutes, 
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reactivate the vehicle's ignition locking system to the ''On'' (''Run'') 

position. The TPMS malfunction indicator shall again signal a 

malfunction and remain illuminated as long as the ignition locking 

system is in the ''On'' (''Run'') position. 

3.6. For vehicles of category M2, M3, N2, N3, O3 and O4: 

 If the TPMS malfunction indicator is illuminated or illuminates during 

the procedure in paragraphs 3.1. to 3.3. above, deactivate the ignition 

locking system to the ''Off'' or ''Lock'' position. After five minutes, 

reactivate the vehicle's ignition locking system to the ''On'' (''Run'') 

position. The TPMS malfunction indicator shall again signal a 

malfunction within ten minutes and remain illuminated as long as the 

ignition locking system is in the "On" ("Run") position. 

3.7. Restore the TPMS to normal operation. If necessary, drive the vehicle 

until the warning signal has extinguished. If the warning lamp has not 

extinguished, discontinue the test. 

3.8. The test may be repeated using the test procedures in paragraphs 3.1. 

to 3.6. above, with each such test limited to simulation of a single 

malfunction. 
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Annex 4 

  Test requirements for Tyre Pressure Refilling Systems 
(TPRS) and for Central Tyre Inflation System (CTIS) 

1. Test conditions 

1.1. Ambient temperature. 

The ambient temperature shall be between 0 °C and 40 °C. 

1.2. Road test surface 

Testing shall be performed on even ground. 

1.3. Vehicle condition 

1.3.1. Test weight 

Any weight condition the vehicle is legally approved for. 

1.3.2. Driving situation 

Tests are performed with the vehicle in standstill.  

In case of vehicles of category O3 and O4, electric and pneumatic 

supply shall be provided. 

1.3.3. Stationary location 

When the vehicle is parked, the vehicle's tyres shall be shaded from 

direct sun.  

1.4. Tyres 

The vehicle shall be tested with the tyres on the vehicle according to 

the vehicle manufacturer's recommendation. 

1.5. Accuracy of pressure measurement equipment 

Pressure measurement equipment to be used for the tests contained in 

this Annex shall be accurate to at least +/-10 kPa. 

All pressure measurements shall be carried out using the same test 

equipment.  

2. Test procedure 

2.1.  Vehicle conditioning 

The pressure reservoir (mounted infrastructure) has to be filled 

according to UN Regulation No. 13, Series 11, Supplement 16, 

reservoir pressure limits. Prior to the testing, it has to be ensured that 

each vehicle wheel has rotated at least ten times. Leave the vehicle 

stationary outside at ambient temperature with the engine off shaded 

from direct sunlight and not exposed to wind or other heating or 

chilling influences for at least one hour.  

2.2. Check the systems refill functionality 

Inflate the vehicle's tyres to the vehicle manufacturer's recommended 

cold inflation pressure (Prec).  

Deflate the tyre pressure of one tyre by 20% but not more than 50 kPa 

below the manufacturers recommended cold inflation pressure (Prec).  

2.2.1.  Check refilling according to Figure 1 
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Check that within 2 minutes the TPRS / CTIS starts refilling and the 

optical signal for refilling as described by the manufacturer is ON. 

Refill process shall be completed within 8 min after the refill process 

has started and the optical signal for refilling as described by the 

manufacturer shall be OFF as soon as the refilling process is 

completed.  

After the refilling process has been completed, check that the tyre 

pressure is in a range of +/- 5% of manufacturers recommended cold 

inflation pressure Prec. 

 
Figure 1 

Refilling check. 

2.3. Check system malfunction warning functionality according to Figure 

2 

Inflate the vehicle's tyres to the vehicle manufacturer's recommended 

cold inflation pressure (Prec).  

Constantly deflate the system or the pressure of one tyre by 20% but 

not more than 50 kPa below the manufacturers recommended cold 

inflation pressure (Prec). 

Within two minutes the system shall start refilling and the optical 

signal as described by the manufacturer for refilling is be ON 

Within eight minutes after the start of the refilling the optical signal 

for malfunction as described by the manufacturer shall be ON. 

Figure 2 

Checking system malfunction warning functionality. 
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12 ANNEX 5: DRAFT TEST PROCEDURE FLOW CHART 

 

12.1 Puncture test 

• Speed range 25 – 90 kph 
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12.2 Diffusion test 

• Speed range 25 – 90 kph 

 

•  
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12.3 Malfunction test 
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Executive Summary 

Advanced Emergency Braking Systems (AEBS) means a system that will apply the vehicle 

brakes to avoid a collision without any input from the driver. A warning is given to the 

driver when the collision is still avoidable, but subsequently applies the brakes if the driver 

fails to respond. 

The Regulation (EU) 2019/2144 of the European Parilament and Council (sometimes 

referrd to as the General Safety Regulation or GSR) has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving lives 

on EU roads. One of a package of measures to be implemented within this revision is the 

mandatory fitment of AEBS to passenger cars and vans. 

The objective of the AEBS work package was to provide specific support in the context of 

the UNECE informal working group developing a UN Regulation on Automated Emergency 

Braking Systems (AEBS) for vehicle categories M1 and N1. This work package was divided 

into the following tasks: 

• Task 1: Issues relevant for car/van-to-car, car-to-pedestrian and car-to-cyclist 

o Influence of test conditions 

o Performance tests 

• Task 2: Car/van-to-car 

o Analysis of consumer testing 

o State of the art 

o Adaptation of the requirements for N1 vehicles 

• Task 3: Car-to-pedestrian 

o Analysis of consumer testing 

o False positive test 

• Task 4: Car-to-cyclist 

o Analysis of consumer testing 

• Task 5: Reporting writing 

In order to maximise the quality of the consumer testing analysis these tasks were 

completed only when a broad dataset was available with a variety of different vehicles. 

Due to the nature of the Informal Working Group, the tasks were completed when 

necessary to provide the most benefit to the group. These meetings took place 

approximately every two months with many key stakeholders and Contracting Parties. The 

specific support provided for the Informal Working Group was ad-hoc, some tasks that 

were defined in the scope of the project were replaced by more pertinent tasks for the 

benefit of the group. 
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1 Introduction  
Advanced Emergency Braking Systems (AEBS) have been a voluntarily fitted feature of at 

least some passenger cars since around 2006. Initially systems only functioned in front-

to-rear collisions with other vehicles, but designs have evolved such that at least some 

vehicles can react to imminent longitudinal collisions with pedestrians and cyclists and 

collisions with pedestrians and cyclists crossing the path of the vehicle. Some vehicles can 

also react in certain types of collisions at junctions.  

In terms of the regulatory approach to date, AEBS for front-to-rear collisions became 

mandatory for most trucks and long-distance coaches in a staged approach from 2013 for 

new types and 2015 for all new registrations. 

In terms of consumer information, Euro NCAP has incentivised the fitment of systems to 

passenger cars and some N1 vans (those that are adapted to carry significant numbers of 

passengers) with the following dates for implementation of the consumer tests: 

• 2014 – vehicle front to vehicle rear (full overlap) 

• 2016 – pedestrian crossing 

• 2018 – vehicle front to vehicle rear (partial overlap), pedestrian longitudinal, 

cyclist crossing and longitudinal 

Consequently, AEBS of some sort is fitted to a large proportion of the new passenger cars 

sold today. However, the proportion may be lower for the more advanced systems; and 

the fitment, particularly of advanced systems, is thought to be much lower for N1 category 

vehicles (vans). The European Commission has, therefore, proposed mandating the fitment 

of AEBS for vehicle front-to-rear, pedestrian and cyclist collisions in a staged approach 

from 2024-2026 (introducing AEBS for vehicle-to-vehicle collisions on new types of vehicle 

first and ending with AEBS for vehicle-to-cyclist collisions on all new registrations). The 

technical requirements that would support this action are being developed as a draft UN 

regulation to ensure international harmonisation. They are based on a subset of the Euro 

NCAP requirements with limit values set to provide a minimum standard appropriate to the 

whole market, rather than as a rating intended to encourage best practice. 

This work package has been commissioned to provide some specific evidence in support of 

the UNECE working group progress, in order to ensure that the sub-set of requirements is 

adequate, to consider if the limit values proposed will deliver the benefit anticipated in the 

Commission’s impact assessment, and to assess the proportion of the market that might 

be expected to meet the requirements already. 

Below is a complete list of tasks for this project, indicating where pertinent information is 

located in the document: 

1.1 Tasks relevant to Vehicle-to-Vehicle AEBS 

Performance 

• TRL has completed a cross check to compare the state of the art for N1 vehicles, 

the proposed regulatory requirements against the assumptions made in cost benefit 

analyses supporting the Commission’s impact assessment to assess whether the 

requirements actually being agreed are capable of delivering the value expected in 

the cost-benefit analysis (Section 4).  

• TRL has completed a comprehensive analysis of the known consumer information 

testing performance of car-to-car systems in order to benchmark the state of the 

art in performance and, for systems that have been around longer, how that 

performance has progressed over time.  

Adaptation of requirements to N1 Vehicles 

• TRL has provided comments on collision data, analysis of the literature and 

exposure data to bring the evidence base for N1 vehicles as close as possible to 

that available for M1 (Section 4.1). 

• Comments are provided in relation to the usage of N1 vehicles issues relating to 

the requirements of N1 vehicles and how they compare to other vehicle categories 

(Sections 4.1 and 4.2). 
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• Comments are also provided on whether the requirements for N1 vehicles derived 

from N2 vehicles can be objectively informed, including issues of whether 

requirements for N1 AEBS are set at a different level than for N2/3 (Section 4.3), 

and whether there is justification for more or less stringent requirements (Section 

4.5 and 4.6). 

Performance Tests 

• TRL has provided comments, based on previous testing and research experience to 

support the development of the two tests that are envisaged for car to car collision: 

moving and stationary targets (Section 2.1). 

1.2 Tasks relevant to Vehicle to Pedestrian AEBS 

Performance 

• TRL has completed a comprehensive analysis of the known consumer information 

testing performance of car-to-pedestrian systems in order to benchmark the state 

of the art in performance and, for systems that have been around longer, how that 

performance has progressed over time. 

• The most common pedestrian impact point has been checked to see if the decision 

to test only at the centre of the vehicle correlates with the most statistically 

important collision type, which may be biased towards the nearside (Section 3.2). 

False positive test 

• TRL has commented on the development of a false-positive test for the vehicle to 

pedestrian regulation (Section 2.4). 

Performance tests 

• Comments are provided, based on previous testing and research experience, to 

support the development of the tests that are envisaged for car to pedestrian 

collision (Section 2.2).  

1.3 Tasks relevant to Vehicle to Cyclist AEBS 

Performance 

• TRL has completed a comprehensive analysis of the known consumer information 

testing performance of car-to-cyclist systems is proposed in order to benchmark 

the state of the art in performance and, for systems that have been around longer, 

how that performance has progressed over time. 

Performance tests 

1.4 Tasks relevant for all AEBS 

Influence of conditions 

• To provide evidence relating to this topic it is proposed the GB national collision 

data records (STATS19) are queried to identify how frequently relevant 

environmental conditions are present in collisions where AEBS could have been 

effective. This will include consideration of the presence and illumination of street 

lighting, as per the ‘light conditions’ field in the data. It should be noted that 

approach angle and overlap/alignment of the colliding vehicles may also influence 

the detection performance. To determine the involvement of these factors in AEBS 

relevant collisions, in-depth data would need to be reviewed. This analysis will be 

conducted with high level information available from the national data. Therefore, 

it is expected that this task will not provide any new evidence regarding specific 

details of the collision, instead providing only a high-level analysis. This work has 

yet to be completed. 

Performance tests 

• In this report TRL has provided some initial comments to support the development 

of false reaction test that are relevant for all AEB systems (Section 3.3). 



 AEB Final Report 

 

 

March 2021  445 

 

2 Draft Proposal for a new regulation 
The draft proposal (UNECE, 2018) was reviewed and the key performance features that 

differ from Euro NCAP procedures were identified. The differences are described below. 

Subsequent sections will then describe additional analysis and evidence to inform an 

assessment of the significance of those differences in terms of the expected benefit of the 

regulation. 

 

Topic Section of 
the report 

Item Main difference cf. Euro 
NCAP / effect of proposed 

regulation 

Considerations for AEBS 
Vehicle Front to Vehicle 

Rear 

2.1 Forward collision 
warning 

Design restrictive approach that could 
reduce the effectiveness of the 

system 

Minimum deceleration 
requirements 

Minimum average and peak 
deceleration rates could have 

unintended consequences 

Vehicle load Slightly different minimum 
performance standards in the fully 

laden condition 

Test scenarios (CCRm, 
CCRs & CCRb 

Proposal excludes consideration of 
the braking scenario and excludes 

consideration of partial overlap 
impacts 

Applicable vehicle types Different performance requirements 
for “Full cab” N1 vehicles 

Impact speed: avoidance 
and mitigation 

Different performance requirements 
for “Full cab” N1 vehicles 

Considerations for AEBS 
Vehicle to Pedestrian 

2.2 Forward collision 
warning 

Design restrictive approach that could 
reduce the effectiveness of the 
system in pedestrian crossing 

situations 

Minimum deceleration 
requirements 

Greater deceleration in crossing 
scenarios due to shorter TTC 

combined with avoiding false positives 

Vehicle load Slightly different minimum 
performance standards in the fully 

laden condition 

Test scenarios Pedestrian crossing test only with 
adult and child dummies 

Applicable vehicle types No ‘business and family van’ historical 
data 

Impact speed Two stage approach to performance 
requirements 

Vehicle to Cyclist AEBS 2.3 Forward collision 
warning and minimum 

deceleration rates 

Likely to be similar to those outlined 
in Vehicle to Vehicle and Vehicle to 

Pedestrian 

False positives 2.4  Driving population will become aware 
if a vehicle exhibits unacceptably high 

false positives 
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Topic Section of 
the report 

Item Main difference cf. Euro 
NCAP / effect of proposed 

regulation 

 

Evidence for a selection 
of scenarios 

3 Exclusion of braking 
target scenarios 

The draft regulation doesn’t include a 
braking target vehicle scenario 

Pedestrian crossing 
scenarios 

Complexity of greater deceleration of 
pedestrians at crossings 

False reaction test Knight & Dodd, false positive AEB 
activation when passing a stationary 

vehicle, pedestrian or cyclist when not 
as close as currently proposed in the 

draft regulation 

Assessing AEBS case for 
N1 vehicles 

4 Usage of N1 vehicles Increased usage provides rationale for 
safety requirements 

Safety of N1 vehicles High-level collision evidence to justify 
additional safety action on smaller 

goods vehicles 

Collision data for N1 
compared to other 

vehicles 

Vans are the second most important 
group for AEBS relevant collisions 

after cars 

Brake performance of 
vehicles 

Laden versus unladen vehicle braking 
dynamics 

Influence of load on 
AEBS performance 

Data supports that difference 
between laden and unladen 

performance of AEBS is small 

N1 ‘full cab’ vehicle Separate performance requirements 
for ‘full cab’ vehicles due to inferior 

braking performance 

Proportion of vehicles 
likely to pass draft 

regulation 

5 N1 vehicles Small sample of tests suggest 40-60% 
of N1 vehicles would pass the 

requirements 
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2.1 AEBS Vehicle front to Vehicle rear 

2.1.1 Forward collision warning 

Both the proposed regulation and Euro NCAP test procedures include forward collision 

warning (FCW) as part of their requirements. In a vehicle-front to vehicle-rear collision 

situation, the proposed regulation requires the FCW to be issued 0.8 seconds before the 

start of emergency braking, or immediately upon detection where that is not possible. Euro 

NCAP test the effectiveness of FCW by applying the brakes in a manner representative of 

a normal human emergency reaction after the collision warning is issued. It assumes a 

reaction time of 1.4 seconds and a brake application at a lower average deceleration level 

than the vehicle is capable of. 

The method proposed in the regulation has the advantage that it can be much more simply 

tested and assessed. However, it is a design restrictive approach that could potentially 

carry a risk of unintended consequences. One unintended consequence has already been 

identified by the working group, where a similar approach had been taken in Regulation 

131 (AEBS applied to trucks and buses). Potential problems had been found by industry in 

situations that developed rapidly, for example where a lead vehicle braked hard or a slower 

vehicle cut in from an adjacent lane. In some circumstances automated braking would 

have been capable of avoiding a collision but the fact that a FCW had to be issued 0.8 

seconds before emergency braking commenced effectively meant the FCW was issued upon 

detection and emergency braking was artificially delayed in order to comply with the 

regulation. This requirement therefore reduced the effectiveness of the system. New 

wording has been inserted in the proposed regulation to prevent that specific risk, in 

paragraph 5.2.1.1.  

2.1.2 Minimum deceleration requirements 

The proposed regulation requires that the emergency braking phase applies a minimum 

average deceleration of 3.8 m/s2 with a minimum peak deceleration demand of 6.43 m/s2 

in addition to requirements that collisions should be avoided from a certain initial speed. 

The Euro NCAP procedure does not do this. It relies entirely on the end outcome: collision 

avoidance or the impact speed where avoidance is not possible. It does not seek to control 

how that avoidance is achieved. In the working group, the industry (vehicle manufacturing 

industry) has argued that manufacturers implement different deceleration strategies, both 

between manufacturers and within one vehicle type in response to different potential 

collision situations. They argue that applying minimum deceleration requirements may 

unnecessarily constrain those strategies and that this may have unintended consequences. 

2.1.3 Vehicle Load 

The draft regulatory proposal refers to performance in both unladen and fully laden 

conditions. Euro NCAP tests in only the unladen condition. In reality, neither process is 

tested in a truly unladen condition. Euro NCAP tests with 200 kg load on board to account 

for the driver and the test equipment. The regulatory proposal refers to two adults with 

50 kg load, which is nominally the same as the Euro NCAP requirement if each adult is 

considered to weigh 75 kg. The draft regulation proposes allowing slightly different 

minimum performance standards in the fully laden condition. 

2.1.4 Test Scenarios 

The test scenarios are the configurations of vehicle and target movement and any 

surrounding equipment representing the road environment. When the Euro NCAP tests 

were defined the scenarios were constructed around the characteristics of common real-

world collisions and consideration of the challenges that each configuration would present 

to AEBS. The following scenarios were included from 2014: 

Car to rear of moving car (CCRm): The equipped car collides with the rear of a car moving 

at a constant slower speed ahead. This was the baseline condition, a common collision type 

and considered easiest for the system. 
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Car to rear of stationary car ahead (CCRs): A stationary target car was also a common 

collision type and was considered more challenging for the system because it was harder 

for the detection algorithms to separate a stationary car from other stationary objects that 

might represent a false positive and because the range limit of the sensors meant there 

was less time to track the car before braking was required, compared to a moving car. 

Car to rear of a moving but braking car ahead (CCRb): This involved the equipped car 

following the target car at the same speed at both long and short headways. The lead 

vehicle suddenly braked hard. This could be challenging for systems, particularly at short 

headways because of the short available time to track the vehicle, react and apply brakes. 

All the above scenarios were tested with varying test speeds but all with full impact overlap 

– i.e. the centrelines of the vehicles were aligned within a tight tolerance. In 2018 this last 

part was amended to include requirements for performance at a range of partial overlaps, 

where only 75% or 50% of the AEB equipped vehicle’s width overlaps with the target 

vehicle. 

The current draft of the regulatory proposal excludes consideration of the braking car 

ahead scenario and excludes consideration of partial overlap impacts. 

2.1.5 Applicable vehicle types 

The draft proposal currently applies to M1 and N1 category vehicles. It identifies a sub-set 

of N1 vehicles described as ‘Full Cab’. Documents presented by industry (Clepa-OICA, 

2018) (OICA, 2018) identify a specific type of small goods vehicle that is similar to a large 

truck in design (a separate cab sitting on a ladder frame chassis) but is comparable to a 

small passenger car in total mass (a figure of c.1.35 tonnes was quoted) and tends to have 

a short wheelbase. Industry state that the braking systems for these vehicles are approved 

to UN Regulation 13 rather than Regulation 13H and have a limited brake performance 

(max 7 m/s2) because in unladen conditions the rear wheel is only lightly loaded and 

forward weight transfer under braking lifts further weight off the rear wheel. The analysis 

presented suggests that at 9 m/s2, the loading on the rear axle would become so light that 

it would become directionally unstable. Thus, different performance requirements are 

suggested for these niche vehicles and a method of identifying them has been proposed 

based on the proportion of total mass carried by the front axle and the ratio of the 

wheelbase to the height of the centre of gravity.  

Euro NCAP test procedures are applied to passenger cars (M1) and “business and family 

vans”. These are defined by the ‘heavy vehicle’ protocol as a vehicle within the model range 

where at least one variant exists and meets all of the following criteria: 

• M1 category 

• Maximum Mass (Gross Vehicle Weight) > 2500 kg and <3500 kg 

• 8 or 9 seats, including the driver’s seat 

• Derived from a commercial vehicle 

 

So, as an example the ‘passenger’ variant of the Renault Combi was tested but not the 

panel van or crew van variant. Thus, N1 vehicles were not technically included and no ‘Full 

Cab’ vehicles have ever been tested. However, the standardisation of components would 

be very likely to mean that large elements of the design leading to the Euro NCAP score 

achieved by the passenger van would be transferrable to the N1 variants. 

AEBS was part of what would have been tested by Euro NCAP for these vehicles and, if 

fitted to an M1 variant, it would be available at a technical level across all variants but for 

marketing reasons may or may not be made available on the N1 variants and may be an 

option on N1 where standard on the M1 etc. No vans have been tested since 20151. 

 

1 https://www.euroncap.com 

 

https://www.euroncap.com/en/ratings-rewards/business-family-vans/#?selectedMake=0&selectedMakeName=Select%20a%20make&selectedModel=0&selectedStar=&includeFullSafetyPackage=true&includeStandardSafetyPackage=true&selectedModelName=All&selectedProtocols=34803,30636,26061,24370,1472,5910,5931,-1,14999&selectedClasses=1204&a
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Consultation with a Euro NCAP member organisation suggests that is simply because no 

manufacturers have voluntarily submitted a vehicle and no member organisation has 

chosen to sponsor one. Thus, the influence of Euro NCAP on N1 vehicles will be much more 

limited than on M1 vehicles. 

2.1.6 Impact speed: Avoidance and Mitigation 

The Euro NCAP test has a prerequisite that the system must fully avoid collisions with the 

stationary vehicle from test speeds of 10 to 20 km/h inclusive. Failure to comply with this 

will result in no rating. However, beyond this, points are scored for each speed tested such 

that there is no minimum avoidance speed for the tests in the moving target or braking 

target tests. The overall scoring is complex and interdependent on other safety 

performance levels. The scoring is arranged such that it would be very difficult for a car to 

achieve a 5-star rating without at least some form of AEBS, but it is theoretically possible 

and would require outstanding performance in other areas. For stationary and moving tests 

the relative speeds tested for AEBS are 10-50 km/h. For stationary targets, FCW is 

assessed at 30-80 km/h. The braking test is undertaken with both vehicles at a constant 

50 km/h before lead vehicle braking of 2 or 6 m/s2 with headways of 12 or 40 m. 

The draft regulatory proposal requires performance as outlined in Table 2.1, below. 
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Table 2.1: Proposed maximum impact speeds for AEB vehicle front to rear 

Test 
Type 

Relative 
test 
speed 
(km/h) 

Maximum Impact speed (km/h) 

M1 N1 (α ≥ 1.3) N1 (α ≤ 1.3) 

Laden Unladen Laden Unladen Laden Unladen 

St
at

io
n

ar
y 

Ta
rg

et
 

10 0 0 0 0 0 0 

15 0 0 0 0 0 0 

20 0 0 0 0 0 0 

25 0 0 0 0 0 0 

30 0 0 0 0 0 0 

32 - - 0 0 15 0 

35 0 0 0 0 15 0 

38 - - 0 0 20 15 

40 0 0 10 0 20 15 

42 10 0 15 0 25 20 

45 15 15 20 15 25 25 

50 25 25 30 25 35 30 

55 30 30 35 30 40 35 

60 35 35 40 35 45 40 

 

Test 
Type 

Relative 
test 
speed 
(km/h) 

Maximum Impact speed (km/h) 

M1 N1 N1 ‘Full cab’ 

Laden Unladen Laden Unladen Laden Unladen 

M
o

vi
n

g 
ta

rg
et

 

10 0 0 0 0 0 0 

15 0 0 0 0 0 0 

20 0 0 0 0 0 0 

25 0 0 0 0 0 0 

30 0 0 0 0 0 0 

32 - - 0 0  0 

35 0 0 0 0 - 0 

38 - - 0 0   

40 0 0  0   

42  0  0   

45 -      

50       

55       

60 -      

 

In Euro NCAP, the moving vehicle test is always undertaken with the target vehicle moving 

at a constant 20 km/h. The draft proposal for a regulation also defines a target vehicle 
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speed of 20 km/h, with the vehicle under test moving at either 30 or 60 km/h (unless 

additional tests within the speed range are required by the technical service).  

The proposed requirements are almost the same for most N1 vehicles except that in the 

laden condition, avoidance is only required at 38 km/h. Separate requirements are 

proposed for a small subset of N1 vehicles previously referred to as ‘full cab’ (see Section 

2.1.5). An exception is also proposed for existing N1 types already approved to Regulation 

13 rather than 13H, presumably because of the lower deceleration requirement. 

So, in summary, the main differences are that: 

• The minimum avoidance speed for all vehicles is greater in the regulation than it is 

for Euro NCAP, but is less than the avoidance speed required for a maximum Euro 

NCAP score.  

• The performance of most N1 vehicles can be very slightly lower than for M1, with 

further reductions for a special subset of N1 vehicles. 

• The performance can be lower when fully laden than in the lightly laden case, the 

margin of difference is slightly greater for N1 vehicles than M1 and greater still for 

the ‘full cab’ subset of N1 vehicles. 

 

2.2 AEBS Vehicle to Pedestrian 

2.2.1 Forward collision warning 

In pedestrian crossing situations, the proposed regulation requires a collision warning to 

be issued no later than the moment that AEBS is activated, later than required in normal 

vehicle front to rear circumstances. This is because pedestrian crossing situations evolve 

very quickly such that in many cases there will only be one or two seconds between the 

pedestrian first becoming recognisable as a threat and the moment of impact. Thus, a 

requirement to warn 0.8 seconds before commencement of braking would inevitably delay 

automatic braking in many cases.  

Euro NCAP does not offer any points for the performance of forward collision warning in 

pedestrian crossing situations, for the same reason of short available reaction times. 

2.2.2 Minimum deceleration requirements 

The situation for both the regulatory proposal and Euro NCAP is the same as for vehicle 

front to rear: Euro NCAP control only the end outcome of collision speed; the proposed 

regulations sets a minimum average deceleration of 3.8 m/s2 and a minimum peak 

deceleration of 6.43 m/s2. 

Although the requirements are the same, the situation is different at least for crossing 

situations. The two main factors are: 

• short time available in many cases between a pedestrian becoming recognisable as 

a collision threat; 

• the pedestrian’s ability to accelerate or decelerate quickly to change an imminent 

collision situation to a false positive situation (suddenly stopping short of entering 

the vehicles path or quickly running out of the path). 

These combine, with the need to avoid false positives, to mean that AEBS activation is 

typically at a shorter TTC than is possible in vehicle front to rear situations. As a result, 

deceleration must be high to offer significant benefits and there is less scope for adapting 

acceleration profiles without affecting maximum avoidance speed. 

2.2.3 Vehicle Load 

The situation is the same as for vehicle front to rear (See Section 2.1.3). 
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2.2.4 Test Scenarios 

The regulatory proposal prescribes a system sensitive to crossing collisions whereas Euro 

NCAP has also required a system sensitive to longitudinal situations where pedestrians are 

walking along the road. 

Within the pedestrian crossing category, Euro NCAP test several different scenarios 

• CPNA: Adult crossing from the nearside at a speed of 5 km/h to a collision point 

equivalent to passing 25% of the vehicles width, repeated at an impact point of 

75% and repeated in both day and night conditions. Speed range 20 km/h to 

60 km/h 

• In the CPNA scenario above, when tested at an impact point of 75% the system 

must operate (warn or brake) in day and night from a vehicle speed of 10 km/h. It 

must also detect a pedestrian walking at 3 km/h and reduce speed when tested at 

20 km/h. 

• CPFA: Adult crossing from the offside (farside) of the road at a speed of 8 km/h to 

a collision point at 50% of the vehicle’s width. Tested in daylight only 

• CPNC: A child crossing from the nearside of the road at a speed of 5 km/h from 

behind parked vehicles that obscure the child until relatively late. Tested in daylight 

only. 

The proposed draft regulation tests in one configuration only, a pedestrian crossing with a 

speed of 5 km/h to an impact point equivalent to 50% of the width of the target vehicle. 

The test is repeated with both adult and child dummies. Thus, the regulatory proposal does 

not include requirements for:  

• performance in impacts at either side of the vehicle,  

• performance at night,  

• performance at different pedestrian walking speeds, or  

• performance when the line of sight is obstructed until a relatively short time before 

impact. 

2.2.5 Applicable vehicle types 

This is the same as for vehicle front to rear but it should be noted that because no ‘business 

or family van’ has been tested by Euro NCAP since 2015, then none of that vehicle type 

have been tested according to the pedestrian test protocol, if indeed any such vans are 

currently equipped with the technology (no market research has been undertaken as part 

of this study). 

2.2.6 Impact speed: Avoidance and Mitigation 

The draft proposed regulation considers introducing performance in two steps, allowing a 

ramp up in performance over time. The speeds are shown below. 
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Table 2.2: Proposed maximum speed impacts speeds for AEB Pedestrian2 

Stage Relative 
test 

speed 
(km/h) 

Maximum Impact speed (km/h) 

M1 N1 N1 ‘Full cab’ 

Laden Unladen Laden Unladen Laden Unladen 

St
ep

 1
 

20 0 0 0 0 0 0 

25 0 0 0 0 10 0 

30 0 0 0 0 15 15 

35 20 20 20 20 25 20 

40 25 25 25 25 30 25 

45 30 30 30 30 35 30 

50 35 35 35 35 40 35 

55 40 40 40 40 45 45 

60 45 45 45 45 50 50 

St
ep

 2
 

20 0 0 0 0 0 0 

25 0 0 0 0 0 0 

30 0 0 0 0 0 0 

35 0 0 0 0 15 0 

40 0 0 0 0 20 15 

42 10 0 10 0 25 20 

45 [15] [15] [15] [15] 25 25 

50 [25] [25] [25] [25] 35 30 

55 [30] [30] [30] [30] 40 35 

60 [35] [35] [35] [35] 45 40 

 

Euro NCAP has a pre-requisite that the system at least warns or brakes to some degree at 

10 km/h but otherwise uses test speeds of 20 – 60 km/h. The regulation doesn’t include 

this requirement at present. 

At 20-40 km/h full points are awarded in Euro NCAP for avoidance. However, from 40-

60 km/h it is a pass/fail test. Points are scored if the speed is reduced to 40 km/h or less 

regardless of whether the test speed is 45 or 60 km/h. However, at these speeds then any 

comparison of performance between Euro NCAP and the proposed draft regulation needs 

to be treated with caution because the test scenarios are not directly comparable. For the 

same impact point (50%) Euro NCAP only tests with either a child emerging from behind 

parked cars or with an adult approaching from the offside with a speed of 8 km/h. For the 

same speed and lack of obstruction, then Euro NCAP tests at impact points of 25% or 75% 

instead of 50%. 

  

 

2 Note that requirements for M1 and N1 come from (UNECE, 2018) but for N1 ‘full cab’ comes from (OICA, 2018) 
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2.3 AEBS Vehicle to Cyclist 

 

The implementation of FCW for cyclists in crossing collisions is written as per AEB vehicle 

to pedestrian. In longitudinal cyclist situations it is written as per vehicle front to vehicle 

rear, based on warning on detection but wherever possible 0.8 seconds before activation 

of braking. However, a proposal has been inserted here to make it at the latest 1.7 seconds 

TTC. This would make it consistent with the requirements in the equivalent Euro NCAP test. 

The issues in relation to control on deceleration values and the influence of load are likely 

to be similar to those already outlined for vehicle to vehicle and pedestrian. Most other 

requirements are not yet substantially developed. 

2.4 False Positives 

 

All AEBS are subject to the possibility of false positive activations either in terms of warning 

or, more rarely, braking intervention. Euro NCAP does not make any tests for false 

reactions. Euro NCAP’s aim is to inform the consumer of vehicle performance in situations 

that they will typically not experience themselves. If a vehicle comes to market exhibiting 

unacceptably high false positives, then it is considered that the driving population will 

become aware of that very quickly without further intervention from Euro NCAP such that 

the appropriate market forces already exist. 

UNECE Regulation 131 does include a simple false reaction test that trucks and buses with 

AEBS must pass. The draft regulatory proposal includes three separate tests: one each for 

vehicle to vehicle, pedestrian and cyclist. These are all based on the same principle of 

driving past one or two static targets with significant lateral separation between the side 

of the vehicle and the target. 

2.5 Robustness of the system 

 

It has been proposed that an alternative testing procedure should be adopted to address 

the probabilistic nature of the AEB systems operation. It is suggested that the detection of 

objects is not a digital input, but how a sensor detects an object depends on many factors. 

(e.g. the activation of a turn indicator is a digital input signal, the electrical signal sent to 

the indicator light is determined by the activation of the turn signal input). In order to 

achieve high performance and avoid false activations the detection is highly dependent on 

the characteristics of the object, this means that the AEBS can react differently to the same 

object. Subtle environmental changes make it impossible to replicate an identical test 

under the exact same conditions. This is why AEBS cannot be quarenteed to achieve 

maximum performance 100% of the time. 

It has been proposed that because the intervention of the AEB system is probabilistic in 

nature and not deterministic the test procedure should accommodate for a test failure. This 

proposal states: 

“Any of the above test scenarios, where a scenario describes one test setup at one 

subject vehicle speed at one load condition if one category (Car to car, car to 

pedestrian), shall be performed two times. If one of the two test runs fails to meet the 

required performance , the test may be repeated once. A test scenario shall be 

accounted as passed if the required performance is met in two test runs. The number 

of failed tests runs within one category shall not exceed: 

• 10 percent of the performed test runs for the Car to Car tests; and  

• 10 percent of the performed test runs for the Car to Pedestrian tests.” 

It is considered that this approach will ensure that only vehicles with suitable performance 

from their AEB systems will pass the type approval test whereas those with poor 

performance will fail. 
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3 Assessing the evidence for a selection of scenarios 

3.1 Exclusion of braking target scenario for M1 vehicles 

Lenard and Danton (2010) produced supporting collision data for the original introduction 

of AEBS vehicle front to vehicle rear testing within Euro NCAP. Based on a sample of UK 

collisions studied in-depth, they found that 18% of collisions occurred when the target 

vehicle was in moving traffic but at a lower speed than the bullet vehicle. Forty-six percent 

of collisions involved a target vehicle that was stationary at the time of collision (or at least 

moving at less than 5 km/h). Thus, the remaining 36% occurred when the target vehicle 

was described as ‘slowing…due to an obstruction or ahead of making a manoeuvre’ and 

the bullet vehicle did not react in time. 

The Euro NCAP test procedures cover all of these scenarios, but the proposed regulation 

does not explicitly test for a braking vehicle ahead. Thus, it is theoretically possible that a 

vehicle minimally complying with the regulation may, in situations representing up to 

around a third of relevant collisions, perform less well than one designed to do well in Euro 

NCAP. 

3.2 Pedestrain crossing scenarios 

(Grover, et al., 2015) summarised collision data analysis undertaken in support of the 

development of the Euro NCAP pedestrian test. A table showing the proportion of casualties 

attributable to each broad scenario is reproduced below. 

 

Table 3.1: Comparison of the frequency of pedestrian collision types in different scenarios 
and different countries. Sources (Grover, et al., 2015) 

 

 

The first three scenarios in the table above became the basis of the 2016 Euro NCAP 

requirements. These were refined in 2018 to include night-time tests when walking from 

the nearside and to include a longitudinal scenario for pedestrians walking along in day 

and night 

The impact point was not summarised across different countries but for the UK the detailed 

analysis of (Lenard & Danton, 2010), which found that 42% of frontal collisions with 

pedestrians occurred within the quarter of the vehicle width at the most nearside of the 
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vehicle and a further 22% at the most offside quarter, meaning that 36% occurred in the 

central region of the car between the 25% and 75% impact points. This result was broadly 

supported by an analysis of the German GIDAS data (Seiniger, et al., 2015) which showed 

that impacts near the edges of the vehicle were more common than impacts in the central 

region of the vehicle. 

The collision data cannot give conclusive evidence as to why this pattern emerges, but it 

is likely to be for similar reasons to those underlying why AEBS will find it more challenging 

to avoid collisions in these areas. One underlying feature is the need to avoid false 

positives. When a pedestrian is walking towards the path of a vehicle from the nearside, 

they are travelling at relatively low speed and can decelerate quite quickly. Thus, the 

pedestrian can avoid a collision at a relatively late stage, only a short distance before they 

enter the path of the vehicle. To avoid false positives, the AEBS cannot apply the brakes 

until the pedestrian is similarly close to entering the vehicles path. When the impact is with 

the centre of the vehicle, the pedestrian may still be in the region of 1-2m from the point 

of impact which at 5 km/h would take them approximately 0.7 to 1.4 seconds to reach. 

This is the time the vehicle has available to brake which can result in a substantial reduction 

in speed.  

However, where the impact is with the nearside of the vehicle, say at the 25% impact 

point, then the distance left for the pedestrian to walk when the AEBS can first be activated 

will be somewhere in the region of 0.5m less, depending on vehicle width. This reduces 

the time available to apply the brakes by around 0.35 seconds and the speed that can be 

reduced by the vehicle is significantly less. 

Similarly, performance can be reduced at the offside of the vehicle. In this case, the 

pedestrian might be walking further across the front of the vehicle, say to the 75% impact 

point. So theoretically an increased time is available to brake, so the potential speed 

reduction is greater. However, at the time when the algorithm is considering whether to 

brake, the greater time to collision means greater uncertainty as to whether the pedestrian 

will truly maintain a constant speed over that time or whether they might accelerate to 

avoid collision themselves (simply by walking quicker or beginning to run). This uncertainty 

can lead to the decision to brake being delayed relative to a central collision. 

In theory, if the minimum standard relied only on a 50% impact point it is possible that a 

manufacturer who was less concerned about a lower Euro NCAP score, could avoid some 

of these more difficult technical challenges by designing a system down to the minimum 

standard. This may have disproportionately larger effects on the casualty benefits of that 

system because of the greater number of casualties occurring away from the centre. 

However, the system would still be beneficial for the casualties that do occur in the central 

band. 

Evidence used to support the development of the Euro NCAP tests, for example (Wisch, et 

al., 2013), found that although when pedestrian casualties of all severities were 

considered, daytime collisions were more common, more fatalities occurred at night. This 

was supported by, (Knight & Dodd, 2019) studying the effect of pedestrian AEBS on 

collisions involving buses. Table 4.7 of this report shows that 30% of car to pedestrian 

casualties occur in darkness but that becomes more than 60% of fatalities. 

Although radar and lidar will be relatively insensitive to the lighting conditions, many 

pedestrian AEB systems rely at least partly on visible light sensors (cameras). Even though 

most casualties occur in street lit areas, the light level can strongly influence the 

effectiveness of such systems. Thus, the draft regulation may not enforce night time 

performance in the same way as Euro NCAP encourages it. 

3.3 False reaction test 

 

(Knight & Dodd, 2019) undertook a road trial with a city bus equipped with a prototype 

AEBS intended to function in vehicle front to vehicle rear, pedestrian crossing and cyclist 

longitudinal collisions. The prototype system was based on a system in production in many 

cars and had been developed for true positive performance in track tests but had not yet 
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been tuned specifically to eliminate false positives. In a one-week road trial involving 

approximately 400km of use on real London bus routes, 17 AEB activations that could 

potentially be considered false were recorded. None of these involved simply passing close 

to a stationary vehicle, pedestrian or cyclist as currently proposed in the draft regulation. 

Four main groups of false activation were identified based on review of the video of the scene: 

1. There was no obvious cause of the activation, an obvious false positive 

2. There was at least one pedestrian moving on a potential collision course but then 
stopping, changing direction or moving back. Possibly false activation, possibly simply 
premature and possibly considered true positive if, despite an apparent low collision 
risk, the driver also manually braked in response to the same events.  

3. There was steering around corners or in towards the kerb (e.g. bus stops) and there 
were pedestrians or fixed objects on the kerb that at least momentarily appeared to 
be on a collision course, likely to be a false positive depending on exact timings 
involved.  

4. Moving off from rest at the same time as vehicles ahead (cyclists in two cases, bus in 
one), the equipped vehicle was momentarily gaining on the vehicles ahead. These 
were more a premature intervention than an entirely false one. 

The latter three groups are all situations similar to those that were identified in earlier 

literature (e.g. (Seiniger, et al., 2014)) and in good production systems have largely been 

tuned out (at least for brake interventions if not always warnings). Thus, (Knight & Dodd, 

2019) attempted to recreate two possible false positive scenarios on the test track: 

• Aborted crossing test (Figure 3.1): A crossing pedestrian on a collision course that 

stops abruptly some short distance before entering the path 

• Bus stop test (Figure 3.2): A vehicle approximating entry to a bus stop by steering 

an S-shaped path in towards the kerb and then alongside the kerb, passing a 

stationary pedestrian placed on the kerb. 

 

Figure 3.1: Test configuration for aborted crossing scenario 

 

Figure 3.2: Test configuration for bus stop test 
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In the aborted crossing test, it was found that the prototype system always applied the 

brakes when the dummy stopped 0.6m before entering the path of the vehicle but rarely 

intervened at separations of 0.75 or 0.9m. 

In the bus stop test it was found that the prototype system activated at various stages 

around the time when the bus was pointed in the direction of the pedestrian but that this 

was well before the last point of brake or the last point of steer. The system developers 

had a theory that this was because of a relatively low accuracy of steering angle 

measurement because the sensor was at the hand wheel and there was considerable free 

play in the bus steering. If correct, this may have led to relatively poor path prediction and 

explained the problem. However, extensive investigation and validation was required to 

prove this and would be the subject of future manufacturer development. 

The principles of both track tests were developed into draft protocols for false positive track 

tests for potential use in future Transport for London (TfL) bus procurement. A very simple 

true positive version of the bus stop test was also incorporated because of the potential 

for an unintended consequence. In theory, the easiest way to pass that false positive test 

would be to switch off AEBS if any significant steering angle was applied, which would be 

undesirable in real world situations. 

These false positive track tests could be adapted and adopted for use in the proposed 

regulation if there was a willingness and agreement to supplement the three simple tests 

already included in Annex 3 – Appendix 2 of the draft regulation. 
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4 Assessing the AEBS case for N1 vehicles 
 

The proposed regulation is intended to apply to M1 and N1 vehicles. The Impact 

Assessment for EU action to mandate AEBS showed that it was expected to be cost 

beneficial on N1 vehicles given the type of collisions they experienced. However, the 

supporting research for this effectively assumed that the effectiveness of the system was 

the same as for M1 vehicles because no studies were found that evaluated the effectiveness 

in N1 vehicles. In addition to this, most of the experience with AEBS comes either from 

systems regulated for use in trucks and certain categories of bus, or from Euro NCAP 

evaluations of systems fitted to passenger cars or ‘family vans’ (M1 vehicles derived from 

a design primarily used for N1 vehicles). 

During the development of the proposed regulation, several issues specific to N1 vehicles 

or at least more relevant to N1 vehicles have been identified. The aim of this section is to 

understand whether the usage and accident experience of vans is likely to lead to a need 

for technical requirements more similar to M1 vehicles or N2/N3 vehicles and to investigate 

some of the specific concerns raised in relation to N1. 

4.1 Usage of N1 vehicles 

The common perception is that the usage of vans, and hence their exposure to collision 

risk, is increasing because of the internet shopping phenomenon, though research such as 

(Browne, et al., 2014) strongly suggests the growth in van traffic has been, and will 

continue to be, driven by multiple complex economic, logistics and supply chain factors, 

not just the internet shopping phenomenon. However, EuroSTAT does not consistently 

record data relating to N1 vehicles. Sometimes it is included with cars and sometimes 

lorries and it is hard to identify. Thus, it is not possible to properly quantify this trend at 

the EU-28 level. 

Figure 4.1 shows the total numbers of vans in use in the EU-153 and shows that while 

numbers are indeed increasing, the number of other vehicles in use is increasing faster 

such that they are a smaller proportion of the fleet. 

 

Figure 4.1: Vehicles in use (total vehicle parc) by type in EU-15-2009-14. Source: 
adapted from tabular data contained in (ANFAC, 2014) 

 

3 EU-15 was the largest defined group of member states for which data was consistently available. Data recording 

is less consistent amongst newer Member States. EU-15 includes Austria, Belgium, Denmark, Finland, France, 

Germany, UK, Greece, Ireland, Italy, Netherlands, Portugal, Spain, and Sweden. 
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However, (Knight, et al., 2009) showed that the role of N1 vehicles within the fleet was 

historically very variable across the EU with them forming between around 5% and 22% 

of the fleet in different member states and with some showing a trend for increasing 

prevalence and others showing a constant or declining trend.  

The numbers in use are just one parameter influencing the risk because the distances they 

travel are also relevant, but this is not available on an EU basis, so detailed analysis has, 

therefore, been undertaken on data from the UK. 

 

 

Figure 4.2: Indexed growth in GB distance travelled by different vehicle types 

 

The data allow the distribution of traffic by both road class and the nature of the 

surrounding area (urban or rural) to be analysed. Figure 4.3 to Figure 4.4 below, show 

both the distribution of traffic by road type in 2015 and the different levels of growth 

between 2006 and 2015 on the same road categories. 

 

  

Figure 4.3: 2015 distribution of UK traffic (Vehicle km’s) by road class (left) for all 
vehicle types and traffic growth by road class 2006-15 (right). Source: UK DfT National 

Travel Survey 

 

When all traffic is considered the distribution by type of road is fairly even. Half of all traffic 

is on motorways and major rural roads (major roads are designated with the prefix ‘A’ in 

the UK). Only around 36% of total traffic is carried on urban roads, slightly more than half 

of which is carried on minor urban roads. This may seem slightly counter-intuitive because 



 AEB Final Report 

 

 

March 2021  461 

 

urban areas are more congested. However, it must be remembered that congestion will 

also be a function of the road length, road capacity and time of day that the traffic uses it. 

As a simple example, major urban roads represent just 2.8% of the total road length in 

the UK4 but carried approximately 16% of the traffic. However, it is interesting to note that 

overall traffic volumes reduced on urban roads while growing on motorways and rural 

roads. 

 

  

Figure 4.4: 2015 distribution of UK traffic (Vehicle km’s) by road class for LCVs, Light 
Commercial Vehicles, (left) and traffic growth by road class 2006-15 (right). Source: UK 

DfT National Travel Survey 

 

When LCVs are considered, the traffic distribution in 2015 is close to identical to that of ‘all 

traffic’, which is dominated by passenger cars. However, the pattern of growth is somewhat 

different. The overall levels of growth are much higher but in addition to that the dominant 

growth area is on major rural roads, where growth was very modest for ‘all traffic’. 

 

  

Figure 4.5: 2015 distribution of UK traffic (Vehicle km’s) by road class (left) for HGVs 
and traffic growth by road class 2006-15 (right). Source: UK DfT National Travel Survey 

 

Considering the traffic pattern of heavier goods vehicles (>3.5 tonne max permitted mass), 

it can be seen that LCV use is much more like passenger cars than it is like HGVs. Overall 

HGV traffic has shrunk considerable since 2006, likely to be influenced by the recession, 

among other things. However, it is also clear that the traffic pattern of HGVs has changed. 

HGV use on motorways and major rural roads forms the major part of their overall travel 

and this has declined only very slightly. Their use on minor roads was already only a small 

part of their overall travel but this has declined dramatically (-25% rural minor roads and 

-33% urban minor roads). This suggests a change in the way the freight market has been 

operating and/or in the type of vehicles used to service that market. 

 

4 https://www.gov.uk/government/statistical-data-sets/rdl02-road-lengths-kms 

https://www.gov.uk/government/statistical-data-sets/rdl02-road-lengths-kms
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In summary, the increasing usage of vans, at least in some member states, provides some 

rationale for increasing safety requirements but this may not be repeated uniformly across 

the EU because their role depends heavily on various economic factors in each area. The 

pattern of use of N1 vehicles across different road types would suggest that their exposure 

to risk is more similar to passenger cars (M1) than to heavier goods vehicles (N2/N3). 

4.2 The safety of N1 vehicles in context 

 

In the UK, the number of killed and serious injuries from collisions involving light 

commercial vehicles (goods vehicles <3.5t, N1 category vehicles) has shown some 

evidence of increasing in both absolute terms and as a proportion of all fatalities. However, 

it should be noted that this trend is less clear for fatalities only, and when all casualties are 

considered. 

This trend is similar to equivalent trends for goods vehicles between 3.5 and 7.5 tonnes, 

which also show evidence of an increase. However, it contrasts with collisions involving 

cars, which has hit a plateau after earlier declines and HGVs >7.5t where there is some 

evidence to suggest a continued slight decline. 

Thus, there is at least some high-level collision evidence to justify additional safety action 

on smaller goods vehicles. 

 

 

Figure 4.6: Number of killed and seriously injured casualties from collisions involving N1 
vehicles in GB and the proportion this represents of all GB fatalities. Source: STATS19 

analysis 

4.3 The pattern of AEBS relevant collisions for N1 vehicles compared to other 

vehicle types 

 

In total over the period 2010-2017, when the casualty trends had stabilised somewhat 

after the financial crisis, the numbers of casualties of different severities associated with 

collisions involving different vehicle types are shown below. It should be noted that the 

groups are not mutually exclusive, for example, casualties from a collision involving both 

a car and an HGV will be counted in both groups. As such, the total number of casualties 

from different groups should not be summed. 
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Table 4.1: Number of casualties from GB collisions involving a range of subject vehicle 
types, 2010-2017. Source: STATS19 analysis 

Subject 
vehicle/Collision type 

Fatal Serious Slight Total KSI 

Car 

  

All 10,941 146,395 1,181,544 1,338,880 157,336 

2-vehicle crashes 
only 

4,817 79,814 770,319 854,950 8,4631 

LCV 
<3.5t 

All 1,425 14,632 122,068 138,125 16,057 

2-vehicle crashes 
only 

639 8,210 76,029 84,878 8,849 

HGV 
3.5t - 

7.5t 

All 336 2,469 18,800 21,605 2,805 

2-vehicle crashes 
only 

176 1,502 12,434 14,112 1,678 

HGV >
7.5t 

All 1,835 6,520 41,882 50,237 8,355 

2-vehicle crashes 
only 

972 3,650 26,736 31,358 4,622 

 

Thus, in terms of total effects, collisions involving cars are the most important regardless 

of the casualty severity considered. Vehicles of category N1 (LCV<3.5t) are second most 

important when the total number of casualties is considered or when serious injuries are 

considered. However, when only fatalities are considered the heaviest goods vehicles 

become more important. 

4.3.1 Vehicle front to rear collisions 

 

Vehicle front to rear collisions represent a substantial proportion of casualties but tend to 

be less severe than other collision types such that they represent a smaller proportion of 

fatalities. This pattern is considered for the different groups of collisions identified below. 

 

Table 4.2: Proportion of GB collisions involving each subject vehicle that involve the front 
of the subject vehicle hitting the rear of another vehicle (excluding motor cycles, pedal 

cycles, horses, mobility scooters etc). Source: STATS19 analysis 

Subject vehicle Fatal Serious Slight Total KSI 

Car 2.8% 3.7% 16.2% 14.8% 3.6% 

LCV <3.5t 4.8% 3.7% 13.3% 12.2% 3.8% 

HGV 3.5t - 7.5t 2.4% 3.1% 11.0% 9.9% 3.0% 

HGV >7.5t 4.3% 6.4% 14.1% 12.8% 5.9% 

 

The effect of severity can again be seen here. In general front of N1 vehicle to rear of other 

vehicle collisions are slightly less frequent than car to other vehicle rear but slightly more 

severe. In general, the frequency is similar to the heaviest goods vehicle and less severe. 

However, the number of fatalities involving N1 vehicles in this configuration is slightly 

anomalous, being higher than that from the heaviest goods vehicles. The reason for this is 

unknown. 
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It is possible to identify pre-impact manoeuvres in STATS19 that allow the number of 

collisions involving the vehicle hit in rear being stationary (parked, waiting to go - held up, 

waiting to turn left or right) to be approximated. This has been undertaken and the results 

for the number of killed and seriously injured are shown in Table 4.3, below. 

 

Table 4.3: Proportion of subject vehicle front to other vehicle rear killed or seriously 
injured casualties that involve the other vehicle undertaking a manoeuvre likely to mean 

it was stationary at impact. Source: STATS19 

Subject vehicle KSI 

Car 45.2% 

LCV <3.5t 42.7% 

HGV 3.5t - 7.5t 35.7% 

HGV >7.5t 36.4% 

 

It can be seen that the distribution of serious casualties by manoeuvre for N1 vehicles is 

in between but closer to that for passenger cars than to larger goods vehicles (N2/3). 

Information on vehicle speed is not available from STATS19, only the speed limit of the 

road on which the vehicle was travelling. The distribution of front to rear collisions 

experienced by different subject vehicles is shown inFigure 4.7, below. 

 

 

Figure 4.7: Distribution of GB casualties from front to rear collisions by subject vehicle 
type and speed limit of the road the collision occurred on. Source: STATS19 analysis 

 

It can be seen that the distribution is substantially different for different vehicle types. N1 

vehicles are slightly more likely than M1 to be travelling on higher speed roads when they 

have front to rear shunt collisions. HGVs, particularly the larger ones are much more likely 

to be on a high-speed road. In terms of collision frequency, N1 vehicles are most closely 

matched to M1 rather than larger goods vehicles. However, when this is restricted to 

fatalities only, then the collisions are more likely on a high-speed road for all vehicle types 

and some of the difference between vehicle types is eroded. 
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Figure 4.8: Distribution of GB fatalities from front to rear collisions by subject vehicle 
type and speed limit of the road the collision occurred on. Source: STATS19 analysis 

 

The degree to which the proposed requirements, based on M1 characteristics, will influence 

those collisions on the highest speed roads, will depend on the detail of travel speed and 

relative speed between vehicles prior to impact which has not been identified in this brief 

review. There is some chance that the effectiveness of a system that has slightly lesser 

standards than that designed for M1, might be less effective on N1 vehicles because of the 

higher speed distribution, particularly for fatalities. 

However, it should be noted that the effectiveness used in the impact assessment was 

based mainly on two studies of effects in passenger cars. (Fildes, et al., 2015) was based 

on a list of case vehicles that was mainly based on Volvo cars because Volvo had made 

their City Safety system standard across a range of models, making it easy to identify 

AEBS fitment in the data. (Cicchino, 2016) studied police reported collisions in the USA 

and did cover a wider range of vehicle models including several Volvo City Safety models 

but also models from Acura, Mercedes and Subaru.  

(Hulshof, et al., 2013) showed that most vehicles equipped with a lidar powered ‘city 

safety’ style AEBS could avoid collisions at up to around 30 km/h and could do nothing at 

all with higher speeds. Volvo’s system would avoid at up to 20 km/h and would reduce 

impact speeds from a higher initial speed. However, above 30 km/h the amount of speed 

reduced was only a few km/h. The Subaru system was able to avoid collisions at up to 

50 km/h. No Mercedes or Acura vehicles were tested. 

This suggests that the effectiveness assumed in the commission’s impact assessment was 

based predominantly on AEBS that would avoid at a maximum of 30 km/h, which is less 

than proposed in the draft regulation because the technology has moved on since then. In 

terms of impact speeds, therefore, even if the distribution of speed for N1 is higher than 

M1, the effectiveness still stands a good chance of meeting the expectation set in the 

impact assessment. 
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4.3.2 Pedestrian collision 

The number of pedestrians injured in single vehicle collisions with different vehicle types 

is shown in Table 4.4, below. 

 

Table 4.4: Number of GB pedestrian casualties from single vehicle collisions by vehicle 
type and severity. Source: STATS19 analysis 

Subject Vehicle Fatal Serious Slight Total   KSI 

Car 1,821 29,406 108,439 139,666 31,227 

LCV<3.5t 219 2,261 8,094 10,574 2,480 

HGV 3.5t-7.5t 59 332 1,100 1,491 391 

HGV>7.5t 347 533 977 1,857 880 

 

Pedestrian collisions involving cars are most frequent and HGVs are least frequent. Vans 

are in between. However, this changes substantially when more serious injuries, 

particularly fatalities are considered. Although cars remain by some distance the largest 

group of fatalities, the order is reversed for HGVs and LCVs. The distribution of pedestrian 

casualty severity is shown for collisions involving each vehicle type in Table 4.5, below. 

 

Table 4.5: Severity distribution of GB single vehicle pedestrian casualties by the vehicle 
type they collided with. Source: STATS19 analysis 

Subject Vehicle Fatal Serious Slight Total KSI 

Car 1.3% 21.1% 77.6% 100.0% 22.4% 

LCV<3.5t 2.1% 21.4% 76.5% 100.0% 23.5% 

HGV 3.5t-7.5t 4.0% 22.3% 73.8% 100.0% 26.2% 

HGV>7.5t 18.7% 28.7% 52.6% 100.0% 47.4% 

 

It can be seen that the proportion killed is strongly correlated with vehicle size. AEBS on 

M1 vehicles will have the greatest benefits regardless of severity. However, when the 

benefits for N1 vehicles are considered, greater fatality benefits might be expected from 

measures applied to the much smaller number of HGVs. 

The requirements for AEBS in the draft regulation apply only to situations of pedestrians 

crossing the road. The proportion crossing the road is shown in Table 4.6, below. 

 

Table 4.6: Proportion of pedestrian casualties that were crossing the road at the time of 

collision, by vehicle type and casualty severity. Source: STATS19 analysis 

Subject vehicle Fatal Serious Slight Total KSI 

Car 64.5% 80.4% 79.0% 79.0% 79.2% 

LCV <3.5t 63.6% 78.9% 75.7% 76.1% 77.1% 

HGV 3.5t - 7.5t 74.1% 74.3% 65.1% 68.3% 74.2% 

HGV >7.5t 75.1% 76.0% 70.0% 73.5% 75.6% 
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The regulatory proposal only applies requirements in lighting conditions >2000lux: 

daylight. The proportion of casualties that occur during darkness is shown in Table 4.7, 

below. 

 

Table 4.7: Proportion of GB pedestrian casualties that occur in conditions of darkness, by 
vehicle type and casualty severity. Source: STATS19 analysis 

Subject vehicle Fatal Serious Slight Total KSI 

Car 63.1% 36.0% 27.7% 30.2% 38.1% 

LCV <3.5t 49.0% 27.8% 20.7% 23.5% 30.3% 

HGV 3.5t - 7.5t 25.9% 18.8% 13.6% 16.0% 20.3% 

HGV >7.5t 30.8% 21.1% 15.5% 21.9% 25.9% 

 

For M1 vehicles, 30% of all casualties occur in darkness but 63% of fatalities occur in 

darkness. The same trend that pedestrian collisions are more likely to be fatal if they occur 

in the dark can be seen for all vehicle types. However, the frequency of collisions in the 

dark is lower for N1 than M1 and lower still for N2/3. The reason for this cannot be inferred 

directly from the data but may be related to the level of use of each vehicle type in urban 

areas at night. 

Information on vehicle speed is not available from STATS19, only the speed limit of the 

road on which the vehicle was travelling. For all vehicle types, fatal pedestrian collisions 

were most likely to occur in 30 mile/h speed limits and the distribution of N1 vehicles by 

speed limit was closest to that for passenger cars. HGVs (N2) of between 3.5t and 7.5t 

had a much higher proportion of their pedestrian fatalities in 30 mile/h limits, compared to 

M1/N1. Heavier goods vehicles >7.5t were less likely to be in a 30 mile/h zone and more 

likely to be in a higher speed limit. 

However, (Knight & Edwards, 2010) analysed in-depth data on fatal collisions involving 

LCVs which identified the impact speed of the vehicle when it collided with a pedestrian 

that was killed. The cumulative frequency is shown in Figure 4.9, below. It should be noted 

that these are the speeds at the moment of impact and in some cases pre-impact braking 

may have occurred before impact such that the travel speed before that was higher. It is 

the pre-emergency braking travel speed that will correspond with test speeds for AEB. 

 

Figure 4.9: Cumulative frequency of LCV speed at the point of impact with a pedestrian. 

Source: (Knight & Edwards, 2010) 
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It can be seen that almost half of pedestrian fatalities from collisions with N1 category 

vehicles occur with an impact speed of between 40 and 50 km/h. Thus, the proposed 

performance level of AEBS in the draft regulation would be expected to influence significant 

numbers of casualties. 

4.3.3 Vehicle to pedal cycle collisions 

 

The number of pedal cycle casualties from collisions with different types of vehicle is shown 

in Table 4.8, below. 

 

Table 4.8: Pedal cycle casualties from GB collisions by other vehicle type and severity 

2010-2017. Source: STATS19 

Subject vehicle/Crash type Fatal Serious Slight Total KSI 

Car 

  

All 448 18,916 99,962 119,326 19,364 

2-vehicle crashes only 370 17,923 96,731 115,024 18,293 

LCV <3.5t All 66 1,848 8,350 10,264 1,914 

2-vehicle crashes only 52 1,683 7,894 9,629 1,735 

HGV 3.5t 
- 7.5t 

All 35 288 1,126 1,449 323 

2-vehicle crashes only 34 270 1,046 1,350 304 

HGV >7.5t All 120 482 1,015 1,617 602 

2-vehicle crashes only 114 436 932 1,482 550 

 

The basic pattern is similar to that for pedestrians. Cars are always most important. N1 

vehicles are next most important in terms of frequency but the much greater severity of 

collisions involving heavier goods vehicles means that they are more important than N1 

vehicles in terms of fatalities. 

4.4 Brake performance of vehicles 

The project team were provided full technical details of one N1 vehicle tested in both lightly 

and fully laden conditions according to the vehicle front to rear of stationary vehicle in Euro 

NCAP procedures. Acceleration traces from lightly laden and fully laden low speed tests are 

shown in Figure 4.10, below. 
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Figure 4.10: Forward acceleration of test vehicle in AEB CCRs test at 10 km/h, lightly 
laden (top) and laden (bottom). 

 

It can be seen that acceleration quickly rises to a peak and then drops again. The peak is 

not sustained because the vehicle is already coming to rest by the time it is reached. The 

peak in light load condition is 10 m/s2 compared with 8m/s2 with a full load. However, this 

difference is not a consequence of the load but of slight variation in activation timing and 

initial speed meaning that the vehicle is coming to rest before a higher peak is reached. 

The mean decelerations were approximately 4.9m/s2 unladen and 4.3 m/s2 laden, though 

this varies slightly depending on how exactly they are defined (approximate start of 

acceleration until zero speed reached in this case). 

The equivalent traces for tests at 25 km/h, where the system mitigates strongly but does 

not avoid impact, are shown in Figure 4.11, below. 

 



 AEB Final Report 

 

 

March 2021  470 

 

 

 

Figure 4.11: Forward acceleration of test vehicle in AEB CCRs test at 25 km/h, lightly 
laden (top) and laden (bottom). 

 

In each of these tests, peaks approaching 10 m/s2 are reached and high levels of 

acceleration are sustained. The average decelerations were approximately 6.3 m/s2 lightly 

laden and 5.6 m/s2 laden. 

The instrumentation fitted to vehicles is not able to identify exactly when braking is 

demanded, only when resulting acceleration begins to climb above the noise level 

experienced in normal driving. In each of these tests the acceleration reaches an initial 

peak around about 0.6 seconds after it begins to climb and there is no obvious trend for 

this time increasing substantially with the addition of load (albeit a modest difference 

between light and full of only 300kg in this case). 

The vehicle involved in these tests is unknown but thought to be broadly representative of 

the Ford transit/VW transporter sector of the N1 market. Variation in performance may be 

likely, particularly for niche specialist vehicles.  

(Knight & Dodd, 2019) tested an air braked M3 city bus with a prototype AEB system and 

found that it produced similar peak decelerations and rise times in certain circumstances. 

However, this system varied its performance quite considerably depending on the 

circumstances, as shown in Figure 4.12 to Figure 4.14. 
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Figure 4.12: Longitudinal bus acceleration: Low speed avoided car collision 

 

Figure 4.13: Longitudinal bus acceleration: Avoided 75% (offside) pedestrian impact 

 

 

Figure 4.14: Longitudinal bus acceleration (top) and rate of change of acceleration 

(bottom): Difficult: failed to avoid 25% (nearside) pedestrian impact 

 

In a low speed front to rear test the peak acceleration applied was only 4.3 m/s2 and the 

mean was only 3.6 m/s2. This would fail the proposed criteria for minimum acceleration 

thresholds in the regulation. In a city bus context this would not be a good thing because 

there is an incentive to minimise acceleration and jerk because of the risks to seated but 

unrestrained passengers and standing passengers. Thus, if applied to city buses the 
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regulation would require a good system to become less safe. However, in vehicle front to 

rear collisions, a city bus can potentially apply braking earlier than a passenger car without 

risking false positives because the cornering performance of the vehicle and the ability to 

avoid by steering is much less. Thus, an M1 or N1 may have less opportunity to reduce the 

acceleration to these levels as well as reduced potential for adverse consequences from 

preventing the use of lower acceleration applied earlier to achieve the same result. 

(Korea MLIT, 2018) reported on AEBS tests of nine cars and found that in the test against 

a target moving at constant speed then there was at least one car in each of A and D 

segment that did not use an average deceleration in excess of the 3.8 m/s2 and the authors 

appeared to note that not all of those test vehicles collided. They did say that this only 

occurred in low speed collisions. With respect to the peak deceleration, it was found that 

all test vehicles did achieve a peak deceleration in excess of 6.43 m/s2. This does suggest 

that the proposed acceleration limits in the draft regulation may pose less of a restriction 

for M1 vehicles than for M3 but does not explicitly cover N1 vehicles. 

It is generally accepted that, the moving test reported above (Korea MLIT, 2018) is the 

easiest test in which to achieve avoidance at all speeds and, is therefore, the test with the 

greatest opportunity for avoidance with low levels of acceleration. 

In the less demanding pedestrian scenario on the M3 bus (Figure 4.13), the acceleration 

application is staged with an overall time to peak of around 0.75 seconds, again aiming to 

minimise risks to passengers. However, in a more demanding pedestrian situation (Figure 

4.14)the time to reach peak acceleration was approximately halved. 

The city bus had a GVW of 18 tonnes, and full commercial vehicle air brakes and tyres, yet 

had peak acceleration values that could almost match the N1 van tested and in the most 

demanding situations a time to peak value less than observed in the N1 test. 

The influence of cornering performance of the vehicle on the potential AEB performance in 

a vehicle front to rear situation is substantial and is very independent of the braking 

performance of the vehicle. The brakes of a 44-tonne articulated N3 truck would be 

expected to be slower to respond and to produce a lower peak acceleration than a high-

end passenger car. However, (Knight & Avery, 2015) reported that a Volvo FH16 44 tonne 

articulated HGV (unladen) achieved an avoidance speed from 80 km/h in the stationary 

test, far higher than any passenger car had tested at the time. The reason for this is that 

earlier intervention is considered acceptable because of the reduced ability to avoid the 

collision by steering. 

It should be noted that this advantage of vehicles with lower cornering performance does 

not necessarily extend to situations where pedestrians or cyclists are crossing because in 

these situations it is usually not the time required to avoid by steering that limits how early 

braking intervention can be applied. 

It should be noted that these test points are just three examples of many different vehicles. 

Whilst they show what is possible with existing technology, they may not be representative 

of the full range of the market. 

4.5 The influence of load on the AEBS performance 

One AEBS test result relating the effect of load was made available to the project team on 

the basis that it remained anonymous. The test was undertaken on an N1 vehicle with a 

GVW of approximately 2,000kg and a payload capacity including the driver of nearly 500kg. 

A ‘lightly laden’ test was undertaken as per the Euro NCAP procedures with a driver and 

the test equipment weighing 200kg. The test was repeated at full load, an increase in mass 

of approximately 300kg. Three repeat runs were undertaken in each condition. The results 

are shown in Figure 4.15, below; where the x-axis is the test speed and the y-axis is the 

impact speed (both in km/h). 
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Figure 4.15: Results from AEB vehicle to stationary vehicle test in light and full load 
conditions for a medium N1 vehicle 

 

No clear difference in performance can be observed between the load conditions. Analysis 

of individual results showed that in the key conditions at 25 km/h and 30 km/h variation 

between repeat runs in the same condition exceeded the difference in the mean 

performance between the load conditions. 

Different vehicles and different sizes of payload may give rise to variation in the amount 

of difference load causes to the results. It is also possible that the effect may be different 

in different scenarios (e.g. pedestrian crossing situations which are very sensitive to 

reaction time). The above is just one data point within many possible but does support the 

general position taken in the current draft regulatory proposal that the difference between 

laden and unladen AEBS performance is small. 

4.6 The case for separate requirements for N1 ‘full cab’ vehicles 

 

(Clepa-OICA, 2018) identified a vehicle that they refer to as a ‘light truck’ or ‘full cab’ N1. 

This is an N1 vehicle by GVW, an example given was a GVW of 1362 kg, but is constructed 

like a larger truck with cab on chassis and has a short wheelbase and a lightly loaded rear 

axle when unladen. The physics of braking reviewed by this proposal is correct and the 

example provided correctly worked out. If vehicles of these geometries are used, then the 

mass transfer under high acceleration braking has the potential to permit lateral instability 

because of a dramatically reduced dynamic load on the rear wheel. Thus, for this type of 

vehicle, a special case may be justified. 

It is understood that the type of vehicle intended to fall into this category is the kei truck 

popular in Japan, examples might include the Daihatsu Hijet, Honda Acty, Suzuki Carry 

etc.  

The calculation in the proposal (Clepa-OICA, 2018) of a maximum braking of 7 m/s2 has 

been shown to be appropriate. The calculation of the maximum avoidance speed of 

35 km/h assumes that automated braking is activated at the same time to collision of 

0.9 seconds. However, the time to collision at which the AEBS activates for vehicle front 

to rear is based on the last point of braking but also the last point of steering. The cornering 
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performance of these light trucks is not known but there is at least potential for it to also 

be less than for M1/N1 vehicles. Detailed specifications for these vehicles do not appear to 

be readily available on the internet. However, as an example, it appears the Daihatsu Hijet 

has an overall width of about 1.395 m5, such that the track width might be in the region 

of 1.2 m. If it was assumed it had the same unladen centre of gravity height as the example 

provided by (Clepa-OICA, 2018) of 0.56, then the static stability factor (excluding 

suspension/body roll effects) would be slightly less than 1.1. This is substantially less than 

most M1 passenger cars, though substantially more than most HGVs (>3.5t). 

Thus, confidence in the proposed avoidance speed would be significantly increased if 

further evidence was provided on the cornering capability of this special class of ‘light truck’ 

in comparison to values considered more typical for both M1 and N1 vehicles. 

The final consideration in relation to this special case, is the proposed method for 

identifying whether a vehicle falls into this category: the formula below. 

𝑊𝑟

𝑊
∗
𝐿

𝐻
≤ 1.3 

Where  W = weight 

 Wr = weight on the rear axle 

 L = wheelbase 

 H = height of centre of gravity 

The formula appears to provide a sound method of identifying vehicles that might suffer 

from the brake distribution problem defined. Based on the evidence of what value of the 

ratio is obtained by the ‘light truck’ vehicles and normal N1 and M1 vehicles, then the 

choice of a threshold of 1.3 appears highly appropriate. 

  

 

5 https://en.wikipedia.org/wiki/Daihatsu_Hijet#Tenth_generation_(S320,_S330,_S500,_S510) 

https://en.wikipedia.org/wiki/Daihatsu_Hijet#Tenth_generation_(S320,_S330,_S500,_S510)
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5 The proportion of vehicles likely to pass the draft regulation 

5.1 M1 vehicles 

 

A set of EuroNCAP test results for the AEB tests for front-to-rear car-to-car tests, 

pedestrian and cyclist tests was provided by EuroNCAP. This covered vehicles Euro NCAP 

had tested between 2014 and 2018 but it should be noted that the test protocols changed 

significantly during this time. 

For each of the scenarios described below, the impact speed of each vehicle under test for 

each speed was recorded as part of the EuroNCAP test procedure. These results were 

analysed to determine what proportion of the vehicles tested would have met the maximum 

impact speed requirements within the proposed draft regulation. 

5.1.1 Vehicle front to rear 

 

Only the results of the car to rear of stationary car ahead (CCRs) tests were analysed. Data 

for the car to rear of moving car (CCRm) scenarios was provided but was in the form of 

colour data6 instead of absolute impact speeds.  

Table 5.2 shows that for test speeds up to 30km/h over 90% of the vehicles tested would 

have met the maximum impact speed requirements in the proposed draft regulation. Above 

30km/h, there was a steady decline in the number of vehicles that would have been 

compliant, but the overall proportion still remained high at over 70%. 

Table 5.1 Proportion of NCAP tested vehicles (M1 Unladen) meeting proposed maximum 
impact speeds for AEB vehicle front to rear. (Source: EuroNCAP 2014-17) 

Test 

Type 

VUT test 

speed 

(km/h) 

Max 

Impact 
Speed 

(km/h) 

Proportion of 
EuroNCAP test 

vehicles 
meeting 

requirements 

S
ta

ti
o

n
a
r
y
 T

a
r
g

e
t 

(
C

C
R

s
)
 

10 0 99% 

15 0 99% 

20 0 99% 

25 0 93% 

30 0 85% 

35 0 80% 

40 0 77% 

45 15 71% 

50 25 70% 

In the above sample, there were five vehicles that passed the requirement at 50 km/h but 

failed the requirement at one or more lower speeds. The proposed regulation requires that 

 

6 The vehicle manufacturer is required to provide with colour data detailing the performance of the vehicle. The 

different colours represent the range within which the impact speed is expected to fall. Exact impact speeds are 

not required or provided. The results are then verified by EuroNCAP through testing a sample of test scenarios. 
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each vehicle will pass at every speed. Thus, the overall pass rate is lower with only 52 of 

the 82 vehicles tested (63%) passing all speeds. It should also be noted that the NCAP 

data covered test speeds ranging between 10km/h and 50km/h, whereas the draft 

regulation requires tests to be undertaken between 10km/h and 60km/h. Therefore, the 

pass rate of 63% might be considered to be an overestimate as the NCAP data shows that 

it becomes progressively harder to pass the test as the speed increases. 

5.1.2 Vehicle to pedestrian 

 

The proposed draft regulation tests one configuration only, a pedestrian crossing with a 

speed of 5 km/h to an impact point equivalent to 50% of the width of the target vehicle. 

This exact scenario is not tested within the EuroNCAP protocol so instead the results of the 

CPNA tests (adult crossing from the nearside at a speed of 5 km/h to a collision point 

equivalent to passing 25% or 75% of the vehicles width) were analysed. Two factors will 

influence how comparable the performance is at each position across the front of the 

vehicle: 

• Time available for braking: The time that is theoretically available to brake will 

be longer, the further the pedestrian walks across the front of the vehicle before 

impact. Based on this parameter alone it would be expected that performance at a 

50% impact point would be better than at 25% but not as good as at 75%. 

• Confidence that an impact will occur: The time that is actually available for 

braking will also depend on the exact moment the system chooses to activate 

braking. This decision will depend on the level of confidence that the system has 

that an impact will occur. Pedestrians walking toward the path of a vehicle can stop 

suddenly or quickly step back out of the path of a vehicle when the system would 

be predicting an impact at the nearside. When an impact is predicted at the farside 

of the vehicle then it is possible that the pedestrian could accelerate (walk faster, 

start to run) and move out of the path of the vehicle. Systems will be tuned to avoid 

activating in a system that may turn out to be regarded as a false positive and, 

therefore, may react at different times. From this perspective performance at 50% 

impact point ought to be optimum (least chance of a change in pedestrian behaviour 

avoiding collision) with confidence decreasing as the impact point gets nearer to 

the edges of the vehicle.  

 

Therefore, the results of the 25% and 75% tests have been assumed to provide a range 

of results within which the pedestrian crossing with an impact point at 50% of the vehicle 

width could be expected to fall. However, it is possible that some systems could give better 

performance at 50% than at either 25% or 75%. 

The draft proposed regulation considers introducing performance in two steps where the 

first will apply from 2020 and succeeded by a second step from 2023, shown in Table 5.2. 
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Table 5.2: Maximum permissible impact speed for first and second step of the draft 

regulation. 

VUT test Speed (km/h) 20 25 30 35 40 45 50 55 60 

First step 0 0 0 20 25 30 35 40 45 

Second step 0 0 0 0 0 15 20 30 35 

 

Table 5.3 shows the proportion of vehicles tested by EuroNCAP between 2014-2018 that 

had an impact speed below the maximum permissible level proposed in the first of the 

draft regulation. 

It shows that a similar level of performance was achieved in both the 25% and 75% tests, 

in some cases, the proportion of vehicles meeting the requirements based on the 25% 

impact location was slightly higher than for the 75% impact location. This difference was 

a result of just one or two vehicles having a different performance level. Overall the 

proportion of vehicles that would have met the requirements was over 90% for test speeds 

up to 40km/h, with a declining performance above this speed. 

 

Table 5.3: Proportion of NCAP tested vehicles that meet the proposed 1st step AEB-
pedestrian test. (Data: EuroNCAP 2014-18) 

Test 
Type 

VUT test 
speed 
(km/h) 

Maximum 
Impact speed 

(km/h)1: 

Proportion of EuroNCAP test 
vehicles meeting requirements 

M1 Unladen CPNA-25 CPNA-75 

P
ed

es
tr

ia
n

 c
ro

ss
in

g 
fr

o
m

 n
ea

rs
id

e 
(C

P
N

A
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20 0 87% 99% 

25 0 94% 94% 

30 0 87% 94% 

35 20 97% 99% 

40 25 96% 99% 

45 30 99% 96% 

50 35 86% 91% 

55 40 80% 87% 

60 45 69% 80% 

 

The test speed with the lowest proportion of passes is, unsurprisingly, 60 km/h. However, 

much more than with car to car rear, lower speeds can also be challenging for some AEB 

systems because a low vehicle speed requires a wide field of view sensor and because, 

unlike in the calculations used to generate the requirements, the moment of activation will, 

in reality, vary. Thus, it is much less commonly the case that the failures are always at the 

higher speed. 

The regulatory requirements will require that the vehicle passes at every speed. For the 

CPNA-25 test 41 of 70 (61%) of vehicles tested in these scenarios achieved speed 

reductions that would meet all of the regulatory requirements. Similarly, for the CPNA-75 

test, 51 of 70 (73%) would have met the requirements for all speed ranges. 
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Table 5.4 shows the proportion of vehicles tested by EuroNCAP between 2014-2018 that 

had an impact speed below the maximum permissible level proposed in the second step of 

the draft regulation. 

It shows how the proportion of vehicles meeting the requirements based on the 75% 

impact location was higher than for the 25% impact location. The highest proportion of 

passes are at 25 km/h after which compliance rates reduced with speed to a minimum at 

60 km/h. 

For the CPNA-25 test, 20 of 70 (29%) of vehicles tested in these scenarios achieved speed 

reductions that would meet all of the regulatory requirements. Similarly, for the CPNA-75 

test, 34 of 70 (49%) would have met the requirements for all speed ranges. 

Table 5.4: Proportion of NCAP tested vehicles that meet the proposed 2nd step for AEB-

pedestrian test. (Data: EuroNCAP 2014-18) 

Test 
Type 

VUT test 
speed 
(km/h) 

Maximum 
Impact speed 

(km/h)1: 

Proportion of EuroNCAP test 
vehicles meeting requirements 

M1 Unladen CPNA-25 CPNA-75 

P
ed

es
tr

ia
n

 c
ro

ss
in

g 
fr

o
m

 n
ea

rs
id

e 
(C

P
N

A
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20 0 87% 99% 

25 0 94% 94% 

30 0 87% 94% 

35 0 79% 86% 

40 0 66% 84% 

45 15 60% 73% 

50 20 64% 73% 

55 30 53% 64% 

60 35 50% 60% 

 

The lower compliance rate is due to the reduced maximum permissible speed at all relative 

test speeds greater than 30 km/h. 

Unsurprisingly, the proportion of vehicles tested by EuroNCAP between 2014-2018 that 

had an impact speed below the maximum permissible level proposed in the first step of 

the regulation is greater than the second step. The percentage of vehicles that pass the 

vehicle to pedestrian impact test based on the Euro NCAP data could be considered to be 

an underestimation as AEB systems evolve and performance levels increase. 

5.1.3 Vehicle to cyclist 

 

At the time of writing, the proposed draft regulation does not include details regarding the 

maximum permissible impact speeds for the cyclists’ tests. Therefore, for this analysis, it 

has been assumed that the maximum speeds proposed for the pedestrian crossing tests 

are also applicable to the cyclist crossing scenarios. Similarly, it has been assumed that 

the maximum impact speeds for the car front to car rear tests are also applicable to the 

longitudinal cyclist tests. 

EuroNCAP data for AEBS to cyclist tests was only available for the period 2018-2019, so 

the sample size analysed is lower than for the car and pedestrian scenarios. The crossing 

cyclist test is performed with the bicycle travelling at 15 km/h perpendicular to the direction 



 AEB Final Report 

 

 

March 2021  479 

 

of travel of the vehicle under test (VUT). The bicycle and VUT will impact along the 

centreline (50%) if no braking is applied. 

Table 5.5 shows the results of the EuroNCAP data for the cyclist crossing tests compared 

to maximum impact speeds proposed for the pedestrian crossing tests in the first step of 

the draft regulation. It shows that for the lower test speeds, where no impact is permitted 

(test speed of ≤ 30km/h), less than two thirds of the tested vehicles would have achieved 

that requirement. As the test speed (and maximum permitted impact speed) increased 

between 94% and 86% of vehicles would have met the requirement. 

 

Table 5.5: Proportion of NCAP tested vehicles meeting proposed maximum impact speeds 
for AEB cyclist – crossing tests. (Data: EuroNCAP 2018-19) 

Test 
Type 

VUT test 
speed (km/h) 

Maximum Impact 
speed (km/h)1: 

Proportion of 
EuroNCAP test 

vehicles meeting 
requirements  

M1 Unladen CBNA-50 

C
B

N
A

-5
0 

20 0 31% 

25 0 31% 

30 0 67% 

35 20 94% 

40 25 91% 

45 30 94% 

50 35 89% 

55 40 89% 

60 45 86% 

 

The regulatory requirements will require that the vehicle passes at every speed. Only 10 

of 35 (29%) of vehicles tested achieved speed reductions that would meet all of the 

regulatory requirements. This is likely to be a function of the greater speed of the cyclist 

compared with the pedestrian requiring wider field of view sensors and potentially reducing 

the time available for braking. The same caveats that were described for the pedestrian 

tests regarding a lack of NCAP data at 10km/h test speed also apply to this case too. 

For the longitudinal cyclist data provided by EuroNCAP, only the tests with the cyclist 

aligned to the centre line of the car were analysed. This is because the results of the 

longitudinal tests aligned with 25% of the width of the test vehicle, only included a Time 

to Collision (TTC) result indicating activation of FCW rather than a recorded impact speed. 

Table 5.6 shows the results of the EuroNCAP data for the longitudinal cyclist tests compared 

to maximum impact speeds proposed for the car front to car rear tests in the draft 

regulation. The bicycle travels forward at a constant speed of 15 km/h and the VUT travels 

towards the rear of the cyclist. If no braking is applied the bicycle and VUT will impact 

along the centreline. It shows that for the lowest test speed of 25km/h, 85% of vehicles 

tested by EuroNCAP met the requirements. Above this speed between 85% and 98% of 

tested vehicles met the impact speed requirements. Based on the assumed maximum 

permissible impact speeds, 32 (70%) of the 46 vehicles achieved speed reductions that 

would meet the regulatory requirements across all test speeds.  
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Table 5.6: Proportion of NCAP tested vehicles meeting proposed maximum impact speeds 
for AEB cyclist – longitudinal tests. (Data: EuroNCAP 2018-19) 

Test 
Type 

VUT test 
speed (km/h) 

Maximum Impact 
speed (km/h)1: 

Proportion of 
EuroNCAP test 

vehicles meeting 
requirements  

M1 Unladen CBLA-50 

C
B

LA
-5

0 

25 0 85% 

30 0 98% 

35 0 93% 

40 0 96% 

45 0 93% 

50 0 89% 

55 0 83% 

60 0 85% 

 

5.2 N1 vehicles 

 

The project team were provided with a confidential set of summary results relating to AEB 

tests for vehicle front to rear of stationary vehicle scenario in light load conditions. The 

procedure used was identical to the Euro NCAP equivalent. The sample included one of the 

bestselling pick-up trucks and four panel vans, two of which were in the top 10 bestselling 

vans in the UK. The results are fully anonymised but are shown in Table 5.7. 

 

Table 5.7: Impact speeds in vehicle front to vehicle rear (stationary) AEB tests of N1 

vehicles. Source: Confidential 

Test 
speed 
(km/h) 

Impact Speed (km/h) by vehicle and condition 

1 1 2 3 4 5 

Full 
Load 

Light 
load 

Light 
load 

Light 
load 

Light 
load 

Light 
load 

10 0 0 0 0 0 0 

15 0 0 0 0 0 0 

20 0 0 0 0 0 0 

25 9 9 0 0 0 0 

30 24 23 0 0 0 19.1 

35 35 35 0 0 0 33.8 
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40 40 40 0 0 0 40 

45 45 45 0 6.71 0 45 

50 50 50 0 8.37 0 50 

 

Based upon the stationary vehicle requirements of the draft regulatory standard alone 

(light load avoidance to 42 km/h, impact less than 15 km/h at 45 km/h and less than 

25 km/h at 50 km/h), then: 

• Vehicle 2 and 4 would definitely pass; 

• Vehicle 4 would probably pass but was not tested at 42 km/h which would be needed 

to conclusively prove compliance. 

• Vehicle 1 and 5 would definitely fail. 

 

Thus, on a very small sample, and tested only in one of the required scenarios, the 

available data would suggest that 40% to 60% of N1 models would be compliant with the 

proposed regulation. It is known that 4 of 5 systems were radar based and therefore would 

also be expected to have functioned in the moving vehicle test too, but the performance 

in this was not tested. One vehicle was based on low speed lidar only and would definitely 

fail in the moving vehicle assessment as well as the stationary. 
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6 Assessing the evidence for the environmental conditions of 

the AEBS test 
 

The draft regulation proposes the AEBS type approval test is performed with specific 

environmental conditions. In this section, data from the STAT19 database is used to 

identify how frequently these environmental conditions are present in real-world collisions 

where AEBS could have been effective. 

The STATS19 database is high level information based on national data and therefore this 

statistical study should not be considered as additional data of the effectiveness of AEBS, 

but more an indication of how frequently the conditions of the AEBS test are experienced 

in the real-world. 

An collision is recorded on the STATS19 database when the following conditions are met: 

• Occurs on the public highway (including pavements, but excluding private roads, 

car parks, forecourts and similar areas) 

• Involves at least one vehicle (which may include non-motorised vehicles such as 

pedal cycles or ridden horses) 

• Results in the injury to at least one person (excluding death due to natural causes 

or confirmed suicide, injury due to unrelated illness, and injury to animals) 

• Reported to the police (either at the scene, or to a police station within 30 days) 

For the purpose of this analysis we selected the collision types where it is conceivable that 

AEB is most effective - front-to-rear collisions whereby M1 and N1 type vehicles are the 

front-end hitting vehicles. Considerations included in this analysis are the category of the 

rear hit vehicle, the speed limit of the road where the collision occurred, the presence and 

illumination of street lighting, presence of rain on the road or adverse weather conditions 

(fog). 

At the time of writing , the draft AEBS regulation proposes the following test conditions for 

the vehicle to vehicle type approval test: 

• “The system shall be active at least within the vehicle speed range between 10 

km/h and 60 km/h” 

• “The test shall be performed on flat, dry concrete or asphalt surface affording good 

adhesion” 

• “The ambient temperature shall be between 0°C and 45°C” 

• “The horizontal visibility range shall allow the target to be observed throughout the 

test” 

• “The test shall be performed when there is no wind liable to affect the results” 

• “The test shall be performed in natural ambient illumination conditions of at least 

1000 Lux and not performed whilst driving towards, or away from the sun at a low 

angle” 

Table 6.1 shows the relevant fields from the STATS19 database which were interrogatted 

for the conditions of the AEBS test: 
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Table 6.1: STATS19 data fields 

Field Options AEBS-relevant 

conditions 

Road Surface 

Condition 

Dry, Wet/Damp, Snow, Frost/Ice, Flood Dry 

Light Conditions Daylight, Darkness with street lights, 

Darkness no street lights 

Daylight 

Fog or Mist No, Yes No 

High Wind No, Yes No 

Speed Limit 20, 30, 40, 50, 60, 70 All 

Special Conditions Mud, Oil/Diesel, Other Other 

Rear-Hit Vehicle M1, M2, M3, N1, N2, N3, Unknown M1 

Road Type Urban, Rural All 

Towing No tow, Towing, Articulated No Tow 

 

The STATS19 database only record the speed limit of the road where the collision occurred 

and not the speed of the vehicles involved so this is a high-level analysis of the collision 

speed. 

The STATS19 does not record if the front-hitting vehicle was laden or unladen but it does 

record if the vehicle was towing a trailer, therefore this only provides a high-level analysis 

of the proportion of collisions where the vehicle was travelling with additional load. 

6.1 M1 & N1 to vehicle-rear 

 

The target population for this analysis was collisions between the front of M1 and N1 

vehicles and the rear of another vehicle, excluding pedal cyclists (2 vehicles only). These 

types of rear-end collisions are typically where the AEBS would be most effective. 

Table 6.2 shows the conditions selected in the STATS19 database for estimating the 

proportion of collisions that occur in the real-world with the same environmental conditions 

to those in the proposed type approval test. 

 

Table 6.2: Proportion of M1 and N1 vehicles that are involved in collisions which meet 
proposed car-to-car test conditions. (Source: STATS19) 

Field Name Regulation M1 N1 

Surface Condition Dry 72.7% 73.1% 

Light Condition Daylight 76.5% 82.7% 

Fog No 99.6% 99.5% 

Wind No 97.3% 97.5% 

Towing No Tow 99.8% 99.2% 

Special Conditions Other 99.8% 99.7% 

Rear-Hit Vehicle M1 87.2% 81.8% 
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Total Collisions All 50.3% 50.3% 

 

This shows that approximately three quarters of collisions occur in daylight or a dry road 

surface for M1 vehicles. The rear-hit vehicle type is an M1 in 87.2% of cases and N1 in 5% 

of cases, this shows that the M1 AEB test target suitable for the car-to-car test. The front-

hitting vehicle was not towing a trailer in 99.8% of cases therefore it is reasonable to 

conclude that the regulation is representative with tests in the laden and unladen 

conditions. 

A proportion of collisions where the front-hitting vehicle is an N1 is the front-hitting vehicle 

occur in daylight, this could be due to the proportionately fewer commercial vehicles 

travelling in outside of working hours. When an N1 vehicle is the front-hitting vehicle a 

smaller proportion of the collisions involve M1 vehicles, this is due a small increase in rear-

hit N1 vehicles. 

By adopting these environmental conditions for the test the regulation will demand a 

minimum standard of performance in a collision scenario that is representative of over 50 

percent of the real-world collisions for M1 and N1 vehicles where AEBS could be effective. 

6.2 M1 & N1 to pedestrian 

 

The target population for this analysis were single vehicle collisions where an M1 or N1 

vehicle collides with a pedestrian. 

Table 6.3 shows the conditions selected in the STATS19 database for estimating the 

proportion of collisions that occur in the real-world with the same environmental conditions 

to those in the proposed type approval test. 

 

Table 6.3: Proportion of M1 and N1 vehicles involved in collsions which meet the car-to-

pedestrian test conditions. (Source: STATS19) 

Field Name Regulation M1 N1 

Surface Condition Dry 72.3% 73.0% 

Light Condition Daylight 67.2% 72.5% 

Fog No 99.8% 99.8% 

Wind No 96.7% 96.5% 

Towing No Tow 100.0% 100.0% 

Special Conditions Other 100.0% 100.0% 

Total Collisions All 53.2% 57.4% 

 

Nearly 75% of the car-to-pedestrian collisions occurred on a dry road surface for both M1 

and N1 vehicles. Proportionately less pedestrian collisions occurred in daylight for M1 and 

N1 vehicles when compared to the car-to-car collisisons. 

There were no cases where the vehicle was reported to be towing a trailer, similarly there 

was no cases of the special conditions at the collision site (e.g. oil,diesel or mud on the 

road). 

Overall the environmental conditions for the test the regulation are representative of more 

than 50 percent of the real-world vehicle-to-pedestrian collisions for M1 and N1 vehicles. 
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6.3 M1 & N1 to cyclist 

 

The target population for this analysis were two-vehicle collisions where an M1 or N1 

vehicle collides with a cyclist. 

Table 6.4 shows the conditions selected in the STATS19 database for estimating the 

proportion of collisions that occur in the real-world with the same environmental conditions 

to those in the proposed type approval test. 

 

Table 6.4: Proportion of M1 and N1 vehicles involved in collsions which meet the car-to-
cyclist test conditions. (Source: STATS19) 

Field Name Regulation M1 N1 

Surface Condition Dry 76.9% 77.4% 

Light Condition Daylight 75.7% 79.9% 

Fog No 99.6% 99.8% 

Wind No 97.8% 97.9% 

Towing No Tow 100.0% 100.0% 

Special Conditions Other 99.9% 99.8% 

Total Collisions All 62.0% 65.1% 

 

Greater than 75% of the collisions between the M1 or N1 vehicle and the cyclist were in 

daylight or when the road surface was dry. High winds were reported in just 2% of cases, 

similarly fog was reported in less than 1%. 

There were no cases where the vehicle was reported to be towing a trailer, and the number 

of cases where special conditions at the collision site (e.g. oil,diesel or mud on the road) 

were negligible. 

Overall the environmental conditions for the test the regulation are representative of more 

than 60 percent of the real-world vehicle-to-cyclist collisions for M1 and N1 vehicles. 

6.4 Road type 

 

The regulation requires the AEB system to be active between 10 and 60 km/h. The 

STATS19 records the permanent speed limit of the road where the collision occurred 

therefore this is a high level assessment of the travel speed of the vehicles but it is not 

detailed to draw any meaningful conclusions about the speed of the vehciles involved in 

the collision. It is realistic to expect that only a small proportion of vehicles will be travelling 

above the speed limit, therefore colisions that occur on roads with speed limits below 40 

mph (60 km/h). The STATS 19 records the of the collision occurred in a rural or urban 

area, it is likely that built-up urban areas may be more challenging for the AEBS due to 

greater greater traffic density and obstructions for the sensors. 

 

Table 6.5: Distribution of relevant M1 and N1 collisions on rural and urban roads with a 
permanent speed limit posted at ≤ 40 mph (60 km/h) or 50 – 70 mph (80 – 120 km/h). 

(Source: STATS19) 

  
 Vehicle-to-

vehicle 

Vehicle-to-

pedestrian 

Vehicle-to-

cyclist 
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Speed 

limit 
(mph) 

Speed 

limit 
(km/h) 

M1 N1 M1 N1 M1 N1 

Rural ≤ 40 ≤ 60 13.0% 12.5% 8.4% 8.9% 10.9% 11.7% 

50 -70 80 -120 22.4% 28.4% 2.0% 2.8% 6.2% 8.5% 

Urban ≤ 40 ≤ 60 59.4% 53.4% 88.5% 87.2% 81.3% 78.1% 

50 -70 80 -120 4.5% 4.8% 0.5% 0.5% 0.9% 1.2% 

Unkno
wn 

 
 0.6% 0.8% 0.5% 0.6% 0.7% 0.5% 

 

Table 6.5 shows that collisions in urban areas makes up the greatest proportion for all each 

collision type. A greater proportion of vehicle-to-vehicle collisions occur on rural roads with 

speed limits greater than 40 mph (60 km/h) compared to vehicle-to-VRU. This may be due 

to the greater distances travelled on high speed inter-city roads and a smaller population 

density of pedestrians and cyclists in rural areas, particularly on the high speed carriages 

where collisions with VRUs are infrequent. 

By requiring the vehicles AEBS to be active between 10 and 60 km/h it is representative 

for approximately 90% of vehicle-to-VRU collisions and over 60% of the vehicle-to-vehicle 

collisions. 

The speed of the front-hitting vehicle is unknown in all of these collisions but this is a high-

level estimation of the type of road where the collision occurred. There is a realisitic 

possiblilty that a vehicle travelling on a road with a speed limit greater than 40 mph (60 

km/h) was travelling below the posted speed limit at the time of the collision. This could 

mean that these estimates are conservative, and fewer vehicles were travelling at a speed 

greater than 40 mph (60 km/h). 
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7 Conclusions 
 

The draft proposal for a regulation for N1/M1 vehicles is based on a subset of the Euro 

NCAP requirements with a few adaptations. 

In line with the principle that Euro NCAP is a rating scheme encouraging voluntary best 

practice and regulation is a minimum standard applicable to the whole market, the sub-

set of requirements and the limit values chosen make the regulation less stringent than 5-

star Euro NCAP performance. 

Forward collision warning has the potential to increase the effectiveness of the vehicle 

AEBS. However, the stipulation of a defined time between warning and emergency braking 

may cause unintended negative consequences. 

Minimum deceleration requirements are design restrictive and may unnecessarily constrain 

system design strategies. This may prevent early braking interventions and potentially 

could have unintended consequences. 

The absence of night time requirements for pedestrian performance, a central pedestrian 

impact performance and the absence of ‘a braking vehicle ahead’ tests could all reduce 

effectiveness compared with a good Euro NCAP performer if manufacturers design down 

to the minimum requirements. 

The regulation will apply to N1 vehicles, but most of the prior evidence and experience has 

related to either M1 vehicles or N2/N3 vehicles, the latter for vehicle front to rear AEBS 

only. Examining the evidence for N1 suggests that: 

• In many EU Member states there is increasing use of N1 vehicles and there is some 

evidence of increasing collision trends 

• High level collision data suggests N1 vehicles have broadly similar collision patterns 

to M1 vehicles with respect to AEBS-relevant crash types. However, in some cases 

they are closer to HGVs in characteristic and in some more of a blend between the 

two. For example, there is some evidence of relevant collisions occurring at higher 

speeds than M1. 

• While some of these differences may tend to mean that AEBS effectiveness is lower 

for N1 than M1, it should be noted that the draft requirements compare well to the 

basis of effectiveness estimates in the Impact Assessment. 

• N1 vehicles can cover a wide variety of vehicle types and roles. A niche sector of 

that market is the Japanese light truck, sometimes referred to as a microvan. These 

are characterised by small size and short wheelbase and consequently have limited 

brake performance. A calculation method is proposed in the regulation for 

identifying these vehicles and recognising the limited brake performance in separate 

reduced AEBS limit values. These lower values are appropriate to the lower brake 

performance. However, AEBS performance depends on the last point of braking and 

the last point of steering, so more confidence that the limit values proposed are 

appropriate could be obtained by the production of evidence that the cornering 

performance of these vehicles is comparable to normal N1/M1 vehicles. 

 

Examination of Euro NCAP data for vehicles tested between 2014 and 2018 suggests the 

following levels of compliance with the proposed regulations: 

• Vehicle front to rear stationary: M1 63%; N1 40-60% 

• Pedestrian crossing: M1: 61-73% (first step) and 29-49% (second step) 

• Cyclist crossing: M1 29% 

However, it should be noted that these are approximations because the test conditions are 

not directly comparable in all cases. The data also relate to the number of models available 

and not the proportion of new vehicle sales. 
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Examination of STATS19 database confirmed that the AEBS test conditions are 

representative of at least 50.3% of vehicle front to rear collisions, 53 – 57% of vehicle to 

pedestrian collisions and 62 – 65% of vehicle to cyclist collisions. 
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 DIRECT VISION & PEDESTRIAN AND CYCLIST DETECTION (HEAVY 

DUTY) AND REVERSING SAFETY (VIS – REV) 

Collision landscape analyses 
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02%20%28TRL%29%20Summary%20of%20GSR%20ACEA%20S19%20Collision%20Lan
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04%20%28TRL%29%20Reversing%20accidents%20involving%20VRUs%20from%20UD

V%20database.pdf?api=v2 

Drafting of proposed regulations 

Discussion for Forward Motion and Moving Off Regulatory Approach (VRU-Proxi-10-05) 
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Second Draft of MOIS Regulation with OICA-CLEPA Feedback Included (VRU-Proxi-14-13) 
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13%20%28OICA-CLEPA%29%20CLEAN%20-%20ECE-TRANS-WP.29-GRSG-2020-
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https://wiki.unece.org/download/attachments/92013271/VRU-Proxi-12-10%20%28TRL%29%20Consensus%20Document%20for%20Forward%20Motion%20and%20Moving%20Off%20Regulation%20Approach%20-%20Version%202.pdf?api=v2
https://wiki.unece.org/download/attachments/94044718/VRU-Proxi-13-12%20%28TRL%29%20Consensus%20Document%20for%20Proposed%20Updates%20to%20Draft%20MOIS%20Regulation.pdf?api=v2
https://wiki.unece.org/download/attachments/94044718/VRU-Proxi-13-12%20%28TRL%29%20Consensus%20Document%20for%20Proposed%20Updates%20to%20Draft%20MOIS%20Regulation.pdf?api=v2
https://wiki.unece.org/download/attachments/94044718/VRU-Proxi-13-12%20%28TRL%29%20Consensus%20Document%20for%20Proposed%20Updates%20to%20Draft%20MOIS%20Regulation.pdf?api=v2
https://wiki.unece.org/download/attachments/94044718/VRU-Proxi-13-06%20%28OICA-CLEPA%29%20GRSG-118-xx%20-%20UNECE%20RXXX%20-%20MOIS%20-%2020200129%20-%20TRL%20Clean%20version.docx?api=v2
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https://wiki.unece.org/download/attachments/101554785/VRU-Proxi-14-

19%20%28OICA-CLEPA%29%20MOIS%20-%20ECE-TRANS-WP.29-GRSG-2020-05e1-

CLEAN.docx?api=v2 

Overview of MOIS Regulation Proposed by VRU-Proxi IWG to GRSG (GRSG-118-36) 

http://www.unece.org/fileadmin/DAM/trans/doc/2020/wp29grsg/GRSG-118-36e.pdf 

Final Draft of MOIS Regulation Adopted by GRSG (GRSG-118-06) 

http://www.unece.org/fileadmin/DAM/trans/doc/2020/wp29grsg/GRSG-118-06e.docx 

Technical support for and reviewing of VRU-Proxi related trials 

Technical support was provided by reviewing information (plans, analysis and conclusions) 

submitted to the VRU-Proxi IWG regarding trials performed by relevant stakeholders. This 

information was provided by reviewing and providing feedback on information submitted 

before the IWG meetings and through constructive debate during the IWG meetings. Such 

feedback was provided for the Blind Spot Information System, Reversing Motion and Direct 

Vision regulatory efforts. 

Attending and contributing to VRU-Proxi IWG meetings 

TRL attended and contributed to the following VRU-Proxi IWG meetings: 

• VRU-Proxi-06: Sandhult, Sweden, 19-21 June 2018 

• VRU-Proxi-07: Bergisch Gladbach, Germany, 25-27 September 2018 

• VRU-Proxi-08: Yokohama, Japan, 5-7 February 2019 

• VRU-Proxi-09: Brussels, Belgium, 26-28 March 2019 

• VRU-Proxi-10: Berlin, Germany, 17-19 June 2019 

• VRU-Proxi-11: Loughborough, United Kingdom, 24-26 September 2019 

• VRU-Proxi-12: Brussels, Belgium, 26-28 November 2019 

• VRU-Proxi-13: Osaka, Japan, 4-6 February 2020 

• VRU-Proxi-14: Web Meetings, 26-27 May 2020 and 24 June 2020 

TRL attended and contributed to the following VRU-Proxi Task Force meetings: 

• Reversing Motion Task Force #1: Web Meeting, 8 March 2019 

• Reversing Motion Task Force #2: Web Meeting, 15 March 2019 

• Reversing Motion Task Force #3: Web Meeting, 24 October 2019 

• Reversing Motion Task Force #4: Web Meeting, 7 November 2019 

TRL Chaired the following VRU-Proxi Task Force meetings: 

• MOIS Task Force #1: Web Meeting, 12 November 2019 

• MOIS Task Force #2: Web Meeting, 19 November 2019 

• MOIS Task Force #3: Web Meeting, 21 January 2020 

• MOIS Task Force #4: Web Meeting, 3 March 2020 

https://wiki.unece.org/download/attachments/101554785/VRU-Proxi-14-19%20%28OICA-CLEPA%29%20MOIS%20-%20ECE-TRANS-WP.29-GRSG-2020-05e1-CLEAN.docx?api=v2
https://wiki.unece.org/download/attachments/101554785/VRU-Proxi-14-19%20%28OICA-CLEPA%29%20MOIS%20-%20ECE-TRANS-WP.29-GRSG-2020-05e1-CLEAN.docx?api=v2
https://wiki.unece.org/download/attachments/101554785/VRU-Proxi-14-19%20%28OICA-CLEPA%29%20MOIS%20-%20ECE-TRANS-WP.29-GRSG-2020-05e1-CLEAN.docx?api=v2
http://www.unece.org/fileadmin/DAM/trans/doc/2020/wp29grsg/GRSG-118-36e.pdf
http://www.unece.org/fileadmin/DAM/trans/doc/2020/wp29grsg/GRSG-118-06e.docx
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Annex 5.1 Proposal for a new UN Regulation on uniform provisions 
concerning the approval of motor vehicles with regard to 
the Moving Off Information System for the Detection of 

Pedestrians and Cyclists 



 

 

Proposal for a new UN Regulation on uniform provisions 
concerning the approval of motor vehicles with regard to the 
Moving Off Information System for the Detection of 
Pedestrians and Cyclists 

Submitted by the Informal Working Group on Awareness of 

Vulnerable Road Users proximity in low speed manoeuvres 

The text reproduced below was prepared by the Informal Working Group (IWG) on 

Awareness of Vulnerable Road Users proximity in low speed manoeuvres (VRU-Proxi) to 

establish a new UN Regulation on Moving Off Information Systems (MOIS) intended to be 

fitted to heavy vehicles to protect vulnerable road users. It provides the state of play of the 

discussions held by the informal working group throughout 2019 and 2020. It aims to provide 

the experts of Working Party on General Safety Provisions (GRSG) the opportunity to react, 

comment and contribute to work performed by the informal working group in advance of the 

118th session of GRSG. This informal document replaces working document 

ECE/TRANS/WP.29/GRSG/2020/5. 

  

Submitted by the Informal Working Group on Awareness 

of Vulnerable Road Users Proximity 

Informal document GRSG-118-06 

(118th GRSG, 15-17 July 2020 

Agenda item 5) 
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I. Proposal 

UN Regulation No. [XXX] 

Uniform provisions concerning the approval of motor vehicles 
with regard to the Moving Off Information System for the 
Detection of Pedestrians and Cyclists 

 

0. Introduction (for information) 

0.1. Low-speed moving off from rest manoeuvres that involve collisions between 

M2, M3, N2 and N3 vehicle category vehicles (subject vehicles) and 

pedestrians and cyclists have serious consequences for these vulnerable road 

users (VRUs). In the past, VRU safety was raised by increasing the number of 

mirrors to provide better visibility of the area in front of the vehicle. Since 

collisions with these characteristics still occur and advanced driver assistance 

systems have been introduced in a lot of vehicle segments, it is obvious to use 

such assistance systems for avoiding accidents between subject vehicles and 

VRUs. 

0.2. Theoretical considerations show that the criticality of traffic situations that 

involve subject vehicles and VRUs can be significant due to the 

misunderstandings of the situation by the vehicle operators. In some cases, the 

increase in situation criticality can occur so suddenly that high-urgency 

warnings, intended to generate a driver reaction to the situation, cannot be 

activated early enough for the driver to react in time. In general, driver 

reactions to any information (high/low urgency signals) can be expected only 

after a certain reaction time. This response time, particularly during close-

proximity manoeuvres, is much longer than the time required to avoid the 

accident in many situations – the accident cannot be avoided despite the 

warning. 

0.3. High-urgency warnings during a driving situation are only justified should the 

probability for an accident be high – otherwise vehicle drivers tend to ignore 

the system alerts. Should lower urgency information signals be activated 

sufficiently early, however, it may help the driver rather than annoy them. It is 

assumed to be possible to design a human-machine interface (HMI) for 

moving-off driver assistance systems in a way that it does not annoy drivers 

when the information is not needed, for instance by requiring the use of a less 

intrusive signal mode. 

0.4. Therefore, this Regulation requires the activation of a proximity information 

signal in case pedestrians or cyclists enter the critical blind spot area in front 

of the vehicle, should the subject vehicle either be preparing to move off from 

rest in a straight line or be travelling straight ahead at low-speeds. This signal 

shall be deactivated automatically in case of system failure or contamination 

of the sensors, whilst manual deactivation may also be possible through a 

sequence of actions by the driver to avoid unintentional deactivation. 
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0.5. Furthermore, this Regulation asks for an additional signal, which shall be given 

when the collision becomes imminent, e.g. when the vehicle accelerates from 

rest and the pedestrian or cyclist is located directly in front of the vehicle. The 

activation and deactivation strategy for this collision warning signal may be 

determined by the manufacturer; however, in case of system failure or sensor 

contamination, the proximity information signal and collision warning signal 

shall be deactivated together. 

0.6. This Regulation defines a test procedure based on subject vehicles that are 

stationary, moving-off from rest and moving ahead at low-speeds in a straight 

line for speeds of 10 km/h or less. Collision analysis data shows that the 

provision of information and warnings during these vehicle manoeuvres is 

appropriate since the information signal needs to be present sufficiently early 

to alert the driver of pedestrians and cyclists in close-proximity to the front end 

of the vehicle. 

0.7. This Regulation cannot cover all the traffic conditions and infrastructure 

features in the type-approval process; this Regulation recognises that the 

performances required in this Regulation cannot be achieved in all conditions 

(vehicle condition, road environment, weather conditions and traffic scenarios 

etc. may affect the system performances). Actual conditions and features in the 

real world should not result in false warnings to the extent that they encourage 

the driver to switch the system off. 

1. Scope 

1.1. This Regulation applies to the approval of vehicles of categories M2, M3, N2 

and N3 with regard to an onboard system to detect and inform the driver of the 

presence of pedestrians and cyclists in the close-proximity forward blind-spot 

of the vehicle and, if deemed necessary based on manufacturer strategy, warn 

the driver of a potential collision. 

1.2. The requirements of this Regulation are so worded as to apply to vehicles 

which are developed for right-hand traffic. In vehicles that are developed for 

left-hand traffic, these requirements shall be applied by inverting the criteria, 

where appropriate. 

1.3. The following vehicles of category M and N shall be exempted from this 

Regulation: 

 Vehicles where installation of any device for moving off information system 

is incompatible with their on-road use may be partly or fully exempted from 

this Regulation, subject to the decision of the Type Approval Authority. 

2. Definitions 

For the purposes of this Regulation: 

2.1. "Moving Off Information System (MOIS)" means a system to detect and inform 

the driver of the presence of pedestrians and cyclists in the close-proximity 

forward blind-spot of the vehicle and, if deemed necessary based on 

manufacturer strategy, warn the driver of a potential collision. 
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2.2. "Approval of a vehicle type" means the full procedure whereby a Contracting 

Party to the Agreement certifies that a vehicle type meets the technical 

requirements of this Regulation. 

2.3. "Vehicle type with regard to its Moving Off Information System" means a 

category of vehicles which do not differ in such essential respects as: 

 (a) The manufacturer's trade name or mark; 

 (b) Vehicle features which significantly influence the performances of the 

MOIS; 

 (c) The type and design of the MOIS. 

2.4. "Subject vehicle" means the vehicle being tested. 

2.5. "Vulnerable Road User (VRU)" means an adult or child pedestrian or an adult 

or child cyclist. 

2.6. "Information signal" means a signal emitted by the MOIS with the purpose of 

informing the vehicle driver about a VRU in close-proximity to the front of the 

vehicle. 

2.7. "Collision warning signal" means a signal emitted by the MOIS with the 

purpose of warning the vehicle driver when the MOIS has detected a potential 

frontal collision with a VRU in close-proximity to the front of the vehicle. 

2.8. "Vehicle master control switch" means the device by which the vehicle's on-

board electronics system is brought, from being switched off, as in the case 

where a vehicle is parked without the driver being present, to a normal 

operation mode. 

2.9.  "Initialisation" means the process of setting-up the operation of the MOIS after 

the vehicle master control switch is activated until it is fully functional. 

2.10. "Common space" means an area on which two or more information functions 

(e.g. symbols) may be displayed, but not simultaneously. 

2.11. "Ocular reference point" means the middle point between two points 65 mm 

apart and 635 mm vertically above the reference point which is specified in 

Annex 1 of ECE/TRANS/WP.29/78/Rev.61 on the driver's seat. The straight 

line joining the two points runs perpendicular to the vertical longitudinal 

median plane of the vehicle. The centre of the segment joining the two points 

is in a vertical longitudinal plane which shall pass through the centre of the 

driver's designated seating position, as specified by the vehicle manufacturer. 

2.12. "Vehicle front" means the plane perpendicular to the median longitudinal plane 

of the vehicle and touching its foremost point, disregarding the projection of 

devices for indirect vision and any part of the vehicle greater than 2.0 m above 

the ground. 

2.13. "Nearside" means the right side of the vehicle for right-hand traffic. 

  

 1 See Annex 1 to the Consolidated Resolution on the Construction of Vehicles (R.E.3), document 

ECE/TRANS/WP.29/78/Rev.6 - 

www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html 
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2.14. "Nearside vehicle plane" means the plane parallel to the median longitudinal 

plane of the vehicle and touching its most outboard point in the nearside 

direction forward of the driver ocular reference point, disregarding the 

projection of devices for indirect vision and any part of the subject vehicle 

higher than 2.0 m above the ground. 

2.15. "Offside" means the left side of the vehicle for right-hand traffic 

2.16. "Offside vehicle plane" means the plane parallel to the median longitudinal 

plane of the vehicle and touching its most outboard point in the offside 

direction forward of the driver ocular reference point, disregarding the 

projection of devices for indirect vision and any part of the subject vehicle 

higher than 2.0 m above the ground. 

2.17. "Vehicle width" means the distance between the nearside and offside vehicle 

planes. 

2.18. "Vehicle trajectory" means the connection of all positions within the vehicle 

width where the vehicle front has been or will be during the test runs. 

2.19. "Soft target" means a target that will suffer minimum damage and cause 

minimum damage to the subject vehicle in the event of a collision. 

2.20. "Pedestrian test target" means an adult or child sized pedestrian simulated by 

a soft target device specified according to ISO 19206-2:2018. 

2.21. "Cyclist test target" means an adult sized cyclist and bicycle simulated by a 

soft target and bicycle device specified according to ISO (CD) 19206-4. 

2.22. "Blind spot boundary" means the line, described as defined in Annex 3, that 

joins all points located at the boundaries of the visible areas forward of the 

vehicle front and in close-proximity to the subject vehicle. 

2.23. "Collision point" means the position where the trajectory of any point of the 

vehicle front would intersect with any VRU soft target reference point should 

a moving off or low-speed manoeuvre be performed by the vehicle. 

2.24. "Forward separation distance" means the distance in the forward direction 

between the vehicle front and the nearest point of the soft target. 

2.25. "Maximum forward separation plane" means the plane perpendicular to the 

longitudinal plane of the vehicle representing the greatest forward separation 

distance that the MOIS is required to detect the presence of a VRU. The 

distance of this plane from the vehicle front shall be selected as either 3.7 m or 

the most forward point of the blind spot boundary at the manufacturer’s 

choosing, and shall be no less than 1.0 m. 

2.26. "Minimum forward separation plane" means the plane perpendicular to the 

longitudinal plane of the vehicle representing the shortest forward separation 

distance that the MOIS is required to detect the presence of a VRU. The 

distance of this plane from the vehicle front shall be 0.8 m. 

2.27. "Nearside separation plane" means the plane parallel to the longitudinal plane 

of the vehicle and located 0.5 m outboard from the nearside vehicle plane. 

2.28. "Offside separation plane" means the plane parallel to the longitudinal plane 

of the vehicle and located 0.5 m outboard from the offside vehicle plane. 
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2.29. "Forward vehicle mode" means the vehicle mode when the powertrain moves 

the vehicle forward, on release of the brake system or by the application of 

pressure to the accelerator pedal (or activation of an equivalent control). 

2.30. "Potential moving off manoeuvre" means the subject vehicle being stationary, 

the vehicle master control switch activated, the vehicle in a normal operation 

mode and with the forward vehicle mode or a forward gear engaged/selected. 

2.31. "Low-speed manoeuvre" means the subject vehicle being in a normal operation 

mode, moving forward in a straight line at speeds of below 10 km/h. 

2.32. "Last Point of Information (LPI)" means the point at which the information 

signal shall have been given. 

3. Application for approval 

3.1. The application for approval of a vehicle type with regard to the Moving Off 

Information Systems (MOIS) shall be submitted by the vehicle manufacturer 

or by their authorized representative. 

3.2. It shall be accompanied by the documents mentioned below in triplicate and 

include the following particular: 

3.2.1. A description of the vehicle type with regard to the items mentioned in 

paragraph 5., together with dimensional drawings and the documentation as 

referred to in paragraph 6.1. The numbers and/or symbols identifying the 

vehicle type shall be specified. 

3.3. A vehicle representative of the vehicle type to be approved shall be submitted 

to the Technical Service conducting the approval tests. 

4. Approval 

4.1. If the vehicle type submitted for approval pursuant to this Regulation meets 

the requirements of paragraph 5. below, approval of that vehicle type shall be 

granted. 

4.2. The conformity of the requirements in paragraph 5. shall be verified with the 

test procedure as defined in paragraph 6., however its operation shall not be 

limited to these specific test conditions. 

4.3. An approval number shall be assigned to each vehicle type approved; its first 

two digits (00 for this Regulation in its initial form) shall indicate the series of 

amendments incorporating the most recent major technical amendments made 

to this Regulation at the time of issue of the approval. The same Contracting 

Party shall not assign the same number to the same vehicle type equipped with 

another type of MOIS, or to another vehicle type. 

4.4. Notice of approval or of refusal or withdrawal of approval pursuant to this 

Regulation shall be communicated to the Parties to the Agreement applying 

this Regulation by means of a form conforming to the model in Annex 1 and 

photographs and/or plans supplied by the applicant being in a format not 
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exceeding A4 (210 x 297 mm), or folded to that format, and on an appropriate 

scale. 

4.5. There shall be affixed, conspicuously and in a readily accessible place 

specified on the approval form, to every vehicle conforming to a vehicle type 

approved under this Regulation, an international approval mark conforming to 

the model described in Annex 2, consisting of either: 

4.5.1. A circle surrounding the letter "E" followed by: 

 (a) the distinguishing number of the country which has granted approval;2
 

and 

 (b) the number of this Regulation, followed by the letter "R", a dash and 

the approval number to the right of the circle prescribed in this 

paragraph; 

 or 

4.5.2. An oval surrounding the letters "UI" followed by the Unique Identifier. 

4.6. If the vehicle conforms to a vehicle type approved under one or more other UN 

Regulations annexed to the Agreement, in the country which has granted 

approval under this Regulation, the symbol prescribed in paragraph 4.5. above 

need not be repeated. In such a case, the UN Regulation and approval numbers 

and the additional symbols shall be placed in vertical columns to the right of 

the symbol prescribed in paragraph 4.5. above. 

4.7. The approval mark shall be clearly legible and be indelible. 

4.8. The approval mark shall be placed close to or on the vehicle data plate. 

5. Specifications 

5.1. General requirements 

5.1.1. Any vehicle fitted with a MOIS complying with the definition of paragraph 

2.1. above shall meet the requirements contained in paragraphs 5.2. to 5.8. of 

this Regulation. 

5.1.2. The effectiveness of the MOIS shall not be adversely affected by magnetic or 

electrical fields. This shall be demonstrated by compliance with the technical 

requirements and transitional provisions of UN Regulation No. 10, 05 series 

of amendments or any later series of amendments. 

5.2. Performance requirements 

  

 2 The distinguishing numbers of the Contracting Parties to the 1958 Agreement are reproduced in 

Annex 3 to the Consolidated Resolution on the Construction of Vehicles (R.E.3), document 

ECE/TRANS/WP.29/78/Rev.6 - 

www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html 
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5.2.1. The MOIS shall at least operate during all potential moving off manoeuvres 

and low-speed manoeuvres, for ambient light conditions above 15 Lux with or 

without passing beam headlamps activated. 

5.2.2. The MOIS shall inform the driver about VRUs in close-proximity to the 

vehicle front that might be endangered during a potential moving off 

manoeuvre or low-speed manoeuvre. This information shall be provided to the 

driver so that the vehicle may be prevented by the driver from interacting with 

the trajectory of the VRU. 

5.2.2.1. The information signal shall be provided at least for as long as the conditions 

specified in paragraphs 5.2.2.2. and 5.2.2.3. are fulfilled. 

5.2.2.2. Potential moving-off manoeuvre 

5.2.2.2.1. When performing a potential moving-off manoeuvre, the MOIS shall provide 

an information signal for VRUs moving at speeds of between 3 km/h and 

5 km/h, when travelling from the nearside and offside of the vehicle in a 

direction perpendicular to the vehicle median longitudinal plane and located 

within an area bounded by the maximum and minimum forward separation 

planes and the nearside and offside separation planes. 

5.2.2.3. Low-speed manoeuvre 

5.2.2.3.1. When performing a low-speed manoeuvre, the MOIS shall provide an 

information signal for adult and child cyclists that are stationary or moving 

forward in a direction parallel to the vehicle median longitudinal plane at 

speeds of between 0 km/h and 10 km/h and located within an area bounded by 

the nearside and offside vehicle planes and the maximum and minimum 

forward separation planes. 

5.2.2.3.2. When a vehicle performing a low-speed manoeuvre has already detected an 

adult or child cyclist and provided an information signal in accordance with 

5.2.2.3.1., the MOIS shall maintain the information signal even if the vehicle 

comes to a standstill. The information signal shall be maintained for as long as 

the cyclist remains within an area bounded by the nearside and offside vehicle 

planes and the maximum and minimum forward separation planes. 

5.2.2.3.3. When performing a turning manoeuvre, the MOIS detection strategy may be 

adjusted. It is not required to adjust the sensors to the steering angle. The 

detection adjustment strategy shall be explained in the information referred to 

in paragraph 6.1. The Technical Service shall verify the operation of the system 

according to the strategy. 

5.2.2.4. The information signal shall meet the requirements of paragraph 5.6. 

5.2.3. The manufacturer shall demonstrate, to the satisfaction of the Technical 

Service and Type Approval Authority, through documentation, simulation or 

other means, that the MOIS is performing as specified for smaller cyclists and 

bicycles, similar in size to a child cyclist. 

5.2.4. The manufacturer shall demonstrate, to the satisfaction of the Technical 

Service and Type Approval Authority, through documentation, simulation or 

other means, that the number of false reactions due to the detection of VRUs 

and static objects (such as cones, traffic signs, hedges and parked cars) located 
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outside of the boundaries defined in 5.2.2.2 and 5.2.2.3 for the relevant vehicle 

manoeuvres are minimised.  

5.3. Automatic Deactivation 

5.3.1. The MOIS shall automatically deactivate if it malfunctions or cannot operate 

properly due to its sensor devices becoming contaminated by ice, snow, mud, 

dirt or similar material. The MOIS may also automatically deactivate due to 

ambient light conditions below that specified in paragraph 5.2.1. 

5.3.2. Automatic deactivation shall be indicated by the failure warning signal 

specified in paragraph 5.8. 

5.3.3. The MOIS shall automatically reactivate when the normal function of the 

sensors is verified. This shall be tested in accordance with the provisions of 

paragraphs 6.8 (failure detection test) and 6.9. (automatic deactivation test). 

5.4. Manual deactivation 

5.4.1. It may be possible to manually deactivate the MOIS. 

5.4.2. Manual deactivation shall be through a sequence of intentional actions to be 

carried out by the driver, for example by requiring a single input exceeding a 

certain threshold of time or a double press, or two separate but simultaneous 

inputs. 

5.4.2. It shall not be possible to manually deactivate any other system at the same 

time as the MOIS or through the same sequence of actions. 

5.4.3. When manually deactivated, it shall be possible for the driver to easily 

manually reactivate the MOIS. 

5.4.4. When manually deactivated, the MOIS shall automatically reactivate when the 

vehicle master control switch is activated. 

5.5. System initialisation 

5.5.1. If the MOIS has not been calibrated after a cumulative driving time of 15 

seconds above a speed of 0 km/h (including stationary phases), information of 

this status shall be indicated to the driver. This information shall exist until the 

system has been successfully calibrated. 

5.6. Information signal 

5.6.1. The MOIS information signal referred to in paragraph 5.2.2. above shall be an 

optical information signal that is noticeable and easily verifiable by the driver 

from the driver's seat. 

5.6.2. This information signal shall be visible by daylight and at night. 

5.7. Collision warning signal 

5.7.1. The MOIS shall warn the driver when the risk of a collision is imminent by 

providing the collision warning signal. 

5.7.2. The collision warning signal shall be provided by the means of a combination 

of at least two modes selected from an optical signal, acoustic signal or haptic 

signal. 
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Where the collision warning signal is provided by using an optical mode, this 

shall be a signal differing in activation strategy from the information signal 

specified in paragraphs 5.2.2. and 5.6. 

5.7.3. The collision warning signal shall be easily understandable for the driver to 

relate the warning signal to the potential collision. In case the warning signal 

is an optical signal this signal shall also be visible by daylight and at night. 

5.7.4. The collision warning signal shall be activated according to the manufacturer 

strategy. The warning strategy shall be explained in the information referred to 

in paragraph 6.1. 

 The Technical Service shall verify the operation of the system according to the 

strategy. 

5.7.5. The collision warning signal may be deactivated manually. In the case of a 

manual deactivation, it shall be reactivated on each activation of the vehicle 

master control switch. 

5.8. Failure warning signals 

5.8.1. The failure warning signal referred to in paragraph 5.3.2. above shall be a 

optical signal and shall be other than or clearly distinguishable from the 

information signal. The failure warning signal shall be visible by daylight and 

night and shall be easily verifiable by the driver from the driver's seat. 

5.8.2. The failure warning signal shall remain active as long as the MOIS is 

unavailable. 

5.8.3. The MOIS failure warning signal shall be activated with the activation of the 

vehicle master control switch. This requirement does not apply to collision 

warning signals shown in a common space to the failure warning signal. 

5.9. Provisions for Periodic Technical Inspection 

5.9.1. At a Periodic Technical Inspection, it shall be possible to confirm the correct 

operational status of the MOIS by a visible observation of the failure warning 

signal status. 

In case of the failure warning signal being in a common space, the common 

space must be observed to be functional prior to the failure warning signal 

status check. 

6. Test procedure 

6.1. The manufacturer shall provide a documentation package which gives access 

to the basic design of the system and, if applicable, the means by which it is 

linked to other vehicle systems. The function of the system including its 

sensing and warning strategy shall be explained and the documentation shall 

describe how the operational status of the system is checked, whether there is 

an influence on other vehicle systems, and the method(s) used in establishing 

the situations which will result in a failure warning signal being displayed. The 

documentation package shall give sufficient information for the Type 

Approval Authority to identify the vehicle type and to aid decision-making on 

the selection of worst-case conditions. 
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6.2. Test conditions 

6.2.1. The test shall be performed on a flat, dry asphalt or a concrete surface. 

6.2.2. The ambient temperature shall be between 0° C and 45° C. 

6.2.3. The test shall be performed under visibility conditions that allow the target to 

be observed throughout the test and that allows safe driving at the required test 

speeds. 

6.2.4. Natural ambient illumination shall be homogeneous in the test area and in 

excess of 1000 lux. It should be ensured that testing is not performed whilst 

driving towards, or away from, the sun at a low angle. 

6.3. Vehicle conditions 

6.3.1. Test weight 

The vehicle shall be tested in a condition of load to be agreed between the 

manufacturer and the Technical Service, with the distribution of mass among 

the axles stated by the manufacturer. No alteration shall be made once the test 

procedure has begun. The manufacturer shall demonstrate through the use of 

documentation that the system works at all conditions of load. 

6.3.2. In the case where the MOIS is equipped with a user-adjustable information 

timing, the tests as specified in paragraphs 6.5., 6.6. and 6.7. below shall be 

performed for each test case with the information threshold set at the settings 

that generate the information signal closest to the collision point, i.e. worst-

case setting. No alteration shall be made once the test procedure has begun. 

6.3.3. Pre-Test Conditioning 

6.3.3.1 If requested by the vehicle manufacturer, the subject vehicle may be driven a 

maximum of 100 km on a mixture of urban and rural roads with other traffic 

and roadside furniture to initialise the sensor system. 

6.4. Verification of signals test 

6.4.1. With the vehicle stationary check that the optical failure warning signals 

comply with the requirements of paragraph 5.6. above. 

6.5. Static Crossing Tests 

6.5.1. The subject vehicle shall remain in a potential moving off manoeuvre with the 

MOIS active and the test area marked out as shown in Figure 1 of Appendix 1. 

The relevant test target (T) shall be manoeuvred such that it moves on a 

trajectory perpendicular to the longitudinal median plane of the subject vehicle 

at the test case distance (dTC) away from the vehicle front and from the relevant 

crossing direction (c) (Table 1 of Appendix 1). The pedestrian test target 

reference point shall be the H-point (as defined by ISO 19206-2:2018) nearest 

the subject vehicle. The cyclist test target reference point shall be at the 

intersection of a plane perpendicular to the test target centreline located at the 

most forward point of the bicycle and a plane parallel to the test target 

centreline located at the test target H-point nearest the subject vehicle (as 

defined by ISO (CD) 19206-4). 

6.5.2. The test target shall be accelerated such that it reaches the test target speed (v) 

at a distance of no closer than 15 m from the plane relating to the subject 
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vehicle side nearest the crossing direction. The test case speed shall be 

maintained until the plane relating to the opposite vehicle side is cleared by a 

distance of no less than 5 m. 

6.5.3. In accordance with paragraph 5.2.2.2., the Technical Service shall verify the 

activation of the MOIS information signal before the test target (T) reaches a 

distance corresponding to the last point of information (dLPI) in Table 1 of 

Appendix 1, and that the MOIS information signal remains on until the test 

target has at least crossed the separation plane relating to the vehicle side 

opposite to the crossing direction. The collision warning signal shall not be 

activated. 

6.5.4. The Technical Service shall repeat paragraphs 6.5.1. to 6.5.3. for two test cases 

from Table 1 of Appendix 1 to this Regulation and for one additional test case 

selected from the combination of a soft target and the range of VRU speeds, 

VRU travel directions and detection boundaries defined in paragraph 5.2.2.2. 

 Where deemed justified, the Technical Service may also select additional test 

cases within the range of the soft targets, VRU speeds, travel directions and 

detection boundaries defined in paragraph 5.2.2.2. 

6.6. Longitudinal Stopping for Moving Off Cyclist Tests 

6.6.1. The cyclist test target (T) shall be located within the test area marked out as 

shown in Figure 2 in Appendix 1. The cyclist test target shall be positioned at 

the relevant test target starting point (pcyc) in Table 2 of Appendix 1 and face 

in the direction of travel and parallel to the longitudinal median plane of the 

subject vehicle. The cyclist test target reference point shall be at the centre of 

the bottom bracket of the bicycle and on the centreline of the bicycle. Should 

there be less than 100 mm clearance between the vehicle front and the rear 

most point of the cyclist test target, then pcyc may be moved an additional 

clearance distance (dclear) away from the vehicle front, in a direction parallel to 

the longitudinal plane, such that there is 100 +10/-0 mm clearance between the 

vehicle front and the rear most point of the cyclist test target. 

6.6.2. The subject vehicle shall be accelerated in a straight line to a constant speed of 

10 +0/-0.5 km/h, before entering the stopping corridor. The subject vehicle 

shall maintain this constant speed until the vehicle front passes the braking 

plane (pbrake) shown in Figure 2 of Appendix 1, before braking to a stop such 

that the vehicle front is positioned at the stopping plane (pstop). The subject 

vehicle shall be considered to have stopped when it has come to a rest and the 

vehicle is either no longer in a forward vehicle mode or forward gear. 

6.6.3. After a delay of no less than 10 seconds from the point at which the subject 

vehicle is considered to have stopped, the test target shall then be accelerated 

in a straight line on a trajectory parallel to the longitudinal median plane of the 

vehicle to a speed of 10 +0/-0.5 km/h within a distance of 5 m, before being 

brought to a stop. While accelerating, the lateral tolerance of the test target 

motion shall not exceed ± 0.05 m. 

6.6.4. In accordance with paragraph 5.2.2.3., the Technical Service shall verify the 

activation of the MOIS information signal before the subject vehicle reaches a 

distance from the stopping plane (pstop) corresponding to the last point of 

information (dLPI) in Table 2 of Appendix 1, and the MOIS information signal 
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remains on until the test target at least crosses a distance from the vehicle front 

relating to the maximum forward separation distance (dFSP) in Figure 2 of 

Appendix 1. The collision warning signal may be activated, as appropriate. 

6.6.5. The Technical Service shall repeat paragraphs 6.6.1. to 6.6.4. for two test cases 

shown in Table 2 of Appendix 1 to this Regulation and for one additional test 

case by selecting a cyclist test target and cyclist starting point from within the 

detection boundaries defined in paragraph 5.2.2.3. 

 Where deemed justified, the Technical Service may also select additional test 

cases within the range of the cyclist test targets and the detection boundaries 

defined in paragraph 5.2.2.3. 

6.7 Longitudinal Moving Off with Cyclist Tests 

6.7.1. The cyclist test target (T) shall be located within the test area marked out as 

shown in Figure 2 of Appendix 1. The cyclist test target shall be positioned at 

the relevant test target starting point (pcyc) in Table 2 of Appendix 1 and face 

in the direction of travel and parallel to the longitudinal median plane of the 

subject vehicle. The cyclist test target reference point shall be at the centre of 

the bottom bracket of the bicycle and on the centreline of the bicycle. Should 

there be less than 100 mm clearance between the vehicle front and the rear 

most point of the cyclist test target, then pcyc may be moved an additional 

clearance distance (dclear) away from the vehicle front, in a direction parallel to 

the longitudinal plane, such that there is 100 +10/-0 mm clearance between the 

vehicle front and the rear most point of the cyclist test target. 

6.7.2. The subject vehicle shall be accelerated in a straight line to a constant speed of 

10 +0/-0.5 km/h, before entering the stopping corridor. The subject vehicle 

shall maintain a constant speed until the vehicle front passes the braking plane 

(pbrake) shown in Figure 2 of Appendix 1, before braking to a stop such that the 

vehicle front is positioned at the stopping plane (pstop). The subject vehicle shall 

be considered to have stopped when it has come to a rest and the vehicle is 

either no longer in a forward vehicle mode or forward gear. 

6.7.3. After a delay of no less than 10 seconds from the point at which the subject 

vehicle is considered to have stopped, the test target and subject vehicle shall 

be accelerated at the same time and in a straight line, on a trajectory parallel to 

the longitudinal median plane of the subject vehicle, to a constant speed of 

10 +0/-0.5 km/h in a distance of no greater than 5 m. The subject vehicle and 

test target shall maintain this constant speed until a total travel distance of no 

less than 15 m from the stopping point is traversed by the subject vehicle. The 

lateral tolerance of the subject vehicle shall not exceed ± 0.05 m, whilst the 

lateral tolerance of the test target motion shall not exceed ± 0.05 m. The 

forward separation distance between the vehicle front and test target while 

moving shall be maintained to be within the boundaries of the maximum and 

minimum forward separation planes. 

6.7.4. In accordance with paragraph 5.2.2.3., the Technical Service shall verify the 

activation of the MOIS information signal before the subject vehicle reaches a 

distance from the stopping plane (pstop) corresponding to the last point of 

information (dLPI) in Table 2 of Appendix 1, and that the MOIS information 

signal remains on until the subject vehicle passes a distance of 15 m from the 

stopping point. The collision warning signal may be activated, as appropriate. 
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6.7.5. The Technical Service shall repeat paragraphs 6.7.1. to 6.7.4. for two test cases 

shown in Table 2 of Appendix 1 to this Regulation and for one additional test 

case by selecting a cyclist test target and cyclist starting point from within the 

detection boundaries defined in paragraph 5.2.2.3. 

 Where deemed justified, the Technical Service may also select additional test 

cases within the range of the cyclist test targets and the detection boundaries 

defined in paragraph 5.2.2.3. 

6.8. Failure detection test 

6.8.1. Simulate a MOIS failure, for example by disconnecting the power source to 

any MOIS component or disconnecting any electrical connection between the 

MOIS components. The electrical connections for the failure warning signal 

of paragraph 5.8. above shall not be disconnected when simulating a MOIS 

failure. 

6.8.2. The failure warning signal specified in paragraph 5.8. shall be activated and 

remain activated while the vehicle is being driven and shall be reactivated upon 

each activation of the vehicle master control switch, as long as the simulated 

failure exists. 

6.9. Automatic deactivation test 

6.9.1. With the MOIS system active, contaminate any of the MOIS sensing devices 

completely with a substance comparable to snow, ice or mud (e.g. based on 

water). The MOIS shall automatically deactivate, indicating this condition as 

specified in paragraph 5.8. 

6.9.2. Remove any contamination from the MOIS sensing devices completely and 

perform a reactivation of the vehicle master control switch. The MOIS shall 

automatically reactivate after a driving time not exceeding 60 seconds. 

7. Modification of vehicle type and extension of 
approval 

7.1. Every modification of the vehicle type as defined in paragraph 2.3. of this 

Regulation shall be notified to the Type Approval Authority which approved 

the vehicle type. The Type Approval Authority may then either: 

7.1.1. Consider that the modifications made do not have an adverse effect on the 

conditions of the granting of the approval and grant an extension of approval; 

7.1.2. Consider that the modifications made affect the conditions of the granting of 

the approval and require further tests or additional checks before granting an 

extension of approval. 

7.2. Confirmation or refusal of approval, specifying the alterations, shall be 

communicated by the procedure specified in paragraph 4.4. above to the 

Contracting Parties to the Agreement applying this Regulation. 

7.3. The Type Approval Authority shall inform the other Contracting Parties of the 

extension by means of the communication form which appears in Annex 1 to 

this Regulation. It shall assign a serial number to each extension, to be known 

as the extension number. 
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8. Conformity of production 

8.1. Procedures for the conformity of production shall conform to the general 

provisions defined in Article 2 and Schedule 1 to the 1958 Agreement 

(E/ECE/TRANS/505/Rev.3) and meet the following requirements: 

8.2. A vehicle approved pursuant to this Regulation shall be so manufactured as to 

conform to the type approved by meeting the requirements of paragraph 5. 

above; 

8.3. The Type Approval Authority which has granted the approval may at any time 

verify the conformity of control methods applicable to each production unit. 

The normal frequency of such inspections shall be once every two years. 

9. Penalties for non-conformity of production 

9.1. The approval granted in respect of a vehicle type pursuant to this Regulation 

may be withdrawn if the requirements laid down in paragraph 8. above are not 

complied with. 

9.2. If a Contracting Party withdraws an approval it had previously granted, it shall 

forthwith so notify the other Contracting Parties applying this Regulation by 

sending them a communication form conforming to the model in Annex 1 to 

this Regulation. 

10. Production definitively discontinued 

If the holder of the approval completely ceases to manufacture a type of vehicle 

approved in accordance with this Regulation, they shall so inform the Type 

Approval Authority which granted the approval, which in turn shall forthwith 

inform the other Contracting Parties to the Agreement applying this Regulation 

by means of a communication form conforming to the model in Annex 1 to 

this Regulation. 

11. Names and addresses of the Technical Services 
responsible for conducting approval tests and of 
Type Approval Authorities  

 The Contracting Parties to the Agreement applying this Regulation shall 

communicate to the United Nations Secretariat the names and addresses of the 

Technical Services responsible for conducting approval tests and of the Type 

Approval Authorities which grant approval and to which forms certifying 

approval or extension or refusal or withdrawal of approval are to be sent. 
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Appendix 1 

Figure 1 

Set Up for Static Crossing Tests 

Where the following definitions apply: 

 dw vehicle width. 

 d25% a distance relating to 25% of the vehicle width. 

 dNSP the distance from the nearside vehicle plane to the nearside separation plane, defined as 0.5 m. 

 dOSP the distance from the offside vehicle plane to the offside separation plane, defined as 0.5 m. 

 dTC the forward separation distance for each test case. 

 dFSP the distance from the vehicle front to the maximum forward separation plane. 

 dLPI the distance relating to the last point of information (LPI). 

 

Table 1 

Test Cases for Static Crossing Tests 

 

Test 

Case 
Soft Target (T) 

Test Case 

Distance (dTC) /m 

Crossing 

Direction (c) 

Soft Target 

Speed (v) /km/h 

Distance to Last Point 

of Information (dLPI) /m 

1 Child Pedestrian 0.8 Nearside 3 dNSP 

2 Adult Pedestrian dFSP Nearside 3 dNSP 

3 Adult Cyclist 0.8 Offside 3 dOSP 

4 Adult Cyclist dFSP Nearside 5 dNSP 

5 Adult Pedestrian 0.8 Offside 5 dOSP 

6 Child Pedestrian dFSP Offside 5 dOSP 
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Figure 2 

Set Up for Longitudinal Cyclist Tests 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Where the following definitions apply:  

 d50% the distance relating to 50% of the vehicle width. 

 pbrake the vehicle braking plane. 

pstop the vehicle stopping plane. 
 dFSP the distance from the vehicle stopping plane to the maximum forward separation plane. 

dclear the additional clearance distance that the cyclist test target is moved by to ensure at least 100 mm 

clearance between the vehicle front and the rear most point of the cyclist test target 

 pcyc the cyclist test target starting point, taken from the cyclist test target reference point. 

 px the distance between the stopping plane and cyclist test target starting point. 

 py the distance between the vehicle longitudinal median plane and cyclist test target starting point, with the  

nearside of the vehicle being the positive direction. 

dLPI the distance between the last point of information (LPI) line and the vehicle stopping plane. 

 

Table 2 

Test Cases for Longitudinal Cyclist Tests 

 

Test Case Test Target (T) 
Distance to Forward 

Cyclist Start Point (px) /m 

Distance to Lateral 

Cyclist Start Point (py) /m 

Distance to Last Point 

of Information (dLPI) /m 

1 Adult Cyclist 0.8 + dclear +d50%  dFSP – 0.8 – dclear 

2 Adult Cyclist 0.8 + dclear 0.0 dFSP – 0.8 – dclear 

3 Adult Cyclist 0.8 + dclear -d50%  dFSP – 0.8 – dclear 

4 Adult Cyclist dFSP – 0.1 +d50% 0.1 

5 Adult Cyclist dFSP – 0.1 0.0 0.1 

6 Adult Cyclist dFSP – 0.1 -d50% 0.1 

 

  

Right Hand Traffic Vehicle pstop 
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Stopping corridor 
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Annex 1 

  Communication 

(Maximum format: A4 (210 x 297 mm) 

 

issued by: (Name of administration) 

...................................... 

...................................... 

...................................... 
 

1Concerning: 2 Approval granted 

Approval extended 

Approval refused 

Approval withdrawn 

Production definitively discontinued 

of a type of vehicle with regard to the Moving Off Information System (MOIS) pursuant to 

UN Regulation No. [XXX] 

Approval No.: ...........................................................................................................................  

1. Trademark: ....................................................................................................................  

2. Type and trade name(s): ................................................................................................  

3. Name and address of manufacturer: ..............................................................................  

4. If applicable, name and address of manufacturer's representative:  ..............................  

5. Brief description of vehicle: ..........................................................................................  

6. Date of submission of vehicle for approval:  ................................................................  

7. Technical Service performing the approval tests:  ........................................................  

8. Date of report issued by that Service: ...........................................................................  

9. Number of report issued by that Service: ......................................................................  

10. Reason(s) for extension (if applicable) : .......................................................................  

11. Approval with regard to the MOIS is granted/refused:2  

12. Place: .............................................................................................................................  

13. Date: ..............................................................................................................................  

14. Signature: ......................................................................................................................  

15. Annexed to this communication are the following documents, bearing the approval 

number indicated above: ...............................................................................................  

16. Any remarks: .................................................................................................................  

  

 1  Distinguishing number of the country which has granted/extended/refused/withdrawn an approval 

(see approval provisions in this Regulation). 

 2 Strike out what does not apply. 
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Annex 2 

  Arrangements of approval marks 

(see paragraphs 4.5. to 4.5.2. of this Regulation) 

 

 XXXR – 00185  6 
 

a = 8 mm min 

The above approval mark affixed to a vehicle shows that the vehicle type concerned has been 

approved in Belgium (E6) with regard to the Moving Off Information System (MOIS) 

pursuant to UN Regulation No. [XXX]. The first two digits of the approval number indicate 

that the approval was granted in accordance with the requirements of UN Regulation No. 

[XXX] in its original form. 

 

 

 

 

 

 

 

The above Unique Identifier shows that the type concerned has been approved and that the 

relevant information on that type-approval can be accessed on the UN secure internet 

database by using 270650 as Unique Identifier. Any leading zeroes in the Unique Identifier 

may be omitted in the approval marking. 

  

 

XXXR - 00185 

UI a/3 270650 a/2 2a/3 

a ≥ 8 mm a 
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Annex 3 

  Test method for determining blind spot boundary 

1. Blind spot boundary 

 The blind spot boundary defined in paragraph 2.22. of this Regulation can be determined through the approach 

described in this Annex. 

2. Test methods 

2.1. The test object shall be a circular cylinder that is 50±2 mm in external diameter, with a 10±2 mm high ring, 

contrasting in colour from the rest of the test object, located such that its lowest edge is 900±2 mm from the base 

of the test object. 

2.2. The test conditions shall be as defined in paragraphs 6.2. of this Regulation 

2.3. The vehicle conditions shall be as defined in paragraphs 6.3. of this Regulation 

2.4. The test area shall be marked out as shown in Figure 1 of this Annex. 

 

Figure 1 

Blind spot boundary test area 

Where the following definitions apply: 

 dw vehicle width. 

 dNSP the distance from the nearside vehicle plane to the nearside separation plane, defined as 0.5 m. 

 dOSP the distance from the offside vehicle plane to the offside separation plane, defined as 0.5 m. 

 dFSP the distance from the vehicle front to the maximum forward separation plane. 

2.5. The ocular reference point shall be as defined in paragraph 2.11. of this Regulation 

2.6. Test procedure 

2.6.1. Locate a 35 mm or larger format still camera, video camera, or digital equivalent such that the centre of the 

camera image plane is located at the ocular reference point. 

 The camera shall be capable of viewing the test object in all potential test positions. Should the camera require 

repositioning to view all potential test positions, it shall be verified that the centre of the camera image plane for 

all possible camera positions is located at the ocular reference point. 
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2.6.2. The visibility of the entire ring of the test object from the ocular reference point shall be recorded for test object 

positions located within the area bounded by the minimum and maximum forward separation planes and the 

nearside and offside separation planes. 

2.6.3. Starting from the minimum forward separation plane, move the test object away from the vehicle front on an 

assessment plane parallel to the median longitudinal plane of the vehicle until the maximum forward separation 

plane is met. 

2.6.4. The visibility of the test object ring shall be recorded at intervals of no greater than 150 mm in distance along the 

assessment plane. 

2.6.5. This process shall be repeated for assessment planes between the nearside and offside separation planes, with 

distances of no greater than 150 mm between each assessment plane. 

2.6.6. Approaches other than the above methods, such as CAD based or LASER based procedures, may be considered 

as equivalent by the Technical Service, should documentary evidence be provided to verify that the requirements 

of the test procedures described in this Annex have been met. 

3. Blind spot boundary definition 

3.1. The blind spot area shall be determined by all test object positions where the entire ring of the test object is not 

visible from the ocular reference point. 

3.2. The blind spot boundary shall be determined at the first position outside of the blind spot area where the entire 

ring of the test object is visible from the ocular reference point. 
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Annex 5.2 Moving Off Information Signal (MOIS) Regulation: Overview 
of Regulation Proposed by BRU-Proxi IWG GSRG-118 
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EXECUTIVE SUMMARY 

Event Data Recorder (EDR) is a system with the purpose of recording and storing critical 

crash-related parameters and information shortly before, during and immediately after a 

collision. 

The Regulation (EU) 2019/2144 of the European Parliament and Council (sometimes 

referred to as the General Safety Regulation or GSR) has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving 

lives on EU roads. One of a package of measures to be implemented within this revision 

is the mandatory fitment of EDR to passenger cars and vans. 

To implement secondary type approval legislation on EDR, the Commission has chosen 

the approach to support a UNECE Informal Working Group with a view to develop and 

adopt a new UN Regulation on EDR, and, in addition, address relevant aspects not 

covered by the UN Regulation in an EU delegated act on EDR. 

The objectives of this work package were to: 

• support the Commission in a UNECE informal working group developing 

harmonised requirements and a UN Regulation on EDR for M1 and N1 vehicles, and 

• to draft additional technical requirements for an EU delegated act on EDR for M1 

and N1 vehicles addressing aspects that are not in scope of the UN Regulation. 

TRL attended and contributed on behalf of the Commission to informal working group, 

sub-group and task force meetings in the process of developing the UN Regulation within 

the UNECE Informal Working Group on Data Storage System for Automated Driving / 

Event Data Recorder (DSSAD/EDR)1. The new UN Regulation will contain provisions 

concerning the data elements to be recorded and their data format (recording interval, 

sample rate, minimum range, accuracy and resolution), data storage, triggering 

conditions, overwriting of events, power failure, crash resistance and survivability, and 

deactivation of EDR. 

TRL have developed draft contents for the EU delegated act with requirements covering 

the outstanding aspects not addressed at UNECE level: additional data elements to be 

recorded and their format, data elements that must not be recorded (anonymity), data 

retrieval, protection against manipulation and misuse, and approval of EDR as separate 

technical unit (STU). 

 

1 https://wiki.unece.org/pages/viewpage.action?pageId=87621709&src=contextnavpagetreemode 

https://wiki.unece.org/pages/viewpage.action?pageId=87621709&src=contextnavpagetreemode
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INTRODUCTION 

TRL are providing support to the European Commission to develop the General Safety 

Regulation, specifically the secondary type approval legislation for the following vehicle 

safety measures: 

• AEB: Advanced Emergency Braking (light duty, vehicles and pedestrians/cyclists)  

• DDR: Driver Drowsiness and Attention Monitoring, Driver Readiness Monitoring for 

Automated Driving & Advanced Distraction Recognition 

• EDR: Event Data Recorder  

• FFW: Frontal Full-Width Impact  

• HED: Pedestrian and Cyclist Enlarged Head Impact Zone 

• ISA: Intelligent Speed Assistance  

• ELKS: Emergency Lane Keeping system 

• REV: Reversing Safety  

• TPM: Tyre Pressure Monitoring (heavy duty)  

• VIS: Direct Vision & Pedestrian and Cyclist Detection (heavy duty) 

This work package is related to Event Data Recorder (EDR), a system with the purpose of 

recording and storing critical crash-related parameters and information shortly before, 

during and immediately after a collision. 

The objectives of this work package are to: 

• support the Commission in a UNECE informal working group developing 

harmonised requirements and a UN Regulation on EDR for M1 and N1 vehicles, and 

• to draft additional technical requirements for an EU delegated act on EDR for M1 

and N1 vehicles addressing aspects that are not in scope of the UN Regulation. 

This report gives an overview of the activities undertaken on behalf of the Commission at 

the UNECE level and the development of the EU delegated act. 
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APPROACH 

Regulatory remit 

The remit of the Commission’s mandate for secondary type approval legislation on EDR 

for M1 and N1 vehicles is set by the General Safety Regulation, Regulation (EU) 

2019/2144 of the European Parliament and Council. The relevant stipulations are 

contained in Articles 3 and 6 with additional context provided in Recitals 13 and 14 as 

quoted below. 

 

Recital 13:  

“The introduction of event data recorders storing a range of crucial anonymised 

vehicle data, accompanied by requirements for data range, accuracy, resolution 

and for its collection, storage and retrievability over a short timeframe before, 

during and immediately after collision (for example, triggered by the deployment 

of an airbag) is a valuable step in obtaining more accurate, in-depth accident 

data. All motor vehicles should therefore be required to be equipped with such 

recorders. Those recorders should be capable of recording and storing data in 

such a way that the data can only be used by Member States to conduct road 

safety analysis and assess the effectiveness of specific measures taken without 

the possibility of identifying the owner or the holder of a particular vehicle on the 

basis of the stored data.”  

 

Recital 14: 

“Any processing of personal data, such as information about the driver processed 

in event data recorders or information about the driver’s drowsiness and attention 

or the driver’s distraction, should be carried out in accordance with with [sic] 

Union data protection law, in particular Regulation (EU) 2016/679 of the European 

Parliament and of the Council. Event data recorders should operate on a closed-

loop system, in which the data stored is overwritten, and which does not allow the 

vehicle or holder to be identified. (…) Furthermore, the processing of personal 

data collected through the 112- based eCall in-vehicle system is subject to specific 

safeguards set out in Regulation (EU) 2015/758 of the European Parliament and 

of the Council.” 

 

Article 3 (Definitions): 

“‘event data recorder’ means a system with the only purpose of recording and 

storing critical crash-related parameters and information shortly before, during 

and immediately after a collision;” 

 

Article 6 (Advanced vehicle systems for all motor vehicle categories): 

Paragraph 4: 

“Event data recorders shall meet the following requirements in particular:  

(a) the data that they are capable of recording and storing with respect of 

the period shortly before, during and immediately after a collision shall 

include the vehicle’s speed, braking, position and tilt of the vehicle on the 

road, the state and rate of activation of all its safety systems, 112-based 

eCall in-vehicle system, brake activation and relevant input parameters of 

the on-board active safety and accident avoidance systems, with high level 

of accuracy and ensured survivability of data;  
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(b) they cannot be deactivated;  

(c) the way in which they are capable of recording and storing data shall 

be such that:  

(i) they operate on a closed-loop system;  

(ii) the data that they collect is anonymised and protected against 

manipulation and misuse; and  

(iii) the data that they collect enables precise vehicle type, variant 

and version, and in particular the active safety and accident 

avoidance systems fitted to the vehicle, to be identified; and  

(d) the data that they are capable of recording can be made available to 

national authorities, on the basis of Union or national law, only for the 

purpose of accident research and analysis, including for the purposes of 

type approval of systems and components and in compliance with 

Regulation (EU) 2016/679, over a standardised interface.” 

 

Paragraph 5: 

“An event data recorder shall not be capable of recording and storing the last four 

digits of the vehicle indicator section of the vehicle identification number or any 

other information which could allow the individual vehicle itself, its owner or 

holder, to be identified.” 

 

Paragraph 6: 

“The Commission shall adopt delegated acts in accordance with Article 12 

supplementing this Regulation by laying down detailed rules concerning the 

specific test procedures and technical requirements for:  

(a) the type-approval of vehicles with regard to the advanced vehicle 

systems listed in paragraph 1 [note: this includes EDR];  

(b) the type-approval of the advanced vehicle systems listed in points (a), 

(f) and (g) of paragraph 1 [note: this includes EDR] as separate technical 

units. (…)” 

Interaction of UNECE and EU legislation 

To implement secondary type approval legislation on EDR, the Commission has chosen 

the approach to support a UNECE Informal Working Group with a view to develop and 

adopt a new UN Regulation on EDR, and, in addition, address relevant aspects not 

covered by the UN Regulation in an EU delegated act on EDR. The aspects addressed in 

these regulatory acts break down as follows: 

The UN Regulation will contain provisions concerning the data elements to be recorded 

and their data format (recording interval, sample rate, minimum range, accuracy and 

resolution), data storage, triggering conditions, overwriting of events, power failure, 

crash resistance and survivability, and deactivation of EDR. These requirements are 

without prejudice to national legislation regarding privacy, data protection and personal 

data processing. See Section 0 for more detail on the work of the UNECE informal 

working group. 

The EU delegated act will contain requirements regarding additional data elements to be 

recorded and their format, data elements that must not be recorded (anonymity), data 

retrieval, protection against manipulation and misuse, and approval of EDR as separate 

technical unit (STU). See Section 0 for detail on the EU delegated act. 
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UNECE HARMONISED REQUIREMENTS AND REGULATION 

Development of UN Regulation 

Proposals for a UN Regulation on EDR have been developed by the UNECE Informal 

Working Group on Data Storage System for Automated Driving / Event Data Recorder 

(DSSAD/EDR)2. The approach followed by the IWG is to develop Common Technical 

Requirements as a harmonised basis for 1958 Agreement and 1998 Agreement 

documents, which were subsequently transformed into UN Regulation proposals. The 

proposals are structured in two series (original series and 01 series of amendments) in 

order to provide additional lead time for the implementation of certain requirements, 

including the minimum number of events to be stored in the EDR being raised from two 

to three, and additional data elements to be captured and recorded being added. 

• Proposal for a new UN Regulation on Event Data Recorder: 

http://unece.org/sites/default/files/2020-12/GRSG-120-

02%20UN%20Reg%20on%20EDR%20-%2000%20Series%20chairs%20edits.pdf 

• Proposal for a new 01 series of amendments to a new UN Regulation on Event 

Data Recorder: http://unece.org/sites/default/files/2020-12/GRSG-120-

03%20UN%20Reg%20on%20EDR%20-%2001%20Series%20Chairs.pdf  

These proposals have been submitted to the Working Party on General Safety Provisions 

for consideration at its 120th session on 11 January 2021. 

Meetings 

TRL attended and contributed on behalf of the Commission to the following informal 

working group (IWG), sub-group (SG) and task force (TF) meetings in the process of 

developing the UN Regulation: 

• EDR-DSSAD-01: Brussels, Belgium, 8-9 July 2019 

• EDR-DSSAD-02: Geneva, Switzerland, 18-20 September 2019 

• EDR-DSSAD-skype#2, 31 October 2019 

• EDR-DSSAD-03: Paris, France, 10-12 December 2019 

• EDR-DSSAD-04: Tokyo, Japan 29-30 January 2020 

• SG-EDR-01: Tokyo, Japan 28 January 2020 

• EDR-DSSAD-Web Meeting follow on to EDR-DSSAD-04: 27 February 2020 

• EDR-DSSAD-05: Web Meeting, 18-19 March 2020 

• SG-EDR-02: Web Meeting, 16-17 March 2020 

• SG-EDR-03: Web Meeting, 29 April 2020 

• SG-EDR-04: Web Meeting, 13 May 2020 

• SG-EDR-05: Web Meeting, 27 May 2020 

• SG-EDR-06: Web Meeting, 10 June 2020 

• SG-EDR-07: Web Meeting, 23-24 June 2020 

• SG-EDR-08/EDR-DSSAD IWG 6th Session: Web Meeting, 30 June 2020 

 

2 https://wiki.unece.org/pages/viewpage.action?pageId=87621709&src=contextnavpagetreemode 

http://unece.org/sites/default/files/2020-12/GRSG-120-02%20UN%20Reg%20on%20EDR%20-%2000%20Series%20chairs%20edits.pdf
http://unece.org/sites/default/files/2020-12/GRSG-120-02%20UN%20Reg%20on%20EDR%20-%2000%20Series%20chairs%20edits.pdf
http://unece.org/sites/default/files/2020-12/GRSG-120-03%20UN%20Reg%20on%20EDR%20-%2001%20Series%20Chairs.pdf
http://unece.org/sites/default/files/2020-12/GRSG-120-03%20UN%20Reg%20on%20EDR%20-%2001%20Series%20Chairs.pdf
https://wiki.unece.org/pages/viewpage.action?pageId=87621709&src=contextnavpagetreemode
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• SG-EDR-09: Web Meeting, 22 July 2020 

• SG-EDR-10: Web Meeting, 3 September 2020 

• SG-EDR-11: Web Meeting, 15 September 2020 

• EDR/DSSAD IWG-07: Web Meeting, 16 September 2020 

• TF-Overwriting-01: Web Meeting, 5 August 2020 

• TF-Overwriting-02: Web Meeting, 9 September 2020 

• TF-Data Elements-01: Web Meeting, 8 September 2020 

• TF-Data Elements-02: Web Meeting, 10 September 2020 

• TF-Data Elements-03: Web Meeting, 11 September 2020 

• TF-Definitions-01: Web Meeting, 14 September 2020 

• TF-Definitions-02: Web Meeting, 28 September 2020 

• TF-Data Elements-04: Web Meeting, 24 September 2020 

• EDR/DSSAD IWG-08: Web Meeting, 29 September 2020 

• TF-Data Elements-05: Web Meeting, 25 September 2020 

• EDR/DSSAD IWG-09: Web Meeting, 15 October 2020 

• TF-Data Elements-06: Web Meeting, 21 October 2020 

• TF-Data Elements-07: Web Meeting, 29 October 2020 

• TF-Data Elements-08: Web Meeting, 5 November 2020 

• TF-Data Elements-09: Web Meeting, 19 November 2020 

• TF-Data Elements-10: Web Meeting, 25 November 2020 

• TF-Data Elements-11: Web Meeting, 1 December 2020 

• EDR/DSSAD IWG-10: Web Meeting, 3 December 2020 
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EU SECONDARY TYPE APPROVAL LEGISLATION 

Proposed contents for EU delegated act on EDR 

TRL have developed on behalf of the Commission draft contents for the EU delegated act 

to cover the aspects outlined in Section 0. The proposed draft text is shown below: 

  

0. Definitions 

For the purposes of this Regulation, the following definitions shall apply in addition to the 

definitions set out in Regulation (EU) 2019/2144 and UN Regulation No [XXX3]: 

• ‘Accident emergency call system’ means a system that is activated automatically 

via in-vehicle sensors, which carries, by means of public mobile wireless 

communications networks, a set of crash-related data and establishes an 

emergency audio channel between the occupants of the vehicle and an answering 

point; 

• ‘Automatically commanded steering function category A’ means a function within 

an electronic control system where actuation of the steering system can result 

from automatic evaluation of signals initiated on-board the vehicle, possibly in 

conjunction with passive infrastructure features, to generate control action in 

order to assist the driver in low speed or parking manoeuvring; 

• ‘Automatically commanded steering function category B1’ means a function within 

an electronic control system where actuation of the steering system can result 

from automatic evaluation of signals initiated on-board the vehicle, possibly in 

conjunction with passive infrastructure features, to generate control action in 

order to assist the driver in keeping the vehicle within the chosen lane by 

influencing the lateral movement of the vehicle; 

• ‘Automatically commanded steering function category B2’ means a function within 

an electronic control system where actuation of the steering system can result 

from automatic evaluation of signals initiated on-board the vehicle, possibly in 

conjunction with passive infrastructure features, to generate control action in 

order to keep the vehicle within its lane by influencing the lateral movement of 

the vehicle for extended periods without further driver command/confirmation; 

• ‘Automatically commanded steering function category C’ means a function within 

an electronic control system where actuation of the steering system can result 

from automatic evaluation of signals initiated on-board the vehicle, possibly in 

conjunction with passive infrastructure features, to generate control action in 

order to perform a single lateral manoeuvre (e.g. lane change) when commanded 

by the driver; 

• ‘Automatically commanded steering function category D’ means a function within 

an electronic control system where actuation of the steering system can result 

from automatic evaluation of signals initiated on-board the vehicle, possibly in 

conjunction with passive infrastructure features, to generate control action in 

order to indicate the possibility of a single lateral manoeuvre (e.g. lane change) 

but perform that function only following a confirmation by the driver; 

• ‘Automatically commanded steering function category E’ means a function within 

an electronic control system where actuation of the steering system can result 

 

3 UN Regulation on uniform provisions concerning the approval of motor vehicles with regard to the Event Data 

Recorder 
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from automatic evaluation of signals initiated on-board the vehicle, possibly in 

conjunction with passive infrastructure features, to generate control action in 

order to continuously determine the possibility of a manoeuvre (e.g. lane change) 

and complete these manoeuvres for extended periods without further driver 

command/confirmation; 

• ‘Corrective steering function’ means a control function within an electronic control 

system whereby, for a limited duration, changes to the steering angle of one or 

more wheels may result from the automatic evaluation of signals initiated on-

board the vehicle, in order to: 

- compensate a sudden, unexpected change in the side force of the vehicle, 

- improve the vehicle stability (e.g. side wind, differing adhesion road 

conditions "µ-split"), or 

- correct lane departure (e.g. to avoid crossing lane markings, leaving the 

road); 

• ‘Emergency Steering Function’ means a control function which can automatically 

detect a potential collision and automatically activate the vehicle steering system 

for a limited duration, to steer the vehicle with the purpose of avoiding or 

mitigating a collision, with an obstacle obstructing the path of the subject vehicle 

or when the obstruction of the subject vehicle’s path is deemed imminent; 

• ‘Lane departure warning system’ means a system to warn the driver of an 

unintentional drift of the vehicle out of its travel lane; 

• ‘System’ means a set of components and/or sub-systems that implements a 

function or functions; 

• ‘Type of event data recorder (EDR)’ means a combination of specific hardware and 

overall software architecture which does not differ in such essential respects as 

the main characteristics and design influencing its ability to fulfil the requirements 

defined in point 1.3.;   

• ‘Vehicle roll rate’ means the change in angle of the vehicle about its X-axis. 

 

1. General requirements 

1.1. The EDR of a vehicle shall comply with: 

(a) UN Regulation No [XXX] and in particular the requirements laid down in 

paragraph 5; and 

(b) this Regulation and in particular the specific requirements laid down in point 2. 

 

1.2. Where the motor vehicle is fitted with an EDR STU, the vehicle and its EDR shall 

comply with: 

(a) UN Regulation No [XXX] and in particular the data elements requirements laid 

down in paragraphs 5.1, the data format requirements laid down in paragraph 

5.2, the requirements regarding triggering recording of data laid down in 

paragraph 5.3.1, the requirements regarding triggering locking of data laid down 

in paragraph 5.3.2, and the crash test performance and survivability requirements 

laid down in paragraph 5.4; and  

(b) this Regulation and in particular the event data requirements laid down in 

point 2.1. and the data retrieval requirements laid down in point 2.2. 

 

1.3. Type-approval of an EDR STU shall be subject to the STU complying with UN 

Regulation No [XXX] and in particular the data capture requirements laid down in 
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paragraph 5.3, the requirements regarding establishment of time zero laid down in 

paragraph 5.3.3, the overwriting requirements laid down in paragraph 5.3.4, the power 

failure requirements laid down in paragraph 5.3.5, and the deactivation requirements laid 

down in paragraph 5.5.  

 

1.4. Subject to the provisions below, the event data the EDR is able to capture and 

record shall be anonymised. 

 

1.5. Subject to the provisions in UN Regulation No 155, the event data the EDR is able to 

capture and record shall be protected against manipulation. 

 

1.6. If there is no system or sensor designed to provide the data element to be captured 

and recorded under point 2.1., in the format (range, resolution and sample rate) 

indicated in Annex 1, or it is not operational at the time of recording, this regulation 

requires neither recording of such data nor fitting or making such systems or sensors 

operational. However, if the vehicle is fitted with an original equipment manufacturer 

sensor or system designed to provide the data element in the format specified in Annex 

1, then it is mandatory to report the data element in the specified format when the 

sensor or system is operational, even if this involves making the data available on vehicle 

networks only for the purpose of being captured and recorded by the EDR. In the case 

the reason for not being operational at the time of recording is a failure of this system or 

sensor, this failure state shall be recorded by the EDR as defined in Annex 1. 

 

 

2. Specific requirements 

2.1. Event data 

2.1.1. The EDR shall capture and record event data, in accordance with the conditions 

and circumstances specified in paragraph 5.3 of UN Regulation No [XXX], in a way that 

enables a data retrieval tool to produce event reports that contain at least the following 

data elements in accordance with the sample rate, range, accuracy and resolution 

specified. 

(a) each of the mandatory data elements specified in UN Regulation No [XXX], 

(b) each of the mandatory data elements specified in Annex 1, and 

(c) the precise vehicle type, variant and version of the vehicle hosting the EDR. 

This shall be demonstrated in accordance with the relevant tests specified in paragraph 

5.4 of UN Regulation No [XXX]. 

2.1.2. The EDR shall not be able to capture or record the following data:  

(a) the last four digits of the vehicle indicator section of the vehicle identification 

number,  

(b) the location, date and time of events, and 

(c) any other information which could allow the host vehicle itself, its owner or 

holder to be identified. 

 

2.2. Data retrieval 

2.2.1. Vehicle interfaces 

2.2.1.1. For the purpose of retrieval, event data recorded by the EDR shall be made 

available through the serial data port on the standardised data link connector specified in 
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paragraph 6.5.1.4 of Appendix 1 of Annex 11 to UN Regulation No 83 and paragraph 

4.7.3 of Annex 9B to UN Regulation No 49. 

2.2.1.2. Event data recorded by the EDR shall not be accessible for retrieval over 

interfaces located outside the vehicle’s occupant compartment that are accessible without 

the use of tools, or vehicle interfaces for wireless connections.  

2.2.2. Data retrieval tools  

2.2.2.1. The vehicle manufacturer shall ensure that data retrieval tools are made 

available to the competent authority of a Member State, in accordance with applicable 

Member State laws, that are capable of accessing and retrieving event data recorded by 

the EDR and produce event reports in a machine-readable format that is capable of being 

electronically processed with commonly available information technology software. 

2.2.2.2. The data retrieval tools shall be available within [three months] of the date of 

type-approval. This obligation shall apply only if, following the type-approval, the vehicle 

is placed on the market. Where the vehicle is placed on the market more than [three 

months] after the type-approval has been granted, the data retrieval tools shall be 

available on the date on which the vehicle is placed on the market. 

2.2.2.3. The data retrieval tools shall not be able to access or retrieve the data specified 

under point 2.1.2. from the vehicle or other sources. 

 

Annex 1: Data elements and format4 

Data element Condition for 
requirement5 

Recording 
interval/time 
(relative to 
time zero) 

Data 
sample 
rate 
(samples 
per 
second) 

Minimum 
range 

Accuracy Resolution 

Lane 
departure 
warning 
system 
(LDWS) status 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 
On but not 
warning, 
On – Warning 
left, 
On – Warning 
right 

Corrective 
steering 
function (CSF) 
status 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 
On but not 
intervening, 
On – Actively 
intervening 
 

Emergency 
steering 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 

 

4 Format requirements specified below are minimum requirements and manufacturers can exceed them. 

5 “Mandatory” is subject to the conditions detailed in point 1.6. 
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Data element Condition for 
requirement5 

Recording 
interval/time 
(relative to 
time zero) 

Data 
sample 
rate 
(samples 
per 
second) 

Minimum 
range 

Accuracy Resolution 

function (ESF) 
status 

On but not 
intervening, 
On – Actively 
intervening 
 

Automatically 
commanded 
steering 
function 
(ACSF) 
category A 
status 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 
On but not 
controlling, 
On – Actively 
controlling 
 

Automatically 
commanded 
steering 
function 
(ACSF) 
category B1 
status 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 
On but not 
controlling, 
On – Actively 
controlling 
 

Automatically 
commanded 
steering 
function 
(ACSF) 
category B2 
status 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 
On but not 
controlling, 
On – Actively 
controlling 
 

Automatically 
commanded 
steering 
function 
(ACSF) 
category C 
status 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 
On but not 
controlling, 
On – Actively 
controlling 
 

Automatically 
commanded 
steering 
function 
(ACSF) 
category D 
status 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 
On but not 
controlling, 
On – Actively 
controlling 
 

Automatically 
commanded 
steering 
function 
(ACSF) 

Mandatory -5.0 to 0 sec 2 N/A N/A Faulted, 
Off, 
On but not 
controlling, 
On – Actively 
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Data element Condition for 
requirement5 

Recording 
interval/time 
(relative to 
time zero) 

Data 
sample 
rate 
(samples 
per 
second) 

Minimum 
range 

Accuracy Resolution 

category E 
status 

controlling 
 

Accident 
emergency 
call system 
status 
  

Mandatory Event N/A N/A N/A Faulted, 
On but 
emergency 
call not 
automatically 
triggered, 
On – 
Emergency 
call 
automatically 
triggered 

Vehicle roll 
rate 

Mandatory if 
fitted and 
used for 
rollover 
protection 
system 
control 
algorithm 

-1.0 to 5.0 
sec6 

10 -240 to 
+240 
deg/sec 

+/- 10%7 1 deg/sec 

 

Commentary 

Definitions 

The proposed draft contents for the EU delegated act include, by reference in point 0., 

the definitions of the General Safety Regulation and the UN Regulation on EDR (a number 

had not yet been assigned to the new UN Regulation at the time of writing). In addition, 

definitions were developed for: 

• The systems covered by data elements in the delegated act: These were based as 

far as possible on definitions existing in UN Regulations, primarily UN Regulation 

No 79. 

• The term ‘system’, which is used in point 1.6. to set out the ‘if fitted’ nature of the 

mandatory recording requirements: This definition was taken over from UN 

Regulation No 155. 

 

6 ‘Vehicle roll rate’ may be recorded in any time duration; the defined recording interval is suggested. 

7 Relative to the full range of the sensor 
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• The term ‘type of event data recorder (EDR)’, which is used to enable the 

approval of EDRs as STUs: This definition was based on the Commission’s draft 

delegated act on ISA and adapted to the requirements set out for EDR.  

Approval of EDR separate technical unit (STU) 

Regulation (EU) 2019/2144, Article 6, Paragraph 6(a) and (b) require the delegated act 

to enable EDRs to be approved as part of a vehicle or as separate technical units. This is 

addressed in points 1.1., 1.2. and 1.3.  

The requirements for approval as part of a vehicle are set out in point 1.1. and 

incorporate all requirements in the new UN Regulation as well as the proposed specific 

requirements for EU legislation. 

EDRs are closely linked to the vehicle they are fitted to because the data they capture 

and record is gathered from other vehicle systems, the trigger signals are generated by 

other systems (airbag control unit and control unit for deployable VRU secondary safety 

systems), the connector for data retrieval is part of the vehicle, and the vehicle 

crashworthiness performance affects survivability. Some EDR requirements can be 

checked by the technical service when presented with an EDR STU and the necessary 

technical documentation; however, the remaining aspects need to be checked for the 

vehicle fitted with an EDR STU. Point 1.3. and 1.2. split the requirements accordingly into 

those that can be approved with this STU and those relevant when a vehicle is fitted with 

this STU.  

Data anonymisation 

Regulation (EU) 2019/2144, Article 6, Paragraph 4(c)(ii) and Paragraph 5 contain 

relevant stipulation regarding anonymisation of EDR event data. This aspect is addressed 

in points 1.4., 2.1.2. and 2.2.2.3.  

In addition to a general requirement that event data shall be anonymised (point 1.4.), 

specific requirements ensure that neither the EDR itself is able to capture or record 

information that would allow identification of the vehicle, its owner of holder (point 

2.1.2.), nor the data retrieval tool is able to access such data from other vehicle systems 

or other sources such as off-board servers. 

It is TRL’s interpretation that the anonymity of event data upon and after retrieval cannot 

be assured to a greater extent by type approval legislation if wired retrieval shall 

continue being possible (once the data has been copied from the vehicle to a different 

medium it is outside the control of the vehicle manufacturer). An alternative would be 

direct wireless transfer to an anonymous data repository on a server under the control of 

EU or member state authorities. This would require major changes to vehicle design, 

creation and maintenance of such repository, and development of data transfer 

protocols. It should be noted that this would also restrict the usefulness of event data 

collected because member states can no longer enable authorities to access the data of 

specific events for investigations or providing access to justice (e.g. police forces). 

Data manipulation 

For the data retrieved from an EDR to be useful, those gathering the data need to have 

confidence that the data has not been manipulated subsequent to being recorded. This is 

stipulated in Regulation (EU) 2019/2144, Article 6, Paragraph 4(c)(ii). 

Protecting data against manipulation is a clear cybersecurity consideration. The proposed 

UN regulation on type approval of vehicles with regards to cyber security, UN Regulation 

No 155, includes requirements on the manufacturer to provide evidence that all data 

processed and stored in a vehicle meets minimum cybersecurity requirements.  

There are a range of potential ways to specify the implementation of cybersecurity 

measures. The proposed UN regulation places the onus on the vehicle manufacturer to 
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implement robust, appropriate cybersecurity measures, and demonstrate these during 

the type approval process. It does not specify specific security processes, procedures or 

algorithms. This approach allows manufacturers flexibility in implementation details, 

thereby promoting innovation. 

The proposed UN regulation covers how a vehicle manufacturer makes an application for 

approval of the Cybersecurity Management System (CSMS) for a particular vehicle type. 

The scope of the proposed regulation is all powered road vehicles, and even trailers (if 

they contain any ECUs), and therefore includes the relevant vehicle categories M1 and N1. 

The regulation covers the mechanics of how to apply (Section 3) and how the vehicle 

should be marked to demonstrate it has type approval (Section 4). Section 5 covers how 

the approval will be granted. This section identifies that type approval will not be granted 

unless it is verified that the manufacturer has in place satisfactory procedures for 

managing cybersecurity. The approval authorities are required to have people and 

procedures in place to ensure equitable evaluations of the requirements in the regulation. 

Section 6 covers the Certificate of Compliance. This details the processes of applying for 

and demonstrating that the CSMS is up to the task of providing sufficient cybersecurity. 

Section 7 details the specifications that need to be met for Conformity of Production, and 

hence gain type approval. 

Manipulation of data is not explicitly covered in the general text of the UN regulation but 

features in the list of vulnerabilities and mitigations in the annexes. Both manipulation of 

data in the connectivity system, and data stored on the EDR are covered. Manipulation of 

software during update processes is also covered. The manipulation/erasure of driving 

data is explicitly identified. 

Under mitigations, the following mitigations are identified in Table B of Annex 5: 

• In “Vehicle Communications Channel”, M7 specifies that access control shall be 

applied. 

• In “Update Process”, M16 specifies that secure software update procedures shall 

be employed. 

• In “potential targets/motivations”, M7 specifies that access control techniques and 

designs shall be applied to protect system data/code, both in terms of 

manipulation and deletion.  Example Security Controls can be found in OWASP8. 

Data manipulation attacks on sensors or transmitted data could be mitigated by 

correlating the data from different sources of information. 

• Finally, in “Physical Manipulation of systems”, M9 specifies that measures to 

prevent and detect unauthorised access shall be employed. 

It is considered that the provisions identified in UN Regulation No 155 are suitable to 

ensure a sufficient level of cybersecurity to protect data stored in the EDR against 

manipulation. Therefore, these requirements are referenced in point 1.5. of the proposed 

draft contents for the EU delegated act. 

Fitment of additional sensors or systems for EDR approval 

In line with the requirements of the UN Regulation on EDR, the EU delegated act shall not 

require fitting additional sensors or systems only for the purpose of EDR event data 

recording. Point 1.6. contains equivalent stipulations to the UN Regulation, with 

additional wording to clarify that making data from existing sensors or systems available 

on vehicle networks (e.g. CAN bus) may, however, be required for the purposes of EDR 

approval. 

 

8 The Open Web Application Security Project® (OWASP), a non-profit foundation that works to improve the 

security of software 
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Data elements 

Regulation (EU) 2019/2144, Article 6, Paragraph 4(a) sets out a high-level list of data 

elements that shall be recorded by the EDR with respect of the period shortly before, 

during and immediately after a collision.  

The UN Regulation on EDR specifies a number of data elements and their format 

(recording interval, sample rate, minimum range, accuracy and resolution), which are 

included by reference in point 2.1.1.(a) of the proposed draft contents for the EU 

delegated act.  

Additional data elements and their format, that are, according to TRL’s interpretation, 

required for full compliance with the General Safety Regulation are included in Annex 1, 

referred to in point 2.1.1.(b). The relation of these data elements to the European 

regulatory requirements is summarised in Table 1.  

Furthermore, point 2.1.1.(c) requires that the precise vehicle type, variant and version of 

the vehicle hosting the EDR shall be included in the data reported by a retrieval tool to 

satisfy the stipulation set out in Regulation (EU) 2019/2144, Article 6, Paragraph 4(a).  
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Table 1: Data elements included in proposed draft contents for EU delegated act and 

reference to the corresponding recording requirements in the General Safety Regulation 

Data element Related General Safety Regulation reference 

Lane departure warning system 

(LDWS) status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Corrective steering function (CSF) 

status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Emergency steering function (ESF) 

status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Automatically commanded steering 

function (ACSF) category A status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Automatically commanded steering 

function (ACSF) category B1 status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Automatically commanded steering 

function (ACSF) category B2 status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Automatically commanded steering 

function (ACSF) category C status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Automatically commanded steering 

function (ACSF) category D status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Automatically commanded steering 

function (ACSF) category E status 

Article 6, Paragraph 4 (a) stipulates recording of 

“the state and rate of activation of all its safety 

systems” 

Accident emergency call system 

status 

Article 6, Paragraph 4 (a) stipulates recording of 

“112-based eCall in-vehicle system” 

Vehicle roll rate Article 6, Paragraph 4 (a) stipulates recording of the 

“tilt of the vehicle”; rate rather than angle was 

chosen to match the output of the most prevalent 

vehicle sensors 

 

Data retrieval, misuse and use for specific purposes 

High-level requirements regarding data retrieval, prevention of data misuse and 

restriction of use to certain purposes are contained in Regulation (EU) 2019/2144, Article 

6, Paragraph 4(c)(ii) and (d).  

To control the use of EDR data, member states must be enabled to restrict access to EDR 

records to certain parties that are or will be authorised by national legislation to access 

the data.  

Misuse of the data could potentially arise: 

• if unauthorised parties retrieve the EDR data and associate it with a specific road 

vehicle (and are able to identify the owner or holder of the vehicle), or 

• if authorised parties use the data for purposes other than those intended. 
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The first of these aspects can be addressed by vehicle type approval legislation in a way 

that enables member states to put safeguards in place to minimise the possibility for 

unauthorised parties retrieving EDR records from vehicles. The second aspect is outside 

the control of the vehicle manufacturer and thus vehicle type approval. 

Without specific stipulations in the EU delegated act it is conceivable that future vehicles 

would allow remote access to EDR records stored on-board the vehicle, e.g. for the 

vehicle manufacturer to upload data to an OEM back-end server or insurance companies 

to access the data over-the-air (potentially with consent of the vehicle owner/user). 

While the EDR data itself must be anonymised, it would be conceivable in this scenario 

for a party involved to create a data set (e.g. on a server) that contains the event data 

alongside information from other in-vehicle sources which makes the specific vehicle 

and/or owner or holder identifiable (e.g. the full VIN of the vehicle transmitting the data 

to a server, the time of transmission, or the vehicle location while transmitting).  

Even in the case of wired transmission, without additional stipulations, future systems 

could theoretically be designed in a way that would allow parties who don’t have access 

to the locked interior of the vehicle to retrieve the data (if the interface is physically 

accessible from the outside).  

Current industry practice for data retrieval already provides implicit safeguards offering a 

general level of protection against such scenarios. Therefore, TRL propose requirements 

for the EU delegated act that formalise current industry practice to ensure that 

manufacturers continue to follow it in the future and which can be implemented by 

manufacturers in the required timescales for vehicle models that are already in advanced 

stages of the development process. 

The stipulations contained in point 2.2. aim to ensure that: 

• Manufacturers use the OBD II port as the standardised interface for data retrieval, 

which is located inside the occupant compartment and therefore not accessible 

without unlocking the vehicle (point 2.2.1.1.). 

• EDR event data cannot be retrieved over interfaces outside the occupant 

compartment. In this context it is important to consider that current industry 

practice also allows data retrieval via direct connection to the ECU housing the 

EDR data storage. In current architectures this is typically the airbag control 

module and direct access is used after severe collisions which damaged a vehicle’s 

power supply or data networks. To allow this practice to continue in order to allow 

data retrieval also after severe collisions, TRL propose to limit the prohibition of 

external interfaces to those which can be accessed without the use of tools (point 

2.2.1.2.).  

• EDR event data cannot be retrieved over any wireless connections (including wide 

area networks) (point 2.2.1.2.). 

• Retrieval tools are made available to member states that are capable of accessing 

and retrieving the event data so as to produce a machine-readable EDR report file 

that must not include identifiers of the individual vehicle, owner or holder, such as 

the full VIN or the time or location of the event (point 2.2.2.). These stipulations 

enable member states to restrict the retrieval of EDR records to authorised 

entities by controlling access to the data retrieval tools by implementing 

legislation to ensure that such equipment is only made available to parties 

authorised under national legislation. 



 Event Data Recorder (EDR) for M1 and N1 vehicles: Interim report 

 

 

 

March 2021  552 
 

GLOSSARY 

Term Definition 

CAN Controller Area Network 

CSMS Cybersecurity Management System 

ECU Electronic Control Unit 

EDR Event Data Recorder 

EU European Union 

OBD On-Board Diagnostics 

OEM Original Equipment Manufacturer, i.e. vehicle manufacturer 

STU Separate Technical Unit 

UN(ECE) United Nation (Economic Commission for Europe) 

VIN Vehicle Identification Number 

 



 Event Data Recorder (EDR) for M1 and N1 vehicles: Interim report 

 

 

 

March 2021  553 
 

REFERENCES 

There are no sources in the current document. 

  



 Event Data Recorder (EDR) for M1 and N1 vehicles: Interim report 

 

 

 

March 2021  554 
 

HOW TO OBTAIN EU PUBLICATIONS 

Free publications: 

• one copy: 

via EU Bookshop (http://bookshop.europa.eu); 

• more than one copy or posters/maps: 

from the European Union’s representations (http://ec.europa.eu/represent_en.htm);  

from the delegations in non-EU countries 

(http://eeas.europa.eu/delegations/index_en.htm);  

by contacting the Europe Direct service (http://europa.eu/europedirect/index_en.htm) 

or calling 00 800 6 7 8 9 10 11 (freephone number from anywhere in the EU) (*). 
 
(*) The information given is free, as are most calls (though some operators, phone boxes or hotels may 
charge you). 

Priced publications: 

• via EU Bookshop (http://bookshop.europa.eu). 

Priced subscriptions: 

• via one of the sales agents of the Publications Office of the European Union 

(http://publications.europa.eu/others/agents/index_en.htm). 

 

 

 

http://europa.eu.int/citizensrights/signpost/about/index_en.htm#note1#note1


 

               

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                                                               

 

 

 

 



 General Safety Regulation: Final Report 

 

 

 

March 2021  556 
 

 FULL-WIDTH-FRONTAL (FFW) STAKEHOLDER REPORT: STATUS OF 

THOR-50M FOR APPLICATION IN UN REGULATION NO 137 



 

 
Written by D Hynd and J Appleby (TRL Ltd) 
December – 2020 

 

 

General Safety Regulation - 

Technical study to assess and 
develop performance 
requirements and test 

protocols for various 
measures implementing the 

new General Safety 

Regulation, for accident 
avoidance and vehicle 

occupant, pedestrian and 
cyclist protection in case of 

collisions 
 

Full-Width-Frontal (FFW) Stakeholder Report : Status of 

THOR-50M for Application in UN Regulation No 137  



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

EUROPEAN COMMISSION 

Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs 

Directorate I — Ecosystems IV: Mobility & Energy Intensive Industries 
Unit I.2 — Mobility 

Contact: Peter Broertjes 

E-mail: GROW-I2@ec.europa.eu 

European Commission 
B-1049 Brussels 



 

 

 

 

 

 

 

 

General Safety Regulation - 
Technical study to assess and 

develop performance 

requirements and test 
protocols for various 

measures implementing the 

new General Safety 
Regulation, for accident 
avoidance and vehicle 

occupant, pedestrian and 
cyclist protection in case of 

collisions 

Full-Width-Frontal (FFW) Stakeholder Report : Status 

of THOR-50M for Application in UN Regulation No 137 

 

 

 

 

 

 



EUROPEAN COMMISSION 

Directorate-General for Internal Market, Industry, Entrepreneurship and SMEs 
           

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

LEGAL NOTICE 

This document has been prepared for the European Commission however it reflects the views only of the 
authors, and the Commission cannot be held responsible for any use which may be made of the information 
contained therein. 

More information on the European Union is available on the Internet (http://www.europa.eu). 

Luxembourg: Publications Office of the European Union, 2020 

© European Union, 2020 
 

Image(s) © TRL, 2020 (UNLESS OTHERWISE SPECIFIED)

Europe Direct is a service to help you find answers  

to your questions about the European Union. 

Freephone number (*): 

00 800 6 7 8 9 10 11 

(*) The information given is free, as are most calls (though some operators, phone 
boxes or hotels may charge you). 

http://europa.eu.int/citizensrights/signpost/about/index_en.htm#note1#note1


 

 

Disclaimer 

This report has been produced by the Transport Research Laboratory under a contract with the European 
Commission. Any views expressed in this report are not necessarily those of the European Commission. 
The information contained herein does not necessarily reflect the views or policies of the customer for whom 
this report was prepared. Whilst every effort has been made to ensure that the matter presented in this report 
is relevant, accurate and up-to-date, TRL Limited cannot accept any liability for any error or omission, or 
reliance on part or all of the content in another context. 
 
Framework Contract No: 470/PP/2015/FC 
Specific Contract No: SI2.791480 
Document number: MIS 28 
Prepared By: TRL Ltd 
Quality approved: Anna George (Project Manager), Matt Seidl (Technical Referee) 



 

 

Table of Contents 

EXECUTIVE SUMMARY ................................................................................................ 563 

1 INTRODUCTION ................................................................................................. 565 

Objectives ......................................................................................................... 565 

Background ....................................................................................................... 565 

1.1.1 TEFIRE THOR-50M review ............................................................. 566 

2 METHOD ........................................................................................................... 568 

Stakeholders ..................................................................................................... 568 

Scope 568 

Topic guide ....................................................................................................... 569 

3 STATUS OF THOR-50M FOR APPLICATION IN UN REGULATION NO 137 .................... 571 

Build level ......................................................................................................... 571 

3.1.1 Key findings ................................................................................ 571 

3.1.2 Head and Face ............................................................................ 573 

3.1.3 Neck .......................................................................................... 573 

3.1.4 Spine ......................................................................................... 573 

3.1.5 Arm and shoulder ........................................................................ 575 

3.1.6 Thorax ....................................................................................... 576 

3.1.7 Abdomen .................................................................................... 577 

3.1.8 Other ......................................................................................... 577 

Certification ...................................................................................................... 578 

3.1.9 Key findings ................................................................................ 578 

3.1.10 Head and face ............................................................................. 580 

3.1.11 Neck .......................................................................................... 580 

3.1.12 Spine ......................................................................................... 581 

3.1.13 Thorax ....................................................................................... 581 

3.1.14 Pelvis ......................................................................................... 582 

3.1.15 Upper leg .................................................................................... 583 

3.1.16 Other ......................................................................................... 583 

Seating procedure .............................................................................................. 584 

3.1.17 Key findings ................................................................................ 584 

Repeatability and reproducibility .......................................................................... 585 

3.1.18 Key Findings ............................................................................... 586 

3.1.19 Certification tests ......................................................................... 587 

3.1.20 Sled tests ................................................................................... 587 

3.1.21 Full-scale tests ............................................................................ 589 

Injury criteria, injury risk functions and performance requirements .......................... 589 

3.1.22 Key Findings ............................................................................... 591 

4 SUMMARY ......................................................................................................... 593 

5 GLOSSARY ........................................................................................................ 594 

6 REFERENCES ..................................................................................................... 595 

  



 FFW Stakeholder Report 

 

 

 

March 2021  563 
 

EXECUTIVE SUMMARY 

UN Regulation No 137 (UN R137) concerns the protection of M1 and N1 occupants in the 

event of a full-width frontal impact collision. The Regulation consists of a 50 km/h full-

width crash test with a Hybrid III 50th percentile male (H3-50M) anthropometric test device 

(ATD, also known as a crash test dummy) in the driver’s seat and a Hybrid III 5th percentile 

female ATD (H3-5F) in the front passenger’s seat. Performance requirements for the thorax 

(chest) deflection of the ATD have been adapted to technical progress to encourage 

improved restraint systems, particularly relating to the protection of older vehicle 

occupants. 

The objective of this work is to introduce the THOR-M 50th percentile male (THOR-50M) 

ATD in place of the H3-50M as a further adaptation to technical progress, because the 

THOR ATD has been shown to be more biofidelic (more humanlike) than the H3-50M. In a 

first phase, the performance requirements (based on measurements made with the 

dummies) should be set to give equivalent risk of injury to those currently defined in UN 

R137. There is also scope to update the thorax deflection performance requirements in a 

second phase (outside the scope of the present work) to further enhance the protection of 

older occupants. A potential third phase of regulatory update, also outside the scope of the 

present work, would be to implement the THOR-5F 5th percentile female ATD in the front 

passenger seating position once it becomes available. 

This study evaluated the status of THOR-50M for application in UN R137, focusing on five 

key topics: 

1) Build level – the precise mechanical design of the ATD at a given point in time, including 

dimensions and material specifications for all parts, recorded in a drawing package 

a) Tight control of the build level helps ensure that ATDs produced by different 

manufactures have very similar performance 

b) UN Mutual Resolution No. 1 (M.R.1) is the repository for drawing packages (and 

other relevant documentation such as procedures for assembly, disassembly, 

inspection and certification) of ATDs used in UN Regulations 

2) Certification requirements – detailed test specifications and performance requirements 

(with tolerances) that ensure that an ATD has consistent performance over time and 

that different ATDs have very similar performance 

a) Certification requirements help ensure that vehicle tests with an ATD have good 

repeatability and reproducibility 

3) Seating procedure – detailed instruction for how to set up the seat of a vehicle to be 

crash tested, and how to install the ATD in that seat 

a) The seating procedure helps ensure that vehicle tests with an ATD have good 

repeatability and reproducibility 

4) Repeatability and reproducibility 

a) Repeatability means the variation in measurements made with a single ATD in 

multiple tests under the same test conditions 

b) Reproducibility means the variation in measures made with multiple ATDs in tests 

under the same test conditions 

c) Good repeatability and reproducibility helps ensure that assessment of the safety 

performance of a vehicle is robust and consistent, independent of which ATD is used 

for the test 

5) Injury criteria and injury risk functions 

a) Injury criteria relate measurements made on an ATD to a type of injury observed 

in the field 

b) Injury risk functions relate an injury criterion to the risk of an injury, and allow 

regulators to select performance requirements that set vehicle safety expectations  



 FFW Stakeholder Report 

 

 

 

March 2021  564 
 

Stakeholders, including vehicle manufacturers, ATD manufacturers, crash test laboratories, 

and crash safety research laboratories were consulted about the current status of THOR-

50M in regard to these issues. This report documents feedback from stakeholders and 

makes recommendations for actions to resolve outstanding issues with the THOR-50M such 

that it could be implemented in UN R137. 
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1 INTRODUCTION 

UN Regulation No 137 (UN R137) concerns the protection of M1 and N1 occupants in the 

event of a full-width frontal impact collision. The Regulation consists of a 50 km/h full-

width crash test with a Hybrid III 50th percentile male (H3-50M) anthropometric test device 

(ATD, also known as a crash test dummy) in the driver’s seat and a Hybrid III 5th percentile 

female ATD (H3-5F) in the front passenger’s seat. Performance requirements for the thorax 

(chest) deflection of the ATD have been adapted to technical progress to encourage 

improved restraint systems, particularly relating to the protection of older car occupants. 

The objective of this work is to introduce the THOR-M 50th percentile male (THOR-50M) 

ATD in place of the H3-50M as a further adaptation to technical progress, because the 

THOR ATD has been shown to be more biofidelic (more humanlike) than the H3-50M. In a 

first phase, the performance requirements (based on measurements made with the 

dummies) should be set to give equivalent risk of injury to those currently defined in UN 

R137. There is also scope to update the thorax deflection performance requirements in a 

second phase (outside the scope of the present work) to further enhance the protection of 

older occupants. A potential third phase of regulatory update, also outside the scope of the 

present work, would be to implement the THOR-5F 5th percentile female ATD in the front 

passenger seating position once it becomes available. 

Objectives 

The specific objectives of this work package are to: 

• Identify the current status of THOR with respect to the key issues of 

o Build level 

o Repeatability and reproducibility (R&R), and 

o Injury metrics (especially thorax injury risk assessment) 

• Draft a regulatory text that can be used to implement THOR-50M in UN R137 

(subject to the status issues identified in the initial tasks) 

Background 

In the early 1990’s NHTSA (the US National Highway Traffic Safety Administration) led the 

development of improvements to frontal impact ATDs with the aim of improving and 

accelerating the development of passenger restraint systems. This work initially resulted 

in the TAD-50M, a replacement for the Hybrid III thorax assembly intended to improve the 

ATD’s biofidelic responses. In 1994 NHTSA let a contract with GESAC Inc. to develop a full 

body ATD called THOR (Test-device for Human Occupant Restraint), releasing versions to 

the public as early as 1996 and publishing initial findings two years later (Rangarajan et 

al., 1998). This work led to the creation of THOR-Alpha (NHTSA, 2001) and then THOR-FT 

(updates to THOR-Alpha developed in a European 5th Framework project, 2004) and 

THOR-NT (NHTSA, 2005). The THOR ATD was further developed under a NHTSA contract 

with Humanetics Innovative Solutions, resulting in an updated THOR-M prototype in 2013 

and release of THOR-50M standard build level A (SBL-A) (NHTSA, 2016). 

NHTSA have published drawing packages for different versions of THOR, including 

THOR-50M in August 20161 and March 20202. They have also sponsored the development 

of a finite element model (Humanetics, 2020) of THOR-50M to support modern vehicle and 

restraint system development processes. 

 

1 https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/thor-50m_drawing_package-august_2016.pdf 

2 https://www.regulations.gov/document?D=NHTSA-2019-0106-0002 

https://www.nhtsa.gov/sites/nhtsa.dot.gov/files/documents/thor-50m_drawing_package-august_2016.pdf
https://www.regulations.gov/document?D=NHTSA-2019-0106-0002
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The recent focus for NHTSA’s THOR development has been for application in the high-

speed, low-overlap oblique impact test being developed for possible application in US NCAP 

(NHTSA, 2015). NHTSA’s validation work relates to certification (McFadden et al., 2015) 

and biofidelity (Parent et al., 2013) test conditions (well-controlled bench-top tests, e.g. 

pendulum impactor tests of thorax response). Evaluation of the performance and durability 

of THOR in full-scale oblique low-overlap crash tests has also been performed (Saunders 

and Parent, 2013), (Saunders et al., 2015) and (Saunders and Parent, 2018). 

Since January 2020, THOR-M has been implemented in the Euro NCAP Mobile Progressive 

Deformable Barrier (MPDB) test (2019). The 50th percentile male THOR-M is placed in the 

driver’s seat, with a 5th percentile female Hybrid III ATD in the near-side rear seating 

position. Euro NCAP adopted THOR-M for this test procedure following a review by a joint 

Euro NCAP and EEVC committee called TEFIRE (Hynd and Ellway, 2016), which involved 

research organisations, industry, ATD manufacturer, and Euro NCAP laboratories. See 

Section 1.1.1 for an overview of the conclusions and recommendations of the TEFIRE 

group; these form the baseline for the review undertaken in the present study. 

Based on assessment by the Euro NCAP test laboratories, a revised specification for THOR 

was set out in Technical Bulletin TB026 (Euro NCAP, 2018). This has resulted in a new but 

distinct build level, SBL-B, as described by Humanetics in their January 2018 bulletin for 

the European car market (Humanetics, 2018). 

At the time of performing the stakeholder engagement in the present study, there were 

four main suppliers of THOR-50M: Cellbond, Humanetics Innovative Solutions, JASTI and 

Kistler. 

1.1.1 TEFIRE THOR-50M review 

The TEFIRE programme assessed THOR-50M in 2016, after NHTSA issued a design freeze, 

as NHTSA began working to introduce the ATD into the US NCAP 2018 test programme. 

While enacting the design freeze and prior to the intended introduction into US NCAP 

(subsequently put on hold), NHTSA requested official comments regarding THOR. In 

response, as described in the board report (Hynd and Ellway, 2016), TEFIRE submitted 

comments informed by testing conducted by both TEFIRE, Euro NCAP Frontal Impact 

Working Group (FIWG) and other THOR users. Tests (including sled tests) were completed 

with THOR SBL-A dummies, assessing their suitability and readiness for Euro NCAP, 

particularly regarding durability, certification requirements, repeatability and 

reproducibility. While the TEFIRE project was underway NHTSA made improvements to the 

durability of THOR SBL-A, particularly around the neck and head. Design changes (e.g. 

extending the front neck cable) were made in response to prior user comments, 

surrounding concerns that the SBL-A neck would permanently set in a non-straight posture 

after testing. Training was also provided in order to standardise fitment techniques, 

reportedly improving reproducibility. 

TEFIRE (Hynd and Ellway, 2016) submitted conclusions, on five key areas as defined by 

the Terms of Reference, four of which related directly to the THOR ATD and its then current 

build level:  

Durability and Handling: 

• Durability improvements (SBL-A) since September 2016 should be incorporated in 

SBL-A to provide a stable version for further assessment 

• With these improvements, durability and handling are adequate for full-width 

frontal and offset deformable test scenarios 

• Handling improvements should be implemented, but these are not time-critical 

Seating Procedure: 

• The NHTSA seating procedure is suitable as a basis for further development by the 

Euro NCAP FIWG (Frontal Impact Working Group) 
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Certification conclusions: 

• The key injury criteria that are likely to be used with THOR have appropriate 

certification requirements and the tests can be performed in most laboratories with 

modest updates to equipment and working practices 

• Refinements to the certification procedures may be required depending on the 

injury criteria recommended by EEVC WG12 and those selected by Euro NCAP 

• Round-robin certification testing should be performed to confirm certification 

corridors with SBL-A and to establish repeatability and reproducibility of SBL-A in 

certification tests 

R&R Conclusions: 

• R&R had not been demonstrated in full-scale tests 

• Repeatability was very good, especially when considering the derived injury criteria 

that are used in vehicle assessments 

• Reproducibility data was limited and more variable. Reproducibility in certification 

tests was generally Excellent. In sled tests, reproducibility was adequate in full-

width tests except for lightly loaded deflections and initial analysis indicates that 

this does not adversely affect the injury criteria that are likely to be used. Further 

analysis of the variability of injury metrics is required to confirm the reproducibility 

of the ATD 

• R&R adequate in standard certification tests, but poor in low-speed thorax 

certification-style tests; an additional low-speed certification thorax certification 

test may be necessary (similar to that introduced by Euro NCAP for the Hybrid III 

ATD) 
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2 METHOD 

The basic approach was to update the state of knowledge since the TEFIRE working group 

reported in 2016, with a focus on which of the TEFIRE recommendations had been 

addressed; which had not; and whether any additional items had been identified. This 

knowledge gathering was addressed via a series of bilateral stakeholder consultations. 

Based on the information gathered and the recommendations provided by stakeholders, 

an approach to resolving any remaining issues with the THOR ATD was recommended. 

Finally, where possible, the draft amendments to the UN R137 regulatory text have been 

proposed, noting that these will require further updating once the THOR ATD is finalised at 

the international level. 

In summary, a work programme consisting of the following tasks has been undertaken: 

Knowledge gathering via stakeholder consultation 

1. Define the standard build level (SBL) of THOR to be used in UN R137, and the 

implications for repeatability and reproducibility (R&R) 

2. Identify the current status of THOR R&R, especially of thorax measurements 

3. Identify the current status of THOR injury criteria, especially thorax injury criteria 

and performance requirements 

Application 

4. If outstanding issues remain regarding thorax R&R and injury risk functions, 

develop a proposal for a programme of work to contribute to the resolution of these 

issues 

5. Draft the amendments to the regulatory text that would be required in order to 

implement THOR-50M in UN R137. Note that it would not be possible to implement 

this amended regulatory text at the end of the study, because further work is likely 

to be required to validate the application of THOR in the specific UN R137 test 

conditions, especially relating to the status identified in Items 2 and 3 above. 

Stakeholders 

The stakeholders consulted included: 

• Three ATD manufacturers 

• Two research organisations with experience using the THOR and other ATDs in crash 

testing 

• Vehicle manufacturers represented by ACEA 

Bilateral meetings were held, either face-to-face or by web meeting, with individual 

stakeholders. 

Scope 

As noted in Section 0, the focus of NHTSA’s full-scale crash test validation of THOR has 

been in a high-severity, low-overlap oblique crash test condition. While the ultimate 

objective for THOR should be applicability in all frontal-impact crash test conditions, the 

focus for the present study was application in UN R137, which is a moderate-severity, full-

width crash test condition. Stakeholder input was therefore constrained where possible to 

information relevant to this crash condition. For example, evidence of durability issues in 

high-severity, low-overlap oblique crash test conditions was not considered as evidence of 

a durability problem that would affect moderate-severity full-width crash testing and 

directly relevant durability information was sought. 

Furthermore, the initial scope for implementation of the THOR ATD in UN R137 is to set 

performance requirements that control the safety of the vehicle in terms of the same body 

regions and injury types that are assessed by the current Hybrid III ATD, i.e. applying head 
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(HIC), neck, thorax and femur injury metrics. Discussions with stakeholders were therefore 

constrained where possible to these body regions and injury criteria that would evaluate 

the safety of the vehicle in a similar way to the current ATD. For example, THOR is capable 

of measuring head rotational acceleration, which is linked to severe traumatic brain injury 

mechanisms, and injury criteria for rotational acceleration have been proposed. However, 

the current head injury risk assessment in UN R137 is based on HIC, which uses only linear 

acceleration, and initial implementation of THOR should address only this injury 

mechanism. Finally, this should apply for the 50th percentile THOR-M ATD (THOR-50M) in 

the driver’s seating position. 

Topic guide 

In advance of the stakeholder meetings, all stakeholders were sent a Topic Guide in the 

form of a slide deck (see Annex 1). The Topic Guide sets out the background to the work 

(see Background), the scope of the consultations (see Scope), and the key questions to be 

addressed. All stakeholders were informed of measure description (full-width frontal 

occupant protection, the introduction of THOR-50M and injury criteria), base material 

available, outline for the planned work, TEFIRE certification and R&R conclusions and the 

scope of work. The five key discussion areas were as follows:  

Key points for discussion 

• Status of the current build level SBL 

o The build level is the precise mechanical design of the ATD at a given point 

in time 

o This includes the dimensions and material specifications for all parts, 

recorded in a drawing package 

o Build level defines and controls the fabrication of an ATD such that multiple 

ATD manufacturers can produce ATDs that give a very similar assessment 

of the safety performance of a vehicle (i.e. have good R&R, see below) 

o UN Mutual Resolution No. 13 (M.R.1) is the repository for drawing packages 

(and other relevant documentation such as procedures for assembly, 

disassembly, inspection and certification) of ATDs (e.g. the WorldSID ATD 

and FlexPLI legform) 

• Status of certification requirements 

o Certification is the process of testing an ATD in order to ensure that the 

performance of the ATD meets a specification 

o Certification tests may be applied to individual components, sections, or 

whole ATDs 

o Certification tests are typically very well-controlled laboratory tests (i.e. the 

test has a very high R&R) 

o Certification tests are typically performed after a certain number of crash 

tests (e.g. 3 or 10, depending on the ATD and the test), or if an ATD-based 

measurement exceeds a specified range (i.e. the ATD may have been 

overloaded in the test) 

o Appropriate specification of certification tests and certification performance 

requirements is important to ensure adequate R&R of an ATD 

 

3 ECE/TRANS/WP.29/1101 - Concerning the description and performance of test tools and devices necessary for 

the assessment of compliance of wheeled vehicles, equipment and parts according to the technical 

prescriptions specified in UN Regulations and UN Global Technical Regulations 
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o NB: For the THOR ATD, NHTSA have recently adopted the term ‘qualification’ 

instead of certification 

• Status of seating procedure 

o The seating procedure defines a step-by-step process by which an ATD is 

installed in a vehicle 

o The seating procedure ensures that the position of the seat in the vehicle 

and the position of the ATD in the vehicle is as repeatable as possible, which 

helps to reduce variation in crash test results 

• Status of THOR-50M repeatability and reproducibility (R&R) 

o Repeatability means the variation in measurements made with a single ATD 

in multiple tests under the same test conditions 

o Reproducibility means the variation in measures made with multiple ATDs in 

tests under the same test conditions 

▪ This may be multiple ATDs from a single manufacturer, or ATDs from 

multiple manufacturers; both are important metrics 

o Good R&R helps ensure that assessment of the safety performance of a 

vehicle is robust and consistent, independent of which ATD is used for the 

test 

o In order to robustly assess the R&R of an ATD, it is important that the test 

conditions are well controlled (so that R&R of the ATD, not the test condition, 

is the primary contributor to the observed variation); this means that R&R 

is typically tested in laboratory certification-type tests and possible sled 

tests, rather than full-scale car crash tests 

• Status of injury criteria and injury risk functions 

o Injury criteria relate measurements made on an ATD to a type of injury 

observed in the field 

▪ For instance, compression of the rib cage may relate to rib fractures 

or thorax organ injuries, so rib deflection might be considered to be 

an injury criterion 

o Injury risk functions relate the value of an injury criterion to the risk of a 

given severity of injury 

▪ For instance, in the Hybrid III 50M ATD, 50 mm of rib deflection 

(measured at the sternum) corresponds with a 50% risk of serious 

(AIS4+) chest injury 

o Injury criteria and injury risk functions form the basis for many of the 

performance requirement in regulatory crash tests 

o Robust injury criteria and injury risk functions help ensure that the risk of 

injury to different body regions is appropriately balance and that injury 

mitigations introduced in vehicles will have the expected real-world benefits 
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3 STATUS OF THOR-50M FOR APPLICATION IN UN REGULATION NO 137 

The following sections summarise the key findings from the stakeholder consultation under 

each of the following key topics: 

1. Build level 

2. Repeatability and reproducibility 

3. Injury criteria and injury risk functions, which are used to set appropriate 

performance requirements 

4. Seating procedure 

5. Certification 

Build level 

The build level defines the mechanical design of an ATD, generally by means of a drawing 

package. The drawing package controls the dimensions and materials of all parts of the 

ATD, including mounting locations for instrumentation. Separate documentation describes 

how to assemble and disassemble the ATD, and tests that should be performed regularly 

to ensure consistent performance of ATDs (certification tests – see Certification). Control 

of the build level ensures that all ATDs of a type are consistent; together with the 

certification tests, this should ensure consistent, repeatable assessment of the safety 

performance of a vehicle. 

As noted in Build level, two main build levels were in use at the time of the stakeholder 

engagement: SBL-A defined by NHTSA (NHTSA, 2016) and SBL-B defined by Humanetics 

in January 2018 (Humanetics, 2018). Euro NCAP implement a variation of SBL-B defined 

in Technical Bulletin TB026 (Euro NCAP, 2018). This uses Hybrid III lower legs and an 

alternative spine box design, as well as modified and typically stricter certification corridors 

(see Section 0) intended to improve R&R. The alternative spine box design is intended to 

simplify ATD set-up, reduce the possibility of mis-setting the lumbar spine angle (and 

therefore invalidating crash tests performed with the ATD) and accommodate in-dummy 

data acquisition systems (DAS). 

One key difference between the NHTSA SBL-A build level and the SBL-B variant used by 

Euro NCAP is that Euro NCAP do not use the THOR-Lx lower leg (the part of the ATD from 

the knee down), but instead uses the existing, simpler Hybrid III lower leg which THOR-

50M has been designed to accommodate. The initial scope for application of THOR-50M in 

UN R137 is to replicate the injury criteria currently defined for the Hybrid III. There are no 

injury criteria defined for the lower leg in UN R137, so there may not be justification for 

using the far more complex and expensive THOR-Lx lower leg at this stage. Discussion 

with stakeholders therefore assumed application of THOR-50M with Hybrid III lower legs, 

as implemented by Euro NCAP. 

The stakeholder engagement sought to identify any outstanding issues in the definition of 

THOR-50M build level and to understand how the two extant build levels could be brought 

together to achieve a single definition of the THOR-50M ATD for all applications. Although 

not strictly necessary for application in UN R137, a harmonised definition of the ATD leads 

to a beneficial cost reduction for vehicle manufacturers. 

3.1.1 Key findings 

Key findings relating to the THOR-50M build level are shown below, with detailed findings 

relating to individual body regions in subsequent sections. 

• All stakeholders recommended that the build level be controlled by a drawing 

package defined in Mutual Resolution 1 (M.R.1), and held at Geneva (UN) 

o Most stakeholders indicated the need for an Informal Working Group or 

Technical Evaluation Group (TEG) to agree the build level (including all injury 
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risk, certification and R&R criteria), and to agree changes to the build level 

over time if these prove necessary. 

• Stakeholders generally recommended that the agreed build level should take into 

account improvements that have been made to the ATD design since the SBL-A 

design freeze 

o Other opportunities to improve the design, where this improves R&R without 

changing biofidelity, should also be considered 

• THOR SD-3 (as specified by Humanetics) had a shoulder design that improved on 

that defined within SBL-A drawing packages, which included soft tissue areas. The 

shoulder is now subject to a patent (held by one of the ATD manufacturers) 

o Stakeholders reported that the patent may only apply in the US 

o Recommendation: The status of the patent in different territories should be 

investigated 

o Recommendation: The implications of the patent on inclusion of the test tool 

in regulations should be investigated, noting that the Abdominal Pressure 

Twin Sensors (APTS) abdomen pressure sensors used in many of the Q-

series ATDs is subject to a patent and the ATD is used in UN Regulation No 

129 (2019) (as defined within Annex 8) 

• The material properties of some of the non-rigid materials, such as flesh 

representations and flexible elements in joints, are not adequately specified 

o For example, a Shore A hardness may be given, with tolerance, but this 

allows a wide range of performance in dynamic loading; better control of the 

performance is required for some parts e.g. lumbar and thoracic spine flex 

joints and advised for others 

o Alternatively, some stakeholders suggested that the recipe for rubber parts 

could be stated in the drawing package; it should be noted that this would 

limit the scope for innovation e.g. to introduce more robust materials 

o Ultimately, the requirement is that parts can be checked against a 

specification and performance assured 

  



 

 

3.1.2 Head and Face 

Few stakeholders had concerns regarding the head and face, as defined by NHTSA (2016), 

because ATDs built to the NHTSA SBL-A design specifications were passing the Euro NCAP 

certification requirements. 

The THOR face (with five underlying load cells) was developed before airbags became 

standard fitment and was used to assess the risk of injury from impacts with the steering 

wheel. In full-width frontal crash test conditions, the performance of the face is still 

important in order to correctly assess whether the airbag has bottomed-out and allowed 

the head to contact the steering wheel, although the face load cells are normally 

substituted by structural replacements that do not measure force. The primary function of 

the face region, therefore, is to correctly transfer loads through to the head (skull) in order 

to correctly assess head translational and rotational acceleration. 

Detailed feedback included: 

• One of the ATD manufacturers was working to improve the repeatable performance 

of the THOR-50M face foam 

• Face foam on THOR-50M is damaged by certification tests (it has to be replaced 

after a small number of certification tests), but is relatively lightly loaded in vehicle 

tests (distributed loading from airbag, which does not damage the foam) 

• THOR-5F (THOR 5th Percentile Female ATD) has a polymer honeycomb design that 

serves the same function and has a very similar performance but is expected to be 

more robust 

Recommendations 

• Consider the THOR-5F face design for THOR-50M to improve robustness and reduce 

certification and maintenance costs 

3.1.3 Neck 

The primary neck build level issue raised by stakeholders was that the neck rubber material 

may need to be different to meet NHTSA or Euro NCAP certification requirements. Indeed, 

one ATD manufacturer was reported to have separate part numbers for necks to meet the 

different certification requirements. This is not a build level issue per se, but results in 

different parts and so is documented here for reference. 

3.1.4 Spine 

A key area for development, identified by TEFIRE, for the THOR-50M SBL-A related to the 

durability and handling of the ATD particularly when manoeuvring the ATD into and out of 

the test vehicle. At the time of TEFIRE’s publication (Hynd and Ellway, 2016) most users 

of THOR SBL-A requested the introduction of in-dummy DAS (Data Acquisition Systems), 

typically fitted into the spine of the ATD, which eliminates most of the large data cable 

umbilical that is required with off-board DAS. This makes it easier to place the ATD in the 

seat repeatably and is considered to improve test-to-test R&R and general ATD handling. 

The spine of THOR-50M ATD was designed to allow the user to set the ATD in a range of 

seated postures, i.e. erect (-9°), neutral (0°), slouched (9°) and super slouched (12°), by 

adjusting the angle of the lumber spine. This allows the THOR to accommodate different 

seat types, but most testing is performed in the slouched posture. However, the SBL-A 

lumbar spine design allows a far greater range of adjustment (every 3°). Stakeholders 

reported that it is difficult to set the spine to the correct posture, and it is easy to misalign 

the adjustment mechanism while adjusting the posture, which results in damage to the 

mechanism. A design change has been implemented for SBL-B, with only four adjustment 

positions and which is easier to adjust while the ATD is seated. 

Detailed design changes have also been implemented in SBL-B to locate the base of the 

thorax deflection instrumentation (IR-Traccs and equivalent devices). This ensures that 

the co-ordinate system for measurements is consistent; inconsistent positioning has been 

shown to lead to reduced R&R. 
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In summary: 

• Lumbar spine pitch angle adjustment 

o SBL-A NHTSA drawing package design is complex and has a very large 

number of adjustment positions, even though only four are intended to be 

used and only one for regulation 

▪ Easy to set the wrong position, invalidating a test 

▪ Easy to damage the adjustment mechanism 

▪ Difficult handling characteristics 

o Suppliers have developed spine box designs that allow only the four 

adjustment positions 

▪ More reliable positioning 

▪ More robust 

▪ Better handling 

• Thoracic spine box 

o Supplier designs allow space for on-board DAS, which all ATD owners use 

o Euro NCAP requires on-board DAS 

o On-board DAS is not compatible with the NHTSA drawing package 

• General 

o Simple improvements to IR-Tracc mounting have been made to improve 

R&R 

Recommendations 

• Agree on a new lumbar spine pitch angle design 

• Agree design for locating the base of chest deflection instrumentation 

• Agree on specifications to accommodate on-board DAS (mass, centre of gravity, 

mass moment of inertia) and test procedure for these specifications 

• Agree updates to the drawing package 

 

The THOR-50M ATD has flexible ‘rubber’ joints at two locations in the spine. These are 

intended to improve the biofidelity of the ATD, especially the ability to flex around the 

diagonal shoulder belt in a humanlike way. Stakeholders reported that the materials used 

for the thoracic and lumbar spine flex joints were not closely specified in SBL-A and not 

directly controlled by certification or other performance requirements. This was reported 

to lead to variations in the stiffness of the joints, especially between different ATD 

manufacturers, resulting in R&R concerns in certification and sled tests. Given that the 

performance of these joints is critical to the interaction of the ATD with the diagonal and 

lap belt section, stakeholders recommended that a certification test be introduced for each 

joint. Stakeholders were unsure of when this should occur, i.e. when a component is 

replaced, after a limited number of test sets or annually. In summary: 

• Thoracic and lumbar spine flex joints 

o Contribute to full-dummy kinematics 

▪ Upper torso flexion and torsion 

▪ Lower torso submarining 

o Various organisations have been developing requirements and test 

procedures, with expectation of improved R&R 
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Recommendations 

• If possible, agree a material specification for upper and lower spine flex joints 

• As a minimum, agree on a test procedure to control flexion and torsion performance 

• Agree updates to the drawing package 

• Agree certification test frequency (e.g. prior to shipping new parts; annual; after 

thorax certification failure) 

3.1.5 Arm and shoulder 

Two main issues were raised by stakeholders regarding the arm and shoulder body region. 

Firstly, it was noted that the shoulder design had been removed from the NHTSA SBL-A 

drawing package. It was understood that this was because the design was subject to 

intellectual property (IP) rights held by one of the ATD manufacturers (Humanetics). If the 

drawings are not available, it will not be possible for M.R.1 to contain a full public definition 

of the THOR-50M test tool for application in UN Regulations. This situation is not unique 

and has been resolved for other ATDs, but is as yet not resolved for the THOR shoulder. 

Secondly, Transport Canada (Tylko et al., 2018) have reported entrapment of the diagonal 

shoulder belt in the neck in offset frontal crash tests (similar to those in UN Regulation No 

94). In three-quarters of the tests that they performed, the belt slipped over the shoulder 

pad and into the neck, where it got trapped and artificially increased the restraint of the 

ATD (i.e. the restraint of the ATD is no longer humanlike). A design change has been 

proposed and tested; the results were reportedly ‘good’ but not published at the time of 

the stakeholder engagement. It is not known whether this would be a problem in a full-

width (R137) crash test condition. 

These issues are summarised below, along with a number of other detailed design issues 

that were raised by stakeholders: 

• Shoulder design has been removed from the NHTSA drawing package 

o IP apparently owned by Humanetics 

o If drawings are not available, it will not be possible for M.R.1 to contain a 

public definition of the test tools for UN Regulations 

o At the NHTSA Research Public Meeting in November 2019, NHTSA indicated 

that a contract had been awarded to design, build and evaluate two 

alternative shoulder designs for the THOR-50M that would solve this issue 

without affecting the certification, biofidelity or in-vehicle crash test 

performance of the ATD 

• Shoulder pad 

o Belt entrapment reported by Transport Canada in 40% offset frontal crash 

tests (Tylko et al., 2018) 

▪ Belt often (73%) slips up shoulder pad and into the neck, where it 

gets trapped and artificially restrains the ATD (responses are not 

humanlike) 

o Potential solution presented by Humanetics at IRCOBI (Wang et al., 2019) 

▪ Straight split mixed material shoulder pad 

▪ Profiled split mixed material shoulder pad 

▪ Tested by Transport Canada: ‘good’ results, but not published 

▪ Not part of the current drawing package 

• Shoulder washer 

o Several design updates since NHTSA drawing package to improve durability 
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• Arm clevis 

o Damage over few tests reported by many users 

o New design available from October 2018, but not part of NHTSA drawing 

package 

Recommendations 

• Resolve shoulder IP issue such that the full drawing package can be made available 

in M.R.1 

• Shoulder pad 

o Agree design update based on evaluation of performance in sled and full-

scale crash tests 

o Agree updates to the drawing package 

• Agree shoulder washer design and updates to drawing package 

• Agree arm clevis design and updates to the drawing package 

3.1.6 Thorax 

The main comments from stakeholders relating to the thorax body region were about the 

instrumentation used to measure rib deflection. In the THOR-50M, rib deflection is 

measured at four locations: left and right upper thorax, and left and right lower thorax. 

This is intended to give a much more complete understanding of the loads applied to the 

thorax of an occupant than can be measured using the single-point (upper central) chest 

deflection measurement in the current Hybrid III ATD. The original THOR-50M used an 

instrument known as an IR-Tracc to measure deflection at each location. Other ATD 

manufacturers have subsequently developed their own instrumentation. In order to 

maintain the vendor-neutrality of a regulatory test device, a performance specification for 

the deflection instrumentation could be considered; this would be analogous to the 

situation for other instrumentation in the ATD, such as accelerometers and load cells. 

Stakeholders also noted updates in SBL-B that better constrain the orientation of the base 

of the instrumentation, improving R&R of rib deflection measurements. 

In addition, interaction between the top rib and the rib guide was reported to rapidly 

damage the damping material on the rib (e.g. in only 5 tests), which has been a known 

issue since the THOR-NT version of the ATD. This may affect thorax certification and R&R 

of Z-axis thorax deflections. Several design changes to reduce or eliminate this issue are 

under consideration. 

In summary: 

• IR-Tracc (as produced by Humanetics) is defined in the 2016 NHTSA drawing 

package 

• Alternative instrumentation is available from other vendors 

o The equivalence of alternative instrumentation has not been documented 

• All options have advantages and disadvantages, e.g. response rate, natural 

frequency 

• Possibility to define origin and endpoint of deflection measurement, with 

specification of measurement quality, including dynamic characteristics 

o Would allow any compliant instrument to be fitted 

o Analogous to approach used with load cells and accelerometers 

o ISO TR-21002 may be relevant once published 

• Damage to the top rib damping material by the rib guide is undesirable and may 

affect R&R 



 FFW Stakeholder Report 

 

 

 

March 2021  577 
 

Recommendations 

• Consider technology neutral definition of thorax (and possibly abdomen) deflection 

measurement 

• Consider design changes that reduce or eliminate damage to the damping material 

on the top rib and improve R&R 

3.1.7 Abdomen 

The main stakeholder comment relating to the abdomen body region was that an 

alternative abdomen has been developed for the THOR-5F ATD. The design is similar to 

that used in the Q-series of child ATDs used in UN Regulation No 129 and reportedly has 

potential to detect potentially injurious belt loading to the abdomen, e.g. from submarining. 

The stakeholder inputs are summarised below: 

• An alternative abdomen, similar to those used in Q-series dummies, for R129, had 

been developed 

o Adapted from THOR-5F design, with a pressure sensor either side of the 

midline of the abdomen 

o Potential to pick up lap belt loading more reliably (currently loading can be 

underestimated if the belt does not align with the instrumentation) 

o Calibration equipment subject to patent 

o Quality control of this design can have significant effects on R&R and 

certification results 

▪ Often having a high deflection in narrow certification corridors 

• Zips on the abdomen bag have reportedly interfered with other ATD components 

and alternative designs are being considered by some organisations 

Recommendations 

• Consider implementation of a THOR-5F-style abdomen design in the THOR-50M for 

possible performance improvements and to ensure design consistency in the THOR 

family of ATDs 

• Consider abdominal zip replacement for THOR-50M (low priority for UN R137). 

3.1.8 Other 

Several other items relating to build level were reported by stakeholders: 

• ATD external dimensions 

o Several groups have examined the external dimensions of the THOR-50M 

ATD from different manufacturers and found differences between 

manufacturers and with the drawing package, especially at the pelvis 

• Jacket 

o The THOR-50M jacket fits well in the ‘neutral’ seating (and spine) position; 

however, this ATD configuration is not usually specified for crash tests 

o In the ‘slouched’ (usually specified for crash tests with M1 vehicles) and the 

‘upright’ seating (and spine) positions, there is a gap of up to 2 cm between 

the jacket and the ribs; this can cause inconsistent shoulder belt position, 

which may have implications for R&R of full-scale tests 

• ATD flesh 

o The material for THOR-50M flesh parts is not fully specified in SBL-A or SBL-

B 
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o This has led to reduced reproducibility, especially around the abdomen and 

H-point 

• H-point tool 

o The H-point tool was reported to be a poor fit in the pelvis; some ATD 

manufacturers were considering a design change to improve fit 

Recommendations 

• Consider the results of ATD dimensions reviews and the implications for the drawing 

package 

• Consider developing performance criteria for the THOR-50M jacket 

o Agree jacket specification 

• If possible, agree flesh material specification 

o As a minimum, agree flesh performance criteria 

• Consider improvements to the H-point tool interface with the pelvis 

 

Certification 

Certification is a means to ensure that the performance of an ATD over time is consistent 

and gives repeatable results. It is also a means to ensure that the performance of multiple 

ATDs is consistent and gives reproducible results. In combination with sensor calibration, 

seating procedures and so forth, certification ensures that results of testing with different 

ATDs, at different laboratories, has the desired level of R&R. 

Certification has typically involved ‘component tests’. For example, the head is removed 

from the ATD and dropped onto a smooth, rigid surface and measurement of the head 

acceleration is used to ensure that the compliance of the head ‘skin’ (representing the scalp 

flesh on a human) is within agreed limits. Isolating a component in this way ensures that 

the test itself is as well-controlled as possible, resulting in better ATD R&R; it also tends to 

result in a test procedure that is simpler and quicker to conduct. For some body regions, 

such as the thorax, whole body pendulum impactor tests have been used for certification. 

Whether component or whole-body tests are used, the test conditions and requirements 

are typically based on biomechanical test data from the literature, which helps to ensure 

that the ATD performance is humanlike, at least at the severity of the certification tests. 

Certification tests are generally performed after every ‘N’ crash tests, where N may be 

different for regulatory or consumer information testing, the robustness of the ATD and so 

forth. If a performance requirement is exceeded, this may also necessitate re-certifying 

the ATD. 

As noted in Build level, two main build levels were in use at the time of the stakeholder 

engagement: SBL-A defined by NHTSA in 2016 (NHTSA, 2016) and SBL-B defined by 

Humanetics in January 2018 (Humanetics, 2018) (with or without Euro NCAP 

modifications). NHTSA published a qualification (certification) procedure manual in 2016 

(NHTSA, 2016) in parallel with the publication of the THOR-50M drawing package. Euro 

NCAP developed their own certification requirements (Euro NCAP, 2018). 

3.1.9 Key findings 

• Euro NCAP have selected different and tighter certification corridors than the August 

2016 NHTSA corridors 

o Euro NCAP wanted to control ATD performance more tightly (corridor width 

±7% of mean value) for measurements relating to performance 

requirements 
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o Corridors were defined based on a sample of production dummies from one 

supplier 

o It is possible for an ATD to meet Euro NCAP certification requirements and 

not NHTSA requirements, and vice versa 

o Subsequent to the stakeholder engagement, updated certification 

requirements were defined by Euro NCAP that will apply from January 2021 

o Euro NCAP was keen to harmonise with requirements agreed upon for UN 

R137 

• As of September 2019, NHTSA intended to widen many of the August 2016 

certification corridors (to be released March 2020) 

o Stakeholders perceived this as positive if it meant that Euro NCAP corridors 

were therefore a subset of the NHTSA corridors 

▪ A single ATD could therefore be used for both, therefore achieving 

harmonisation – although it should be noted that wider NHTSA 

corridors may mean that OEMs have to allow a larger safety margin 

when designing vehicles for the US market 

o Stakeholders perceived that there would be lower control of ATD 

performance 

▪ All corridors now ±10%; previously ±3.4 to 14%, with many values 

in the range ±5 to 7% 

▪ Wider corridors mean poorer R&R in full-scale crash tests 

• Some of the whole-body certification requirements specified by NHTSA are difficult 

and time-consuming 

o Component tests were preferred where possible 

• Lumbar spine (and possibly thoracic spine) flex-joint certification may be required 

to ensure R&R 

o The drawing package does not adequately characterise the material 

properties of the flexible element 

o The material properties (as currently specified) do not adequately control 

the performance of the ATD in certification and sled tests 

o Several certification tests have been trialled and new tests are being 

developed 

o Given the complexity of accessing and testing these parts, and therefore the 

time required, consideration should be given to a less frequent certification 

for these parts, e.g. at production (pre-shipment) and annually 

• Several organisations were reported to be considering a low-speed thorax 

certification test, similar to that used with the current Hybrid III ATD, in order to 

control thorax response across a wider range of loading conditions 

• Stakeholders recommended that certification requirements should be included in 

M.R.1 

Recommendations 

• Agree harmonised certification requirements for documentation in M.R.1, 

considering adequate control of the R&R of agreed injury criteria 

• Consider replacing whole-body certification tests with component tests where 

possible and where this will reduce certification time while controlling ATD 

performance 
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• Consider defining certification-type tests for the lumbar and thoracic spine flex 

joints in order to better control thorax certification and ATD performance in vehicle 

tests; also consider certification-type tests for the pelvis flesh 

• Consider developing low-speed thorax certification tests (upper and lower thorax) 

to control thorax response across a wider range of loading levels 

• Agree standards for the processing of THOR-50M data for injury criteria and detail 

in M.R.1 

3.1.10 Head and face 

NHTSA replaced the traditional head drop (component) tests used to certify the head of 

most ATDs with a whole-body pendulum impactor. Possibly the latter was preferred 

because of the close coupling of the head and neck in THOR-50M, due to the cables that 

run between the lower neck and the head to replicate the passive neck muscular of the 

human in frontal flexion. These cables make removing the head more complex, and 

readjusting the neck cable tension when re-fitting the head is required. Nevertheless, the 

head has to be removed from the neck in order to perform neck torsion certification tests 

and some stakeholders recommended returning to the simpler isolated head drop test for 

certification. 

Detailed feedback included: 

• As noted in Section 3.1.2, the face foam is damaged by the certification tests, even 

though it is rarely damaged in vehicle tests 

o Nevertheless, face tests should not be deleted from certification 

requirements 

o Instead, consideration should be given to changing the face design to similar 

to the THOR-5F ATD 

• Some stakeholders recommended reverting to a head drop test for head 

certification 

Recommendations 

• Consider reinstating the head component certification tests (drop tests) 

3.1.11 Neck 

Six neck certification tests are conducted on the THOR-50M ATD: four neck flexion and 

extension and two neck torsion tests. Neck flexion and extension certification tests are 

conducted by mounting the inverted head and neck assembly to a rigid pendulum arm. 

The pendulum arm is swung through a fixed angle and decelerated using aluminium 

honeycomb or equivalent to give a defined deceleration pulse at the base of the neck. The 

mass of the head then causes a bending of the neck, which is measured and compared 

with bending-moment, neck force, head rotation angle and head angular velocity 

requirements. Neck torsion tests are performed using a specific apparatus that applies a 

dynamic torsion load to the neck; neck moment, rotation angle and angular velocity are 

assessed. 

• Euro NCAP applies the same certification tests as NHTSA, but the performance 

requirements (corridors) are far stricter than NHTSA and can be difficult to meet 

o Kistler has modified the neck of their THOR ATD to achieve the stricter (than 

NHTSA) certification corridors set out by Euro NCAP 

• Users reported that neck certification is very time consuming and therefore the ATD 

is out of use for extended periods 

o Nevertheless, comprehensive neck certification was considered important in 

order to ensure ATD performance 
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• Users reported that a neck passed certification procedures at some laboratories, 

but the same necks failed at other laboratories 

o Work was underway to review certification procedures and how these are 

implemented at different laboratories in order to improve consistency; this 

may include recommendations for updates/clarifications to the certification 

procedures 

• Neck torsion is observed even in full-width sled test conditions, so neck torsion tests 

are important for application of the ATD in UN R137 

3.1.12 Spine 

The THOR-50M has flexible ‘rubber’ joints at the lumbar and thoracic spine to facilitate 

humanlike flexion and rotation about the diagonal seat belt. It was reported that the 

mechanical properties of the flex-joints contribute to thorax and head certification results, 

as well as to sled and full-scale crash test outcomes, but that the performance of these 

joints is not well controlled. Detailed feedback included: 

• Lumbar spine (and possibly thoracic spine) flex-joint certification may be required 

to ensure R&R 

o The drawing package does not adequately characterise the material 

properties of the flexible element (just Shore A hardness, which does not 

correlate well with bending and torsional stiffness of the part) 

o These parts are thought to considerably affect thorax response and therefore 

thorax deflection performance requirements 

o The material properties (as currently specified) do not adequately control 

the performance of the ATD in certification and sled tests 

o Several certification tests have been trialled and new tests are being 

developed 

o Given the complexity of accessing and testing these parts, and therefore the 

time required, consideration should be given to a less frequent certification 

for these parts, e.g. prior to delivery of a new part and if the whole ATD fails 

thorax certification 

Recommendations 

• Consider defining certification tests and associated performance requirements for 

the lumbar and thoracic flex-joints 

3.1.13 Thorax 

The thorax certification tests consist of pendulum impactor tests to the mid-line of the 

upper thorax, and to the left and right lower thorax. While the test has remained similar 

over time, there have been changes in the certification requirements – e.g. controlling 

resultant chest deflection or controlling individual components of the chest deflection. The 

selection of appropriate certification requirements is closely related to the choice of injury 

criteria; for example, if peak X-axis deflection is selected, it may not be considered 

necessary to control Z-axis deflection. 

The upper thorax certification test is very similar to that used with the current Hybrid III 

ATD. This controlled the response of the Hybrid III very well at the test severity, but it was 

observed many years ago that the performance of different Hybrid III ATDs at the lower 

deflections typically observed in crash tests varied considerably. An additional, lower-

severity certification test was therefore introduced to ensure R&R across the whole range 

of chest deflections seen in crash tests. Stakeholders indicated that there may be a need 

to implement a similar low-speed thorax certification test for THOR-50M, in order to 

improve thorax R&R. 
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• Euro NCAP were reportedly collecting data to investigate possible low-speed thorax 

certification tests 

o Organisations have been requested to measure maximum chest 

compression rather than recording individual loading conditions for each IR-

Tracc (or equivalent device) 

▪ Certification injury corridors have been altered to match 

• Corridor width is close to measurement uncertainty, so challenging to meet 

• Stakeholders reported that thorax certification requirements can be met either by 

tuning the stiffness of the lumbar and thoracic spine joints (currently uncontrolled) 

or by tuning rib stiffness, and that different ATD manufacturers may choose 

different approaches 

o This would give consistency in certification tests, but would be expected to 

increase variability in sled and full-scale tests 

o Therefore, control of lumbar and thoracic spine performance is considered 

important 

• Z-axis thorax deflection was not controlled in NHTSA certification requirements 

o Euro NCAP interested in controlling this, but ATD manufacturers do not yet 

know how best to control this parameter 

o Control of Z-axis deflection may be influenced by spine flex joint 

performance, rib guide design and abdomen bag zip design 

• The possible need for single rib certification, or a test for checking individual rib 

performance, was indicated by several stakeholders 

o Individual rib certifications may isolate problem components prior to 

installation and completed at the manufacturer level to ensure product 

conformity 

o This would help to identify which parts need replacement if the thorax fails 

certification 

o Given the complexity of accessing and testing these parts, and therefore the 

time required, consideration should be given to a less frequent certification 

for these parts, e.g. prior to delivery of a new part and if the whole ATD fails 

thorax certification 

Recommendations 

• Consider introducing an additional, low-speed thorax certification test (upper and 

lower thorax) 

• Consider defining an individual rib certification test and performance requirements 

• Consider performance requirements for Z-axis thorax deflection 

3.1.14 Pelvis 

The pelvis flesh is composed of two elastic materials: a softer internal material and harder 

external ‘skin’. No certification test is defined for the pelvis flesh. 

• Some stakeholders noted that the pelvis flesh affects test results and that, while 

pelves from all ATD manufacturers meet the same specification (mass, two 

materials, dimensions), the compliance and other dynamic properties of the flesh 

are markedly different from different manufacturers 

o One user was considering a pelvis flesh test 
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Recommendations 

• Consider the need for and specification of a pelvis flesh test for use as a production 

check and as a performance check if the ATD fails relevant certification tests 

3.1.15 Upper leg 

Femur certification for the THOR-50M involves a pendulum impactor test to the knee of the 

whole, seated ATD. This is in contrast to previous frontal impact ATDs, where the femur 

segment was tested separately. 

• Some stakeholders reported that the set-up of the ATD for the femur certification 

test was very difficult and time-consuming; it was also noted that when the ATD 

failed femur certification, it was not clear whether this was due to e.g. the compliant 

femur element or to the knee or pelvis flesh, which are also in the load path for the 

test 

o Therefore, some stakeholders recommended a return to component tests for 

the femur (similar to that for the knee) 

Recommendations 

• Consider specifying a component test for femur certification instead of the current 

whole-ATD procedure 

3.1.16 Other 

When comparing across multiple test facilities, stakeholders indicated that differences in 

the implementation of data processing in different software packages led to differences in 

the measurements made. In other words, the same data processed in different software 

packages could give different results. This is clearly undesirable for R&R and the robustness 

of vehicle safety assessments in general, and may relate to the complexity of some of the 

instrumentation used. 

• Stakeholders noted that most certification experience was with Euro NCAP 

requirements and that these had changed four times in three years, so there was 

limited experience with the current version of the requirements 

• The large number of certification tests were noted to be a significant cost overhead 

on the use of the THOR-50M ATD, albeit necessary to ensure repeatable and 

reproducible results 

o A number of additional tests were discussed (see e.g. Section 3.1.12), which 

were intended to supplement the material specification in the drawing 

package and to control performance in certification and vehicle tests better 

o These may be better applied as checks to control production and to perform 

if the ATD fails certification, rather than adding to the mandatory periodic 

certification requirements 

• The time required for certification means that OEMs need more THOR-50Ms than 

they used to need Hybrid III-50Ms for continuity in testing and development 

programmes 

• Stakeholders expressed that the post-processing of results should be performed 

according to the SAE standards or ISO TR21002, which can be used on DAS system 

data 

• Regardless of the post-processing technique agreed upon, the agreed method 

should be detailed within M.R.1 
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Recommendations 

• Consideration should be given to defining the post-processing of THOR-50M raw 

data more closely, including provision of standardised ATD data sets that can be 

used to validate post-processing calculations 

• Consider additional component or system tests that help control production and 

investigate certification failure, without adding to the number of mandatory periodic 

certification tests 

Seating procedure 

The seating procedure for an ATD is a detailed description of the method for installing the 

ATD in the seat of a vehicle prior to a crash test. The seating procedure generally also 

includes a detailed description of how to position the seat prior to starting to install the 

ATD. Together, these processes are intended to ensure that the position of the ATD is 

highly repeatable and reproducible in order to maximise the R&R of full-scale crash tests 

performed at different laboratories. 

For example, the combination of seat and ATD positioning should ensure that the knees, 

H-point (centreline of the hips), thorax and head are at a consistent location and angle 

relative to the instrument panel, steering wheel restraint system and seat-belt anchorages. 

The procedure will also ensure that the positioning of the feet and hands is well-controlled, 

which in turn ensures well-controlled positions and orientations for the arms and legs. This 

should ensure, for a given vehicle model, repeatable and reproducible interaction with the 

restraint system and other vehicle contact points. 

TEFIRE held a two-day workshop in October 2015 (Hynd and Ellway, 2016) to evaluate the 

NHTSA THOR-50-M seating procedure. The seating procedure proposed by NHTSA was 

generally well understood but it was difficult for any test facility to place the ATD into 

tolerable head and pelvic angles. TEFIRE determined that if there were a need to develop 

the procedure further it should be regarding the target seating position. Overall, TEFIRE 

recommended that the NHTSA procedure was suitable as a basis for further work by the 

Euro NCAP Frontal Impact Working Group (FIWG). 

NHTSA published a request for comments on their seating procedure in December 2015 

(NHTSA, 2015). TEFIRE and many other organisations commented, and NHTSA held a 

public meeting including a demonstration of the seating procedure in August 2016. 

Following further work by the FIWG, Euro NCAP decided to use their own seating procedure 

based on that of the Hybrid III ATD, and modified to accommodate the THOR-50M (Euro 

NCAP, 2019). 

Subsequent to the stakeholder consultations held in this study, NHTSA published an 

updated seating procedure in March 2020 (regulations.gov docket number NHTSA-2019-

0106-0006, procedure dated June 2019). 

It should be noted that the THOR-50M defined by NHTSA and that defined by Euro NCAP 

differ in that the latter uses Hybrid III-50M lower legs (rather than the THOR-Lx used by 

NHTSA) – see Section 0 for more details. Use of Hybrid III-50M lower legs is also envisaged 

for application in UN R137. The difference in lower leg design likely necessitates differences 

in the seating procedure used. A different seat position is also defined when using the Euro 

NCAP and NHTSA seating procedures, thereby placing the ATD in a slightly different 

position within the vehicle. 

3.1.17 Key findings 

• Euro NCAP reportedly found improved R&R of seat position, ATD position and test 

results using their procedure, including for small cars (not common in the US) and 

N1 vehicles, compared with using the (2015) NHTSA seating procedure 

o It is not known how the 2020 update to the NHTSA seating procedure may 

affect these findings 
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o Euro NCAP procedure allows to move the seat rearwards, if necessary, to 

get clearance between the knee and the instrument panel (minimum gap 

specified is 30 mm) 

• All stakeholders who performed crash tests were comfortable and familiar with the 

Euro NCAP seating procedure, which was reportedly simpler than the NHTSA 

procedure 

• There was limited experience with the NHTSA procedure because THOR is not yet 

implemented in US NCAP or US regulations 

• NHTSA has published a revised seating procedure since the stakeholder consultation 

was completed 

• Arm and Shoulder 

o Stakeholders reported that shoulder friction adjustment varied between the 

NHTSA qualification manual and the Humanetics user manual 

o Users also tended to adjust the friction to be higher (2 g, cf. the specified 1 

g) in order to simplify positioning of the ATD 

• General 

o Stakeholders reported that modifications to the seating procedure should be 

implemented to ensure consistent fit of the jacket to the torso in the typical 

‘slouched’ seating position used for crash tests 

o Stakeholders recommended tighter control of belt lie (position on the thorax) 

to ensure R&R 

Recommendations 

• Agree a seating procedure applicable to the final build level specified for application 

of THOR-50M in UN R137 

• Document seating procedure in M.R.1 

• Consider standardising, and possibly increasing, the shoulder friction specification 

• Consider options to control jacket fit and belt lie better 

Repeatability and reproducibility 

Repeatability relates to the variation in measurements made with a single test tool, in this 

case an ATD, in multiple tests under the same test condition. Reproducibility relates to the 

variation in measurements made with multiple ATDs under the same test condition. 

ISO, and more recently NHTSA, have classified the repeatability and reproducibility of 

anthropometric test devices using a simple scale based on the coefficient of variation of 

test results. The scale is shown in Table 1 below. Typically, this is applied to R&R of ATD 

metrics in well-controlled tests, such as those used in certification of an ATD; this is to 

ensure that the R&R relates primarily to the ATD, not to variations in the test conditions. 

This classification has also been applied to sled tests, but these are less well controlled and 

test-to-test variation would be expected to increase the Coefficient of Variation (CV). The 

use of this classification is also problematic when evaluating metrics with small 

measurement ranges. For example, a variation of rib deflection of a few millimetres results 

in a small CV when considering rib deflection measurement points that lie under the path 

of the seat belt, because the measured rib deflection tends to be large (say, 50 mm) 

compared with the variation. However, one of the lower rib deflection measurement points 

is usually not loaded by the seat belt; this measurement may have a value of a few 

millimetres, and therefore a variation of a few millimetres results in a very large CV. 

However, this would not be meaningful in the context of an injury criterion (and regulatory 

performance requirement) based on maximum rib deflection at any sensor location, 

because it would not influence the result of the test. R&R, therefore, needs to be considered 
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in terms of the injury criterion that the measurement is used in and the likely influence on 

vehicle performance assessment. 

 

Table 1: R&R Classification 

CV Classification 

0-5% Excellent 

>5-8% Good 

>8-10% Acceptable 

>10% Poor 

 

When considering R&R, it is also important to consider R&R in relation to the sensitivity 

and intended application of the ATD. As noted in the TEFIRE report (2016), Section 6: 

When looking at R&R it is important to keep in mind the difference between 

sensitivity and repeatability. The THOR ATD is intended to be more sensitive than 

the Hybrid III, particularly at the lower loading levels associated with modern 

vehicle and restraint system designs. This sensitivity should improve the ability of 

restraint system designers to optimise the protection of the occupant, but it may 

be associated with R&R challenges, particularly in full-scale testing. 

The TEFIRE report (2016) reviewed available evidence on R&R of THOR SBL-A and reported 

that repeatability in thorax and abdomen certification tests was largely regarded as 

Excellent. It displayed Excellent head and thorax injury criteria repeatability, even with the 

variance in the individual measurement for each. Test facilities had reported to TEFIRE that 

the reproducibility of THOR’s thorax deflections were rated Excellent; however, the 

abdomen required further improvement. Variability was found to be greater in low-speed 

thorax certification-style tests, but this was also the case for Hybrid III until a specific low-

speed certification test was introduced. 

NHTSA reported that 75% of certification results showed Excellent reproducibility, while 

only 7% were shown to be rated as Acceptable and none were found to be Poor. 

The stakeholder engagement sought to update the findings on THOR-50M R&R in light of 

the greater experience with the ATD gained over several years of testing, and in light of 

updates to SBL-B (some of which were implemented in order to improve R&R). 

3.1.18 Key Findings 

Key findings relating to the R&R of THOR-50M are shown below, with detailed findings in 

subsequent sections. 

• R&R should be confirmed once the build level and certification requirements for UN 

R137 are finalised 

o It is important that the assessment of R&R considers the application of the 

measurement in proposed injury criteria (and performance limits), as well 

as the magnitude of measurements (nominally poor R&R, based on CV of 

the measurement, may not be problematic if the measurement is small 

compared with the performance limit) 

• Further work is required to characterise R&R in certification conditions, accounting 

for updates to ATD build-level that have occurred in recent years 

• Euro NCAP’s narrower certification corridors (cf. NHTSA) were reported to be of 

benefit for R&R, although they increased certification and maintenance time and 

effort 
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• A comprehensive sled test programme demonstrated that 

o Head and neck R&R were likely appropriate 

o R&R of the thorax injury criteria Rmax and PCA were appropriate 

▪ However, large variations were seen in individual thorax compression 

measurements at the upper left and upper right sensor locations 

▪ The reasons for the variations in individual measurements were still 

under investigation 

▪ The implications for overall R&R of the ATD should be considered 

further 

o R&R of femur force was not appropriate, although this should be considered 

in relation to the performance requirement selected for UN R137 

▪ The reasons for this variation should be investigated further 

• Data from instruments recording small measurements have a large CV and 

therefore poor R&R 

o This variation may not be meaningful in terms of the overall performance 

requirement 

o It is recommended that improved methods to assess the R&R are developed 

and applied to the assessment of THOR-50M (and other ATDs) 

• Multiple stakeholders remarked that the seated position of the ATD had a significant 

influence on the R&R of tests, so control of this was considered important 

(implications for the seating procedure – see Section 0) 

 

3.1.19 Certification tests 

• At the time of the stakeholder engagement, data was being collected with ATDs to 

the latest Euro NCAP build level and evaluation of R&R of this ATD cohort was 

planned 

o Neck certification results were reported to vary between different 

laboratories for the same neck; work was underway to address this (see 

Section 3.1.11) 

o R&R of the neck in certification tests should be reviewed once this process 

is complete 

3.1.20 Sled tests 

One stakeholder group reported a comprehensive series of sled tests with four ATDs from 

one manufacturer (M1) and two ATDs from a second manufacturer (M2). Some of the ATDs 

from M1 were to Euro NCAP specification and some were SBL-A updated to SBL-B; the 

ATDs from M2 were built to the NHTSA drawing package. This means that, despite the best 

efforts of the OEMs to standardise the ATDs used, there were variations in the ATD build 

level. The sled replicated a full-width (90°) rigid barrier crash condition, with a pre-inflated 

airbag for each of the two ATDs seated on the sled. This test configuration approximated 

a UN R137 crash test with the following caveats 

• The airbag was likely stiffer than a typical modern vehicle 

• Head and neck loading was lower than a typical vehicle test 

• Thorax loading was similar to a typical vehicle test (this was the focus of the test 

programme, so the loading condition was tuned to ensure typical thorax loading) 

• Pelvis and upper leg loading was higher than a typical vehicle test 
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Data for many criteria were presented. The summary below relates to those criteria that 

are most likely to be considered to replicate the H3-50M assessment in UN R137. Items in 

square brackets present information on other measurements or criteria that are pertinent, 

either for consideration of improvements to the build level and certification requirements, 

or as potential alternative criteria for consideration in UN R137. 

Head 

• HIC repeatability was Good or Excellent 

• HIC reproducibility was Acceptable, despite the relatively low values (50-70% of 

the Euro NCAP lower limit) 

• 3 ms exceedence acceleration R&R was Excellent 

Neck 

• Neck shear had Poor R&R, but the peak values were very low (5-10% of the Euro 

NCAP lower limit), so the scatter is probably over-estimated 

• Neck tension force had Excellent repeatability and Good reproducibility, despite the 

relatively low values (approximately 40% of the Euro NCAP lower limit) 

• Neck extension moment had Excellent to Acceptable repeatability 

• Neck extension moment had Poor reproducibility, but the peak values were very 

low (approximately 20% of the Euro NCAP lower limit), so the scatter is probably 

over-estimated 

• [Nij, proposed by NHTSA, had Excellent repeatability and Good reproducibility, 

despite the low values (approximately 35% of the limit proposed by NHTSA)] 

Thorax 

• [Individual thorax resultant compression measurements at the upper left, upper 

right, lower left and lower right thorax had Excellent to Poor repeatability and Poor 

reproducibility] 

• Rmax (maximum resultant compression at any thorax sensor location) had 

Excellent to Acceptable repeatability and Good reproducibility 

• [PCA, proposed by NHTSA, had Excellent to Acceptable repeatability and Good 

reproducibility] 

Upper leg 

• Left femur axial force had Excellent to Good repeatability, but Poor reproducibility 

(10.1%) 

• Right femur axial force had Excellent to Poor repeatability, and Poor reproducibility 

(13.8%) 

Discussion 

Head and Neck injury criteria that would provide direct replacements for those assessed 

by H3-50M in UN R137 likely have sufficient R&R to be recommended. Nij, proposed by 

NHTSA as a replacement for the assessment of individual neck load components, could 

also be considered from an R&R perspective. 

Rmax would be the most obvious direct replacement for the H3-50M maximum thorax 

deflection criterion used in UN R137. From the results presented, the Rmax criterion has 

appropriate R&R to be considered for application in regulation. Nevertheless, 

manufacturers were very concerned that the variation in individual measurements should 

be reduced. Measures recommended in Sections 0 and 0 may be expected to improve the 

R&R of individual thorax compression measurements and should be evaluated in detail. 

The largest source of variation was at the upper left and upper right sensor locations, 

especially for one ATD. This may be a result of variation in belt position at the start of the 

test, belt movement during the test or other factors. These could be related, for example, 
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to the jacket fit issues reported in Section 3.1.8. Considering this variation, a strength of 

the Rmax criterion may be that the multiple sensor locations still allow the loading to be 

identified, despite the belt movement. Nevertheless, this is a concern for the vehicle 

manufacturers and should be investigated further. 

Femur forces were more variable than is considered appropriate, although only by a small 

margin. Forces were relatively low, especially on the right side (approximately 50% of the 

Euro NCAP lower limit), so the variability as a proportion of the limit might be considered 

adequate. However, this clearly needs to be considered in the context of whatever 

performance requirement is proposed for application of THOR-50M in UN R137. Further 

work to determine and resolve the cause of the variation is therefore recommended. 

3.1.21 Full-scale tests 

Several stakeholders reported Euro NCAP laboratories had performed back-to-back tests 

of several vehicle models using the MPDB crash test condition. Detailed results were not 

available for review. 

• Injury metrics, including maximum resultant compression at any sensor location 

(Rmax), were reported to be repeatable and reproducible between laboratories and 

ATDs, except for the H3 lower legs 

o Injury criteria from the H3 lower legs are not currently used in R137 

• These results are encouraging, because the MPDB collision configuration likely 

results in a more complex loading environment for the ATD, and therefore may be 

expected to have greater variability, than the full-width frontal configuration in UN 

R137 

Injury criteria, injury risk functions and performance requirements 

An injury criterion is a parameter measured on an ATD that relates to loading that has a 

known relationship with risk of injury to a human in a similar loading condition. An injury 

criterion may be simple or complex, for example: 

• A single parameter, such as neck flexion moment 

• A derivative of a single parameter; for instance, HIC which is a time-limited integral 

of the resultant head acceleration (itself derived from three orthogonal head 

acceleration measurements) 

• A function of multiple parameters; for instance, the Nij neck injury criterion 

proposed by NHTSA, which is a combination of neck tension, neck compression, 

neck flexion and neck extension loads 

An injury criterion is related to the risk of injury for a particular population using an injury 

risk function. Depending on the availability of suitable data, injury risk functions may 

include factors such as the sex and/or age of the population being represented. 

Finally, regulators and other users of ATDs can then select performance requirements 

based on the risk of injury to a particular population. For example, thorax deflection 

performance requirements in UN R137 have recently been lowered in order to better 

protect older car occupants who are at markedly elevated risk of serious and fatal thorax 

injury compared with younger occupants. 

The combination of injury criteria and performance requirements based on injury risk 

functions are used to control the safety performance of a vehicle in a crash test. 

Euro NCAP apply the following criteria in the MPDB frontal offset crash test (as of June 

2020). Criteria highlighted in bold are those most similar to the criteria defined in UN R137. 

• Head 

o HIC15 (UN R137 uses HIC36, i.e. a longer time window for the HIC 

calculation) 
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o Resultant acceleration 3 ms exceedence 

o (Two criteria that assess rotational and combined loading to the head – BrIC 

and SUFEHM – are also monitored but not currently used in the assessment) 

• Neck 

o Neck shear and tension force 

o Neck extension moment 

• Thorax 

o Maximum compression at any of the four chest compression sensors 

• Abdomen 

o Maximum compression of the left and right abdomen compression sensors 

• Spine 

o (Lumbar forces and moments are monitored but not currently used in the 

assessment) 

• Pelvis 

o Acetabulum compression force 

• Femur 

o Femur compression force (compared with a cumulative exceedence 

plot) 

• Knee 

o Knee slider compression 

• Lower leg 

o Tibia index 

o Tibia compression force 

In addition to the highlighted criteria, UN R137 also uses the viscous criterion at the 

thorax, which is the product of the compression and the rate of deflection of the thorax. 

Subsequent to the stakeholder consultation, NHTSA have published injury criteria for the 

THOR-50M (Craig et al., 2020). These include: 

• Head 

o BrIC (Brain rotational Injury Criterion) 

o HIC15 

• Neck 

o Nij (combined neck tension/compression force and flexion/extension 

moment) 

• Thorax 

o Peak resultant chest deflection at any of the four chest deflection sensors 

• Abdomen 

o Maximum normalised abdomen deflection 

• Pelvis 

o Peak resultant acetabulum force 

• Femur 

o Peak femur compression force 
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• Tibia (not applicable to the H3-50M lower limb used by Euro NCAP and 

recommended for application in UN R137) 

o Peak upper tibia axial force 

o Peak lower tibia axial force 

o Tibia bending moment 

o Revised tibia index 

 

Other injury criteria have been proposed for the THOR-50M, particularly at the key thorax 

body region. For instance, NHTSA also evaluated the ‘PCA’ criterion based on thorax 

deflection measurements, but found that the injury prediction ability was not better than 

the maximum resultant deflection, which is simpler to use and therefore was preferred. 

Note, however, that this may be a limitation of the database used to calculate the risk 

functions. A similar criterion to PCA was proposed by the SENIORS H2020 project, which 

used both physical test data and human body modelling, which allowed a wider variety of 

loading conditions to be assessed. This indicated potential benefits to a PCA-style criterion, 

although these benefits may be limited in full-width crash test condition. 

 

3.1.22 Key Findings 

• Stakeholders were concerned that the version of the ATD used in the development 

of the injury risk functions was not a current build level and that this may affect the 

validity of the injury risk functions 

o The primary concerns for this related to the neck and thorax injury criteria 

• Harmonised injury criteria and performance requirements (lower limits in Euro 

NCAP) across UN R137 and Euro NCAP was considered highly desirable by all 

stakeholders 

o It was reported that Euro NCAP would like to introduce updated injury 

criteria in 2022 and that alignment with UN regulation is strongly preferred 

• Head 

o HIC and resultant acceleration 3 ms exceedence would be directly applicable 

to THOR-50M and a direct replacement for the injury criteria used with 

H3-50M 

▪ These would be generally compatible with Euro NCAP and NHTSA, 

although both use HIC15 rather than the HIC36 used in UN R137 

o Other criteria, such as for rotational loading to the head, may be considered 

in the future but are outside the scope of initial implementation of THOR in 

UN R137 

• Neck 

o THOR-50M can measure the same neck loads as H3-50M, so the same injury 

criteria may be applicable, but further work would be required to develop 

injury risk functions or transfer functions from H3-50M that would allow 

equivalent performance requirements to be set for THOR-50M 

o Nij, as proposed by NHTSA, could also be considered, although this would 

be a bigger change to UN R137 than may be preferred 

• Thorax 

o Both NHTSA and Euro NCAP recommend Rmax 
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o NHTSA have proposed injury risk functions for Rmax that could be used to 

determine a performance requirement, but the potential effect of any 

changes to the build level that are implemented should be considered before 

using this existing injury risk function 

o Other criteria, such PCA proposed by NHTSA or the similar metric proposed 

in the SENIORS project, may be considered in the future but are outside the 

scope of initial implementation of THOR in UN R137 

• Femur 

o Femur axial force is used by Euro NCAP and proposed by NHTSA 

o The Euro NCAP implementation is similar to that used with H3-50M in UN 

R137, in that there is a lower performance requirement (lower acceptable 

force) for loads that are applied over a longer duration 

o NHTSA have proposed an injury risk function for this injury criterion that 

could be considered; however, this does not take account of duration of 

loading 

• Other 

o Injury criteria have been proposed for other body regions, but are beyond 

the scope of replicating the safety performance assessment performed using 

the current H3-50M ATD 

• Manufacturers expressed concern that the effect of using THOR with N1 vehicles has 

not been investigated 

o For example, differences in seating position may make feasibility of meeting 

requirements with THOR-50M more challenging than for M1 vehicles 

o A staggered introduction of THOR with a later application date for N1 vehicles 

was suggested 
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4 SUMMARY 

This study sought to document the current status of the THOR-50M ATD and make 

recommendations for implementation of THOR-50M in the driver’s seating position in the 

UN R137 full-width frontal crash test, or recommend the further work required to facilitate 

implementation of THOR-50M in UN R137. Information relating to the following aspects 

was gathered through industry stakeholder consultation: 

1. Build level 

2. Certification 

3. Seating procedure 

4. Repeatability and reproducibility 

5. Injury criteria, injury risk functions and performance requirements 

A number of issues relating to the build level, certification and seating procedure were 

identified and are documented in detail in this report. It is recommended that these issues 

are addressed before re-evaluating the repeatability and reproducibility of the ATD in full-

width frontal crash test conditions. 

Almost all stakeholders consulted recommended that the outstanding issues with the THOR 

ATD should be addressed by an international working group, preferably a UN Informal 

Working Group (IWG) or a Task Force operating under a UN IWG. This document could 

form the basis for the work of such a group. 

All stakeholders recommended that the build level of THOR-50M should be controlled by a 

drawing package and certification requirements defined in Mutual Resolution 1 (M.R.1) and 

held at Geneva. It was also recommended that M.R.1 should include procedures for 

assembly, disassembly and inspection, as well as data processing guidance for THOR-50M 

for implementation in UN regulation. 

Stakeholders also strongly recommended that harmonisation of build level and certification 

requirements across regulations and consumer information testing was very important. 

This reduces costs for the industry and provides a consistent assessment of the safety 

performance of vehicles. One of the most consistent items of feedback on the build level, 

with strong implications for repeatability and reproducibility, was the need to improve the 

specification and control of the properties of non-rigid parts such as flesh representations 

and flexible elements in joints. These were considered to be inadequately specified in the 

drawing package and dynamic tests to check the characteristics of the parts were 

recommended. The certification of THOR-50M is already extensive and time-consuming, 

so it was recommended that these could be specified as ‘production tests’, which could also 

be performed by OEMs and test laboratories to investigate ATDs that fail certification tests. 

Finally, Annex 1 provides an overview of the sections of UN R137 that would have to be 

changed once it is agreed that THOR-50M is ready for implementation. 
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5 GLOSSARY 

Term Definition 

ATD Anthropometric Test Device, or crash test dummy 

Biofidelic 
Responding to crash loads in a similar way to a human of 

similar height and weight 

DAS Data Acquisition System 

M.R.1 

Mutual Resolution 1: Management of Test Devices (full title: 

Mutual Resolution 1 of the 1958 and 1998 Agreements 

concerning the description and performance of test tools and 

devices necessary for the assessment of compliance of wheeled 

vehicles, equipment and parts according to the technical 

prescriptions specified in Regulations and Global Technical 

Regulations 

R&R 
Repeatability and Reproducibility 

SBL Standard Build Level 

THOR-M 
Test-device for Human Occupant Restraint, version M – an ATD 

designed to be biofidelic in a frontal impact 
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Annex 2 OVERVIEW OF CHANGES TO UN  R137 REQUIRED TO IMPLEMENT 

THOR-50M 

TRL has not proposed amendments to UN Regulation 137 because the build level and 

performance criteria for THOR-50M has not been finalised. The following Annex highlights 

specific paragraphs and points within UN Regulation No 137, in order to document which 

paragraphs will need to be changed and how. The following conventions are used: 

• Yellow highlights document specific sentences, words or values that will have to be 

updated 

• Blue text inside braces {blue} provides additional comment on the changes required 

to a section of the regulations 

 

5.2  Specifications for the restraint system test (Full Width Rigid Barrier 

Test) 

The vehicle shall be tested and approved in accordance with the method 

described in Annex 3. 

The vehicle which, in agreement with the Technical Service, is considered as 

having the worst case effect on the result of the injury criteria specified in 

paragraph 5.2.1. shall be selected for this test. 

The test of the vehicle carried out in accordance with the method described 

in Annex 3. shall be considered satisfactory if all the conditions set out in 

paragraphs 5.2.1. to 5.2.6. below are all satisfied at the same time. 

Additionally, vehicles equipped with electric power train shall meet the 

requirements of paragraph 5.2.8. This can be met by a separate impact test 

at the request of the manufacturer and after validation by the Technical 

Service, provided that the electrical components do not influence the 

occupant protection performance of the vehicle type as defined in 

paragraphs 5.2.1. to 5.2.5. of this Regulation. In case of this condition the 

requirements of paragraph 5.2.8. shall be checked in accordance with the 

methods set out in Annex 3 to this Regulation, except paragraphs 2., 5. and 

6. of Annex 3. 

A dummy corresponding to the specifications for Hybrid III fiftieth percentile 

(see footnote 1 of Annex 3) fitted with a 45° ankle angle and meeting the 

specifications for its adjustment shall be installed in driver’s seat. 

A dummy corresponding to the specifications for Hybrid III fifth percentile 

(see footnote 1 of Annex 3) fitted with a 45° ankle angle and meeting the 

specifications for its adjustment shall be installed in the outboard 

passenger’s seat. 

 

5.2.1.1 Hybrid III fiftieth percentile adult male performance requirements: 

5.2.1.1.1. The Head Performance Criterion (HPC) shall not exceed 1,000 and the 

resultant head acceleration shall not exceed 80 g for more than 3 ms. The 

latter shall be calculated cumulatively, excluding rebound movement of the 

head; 

5.2.1.1.2 The injury criteria for neck shall not exceed the following values: 

a. The axial tensile neck force shall not exceed 3.3 kN; 

b. The fore/aft shear forces at the head/neck interface shall not exceed 3.1 

kN; 

c. The neck bending moment about the y axis shall not exceed 57 Nm in 

extension; 

5.3.1.1.3 The Thorax Compression Criterion (ThCC) shall not exceed 42 mm. 
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5.2.1.1.4 The Viscous Criterion (V*C) for the thorax shall not exceed 1.0 m/s; 

5.2.1.1.5 The Femur Force Criterion (FFC) shall not exceed 9.07 kN. 

 

Annex 3: Test procedure 

2  Dummies 

2.1.1. A dummy corresponding to the specifications for Hybrid III fiftieth percentile 

male dummy meeting the specifications for its adjustment shall be installed 

in the driver seat in accordance with the conditions set out in Annex 5. 

A dummy corresponding to the specifications for Hybrid III fifth percentile 

female dummy1 meeting the specifications for its adjustment shall be 

installed in the passenger seat in accordance with the conditions set out in 

Annex 5. 

{The passenger dummy, Hybrid III fifth percentile female dummy, shall remain unchanged 

and shall still be required to be installed in accordance with conditions specified within 

Annex 5 of UN R.137.} 

Footnote 1. The Working Party on Passive Safety (GRSP) of UNECE intends to prepare 

an addendum for the Mutual Resolution M.R.1 on frontal impact dummies. 

Until the addendum is available the technical specifications and detailed 

drawings of Hybrid III with the principal dimensions of a fiftieth percentile 

male and of a fifth percentile female dummy and the specifications for their 

adjustment for this test are deposited with the Secretary-General of the 

United Nations and may be consulted on request at the secretariat to the 

Economic Commission for Europe, Palais des Nations, Geneva, Switzerland. 

 

Annex 4: Performance Criteria 

{The performance criteria for the Hybrid III fifth percentile female shall remain unchanged.  

However, a new list of performance criteria shall be drafted and amended to Annex 4 of 

Regulation 137 to replace those currently prescribed for the Hybrid III fiftieth percentile 

male dummy. This will likely focus on the head, neck, thorax and femur, to replicate the 

body region assessment made with the H3-50M.} 

 

Annex 5:  Arrangement and installation of dummies and adjustment of restraint 

systems 

2. Installation of the HIII fiftieth percentile male dummy on the driver 

seat 

{The whole of Annex 5 Section 2 should be replaced by the agreed seating procedure for 

the THOR-50M.} 

 

4.  Adjustment of restraint system 

{The whole of Annex 5 Section 4 should be considered in light of the seating procedure for 

the THOR-50M. It may be that adjustment of the restraint system is part of the seating 

procedure and therefore covered in the update to Section 2.} 
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HOW TO OBTAIN EU PUBLICATIONS 

Free publications: 

• one copy: 

via EU Bookshop (http://bookshop.europa.eu); 

• more than one copy or posters/maps: 

from the European Union’s representations (http://ec.europa.eu/represent_en.htm);  

from the delegations in non-EU countries 

(http://eeas.europa.eu/delegations/index_en.htm);  

by contacting the Europe Direct service (http://europa.eu/europedirect/index_en.htm) 

or calling 00 800 6 7 8 9 10 11 (freephone number from anywhere in the EU) (*). 
 
(*) The information given is free, as are most calls (though some operators, phone boxes or hotels may 
charge you). 

Priced publications: 

• via EU Bookshop (http://bookshop.europa.eu). 

Priced subscriptions: 

• via one of the sales agents of the Publications Office of the European Union 

(http://publications.europa.eu/others/agents/index_en.htm). 
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EXECUTIVE SUMMARY 

Driver Drowsiness and Attention Warning (DDAW) 

Introduction 

Fatigue negatively affects a driver’s physical, cognitive, psychomotor and sensory 

processing capabilities, all of which are needed for safe and effective driving. A study that 

looked to quantify the effects of fatigue by benchmarking performance impairment against 

alcohol, showed that after 17-19 hours awake participants showed performance 

decrements in vigilance, reaction time and other tests equivalent to or worse than a BAC1 

of 0.05%. Response speeds were up to 50% slower and accuracy measures were 

significantly poorer than a BAC level of 0.05%. Extending the periods of wakefulness past 

19 hours caused performance decrements in some cases equivalent to a BAC of 0.1% 

(Williamson and Feyer, 2000). To prevent fatigue-related crashes, the Regulation (EU) 

2019/2144 of the European Parliament and Council (General Safety Regulation) mandates 

the implementation of Driver Drowsiness and Attention Warning (DDAW) systems on M1, 

M2, M3, N1, N2 and N3 vehicles from July 2022 (new types) and July 2024 (all new vehicles). 

TRL has been commissioned by the European Commission to develop a draft technical 

annex defining requirements and test procedures for a secondary type-approval act for 

DDAW systems. This report provides an overview of the activities undertaken and results 

to date, along with a draft proposition of system and test requirements to be covered by 

the DDAW technical annex. 

Approach 

The following tasks were undertaken to develop regulatory text covering system function 

and test requirements for DDAW systems in a technology-neutral manner: 

• Literature review to: 

o Identify scientifically validated drowsiness measures that can be applied 

within a driving environment; 

o Identify a level on these scales that can be mandated as a drowsiness 

threshold for DDAW systems. 

• Engage with fatigue experts to: 

o Gather expert opinions on which drowsiness measure would be most 

appropriate for application within a DDAW validation context; 

o Gather expert opinions on which level of drowsiness should be used as the 

required drowsiness threshold for DDAW systems. 

• Engage with statisticians to: 

o Identify methods of statistical validation for DDAW testing results that can 

be applied regardless of the testing methodology that manufacturers and 

suppliers choose to employ; 

o Identify a testing sample size which will be acceptable to ensure testing 

sample is adequately representative of system performance in a variety of 

normal use situations. 

DDAW Draft Regulatory Text 

The main outcome of the research undertaken within this phase of the project was the 

development of draft requirements around DDAW system testing, Human Machine 

Interface (HMI) and system function. These requirements aim to ensure that DDAW 

systems meet minimum standards in terms of quality (to ensure the intended safety 
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benefit) but still allow system manufacturers to express creative freedom by being 

technology neutral. A draft of the proposed regulatory text can be found within Annex 2. 

Selecting a drowsiness scale and threshold 

Scale 

The most-cited drowsiness scale within the literature that was reviewed, as well as the 

fatigue expert engagements, was the Karolinska Sleepiness Scale (KSS). The KSS is a 

nine-point self-report scale developed by Torbjorn Åkerstedt. The scale is administered 

with standardised wording to ensure that none of the researcher’s biases affect the 

participant’s perceptions. KSS has been validated against several other previously 

validated measures of drowsiness such as Electroencephalogram (EEG; recognised both 

within the literature and the fatigue engagements as the gold standard of drowsiness 

detection), blink duration and vehicle lateral lane position. Another benefit of the KSS is 

that the scale is made up of discrete values. This means that it is possible to set a single 

evidence-based drowsiness threshold. 

Threshold 

KSS level of 7 is recommended as the DDAW drowsiness threshold level. This is because: 

• Fatigue experts recommend that DDAW systems should alert drivers of drowsiness 

from a KSS level 7; 

• The literature has shown that the driving behavioural signs of drowsiness are 

consistent at a KSS level of 7 or above; 

• The literature suggests that the majority of fatigue-related accidents occur at a KSS 

level of 8 or above; 

• The literature suggests that drowsiness-related, high-risk driving instances happen 

at a mean KSS level of above 8. 

Setting statistical requirements 

Acceptance criterion 

Two methods have been proposed by TRL, where engagement with manufacturers is 

needed to assess the feasibility of the methods, as well as to establish which one is the 

most appropriate for the DDAW acceptance criterion: 

1. The sensitivity and specificity values of a certain number of participants of the 

sample size (e.g. 95% of the sample size) need to be equal to or greater than the 

DDAW sensitivity and specificity thresholds. 

2. The average sensitivity and specificity of all participants needs to be equal to or 

greater than the DDAW sensitivity and specificity thresholds, and the variance 

between the participants sensitivity and specificity values shall be kept at a 

minimum.   

The DDAW sensitivity and specificity thresholds were not established in this piece of work.  

Sample size 

The required testing sample size will vary from system to system because they are all 

constructed uniquely. Because of this it is recommended that the sample size should be 

calculated using a sample size calculation software with the sensitivity and specificity data 

of at least [10] participants. 

HMI guidelines 

HMI guidance was developed by reviewing current ISO guidance for vehicle HMI, the 

NHTSA DVI Human Factors Guidance and human factors best practice guidance. The output 

of this review process was scrutinised by human factors researchers to determine the 

minimum requirements for DDAW HMI, which keep coherence with other warnings in 

vehicles and ensure that the drowsiness warning will be effective at warning drivers, but 

also ensure that the warning is not unduly distracting (safe in use). Requirements were 
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developed around the visual and auditory characteristics, as well as any wording or icons 

that the system utilises. 

 

Advanced Distraction Recognition 

Introduction 

The European Commission estimates that driver distraction is involved in 10-30% of all 

crashes in Europe and the National Highway Traffic Safety Administration (NHTSA) 

estimates that driver distraction is contributory factor in 16% of all fatal collisions, 21% of 

all injurious collisions and 22% of all collision in the US. Driver distraction is the diversion 

of attention from activities critical for safe driving to a competing activity. There are four 

types of driver distraction, where often a driver experiences more than one type at the 

same time: visual, auditory, manual and cognitive distraction. Visual distraction is 

considered to be the most dangerous when driving. Therefore, to prevent visual 

distraction-related crashes, the European Commission aims to mandate the 

implementation of Advanced Distraction Recognition (ADR) systems by 2024. ADR systems 

are defined as a system capable of recognising the driver’s level of visual attention to the 

traffic situation and warning the driver when distracted.  

TRL have been commissioned by the European Commission to develop a preliminary ‘table 

of contents’ for the future ADR technical annexes. This report provides an overview of the 

activities undertaken and results to date, along with a preliminary list of technical items 

that should be covered with requirements and tests in the future ADR technical annex. 

Approach 

The following tasks were undertaken to identify the facets of ADR systems which have the 

potential to be regulated in a technology-agnostic manner: 

1. Literature review to identify the indicators of visual distraction documented within 

scientific and academic literature, as well as identifying the metrics to measure and 

thresholds to use to determine whether a driver is visually distracted 

2. Literature review of national and international standards to identify any current 

available test procedures or standards to support the development of requirements 

and tests for the future ADR regulation 

Stakeholder engagement to gather information on the types of ADR systems OEMs and 

Tier 1 suppliers have on the market or in development. 

Readiness of ADR systems 

The main finding from this study was identifying that ADR systems are not yet sufficiently 

mature to be a mandatory requirement for road vehicles. The technology to monitor the 

driver’s visual attentive state (i.e. eyes, head and/or face) exists; however, the integration 

of this technology with other components to create a reliable and robust ADR system (i.e. 

integration with the vehicle and driver, development of algorithms to detect distraction and 

non-distraction event, interacting with the driver when needed etc.) has been a challenge 

for many manufacturers resulting in many ADR systems still being under development. 

These manufacturers expressed that only once the number of false-positive and false-

negative warnings are reduced to safe and appropriate levels, will their systems be ready 

to be implemented into their vehicles. The false-positive and false-negative warning are 

mainly attributed to inexperience with developing an ADR system and limitations of the 

technology in continuously detecting the visual distraction indicator of the system (i.e. the 

eyes). It is expected that over time and with experience, the issues encountered by 

manufacturers may be overcome. 

Developing type-approval tests and regulatory requirements 

There are certain aspects which need to be regulated to ensure a robust system and a 

technology neutral regulation. These are discussed in further detail below. 



 DDR Second Interim Report 

 

 

 

March 2021  624 
 

• ADR systems are required to recognise the driver’s level of visual attention to the 

traffic situation. Evidence suggests that the most reliable way to do this is by 

directly monitoring eye movement. Some systems monitor coarse visual behaviour 

metrics such as head movement to indirectly monitor eye gaze direction; however, 

these metrics can be subject to misinterpretation. Thus, a minimum requirement 

surrounding the primary inputs to monitor the drivers visual attentive state should 

be implemented: The system shall directly and continuously monitor the driver’s 

eyes to assess their visual attention to the traffic situation. 

• When a driver is distracted, they either glance away from the road for a long 

duration (Referred to as Type 1) or, more commonly, shift their gaze frequently 

between the driving task and secondary task (Referred to as Type 2). Ideally the 

ADR regulation should require manufacturers to monitor both types of distraction 

behaviours. However, if systems are unable to do so by the time the regulation 

becomes mandatory, it is recommended that at a minimum the system shall 

monitor Type 1, making Type 2 mandatory once more systems are able to reliably 

monitor it. 

• To ensure consistency amongst systems, it is recommended that distraction 

thresholds are established. This means that if a driver were to exceed a threshold, 

the system will alert the driver that they are visually distracted. For glance duration 

(Type 1), the most widely recognised threshold is a two-second duration. More 

research is needed to establish thresholds for the second type of distraction 

behaviour (Type 2). 

• Some systems have two Areas of Interest (AoI) defined, whereas others have 

numerous AoI defined. All systems had the Forward Field of View (FoV) defined; 

some stakeholders based the size of the Forward FoV on driving speed (or road 

type). It is recommended that a requirement is placed around the AoI stating that 

at a minimum the Forward FoV and Distracted FoV shall be defined, as well as 

stating the dimensions of the Forward FoV for different driving speeds to ensure 

consistency amongst systems and road safety. 

• All systems displayed at least a visual alert when the driver was distracted, where 

some also displayed an auditory alert. If only a visual alert is presented, the driver 

will likely not see it as they are visually engaged in another activity. The alert needs 

to be able to grab the attention of the driver (using a different human sense) and 

encourage them to revert their attention back to the traffic situation. Thus, 

minimum performance requirements for the HMI of ADR systems needs to be 

established. 

• As distraction is highly associated with crash risk, the assessment procedure should 

be performed in a safe and controlled environment. Moreover, the assessment 

procedure needs to replicate real-world driving and distraction conditions. Thus, the 

assessment procedure shall include the following requirements: 

1. The assessment procedure shall be conducted in a high-fidelity motion-

based driving simulator, where the simulator specification shall be defined 

2. The drivers shall perform distracting tasks indicative of the trigger 

behaviours required in the regulation, as well as non-distracting drives 

(baseline) 

3. The driving routes and environment shall be described in detail ensuring 

transferrable results and consistency amongst systems, where all required 

road types shall be tested 

4. The number of participants will be established and shall include males and 

females of varying ages and shall, so far as possible, represent the European 

driving population 

5. An acceptance criterion to determine whether a system is effective at 

detecting visual distraction shall be established 
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The preliminary list of items to be regulated by requirements and tests for ADR system 

type-approval is shown in Section 2.5. 
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1 DRIVER DROWSINESS AND ATTENTION WARNING 

1.1 Introduction 

The European Commission estimates that fatigue is involved in 10-25% of all crashes in 

Europe and the National Highway Traffic Safety Administration estimates drowsiness to be 

a contributory factor in 20% of all crashes in the US. Fatigue negatively affects a driver’s 

physical, cognitive, psychomotor and sensory processing capabilities, all of which are 

needed for safe and effective driving. A study that looked to quantify the effects of fatigue 

by benchmarking performance impairment against alcohol, showed that after 17-19 hours 

awake participants showed performance decrements in vigilance, reaction time and other 

tests equivalent or worse than a BAC of 0.05%. Response speeds were up to 50% slower 

and accuracy measures were significantly poorer than a BAC level of 0.05%. Extending the 

periods of wakefulness past 19 hours caused performance decrements in some cases 

equivalent to a BAC of 0.1% (Williamson and Feyer, 2000). To prevent fatigue-related 

crashes, the Regulation (EU) 2019/2144 of the European Parliament and Council mandates 

the implementation of Driver Drowsiness and Attention Warning (DDAW) systems on M1, 

M2, M3, N1, N2 and N3 vehicles from July 2022 (new types) and July 2024 (all new vehicles). 

DDAW systems are defined as “a system assessing the driver’s alertness through vehicle 

systems analysis and warning the driver if needed”. Specifically; the system must detect 

or recognise driving symptomatic of a driver exhibiting reduced alertness caused by 

drowsiness and must alert the driver via the vehicle’s HMI.  

TRL has been commissioned by the European Commission to develop and draft a technical 

annex defining requirements and test procedures for the secondary type-approval of DDAW 

systems. This report provides an overview of the activities undertaken and results to date, 

along with a draft of the text for the draft technical annex regulating DDAW systems in 

Europe. 

Throughout the body of this report the terms fatigue, drowsiness and sleepiness are used 

interchangeably and are meant to be interpreted as such. 

1.1.1 Summary of Phase 1 

In the first phase of the project, which is documented in detail in a separate report 

(Huysamen and Pistak, 2019),  TRL undertook a literature review and engaged with OEMs, 

Tier 1 suppliers and Euro NCAP to ascertain the current state of DDAW systems, both on 

the market and currently in development. This was done to understand what the systems 

are monitoring, how the systems infer the drowsiness level of drivers, and how systems 

are validated before being brought to market. This information was used to inform the 

development of the proposed ‘Table of Contents’ for the DDAW draft technical annex 

covering the scope, definitions, the DDAW system requirements and the test procedure. 

The main outcome from the first phase was identifying that the most feasible way to 

regulate this technology is through a review of documentation, meaning OEMs shall provide 

evidence on the effectiveness of their DDAW system and shall present this in the form of 

a documentation package. This will be reviewed or audited by an expert to ensure the 

effectiveness of the system in detecting and alerting a drowsy driver. 

1.1.2 Aims of Phase 2 

The subsequent phase of work, documented in this report, aims to expand on the output 

of the first phase and to develop the technical detail required for a regulation governing 

DDAW systems. TRL undertook a review of literature and engaged with fatigue experts to 

identify a fatigue scale that can be used to validate DDAW systems. TRL also established 

a threshold value on that scale, by which all DDAW systems must provide an alert. TRL 

engaged with statisticians to establish an acceptance criterion and to determine which 

characteristics of the test sample could be regulated to ensure as much consistency as 

possible in the validation of all DDAW tests. The proposed draft regulation is contained in 
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Annex 2 and documents all the requirements that are proposed for the regulation of DDAW 

systems within Europe. 

1.2 Method 

During the development of the draft text for the DDAW draft technical annex, TRL carried 

out the following tasks: 

• Review of literature on drowsiness/fatigue scales 

• Fatigue expert engagements 

• Statistician expert engagements 

The information gathered from the literature review and fatigue expert engagements was 

used to determine an appropriate alertness scale or drowsiness index against which DDAW 

systems should be validated and what level of drowsiness is deemed unacceptable for safe 

driving to assist in the establishment of a standardised drowsiness index and drowsiness 

threshold. Statisticians were engaged to determine the feasibility of mandating the sample 

size, demographic characteristics and statistical tests used to validate DDAW systems. 

These tasks were also conducted to establish a universal acceptance criterion which will be 

used to determine the effectiveness of DDAW systems, as well as finalising, updating and 

establishing the requirements around the proposed list of technical items that should be 

covered with requirements and tests in the DDAW technical annex. 

1.2.1 Engagements 

1.2.1.1 Driver drowsiness and impairment expert engagements 

Expert engagements were conducted to gather information on which established 

drowsiness scales could potentially be used for the validation of drowsiness detection 

systems within vehicles. All individuals who were engaged were considered experts in the 

field of driver fatigue and drowsiness based on the following factors: 

• PhD in an area relevant to Human Factors; 

• Over five years’ experience conducting driver fatigue and impairment research; and 

• Extensive peer-reviewed published work in the area of driver drowsiness or 

impairment.  

Moreover, as most of the experts currently sit within the research field, it was assumed 

that they would have a good working knowledge of the current developments within their 

field. The experts were engaged using a standardised set of questions to guide the 

conversations and ensure that information relevant to the topic of driver drowsiness was 

gathered in a consistent manner. Experts were approached and offered the opportunity to 

feed their knowledge into the creation of the European Regulation. Engagements were held 

either via teleconference or in a face-to-face meeting at TRL’s offices at Crowthorne House. 

The topic guide was sent to all experts ahead of the meetings to allow them time to prepare 

for the discussion. The topic guide covered: 

• Which drowsiness scales they would recommend as the standardised drowsiness 

index for DDAW systems and why; 

• Which levels on those scales they feel DDAW systems should notify the driver at; 

• Which level on those scales they feel the DDAW system must notify the driver by; 

• Their perspective on the feasibility of using video analysis to validate systems; and 

• Their opinions on any factors which they feel must be accounted for within the 

DDAW validation testing. 
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1.2.1.2 Statistician expert engagements 

In-house Statisticians were engaged to: 

• Determine what requirements were appropriate to place around the statistical 

analysis to assess the effectiveness of DDAW systems 

• Determine the minimum sample size and demographic characteristics required for 

DDAW validation testing to be statistically valid 

The engagements consisted of open-ended conversation structured around the points listed 

above. Once the statisticians ascertained what the project was aiming to develop 

(regarding minimum standards of scientific rigour for DDAW testing), they then conducted 

additional independent research and provided an expert recommendation. 

1.2.2 Literature review 

Using the input from fatigue experts as a starting point, the literature review was conducted 

with two aims: 

1. To identify a method for measuring fatigue, which may be appropriate for DDAW 

system validation and documenting the evidence for valid, accurate and robust 

DDAW measurements using this method. 

2. To establish where on the drowsiness/fatigue scales would be an appropriate level 

to require DDAW systems to provide an alert by. The goal was to establish a 

minimum threshold i.e. the drowsiest a driver could be before the DDAW system 

must provide an alert to the driver that they are drowsy. 

The review used the databases and search terms documented in Table 1 and Table 2. 

Supplementary to this some literature was provided by the fatigue experts who were 

engaged. 

 

Table 1. Drowsiness Scale Literature Search 

Search terms Databases 

(drows* OR fatigue OR sleep*) AND (scale 

OR measur* OR hierarchy) AND valid* 

Science Direct 

TRID 

Google Scholar 

Taylor and Francis 

 

Table 2. Drowsiness Threshold Literature Search 

Search terms Databases 

(drows* OR fatigue OR sleep*) AND (scale 

OR measur* OR hierarchy) AND (“safe* 

level” OR threshold OR limit) 

Science Direct 

TRID 

Google Scholar 

Taylor and Francis 
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1.3 Results 

Throughout both the literature review and the fatigue expert engagements it became clear 

that the scale most commonly used within the literature and the scale most commonly 

recommended by the fatigue experts was the Karolinska Sleepiness Scale (KSS). 

1.3.1 Driver drowsiness and impairment expert engagement 

1.3.1.1 Measuring fatigue 

Drowsiness Scale 

All experts recommended using the Karolinska Sleepiness Scale (KSS), a scale that is often 

referenced in fatigue literature and is very commonly used in academic research. The KSS 

(Annex 3) is a nine-point fatigue scale developed by Torbjörn Åkerstedt, which ranges from 

1 (‘Extremely alert’) to 9 (‘Very sleepy, great effort to stay awake, fighting sleep’). It is a 

subjective scale that must be completed by the subject (in the context of DDAW, the driver) 

themselves. Because of this it was noted during the engagements that it is key that 

participants are trained on the application of the KSS before using it within a trial. Fatigue 

experts who often used the scale in their research shared that when applying the KSS in 

their research they would explain the scale to participants making it clear that levels 1-4 

refer to various levels of alertness and levels 6-9 refer to increasing levels of drowsiness, 

with 5 being neither alert nor drowsy. They recommended for trial participants to take a 

copy of the scale home with them for several days before they engaged in any research so 

that they could familiarise themselves with it. It was emphasised that all trial participants 

must be trained in a standardised way. It was also noted that the wording on the KSS 

scales must not be altered in any way, and that it should be applied as it was intended to 

be, at 5-minute intervals. It was also noted by multiple experts that studies have been 

carried out to validate the KSS against objective measures of drowsiness such as 

electroencephalogram (EEG), heart rate variability (HRV) and task error rate. In all 

situations, there was a strong and consistent correlation between KSS level, and the 

activity denoted by other fatigue measures.  

From the engagements, it was recommended that the earliest drowsiness could be flagged 

to drivers was a 7 on the KSS scale (Defined as: ‘Sleepy, but no effort to keep awake’), 

and that all participants must, for safety reasons, be flagged no later than a KSS level 8 

(Defined as: ‘Sleepy, some effort to keep awake’). The rationale for this was that in their 

experience the earliest signs of fatigue, that are expressed consistently in the behaviour 

of the majority of people, are present from a level 7 onwards, where the very early warning 

signs (KSS = 6) can vary to a large extent between drivers, meaning it may be impractical 

for a system to be required to alert drivers to the presence of fatigue before that point if 

they are measuring the drowsiness of a driver based on how they operate a vehicle. 

However, there was one expert who disagreed with these values stating that drivers should 

ideally be warned at a KSS level of 4 (fairly alert) and that they must be alerted by a KSS 

level of 6 (some signs of sleepiness), arguing that in an ideal world people would not be 

driving if they are experiencing any signs of fatigue. They reasoned that at level 4 drivers 

were not fully alert and so should not be driving – they did, however, acknowledge that 

this may not be possible when measuring the driver drowsiness levels through vehicle 

control analysis. 

There were strong opinions voiced by the majority of the experts that a driver’s KSS level 

should only be determined by the individual driving the car and that it should not be 

attributed by individuals who are observing the driver. One expert told us of a yet-

unpublished study where the driver’s rated KSS was compared with the KSS ratings 

attributed by an observer (members of the public who were trained on the KSS beforehand) 

watching a video of the drive (n=40). To make things easier for the observers, the KSS 

was separated into 3 bands: Band 1 (KSS 1-5), Band 2 (KSS 6-7), Band 3 (KSS 8-9). The 

observers produced an accuracy level of 41%. The experiment was re-run with fatigue 

researchers as the observers, which produced an accuracy level of 38%. The experts who 

were engaged during this phase of the project recommended that if fatigue expert analysis 
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is used to validate a DDAW system, it should use a fatigue rating scheme which had been 

validated in the scientific literature. 

Electroencephalogram (EEG) 

It was acknowledged by all fatigue experts that EEG is the most reliable and accurate 

measurement to assess driver drowsiness. There have been extensive studies validating 

the measurement and interpretation of the brain’s Alpha and Theta waves as a means of 

detecting the onset of drowsiness, and it is widely accepted within the fatigue research 

community as the “gold standard”. The issue with EEG, which was also acknowledged by 

all of the fatigue experts who were engaged, was that it requires a highly controlled 

environment and minimal participant movement to work effectively. Actively operating a 

vehicle does not allow for this, resulting in the quality of the EEG data not being good 

enough for accurate and reliable analysis (i.e. too much noise in the data). 

Expert Video Analysis 

Expert video analysis was a DDAW validation method identified during the stakeholder 

engagement during the first phase of the project (Huysamen and Pistak, 2019). The fatigue 

experts stated that observers assessing the footage need to be given a set of criteria similar 

to that given to participants rating their own KSS levels (i.e. directions and definitions). It 

should be noted that one expert strongly disagreed with using KSS this way due to it being 

a subjective rating scale. The expert feels it is not conceptually possible for external 

observers to determine exactly how an individual feels without asking for direct input. The 

experts also suggested that an acceptance criterion would need to be developed around 

what constitutes an acceptable or appropriate observer (i.e. fatigue expert). There were a 

number of suggestions made including: 1) a court expert witness in fatigue-related traffic 

cases, 2) having a certain number of peer-reviewed studies published in the field of driver 

drowsiness and 3) having certain level of experience in drowsiness research where they 

actively took part in monitoring driver fatigue (e.g. nurses, sleep clinic technician, PhD 

student specialising in fatigue-related subject etc.). 

Heart rate 

Heart rate (HR) and heart rate variability (HRV) were both identified as potential means of 

assessing driver drowsiness; however, because HR and HRV are controlled by the 

sympathetic and parasympathetic nervous systems several other factors can affect the 

measurements obtained (e.g. passive stress, active stress, health, mood etc.). For HR or 

HRV to be used as an accurate measurement of drowsiness, they must be measured in a 

highly controlled environment. 

Ocular measures 

Some of the fatigue experts suggested using ocular measures such as blink rate or 

PERCLOS to determine the driver’s level of drowsiness. Some drawbacks were 

acknowledged with this sort of data, for example, ocular behaviour can be influenced by 

environmental light conditions, participant hydration levels, humidity level or air movement 

amongst other factors. Blink rate changes can also be indicative of states other than an 

onset of fatigue (e.g. an increase in psychological stress). 

1.3.1.2 DDAW validation protocol  

The fatigue experts identified some factors which in their experience could affect driver 

drowsiness and which they feel should be controlled, or at least acknowledged, within a 

document regulating the function and testing of driver drowsiness monitoring systems. 

Professional drivers 

Individuals who drive as a profession are affected similarly by drowsiness as other drivers 

in that their performance level decreases; however, this is not always as perceptible within 

the vehicular behaviour because professional drivers are often more experienced at 

maintaining vehicle control. If the percentage of professional drivers in the test sample is 

not standardised, it may cause the data to be skewed, where a sample containing a larger 
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proportion of professional drivers may result in lower rates of successful drowsiness 

detection. 

Gender 

The experts recommended this as a factor to be considered for the requirements being 

placed around the test sample demographics. 

Age 

There is considerable evidence that due to driving experience and general risk-taking 

profiles, older drivers are able to cope better with less sleep than younger drivers. This 

view was also echoed by some of the fatigue experts. They recommended age to be 

considered for the requirements being placed around the test sample demographics. 

1.3.2 Statistician expert engagement 

In order to validate a DDAW system, it must be determined if the system is successfully 

detecting when a driver is drowsy. According to our in-house statisticians, to do this 1) one 

must be able to identify when the driver is drowsy (e.g. using a drowsiness scale) and 

compare that to when the DDAW system identifies the driver as drowsy and 2) data needs 

to be collected at regular intervals to ensure the results of the comparison are accurate 

and reliable. It is also important to ensure that participants drive for a sufficient amount 

of time and that there is drowsiness data for each participant. Those with no drowsiness 

data will have to be excluded from the analysis. An example of this provided by one of the 

statisticians is shown in Figure 1. 

 

 

Figure 1: Illustrative example data 

 

For this example, both measures are collected on a drowsiness scale between 1 and 9 (e.g. 

KSS). The system issues a warning when the drowsiness scale reaches the drowsiness 

threshold (e.g. the equivalent to a drowsiness level of 6). A comparison of the two systems 

leads to the following classifications: 

• True Positive (TP): when the DDAW system and driver both correctly identify as 

drowsy 
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• True Negative (TN): when the DDAW system and driver both correctly identify as 

not being drowsy 

• False Positive (FP): when the DDAW system predicts the driver is drowsy, but the 

driver is not drowsy.  

• False Negative (FN): when the DDAW system predicts that the driver is not drowsy, 

when the driver is in fact drowsy.  

A confusion matrix showing the actual (self-rated) and predicted (system) scores of the 

system should be calculated by comparing the driver rating to the system rating for each 

classification event and assigning it as TP, TN, FP or FN. The number of classification events 

falling into each category can then be cross-tabulated. This is shown in Table 3.  

 

Table 3. Confusion matrix of drowsiness classifications 

System/Driver  Drowsy Not Drowsy 

Drowsy  Number of TP Number of FP 

Not drowsy  Number of FN Number of TN 

 

Using the data from the confusion matrix, the performance of the system can then be 

assessed by calculating the sensitivity and specificity of the system. These are statistical 

measures to understand the instances that were correctly and incorrectly identified.    

• Sensitivity (or True Positive Rate) = TP/(TP+FN), this is a measure of the 

DDAW system’s ability to correctly identify instances in which driver drowsiness is 

above the drowsiness threshold level. 

• Specificity (or True Negative Rate) = TN/(TN+FP), this is a measure of DDAW 

system’s ability to correctly identify instances in which driver drowsiness is below 

the drowsiness threshold level. 

It is important that a system, to detect driver drowsiness, achieves an appropriate level of 

sensitivity (capturing FN) and specificity (capturing FP). A higher number of FP alerts would 

mean that the DDAW system is identifying multiple cases where the driver is not drowsy; 

whereas a higher number of FN values would mean that the DDAW system is failing to 

identify crucial moments when the driver is drowsy. Both of these alert types have potential 

negative impacts on driver safety and should be kept to a minimum.  

• FP alerts could lead to driver distraction, which is highly associated with increased 

accident risk, as well as increased driver annoyance and dissatisfaction resulting in 

the driver getting frustrated (increased accident risk) or turning the system off 

(system becomes pointless).  

• FN alerts results in the driver not being alerted when they have exceeded a level of 

drowsiness which is not safe for driving, which is the purpose of the system. This is 

highly dangerous, as irrespective of how the driver feels, they will continue to drive 

as they have not been warned not to.  

1.3.2.1 Creating a participant-level ROC plot to assess inter-participant variability 

There could be concern that the FN and FP rates could differ between participants, leading 

to a risk that the system is only effective for a subset of the driving population. This is 

especially the case if overall sensitivity and specificity value are used to assess the 

performance of the system. Therefore, we have considered how a ROC (Receiver Operating 

Characteristic) space could be used to evaluate inter-participant variability using sensitivity 
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and specificity. To build a participant level ROC plot2 the classification events for each 

participant from the trial would be scored as TP, FN, FP or FN within the confusion matrix 

and a sensitivity and specificity value for each participant would be calculated. 

The sensitivity and specificity values for each participant could be used to plot a point on 

the ROC space. This visualisation provides an understanding of how well the protocol has 

worked for the group of participants. The top left corner of this space represents a perfect 

model (i.e. no false negatives or false positives) and the bottom right corner represents a 

poor model (i.e. no true positives or true negatives). The middle of the space represents a 

model that is unable to distinguish between the two classes (i.e. they are correct half the 

time). In general, the closer the data points are to the top left corner of the ROC space, 

the better the model.  

An example of a ROC plot for two systems (System 1 and System 2) are shown below in 

Figure 2. From the two ROC spaces it can be interpreted that System 1 is not as reliable 

and robust as System 2. For System 2, all participants results are clustered close together 

in the top left corner of the ROC space representing a very good model. However, for 

System 1, one participant is located in the left corner of the ROC space representing a 

good model, whereas the other two are located in the middle suggesting the system was 

only alerting these drivers correctly half the time, and hence the system is not reliable and 

further refinement of the system is needed. These two ROC spaces reveal the importance 

of having minimal variance between participants - the smaller the variance, the more 

precise the overall sensitivity and specificity results of a system.   

Figure 2. Example of a ROC plot for two systems (System 1: Left; System 2: Right) 

1.3.2.2 Potential methods to validate DDAW systems 

Two possible means for determining whether a DDAW system is effective or not for a wide 

range of participants were identified. For both methods, appropriate DDAW sensitivity and 

specificity thresholds need to be established.  

1. The first method involves calculating the sensitivity and specificity values for each 

participant, where a certain number of participants (e.g. 95% of the sample) need 

to meet or achieve higher than the DDAW sensitivity and specificity thresholds for 

the system to be deemed effective.  

2. The second method also involves calculating the sensitivity and specificity for each 

participant, after which the average sensitivity and specificity values for the entire 

sample should be calculated. The average sensitivity and specificity values need to 

 

2 A ROC space refers to area on the graph where each participant’s True Positive Rate and True Negative Rate 

are plotted. A ROC plot is the collection of points that have been created from each participant.  
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be equal to or greater than the DDAW sensitivity and specificity thresholds to be 

considered as an effective system. The distribution of the data also needs to be 

assessed for this method (i.e. the variance between participants). This can be done 

by analysing the distribution of the data points on the ROC space (i.e. cluster 

together or far apart) or by establishing a standard deviation or variance limit. Thus, 

if the variance between the participants is too large, the system would not be 

deemed effective. 

1.3.3 Literature review 

1.3.3.1 Karolinska Sleepiness Scale 

Research by Åkerstedt et al. (2014) highlighted the relationship between EEG (a measure 

consistently cited as the gold standard for drowsiness detection, throughout both the 

research literature and the fatigue expert engagements) and KSS. This relationship was 

shown to be highly significant, strongly curvilinear and consistent across individuals (above 

a KSS level of 6). This is supported by research by Sandberg et al. (2011) who showed 

that subjective sleepiness (measured on the KSS) correlated with blink duration, lateral 

lane position, and EEG measurements. 

When engaging with fatigue experts, the importance of applying subjective drowsiness 

scales (of drowsiness/fatigue/sleepiness) in the way they were intended to be used when 

they were created was discussed. This is important because they have only been validated 

for use within this context. The effectiveness of a scale as a means of assessing drowsiness 

outside of that context is in many cases unknown. For the KSS, this means using wording 

for the scale which has been validated and ensuring all the steps on the scale are labelled. 

The study by Åkerstedt et al. (2014) also makes apparent the importance of labelling all 

the steps on the KSS when it is applied. During their study participants seemed more drawn 

towards giving a rating on the labelled steps (3,5 and 7) than the unlabelled steps, drawing 

the authors to summarise that “clearly, the labelled scores attracted more ratings than the 

intermediate scores”; a finding also present in work by Sandberg et al. (2011). 

Something discussed by most of the fatigue experts during the engagements was that 

there are minimal signs of the onset of fatigue expressed within an individual’s driving 

behaviour prior to a level 7 on the KSS. It was also noted by Fors et al. (2018) that, at a 

KSS level of less than 7, there are few physiological or behavioural signs of sleepiness, and 

that it is not until a level 8 and 9 that a strong increase in these signs occurs. This assertion 

is also supported by: 

• A simulator study by Reyner and Horne (1998; cited by Åkerstedt et al, 2014) 

showed that in all situations where drivers experienced an unintentional lane 

crossing, the crossing was preceded by a KSS rating of at least 7. When comparing 

a KSS level of 5 (neither alert nor sleepy) to a KSS level of 8 (Sleepy, some effort 

to keep awake) or 9 (very sleepy, great effort to keep awake, fighting sleep), this 

study showed that the risk of unintentional line crossings (with all four wheels) 

increased by 2800% and 18500% respectively.  

• Research by Anund et al. (2008), cited in a study by Sandberg et al. (2011), 

demonstrated that mean KSS level before drivers drifted out of lane hitting the 

rumble strip was 8.1.  

• Research by Ingre et al. (2006; cited by Sandberg et al., 2011) found that crashes 

and incidents in a driving simulator almost always occur between a KSS level 8 and 

9. 

Research by Kaida et al. (2006) reported that repeatedly asking drivers (at 4- minute 

intervals) for their drowsiness ratings reduced their subjective sleepiness, reduced the 

Alpha power density within their EEG and reduced their post-test sleepiness levels. It was 

not, however, found to affect their performance of the driving task. This highlights the 

importance of establishing guidelines standardising how often subjective fatigue 

measurements should be taken from the driver. Not obtaining measurements of driver 
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drowsiness often enough will not provide the granularity of data needed to accurately 

validate the DDAW system (a factor flagged by the fatigue experts during the 

engagements); however, gathering data too frequently may have an alerting effect on the 

driver causing a mismatch between subjective and objective measurements of the driver‘s 

level of drowsiness. In the case that the system is being validated against a subjective 

measure e.g. KSS, this could cause it to appear as if the DDAW system is flagging a false 

positive. 

During the engagement with the fatigue experts there was no consensus on which 

environment is best to apply the KSS to accurately measure driver drowsiness (i.e. on-

road or simulator). A study by Belz et al. (2001) found KSS to be a poor predictor of driver 

fatigue in on-road studies; however, this study was conducted in articulated lorries, 

meaning driver workload and responsibility were not necessarily representative of a 

“typical driving environment”. This, in addition to the small sample size (n=8), means that 

when compared against the volume of literature (Sandberg et al., 2011; Åkerstedt et al., 

2014; Fors et al., 2018) which contradicts the findings of Belz et al. (2001), KSS can still 

be considered to be a valuable tool to gaining insights into driver drowsiness in a variety 

of driving environments. 

A study by Wierwille and Ellsworth (1994) showed that expert video analysis can be “a 

reliable and consistent measurement of drowsiness and covaries with other known 

indicators”. It is noted that this is in nearly direct opposition to the feedback received 

during the fatigue expert engagements. Due to the split opinion on the validity of expert 

video analysis both within the expert engagements and within the literature, expert video 

analysis is not recommended as a primary measure to validate DDAW systems. It can, 

however, be used as a complimentary measure to the primary measure (i.e. KSS). If 

manufacturers use expert video analysis as a complimentary measure to the primary 

measure to validate their DDAW system, they will be required to provide proof that the 

rating scheme their analysts have used is validated within research literature or provide 

proof that the classification of drivers being above or below the drowsiness threshold is not 

statistically dissimilar to driver ratings from KSS ratings. 

1.3.3.2 Driving simulators 

The Phase 1 report (Huysamen and Pistak, 2019) concluded that, for a number of reasons, 

driving simulators are not recommended as a method of validation for DDAW systems. In 

addition, Fors et al. (2018) noted that, although driver drowsiness evolves at a similar rate 

when driving in the simulator and driving on the road, self-reports of drowsiness (using 

subjective scales) are higher in a simulator than when driving on the road. The study 

showed drowsy driving behavioural indicators such as the number of line crossings do not 

differ between driving simulator and on-road – suggesting there is the potential that trying 

to use a driving simulator to validate a roadworthy DDAW system against KSS may create 

a mismatch between the subjective and objective expressions of driver drowsiness. 

1.3.3.3 Sample 

Following the logic presented within the study by Anund et al. (2017), it is recommended 

that professional drivers should not be selected as participants within any validation studies 

run on DDAW systems which make use of subjective self-assessed ratings of drowsiness. 

The study found that, despite the fact that professional drivers experience longer blinks 

and an increased rate of lane crossings, they still rate themselves as less sleepy compared 

to non-professional drivers. Assuming this effect is consistent across all professional drivers 

this could cause a mismatch between the behavioural measures of driver drowsiness 

(which the DDAW system is measuring) and the subjective drowsiness assessment (against 

which the system is being validated). This could result in DDAW systems appearing to be 

flagging false-positive alerts. It should be acknowledged that the increase in the number 

of lane violations found in the study by Anund et al. (2017), could have been affected by 

driver’s knowledge that their behaviour when operating a simulator does not carry the 
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same risks as it would on road, leading them to altering their driving norms and take more 

risks. 

1.4 Discussion 

In most type-approval processes there are specific technical requirements documenting 

how those systems should behave and a single test procedure defined to ensure that those 

systems meet or exceed a certain criterion. This ensures that they are both safe in 

operation and effective in their function. The reviews of literature and engagements with 

OEMs, Tier 1 suppliers and fatigue experts throughout the lifecycle of this project has 

revealed that DDAW systems cannot effectively be regulated in the same manner.  

Most technologies that require secondary type-approval are designed to function in the 

same manner, they look at the same variables, and therefore they can all be tested using 

the same procedure. This is not the case for DDAW systems as manufacturers take a wide 

variety of approaches; some use a variety of metrics to determine how drowsy drivers are, 

some manufacturers use completely different input data, some use the same input data 

but weight it differently within their system algorithms, and some may even use the same 

data and weight it similarly within their algorithms but aim to alert drivers at different 

points in the drowsiness process. 

Due to the variety of methods currently used within the automotive market to monitor 

driver drowsiness, as well as the cost and expense it would incur for both manufacturers 

and the European Commission to develop and validate a single mandatory method of 

monitoring, TRL recommend that manufacturers have a high level of autonomy in how they 

monitor driver drowsiness. Instead, we recommend that manufacturers are required to 

provide a documentation package that will be assessed by a Technical Service to ensure 

that the processes manufacturers have followed to validate the system are scientifically 

rigorous, that the system will provide alerts to the driver before a critical stage within the 

drowsiness process, and that the system’s alerts meet the current best practice guidelines 

for HMIs (to ensure that they are safe and effective). 

1.4.1 Measuring driver drowsiness 

As part of the regulation for DDAW systems, a single drowsiness threshold value had to be 

chosen. This threshold would represent the latest point during the drowsiness process that 

a system should alert the driver that they are drowsy. This threshold can then be used as 

a barometer for DDAW systems. 

1.4.1.1 Drowsiness index 

The first element of establishing a drowsiness threshold for DDAW systems is to determine 

which measurement of drowsiness should be used. As noted within the engagement carried 

out in both Phase 1 and Phase 2 of this project, EEG is recognised as the gold standard for 

objective measurement of fatigue within the field of driver drowsiness research. Whilst EEG 

can be very effective within a laboratory environment, it is poorly suited for measuring 

drowsiness within a dynamic environment. Any muscular movement from a subject (a 

requirement to operate a motor vehicle) causes a large amount of noise within the data. 

Due to this and the fact that expert knowledge is required to filter and interpret EEG data, 

TRL feels it is impractical for EEG to be mandated as a method for measuring or monitoring 

drowsiness. Moreover, EEG data can be used to monitor the increases and decreases in 

drowsiness, however, as the amplitude of EEG waves is dependent on the individual, it is 

challenging to determine an individual’s exact level of drowsiness from EEG data. One 

expert shared that EEG shows relative increases or decreases in drowsiness but cannot 

give an absolute drowsiness level. It is not possible to look at a single EEG reading and 

determine how drowsy an individual is. Changes in the characteristics of the EEG waves 

being measured are used to determine increase or decreases in drowsiness. Other 

objective drowsiness measurements have been investigated within research literature (e.g. 

heart rate variability); however, due to the variety of factors that can affect the output of 



 DDR Second Interim Report 

 

 

 

March 2021  637 
 

the data, they cannot currently be recommended as reliable and accurate indicators of 

driver drowsiness. 

During the review of literature, the most common subjective measurement of drowsiness 

was the KSS, a finding that was bolstered by the outcomes of the fatigue expert 

engagements. All the fatigue experts who were engaged recommended using the KSS to 

measure driver drowsiness and based their reasoning on the fact, which was also covered 

within the review of literature, that it has been validated against a variety of objective 

measurements of drowsiness (including EEG) and has shown a strong relationship with a 

number of the metrics which are widely considered to be good indicators of drowsiness 

(see Section 1.3.3.1). When comparing the output of the KSS to other measures of 

drowsiness, with KSS there is significantly less data processing required to understand the 

output. It is also easier to set threshold levels because the measurement comprises of 

discrete values. This is ideal for establishing a drowsiness threshold for DDAW systems. 

1.4.1.2 Drowsiness threshold 

When discussing the KSS with fatigue experts, there were varying opinions on the KSS 

value that should be used as the drowsiness threshold. When looking at the literature the 

consensus seems to be that drivers do not consistently start to demonstrate behaviours 

indicative of drowsiness until they have rated themselves as a level 7 or above on the KSS. 

This is aligned with the majority of the fatigue experts, who felt that the values of 1-4 on 

the KSS refer to various levels of alertness, levels 6-9 refer to increasing levels of 

drowsiness, and a value of 5 is neither alert nor drowsy. One fatigue expert did voice that 

from a KSS level of 4 it could be argued that individuals are not fully alert and so in an 

ideal world DDAW systems would alert drivers at this point. This expert did, however, 

acknowledge that when monitoring vehicle behaviour for expressions of driver drowsiness, 

it would not be practical to mandate a KSS level of 4 as the number of expected false-

positive alerts would negate the effectiveness of the system. 

The KSS level that TRL is proposing as the drowsiness threshold is 7, defined as “sleepy, 

no effort to keep awake”. Within the literature subjects have been shown to clearly and 

consistently display signs of drowsiness at a KSS level 7. Initially it was thought that a KSS 

of 6 would be more appropriate as by definition this is when drivers are displaying the first 

signs of sleepiness; however, the evidence for the consistent expression of drowsiness in 

a driver’s steering pattern at these levels varies between studies and has been noted to be 

inconsistent within individuals. There are also studies that have stated that many drivers 

would consider themselves to still be able to safely drive at a KSS level of 6. This means 

that if a warning is provided at that time it may potentially cause driver distrust in the 

system and the driver may not take appropriate action. 

A KSS value of 8 or 9 was deemed too high to be used as a minimum safety threshold for 

drowsiness warning systems. At a level of 9 (and even 8 in some individuals), microsleeps 

and local sleep (more commonly known as look-but-don’t-see instances within 

psychological literature) are common. Moreover, alerting a driver at a level of 8 or 9 allows 

the driver to travel for extended distances without being attentive to the road environment 

or being able to act appropriately. Thus, alerting at these levels is too late in the drowsiness 

process because drivers are already in an unsafe state for driving and are too drowsy to 

safely react to the warning. This assertion is supported by a study by Sandberg et al. 

(2011) who noted that the mean KSS level before drivers hit the rumble strip on the side 

of the road was an average 8.1 and that nearly all crashes (in driving simulators) occurred 

between a KSS level of 8 and 9. A KSS level of 7 has been noted both within the literature 

and the expert engagements to be a level by which drivers are likely to be cognisant of the 

fact that they are drowsy but are still able to stay alert with effort, and so may be more 

likely to react to the alert as intended. 

In summary, a KSS of 7 is being recommended as the drowsiness threshold for DDAW 

systems because: 

• The literature has validated KSS against the gold standard of EEG and has shown 

there to be a consistent and strong relationship above a KSS level of 6; 
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• The literature has shown that the driving behavioural signs of drowsiness are 

consistent at a KSS level of 7 or above; 

• The literature suggests that the majority of fatigue-related accidents occur at a KSS 

level of 8 or above; 

• The literature suggests that high risk driving instances happen on average above a 

KSS level 8;  

• Fatigue experts recommend that DDAW systems should alert drivers of drowsiness 

from a KSS level 7. 

1.4.1.3 Freedom of Choice (other validation options) 

Manufacturers are not obliged to use the KSS to validate their DDAW system; if they prefer 

to use another method of measuring drowsiness, TRL recommends they are able to do so. 

In the case that a manufacturer chooses to use another metric to validate their DDAW 

system, they must provide evidence of its effectiveness. This evidence must be included 

as part of the documentation package provided to the technical service. They must also 

prove that the threshold level they are using within their chosen metric(s) is equal to or 

earlier in the fatiguing process than a KSS level of 7. 

1.4.2 Time (to activation) 

Time-to-activation is the length of time between the activation of a vehicle’s master switch 

and the point when the DDAW system must be actively monitoring the driver. TRL 

anticipates this recommendation may be somewhat contentious. The reasoning behind why 

this has been included as part of the requirements is discussed below. Driver alertness can 

be reduced by a variety of factors including sleep deficit, extended period of attentional 

underload or overload, dips in the circadian rhythm or time on task. By requiring DDAW 

systems to monitor drivers and alert them from the point that they start driving (assuming 

the conditions outlined in Annex 2.5.2.3 are met) ensures fatigue caused by any 

combination of the listed factors as well as others is taken into account. Delaying the 

drowsiness warning until the driver has been driving for a certain amount of time is to 

suggest that time on task is the only cause of driver drowsiness. Driver drowsiness is not 

a discrete occurrence that starts when drivers get behind the wheel, it can be cumulated 

throughout the day or even initiated by the time of day (i.e. circadian rhythm), not just 

after drivers have been behind the wheel for a certain period of time. Systems that do not 

provide warnings until the driver has been driving for a defined period of time, do not 

account for drivers starting the drive drowsy, and so present a highly elevated safety risk 

from the first activation of the vehicle’s master switch. 

1.4.3 Acceptance criterion requirements 

1.4.3.1 Statistical method to validate DDAW systems 

TRL’s recommends the use of specificity and sensitivity for statistical validation of DDAW 

testing results. Sensitivity is a measure of the system’s ability to correctly identify instances 

of driver drowsiness (above the threshold level); it can be calculated by dividing the 

number of true positives by the sums of the number of true positives and false negatives 

of the system. Specificity is the system ability to correctly identify instances where driver 

drowsiness does not exceed the drowsiness threshold; it can be calculated by dividing true 

negatives by the sum of the true negative and the false positives. We recommend 

mandating sensitivity and specificity thresholds which DDAW systems need to meet or 

surpass in order to be classified as a validated DDAW system (referred to as DDAW 

sensitivity and specificity thresholds).  

TRL proposes two methods to validate a DDAW systems: 
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1. A DDAW system shall be deemed effective if a certain number of participants (e.g. 

95% of the sample size) obtain sensitivity and specificity values equal to or greater 

than the DDAW sensitivity and specificity thresholds. 

2. A DDAW system shall be deemed effective if the average sensitivity and specificity 

values of the sample are equal to or greater than the DDAW sensitivity and 

specificity thresholds. For this method, the variance in the data also needs to be 

analysed which can be done by either: 

a) Establishing a variance limit or a standard deviation range which systems 

must adhere to, or  

b) Analysing the distribution between participants’ data points on a Receiving 

Operator Characteristic (ROC) space (i.e. cluster together or far apart) and 

providing the technical service with guideline on how to interpret these plots 

(i.e. good variance or bad variance). 

In order to establish the DDAW sensitivity and specificity thresholds, more research is 

needed to be conducted involving a literature search on appropriate and safe sensitivity 

and specificity values for these types of systems, engagements with statisticians who are 

experienced in safety critical systems, engagements with manufacturers and Tier 1 

suppliers to gain insight into the values they are receiving from their systems and what 

they deem to be acceptable values and/or analysing raw data from a number of these 

systems to establish appropriate thresholds. Manufacturers should also be engaged about 

the two methodologies to determine the feasibility of the two methods and to determine 

which one is the most suitable to validate DDAW systems.   

1.4.3.2 Sample size 

As the assessment procedure for DDAW is not specified (i.e. standardised), it is 

recommended that manufacturers calculate the required sample size needed for their 

validation testing by using a sample size calculation software – 95% confidence interval 

using a binomial distribution should be used to calculate this value. Specifically, the sample 

size calculation would aim to determine the value ‘XX’ in the sentence below (where AA 

and BB are specified). 

“A sample size of XX will enable you to say with 95% confidence that the average sensitivity 

or specificity value is between AA and BB.” 

The sample size can be determined by using the sensitivity and specificity of at least [10] 

participants. It must be noted that certain sample size calculation software can calculate 

sample sizes for both sensitivity and specificity at the same time. However, if this option 

is not available then two sample size calculations must be conducted: one for sensitivity 

and one for specificity, and the one with the larger sample size must be used. The 

statistician noted that the number of participants that the calculation will suggest is 

unknown (i.e. sample data is needed), thus there is a risk that this method may yield an 

extremely large sample size (e.g. n > 100), which is not practical for the purposes of this 

regulation. Therefore, it is recommended that this approach is tested with manufacturers 

who have data to see whether the sample size calculation is a feasible option to determine 

the sample size. 

If it is not possible to use the statistical method documented in Annex 2.6.7, the 

manufacturer should provide a written explanation as to why they have made that choice 

and how their chosen method accounts for the factors highlighted within the above text as 

well as in Section 1.3.2 of this report. 

1.4.4 HMI 

The DDAW system’s HMI was identified within the first interim report (Huysamen and 

Pistak, 2019) as having the potential to be regulated in a more traditional type-approval 

manner. The HMI requirements laid out in Annex 2.5.5 cover the manner in which the 
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system should alert drivers as well as the requirements for alert using visual (text and 

icons) and auditory modalities. 

Urgent warnings should be used when drivers reach a drowsiness level equivalent to a [7] 

on the KSS, because this has been established as the minimum safety requirement. At this 

point drivers should be alerted via multiple modalities to ensure message redundancy as 

stated within ISO 15006 (2011). This should account for all potential users, taking into 

account potential sensory deficits as stated within ISO/TR 16352 (2005) and the NHTSA 

Human Factors HMI Guidance (2016). As sight is a legal requirement for driving within 

Europe, mandating the use of the visual modality ensures that there is a prompt which 

caters for all drivers. There is no similar requirement around the level of hearing to drive 

- an exclusively auditory alert would not cater for hearing impaired drivers. It is, however, 

stated within ISO/TR 16352 (2005) that the eye is already highly burdened by the driving 

task which is why the use of the auditory modality is also a requirement. In many cases 

where the driver is becoming inattentive due to an increase in drowsiness, auditory alerts 

can be used to draw driver attention to the visual portion of the alert. From an inclusive 

design perspective, an auditory alert is required because they benefit older drivers. Older 

drivers are slower at processing information, have slower reaction times. To compensate 

for this they tend to spend more time visually focused on the forward road scene and are 

therefore less likely to look at the vehicle’s interface (Hanowski et al., 1999; cited in ISO/TR 

16352, 2005). An exclusively auditory alert is not considered sufficient within the guidance 

given in ISO 15006 (2011), which states that “an auditory signal concerning the safety of 

the driver or other people and requiring immediate action by the driver shall not be 

presented exclusively by auditory means, but shall also be presented using another sensory 

channel”.  

If the system makes use of a cautionary warning phase, pre-empting the urgent warning 

phase, it should make use of the visual modality only. This is to mitigate nuisance warnings, 

defined as “alarms that correctly indicate a potential threat, but the driver believes that 

the threat will be resolved without driver intervention” (NHTSA, 2016). It is noted in the 

NHTSA Guidelines (2016) that drivers do not necessarily make a distinction between 

nuisance alarms and false alarms, meaning nuisance alarms can reduce driver trust in the 

system and make them less likely to take action when an alert sounds. When a DDAW 

system is presenting an urgent warning to the driver it should ensure that the warning is 

presented simultaneously across all the modalities to utilise; “the presence of redundant 

information decreases reaction time (Boff and Lincoln, 1988). This ‘Stroop effect’ means a 

facilitation when the secondary source of information is congruent with the primary source 

(Dyer, 1973)” (International Organization for Standardization, 2005).  This is supported 

by research by Kiefer et al. (1999) and Campbell et al (2004), summarised within the 

NHTSA guidance, which states that “operator performance can be improved by combining 

auditory and visual messages when presenting warnings” (NHTSA, 2016). Presenting 

multi-modal alerts also ensures that there is a back-up channel to draw the driver’s 

attention to the safety-critical alerts in case one channel is already at capacity, or is 

experiencing an overload scenario (NHTSA, 2016).  

The visual HMI requirements (Annex 2.5.5.1) state that any urgent warning should be 

displayed primarily in red, and cautionary warnings should be displayed primarily in amber 

or yellow. Both the NHTSA guidelines (2016) and ISO 2575 (2017) state that red should 

be used for “danger or critical situations” (NHTSA, 2016) or “danger to persons” 

(International Organization for Standardization, 2017), both definitions that are consistent 

with an established safety limit or threshold. Those same publications state that amber or 

yellow should be used for caution, a definition that is congruent with a cautionary 

drowsiness warning. 

The auditory amplitude and frequency ranges are required to ensure DDAW alerts are 

designed to be as inclusive as possible. The requirements placed around the auditory alert 

ensure that the alert is audible to the majority of individuals. The frequencies to which 

humans are most sensitive fall within the bands specified in Annex 2.5.5.2 and are most 

likely to be detected (NHTSA, 2016). This guidance, provided by NHTSA, is also in line with 

the guidance within ISO 15006 (2011) that states, to ensure the design of system alerts 
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are robust against age-related hearing loss, the main audible component of the alert should 

lie within a range of 400-2000 Hz. TRL recommends that a single wave auditory alert is 

not enough, instead a mixed tone alert should be used. This is because “standing wave 

patterns cause resonance and anti-resonance areas so that the audibility of a signal at the 

driver’s head cannot be guaranteed” (International Organization for Standardization, 

2005). Some individuals also experience deafness to select tones (Galer and Simmonds, 

1984; cited by ISO/TR 16352, 2005). The use of mixed tone alerts reduces the likelihood 

of both occurrences. 

To ensure the alert is discernible within the driving environment it is key that the alert 

exceeds the masking threshold. Masking threshold is defined as “the minimum intensity 

level at which a sound presented among masking background noises is audible to the 

listener”. The guidance also notes that the masking threshold is not necessarily the ambient 

noise level (NHTSA, 2016). It is recommended within ISO 7731 (2003) that at least one 

octave band of the alert exceeds the masking threshold by at least 10 dB. The alert should 

never exceed 90 dB even if this means it does not exceed the masking threshold, because 

a sound with a higher amplitude than 90 dB can lead to auditory impairment. “Noise at 

this level (above 90 dB) may produce temporary threshold shift and, if repeated, definitive 

traumatic deafness” (International Organization for Standardization, 2005). 

DDAW system alerts should not startle the driver. When alerted, the driver is likely already 

experiencing reduced alertness (resulting from the increase in drowsiness); startling the 

driver in this situation may cause them to become temporarily disorientated. The alerts 

are intended to inform them that they are displaying signs of drowsiness and that they 

need to take remedial action. According to ISO 7731 (2003), sound level should not 

increase more than 30 dB in 0.5 seconds if a startling effect is not intended. So long as 

this is satisfied, the time from the onset of the auditory alert to full loudness should be less 

than 30 ms (International Organization for Standardization, 2011). 

1.5 Conclusion 

The wide variety and combinations of measures that can be employed by manufacturers 

to detect and monitor driver drowsiness means that it is not possible to create an 

assessment procedure that accommodates all DDAW systems. For this reason, TRL has 

proposed that manufacturers provide evidence on the effectiveness of DDAW systems by 

means of a documentation package.  

After reviewing literature and engaging with fatigue experts, the drowsiness scale that is 

recommended for use in validating DDAW systems is the Karolinska Sleepiness Scale. All 

DDAW systems should provide drivers with a drowsiness warning at or before they reach 

KSS level of 7.  

As stated in the first DDR interim report (Huysamen and Pistak, 2019) an activation speed 

range is being recommended for DDAW systems. This range does not include speeds below 

70 kph because: 

• Some DDAW systems use forward facing cameras which rely on lane markings. 

These markings are not always present or are more likely to be degraded on lower-

speed urban and rural roads. 

• Driving behaviour on lower-speed urban and rural roads is likely to activate more 

false-positive alerts due to driving behaviour being more variable, the road type 

having more curvature and driving task requiring more turns and small 

manoeuvres. Moreover, drivers are less likely to experience drowsiness in a 

stimulating environment. 

After engaging TRL’s in-house statisticians, measurements of sensitivity and specificity 

were recommended as the statistical method to assess the effectiveness of DDAW systems 

in reliably detecting when a driver is drowsy and not drowsy. To ensure systems are robust 

and reliable, the statisticians recommend mandating sensitivity and specificity thresholds 

for DDAW systems. Further research or discussions are needed to establish these 

thresholds.  
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DDAW systems should be capable of monitoring and alerting drivers of drowsiness from 

the beginning of the drive (to the end) to account for accumulation of fatigue over time 

and fatigue caused by the circadian rhythm and time-on-task. 

The HMI of DDAW systems should follow the requirements set out within the annexes. 

These requirements were formed from gathering information from international standards, 

national design guidance and human factors best practice to ensure that alerts warn drivers 

effectively and safely, as well as follow drivers’ expectations for safety critical warnings 

(within a European driving context). 

The full requirements for the documentation package that manufacturers or suppliers must 

provide to the technical service for DDAW system secondary type approval are detailed 

within Annex 2.7. 
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2 ADVANCED DISTRACTION RECOGNITION 

2.1 Introduction 

The work in this report was carried out to prepare and support the development of technical 

annexes for Advanced Distraction Recognition (ADR) systems for vehicle categories M1, M2, 

M3, N1, N2 and N3. ADR is defined as a system capable of recognising the driver’s level of 

visual attention to the traffic situation and warning the driver when distracted. This work 

falls within DDR (Driver Distraction and Drowsiness Recognition) safety measure forming 

part of the European General Safety Regulation.  

The European Commission estimates between 10% and 30% of crashes in Europe are 

caused by road user distraction and NHTSA estimates that driver distraction may contribute 

to 16% of all fatal collisions, 21% of all injurious collisions and 22% of all collision in the 

US (European Commission, 2019;NHTSA, 2009). These figures are likely to be 

underestimates given the difficulty in determining contributory factors after a crash has 

occurred (Kinnear and Stevens, 2015).  

Driver distraction is the diversion of attention from activities critical for safe driving to a 

competing activity. The competing activity comes in a variety of forms and can originate 

from sources both inside and outside the vehicle. Research into the effects of driver 

distraction using naturalistic driving data found that drivers engaged in secondary tasks 

about 23.5% of their driving time, which significantly increases their collision risk (Klauer 

et al., 2010). Thus, reducing distraction to improve driver’s attention to activities required 

for safe driving is expected to reduce the collision risk. 

There are four types of distraction, where often drivers experience more than one type of 

distraction at the same time:  

• Visual distraction: Driver takes their eyes off the road to engage in a secondary 

activity not related to the driving task. 

• Auditory distraction: Noise diverts drivers’ attention from activities needed for safe 

driving. 

• Manual distraction: Driver takes one or both hands off the vehicle controls to attend 

to an activity not required for safe driving.  

• Cognitive distraction: Driver’s mind is engaged with other tasks not required for 

safe driving.  

Driving is primarily a visual task, thus it is not surprising that visual distraction is often 

referred to as being especially dangerous for safe driving performance – large and frequent 

lane deviations, abrupt steering movements, slow reaction time to vehicle braking events 

and safety critical events, failure to detect hazards etc. (Klauer et al., 2006). This was 

corroborated by the European Commission (2015): “Activities that cause visual distraction 

(e.g. looking away from the road during texting) appear to be the most dangerous, as 

estimated by odds ratios”. Therefore, to prevent visual distraction-related crashes, the 

European Commission aims to mandate the implementation of Advanced Distraction 

Recognition (ADR) systems by 2024. Specifically, the system must assess the driver’s 

visual attentive state by detecting and monitoring the driver’s gaze direction and be 

capable of determining when the driver is visually distracted. This aim of this report is to 

develop a preliminary ‘table of contents’ for the future ADR technical annexes. 

2.2 Method 

During the development of the potential list of items that will be regulated in relation to 

the implementation and performance of automotive ADR systems within Europe, TRL 

undertook the following tasks: 

• A review of the indicators and metrics of visual distraction, and a rapid review of 

visual distraction thresholds 
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• A review of current national and international standards 

• Expert stakeholder engagement 

These tasks were undertaken to gather information on the current state of the art within 

the literature and automotive market. The aim was to identify facets of ADR systems that 

should be regulated in a technology-agnostic manner and to highlight the elements 

requiring further research. For more details on the methodology, please refer to Annex 4. 

2.3 Results 

This section of the report summarises the findings from the literature reviews and 

stakeholder engagements. The full results are detailed in Annex 5 of this report. 

2.3.1 Literature review 

2.3.1.1 Indicators and metrics of visual distraction 

The most accurate way to monitor the driver visual attentive state is by directly tracking 

the eyes. However, there are situations where the eyes cannot be tracked due to eye 

occlusion. This can be overcome by indirectly tracking the eyes by monitoring coarse visual 

behaviour metrics (i.e. head movement or facial orientation). However, this only provides 

a rough estimate of eye gaze and can provide an incorrect interpretation of eye gaze 

direction. A solution to these technological limitations is to use both types of metrics to 

determine the driver’s eye gaze direction. For example, eye movement can be the primary 

metric and when the eyes are not visible, coarse visual behaviour metrics can be used to 

estimate the drivers gaze direction (Kim and Shin, 2014). 

2.3.1.2 Visual distraction thresholds 

It appears that glances away from the road exceeding two seconds significantly increases 

crash risk (Klauer et al., 2010). With regards to an established Glance Duration3 threshold, 

two recommendations were found: 1.6 seconds and 2 seconds, where the two-second 

duration is the most widely recognised glance duration threshold (European Commission, 

2015;Klauer et al., 2006;Klauer et al., 2010). It should be noted that both of these values 

are based on a driver interacting with an in-vehicle device or mobile phone, which usually 

results in a driver’s eyes gazing downwards and not having the road in their peripheral 

vision (i.e. no visual awareness of the road – please refer to Section 2.4.1.1 for more 

details). The review also revealed that drivers commonly glance frequently between the 

driving task and a distracting task. For this type of distraction behaviour, the following 

measurements were identified: Percentage Road Centre (PRC)4, Total Eyes-Off Road 

(TEOR)5, Total Glance Duration6 and Glance Frequency7. One threshold was identified for 

TEOR from one source: TEOR glance duration greater than two seconds in a six-second 

window (Klauer et al., 2006). For Total Glance Duration, two contradictory thresholds were 

 

3 Glance Duration: time from the moment at which the direction of gaze moves towards a target to the moment 

it moves away from it (ISO 15007-1:2014) 

4 PRC: percentage of time within 1 minute that the gaze falls within a road centre area of 8˚ radius from road 
centre 

5 TEOR glance duration: the summation of all glance durations to areas of interest other than the road scene 
ahead during a condition, task, subtask or sub-subtask (ISO 15007-1:2014) 

6 Total glance duration: summation of all glance durations to an area of interest (or set of related Areas of 
Interest) during a condition, task, subtask or sub-subtask (ISO 15007-1:2014) 

7 Glance Frequency: number of glances to a target within a pre-defined time period, or during a predefined task, 
where each glance is separated by at least one glance to a different target 
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identified: a distracting task should be completed within 15 seconds (Klauer et al., 2010) 

and 20 seconds (AAM, 2006) of total glance duration. Further research to validate the 

TEOR threshold and to establish thresholds for the other measurements identified as being 

sensitive to detecting visual distraction should be conducted. As this was a rapid literature 

review, it is recommended that an in-depth analysis of distraction thresholds should be 

conducted in the next phase of this research project. 

2.3.1.3 Current standards and test procedures 

One test procedure assessing the effectiveness of distraction monitoring systems was 

found in the literature. This procedure was developed by NHTSA, where full details of the 

assessment procedure and development thereof can be found in the following reports: 

1. Distraction Detection and Mitigation Through Driver Feedback (Lee et al., 2013) 

2. Distraction Detection and Mitigation Through Driver Feedback: Appendices (Lee et 

al., 2013b) 

A summary of the assessment procedure can be found in Annex 5.1.3. 

2.3.2 Stakeholder engagement 

To gather information on current ADR systems, TRL engaged with 14 stakeholders, 

including seven OEMs, six Tier 1 suppliers and Euro NCAP. Of these, seven had developed 

ADR systems to date. 

The main findings from the engagements was that the technology to monitor the driver’s 

eyes, head and/or facial feature(s) exists (Tier 1 supplier). However, the integration of this 

technology with other components (i.e. hardware and software) to create a reliable and 

robust ADR system has been highlighted as a challenge by OEMs, resulting in many ADR 

systems still being in development (i.e. undesirable amount of false-positive and false-

negative alerts by the system).    

The key findings regarding the function, validation, effectiveness and HMI of ADR systems 

are detailed in Annex 5.2. 

2.4 Discussion 

2.4.1 Readiness of ADR systems 

The technology to monitor a driver’s eyes, face and/or head whilst driving exists. This 

technology, which is normally in the form of a driver-facing camera embedded in the 

steering wheel or instrument cluster, has the ability to determine or estimate the driver’s 

gaze direction by tracking one or more facial features (including the head), and thus is 

able to determine or estimate whether the driver is looking forward at the road ahead or 

has their attention diverted somewhere else.   

This technology is one component of an ADR system, where manufacturers are responsible 

for taking this piece of technology and creating an ADR system with it (i.e. integrating it 

into the vehicle, developing algorithms to detect distraction and non-distraction events, 

optimising the interaction with the vehicle and driver, interacting with the driver when 

needed etc). From the stakeholder engagement it became clear that majority of 

manufactures do not have a fully developed system. This was mainly attributed to the 

reliability and robustness of the systems. This was corroborated by Euro NCAP who stated 

that manufacturers need more time to become familiar with the technology before it can 

be regulated. 

If an ADR system is unreliable, it will display an undesirable number of:  

1. False positive alerts, which negatively impacts customer experience and trust in the 

system (i.e. will ignore or turn it off), as well as potentially causing distraction 

instead of preventing it; and/or  
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2. False negative alerts defeating the purpose of the system and negatively effects 

driver’s trust in the system (i.e. not alerting a driver when they are distracted).  

TRL believes that these false positive and false negative alerts are mainly attributed to 

manufacturers’ lack of experience with ADR systems, as they: 1) are still learning how best 

to integrate the technology with other components needed for an ADR system, 2) are still 

developing and refining their algorithms to accurately detect and alert a distracted driver 

and 3) are still optimising the interaction between the system and driver, as well as with 

the vehicle. This is explained further in Section 2.4.1.1. With regards to robustness of the 

system, the technology is subject to several limitations which occasionally prevent the 

system from operating effectively. These limitations, which are dependent on the system 

and visual distraction indicator being monitored, prevent the driver’s gaze from being 

continuously monitored, and hence negatively impact the detection of a visual distraction 

event.  These limitations are discussed further in Section 2.4.1.2. 

2.4.1.1 Lack of experience 

From our engagements, we noted discrepancies between Tier 1 suppliers and 

manufacturers (OEMs) with regards to ADR system readiness. This may be because there 

is a difference between the technology being able to monitor the driver visual attentive 

state and determining/estimating where the driver is gazing, which Tier 1 suppliers are 

responsible for and have claimed to have achieved, and an ADR system being able to 

determine and alert the driver when they are visually distracted, which manufacturers are 

responsible for and are still attempting to achieve (i.e. the system is configurable). The 

most common factors related to false positive and false negative alerts are highlighted 

below. 

Understanding the complex nature of eye glance behaviour whilst driving 

One of the main challenges causing false positive and false negative alerts surrounds the 

difficulty in determining whether or not someone is visually distracted. The reason for this 

is the complex nature of eye glance behaviour whilst driving. A driver is not simply visually 

distracted when their eyes are removed from the forward roadway. They may have 

removed their eyes to perform an activity related to the driving task such as checking 

mirrors and blind spots, reading road signs, scanning the windscreen and gazing out of 

side windows to assess the environment or traffic situation, looking at the instrument 

cluster or centre console etc. As a driver needs to gaze at several targets inside and outside 

of the vehicle to perform the driving task safely, the system needs to establish exactly 

where the driver is gazing and determine whether the gaze is related to the driving task 

or not, which is extremely challenging. It should be noted, that depending on the situation, 

gazing at a target relevant for driving for an extended period of time (e.g. looking in the 

passenger-side wing mirror ten seconds), especially when the vehicle is in motion, may 

still be considered dangerous, emphasizing the need for established and appropriate 

distraction thresholds (i.e. glance duration threshold > 2 seconds) 

Some systems have attempted to do this by defining multiple AoI such as the mirrors, 

instrument cluster and Forward FoV etc. and have coded these AoI as relevant for driving, 

meaning that when a driver gazes at one of these areas, the system will not deem the 

driver to be visually distracted. However, even with these areas defined, issues are still 

arising. For example, if monitoring a coarse visual behaviour metric, the system may not 

accurately estimate the gaze direction of the driver, resulting in a false positive or false 

negative warning. This can be overcome by monitoring the eyes; however, there are 

several technological limitations affecting the continuous detection of the eyes (Section 

2.4.1.2). Until these limitations are overcome, can this indicator be continuously monitored 

to determine, at all times, whether the driver is visually distracted or not.  

A few systems have incorporated secondary metrics such as indicators into their algorithm 

to understand the driver’s intentions, and hence assist in determining whether a driver is 

distracted or not. For example, a driver gazing frequently or for a long duration towards 

the offside window may be interpreted as a distraction event (e.g. engaging with a 

passenger). However, the driver may also be assessing the traffic situation when stopped 
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at a junction waiting to turn onto a busy perpendicular road (i.e. waiting for a gap). In this 

situation, information about the turn signals and vehicle speed will assist the system in 

determining the driver’s intentions and infer that the driver is not distracted. This method 

is a recent development and manufacturers require more time to develop, refine and 

validate the method. 

Understanding the breadth and limitation of human vision 

Another factor influencing the number of false positive alerts, which stakeholders are still 

trying to understand and incorporate into their systems, is the breadth and limitations of 

human vision. Human vision is divided into three ranges: foveal range, extrafoveal range 

and peripheral vision range. Vision is most detailed in the foveal range, which extends 

approximately one eccentricity angle8 for the line of sight (Ludin and Zaimovic, 2015). The 

following range, known as the extrafoveal range, extends up to about 30 degrees 

eccentricity angle, whereas the last range, the peripheral visual range, extends from 30 

degrees eccentricity angle up to 100°-110° horizontally  (away from the nose towards the 

ear), 60° up and 70°-75° down (Ludin and Zaimovic, 2015) Figure 3. For both eyes, the 

combined visual field is 130°-135° vertically and 200°-220° horizontally (Ludin and 

Zaimovic, 2015). 

 

 

Figure 3. The normal FoV in degrees of visual angle. The light grey areas are visible to 
only one eye (the right light grey area to the right eye and vice versa) while the dark 

grey area marks the binocular FoV (adapted from Lundin and Zaimovic, 2015) 

 

The main factor impacting the reliability of the systems is the breadth of driver’s peripheral 

vision, particularly horizontal peripheral vision. This is due to the fact that a driver is able 

to monitor the periphery of their visual field even when focusing their primary attention on 

its centre. For example, a driver may gaze outside of the Forward FoV (e.g. centre/nearside 

windscreen) and still have a visual awareness of the road ahead and traffic environment. 

In this situation, the driver will be deemed distracted and will be alerted to revert their 

attention back to activities relevant for driving. However, a driver may not agree with this 

alert, especially if driving on an empty straight motorway in daylight, resulting in potential 

driver annoyance and distrust in the system leading to the driver turning the system off. 

To overcome this, some stakeholders suggested that the sensitivity and distraction 

thresholds of the system should be dependent on eccentricity angle from the target to the 

Forward FoV (i.e. the system would be more sensitive and thresholds lower when the driver 

 

8 Degrees of visual angle from the centre of the eye 
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has no visual awareness of the road – outside the combined visual field: 130°-135° 

vertically and 200°-220° horizontally).  

Whether these approaches are appropriate with regards to safety is unknown and should 

be investigated further in the next phase of the research project:  

1. How far from the forward FoV can a driver accurately monitor their horizontal and 

vertical peripheral vision with regards to road safety and does road type or traffic 

flow influence this?  

2. Should distraction thresholds or sensitivity of a system depend on the eccentricity 

angle from the target to the Forward FoV?  

Whether the findings concur with the stakeholder’s feedback or not, requirements should 

be established around these factors to ensure road safety. 

Visual behaviours indicative of distraction and technological limitations 

One thing noted from the stakeholder engagements was the fact that the majority of 

systems were only using long glance duration at a target not relevant for driving as a 

trigger behaviour. However, distraction whilst driving is more complex than this. Indeed, 

a visually distracted driver may remove their eyes from the driving task to engage in a 

secondary activity for a long duration, but more frequently, a driver will divide their 

attention between the two activities by frequently shifting their gaze between the driving 

task and secondary task. The latter behaviour, which is a strong indication of visual 

distraction, is more challenging to monitor, because glance direction needs to be precisely 

monitored and the driver’s behaviour (i.e. intentions) or context needs to be understood 

(e.g. short glances between the mirror and road whilst trying to get from one lane to 

another on a busy motorway versus short glances between a mobile device and road over 

the same period of time). In their current state, ADR systems are not yet capable of doing 

this reliably. However, the technology, as well as manufacturer-familiarity, is advancing 

rapidly and it is expected that in time, these issues will be overcome, and this visual 

distraction trigger behaviour can be monitored. 

Distraction thresholds 

Another factor highlighted by stakeholders as negatively impacting the reliability and 

robustness of ADR systems was the difficulty in establishing appropriate distraction 

thresholds. Some stakeholders stated that there is insufficient guidance in the literature 

on distraction thresholds for in-vehicle distraction monitoring systems. This was 

corroborated by the rapid literature review of distraction thresholds, which revealed limited 

guidance on distraction thresholds for Type 2, which is defined as frequently shifting gaze 

between the driving task and distracting task. For Type 1, defined as a single long glance 

to a target not relevant for driving, the most widely recognised guidance in the literature 

was that a single glance should not exceed a two-second duration. This guidance was based 

on instances when a driver engages with an in-vehicle device or mobile phone. In these 

situations, the driver is visually, cognitively and manually distracted (potentially auditory 

as well), where their eyes are generally gazing downwards with no visual awareness of the 

road (i.e. upward peripheral vision is the most limiting at 60˚). The problem arises in 

situations where the driver has visual awareness of the road and is only experiencing one 

form of distraction (i.e. visual distraction only). In these instances, a driver may not agree 

with a visual distraction alert being presented and perceive it as a false-positive alert 

resulting in negative customer experience and increased likelihood of the system being 

turned off. Thus, either 1) manufacturers need more time to understand the nature of 

distraction and to establish appropriate thresholds, which can be used for the future 

development of ADR systems or 2) more research or an in-depth review of literature on 

distraction thresholds for in-vehicle distraction driver monitoring systems needs to be 

conducted to establish the distraction thresholds for the regulation, which manufacturers 

need to comply with. 
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2.4.1.2 Limitations of the technology 

ADR technology relies on the detection and recognition of the eyes, head and/or facial 

features to monitor the driver’s visual attentive state. Depending on the system, if one or 

more of these indicators are occluded, the system is unable to operate effectively. This is 

especially the case for systems monitoring only one visual distraction indicator (e.g. the 

eyes only). The following factors were identified in the literature review and from the 

stakeholder engagements as potentially occluding the eyes, head or facial features:  

• Eye obstruction: glasses (incl. sunlight reflection on glasses), sunglasses, eye 

make-up, eye shape, eye squinting and large head rotation 

• Facial obstruction (excluding eyes): facial hair, masks, hand over mouth - yawning, 

long hair and hair covering the driver’s face  

• Head obstruction: hair style (i.e. long hair) and headwear (i.e. hats, caps and scarfs 

etc.) 

• General obstruction: varying real-world illumination conditions and direct sunlight 

These limitations are dependent on the system, for example, most stakeholders mentioned 

several limitations, whereas a few expressed zero limitations. Moreover, the limitations 

were inconsistent between systems due to 1) the technology being different and 2) 

monitoring different visual distraction indicators. Some systems monitoring more than one 

indicator of visual distraction claimed to have overcome some of these limitations by, for 

example, fusing eye and head movement data9.  

Even with this limitation highlighted above, it should be noted, that it is better to have a 

system monitoring a driver’s gaze most or some of the time (alerting them that they are 

distracted), versus not being able to monitor or detect it at all, so long as it does not cause 

distraction and negatively impact the driver’s trust in the system (i.e. turning it off). 

2.4.1.3 Summary 

The technology to monitor the driver’s visual attentive state exists. Manufacturers are 

responsible for taking this technology, which tracks the driver eyes, head and/or face by a 

driver-facing camera, and creating a reliable and robust ADR system with it. Currently, 

manufacturers are still developing their ADR systems and have encountered several 

challenges which have extended their development period. In order to develop a 

technology neutral regulation, sufficient information on the functions, operations and 

validation testing of different systems needs to be gathered and understood. This can only 

be done once systems are further along in the development period or on the market.  It is 

envisaged that over time and with technological advancements the issues highlighted 

above are expected to be overcome – something that also needs to be understood to 

develop a technology neutral regulation. This was corroborated by Euro NCAP who stated 

that OEMs need more time, potentially two more years, to become familiar with these 

systems before they can become regulated. 

2.4.2 Developing type-approval tests and regulatory requirements 

Due to the readiness state of ADR systems, it is not possible to develop a draft technical 

annex for ADR type-approval. Nevertheless, from the engagements and literature review, 

items that should be considered for the future ADR regulation were identified. These items, 

which relate to the system function, validation testing and HMI, are discussed below, where 

the elements requiring further research and consideration are highlighted. 

 

9 Fusion: fuses gaze direction and head direction to evaluate direction situations where the driver’s eyes are not 
visible 
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2.4.2.1 ADR system function 

Tool 

An ADR system must be capable of recognising the driver’s level of visual attention to the 

traffic situation. In order to do this, the drivers visual attentive state needs to be 

continuously monitored. All stakeholders did this by continuously monitoring the driver 

using a driver-facing camera, commonly embedded into the instrument cluster or steering 

wheel. No other tools were identified in this study, including the discussions surrounding 

the future of ADR systems. However, over time another tool or physiological indicator may 

be developed or identified, and should be accommodated by the regulation. The key is to 

ensure that the system is monitoring the driver directly, instead of the vehicle, to 

determine whether the driver is visually distracted. Therefore, a requirement needs to be 

established around this stating that the tool being used needs to continuously and directly 

monitor the driver to determine their visual attentive state i.e. driver-facing camera. If 

another tool is used, the manufacturers need to supply evidence of the effectiveness of the 

tool in monitoring the driver’s visual attentive state. 

Indicators of visual distraction 

According to the literature, eye movement provides a direct indication of the driver’s visual 

state and is the most sensitive at measuring visual distraction (i.e. directly assessing gaze 

direction by tracking the movement of the eyes). Eye movement can be indirectly 

measured by using coarse visual behaviour indicators such as head movement or facial 

feature(s) movement. These indicators provide a broad estimate of where the driver is 

looking (i.e. indirectly assessing gaze direction by tracking the movement of the head or 

facial feature(s)). There is a strong correlation between head and eye movement; however, 

during driving, eye movement may not be accompanied by head movement, and vice 

versa, resulting in the estimate being incorrect, leading to the misinterpretation of the 

driver’s visual attentive state. An incorrect interpretation could lead to 1) false positive 

alerts likely resulting in driver annoyance, driver distrust (i.e. turn off the system) and/or 

driver distraction and 2) false-negative alerts resulting in the driver not being warned when 

they are visually distracted, which negates the purpose of the system and could lead to an 

undesirable event, which could have been avoided, as well as negatively impacting driver 

trust of the system.  

The following indicators were identified in the stakeholder engagements: eye movement, 

head movement and facial feature(s) movement. Systems used either one or more 

indicators to assess the driver’s visual state (i.e. gaze direction). The systems that did not 

monitor eye movement stated it was due to the technical limitation of eye tracking 

technology not always being able to track the eye (i.e. eye occlusion). Similar limitations 

were mentioned for systems monitoring coarse visual behaviour indicators (i.e. head or 

face occlusion). There was no consistency amongst stakeholders regarding the limitations 

of the systems.  

Some systems are overcoming these challenges by monitoring more than one visual 

distraction indicator (i.e. fusing eye gaze and head gaze direction data). For example, the 

system primarily monitor eye movement to determine eye gaze direction and when the 

eyes are occluded, the system will use head movement to estimate eye gaze direction. 

This system works well for scenarios where the eyes are occluded for a brief period, like 

when a driver performs a large head rotation (e.g. blind spot check). The concern with this 

type of system is about continuous eye occlusion (e.g. IR sunglasses). In this scenario, 

eye gaze direction will be estimated from head movement for the period that the eyes are 

occluded which could be the length of the driving task (e.g. several hours). This estimate 

could be incorrect, potentially alerting the driver they are distracted when they are not, or 

not alerting the driver when they are distracted, both of which need to be avoided. 

As coarse visual behaviour indicators are unreliable at accurately estimating the driver’s 

gaze direction and eye gaze technology is subject to several limitations preventing the 

continuous detection of the eyes, TRL suggests a requirement should be established stating 

that the system should primarily infer eye gaze direction from directly monitoring eye 

movement and that coarse visual behaviour indicators can be used as secondary indicators 
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for when the eyes are occluded. It is recommended that manufacturers provide evidence 

or information on how the system accounts for instances where eye occlusion occurs, as 

well as for head or facial feature(s) occlusion if being monitored by the system. This will 

ensure systems are robust and reliable.  

Trigger behaviours, measurements and thresholds 

When a driver is visually distracted and engaged in a secondary task, they tend to either 

glance away from the road for an extended period (Type 1) or, most commonly, shift their 

gaze between the two tasks frequently until the secondary task is completed (Type 2). 

From the stakeholder engagements, all systems monitored the first type of visual 

distraction behaviour, whereas a few also monitored the latter type of visual distraction 

behaviour. The reason some systems were not monitoring the latter was due to 

technological limitations (i.e. the system needs to accurately and reliably detect eye gaze 

direction) and/or the system still being in development, meaning the manufacturer has not 

yet explored the option (i.e. can only do this once other issues are resolved and when 

further along in the development lifecycle). If the technological limitations can be 

overcome, a requirement should be established stating that the system shall be able to 

detect the two visual distraction behaviours highlighted above (i.e. trigger behaviours). 

Moreover, the assessment procedure should be designed in such a way that both types are 

tested. If these technological limitations cannot be overcome (i.e. systems cannot reliably 

detect the second type of visual distraction behaviour), the regulation cannot require 

manufacturers to monitor that type of behaviour. This can be determined by conducting 

further research and by reengaging stakeholders once they have progressed further in the 

development of their system or when more systems are on the market. It should be noted 

that Type 1 can be mandated prior to Type 2, whereas Type 2 can be mandated once the 

technology is capable of monitoring this type of distraction behaviour reliably and 

effectively. 

Thresholds need to be established for each trigger behaviour being monitored by the 

system. The most recognised threshold for Type 1 is that a driver should not glance away 

from the road for more than two seconds. It should be noted that a 1.6 second threshold 

has also been suggested by some authors. There was no consistency in the threshold used 

by stakeholders for single glance duration. This was mainly due to the fact that the two 

second (and 1.6 second) threshold is related to how long a driver can look away from the 

road when interacting with an in-vehicle HMI or device (e.g. mobile phone). Stakeholders 

suggested that this threshold is not appropriate for certain driving situations due to the 

breadth of human’s peripheral vision (i.e. a driver may be visually aware of the road when 

the driver is gazing out of the windscreen away from the Forward FoV) and results in an 

undesirable number of false positive alerts. Thus, it was suggested that the sensitivity of 

the threshold is dependent on the driver’s visual awareness of the road (i.e. sensitivity and 

threshold dependent on the eccentricity angle from the target to the centre of the road). 

Moreover, stakeholders suggested that the sensitivity of the threshold is also dependent 

on the driving context (e.g. road type, traffic and time of day etc.). Whether these 

approaches are appropriate or safe needs to be determined in order to establish this 

threshold for ADR systems. 

Measurements identified to assess Type 2 visual distraction behaviour included: TEOR, 

PRC, Total Glance Duration and Glancy Frequency. One threshold was identified for TEOR 

from one source: TEOR glance duration greater than two seconds in a six-second window 

(Klauer et al., 2006). For total glance duration, different guidance was provided by the SAE 

and AAM: a distracting task should be completed within 15 and 20 seconds of total glance 

duration respectively. If this behaviour were to be one of the trigger behaviours required 

to be monitored by the system, 1) the most sensitive measurement(s) to monitor this type 

of behaviour should be determined and 2) thresholds for these measurements need to be 

established, as well as validated. If more than one measurement is identified, it is 

recommended that the regulation states these with their corresponding thresholds, and 

then requires a system to measure at least one of the measurements. The same applies 

for Type 1 distraction behaviour.  

Areas of interest  
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All systems had a minimum of two AoI defined. This was either classified as Forward FoV 

and Distracted FoV, or as FoV relevant for driving and FoV not relevant for driving. The 

FoV relevant for driving generally consisted of multiple AoI such as mirrors, instrument 

cluster and Forward FoV etc. Some systems also specified other areas within the vehicle 

such as side windows and windscreen, where secondary inputs such as indicators were 

used to assess whether the AoI was relevant for driving in real-time. Stakeholders stated 

that specifying multiple AoI and making use of secondary inputs made their systems more 

robust and reliable. For the majority of systems, the size of the Forward FoV was dependent 

on vehicle speed, where the Forward FoV was smaller at higher speeds than at lower 

speeds. One of the reasons for this is due to the driver’s attention zone being wider in 

urban driving environment compared to motorway driving environments.  

A requirement should be established around the minimum number of AoIs that need to be 

defined, along with a definition of these AoIs. This could simply require manufacturers at 

minimum to define the Forward FoV and Distracted FoV (anywhere outside the Forward 

FoV), as this will ensure that systems are monitoring when the driver takes their eyes off 

the road, which is the simplest means of monitoring visual distraction. To ensure 

consistency amongst systems, it is recommended that the size of the Forward FoV is 

specified and that this is done for different speed ranges if deemed acceptable. To establish 

these, further research (including a standards review) and stakeholder engagements are 

needed to 1) determine the appropriate Forward FoV size and 2) to understand the 

relationship between driving speed and Forward FoV.   

Secondary metrics 

Some stakeholders suggested incorporating secondary metrics into their algorithm to make 

their systems more robust and reliable. These metrics assist the system in determining 1) 

whether an AoI is relevant for driving in real-time, 2) the intentions of the driver and 3) 

the sensitivity or distraction thresholds in real-time. These metrics can be broadly 

categorised into two groups: vehicle control metrics (e.g. indicators) and external 

environmental metrics (e.g. weather). It is recommended that a requirement is placed 

around the inclusion of secondary metrics, allowing them to be incorporated into 

algorithms, so long as evidence is provided that the metric is aiding the effectiveness of 

the system in detecting visual distraction. 

Other potential requirements 

Due to the small number of systems on the market, there were certain aspects of ADR 

systems which TRL was unable to gather information on and for which requirements need 

to be established. In order to establish these requirements, manufacturers with systems 

on the market should be reengaged on the following ADR system functions: 

• Activation speed: the minimum requirements around the system activation speed 

needs to be established  

• Time-to-activation: the minimum time-to-activation for ADR systems needs to be 

established 

• Road type: the road types on which the system shall effectively work need to be 

established (i.e. urban, rural and motorway). Ideally, the system shall be active on 

all road types; however, it was pointed out in the engagements that systems are 

not as robust on urban roads compared to rural roads and motorways due to a 

driver’s attention zone being wider in urban environment – resulting in more gaze 

shifts (linked to Forward FoV size potentially being dependent on vehicle speed, See 

Section 2.4.2.1: Area of Interest). More information is needed to clarify this, 

especially as this may be overcome with the advancements in and experience with 

ADR technology.  

• Weather: the system shall work effectively in all weather conditions.  

• Activation, recycling and deactivation: requirements need to be established around 

1) when the system shall be active, 2) whether the system shall restart or continue 



 DDR Second Interim Report 

 

 

 

March 2021  653 
 

monitoring each time the vehicle is started and 3) whether the driver shall be able 

to deactivate the system. 

2.4.2.2 ADR assessment procedure 

All systems which had undergone validation testing used human participants, where each 

participant was required to either perform a number of distracting tasks or certain 

movements or behaviours indicative of distracted driving (i.e. eyes off the forward road for 

more than two seconds). The system’s effectiveness was determined by the amount of 

correct or incorrect visual distraction alerts: high true positive and high true negative rate, 

and low false negative and low false positive rate (i.e. sensitivity and specificity rating). 

There was no consistency amongst stakeholders on the true positive and true negative 

rate that needs to be achieved by a system to be deemed effective at monitoring visual 

distraction. 

All systems were validated on real roads, where a few systems were also tested in a 

simulator or in a static environment, prior to the on-road trials. There was no consistency 

in the sample size or demographic of participants used to validate the systems. Moreover, 

there was no consistency in the number and type of conditions assessed. The conditions 

identified in the stakeholder engagements can be broadly categorised into two groups:  

environmental factors (e.g. time of day, weather, lighting etc.) and facial obstruction 

factors (e.g. facial hair, mask, make-up, glasses, headwear, hair length and style etc.).  

From the review of national and international standards, only one test procedure, 

developed by NHTSA, was identified for testing the effectiveness of in-vehicle distraction 

monitoring systems. In contrast to the stakeholders, this assessment procedure is required 

to be conducted in a driving simulator. The assessment procedure involves the participants 

performing distracting tasks, as well as normal driving (not distracted), in a simulated 

motorway, urban and rural environment. Depending on the environment, several driving 

scenarios were assessed such as merging onto a motorway, driving on a rural road at 

night-time and navigating a green light on an urban road. Similar to the stakeholders, the 

effectiveness of the system was based on the true positive, true negative, false positive 

and false negative rates. To ensure participants were distracted by the distracting task, 

NHTSA developed an incentive system10 which encouraged participants to fully engage in 

the secondary activity, and hence, allowing themselves to be distracted.  

Recommendations for the ADR assessment procedure:  

An ADR system must be capable of recognising the driver’s level of visual attention to the 

traffic situation. This is done by directly monitoring and assessing the visual state of the 

driver whilst driving. Therefore, to validate an ADR system in detecting the driver’s eyes, 

head and/or facial features, human participants are required. Moreover, similarly to 

NHTSA, to ensure the system can determine whether a driver is visually distracted or not, 

the participants should perform drives with distracting tasks and drives with no distracting 

tasks (i.e. normal driving conditions). The distracting tasks should be designed in such a 

way that all trigger behaviours, and corresponding thresholds, specified in the regulations 

are assessed. For example: Type 1 is defined as glancing away from the road for an 

extended period of time. If the threshold for this was to be set at 2 seconds, for example, 

a distraction task should be designed in such a way that a driver will need to remove their 

eyes off the road for more than two seconds to complete the task.  

Similar to NHTSA, it is advised that the effectiveness of ADR systems is tested and 

validated in a controlled and safe environment. The reason for this is that 1) driver 

distraction is strongly linked to accident risk and 2) manufacturers have expressed that 

systems are not yet sufficiently robust or reliable resulting in an undesirable number of 

 

10 Participants are informed that their performance on the distracting tasks will be assessed, where the 

experimenter informs the driver of their cumulative score throughout the experiment, presenting them with 
a total score out of 100 at the end of the experiment.  
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false positive and false negative alerts, which, if tested on the road, could potentially result 

in an undesirable event. Thus, a requirement should be established stating that the 

assessment procedure shall be conducted in a driving simulator. The driving simulator 

needs to reflect and represent real world driving conditions; thus, it is important to ensure 

there are minimum requirements established around the simulator specifications (e.g. 

high-fidelity, motion specifications, yet-to-be-determined screen resolution, number of 

projector screens etc.).  

Ideally, the system should work effectively on all road types (i.e. urban, rural and 

motorway). If this were the case, the assessment procedure should include this, where 

minimum requirements surrounding the three environments should be specified (i.e. traffic 

flow, number of lanes, curvature of the road, road layout, other road users, road 

infrastructure etc.). This ensure that the assessment procedure reflects, so far as possible, 

real world driving conditions (i.e. results need to be transferable) and it ensures the 

development of a standardised robust assessment procedure, which can be applied 

universally. If minimum requirements are not established for the environments, a 

manufacturer, for example, can test the system on a three-lane empty and straight 

motorway, which is not a true reflection of a motorway driving environment. ADR systems 

should also work effectively in the day and at night, so these conditions should also be 

assessed in the assessment procedure. It is also recommended that an incentive system, 

similar to NHTSA’s, is developed to encourage drivers to fully engage in the distracting 

task. 

It is recommended that eye movement (eye tracking), driving performance and vehicle 

control data, independent of the system, are collected during the testing. This data will 

assist in the interpretation of the system’s data, and hence, validation of the systems. For 

example, a driver may receive a visual distraction alert during a baseline drive, and eye 

tracking data can determine whether the driver was actually distracted. In contrast, if a 

driver does not receive a visual distraction alert during a distracting task, the eye tracking 

data can be used to determine whether the participant exceeded the threshold or not.  

A review conducted by NHTSA (Lee et al., 2013b) lists a number of metrics that are 

promising for detecting visual distraction and may be able to be used to validate ADR 

systems. Only the metrics which had a large effect size are detailed below. For the full list, 

please refer to Table 1 in ‘Distraction Detection and Mitigation Through Driver Feedback: 

Appendices. 

• Vehicle control metrics: Steering Entropy, Steering Wheel Reversal Rate, Brake 

Reaction Time and Throttle Hold. 

• Driving performance metrics: Standard Deviation (SD) of Lane Position and SD of 

Speed 

• Eye tracking metrics: Mean/SD Glance Frequency, Mean/SD Percentage Glance 

Duration Off Road > 2, Percentage of Gaze on Road Centre, Mean/SD Percentage 

of Gaze Off the Road and Blink Rate 

In order to establish which metrics should be used to validate ADR systems, a review of 

literature needs to be conducted detailing the potential metrics sensitive to visual 

distraction. During the development of the ADR assessment procedure (needs to occur 

prior to the regulation being implemented), data should be collected for each of these 

metrics for each distraction tasks developed. The metrics which reveal sensitivity to the 

distraction tasks (i.e. significant difference between the distraction and non-distraction 

conditions) should be the ones used to validate ADR systems. It should be noted that the 

metrics may be dependent on the distraction task. Therefore, if the assessment procedure 

includes several distracting tasks, different metrics could be required to be measured for 

different distraction tasks. If none of the metrics are sensitive to one or more of the 

distraction tasks, a new distraction task examining the same type of visual distraction 

behaviour needs to be developed.  

Evidence suggests that eye gaze direction inferred from coarse visual behaviour metrics 

can be misinterpreted. If the regulation allows a system to monitor these behaviour 
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metrics, the assessment procedure should assess the accuracy of the system in 

determining or predicting eye gaze direction. A similar approach can be taken to that of 

NHTSA, which presented one of the distracting tasks between 15 and 30 degrees of the 

driver’s vertical and horizontal viewing positions. According to NHTSA, in this position, it is 

expected that some participants will only move their eyes to perform the task, whereas 

others may move both their eyes and head (Lee et al., 2013b).   

From the stakeholder engagements and literature review, it became apparent that ADR 

systems are subject to several limitations. These limitations result in the system not being 

able to continuously monitor the driver’s visual state due to eye, head and/or facial 

feature(s) occlusion. Ideally, depending on the visual distraction indicators specified in the 

regulation and being used by a system, these limiting factors should be assessed in the 

assessment procedure. This may only be done for factors which impact a large portion of 

the European driving population. For example: if the eyes are monitored, the assessment 

procedure should assess the effect of glasses on distraction detection. Alternatively, the 

regulation could state the conditions where the system should be able to operate effectively 

(i.e. in varying real-world illumination conditions, in all weather conditions, direct sunlight, 

when drivers are wearing glasses, sunglasses or headwear, or has facial hair etc.) and 

request manufacturers to provide evidence that their system is able to operate effectively 

under these conditions. It is recommended that manufacturers should only be requested 

to supply evidence on the factors limiting the detection of the visual distraction indicator 

being monitored by their system. 

To ensure the results from validation testing are accurate, a sufficient number of 

participants need to be tested, where the participant should reflect, so far as possible, the 

European driving population (e.g. include males and females of varying ages etc.). Thus, 

it is recommended that requirements are established around the sample size and 

demographics (i.e. gender, age and ethnicity etc.). The sample size can be determined by 

a statistician using a sample size power calculation after the assessment procedure is 

developed.  

This study identified system effectiveness to be generally determined by a system’s true 

positive, true negative, false positive and false negative rates. It is recommended that ADR 

system effectiveness is determined by the same or similar approach. This is especially due 

to the fact that some stakeholders have highlighted their concerns with the high false 

positive and false negative rates of their systems. To ensure adequate effectiveness and 

standardisation amongst ADR systems, it is recommended that an acceptance criterion, 

similar to Driver Drowsiness and Attention Warning (DDAW) acceptance criterion (Section 

1.3.2 and 1.4.3), is developed, which ADR systems need to achieve in order to be deemed 

effective. For example:  

• Step 1: Calculate the sensitivity and specificity of the system for each participant - 

These statistical measures are used to understand the instances that were correctly 

and incorrectly identified (i.e. assessing the performance of a system). 

• Step 2: Use these values to plot a Receiver Operating Characteristic (ROC) curve 

for each participant - The ROC curve is a graphical representation of the trade-off 

between sensitivity and specificity for various cut-off values. 

• Step 3: Calculate the area under the ROC curve (AUC) for each participant - The 

area under the ROC curve (AUC) provides a measure of the usefulness of system-

based classifier. In general, the higher the AUC, better the model is at predicting 

the true positives and true negatives. 

• Step 4: If the AUC value is ≥ 0.8 for 95% of the sample size, the system is deemed 

effective - An excellent model has an AUC value closer to 1, whereas a poor model 

has an AUC value close to 0. A model that cannot distinguish between the two 

classes has an AUC value of 0.5. A value of over 0.80 is generally classified as a 

good model. However, if the AUC value is below 0.8 then the system is not 

classifying well enough and further adjustments would be required. 
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The assessment procedure developed to assess the effectiveness of ADR systems can only 

be established once the system requirements are established. This is due to the 

assessment procedure being dependent on the following factors: 

• The visual distraction indicators which can be monitored by ADR systems 

• The trigger behaviours specified, and thresholds established 

• The road types on which the system shall operate (i.e. urban, rural and motorway), 

and 

• The conditions under which the system shall be able to operate effectively etc.  

Only a small number of manufacturers have an ADR system on the market. As such, limited 

information was gathered from manufacturers on the system’s operations and validation 

testing. It is advised that after more systems are brought to the market, manufacturers 

are reengaged about the operations and functions of the system, as well as the validation 

testing procedures. This will assist in the development of the requirements and procedures, 

as well as ensuring the assessment procedure is technology-neutral and can be 

standardised across all ADR systems. Once the assessment procedure is developed, it 

should be validated prior to becoming regulated due to the cost of testing, use of human 

participants and complex nature of distraction (i.e. effectiveness of the assessment 

procedure). 

2.4.2.3 ADR system HMI 

The minimum performance requirements for the human machine interface (HMI) for ADR 

systems need to be established and included in the regulation. The HMI is a vital 

component of ADR systems. If the system does not interact with the driver in an 

appropriate manner or does not inform the driver that they are distracted effectively, the 

driver may ignore the alert, potentially resulting in collisions. Additionally, if the alert is 

not designed appropriately, or if the system is not sufficiently robust (high false positive 

rate), it may cause distraction or driver annoyance. 

From the engagements, it was noted that at a minimum, drivers are or will be presented 

with a visual alert when visually distracted. Being presented with only a visual alert is 

insufficient, as the driver will likely not see the alert because they are visually engaged in 

another activity. The alert needs to be able to attract the attention of the driver and 

encourage them to revert their attention back to the traffic situation. This can be done by 

using a different human sense, such as an auditory or haptic alert, to attract their attention 

in conjunction with a visual alert informing them of their state.   

    

Due to the small number of systems on the market and Tier 1 suppliers not developing the 

HMIs of ADR systems, minimal information was gathered on ADR HMI functions and 

operations. It is advised that further engagements take place surrounding the HMI of ADR 

systems once manufacturers have developed this component of their system. This will 

ensure a technology neutral regulation and ensure consistency amongst systems. 

The following regulations, along with further stakeholder engagements, should be used to 

develop the minimum performance requirements for the HMI of ADR systems: 

• NHTSA Human Factors Design Guidance for Driver-Vehicle Interfaces 

• ISO 12204: 2012 – Road vehicles – Ergonomic aspects of transport information and 

control systems – Introduction to integrating safety critical and time critical warning 

signals 

• ISO 15005: 2017 – Road vehicles – Ergonomic aspects of transportation and control 

systems – Dialogue management principles and compliance procedures 

• ISO 15006: 2011 – Road vehicles – Ergonomic aspects of transport information and 

control systems – Specifications for in-vehicle auditory presentation 
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• ISO 15008: 2017 – Road vehicles – Ergonomic aspects of transport information and 

control systems – Specifications and test procedures for in-vehicle visual 

presentation 

• ISO 17287: 2003 – Road vehicles – Ergonomic aspects of transport information and 

control systems – Procedure for assessing suitability for use while driving 

2.5 Proposed items for ADR type approval regulation 

This section provides a summary of the draft proposal for the contents of the ADR 

regulation under the headings of scope, definitions, system requirements, HMI 

requirements, data management, verification and tests, and assessment procedure 

requirements. 

2.5.1 Scope 

This regulation applies to the approval of vehicles of Category M1, M2, M3, N1, N2 and N3 

with regards to an on-board system 

a) Capable of recognising the driver’s level of visual attention to the traffic situation, 

and 

b) Warning the driver when distracted. 

2.5.2 Definitions 

Once the regulation has been finalised, required definitions for the ADR regulation need to 

be established. This can be achieved by collating information from the European 

Commission, literature, stakeholders and Euro NCAP, or drafted by the consultant finalising 

the regulation. 

Example definitions: 

• ‘Advanced Driver Distraction Warning’ means a system capable to assist the driver 

in keeping attention to the traffic situation and warning the driver when distracted 

• ‘Visual distraction’ means the driver takes their eyes off the road to engage in a 

secondary activity not related to the driving task. 

• ‘Human Machine Interface (HMI)’ means the aggregate of means by which drivers 

interact with their vehicle or any mobile tools. In this case specifically the way by 

which drivers can interface with the ADR system. 

• ‘Visual attentive state’ means… 

• ‘Eye movement’ means… 

• ‘Eye gaze direction’ means… 

• ‘Coarse visual behaviour metrics’ means… 

• ‘Secondary metrics’ means… 

• ‘Vehicle control metrics’ means… 

• ‘External environmental metrics’ means… 

• ‘Trigger behaviour’ means… 

• ‘Glance Duration’ means… 

• ‘Glance Frequency’ means… 

• Etc. 
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2.5.3 System requirements 

2.5.3.1 System 

The system shall directly and continuously monitor the driver’s visual attentive state to 

assess their visual attention to the traffic situation (e.g. driver-facing camera). 

If a camera-based system is not used, manufacturers shall provide evidence in the 

documentation package of the effectiveness of the tool in monitoring and assessing the 

driver’s visual attentive state. 

2.5.3.2 Primary metrics 

[The system shall directly monitor eye movement to determine eye gaze direction. Coarse 

visual behaviour metrics can be used in conjunction with the primary input or as a 

substitute in instances of eye occlusion (e.g. head or facial feature(s) movement).  

If the system does not monitor eye movement as the primary input, the manufacturers 

shall provide evidence in the documentation package of the system’s primary input in 

accurately determining eye gaze direction.] 

2.5.3.3 Secondary metrics 

Systems are allowed to utilise secondary metrics, such as vehicle control metrics and 

external environmental metrics, to aid the reliability and robustness of the system.  

[These metrics will be disclosed in the documentation package, where the Technical Service 

will assess whether these metrics aid the system in detecting visually distracted drivers.] 

2.5.3.4 Trigger behaviours 

The system shall monitor [Type 1 and Type 2] trigger behaviours. 

If an alternative trigger behaviour is monitored by the system, the manufacturer shall 

provide evidence of the relationship between the trigger behaviour and driver visual 

distraction behaviour. 

[If both types of distraction identified in this study are required to be monitored by a 

system, the following can be stated: 

The system shall monitor the following visual distraction trigger behaviours: 

1. Driver’s glance duration to a target in the Distracted AoI exceeds the glance 

duration threshold 

2. Driver frequently glances to a target in the Distracted AoI exceeding the yet-to-be-

determined threshold  

More research is needed to establish what the most appropriate measurement(s) 

are to monitor the latter visual distraction behaviour (e.g. TEOR, PRC and glance 

frequency etc.)] 

If Type 2 cannot be reliably monitored by a sufficient number of ADR systems by 2024 

(expected date for ADR systems to be mandated), it is recommended that the system shall 

at a minimum monitor Type 1 as a trigger behaviour, where Type 2 can be a 

recommendation. If systems are able to monitor Type 2 in the future, the regulation should 

be updated mandating both types of distraction behaviours as trigger behaviours for ADR 

systems. If this were the case, the assessment procedure should initially only test for Type 

1 trigger behaviour, and when Type 2 is made mandatory, the assessment procedure 

should be updated to test for this type of distraction behaviour. 
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2.5.3.5 Visual behaviour metrics and thresholds 

The system shall monitor a yet-to-be-determined number of visual behaviour metrics (e.g. 

Glance Duration, Glance Frequency, TEOR and PRC etc.), and alert the driver when the 

threshold for at least one of them is met. 

These metrics and corresponding thresholds can only be determined after the trigger 

behaviour requirement is established. If both trigger behaviours mentioned above become 

a requirement for a system, Glance Duration should be recommended for Type 1, where 

more research needs to be conducted to determine the most sensitive and appropriate 

measurement(s) for Type 2. To establish the thresholds for these metrics, more research 

and stakeholder engagements are required.  

[Example: 

The system shall measure Glance Duration and at least one other visual behaviour metric 

below and alert the driver when the threshold for at least one of them is met: 

• Glance duration: [2 second threshold] 

• Glance frequency: yet-to-be determined Glance Frequency threshold 

• TEOR: yet-to-be determined TEOR threshold 

• PRC: yet-to-be-determined threshold 

• Etc.] 

2.5.3.6 Area of Interest 

The system shall at a minimum have the Forward FoV and Distracted FoV defined. 

Information including the definitions and descriptions of the AoIs shall be presented in a 

document for the Technical Service to review. 

2.5.3.7 Forward Field of View 

The Forward FoV will have the following yet-to-be-determined dimensions when travelling 

at yet-to-be-determined vehicle speeds, with the centre of the Forward FOV being in line 

with the driver’s eyes.  

To determine the dimensions for the Forward FoV, it is recommended that 1) a literature 

search into human vision and driving is conducted, 2) a review of national and international 

standards relating to human vision and driving is conducted and 3) stakeholders are 

reengaged about their defined FoV. Moreover, research needs to be conducted to 

determine whether the size of the Forward FoV should be dependent on vehicle speed or 

road type. 

2.5.3.8 Activation speed 

The system shall activate between a yet-to-be determined speed range. 

This requirement is dependent on the road type requirement. 

2.5.3.9 Time-to-activation 

The system shall activate and initiate driver monitoring immediately after the ignition is 

cycled and when the vehicle is travelling between the yet-to-be determined activation 

speed and yet-to-be-determined road type(s). 

2.5.3.10 Activation, Recycling and Deactivation 

Activation 

[The system shall automatically activate each time the ignition is cycled.] 
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Recycling 

[The system shall reinitiate driver monitoring each time the ignition is cycled.] 

Deactivation 

[The driver ‘shall or shall not’ be able to deactivate the system. 

• If deactivated, the system shall reactivate on the following ignition cycle  

• The driver shall be able to deactivate or silence the HMI warning alert, which shall 

reinitiate each time the ignition is cycled.] 

2.5.3.11  Environmental Conditions 

Time of day 

The system shall work effectively during the day and night. Evidence of this shall be 

presented to the Technical Service for review. 

Weather 

The system shall work effectively in all weather conditions. Evidence of this shall be 

presented to the Technical Service for review. 

Road type 

At a minimum, the system shall work effectively on yet-to-be-determined road types. 

This requirement must establish which road types the system shall work effectively on 

(e.g. motorways, expressways, rural roads and urban roads etc.). Ideally the system shall 

work effectively on all road types, excluding gravel roads, however this may not be 

technically feasible, particularly for urban roads. To establish this requirement, it is 

recommended that manufacturers are reengaged once their systems are further 

developed. 

2.5.3.12  Conditions whereby the system shall operate effectively  

[The system shall operate effectively under the following conditions: 

• When the driver is wearing glasses (potentially also sunglasses)  

• In-varying real-world illumination conditions 

• In all weather conditions 

• On all specified road types 

• When the system is exposed to direct sunlight 

• Etc. 

• If a system is monitoring coarse visual behaviour metrics: 

o When the driver has facial hair occluding their face 

o When the driver is wearing headwear 

o Etc. 

Evidence shall be provided in the documentation package on the system’s ability to operate 

effectively in these conditions]  

For this requirement, it is recommended that eye, head and facial occlusion conditions 

represent a large portion of the European driving population. For example, wearing a face 
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mask has been shown to interfere with head and facial feature(s) monitoring11; however, 

wearing a mask is not common practice in the European population, and as such, may not 

be included as one of the occlusion conditions where the system needs to operate 

effectively. 

2.5.4 Human machine interface requirements 

Minimum performance requirements for the HMI need to be established. This should 

include alert type and the way in which the HMI interacts with the driver. Some potential 

requirements are highlighted below: 

• [The HMI shall present a visual and auditory visual distraction alert when the driver 

exceeds at least one of the yet-to-be-determined distraction threshold(s) 

• It shall be possible to easily suppress audible warnings, but such action shall not at 

the same time suppress system functions other than audible warnings 

• The alert shall be representative of the level of visual distraction  

• The driver shall be able to deactivate the alert] 

2.5.5 Data management  

ADR systems shall be designed in such a way that they shall only continuously record and 

retain data necessary for the system to function and operate within the closed loop system. 

Furthermore, this data shall not be accessible or made available to any third parties and 

shall only be held for the length of time for which it holds direct relevance to assessing the 

driver’s current visual attentive state. 

2.5.6 Verification of tests 

The technical service employed to verify the ADR system on behalf of the European 

Commission shall verify the information provided in the documentation package by testing 

a selection of aspects of the declared function of the system. The elements audited will be 

chosen at the discretion of the technical service. If possible, the minimum number of 

elements to be audited should be determined and specified in the regulation. 

2.5.7 Assessment procedure requirements 

The assessment procedure to assess the effectiveness of ADR systems can only be 

established once the system requirements are established. This is due to the assessment 

procedure being dependent on the following factors: 

• The visual distraction indicators which can be monitored by ADR systems 

• The trigger behaviours specified, and thresholds established 

• The road type in which the system shall operate (i.e. urban, rural and motorway), 

and 

• The conditions under which the system shall be able to operate effectively etc. 

It is imperative that the developed assessment procedure is validated due to the high costs 

of testing, the use of human participants and the complexity of visual distraction behaviour 

(i.e. ensuring the assessment procedure is effective). 

 

11 Some stakeholders engaged mentioned the need to develop systems for countries where wearing a face mask 
is common practice, such as Japan and South Korea, which may also become more common in Europe 
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2.5.7.1 Sample size and demographics 

The sample size can be determined by a statistician using a sample size power calculation 

once the requirements, assessment procedure and acceptance criterion are established.   

The sample should be representative of the European driving population consisting of males 

and females distributed equally across age ranges. The drivers should hold a valid driver 

licence for the category vehicle being assessed and should have a yet-to-be-determined 

driving experience level. 

2.5.7.2 Distracting tasks 

The distracting tasks should be designed in such a way that all trigger behaviours, and 

corresponding thresholds, specified in the regulations are assessed. If coarse visual 

behaviour indicators are allowed to be a primary input for ADR systems, it is recommended 

that one of the distraction tasks is positioned between 15 and 30 degrees of the driver’s 

vertical and horizontal viewing positions. 

2.5.7.3 Baseline tasks 

The driver shall perform drives reflective of normal driving conditions. These drives should 

be assessed on all road types. These drives will be used to assess the true negative and 

false negative rates of the system. 

2.5.7.4 Incentive system 

It is recommended that an incentive system is developed that encourages participants to 

fully engage in the secondary task, allowing themselves to become distracted. 

2.5.7.5 Dependent variables 

It is recommended that eye tracking, driving performance and vehicle control data, 

independent of the ADR system, are collected during the testing. This will assist in the 

interpretation of the data and validation of the systems. For example, a driver may receive 

a visual distraction alert during a baseline drive, and eye tracking data can determine 

whether the driver was distracted at that point. In contrast, if a driver does not receive a 

visual distraction alert during a distracting task, the eye tracking data can be used to 

determine whether the participant exceeded the threshold or not.  

Metrics that are promising for detecting visual distraction include: 

• Vehicle control metrics: Steering Entropy, Steering Wheel Reversal Rate, Brake 

Reaction Time and Throttle Hold. 

• Driving performance metrics: Standard Deviation (SD) of Lane Position and SD of 

Speed 

• Eye tracking metrics: Mean/SD Glance Frequency, Mean/SD Percentage Glance 

Duration Off Road > 2, Percentage of Gaze on Road Centre, Mean/SD Percentage 

of Gaze Off the Road and Blink Rate 

2.5.7.6 Equipment  

The assessment procedure shall be conducted in a high-fidelity motion-based driving 

simulator. The minimum specification for the simulator should be specified to ensure 

consistency and standardisation amongst ADR systems (i.e. screen resolution, motion 

requirements, number of projector screens etc.). It is recommended that the driving 

simulator is able to measure vehicle control metrics, driving performance metrics and is 

either equipped with eye tracking technology or can be easily integrated with it. 
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2.5.7.7 Driving routes 

Minimum requirements need to be established for the driving routes or drives that need to 

be performed in the simulator. This includes factors such as the length of the route, traffic 

flow, road curvature and gradient, daylight conditions, weather conditions, road junctions 

and layout, number of lanes, road infrastructure (e.g. traffic lights and walkways), other 

road users (e.g. pedestrians and cyclists) etc. It is imperative that the assessment 

procedure tests the effectiveness of the system on all road types that the system is 

required to operate effectively on (i.e. urban, rural and motorways). 

2.5.7.8 Assessment procedure 

The assessment procedure to assess the effectiveness of ADR systems can only be 

established once 1) the system and remaining assessment procedure requirements are 

established, 2) stakeholders are reengaged about their validation testing and 3) further 

research, such as a literature review into validation testing of distraction monitoring 

systems, is conducted. 

Some aspects to consider in the development of the procedure include: 

• Prior to testing, the participant should be informed of the study and expectations, 

and that they are able to withdraw from the study at any point, signing a consent 

form. 

• Participants should be informed to drive as they normally would on the road 

• The participant should be made aware of the data being collected from them (i.e. 

dependent variables and ADR system) prior to entering the simulator and signing 

the consent form 

• It is recommended that drivers initially perform a familiarisation drive in the 

simulator to get used to the dynamics of the vehicle and environment. Once the 

participants feel comfortable and are aware of the expectations and requirements 

of the study, they can begin the main drives. 

• Depending on the experimental design, participants should be explained how to use 

the equipment for the distraction tasks and what is expected of them prior to the 

execution of the distraction tasks.  

• The order of conditions (i.e. road type and distraction/non-distraction drives) should 

be randomised amongst participants 

2.5.7.9 Acceptance criterion 

An acceptance criterion to determine the effectiveness of ADR systems needs to be 

established. This will ensure robustness and consistency amongst systems. It is 

recommended that this criterion assesses the system’s sensitivity and specificity (i.e. 

system performance), however this is dependent on the experimental design.  

[The system shall be deemed effective if 95% of the sample size achieves an AUC value ≥ 

0.8 

Step 1: Determine the sensitivity and sensitivity of the system for each participant 

Step 2: Plot a Receiver Operating Characteristic (ROC) curve for each participant 

Step 3: Calculate the area under the ROC curve (AUC) for each participant] 

2.6 Next steps 

The sections below highlight the topics identified in this study requiring further research or 

additional stakeholder engagements. This is necessary in order to establish the 

requirements around each topic. 
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2.6.1 Establishing requirements for the Forward FoV 

To ensure road safety and consistency amongst systems, the dimensions of the Forward 

FoV should be specified. To determine the dimensions for the Forward FoV, it is 

recommended that:  

1. A literature search into human vision and driving is conducted, 

2. A review of national and international standards relating to human vision and driving 

is conducted and  

3. Stakeholder are reengaged about their defined FoV. 

Moreover, for many systems the size of the Forward FoV was dependent on driving speed 

(or road type). Whether this is appropriate with regards to road safety, as well as the 

purpose of the system (reducing distraction vs. customer experience), needs to be 

investigated further, where, regardless of the outcomes, requirements should be 

established. 

2.6.2 Peripheral vision research questions 

According to manufacturers, one of the main factors impacting the reliability of the systems 

is the breadth of drivers’ peripheral vision, particularly horizontal peripheral vision. To 

overcome this, the sensitivity and distraction thresholds of some systems are dependent 

on eccentricity angle from the target to the Forward FoV. Whether this is appropriate with 

regards to safety, as well as the purpose of the system (i.e. distraction vs. customer 

experience), is unknown and should be investigated further. Regardless of the outcome, 

requirements should be established to ensure consistency amongst systems, road safety 

and system effectiveness. Thus, the following research questions should be investigated in 

the next phase of the project: 

1. How far from the forward FoV can a driver accurately monitor their horizontal and 

vertical peripheral vision with regards to road safety and does road type or traffic 

flow influence this?  

2. Should distraction thresholds or sensitivity of a system depend on the eccentricity 

angle from the target to the Forward FoV? 

2.6.3 Establishing trigger behaviours 

In order to establish the distraction thresholds for ADR systems, the trigger behaviours of 

the system need to be specified. Two trigger behaviours were identified in this study: long 

glance duration to a target not relevant for driving (Type 1) and frequently shifting gaze 

between the driving task and a target not relevant for driving (Type 2). Type 1 can 

currently be monitored by systems, and as such, can be made a mandatory requirement 

for ADR systems. Further stakeholder engagements are required (once more systems are 

on the market or are further along in the development) to determine whether Type 2 can 

also be made a mandatory requirement by 2024. If not, when the ADR systems are able 

to monitor Type 2, the regulation should be updated making both trigger behaviours a 

mandatory requirement for ADR systems. 

2.6.4 Establishing distraction thresholds 

There was insufficient guidance in the literature (rapid literature search) and 

inconsistencies amongst stakeholders on distraction thresholds for ADR systems, therefore 

it is recommended that: 

• Manufacturers are reengaged about their distraction thresholds once they have 

more experience with their ADR system and the nature of visual distraction 

• An in-depth literature review on distraction thresholds for ADR systems is 

conducted, which includes validating thresholds identified in this study and 
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establishing thresholds for other measurements identified as being sensitive to 

detecting visual distraction  

The distraction thresholds, and corresponding measurements, can only be established after 

the trigger behaviour requirement is established. 

2.6.5 Limitations of ADR technology 

The study identified several technological limitations resulting in the system not being able 

to continuously detect, and hence monitor, the driver’s eyes, head or facial features. It is 

envisaged that manufacturers will be able to overcome these limitations over time. The 

way in which this is done needs to be understood to write a technology neutral regulation, 

thus it is recommended that stakeholders are reengaged about this topic. 

2.6.6 Establishing other potential requirements 

Due to the majority of the systems being in the development stage, there were certain 

aspects of ADR systems which TRL was unable to gather information on. Thus, it is 

recommended that manufacturers with systems on the market should be reengaged on 

the following topics: 

• Activation speed 

• Time-to-activation 

• Road type 

• Weather conditions 

2.6.7 Dependent variables 

It is recommended that eye tracking, driving performance and vehicle control data, 

independent of the ADR system, are collected during the testing. This data will be used to 

validate ADR systems. The exact metrics to be used was not determined in this research 

project and should be established in the next phase of the research project. To do this, 

TRL recommends the following:  

• Perform a review of literature on metrics sensitive to visual distraction.  

• Test, in a driving simulator, the visual distraction sensitivity of each of the metrics 

for each of the distracting and non-distracting tasks developed for the ADR 

assessment procedure. 

• The metrics which reveal a significant difference between the distraction and non-

distraction conditions should be the ones used to validate ADR systems.  

It should be noted that the metrics may be dependent on the distraction task. 

Therefore, if the assessment procedure includes several distracting tasks, different 

metrics could be required to be measured for different distraction tasks. If none of the 

metrics are sensitive to one or more of the distraction tasks, a new distraction task 

examining the same type of visual distraction behaviour needs to be developed. 

2.6.8 Assessment procedure 

The assessment procedure to assess the effectiveness of ADR systems can only be 

established once: 

1. The system and remaining assessment procedure requirements are established,  

2. Stakeholders are reengaged about their validation testing (only one manufacturer 

has a system on-market), and 

3. Further research, such as a literature review into validation testing of distraction 

monitoring systems, is conducted. 



 DDR Second Interim Report 

 

 

 

March 2021  666 
 

2.6.9 Stakeholder engagements 

Only one manufacturer had a system on the market, resulting in TRL obtaining insufficient 

information on how systems function and operate, as well as how systems will be validated 

or tested. Thus, it is advised that after more systems are brought to market, manufacturers 

are reengaged about these topics. This will assist in the development of the requirements 

and procedures, as well as ensuring that the assessment procedure is technology neutral 

and can be standardised across all ADR systems. 

2.7 Conclusion 

The technology to monitor the driver’s visual attentive state (i.e. eyes, head and/or face) 

exists. However the integration of this technology with other components to create a 

reliable and robust ADR system (i.e. integration with the vehicle and driver, development 

of algorithms to detect distraction and non-distraction event, interacting with the driver 

when needed etc.) has been a challenge for many manufacturers resulting in many ADR 

systems still being in the development phase. As many systems are still under 

development, insufficient information was obtained on the function, operation and 

validation testing of ADR systems to write a technology neutral regulation. It is expected 

that over time, the issues preventing these systems from operating effectively will be 

overcome. Only once this is achieved and more systems are on the market by 

manufacturers, can ADR systems become a mandatory requirement for road vehicles. This 

report highlights these facts, as well as proposing a list of technical items that should be 

covered with requirements and tests to support the development of the future ADR 

technical annex. There were requirements which could not be established in this study. To 

establish these requirements, TRL recommends conducting further research (i.e. literature, 

theory and national and international standards review), reengaging manufacturers and 

engaging other relevant stakeholders or experts. Once these requirements are established 

and more information is gathered on distraction monitoring validation methods and 

techniques, the assessment procedure can be developed. It is essential that this procedure 

is validated prior to the regulation being published due to the cost of testing, use of human 

participants and complex nature of distraction. 
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Annex 1 DDAW AND ELKS SYNERGY MATRIX  

System element DDAW ELK 

System Activation The system functions on all roads, vehicle must be travelling 70-130 kph. System will continue to function until the 

vehicle drops to 65 kph 

System Deactivation Driver can manually deactivate the system through a menu in the HMI. The system will automatically re-engage every 

time the vehicle master control switch is activated (provided the driver’s door has been opened) 

Inputs The majority of systems make use of vehicle lane 

position and driver steering input; however, systems 

are not limited to these. Systems may currently 

measure any vehicle parameter which OEMs can 

provide evidence to show evidence reliable and 

robustly correlates with driver drowsiness. In future 

drowsiness monitoring systems this is envisioned to 

change to a more direct approach of monitoring the 

driver directly to identify signs of drowsiness earlier in 

the fatiguing process 

Vehicle lane position, driver steering input, vehicle speed, 

braking differential. Systems are permitted to make 

inferences about the intent or lack thereof with driver 

steering input based on their input to vehicle controls or by 

the dynamic of vehicle manoeuvre and lane geometry. 

Validation System is to be validated against a KSS level of 8. 

Specifics of validation process are left to the discretion 

of manufacturer but must be documented in a dossier 

of evidence provided to technical service. 

System is tested by having vehicles fitted with ELK systems 

drive towards both solid and dashed lane markings at a 

range of velocities to determine if the system gives the 

correct response or not 

HMI Systems HMI must be able show both cautionary and 

urgent warnings characterised by the colours yellow 

and red, respectively. The visual and auditory elements 

of the DDAW systems warning must follow the guidance 

laid out in the new regulatory text as well as adhere to 

the following ISO standards: 15006, 15008, 2575, 

6352 

The system provides HMI warnings in the following 

situations: 

- Lane departure 

- System Failure 

- System Deactivation 
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Data management Data from any DDAW system must be contained in a 

closed loop system. The system may only retain the 

data for as long as it is directly relevant to determining 

the current alertness state of the driver 

Not included in the regulation 

Intersystem support ELK systems try to determine whether the change in a vehicles lane position (moving closer to a lane line) is 

intentional or not to reduce driver annoyance from unwanted system activations. It is envisioned that interaction 

between DDAW and ELK systems (and in future ADR) could ensure that the activation of ELKS is more accurately 

attuned to situations where the driver is unintentionally drifting towards the lane markings. 
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Annex 2 DDAW DRAFT TECHNICAL ANNEX 

This section provides a summary of the draft proposal for the DDAW draft technical annex. 

Annex 2.1 Subject matter 

This Regulation establishes detailed technical requirements and test procedures for the EC 

type-approval of the vehicles referred to in Article 6 of Regulation (EU) 2019/2144 in 

respect of their driver drowsiness and attention warning system.  

Annex 2.2 Scope 

This regulation applies to the approval of vehicles of Category M1, M2, M3, N1, N2 and N3 

with regards to an on-board system to: 

• Assess the driver’s alertness through vehicle systems analysis, and 

• Warn the driver if needed 

Specifically, the system must monitor the behaviour of the vehicle to detect and recognise 

the driving and/or steering pattern symptomatic of a driver exhibiting reduced alertness 

due to drowsiness and interact with the driver via an HMI if needed. 

Annex 2.3 Definitions 

Required definitions for the DDAW regulation will be collated from the European 

Commission, literature, stakeholder engagement and Euro NCAP, or drafted by TRL if 

required.  

Example definitions: 

• ‘Area Under the Curve (AUC)’ means the definite integral of a curve. Within the 

context of this regulation it is a measure of how well a DDAW system reflects the 

objective truth. AUC values fall between 0 and 1, with 0 meaning the system is 

wrong every time and 1 meaning the system would be right every time. An AUC 

value of 0.5 represents the probability of a given outcome when two variables are 

evenly distributed e.g. guessing the outcomes of unbiased coin flips. 

• ‘Audibility’ means the degree to which an auditory signal can be heard by a person 

with normal hearing 

• ‘Driver Drowsiness and Attention Warning’ (DDAW) means a system that assesses 

the driver’s alertness through vehicle systems analysis and warns the driver if 

needed. 

• ‘Drowsiness’ means a high degree of tiredness. Within the context of this regulation 

is it interchangeable with fatigue. 

• ‘Drowsiness threshold’ is a quantification of the level of driver drowsiness. The 

DDAW system must provide a drowsiness warning to the driver at or before this 

level. 

• Duty cycle means the proportion of each on/off cycle that a flashing element is in 

it’s “on” phase. 

• ‘Fatigue’ means a high degree of tiredness. Within the context of this regulation is 

it interchangeable with drowsiness.  

• ‘Karolinska Sleepiness Scale (KSS)’ is a 9-point scale which is used to measure how 

sleepy or alert and individual currently feels. 

• ‘Masking threshold’ means the minimum intensity level at which a sound is audible 

(to the driver) above the environmental background noise 
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• ‘Master switch’ means the means the device by which the vehicle’s on-board 

electronics system is brought, from being switched off, as in the case where a 

vehicle is parked without the driver being present, to normal operation mode.  

• ‘Microsleep’ means a short, temporary episode of sleep, from which the driver 

wakes without assistance. These can last for several seconds. 

• ‘Modality’ means the mode in which something exists; within the context of this 

regulation this means the method of delivering the DDAW alert. 

• ‘Lane position’ means the position of the vehicle relative to the lateral lane 

markings. 

• ‘Steering input’ means a quantification of the way the driver manipulates the 

steering wheel. 

• ‘Timing metrics’, within the context of this regulation, means a temporal 

measurement directly related to the driver’s operation of the vehicle. 

• ‘Trigger Behaviour’ means the vehicle action that the DDAW system is monitoring 

for. Once this action happens the DDAW system should provide an alert to the 

driver. 

• ‘Vehicle metrics’, within the context of this regulation, means a manner of 

measuring driver performance through vehicle systems analysis. 

Annex 2.4 General requirements 

• The DDAW system shall be able to monitor driver’s level of drowsiness and alert the 

driver through the vehicle HMI, when needed. 

• The measurement of driver drowsiness shall meet the requirements of Annex 2.5.1 

to Annex 2.5.4. 

• The alerting of the driver shall meet the requirements of Annex 2.5.5. 

• The system shall be verified in accordance with the procedures specified in Annex 

2.6 and Annex 2.8. 

• [If manufacturers are testing one type of vehicle and using the result to validate 

the DDAW system on multiple models the model used for testing should represent 

the worst-case scenario]. 

Annex 2.4.1 Exemptions 

• Special use vehicles may be exempt from the requirements of this regulatory annex 

at the discretion of [the national type approval authority]. Some examples of these 

vehicles may be: 

o Ambulances 

o Slow moving special-purpose vehicles (e.g. refuse/ recycling trucks) 

o Local transit vehicles that operate in environments that are not likely to meet 

the requirements of Annex 2.5.2.3 and Annex 2.5.3.3. 

Annex 2.5 Specific requirements 

Annex 2.5.1 System inputs 

• The system shall monitor driver drowsiness through vehicle systems analysis.  

• Systems directly monitoring the driver attentive state to determine their drowsiness 

level is deemed acceptable (e.g. camera-based system), so long as evidence on the 
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effectiveness of the tool or measurement in continuously monitoring the driver’s 

drowsiness level is presented in the documentation package. 

Annex 2.5.2 Activation, Reactivation and Deactivation 

Annex 2.5.2.1 Deactivation  

Manual deactivation 

• The driver shall not be able to deactivate the DDAW system. 

• The driver shall be able to deactivate the DDAW system HMI warning. 

Automatic deactivation  

• The vehicle manufacturer shall provide a list of situations and corresponding criteria 

where the DDAW function is automatically deactivated to the technical service at 

the time of type-approval and it shall be annexed to the test report. 

• The DDAW function shall be automatically and fully reactivated as soon as the 

conditions that led to the automatic deactivation are no longer present. 

Annex 2.5.2.2 Automatic reactivation 

The DDAW function shall be automatically and fully reinstated upon each activation of the 

vehicle master control switch, [at least provided the driver door is opened in-between]. 

Annex 2.5.2.3 Activation speed 

• The DDAW system shall be active at least within the vehicle speed range between 

[70 km/h] and the maximum vehicle speed. 

• In the case that the vehicle reduces its speed from above [70 km/h] to below 

[70 km/h], the system shall be active at least until the vehicle speed reduces below 

[65 km/h]. 

Annex 2.5.2.4 Time-to-Activation 

There shall be no appreciable delay between the vehicle meeting the activation criteria set 

out in Annex 2.5.2.3 and Annex 2.5.4.1, and the DDAW system beginning to actively 

monitor driver drowsiness. If the DDAW system requires a learning phase this should be 

minimised to allow the system to alert drivers as soon as possible after they start to display 

behaviour characteristic of a drowsy driver. 

Annex 2.5.3 Environmental conditions 

Annex 2.5.3.1 Time of day 

The system shall work effectively during the day and night. 

Annex 2.5.3.2 Weather 

The system shall work effectively in all weather conditions commonly found in the European 

Union, under which drivers can be expected to drive safely. Evidence of this must be 

provided as part of the documentation packet provided to the technical service for DDAW 

type-approval. 

Annex 2.5.3.3 Road type 

At a minimum, the system shall work effectively on multi-lane divided road, with or without 

a central divide. 
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Annex 2.5.4 Monitoring driver drowsiness 

Annex 2.5.4.1 Drowsiness threshold 

• The system shall provide a warning to the driver at or before a level of drowsiness 

which is equivalent to a [7] on the Karolinska Sleepiness Scale (KSS).  

• Evidence that this requirement is fulfilled shall be provided in accordance with the 

procedures specified in Annex 2.6. 

Annex 2.5.4.2 Trigger behaviour 

• The system shall analyse vehicle systems for expression of a trigger behaviour 

indicative of a drowsy driving. Examples include: 

1. A reduction in the number of micro-corrections within driver steering, paired 

with an increase in the number of large and fast corrections, or 

2. An increase in the variability of a vehicle’s lateral lane position 

• This is recommended to be done by monitoring lane position or a steering input 

(e.g. steering wheel reversal rate, yaw rate, standard deviation of lane position).  

• Manufacturers are permitted to make use of an alternative vehicle metric(s) so long 

as evidence is provided as part of the documentation package which validates the 

metric as an accurate and robust measure of driver drowsiness. 

• One or more secondary metrics can be used over and above the recommendation 

stated above to aid the reliability and robustness of the system. Examples of such 

metrics include: additional vehicle metrics, temporal metrics, physiological metrics 

and vehicle control metrics etc. 

• If the system directly monitors the driver’s attentive state, the manufacturers shall 

state the trigger behaviour being monitored and shall provide evidence on the 

relationship between drowsy driving and the trigger behaviour of the system in the 

documentation package. 

Annex 2.5.5 Human Machine Interface 

• The alert that is activated when the driver reaches the system’s drowsiness 

threshold shall at a minimum be both auditory and visual. 

• Auditory, visual and any other modalities utilised by the DDAW system alert shall 

be presented simultaneously 

Annex 2.5.5.1 Visual warning 

• The visual warning shall be so located as to be readily visible and recognisable in 

the daylight and at night-time by the driver and distinguishable from other alerts. 

• Visual warning shall be a steady or flashing tell-tale. 

• If the visual element of the driver drowsiness alert features a blinking element, no 

more than 2 synchronously blinking elements may be activated at one time. 

• Flashing/ blinking elements shall have a frequency of 1-5 Hz and a duty cycle of 

50-70% 

• All text used in the interface shall either be in mixed or all lower-case lettering and 

shall not use text abbreviations. 

• Any new symbols developed for the purpose of a DDAW shall be constructed using 

similar elements to and keeping coherence with ISO 2575:2010+A7:2017 K.21 

and/or ISO 2575:2010+A7:2017 K.24. 
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• The contrast of the symbol with the background in sun light, twilight and night 

conditions shall be in accordance with ISO 15008:2017, 4.2 

• The following visual alert and background colour combinations may not be used: 

red/green; yellow/blue; yellow/red; red/violet. 

Annex 2.5.5.2 Audible warning 

• The audible warning shall be easily recognized by the driver. 

• All elements of the alert shall fall within the following frequency and amplitude 

range: 200-8000 Hz and 50-90 dB, respectively  

• Any tonal alerts shall be repeatedly intermittently or continually in sequence at a 

frequency of 1-8 Hz. 

• If speech alerts are utilised, vocabulary used shall be consistent with any text used 

as part of the visual alert 

• The audible portion of the alert should last for at least the minimum duration which 

the driver requires to understand it 

Annex 2.5.6 Privacy and data protection 

• DDAW systems shall be designed in such a way that they shall only continuously 

record and retain data necessary for the system to function and operate within the 

closed loop system.  

• [This data shall not be accessible or made available to third parties and shall only 

be held for the length of time for which it holds direct relevance to assessing the 

driver’s current level of drowsiness. In all cases this data shall not be held longer 

than on activation-deactivation cycle of the vehicles master switch.] 

• [The DDAW system shall offer the required functionality in the default normal 

operation mode without the use of biometric information, including facial 

recognition, of any vehicle occupants.] 

• Any processing of personal data shall be carried out in accordance with European 

Union data protection law. 

• [Data collected by the DDAW system may only be used by the manufacturer for the 

purpose of monitoring the current state of the driver.] 

Annex 2.5.7 System maintenance, inspection and failure warning 

Annex 2.5.7.1 Self-check and failure warning 

• A warning shall be provided when there is a failure in the DDAW system that 

prevents the requirements of this Regulation of being met. 

• The warning shall be a constant optical warning signal. 

• There shall not be an appreciable time interval between each DDAW self-check, and 

subsequently there shall not be a delay in illuminating the failure warning signal, in 

the case of an electrically detectable failure. 

• Upon detection of any non-electrical failure condition (e.g. sensor blindness or 

sensor misalignment), the warning signal shall be provided. 

Annex 2.5.7.2 Provisions for the periodic technical inspection 

• At a periodic technical inspection, it shall be possible to confirm the correct 

operational status of the DDAW system by a visible observation of the failure 

warning signal status following a "power-ON" and any bulb check.   
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• In the case of the failure warning signal being in a common space, the common 

space must be observed to be functional prior to the failure warning signal status 

check.   

• At the time of type approval, the means to protect against simple unauthorised 

modification of the operation of the failure warning signal chosen by the 

manufacturer shall be confidentially outlined.  

• Alternatively, this protection requirement is fulfilled when a secondary means of 

checking the correct operational status of the DDAW system is available. 

Annex 2.6 Verification and testing 

• Testing shall be carried out by the supplier or manufacturer to ensure that DDAW 

systems are able to monitor driver drowsiness in a manner which is accurate, robust 

and scientifically valid. 

• The validation process shall be documented within the dossier of evidence that is 

provided by the manufacturer to the technical service and shall meet the 

requirements set out in  Annex 2.6.1 to Annex 2.6.7. 

Annex 2.6.1 Validation testing requirements 

• The testing shall take place using human participants 

• Any testing that includes a human participant operating a motor vehicle on a real-

world, non-simulated road environment will have a safety back-up (e.g. a safety 

driver) 

o The safety backup will intervene if the driver becomes drowsy enough that 

they can no longer safely control the motor vehicle. 

o If the safety backup intervenes the participants shall not be permitted to 

drive any further as part of the testing. 

o Once the safety backup has had to intervene, another non-drowsy driver 

shall take primary control on the vehicle. The drowsy driver shall not be 

allowed to continue to drive. 

Annex 2.6.2 Test sample 

• The number of drivers used to validate the system shall be calculated using a 

sample size power calculation, where a 95% confidence interval shall be used. 

• The sample size power calculation shall be calculated using the sensitivity and 

specificity values of a participant that achieves an AUC ≥ 0.8.  

• No participants shall have had any involvement in the system development. 

• Ideally the test sample shall be equally distributed by gender. If this is not possible, 

no less than 35% of the test sample may be either male or female. 

• Note: DDAW systems may not be able to assess the drowsiness level of some 

individuals as accurately as others (e.g. shift/night workers, professional drivers, 

etc.). If any trial participant selection criteria is used it shall be made clear in the 

documentation package, as per Annex 2.7.2. 

Annex 2.6.3 Environmental conditions 

As a minimum the system will be tested in the following conditions: 

• Day: conditions diffuse with ambient light (ISO 15008: 2017); 

• Night: condition of low ambient illumination under which the adaptation level of the 

driver is mainly influenced by the portion of the road ahead covered by the vehicle’s 
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own headlights and surrounding streetlamps; and display and instrument 

brightness (ISO 15008: 2017). 

Annex 2.6.4 Measuring drowsiness 

• Drowsiness measurements shall be obtained during the testing at intervals of 

approximately 5 minutes. The only exception is if the measure being used to 

validate the system provides a continuous source of data (i.e. physiological 

measures).  

• The measure that is recommended to validate DDAW systems is KSS 

• The application of the KSS shall meet the follow guidance: 

o Participants shall be trained on the KSS before they apply it as part of the 

DDAW system validation testing. 

▪ The training process shall be the same for all participants 

▪ The training process shall be clearly documented in the evidence 

dossier supplied to the technical service for secondary type approval. 

o The KSS shall be applied using the standardised wording found in the Annex 

3. All levels of the KSS must be labelled. 

• If the system is validated against a measure of driver drowsiness that is not the 

KSS, the manufacturer must provide evidence that the method they have chosen is 

a valid and accurate means to assess drowsiness, and that the drowsiness threshold 

being used in the testing is equivalent to a KSS level defined in Annex 2.5.4. 

• If a sleep expert is used to determine the participant’s level of drowsiness through 

video analysis, the facial cues and body movements/behaviours for each level of 

drowsiness on the KSS shall be provided. This method requires at a minimum two 

raters and an inter-rater reliability test shall be conducted, and the results included 

in the documentation package. If complementary measures (such as EEG and HRV 

etc.) are used to support sleep expert analysis, evidence of their relationship with 

fatigue must be provided. 

Annex 2.6.5 Drowsiness threshold 

• As a minimum, the DDAW system shall provide an alert which meets the 

requirement set out in Annex 2.5.5 at or before the driver reaches a level of 

drowsiness equivalent to a KSS level of [7]. 

• If the system is validated against a measure other than the KSS, evidence shall be 

provided to ensure that the measure and threshold level used are equivalent to or 

earlier in the fatiguing process than a KSS level of [7]. 

Annex 2.6.6 Test results 

• The only instance in which test data shall be discarded before any statistical analysis 

is conducted is if there is an error in carrying out the testing procedure. 

• Any errors that occur during testing shall be documented as part of the evidence in 

the documentation package, separate from the test results, along with the 

erroneous data. 

Annex 2.6.7 Acceptance criterion 

The statistical analysis shall adhere to the following requirements: 

• Step 1: The DDAW testing results should be used to calculate the specificity and 

sensitivity of the system for each participant. 
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o Sensitivity= TP/(TP+FN) 

o Specificity= TN/(TN+FP) 

o Note:  

▪ True Positive (TP): when the system and driver both correctly identify 

as drowsy 

▪ True Negative (TN): when the system and driver both correctly 

identify as not being drowsy 

▪ False Positive (FP): when the system predicts the driver is drowsy, 

but the driver is not drowsy.  

▪ False Negative (FN): when the system predicts that the driver is not 

drowsy, when the driver is in fact drowsy.  

 

Table 4. Confusion matrix of drowsiness classifications 

System/Driver 
Drowsy (drowsiness 

threshold reached) 

Not Drowsy (drowsiness 

threshold not reached) 

Drowsy (drowsiness 

threshold reached) 
TP FP 

Not drowsy (drowsiness 

threshold not reached) 
FN TN 

 

• Step 2: The sensitivity and specificity values should be used to plot a Receiver 

Operating Characteristic (ROC) Curve for each participant. 

• Step 3: The ROC curve should be used to calculate the Area Under the Curve (AUC) 

for each participant 

• Step 4: The DDAW system is deemed to be effective if [95%] of the sample size 

achieves an AUC ≥ 0.8 

If it is not possible to use the statistical analysis method documented above, manufacturers 

shall provide a written explanation as to why they are unable to do so. The validity of this 

reason will be assessed by the Technical Service. The alternative statistical method used 

and the appropriateness of the method in assessing the effectiveness of a DDAW system 

shall be detailed in the documentation package. The alternative statistical test shall be 

calculated at a significance level of 95%. Correlation level as a measure in itself is not 

sufficient for validation of a DDAW system using discrete data, further statistical proofs are 

required. 

Annex 2.7 Documentation package requirements 

Evidence of the effectiveness of the system shall be provided in the form of a 

documentation package or evidence dossier. The areas that must be covered in this dossier 

are listed below. 

Annex 2.7.1 System functionality 

A documentation package shall be provided detailing how the system functions. This shall 

include:  

• A list of all the system inputs stating the primary and secondary metrics. 

o This list will only be provided to the technical service for the purpose of 

verifying the DDAW system. The list of any secondary metrics will not be 

passed on to national type approval authorities.  
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• A description of how the metrics function and monitor driving behaviour 

• A description of the trigger behaviour being monitored by the system 

• Evidence on the relationship between drowsy driving and/or steering behaviour and 

the chosen trigger behaviour 

• The system’s drowsiness threshold 

• The vehicle speed at which the system is activated 

• An explanation on the systems activation, reactivation and deactivation functions 

• A document detailing the functionality of the system’s HMI. This includes evidence 

of compliance with the DDAW HMI requirements (Annex 2.5.5) 

Annex 2.7.2 System validation 

Evidence on the effectiveness of the system shall be provided in a document. This shall 

include:  

• The number and demographics of participants assessed 

• Demographics should include: 

o Number of male and female participants 

o Any other inclusionary or exclusionary criteria that were used when selecting 

participants 

• The test conditions assessed 

• Evidence that the system works effectively in all weather conditions commonly 

found in the European Union 

• The full test methodology used to assess the effectiveness of the system and the 

rationale behind this 

• Description of the statistical analysis technique used. If a statistical analysis method 

that differs from that documented in Annex 2.6.7 is used, evidence on the statistical 

analysis technique and level of significance used shall be provided. 

• An analysis and description of the results 

• Evidence that the system alerts a driver at or before the KSS level set out in the 

requirements. 

Annex 2.8 Assessment by the technical service 

The technical service shall perform: 

• A check that the reported performance levels meet the required minimum 

thresholds as defined in Annex 2.6.5. 

• A review of the test report to confirm that the underlying test programme meets 

the criteria defined above, 

• An audit of the test report: 

o To ensure that the underlying test evidence corresponds with the reported 

results to a level of overall effect such that the performance declaration is 

confirmed as being adequate. 

o Using means, at the discretion of the technical service, such as: review of 

the full raw data sets from a selection of test drives chosen by the technical 

service (including any data that was excluded from the analysis), or re-

performing parts of the validation drives. 
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Annex 3 KAROLINSKA SLEEPINESS SCALE (KSS) 

 

Table 5. Karolinska Sleepiness Scale (KSS) 

Rating Verbal Description 

1 Extremely alert 

2 Very alert 

3 Alert 

4 Rather Alert 

5 Neither alert nor sleepy 

6 Some signs of sleepiness 

7 Sleepy, no effort to keep awake 

8 Sleepy, some effort to keep awake 

9 Very sleepy, great effort to keep awake, fighting sleep 

Permission to reproduce the Karolinska Sleepiness Scale within this report and the 

regulatory annexes is granted by Torbjörn Åkerstedt.
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Annex 4 ADR METHODOLOGY 

Annex 4.1 Literature review 

A literature review was conducted with two objectives: 

1. To identify the indicators of visual distraction documented within scientific and 

academic literature, as well as identifying the metrics to measure and thresholds to 

use to determine whether a driver is visually distracted. The aim was to understand 

the nature and manifestation of visual distraction to determine the most reliable 

means to monitor and measure it.  

Many manufacturers highlighted that establishing appropriate distraction thresholds 

for their system has been a challenge, where each manufacturer had established 

different distraction thresholds. Establishing appropriate distraction thresholds for 

an ADR system is vitally important with regards to road safety and customer 

experience. Thus, after the stakeholder engagement, TRL performed a rapid 

literature search on distraction thresholds with the aim of gaining greater insight, 

at a high-level, of the guidance that is available in the literature, which will hopefully 

assist in the establishment of the distraction thresholds for the future ADR 

regulation.  

2. To identify any current available test procedures in national or international 

standards that can be used to support the development of the future ADR 

regulation. The aim was to identify elements of the standards or procedures which 

either can be applied to the development of such systems, or to adapt relevant 

principles for application within a European-centric use case.  

The literature search gave priority to recent, high quality (peer-reviewed) research that 

was considered to be of most direct relevance to the objectives of the current study.  

The review used the databases and search terms documented in Table 6 and Table 7. 

 

Table 6.   Indicators of visual distraction search terms 

Search terms Databases 

(“driver” AND “visual” AND “distraction”) AND (“measurement*” 
OR “metric*” OR “indicator*”) AND (“monitor*” OR “measure*” 
OR “detect*”) 

Google Scholar 

TRID 

Table 7. ADR system assessment procedure search terms 

Search terms Databases 

(“driver” AND “visual” AND “distraction”) AND (“test procedure” 
OR “assessment procedure” OR “assessment” OR “test”)  

Google Scholar 

British Standards 
Institution 

Annex 4.2 Expert stakeholder engagement 

The stakeholder engagement was carried out to gather information on the types of systems 

OEMs and Tier 1 suppliers either currently have on the market or in development. The 

stakeholders were engaged using a standardised series of structured questions to guide 

discussion and ensure that relevant information was captured from each stakeholder in a 

consistent manner. The questions covered the readiness, function, design logic, 

effectiveness and validation testing of their current and/or future ADR system, as well as 

questions surrounding the HMI functions of the system. Stakeholders were engaged either 

face-to-face or via teleconference. 
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Annex 5 ADR RESULTS 

Annex 5.1 Literature review 

Annex 5.1.1 Indicators and metrics of visual distraction 

When a driver is visually distracted, they shift their visual attention (i.e. move their eyes) 

from the tasks relevant for driving to engage or focus on a secondary task or stimulus 

unrelated to driving. The shift in eye gaze is normally accompanied by head movement. 

According to Nakashima and Shiori (2014), humans often align their eyes and head when 

investigating an object in detail as it enhances the accuracy of attentional focus, spatial 

perception and visual performance. However, there are instances where head movement 

does not occur with a gaze shift. Nakashima and Shioiri (2014) found numerous studies 

examining eye-head coupling during saccades12 and concluded that eye movements made 

within the limits of eye-in-head range may or may not be associated with head movement. . 

According to Oommen et al. (2004), the unconscious decision to move the head during a 

gaze shift is dependent on multiple factors, including the expected duration the gaze will 

be maintained for and weighing of the costs and benefits of executing head movement. 

Eye movement metrics are considered the most sensitive metrics for measuring visual 

distraction. According to the National Highway Traffic Safety Administration (NHTSA) (Lee 

et al., 2013a), visual behaviour is indicative of attention selection related to both the 

driving and distracting task(s) and there is a strong relationship between eye movement 

and attention. Therefore, NHTSA suggest that eye movement metrics provide a direct 

indication of the driver visual state (Lee et al., 2013a).   

The most commonly used eye glance metrics to determine the visual attentive state of the 

driver include single glance duration and glance frequency (Lee et al., 2013b;Regan et al., 

2009;Seppelt et al., 2017;McGehee, 2014). NHTSA, along with others, states that the most 

sensitive metrics combine eye glance duration and frequency: Percentage Road Centre 

(PRC), Total Eyes-Off Road (TEOR) or Total Glance Duration (Lee et al., 2013b;Regan et 

al., 2009;Seppelt et al., 2017;Klauer et al., 2006). This is due to visual timesharing - the 

pattern of glancing back and forth between the road and an object - being considered the 

most direct indicator of visual distraction. Metrics measuring this quantify the amount of 

time spent looking at the road and object/task of interest, for each glance or period of 

time.  

Glance Frequency and Percentage Single Glance > 2 seconds have also been proven to be 

highly sensitive in determining whether a driver is visually distracted (Lee et al., 2013a). 

Another metric to be considered is visual eccentricity – the angle (or distance) away from 

the road centre. The greater the visual eccentricity, the greater the reduction in visual 

sensitivity (i.e. the farther away the driver looks from the road, the poorer the information 

available for event detection or lane keeping etc.) (Lee et al., 2013a). A study conducted 

by Lamble, Laasko and Summala (1999), found that time to collision reduced from 7.5 

seconds to below 4.5 seconds when the eccentricity angle increased from 0˚ to 90˚ at a 

40 m headway.  

In vehicles, eye movement metrics are commonly measured using a high-resolution driver-

facing camera integrated with eye tracking technology. Despite rapid technical 

advancements, this technology is still subject to several limitations and cannot always track 

eye movement. This is due to the system not being able to continuously detect the eye 

(i.e. eye occlusion). This can be caused by: 

• Sunlight reflections on glasses 

• The eye blink of the driver 

 

12 Saccade: Brief, fast movement of the eyes that changes the point of fixation (ISO 15007-1:2014) 
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• A large head rotation 

• Sunglasses 

• Eye make-up 

• Direct sunlight 

• Hat, caps or scarves  

• Varying real world illumination conditions, and 

• Certain facial features etc. 

(Kircher and Ahlstrom, 2010;Fernández et al., 2016)  

Eye movement can also be indirectly assessed by using coarse visual behaviour metrics – 

head movement and facial feature(s) movement (e.g. mouth or nose) – to predict or 

estimate eye gaze direction. According to Fernández et al. (2016), many researchers have 

used head orientation to estimate the drivers gaze direction. A coarse estimate of glance 

direction is considered sufficient to infer a driver’s visual attention and is widely accepted 

and used as a metric in many vision-based driver monitoring systems (Jha and Busso, 

2016;Kim and Shin, 2014). This is mainly due to the fact that 1) real driving behaviour in 

natural driving results in many drivers moving both their head and eyes when looking at a 

target and 2) the pupils are not always visible (i.e. eye occlusion) preventing the eyes from 

being tracked (Fernández et al., 2016;Jha and Busso, 2016;Kim and Shin, 2014).  

Similar to eye tracking, systems estimating gaze direction are subject to several 

limitations. Coarse visual behaviour metrics provide a coarse description of the driver’s 

visual attentive state (Lee, et al., 2013). Evidence suggests that there is a strong 

correlation between head and eye gaze direction; however, during natural driving, drivers 

tend to have less head rotation but more gaze searching to maintain safe driving (Xing et 

al., 2018). Thus, visual behaviour metrics provides a broad estimate of where the driver is 

looking (i.e. area vs. precise target). Moreover, head orientation can bias the perceived 

gaze direction towards the head orientation (Otsuka and Clifford, 2018). For example, the 

head can be directed straight ahead when the eyes are gazing to the right or left. 

Alternatively, the eye could be fixed straight ahead, but the head can be orientated to the 

right or left. Drivers also tend to use a time-sharing strategy when engaged in a visual-

manual distracting task13 – gaze is constantly switched between the driving task and 

distracting task(s) for short intervals of time (Tivesten and Dozza, 2014). When this occurs, 

the driver often positions the head in the middle of the two gaze targets and only uses the 

eyes to move between the two targets (Fernández et al., 2016).  

In summary, it is clear that the most accurate way to monitor the driver visual attentive 

state is by directly tracking the eyes. However, there are situations where the eyes cannot 

be tracked due to eye occlusion. This can be overcome by indirectly tracking the eyes by 

monitoring head movement or orientation. However, this provides a rough estimate of eye 

gaze and can sometimes provide an incorrect interpretation of eye gaze direction. A 

solution to these technological limitations is to use both types of metrics to determine the 

driver’s eye gaze direction. For example, eye movement metrics can be the primary metric 

and when the eyes are not visible, coarse visual behaviour metrics can be used to estimate 

the drivers gaze direction (Kim and Shin, 2014).  

Currently, there is a lot of research being conducted into 1) the limitations of eye tracking 

technology within a vehicular environment and 2) minimising the bias of coarse visual 

behaviour metrics on perceived gaze. Thus, it is likely that the limitations identified in this 

review may be overcome in the future, and systems may be able to determine the driver’s 

eye gaze accurately only using eye movement metrics or coarse visual behaviour metrics. 

 

13 Meaning the driver looking at a device, manipulating a device-related control with the driver’s hand, and 
watching for visual feedback (i.e. interacting with an in-vehicle infotainment systems) 
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Annex 5.1.2 Visual distraction thresholds 

Despite years of research, it is still unknown what a safe (maximum) task time or visual 

demand is for a distracting task whilst driving. This is due to the many factors influencing 

the effect of distraction on crash risk: 

• Timing: Crash risk increases if the distracting task coincides with an unexpected 

event 

• Intensity: the more resources required to perform the distracting task, the higher 

the crash risk will be 

• Reusability: Tasks which can be dropped and restarted efficiently will have a lower 

crash risk 

• Frequency: Actions repeated more often are more likely to coincide with a critical 

event 

• Duration: the longer the duration of distraction, the more likely it will coincide with 

a critical event 

• Hangover effect: Any lingering cognitive or emotional distraction may influence 

crash risk 

(Kinnear and Stevens, 2015) 

Moreover, a driver’s visual awareness of the road scene also influences crash risk. For 

example, a person gazing out the nearside of the windscreen on an open motorway will 

have a greater awareness of the road scene due to their peripheral vision, and hence lower 

crash risk, compared to someone gazing at a passenger seated in the passenger seat on a 

busier motorway. This section of the report will highlight the most common visual 

distraction guidelines presented in the literature. 

In 2006, the Alliance of Automobile Manufacturers (AAM) released “Statement of Principles, 

Criteria and Verification Procedures on Driver Interactions with Advanced In-Vehicle 

Information and Communications systems” (AAM, 2006). Within this document, there are 

two guidelines specifically referring to task completion and eye glance duration. These two 

guidelines are written as follows:  

• Single glance durations generally should not exceed 2 seconds 

• Task completion should require no more than 20 seconds of total glance time to 

task display(s) and controls 

The Society of Automotive Engineers (SAE) suggests that task completion should not 

exceed 15 seconds of total glance time (Klauer et al., 2010). According to NHTSA, SAE 

generally accepts that glances should not exceed 2 seconds, but the organisation has not 

yet stated an official position to this effect. The 2-second guideline was based on research 

conducted by Rockwell (Rockwell, 1988), who performed numerous instrumented-vehicle 

studies over several years analysing the length of eye glances away from the forward road 

scene. From this data, the distribution of eye glance lengths was calculated. The 85th 

percentile eye glance length was approximately 1.9 seconds, which was rounded up to two 

seconds to provide a design criterion in whole numbers.  

According to Klauer et al. (Anon., 2006), the risk of a crash or near crash doubles when a 

driver does not look at the road for 2 seconds or longer. Moreover, the naturalistic 100-

car driving study also indicated that eye glance durations greater than 2 seconds 

significantly increased individual near-crash/crash risk whereas eye glance durations less 

than 2 seconds did not significantly increase risk relative to normal (Klauer et al., 2006). 

The Driver Distraction 2015 report published by the European Commission states the 

findings highlighted above by Klauer et al. (Anon., 2006), as well as the following findings 

from Theeuwes (2008) and Horrey & Wickens (2007): glance duration from the traffic to 

equipment or an object should not exceed 1.6 seconds (cited in European Commission, 

2015). Eighty percent of simulator-crashes in the study conducted by Horrey and Wickens 
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(2007) were attributed to glances at objects inside the vehicle that took longer than 1.6 

seconds (cited in European Commission, 2015). 

Several authors suggest that drivers tend not to look away from the road scene for more 

than 1.5 seconds (Klauer et al., 2010). Rather, if engaged in a secondary task, drivers tend 

to look back and forth at the road scene, not looking away from the forward road scene 

for more than 1.5 seconds at a time until the secondary task is complete (i.e. 14visual time 

sharing’). For this reason, NHTSA suggests that TEOR (total eye-off-road) during the 

completion of a secondary task may be a better limiter i.e. eyes cannot be off the road for 

more than 15 out of 20 seconds (Klauer et al., 2010). According to Klauer et al. (Anon., 

2006), TEOR glance duration greater than two seconds in a six-second window increased 

crash or near-crash risk twofold, relative to normal driving.  

The evidence above is based on the length of time that the driver’s eyes are off the road 

and does not consider that drivers need to glance off the road to various areas in the 

vehicle to perform tasks related to driving (e.g. glancing at the mirrors, instrument cluster 

and driver controls such as pedals and steering input). Yuan et al. (2018) therefore suggest 

that glance location should also be used as an indicator for visual attention, where glance 

location, for example, can be categorised into three areas: 1) forward road, 2) driving-

related areas and 3) other areas.  

Yuan et al. (2018) also state that the driving scenario has a significant impact on a driver’s 

visual behaviour and suggest that the driving context and environment (i.e. road type and 

traffic etc.), should also be considered when establishing distraction thresholds. For 

example, driving on an urban road requires drivers to update their information about 

parked cars, intersections, pedestrians, cyclists, traffic lights, and other surrounding traffic, 

while drivers only need to monitor driving speed, lane position, and surrounding cars on 

motorways. Thus, glance frequency and duration are dependent on contextual factors, 

where contextual targets require different amounts of attention (Yuan et al., 2018).   

In summary, it appears that glances away from the road exceeding two seconds 

significantly increases crash risk. With regards to an established glance duration threshold, 

two recommendations were found: 1.6 seconds and 2 seconds, where the two-second 

duration is the most widely recognised threshold. It should be noted that both of these 

values are based on a driver interacting with an in-vehicle device or mobile phone, which 

usually results in a driver’s eyes gazing downwards and not having the road in their 

peripheral vision (i.e. no visual awareness of the road). The review also revealed that 

drivers commonly glance frequently between the driving task and a distracting task. For 

this type of distraction behaviour, the following measurements were identified: TEOR, PRC, 

Total Glance Duration and Glancy Frequency, where one threshold was identified for TEOR 

from one source: TEOR glance duration greater than two seconds in a six-second window 

(Klauer et al., 2006) and two contradictory thresholds were identified for Total Glance 

Duration: a distracting task should be completed within 15 seconds (Klauer et al., 2010) 

and 20 seconds (AAM, 2006) of total glance duration. Further research to validate the 

TEOR threshold and to establish thresholds for the other measurements identified as being 

sensitive to detecting visual distraction should be conducted. As this was a rapid literature 

review, it is recommended that an in-depth analysis of distraction thresholds should be 

conducted in the next phase of this research project.  

Annex 5.1.3 Current standards and test procedures 

One test procedure assessing the effectiveness of distraction monitoring systems was 

found in the literature. This procedure was developed by NHTSA, and full details of the 

assessment procedure and development thereof can be found in the following reports: 

1. Distraction Detection and Mitigation Through Driver Feedback (Lee et al., 2013) 

 

14 Visual time-sharing metrics mainly quantify the amount of time spent looking on or off the road, for each glance 
or for a period of time such as a task interval or an artificial time-window 
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2. Distraction Detection and Mitigation Through Driver Feedback: Appendices (Lee et 

al., 2013b) 

The assessment procedure developed and validated by NHTSA focuses on assessing the 

ability of algorithms to detect distraction – assuming the algorithm receives valid sensor 

data. The assessment procedure requires human participants to drive in a simulator in 

various driving situations performing secondary tasks indicative of the different types of 

distraction. 

Below is a summary of the assessment procedure; refer to Chapter 4 (Lee et al., 2013a) 

and Appendix G (Lee et al., 2013b) of the NHTSA reports for more details:  

• Participants: 32 participants balanced for gender between the ages of 25 and 50 

are required. Participants are required to have experience engaging in distracting 

activities whilst driving (such as talking on the phone, texting, eating, emailing and 

changing CDs) and a certain level of driving experience to participate in the study. 

• Equipment: The assessment procedure must be conducted in a high-fidelity, 

motion-based driving simulator equipped with eye tracking hardware.  

• Distraction tasks – please refer to the NHTSA report for full details and explanation 

on the tasks below:  

1. Visual manual task: The Arrow – this task was designed to require visual 

processing and some manual engagement, with minimal cognitive 

engagement. For this task, participants are presented a total of five matrices 

(4 rows of 4 objects) of arrows on a 3-inch LCD touch screen display and are 

required to touch yes or no on the screen when the target object (arrowing 

pointing upwards) is presented.   

The task is required to be presented between 15 and 30 degrees of the 

driver’s vertical and horizontal viewing positions. In this position, it is 

expected that some participants will only move their eyes to perform the 

task, whereas others may move both their eyes and head. This ensures that 

systems monitoring coarse visual behaviour metrics are effective in 

estimating the gaze direction of the driver.   

2. Reaching task: Bee Catching task – this visual/manual tracking task requires 

a participant to follow a bee on an LCD screen with their hand in three 

different locations. Location 1 requires a slight body turn, whereas locations 

2 and 3 require movement towards the driver’s nearside and full orientation 

of vision behind the passenger seat headrest respectively. 

3. Cognitive task: This complex cognitive task involves the participant 

navigating an interactive voice response 15 menu – making a call to a 

simulated interactive voice menu to retrieve flight information.  

4. Simple self-paced visual manual task: this task - adjusting settings on a 

radio - is an on-going simple visual manual distraction task aimed to 

represent circumstances under which people allow themselves to be 

distracted.    

• Baseline tasks: to assess true negative and false positive alerts, the assessment 

procedure included conditions which represented normal driving conditions.  

• Incentive system: Performance of these tasks is measured by calculation equations 

located in Appendix G of the NHTSA report, where the scores are verbally relayed 

to participants. This feedback system is used to encourage participants to engage 

 

15 Interactive voice response is a technology that allows a computer to interact with humans through the use of 

voice and tone input via a keypad 
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in the secondary activities, which is essential as the aim of this assessment 

procedure is to validate and refine distraction detection algorithms. 

• Dependent variables: primary dependent variables include lateral and longitudinal 

control and eye movements. There is a list of other potential dependent variables 

located in Table G-1 of the appendices of the NHTSA report. 

• Participants are required to be tested in a variety of environments covering urban, 

rural and freeway roads. Multiple scenarios were tested in each environment, where 

the scenario was dependent on the distraction task being assessed, as well as on 

the environment. The level of detail for each simulated environment (i.e. number 

of lanes, road curvature, traffic flow, driving route, road layout etc.) is also 

specified. Descriptions and full details of the scenarios and environments can be 

found in Figure 3, 4 and 5, and Table 6 in Chapter 4 of the report and Table G-2 in 

the appendices of the NHTSA report:  

• Effectiveness: the algorithms were assessed on their true positive, true negative, 

false positive and false negative rates. True positives and false negatives were 

defined by the presence of a distracting task, while true negatives and false 

positives were defined in locations where distraction was not present. 

Annex 5.2 Expert stakeholder engagement 

To gather information on current ADR systems, TRL engaged with 14 stakeholders, 

including Euro NCAP.  

The main finding from the engagements was that the technology to monitor the driver’s 

eyes, head and/or facial feature(s) exists (Tier 1 suppliers). However, the integration of 

this technology with other components (i.e. hardware and software) to create a reliable 

and robust ADR system has been highlighted as a challenge by OEMs, resulting in many 

ADR systems still being in development (i.e. undesirable amount of false-positive and false-

negative alerts by the system).    

The key findings regarding the function, validation, effectiveness and HMI of ADR systems 

are detailed below. 

Annex 5.2.1 ADR system function 

• All systems monitored the driver’s eyes, head and/or facial feature(s) using a 

driver-facing camera-based system 

• All stakeholders had developed a system that was capable of monitoring visual 

distraction and at least one other human factor (e.g. driver drowsiness, 

microsleeps, other types of distraction etc.) 

• Each system used a minimum of one visual behaviour indicator and one metric to 

assess the driver’s visual attentive state.   

• The visual behaviour indicators used to assess the driver’s visual attentive state 

included:  

o Eye movement to directly determine eye gaze direction  

o Head movement to indirectly assess eye gaze direction 

o Facial feature(s) movement to indirectly assess eye gaze direction  

• Some systems used one metric to determine the visual attentive state of the driver, 

whilst others used multiple metrics to determine this. The following metrics were 

identified: 

o Glance duration 

o Glance frequency 

o TEOR 
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• Some systems incorporated secondary metrics into their algorithm. These can be 

characterised into two groups: vehicle control metrics (e.g. indicators) and external 

environmental metrics (e.g. time of day). These stakeholders suggested that the 

additional metrics were used to make the system more robust. 

• All systems had at least two Areas of Interest (AoI) defined. The way in which these 

were defined varied amongst systems, where two main system types were 

identified:  

o Simple system16: Forward Field of View (FoV) and Distracted FoV (i.e. eyes 

on the road versus eyes off the road) 

o Complex system: FoV relevant for driving and FoV not relevant for driving, 

where the FoV relevant and not relevant for the driving task consisted of 

multiple AoI (e.g. Forward FoV, mirrors, instrument cluster, passenger 

window, nearside windscreen, centre console etc.). The amount of AoI varied 

between systems. In some systems, certain AoIs were determined as 

relevant or not relevant in real-time using information from secondary 

metrics (e.g. gazing out of the passenger window whilst the indicator is on) 

• The Forward FOV size ranged from 15 degrees eccentricity17 (known as central 

vision) when gazing straight ahead at the forward road scene to the entire length 

and breadth of the windscreen. For the majority of systems, the forward field of 

view size was dependent on vehicle speed, where the size was smaller when 

travelling at high speeds compared to when travelling at low speeds.   

• All systems had at least one trigger behaviour. Three were identified: 

o Driver’s glance duration to a target outside of the Forward FoV or FoV 

relevant for driving exceeds the glance duration threshold of the system 

o Driver’s glance frequency to a target outside the Forward FoV or FoV relevant 

for driving exceeding the glance frequency threshold of the system 

o Driver glances for a period of time and/or frequently to a target outside of 

the Forward FoV or FoV relevant for driving exceeding the TEOR threshold 

of the system   

• There was no consistency amongst stakeholders on the visual distraction thresholds 

used. For example, OEMs used different glance duration thresholds to determine 

whether the driver was distracted or not. For some systems, the thresholds were 

dependent on the AoI (i.e. definition and location). Tier 1 suppliers provided little 

information on the thresholds due to the fact that the thresholds are determined by 

the OEMs (i.e. system is configurable)    

• Some stakeholders suggested that visual distraction thresholds or system 

sensitivity are dependent on the driving context (i.e. vehicle speed, road type and 

external environment). For example, thresholds would be lower, and sensitivity of 

the system would be higher if driving (at the speed limit) on a busy motorway or 

winding rural road at night compared to driving on an open motorway during the 

day 

• Due to the small number of systems on the market by OEMs, the following 

information could not be obtained: 

 

16 Classification as either “Simple” or “Complex” within this report is not a reflection of TRL’s assessment of the 
competence and robustness of the ADR systems. This is a means of segmenting systems based on the 
number of AoI used to determine the distracted and non-distracted fields of view. It is perfectly feasible for 
a system classified as simple to measure visual distraction more accurately and robustly than one which falls 
under the classification of complex, and vice versa 

17 Degrees of visual angle from the centre of the eye 
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o Activation speed – Driving speed at which the system is active 

o Road type – Roads on which the system will be active (i.e. motorway, rural 

and urban) 

o Activation and deactivation – Conditions when the system will be active and 

whether the driver is able to deactivate the system 

Annex 5.2.2 System validation 

• Of the stakeholders engaged, just over a half had performed some type of validation 

testing.  

• All stakeholders validated their system with user trials (i.e. human participants). 

The method or tools used to determine the effectiveness of the system was 

inconsistent amongst stakeholders. The only common element found amongst 

stakeholders was the testing of the system on real roads with participants 

performing a number of distracting tasks or movements indicative of distracted 

driving behaviour.  

• There was no consistency in the number and demographics of the participants used 

to validate the different systems.  

• There was also no consistency in the number of test conditions assessed.. The 

conditions assessed can be mainly categorised into two groups: environmental 

factors (e.g. time of day, weather, lighting, road type etc.) and occlusion factors 

(e.g. facial hair, mask, make-up, glasses, headwear, hair length and style etc.). 

• The majority of systems were deemed effective at detecting visual distraction if the 

system alerted the driver that they were visually distracted when performing the 

distracting task or movement (i.e. high true positive rate).  

• The majority of systems were deemed reliable and robust if the system did not alert 

the driver that they are visually distracted when not performing a distracting task 

or movement (i.e. low false positive rate). 

Annex 5.2.3 System effectiveness 

• All OEMs reported that their systems displayed an undesirable number of false 

positive and false negative alerts. Some of the factors contributing to this included: 

o Lack of experience with the technology 

o Understanding eye glance behaviour of a distracted driver    

o Uncertainty surrounding visual distraction thresholds 

o The challenge in defining or determining whether an AoI is relevant or not 

relevant for driving, and/or  

o Limitations of the system/technology in detecting the eyes, head and/or 

facial feature(s) 

Annex 5.2.4 A few stakeholders reported no system limitations, whereas others 

reported one or more limitations. There was no consistency amongst the 

stakeholders regarding the number and type of factors negatively 

affecting the effectiveness of their system. Some of the factors 

mentioned included: eye shape, glasses, sunglasses, facial hair, masks, 

hair length and style, headwear, eye make-up, lighting conditions, time 

of day and weather conditions.   Human Machine Interface 

There was not a lot of information obtained about the Human Machine Interface (HMI) of 

ADR systems due to 1) Tier 1 suppliers not developing these and 2) the number of systems 

still in development or not yet developed by OEMs.  
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From the engagements, it can be reported that drivers are or will be presented with at 

least a visual alert when distracted. Some stakeholders suggested presenting the driver 

with both a visual and auditory alert. Stakeholders gave different opinions regarding the 

behaviour of repeated alerts, with some suggesting keeping it the same as the initial alert 

and others suggesting cascade or escalate the alert.  

The majority of systems alert (or will alert) the driver that they are visually distracted when 

they exceed the visual distraction threshold(s) of the system. For example: when gazing 

at the area(s) not relevant for driving for a certain duration (glance duration threshold), 

the system would alert the driver that they are visually distracted.  

Annex 5.2.5 Euro NCAP 

Euro NCAP states that the technology for ADR systems exists and is robust (i.e. Tier 1 and 

Tier 2 suppliers), but that OEMs are in the early stages of implementation of these systems. 

Challenges for implementation are: 

1. What to do with the information that the system outputs 

2. How to handle this information 

3. What thresholds to use 

4. What the warning and/or intervention strategy should be 

This is mainly due to the lack of experience with the technology and due to a lot different 

strategies an OEM can take. Moreover, Euro NCAP stated that OEMs do not want an 

aggressive or annoying system, because this would reduce customer experience and may 

cause distraction instead of preventing it. Instead, they only want to be engaging with the 

driver when they are at risk of potentially having a collision. Euro NCAP will implement the 

assessment of these systems in 2023 and is currently working on the requirements 

together with Tiers and OEMs. Euro NCAP also suggests that OEMs are given more time, 

potentially two more years, to become familiar with these systems in Euro NCAP before 

they become regulated. 

Annex 5.2.6 Future developments of ADR 

As many of these systems are still in-development, all information acquired on the future 

developments of these systems cannot be reported. 
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EXECUTIVE SUMMARY 

Introduction 

Driver Availability Monitoring Systems (DAMS) are part of an automated driving system 

(SAE Level 3 and 4) and are used to ensure that the driver is able to take over control of 

the vehicle from the automated mode. Specifically, the system must be capable of 

monitoring the driver to ensure that they are available, ready, willing and able to take back 

control from automated mode safely and, interact with and alert the driver when needed. 

The aim of this study is to perform a gap analysis comparing the capabilities of Advanced 

Distraction Recognition (ADR) systems with the requirements of DAMS to identify 

additional elements that are not addressed by ADR systems, but which will be a 

requirement of DAMS. The results from the gap analysis will be used to support the 

European Commission in the development of requirements and a test procedure for driver 

monitoring systems. 

Approach 

The following tasks were undertaken to allow TRL to identify what the requirements of 

DAMS are, and which of these requirements are not addressed by ADR systems: 

1. Understanding the role of the driver: This task aimed to understand the different 

levels of automation and the role of the driver proposed by the SAE. 

2. Stakeholder engagements: TRL engaged with industry stakeholders to gather 

information on the potential requirements of DAMS, and the current capabilities of 

ADR systems. 

3. Establishment of the DAMS requirements: This task identified the potential human 

states that need to be monitored by DAMS to ensure the driver is available, willing, 

able and ready to take back control from automated mode safely. 

4. Gap analysis: This task involved comparing the requirements of DAMS with the 

capabilities of ADR systems to identify the technological gaps between the two 

systems. 

DAMS requirements 

TRL established the three following requirements for DAMS (i.e. human states that need 

to be monitored by the system): 

• Driver Presence: The system must be able to determine whether the driver is seated 

in the driving seat 

• Wakefulness: The system must be able to determine whether the driver is 

sufficiently alert to perform the driving task 

• Attentiveness: The system must be able to determine whether the driver is ready 

and willing to take back control of the vehicle from automated mode 

Gap analysis 

Below highlights the main gaps identified between the two systems: 

• The objective of the systems, and hence design, are considerably different. 

• ADR systems are required to monitor Visual Attention, whereas DAMS is envisaged 

to monitor Driver Presence, Wakefulness and Attentiveness. 

• ADR systems do not monitor the following metrics, which are envisaged to be 

monitored by DAMS:  

o Head, face and/or body position 

o Driver seat metrics (e.g. seat pressure or seatbelt) 

o Eye lid behaviour 

o Haptic feedback 
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o Head, face and/or body behaviour (only if sudden sickness is a minimum 

requirement) 

• For DAMS the driver is expected to provide feedback in certain situations, which is 

not the case for ADR systems 

• HMI: 

o The level of interaction required for the HMI of DAMS (i.e. two-way 

communication) is considerably higher than that of the HMI of ADR systems 

(i.e. one-way communication).    

o The HMI of DAMS will likely require several types of warnings and alerts, 

which is not the case for the HMI of ADR systems. 

• The trigger behaviours for DAMS and ADR systems are different; therefore, the 

testing protocols will also be different. 
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INTRODUCTION 

Driver alertness and attention are key to safe driving, ensuring that drivers are able to 

perceive and react appropriately to the ever-changing road environment around them. 

Thus, the impairment of either of these factors negatively affects road safety. 

• The European Commission estimates between 10% and 30% of crashes in Europe 

are caused by road user distraction and NHTSA estimates that driver distraction 

may contribute to 16% of all fatal collisions, 21% of all injurious collisions and 22% 

of all collision in the US (European Commission, 2019;NHTSA, 2009).  

• The European Commission estimates that fatigue is involved in 10-25% of all 

crashes in Europe and the National Highway Traffic Safety Administration (NHTSA) 

estimates drowsiness to be a contributory factor in 20% of all crashes in the US 

(European Commission, 2019;NHTSA, 2009). 

• These figures may be underestimates due to the challenge in determining 

contributory factors after a crash has occurred (Kinnear and Stevens, 2015). 

Driving automation is categorised by the Society of Automotive Engineers (SAE) in six 

levels from Level 0; completely manual driving, through to Level 5; completely automated 

driving (SAE:J3016, 2018). As driving automation in commercial vehicles develops and 

advanced driving systems (SAE Level and SAE Level 4) become more common, drivers 

may start to become less engaged with the driving task which increases the risk of 

drowsiness and inattention (Cunningham and Regan, 2017). This is known as becoming 

out-of-the-loop (OOTL), defined as “a lack of awareness specifically linked to the 

automation system itself which arises from a lack of physical control” (Endsley, 1995). 

Neither Level 3 nor Level 4 automated driving systems are completely automated; meaning 

procedures need to be put in place to hand control of the vehicle back to the human driver 

from automated mode. For these transitions of control to occur safely and efficiently, the 

system must be able to determine whether the driver is available, ready, willing and able 

to retake control of the vehicle safely. 

TRL have been tasked by the European Commission to support in the development of 

requirements and a test procedure for Driver Availability Monitoring Systems (DAMS) for 

Automated Vehicles (Huysamen and Pistak, 2020). DAMS are part of automated driving 

systems (SAE Level 3 and 4) and are used to ensure that the driver is safely able to take 

over control of the vehicle from the automated driving function. Specifically, the 

requirements and test procedure must validate that systems are capable of monitoring the 

driver to ensure that they are available, ready, willing and able to take back control from 

automated mode safely and interact with and alert the driver when needed. 

The aim of this task is to perform a gap analysis comparing the capabilities of Advanced 

Distraction Recognition (ADR) systems with the requirements of DAMS to identify 

additional elements that are not addressed by ADR systems, but which will be a 

requirement of DAMS.  

Advanced Distraction Recognition  

TRL have undertaken a separate project for the European Commission scoping the current 

state and functionality of ADR systems. ADR systems assist the driver at keeping their 

attention to the traffic situation and warning the driver when visually distracted. The output 

from this project was a preliminary list of technical items that should be covered with 

requirements and tests in the future ADR technical annex. The preliminary list along with 

the approach and findings, specifically for the stakeholder engagements, is documented in 

Huysamen and Pistak (2020). 
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METHOD  

The following tasks were undertaken to allow TRL to identify what the potential 

requirements of DAMS are, and which of these requirements are not addressed by ADR 

systems; identifying the current technological gaps to assist in the development of a 

regulation for these types of systems. 

1. Understanding the role of the driver proposed by the SAE 

2. Stakeholder engagements  

3. Establishment of DAMS requirements 

4. Gap analysis 

Understanding the role of the driver 

This project focuses on DAMS for SAE Level 3 and 4 Automated Vehicles. The SAE J3016 

document: ‘Taxonomy and Definition for Terms Related to Driving Automation Systems for 

On-Road Motor Vehicles’ defines the SAE different levels of automation and what they 

perceive the role of the driver to be when each of these levels are engaged. TRL used this 

document to understand the role of the driver proposed by the SAE and to assist in the 

establishment of the proposed DAMS requirements.  

For the purpose of this project, only the SAE J3016 document was utilised to understand 

the role of the driver when the ADS is engaged for the different levels of automation. It 

should be noted that the guidelines proposed by the SAE is only one way of defining the 

levels of automation and the role of the driver. Other existing guidelines will be reviewed 

in a follow-on piece of work for the European Commission that aims to develop a draft 

technical annex for DAMS and will be used to further develop and refine the requirements 

proposed in this project. 

Stakeholder engagements 

TRL engaged with industry stakeholders, including Euro NCAP, to gather information on 

the potential requirements and capabilities of DAMS, and the current capabilities of ADR 

systems currently in development or on the market by OEMs and Tier 1 suppliers. 

Stakeholders were individually approached to take part in this research. The engagements 

were conducted face-to-face or via teleconferencing. The engagements followed a 

standardised structure using a standardised interview topic guide (0). The information 

gathered was used to assist in the establishment of DAMS requirements and used to 

identify the technological gaps between DAMS and ADR systems. 

Establishment of the DAMS requirements  

The requirements of DAMS mainly refer to the human states that need to be monitored by 

the system to ensure the driver is available, willing, able and ready to take back control 

from automated mode safely. The establishment of these states is key to the development 

of a regulation for these types of systems (i.e. requirements and test procedures 

dependent on these states). The proposed requirements were established by collating and 

analysing the information gathered from 1) the SAE J3016 document on the level of 

automation and the role of the driver, and 2) the DAMS stakeholder engagement.  

The DAMS requirements established in this project should be deemed as potential 

requirements (i.e. subject to change). This is due to the requirements being solely based 

on the SAE’s guidance and that these types of systems are still in their infancy; meaning 

that with further research and technological advancements the established requirements 

may need to change. 
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Gap analysis 

This task involved comparing the potential requirements of DAMS with the capabilities of 

ADR systems. The main similarities and differences were captured in tabular format, where 

the technological gaps between the two systems were identified and discussed further. 
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RESULTS 

SAE J3016 summary 

SAE definitions 

Below are definitions proposed by the SAE in relation to the levels of automation and the 

role of the driver (SAE:J3016, 2018). For consistency, these terms will be used throughout 

the report: 

• Automated Driving System (ADS): The hardware and software that are collectively 

capable of performing part or all of the DDT on a sustained basis for Level 3-5 

systems. 

• DDT fallback: The response by either the user to perform the DDT or achieve a 

minimal risk condition after occurrence of a DDT performance-relevant system 

failure (s) or upon ODD exit, or the response by an ADS to achieve minimal risk 

condition, given the same circumstance. 

• Dynamic Driving Task (DDT): All of the real-time operational and tactical functions 

required to operate a vehicle in on-road traffic, excluding the strategic functions 

such as trip scheduling and selection of destinations and waypoints, and including 

without limitation: object and event detection, recognition, and classification; object 

and event response; manoeuvre planning; steering, turning, lane keeping, and lane 

changing, including providing the appropriate signal for the lane change or turn 

manoeuvre; and acceleration and deceleration etc. 

• Object and Event Detection Response (OEDR): The subtasks of the DDT that include 

monitoring the driving environment (detecting, recognizing and classifying objects 

and events and preparing to respond as needed) and executing an appropriate 

response to such objects and events (i.e., as needed to complete the DDT and/or 

DDT fallback). 

• Operational Design Domain (ODD): Operating conditions under which a given 

driving automation system or feature thereof is specifically designed to function, 

including, but not limited to, environmental, geographical, and time-of-day 

restrictions, and/or the requisite presence or absence of certain traffic or roadway 

characteristics. 

Levels of Automation defined by the SAE 

The SAE defines six levels of driving automation for motor vehicles and their operation on 

roadways (0) (SAE:J3016, 2018). These levels range from no driving automation (Level 0 

– conventional vehicle) to full driving automation (Level 5 – fully automated vehicle). These 

levels are defined by reference to the specific role played by each of the three primary 

actors: the user (i.e. driver/human), the driving automation system, and other vehicle 

systems and components. 

The role of the driver defined by the SAE 

The aim of this section of the report is to understand the role of the driver defined by the 

SAE when the ADS is engaged for Level 3 and 4 Automated Vehicles. This will assist in 

determining what human behaviours or states the DAMS for these levels of driving 

automation needs to be monitoring. 0 summarises the SAE defined role of the user and 

ADS for Level 3 and Level 4 Automated Vehicles (SAE:J3016, 2018). 

For Level 3, the SAE states that the driver should be available throughout the Dynamic 

Driving Task (DDT) so that they are able to perform a DDT fallback at any given time, as 

well as achieve a minimal risk condition, if necessary. The DDT fallback may occur if the 

ADS reaches its Operational Design Domain (ODD) limits or if there is a performance-

relevant system failure of the ADS. The ADS may not be monitoring all possible DDT 
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performance-relevant system failures (e.g. broken tie rod), therefore, the driver is also 

expected to be receptive to these incidents and, on occurrence, perform a DDT fallback in 

a timely manner (i.e. driver disengages the ADS and takes control of the vehicle). 

According to the SAE, in this situation, the driver is made aware of these vehicle 

malfunctions by kinesthetic feedback: “For Level 3 ADS features, the human fallback-ready 

user is expected to respond to … a kinaesthetically-apparent vehicle failure by either 

resuming manual driving if the vehicle remains drivable, or by achieving a minimal risk 

condition if the vehicle is not driveable”, meaning the driver does not need to be visually 

aware of the incident.  

For Level 4, the SAE states that the driver is not expected to be available throughout the 

DDT when the ADS is engaged, as the ADS is able to perform the DDT fallback and 

automatically transition to a minimal risk condition. The system may request for the driver 

to intervene, requesting the driver to take control of the vehicle and to resume the DDT. 

If the driver does not respond to the request, the system will continue to function and take 

the appropriate action automatically. The request for intervention may occur when the 

system is reaching its ODD limits. For example, if the system is designed to only function 

on motorways, the system will request the driver to intervene when approaching the 

junction exit of the motorway. If the driver does not respond to the request, the system 

will perform the DDT fallback and achieve a minimal risk condition. Unlike Level 3, if the 

driver wishes to disengage the Level 4 ADS, the system may delay driver-requested 

disengagement. It should be noted that the driver is allowed to perform the DDT fallback 

if they would like to.   

According to the SAE, the main difference between the roles of the human for Level 3 and 

4 automated vehicles is that when the ADS is engaged for Level 3, the driver becomes the 

DDT fallback-ready user, whereas for Level 4, the driver becomes the passenger. This is 

due to the automated DDT fallback and minimal risk condition achievement capabilities of 

Level 4 ADS, meaning that when a Level 4 ADS is engaged, the driver does not need to be 

available to take over control of the vehicle, which is required when a Level 3 ADS is 

engaged.  

Stakeholder engagements 

Advanced Distraction Recognition 

The findings for the ADR stakeholder engagement is detailed in Huysamen and Pistak 

(2020).   

Driver Availability Monitoring Systems 

To gather information on current and future DAMS, TRL engaged with 13 stakeholders, 

including 6 OEMs and 7 Tier 1 suppliers. From these, one has a system on the market, 

eight have a system in-development and four have not yet developed a system.  

The key findings regarding the functionality, validation testing and HMI of DAMS are 

detailed below. 

System functionality  

• The majority of stakeholders are still developing their DAMS, with many still in the 

early stages of the product development lifecycle. 

• The human states being monitored by the systems can be broadly categorised into 

Driver Presence, Availability, Attentiveness and Sudden Sickness. All systems 

monitored at least two of these states. 

o Driver Presence – assessing whether the driver is or is not seated in the 

drivers’ seat. Commonly determined by monitoring the driver’s head, face 

and/or body, as well as a driver seat metric (e.g. seat-belt or seat pressure). 
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o Availability – assessing whether the driver is or is not available to perform 

the driving task (i.e. awake or asleep). Commonly determined by monitoring 

the driver’s eyelid behaviour. 

o Attentiveness – assessing whether the driver is or is not attentive to the 

driving task during the handover of control. Commonly determined by 

monitoring the driver’s gaze direction and some form of haptic feedback 

(e.g. eyes on the road and both hands on steering wheel).  

o Sudden sickness – assessing whether the driver is displaying abnormal 

behaviour indicative of ill health. Commonly determined by monitoring the 

driver’s head, face, body and/or eye behaviour. 

• For all stakeholders, these states were monitored predominately by a driver-facing 

camera.  

• A few stakeholders suggested that the driver’s cognitive attention (i.e. cognitive 

distraction) should also be monitored by the system to determine whether the driver 

is available and attentive to resume the driving task; however, this is not currently 

possible due to the difficulty in measuring and assessing cognitive attention.  

• Some of the systems required the driver to provide feedback to a warning from the 

system. This was commonly done through a vehicle control input such as interacting 

with the steering wheel (e.g. pushing a button or placing both hands on the steering 

wheel) or applying pressure to a pedal. 

• The most commonly reported limitation was a system’s inability to detect the head, 

face or eyes due to occlusion. The number and types of factor causing the occlusion 

differed amongst stakeholders. These included glasses, eye shape, eye squinting, 

masks, headwear, facial hair, make-up, large head rotations, lighting conditions, 

time of day and weather etc. 

• The majority of stakeholders expressed the need for more robust and specified 

definitions of the different levels of automation, specifically the role of the human 

when automated mode is activated and when transitioning from automated to 

manual control.  

Validation testing 

• Of the stakeholders engaged, a few had performed some type of validation testing, 

whilst the others had not performed any; mainly because the system was not yet 

at that stage in the development lifecycle. 

• There was inconsistency in the method and tools used to determine the 

effectiveness of a system. One consistency was the use of user trials to validate the 

system (i.e. human participants). Stakeholders suggested using a simulator, roads 

(i.e. test track, private roads, real roads etc.) or a combination of the two to validate 

systems.  

• It was suggested that the number of validation tests is dependent on the number 

of human states being monitored by the system (i.e. four states results in four test 

protocols). 

• Limited information was provided on the number and demographics of participants, 

as well as the number of factors or conditioned assessed (e.g. time of day, weather, 

road type, occlusion factors etc.). 

HMI 

There was not a lot of information obtained about the Human Machine Interface (HMI) of 

DAMS due to the number of systems still in development or not yet developed by OEMs 

(Tier 1 suppliers do not provide the HMI). The majority of the stakeholders expressed that 

the HMI of DAMS is very important. This was mainly due to the high degree of interaction 
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required with the driver. It was reported that the level of interaction, and hence warning 

type, is dependent on the information being provided to the driver; ranging from unimodal1 

to multimodal2 warnings. Some stakeholders suggested that in certain situations, the 

warning presented to the driver should have cascading abilities (e.g. when the driver does 

not respond or react appropriately). The HMI was commonly expected to be situated in the 

instrument panel and/or steering column.  

Euro NCAP 

Euro NCAP stated that the system should only give back manual control of the vehicle to 

the driver if they are confirmed to be conscious. Euro NCAP believes that the system must 

1) be able to determine whether the driver is available to take back control and 2) allow 

the driver to provide feedback; for example, by pushing on a pedal(s) or holding the 

steering wheel. Euro NCAP suggested that a minimal risk condition should not allow the 

vehicle to come to a complete stop in the lane, but rather reduce the driving speed or 

manoeuvre the vehicle off the road (i.e. hard shoulder), because being stationary in a 

moving lane is dangerous (i.e. other vehicles may not stop in time, especially at night). 

 

1 Unimodal warning: Consists of one type of signal (e.g. only a visual warning) 

2 Multimodal warning: Consists of more than one type of signal from the visual, haptic and auditory modalities 



 DDR Second Interim Report 

 

 

 

March 2021  711 
 

DISCUSSION 

ADR systems are to be implemented into conventional vehicles and are designed to alert 

the driver when they are visually distracted, whereas DAMS are to be implemented into 

Level 3 and 4 Automated Vehicles and designed to determine whether a driver is available, 

ready, willing and able to take back control of the vehicle from automated mode safely. 

This study aims to compare the capabilities of ADR systems with the requirements of DAMS 

to identify additional elements not addressed by ADR systems, but which will be a 

requirement for DAMS. 

DAMS definitions and guidance 

The stakeholders expressed that there needs to be more robust and specified definitions 

of the levels of automation, particularly surrounding the role and acceptable state of the 

human during ADS engagement and when transitioning from automated mode to manual 

control. TRL agrees with these statements and recommends the following: 

• The levels of automation or the way in which ADS are defined, as well as the role 

of the driver when the ADS is engaged, need to be specified and standardised 

across industry. Currently, there is no standard way of defining these, which has 

resulted in a lack of consensus on how to define and design these types of systems. 

This study used the SAEs defined levels of automation and role of the user to assist 

with the establishment of the DAMS requirements. However, there are other 

guidance documents available which may define these aspects differently and may 

result in contradicting requirements. These documents will be reviewed in the 

follow-on piece of work for the European Commission to understand the impact of 

these differing views on the establishment of a draft technical annex for DAMS.         

• The acceptable and unacceptable states that the driver can be in when a Level 3 

and 4 ADS is engaged needs to be specified. There is currently no consensus on 

this and depending on the guidance documents or industry (e.g. academia or OEM), 

opinions on this topic differ. These states dictate what the DAMS should be 

monitoring (i.e. DAMS requirements), which is imperative for the creation of a 

regulation for these types of systems, as well as ensuring that manufacturers 

design an appropriate and safety critical system.   

• Guidance is needed on what an available, ready, willing and able driver looks or 

behaves like. This is currently not clear resulting in different interpretation and 

opinions, which means that systems have been designed differently, making the 

creation of a technology neutral regulation challenging. Moreover, it is unknown 

whether the interpretation by manufacturers is appropriate with regards to road 

safety. Thus, defining these, along with the acceptable and unacceptable driver 

states, will ensure systems are interpreting the drivers state correctly which in turn 

enhances road safety.   

• Whether the human is able to perform secondary tasks whilst a Level 3 and 4 ADS 

is engaged needs to be specified, including what are the acceptable and 

unacceptable secondary task for the different levels of automation. Currently this 

is not defined and depending on the industry, opinions differ. It is imperative to 

know whether this is allowed, as it dictates what the driver is allowed to be doing, 

and hence what should be monitored by the DAMS. 

Human states to be monitored by DAMS 

TRL identified three human states that should be monitored by a DAMS of Level 3 and 4 

Automated Vehicles:  

1. Driver Presence: The driver’s presence in the driver’s seat  

2. Wakefulness: The driver’s state of consciousness  
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3. Attentiveness: The driver’s state of attention and readiness to resume the driving 

task 

Monitoring these three states indirectly infers whether the driver is available, ready, willing 

and able to take back control of the vehicle safely from automated mode. For example, 

monitoring driver presence and wakefulness indirectly infers whether the driver is 

available, whereas monitoring driver attentiveness indirectly infers whether the driver is 

ready and willing to take back control of the vehicle. An assessment of all three states can 

be used to determine whether the driver is able to take back control or not.  

Each of these states are discussed in more detail below highlighting the differences 

between Level 3 and 4, as well as highlighting the areas of uncertainty, where further 

clarification and research is needed.  

The states identified in this study are subject to change or be expanded on with additional 

sources of information, stakeholder engagements, future research and technological 

developments. 

Driver Presence 

In order to engage a Level 3 and 4 ADS, the driver needs to be seated in the driver’s seat. 

Due to road safety rules, the driver is not allowed to remove themselves from this position 

throughout the duration of the DDT. Therefore, driver presence should be continuously 

monitored throughout the duration of Level 3 and 4 ADS engagement. If the driver is not 

detected, depending on the reason (e.g. sensor or system failure versus the driver 

removing themselves from the driver seat), the system should take appropriate action (i.e. 

intervention request, minimal risk condition or automated DDT-fallback etc.).      

Wakefulness 

It is well established that a drowsy driver is unable to drive a vehicle safely (e.g. slower 

steering responses, increased variation in lane position, reduced reaction time, decreased 

awareness to safety-critical tasks and impaired visual awareness etc.) and the driving 

behaviours characteristic of a drowsy driver become worse as the driver’s level of 

drowsiness increases. The only way in which the driver can recover from this state is by 

sleeping or taking a break from the driving task. This is evident with the work TRL 

supported the European Commission with on Driver Drowsiness and Attention Warning 

(DDAW) systems (Huysamen and Pistak, 2020). These systems are designed to alert the 

driver before they reach a level of drowsiness which is unsafe for driving, encouraging the 

driver to take a break before they reach an unsafe level or fall asleep. 

Taking the negative impact of drowsiness on human performance and road safety under 

consideration, it is recommended that if a driver’s alertness is significantly impaired (i.e. 

in an unsafe driving state), they should not be able to take back manual control of an 

automated vehicle. For example, if a driver is allowed to fall asleep in a Level 3 Automated 

Vehicle, and is unexpectedly woken up to an intervention request, the driver will probably 

be able to respond to this request, but will likely exhibit dangerous drowsy driving 

behaviours or may even may fall asleep again, placing themselves and other road users at 

risk.  

For a Level 3 DAMS, the driver is expected to be available and able to take back control of 

the vehicle from automated mode at any point during the DDT. This means that throughout 

the duration of the DDT the driver’s level of drowsiness must be within safe driving limits. 

In order to determine this, the DAMS needs to be continuously monitoring the driver’s level 

of drowsiness and should only hand back control if the driver is deemed to be at a 

drowsiness level which is safe for driving (i.e. the driver’s level of drowsiness should be 

below a yet-to-be-determined drowsiness threshold).  

As Level 3 ADS is reliant on the driver’s availability, the driver must be sufficiently alert to 

perform the DDT throughout the engagement of the ADS. Therefore, the ADS should hand 

back control of the vehicle to the driver before they exceed a drowsiness level which is 
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unsafe for driving. For example, if the driver is approaching a yet-to-be-determined 

drowsiness threshold, the ADS should inform the driver that they are approaching this 

threshold and will need to take back control of the vehicle. After this, the soon-to-be 

regulated DDAW system, which will be activated once control is handed back to the driver, 

will continue to monitor the driver’s drowsiness state and, will detect and inform the driver 

that they are drowsy, encouraging them to take a break. 

For a Level 4 Automated Vehicle, the driver is not required to be receptive to the DDT when 

the ADS is engaged due to the automated fallback and automated minimal risk condition 

features of the system. This suggests that when the ADS is engaged the driver is not 

required to be alert. In saying that, the system may send a request to the driver to 

intervene or the driver may choose to disengage the system. To ensure safety, the driver 

should not be sent a request to intervene if they are deemed too drowsy to drive the vehicle 

safely. For example, if the driver was sleeping and was woken up by the intervention 

request, and chooses to intervene, they will be placing themselves and other at risk of 

having an accident due to their unsafe driving state. With regards to manual 

disengagement, according to the SAE, the system can delay a disengagement request by 

the driver. TRL believes that if the system deems the driver to be too drowsy to drive 

safely, the system should delay the disengagement until the driver’s drowsiness level is 

back within safe limits.  

Therefore, drowsiness should also be continuously monitored throughout the DDT for a 

Level 4 Automated Vehicle when the ADS is engaged. It is recommended that the driver is 

warned by the DAMS when they are approaching the yet-to-be determined drowsiness 

threshold stating that if they exceed this threshold, they will not be able to take back 

control of the vehicle until their drowsiness level has been reduced to a safe level. Also, 

the ADS should be able to determine when it will be reaching its ODD limits and provide 

the driver with sufficient amount of warning about this for them to prepare appropriately. 

For example, if the ADS is designed for motorway use only, it can predict via the navigation 

system when the motorway is coming to an end and provide the driver with a warning 

about this, especially if the driver has fallen asleep. The problem with this scenario is that 

if 1) the driver does not wake up to the alert or 2) the system does not provide the driver 

with enough time for their drowsiness to return to a safe level, the system will initiate an 

automated fallback and conduct a minimal risk condition, which will bring the vehicle to a 

stop in the hard shoulder. 

With regards to activation of a Level 3 ADS, the driver should only be able to activate or 

reactivate the system if they are deemed to be below the yet-to-be-determined drowsiness 

threshold. This, for example, can be monitored by the vehicle’s DDAW system, which will 

be implemented in all newly manufactured vehicles in the Europe from 2024. This is not 

the case for a Level 4 ADS, so long as the driver is not handed back control of the vehicle 

when their alertness is significantly impaired. 

Attentiveness 

For Level 3 Automated Vehicles, there is uncertainty with regards to the driver’s level of 

visual attention when the ADS is engaged. The system may request the driver to intervene 

at any point in time; thus, it could be argued that the driver should always be visually 

attentive to the DDT, meaning the driver is unable to perform a secondary activity. 

However, this is dependent on the transition time between the intervention request and 

resuming manual control of the vehicle, as well as whether the system is able to determine 

whether the driver has completely reverted their attention from the secondary activity to 

the DDT (i.e. hands are on the steering wheel, objects have been completely removed from 

the driver’s seat, eyes directed to the DDT etc.).  

Another area of uncertainty surrounds the driver’s receptiveness to system failures not 

being monitored by the ADS. This could be interpreted that the driver needs to be visually 

attentive throughout the DDT to ensure these system failures are observed and that 

appropriate action is taken in a timely and safe manner. Again, this would mean the driver 

is unable to perform a secondary activity. However, the SAE’s definition of receptiveness 
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in this scenario, is detecting these failures by kinaesthetic feedback. This means that the 

driver needs to be physically aware of significant changes in their body’s position or 

movement, rather than being visually aware of the system failure. If this is the case, the 

driver is able to perform a secondary task so long as the task does not require significant 

human movement, as this will impair the driver’s physical awareness and they may not 

feel the changes in the vehicle movement caused by the system failure. Whether or not 

this is acceptable with regards to road safety is unknown, and further research should be 

conducted to determine whether a driver is able to feel changes in the vehicle’s movement 

due to a system failure whilst performing a secondary task requiring predominately visual 

and cognitive attention. It should be noted that most secondary tasks will require some 

sort of human movement, therefore the acceptable amount of movement should also be 

investigated. 

For both Level 3 and 4 Automated Vehicles, the driver needs to be deemed attentive (i.e. 

ready) in order for the system to hand back control to the driver. In this situation, this 

means that the driver needs to be in a driving readiness state to resume the DDT. If they 

are not, this may result in a collision or cause the driver to experience unnecessary anxiety 

or stress. For example, if the driver is not ready to resume the driving task and is handed 

back control of the vehicle, the driver may not be able to perform the driving task or react 

appropriately to an unexpected event such as a vehicle abruptly manoeuvring into their 

driving lane. It is challenging to determine whether a driver is ready without direct 

communication with or observation of the driver by another human. In saying that, there 

are some human behaviours which can be used to indirectly determine this state. For 

example, for a driver to drive safely, they need be visually aware of the driving and road 

environment, have both their hands on the steering wheel and, depending on the vehicle 

or activated mode (i.e. cruise control), have one foot on the accelerator/brake pedal. From 

the stakeholder engagements, attentiveness was determined by similar metrics: driver 

needs to be visually attentive to the driving task and provide some form of haptic feedback 

such as having both their hands on the steering wheel. At a minimum, TRL believes that 

the DAMS should monitor the driver’s visual attentive state and the driver’s hands on the 

steering wheel to determine the driver is attentiveness state. It should be noted that it is 

assumed that if the driver is visually attentive to the driving task and has both their hands 

on the steering wheel, they are ready to take back control of the vehicle. However, caution 

should be taken as these two factors do not mean the driver is positioned correctly in the 

driving seat and has their feet on the pedals etc. 

DAMS requirements 

Based on the suggested human states to be monitored by a DAMS, TRL proposes the three 

following DAMS requirements: 

1. The system must be able to determine whether the driver is seated in the driving 

seat: Driver Presence   

2. The system must be able to determine whether the driver is sufficiently alert to 

perform the driving task: Wakefulness 

3. The system must be able to determine whether the driver is ready and willing to 

take back control of the vehicle: Attentiveness 

Some stakeholders also monitored sudden sickness. TRL were unable to determine whether 

sudden sickness should or should not be a minimum requirement for DAMS. The reason 

for this is that sudden sickness is not currently being monitored by conventional vehicles. 

Also, it may be assumed that if someone falls seriously ill whilst the ADS is engaged (e.g. 

unconscious), the system would detect them as being unavailable and perform a minimum 

risk condition (i.e. the driver would be unresponsive or will not respond appropriately). 

There was also no indication in the SAE J3016 stating that the driver needs to be of good 

health whilst the ADS is engaged.   



 DDR Second Interim Report 

 

 

 

March 2021  715 
 

Gap analysis 

TRL performed a gap analysis comparing the capabilities of an ADR system to those needed 

for DAMS. The gap analysis can be found in 0. The bullets below highlight the main gaps 

identified between the two systems: 

• Objective: The purpose, vehicle type and context of use is different for ADR systems 

and DAMS. Thus, even though there is partial overlap, the designs of the systems 

are considerably different.  

• Human states and trigger behaviours: ADR systems do not monitor Driver Presence, 

Wakefulness and the haptic feedback required to determine the driver’s 

Attentiveness state (and sudden sickness), as well as the trigger behaviours for 

these states (0: Trigger behaviours). The only overlap is the monitoring of visual 

attention (element of Attentiveness). 

• Metrics: Some of the metrics likely to be monitored by DAMS and not by ADR are 

detailed below. Both systems monitor gaze direction. 

o Head, face and/or body position 

o Driver seat metrics (e.g. seat pressure or seat-belt) 

o Eyelid behaviour 

o Haptic feedback 

o Head, face and/or body behaviour (only if sudden sickness is a minimum 

requirement) 

• Feedback: For DAMS the driver is expected to provide feedback in certain situations, 

which is not the case for ADR systems, as an ADR system does not intervene or 

take action when the driver is deemed to be visually distracted. 

• Human Machine Interface:  

o Level of interaction: The HMI of ADR systems (i.e. one-way communication) 

do not interact with the driver at the same level as required for the HMI of 

DAMS (i.e. two-way communication) 

o Warning type: DAMS systems will likely require several types of warnings 

and alerts, ranging from unimodal to multimodal warnings, which is not the 

case for ADR system (i.e. one bimodal warning)   

• Validation testing: The trigger behaviours of the systems are different, and hence, 

the testing protocols will also be different, where DAMS would likely have three to 

four testing protocols (i.e. Driver Presence, Wakefulness, Attentiveness and 

possibly Sudden Sickness) and ADR will have only one (i.e. Visual Distraction)  
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CONCLUSION 

In order to develop a regulation for DAMS for Level 3 and 4 Automated Vehicles, the 

acceptable human states for each level when the ADS is engaged need to be determined. 

This study aimed at determining these, where the acceptable state was dependent on the 

level of automation. It is recommended that the following states are monitored by a DAMS: 

Driver Presence, Wakefulness and Attentiveness. Monitoring these three states ensures 

the driver is available, ready, willing and able to take back control from Automated Mode 

safely. 

The study also examined the similarities and difference between DAMS and ADR systems 

to identify the technological gaps between the two systems. The two systems have different 

objectives and acceptable human states, and as such there were a large number of 

differences identified ranging from the trigger behaviours and thresholds to the HMI and 

validation testing. From the stakeholder engagements, it was evident that DAMS are still 

in the development phase for the majority of manufacturers and that time is needed for 

them to further develop, refine and validate their systems.    
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DAMS TOPIC GUIDE 

Topics Notes 

DAMS exploration and familiarity: 

Are you familiar with DAMS and their functionalities for Level 3 and 4 automated vehicles?  

Are you developing or are you considering developing DAMS? 

 

The system and its operations (if developing DAMS): 

How far are you in development and how does your system work or aim to work? 

What human factors does your system monitor and why these?  

Do you envisage that your system will alert the driver to either be more attentive or to take back control of the vehicle? 

If yes, how? 

Have you explored ways for the driver to safely take back control of the vehicle? 

Have you encountered any limitations or technological constraints during your developmental process? 

What are the current technological limitations and constraints with DAMS and how can these be overcome i.e. future 

technology enhancements? 

 

DAMS exploration (if not developing DAMS systems): 

What are your thoughts of DAMS? Specifically, do you think technology is sufficiently advanced for the development 

of DAMS? 

What human and/or vehicle behaviours do you think the system needs to monitor?   

How do you think the system should alert the driver to take back control of the vehicle? 

Where the system has identified that the driver is not sufficiently alert to take back control, do you think the system 

should alert the driver to increase their alertness? 

What issues due you think developers of DAMS will encounter i.e. limitations, technical constraints etc. and how would 

you suggest developers to overcome these issues? 

 

Future of DAMS technology: 

Looking to the future, how do you think DAMS technology and systems are going to develop? 

 

 



 

 
 

THE SAE’S SIX LEVELS OF DRIVING AUTOMATION FOR MOTOR VEHICLES AND THEIR OPERATION ON ROADWAYS 

Level Name Narrative definition 

0 No Driving 

Automation 

The performance of the driver of the entire Dynamic Driving Task (DDT), even when enhanced by active safety 

systems. 

1 Driver 

Assistance 

The sustained and operational design domain (ODD) specific execution by a driving automation system of either 

the lateral or the longitudinal vehicle control subtask of the DDT (but not both simultaneously) with the 

expectation that the driver performs the remainder of the DDT. 

2 Partial 

Driving 

Automation 

The sustained and ODD-specific execution by a driving automation system of both the lateral and longitudinal 

vehicle motion control subtasks of the DDT with the expectation that the driver completes the Object and Event 

Detection Response (OEDR) subtask and supervises the driving automation system. 

3 Conditional 

Driving 

Automation 

The sustained and ODD-specific performance by an Automated Driving System (ADS) of the entire DDT with the 

expectation that the DDT fallback- ready user is receptive to ADS-issued requests to intervene, as well as to DDT 

performance-relevant system failures in other vehicle systems, and will respond appropriately. 

4 High Driving 

Automation 

The sustained and ODD-specific performance by an ADS of the entire DDT and DDT fallback without any 

expectation that a user will respond to a request to intervene. 

5 Full Driving 

Automation 

The sustained and unconditional (i.e., not ODD-specific) performance by an ADS of the entire DDT and DDT 

fallback without any expectation that a user will respond to a request to intervene. 
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THE SAE’S DEFINED ROLE OF THE USER AND ADS FOR LEVELS 3 AND 4 

 Level 3 Level 4 

Role 

of 

User 

Driver (while ADS is not engaged): 

• Verifies operational readiness of the ADS-equipped vehicle 

• Determines when engagement of ADS is appropriate  

• Becomes the DDT fallback-ready user when the ADS is 

engaged 

• Verifies operational readiness of the ADS-equipped vehicle 

• Determines whether to engage the ADS 

• Becomes a passenger when the ADS is engaged (only if physically 

present in the vehicle) 

DDT fallback-ready user (while ADS is engaged): 

• Is receptive to a request to intervene and responds by 

performing DDT fallback in a timely manner 

• Is receptive to DDT performance relevant system failures in 

vehicle and, upon occurrence, performs DDT fallback in a 

timely manner 

• Determines whether and how to achieve a minimal risk 

condition 

• Becomes the driver upon requesting disengagement of the ADS 

• Need not perform the DDT or DDT fallback 

• Need not determine whether and how to achieve a minimal risk 

condition 

• May perform the DDT fallback following a request to intervene 

• May request that the ADS disengage and may achieve a minimal 

risk condition after it is disengaged 

• May become the driver after a requested disengagement 

Role 

of 

ADS 

ADS (while not engaged): 

• Permits engagement only within its ODD • Permits engagement only within its ODD 

ADS (while engaged): 

• Performs the entire DDT 

• Determines whether ODD limits are about to be exceeded and, 

if so, issues a timely request to intervene to the DDT fallback-

ready user 

• Determines whether there is a DDT performance-relevant 

system failure of the ADS and, if so, issues a timely request to 

intervene to the DDT fallback-ready user 

• Disengages an appropriate time after issuing a request to 

intervene 

• Disengages immediately upon driver request 

• Performs the entire DDT  

• May issue a timely request to intervene  

• Performs DDT fallback and transitions automatically to a minimal 

risk condition when:  

- A DDT performance-relevant system failure occurs or 

- A user does not respond to a request to intervene or 

- A user requests that it achieve a minimal risk condition 

• Disengages, if appropriate, only after: 

- It achieves a minimal risk condition or 

- A driver is performing the DDT 

• May delay user-requested disengagement 
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COMPARISON OF ADR SYSTEMS AND DAMS: GAP ANALYSIS 

Focus Area ADR DAMS Comments Gap 

Readiness of 

the technology 

Majority of these systems are still in the development stage The readiness state is similar 

between the two systems 

No 

Objective  ADR is designed for 

conventional vehicles and 

aims to detect when a 

driver is visually 

distracted and alerting 

them when needed. 

DAMS is designed for SAE Level 3 and 4 

Automated Vehicles and aims to determine 

whether the driver is available, willing, able 

and ready to take over control from 

automated mode safely. 

The purpose, vehicle type and 

context of use is different for ADR 

and DAMS, and as such, the design 

of the systems are considerably 

different.  

Yes 

System  Driver-facing camera Similar technology No 

Human states 

being monitored 

Visual attention 1. Driver Presence 

2. Wakefulness 

3. Attentiveness (visual attention & haptic 

feedback) 

4. Possibly, sudden sickness 

Partial overlap: both systems 

monitor visual attention. 

  

Yes 

Metrics being 

monitored 

Gaze direction Some of the metrics likely to be monitored:  

• Head, face and/or body position 

• Driver seat metrics 

• Eye lid behaviour 

• Gaze direction 

• Haptic feedback  

• Head, face, body and/or eye behaviour 

One overlap: Both systems monitor 

gaze direction. 

Yes 
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Focus Area ADR DAMS Comments Gap 

Trigger 

behaviours 

The driver diverts their 

attention away from the 

driving task either for a 

long duration or 

frequently over a long 

period 

1. The driver is not detected in the driver’s 

seat 

2. The driver is approaching an unsafe 

drowsiness level 

3. The driver’s attention is not directed 

towards to driving task and/or no haptic 

feedback has been detected 

4. Possibly, the driver is behaving 

abnormally 

Partial overlap: Both systems 

monitor whether the driver eyes are 

directed towards the driving task 

(i.e. forward road scene and 

mirrors)  

Some ADR systems classify areas 

such as the instrument cluster and 

gearbox as areas relevant for 

driving. This is not the case for 

DAMS.  

Yes 

Feedback The system does not take 

action when a driver is 

visually distracted. This 

means that the driver 

does not need to provide 

feedback to the system 

The system takes action when the driver is 

unresponsive. This means that the driver 

needs to provide feedback to the system so 

that it can act appropriately. For example: 

acknowledge the receipt of information 

(including warnings and alerts) and to 

reveal their readiness to resume the driving 

task 

For DAMS, the driver is required to 

provide feedback, which is not the 

case for ADR systems 

Yes 

HMI: Level of 

interaction with 

the driver 

Low level of interaction: 

the system only informs 

the driver they are 

visually distracted  

High level of interaction:  

• The system constantly interacts with and 

informs the driver about the status of 

the ADS, their driving state and any 

other safety critical or relevant 

information 

• The driver is required to interact with 

and respond appropriately to the 

information provided by the HMI and to 

warnings and alerts  

The level of interaction between the 

HMI and driver is considerably 

higher for DAMS compared to ADR 

systems. 

Yes 
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Focus Area ADR DAMS Comments Gap 

HMI: Warning 

type 

Bimodal warning 

consisting of visual and 

auditory modalities 

Unimodal to multimodal warnings consisting 

of visual, auditory and/or haptic modalities. 

Warning type dependent on information 

being provided to the driver. 

DAMS requires several types of 

warning which could comprise of 

one to multiple signals depending 

on the interaction, where ADR 

system only requires one type of 

warning 

Yes 

Validation 

testing 

similarities 

User trials (human participants) in a driving simulator – this is a 

prediction for DAMS. The sample should be reflective of the European 

droving population. 

For both systems, testing with 

human’s representative of the 

European population is required. It 

is expected that both systems will 

be validated using a driving 

simulator. 

No 

Validation 

testing 

differences 

Test protocol designed to 

assess the effectiveness 

of the system in detecting 

visual distraction whilst 

driving 

The number of test protocols is dependent 

on the number of states being monitored by 

the system, where the protocols will be 

designed to assess the effectiveness of the 

system in detecting the trigger behaviours 

(see above) of these states.  

The trigger behaviours, and hence 

testing protocols, are different 

between the two systems. 

Yes 

Main limitations Main limitation: The inability to detect the eyes, face and/or head due to 

occlusion 

The main limitations are similar 

between the two systems 

No 
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Executive Summary 

The pedestrian protection regulation requires a series of impactor tests are conducted to 

the frontal surfaces of M1 and N1 category vehicles with the intention of mitigating injuries 

to pedestrians. Historically child and adult headform tests were limited to the bonnet top, 

additionally, upper and lower legform tests were conducted to the bonnet leading edge and 

bumper, respectively. 

 

The Regulation (EU) 2019/2144 of the European Parliament and Council (sometimes 

referred to as the General Safety Regulation or GSR) has entered into force and will help 

ensure the deployment of new advanced safety features with high potential of saving lives 

on EU roads. One of a package of measures to be implemented within this revision is that 

vehicles are designed and constructed to provide for an enlarged head impact protection 

zone to include the windscreen. 

The objective of the HED work package was divided into the following tasks: 

• Task 1: Data fundamentals 

• Task 2: Additional insight – glazing manufacturer 

• Task 3: Existing procedures 

o Pedestrian safety regulation 

o Euro NCAP 

o BASt/FKA paper 

o Proposal for amendments 

• Task 4: Finalise procedure 

• Task 5: Meetings with stakeholders 

• Task 6: Reporting writing 

In February 2020, it was confirmed that the enlarged head impact protection zone would 

be pursued under the United Nations Economic Commission for Europe (UN/ECE) in 

Geneva. Any outstanding work on tasks was dropped, Task 4 was the only task that was 

not completed, whereas all other tasks were completed in full and included in this report. 
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 Introduction 

Since 2001 the introduction of passive safety features on passenger cars has led to a 50% 

decrease in fatalities on European roads. However, since 2013 this decrease has stagnated 

at approximately 25,500 deaths per year with pedestrians, cyclists and other vulnerable 

road users (VRU’s) accounting for almost 50% of those fatalities. Because VRUs contribute 

to a large proportion of fatalities on European roads, there has been an increasing 

motivation to develop the protection for this particular group of road users. 

In 2003, Directive 2003/102/EC introduced a series of frontal impactor tests for M1 and 

N1 vehicles. The purpose of the regulation was to encourage vehicle manufacturers to 

reduce risk of injury from a vehicle by incorporating suitably rounded and soft frontal 

surfaces. The regulatory required the following regulatory tests: 

• Lower and upper legform tests to the front bumper 

• Child/small adult headform to bonnet top 

The following tests were conducted for monitoring purposes only: 

• Upper legform to bonnet leading edge 

• Adult headform to windscreen 

The adult headform to windscreen tests were compared to a maximum HPC of 1000, but 

because these tests were conducted for monitoring purposes the subject vehicle was not 

penalised if a greater HPC was measured. 

In 2009 regulation (EC) No 631/2009 and regulation No 78/2009 were introduced, 

repealing Directive 2003/102/EC, which mandated the continuation of the pedestrian tests 

under the framework of (EC) No 631/2009. The technical provisions for the pedestrian 

protection tests of this later regulation were defined in more detail than the outdated 

Directive. 

UNECE Regulation No. 127 and Global Technical Regulation (GTR) No. 9 are the current 

pedestrian protection regulations; the technical requirements of these are identical where 

the adult headform tests are limited to the bonnet top only. 

The objective of this study is the development of a technical annex suggesting 

requirements and a test procedure for an extension to the type approval testing related to 

the protection of pedestrians and other vulnerable road users in the event of a collision 

with a motor vehicle. The extension is to include an adult headform to windscreen test 

applicable through UN Regulation No. 127 and UN GTR No. 9, both concerning pedestrian 

protection. Acting through existing regulation, it will be applicable to vehicle categories M1 

and N1 (derived from M1). 

The study is divided into five tasks: 

Task 1: Data fundamentals (EU monitoring data) 

Task 2: Additional insight (glazing manufacturer) 

Task 3: Existing procedures 

Task 4: Finalise procedure 

Task 5: Meetings with stakeholders 

This study will review the relevant research and headform to windscreen test procedures, 

and recommend a technical procedure that is not only technically achievable for the 

Industry, but will also ensure a progressive development for the protection of vulnerable 

roads users. 

 Review of regulations 

A review of the regulations listed below was performed to summarise the assessments 

based on defined headform to windscreen tests, identify commonalities and differences 

between them. 
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• Directive 2003/102/EC: Pedestrian protection 

• Commission Regulation No.631/2009: Pedestrian protection 

• Regulation (EC) No. 78/2009: Pedestrian protection 

• UNECE Regulation No. 127: Pedestrian safety 

• Global Technical Regulation No. 9: Pedestrian safety 

• Regulation (EU) 2019/2144: General safety 

Regulation (EC) No 78/2009 of the European Parliament and of the Council (European 

Commission, 2009) sets out requirements for the protection of pedestrians, cyclists and 

other vulnerable road users in the form of compliance tests and limit values for the approval 

of vehicles with regard to their front structure and for the approval of frontal protection 

systems (for example, bull-bars). 

Since the adoption of Regulation (EC) No 78/2009, technical requirements and test 

procedures for vehicles have developed further at United Nations level to take account of 

technical progress. UN Regulation No. 127 (UN) currently also applies in the Union in 

respect to type-approval of motor vehicles. Under the 1998 Agreement the UN Global 

Technical Regulation No. 9 sets out equivalent requirements as in UN Regulation No. 127. 

The European Parliament’s legislation resolution for the General Safety Regulation states 

the following: 

“Vehicles of categories M1 and N1 shall be designed and constructed to provide 

for an enlarged head impact protection zone with the aim of enhancing the 

protection of vulnerable road users and mitigating their potential injuries in the 

event of a collision.” 

The subject of the enlarged head impact zone concerns to the regulatory act UN Regulation 

No. 127 where the child and adult headform test areas are bounded by the “adult wrap-

around distance” of 2500 mm or “windscreen rear reference line” whichever is more 

forward. Headform contact with A-pillars, windscreen header and cowl is excluded, but 

shall be monitored. 

The following sub-sections will describe the historical sequence of pedestrian protection 

regulation and any relevant related regulations, where any differences between the test 

procedures will be described. This analysis shows how the different options have been used 

to collect the monitoring data which is examined in Section 2. 

1.1.1 Directive 2003/102/EC: Pedestrian protection 

In 2003, Directive 2003/102/EC introduced a series of frontal impactor tests for M1 and 

N1 vehicles. The purpose of the regulation was to encourage vehicle manufacturers to 

reduce risk of injury from a vehicle by incorporating suitably rounded and soft frontal 

surfaces. The Directive required the following pedestrian safety tests: 

• Lower and upper legform tests to the front bumper 

• Child/small adult headform to bonnet top 

The following tests were conducted for monitoring purposes only: 

• Upper legform to bonnet leading edge 

• Adult headform to windscreen 

1.1.1.1 Windscreen test provisions 

The technical provisions for the headform tests were relatively basic; for example, they do 

not define an impactor angle for any of the headform tests. The impactor velocity and mass 

for the adult headform to windscreen test were 35 km/h and 4.8 kg respectively, and the 

Head Performance Criterion (HPC) was used to measure the associated injury risk from the 
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impact. The HPC this is calculated from the peak resultant acceleration recorded in the 

headform impactor. The results were recorded and compared to a maximum HPC of 1000. 

Because the headform to windscreen tests were conducted for monitoring purposes, the 

subject vehicle was not penalised if a greater HPC was measured. It should be noted that 

later regulations calculate the Head Impact Criterion (HIC) as a head injury metric, this is 

equivalent to HPC. 

1.1.1.2 Windscreen test area 

The ‘windscreen’ is defined the frontal glazing of the vehicle which meets all the relevant 

requirements of Annex I to (Directive, 1977). This Directive relates to the 180° forward 

field of vision of the driver where a three-dimensional manikin is used to approximate the 

position of the driver’s eyes when seated in the vehicle. V1 and V2 are the relative upper 

and lower positions of the driver’s eyes, respectively. The driver’s field of vision is defined 

as: 

“The transparent area of the windscreen must include at least the windscreen 

datum points; these are: 

• A horizontal datum point forward of V1 and 17° to the left. 

• An upper vertical datum point forward of V1 and 7° above the horizontal. 

• A lower vertical datum point forward of V2 and 5° below the horizontal.” 

Three datum points are added on the opposite half of the windscreen in relation to the 

median longitudinal plane of the vehicle. Figure 1.1 shows windscreen area defined by 

these datum points. 

 

Figure 1.1: An image of the forward field of vision from the upper (V1) and lower (V2) 
positions of the drivers eyesight (Directive, 1977) 

Table 1.1 shows the test specification for the headform test in Directive 2003/102/EEC. 

 

Table 1.1: Key monitoring (adult headform to windscreen) test parameters (Directive 
2003/102/EEC) 

Test Specification 

Impactor mass 4.8 kg 
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1.1.2 Commission Regulation No 631/2009 and 78/2009: Pedestrian protection 

In 2009 regulation (EC) No 631/2009 and regulation No 78/2009 were introduced, 

repealing Directive 2003/102/EC, which mandated the continuation of the pedestrian tests 

under the framework of (EC) No 631/2009. The technical provisions for the pedestrian 

protection tests of this later regulation were defined in more detail than the outdated 

Directive. Regulation 631/2009 defines the technical requirements for the equivalent 

legform and headform impactor tests described in Directive 2003/102, additionally test 

procedures are defined for brake assist systems and frontal protection systems. 

1.1.2.1 Windscreen test procedure 

Chapter VI of Commission regulation No (EC) 631/2009 defines the specification of the 

adult headform to windscreen test to fulfil the requirements set out in Regulation (EC) No. 

78/2009. It states the following: 

”The adult headform to windscreen test is performed at an impact speed of 35 

km/h using a 4.8 kg test impactor. The HPC shall be recorded and compared 

with the possible target of 1000.” 

It is not clear why the mass of the adult headform impactor is greater for the windscreen 

(4.8 kg) than the bonnet top (4.5 kg), but it is an interesting observation. The direction of 

impact shall be on a vertical longitudinal plane of the vehicle through the impact point. The 

angle of impact shall be 35° ± 2° downwards and rearwards to the Ground Reference 

Level.  

1.1.2.2 Windscreen test area 

Regulation 78/2009 uses an equivalent definition of ‘windscreen’ as Directive 

2003/102/EC, the drivers field of vision (Directive, 1977). The specification of the 

windscreen test is stated as follow. 

“The selected test points for the adult headform impactor to the windscreen 

shall be a minimum of 165 mm apart, a minimum of 82,5 mm inside the 

windscreen limits as defined in Directive 77/649/EEC and a minimum of 82,5 

mm forwards of the rear windscreen reference line.” 

Figure 1.2 shows a diagram of the adult headform windscreen impact area as defined by 

regulation (EC) 631/2009. 

Impactor speed 35 km/h 

Performance criteria HPC compared to 1000 

Minimum tests 5 
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Figure 1.2: Adult headform to windscreen impact area (Commission regulation (EC) 

631/2009) 

 

This procedure is defined in more detail than its predecessor with a clearly defined impactor 

angle and locations of the selected test points, but all other parts of the test remain 

unchanged. 

 

Table 1.2: Key monitoring (adult headform to windscreen) test parameters(Commission 

regulation (EC) 631/2009) 

Test Specification 

Impactor diameter 165 mm 

Impactor mass 4.8 kg 

Impactor speed 35 km/h 

Impact angle 35° 

Performance criteria HPC compared to 1000 

Minimum tests 5 or 9 

 

1.1.3 UNECE Regulation No 127 & GTR 9: Pedestrian safety 

In 2015, UNECE Regulation No. 127 (R127) entered in to force which continued the 

pedestrian protection tests to the frontal structures of M1 and N1 category vehicles; 

however, the monitoring tests to the windscreen or the bonnet leading edge were no longer 

a requirement. 

The tests required in this regulation were: 

• Lower legform to bumper 

• Flexible lower legform to bumper 

• Upper legform to bumper 

• Child and adult headforms to bonnet top 
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Apart from the exclusion of the upper legform to bonnet leading edge test and the adult 

headform to windscreen test, the remaining test procedures and specifications are identical 

to the predecessor regulation 78/2009. 

1.1.3.1 Headform test area 

The headform test area is comprised of the child headform test area and the adult 

headform test area where the adult headform test area, which is limited to the bonnet, is 

defined as: 

“"Adult headform test area" is an area on the outer surfaces of the front 

structure. The area is bounded: 

(a) In the front, by a wrap around distance (WAD) of 1,700 or a line 82.5 mm 

rearward of the bonnet leading edge reference line, whichever is most rearward 

at a given lateral position; 

(b) At the rear, by a WAD 2,100 or a line 82.5 mm forward of the bonnet rear 

reference line, whichever is most forward at a given lateral position, and 

(c) At each side, by a line 82.5 mm inside the side reference line. 

The distance of 82.5 mm is to be set with a flexible tape held tautly along the 

outer surface of the vehicle.” 

And the child headform test area, which is also limited to the bonnet, is defined as: 

“"Child headform test area" is an area on the outer surfaces of the front 

structure. The area is bounded:  

(a) In the front, by a WAD 1,000 or a line 82.5 mm rearward of the bonnet 

leading edge reference line, whichever is most rearward at a given lateral 

position, 

(b) At the rear, by a WAD 1,700 or a line 82.5 mm forward of the bonnet rear 

reference line, whichever is most forward at a given lateral position, and  

(c) At each side, by a line 82.5 mm inside the side reference line. 

The distance of 82.5 mm is to be set with a flexible tape held tautly along the 

outer surface of the vehicle.” 

1.1.3.2 Test procedure 

The manufacturer is required to split the headform test area into two test areas, one where 

the HIC cannot exceed 1000 (HIC 1000 zone) and one where the HIC cannot exceed 1700 

(HIC 1700 zone) as illustrated in Figure 1.3, below. 
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Figure 1.3: Example of the marking of the HIC 1000 and HIC 1700 zone (Regulation 
(UNECE) No. 127) 

 

For each of the test areas (child and adult) a minimum of nine tests shall be carried out, 

three to each of the outer and middle thirds, at positions judged to be most likely to cause 

injury. The impact angle for the adult test (65°) is greater than the child test (50°), this is 

more likely to be representative of the angle that a head would strike the bonnet for an 

adult pedestrian. The impactor speed is for the both tests is 9.7 ms-1 which is unchanged 

from Regulation 631/2009 and equivalent to 35 km/h. 

 
Table 1.3: Child and adult headform test procedure 

 Child headform Adult headform 

Impactor velocity 9.7 m/s ± 0.2 m/s 9.7 m/s ± 0.2 m/s 

Impactor angle 50° ± 2° 65° ± 2° 

No. of tests Minimum of 9 Minimum of 9 

 

The geometry of the child and adult impactors are the same, whereas the mass of the 

impactor reflects the different properties between the head of a child and adult pedestrian. 

 

Table 1.4: Child and adult headform impactor specifications 

 Child headform Adult headform 

Impactor mass 3.5 kg ± 0.07 kg 4.5 kg ± 0.1 kg 

Impactor diameter 165 mm ± 1 mm 165 mm ± 1 mm 

 

1.1.3.3 Test requirements 

For the child and adult headform tests the HIC shall not exceed 1,000 over two thirds of 

the bonnet top test area, and 1,700 for the remaining test area for both headforms. 
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In case there is only a child headform test area, the HIC recorded shall not exceed 1,000 

over two thirds of the test area, and 1,700 for the remaining area. 

For the child headform tests the HIC shall not exceed 1,000 over a minimum of one half of 

the child headform test area, and 1,700 for the remaining test area. 

1.1.4 Regulation (EU) 2019/2144: General safety 

In 2019 The General Safety Regulation came into force which states: 

“Vehicles of categories M1 and N1 shall be designed and constructed to provide for 

an enlarged head impact protection zone with the aim of enhancing the protection 

of vulnerable road users and mitigating their potential injuries in the event of a 

collision.” 

The child and adult headform test area are bounded by the ‘adult wrap around distance’ of 

2,500 mm or ‘windscreen rear reference line’ whichever is more forward. Headform contact 

with A-pillars, windscreen header and cowl is excluded but shall be monitored. 

As a minimum this will require the rear boundary for the adult headform test area of R127 

to increase from a wrap around distance of 2,100 mm to 2,500 mm and the addition of the 

headform to windscreen tests will comprise of both the adult and child headform test areas. 

 

 

 Literature Review 

Several research studies such as (Fredriksson & Rosen, 2012), (Zander & Gehring, 2013) 

and (Otte, 2015) have shown that, in general, cyclists tend to impact their heads further 

rearwards than pedestrians. Fredriksson and Rosen report an average wrap-around 

distance (WAD) for pedestrians and cyclists of 193 cm and 226 cm, respectively. Zander 

et al. report that the WAD zone of 2.1 m used in Euro NCAP covers 80% of all pedestrian 

head impacts but only 65% of cyclist head impacts. An extension of the zone to 2.3 m 

would cover 80% of cyclist head impacts. It should be noted that WAD in GIDAS, which all 

these studies used, is measured following the impact points of the VRU from leg impact to 

bumper to head impact, not in the car’s longitudinal direction as in legal and rating test 

method definitions. 

Fredriksson (2014) showed that it is beneficial to combine primary and secondary systems 

to reduce severe head injury in car to pedestrian crashes. Reasons suggested for this were 

that an integrated system can combine the advantages of both systems, i.e. a secondary 

(passive safety) system can provide protection when pedestrian is detected late and it is 

not possible to brake much. The primary system (active safety) can lower the impact speed 

to increase the effectiveness of the secondary system, in particular for higher impact 

speeds (over 40 km/h) which form a high proportion (~70%) of the target population and 

in which the effectiveness of the passive system becomes limited because the system starts 

to ‘bottom out’. 
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 Task 1: Data Fundamentals 

 Introduction 

Ten European Member states provided data for the adult headform to windscreen test 

obtained from the type approval of vehicles under Directive 2003/102/EC and Regulation 

No 78/2009. Headform data was provided from the type approval of 196 M1 category 

vehicles from 50 different vehicle manufacturers. The test procedure for the headform to 

windscreen test is described in Section 1.1.2 and key test specification parameters are 

shown in Table 1.2. Table 2.1 shows what fields were included in the data. The monitoring 

test data also included results for the upper legform to bonnet leading edge; however, for 

the purpose of this study we focussed exclusively on the headform to windscreen data. 

 
Table 2.1: Monitoring tests data in accordance with paragraphs 22, 24 and 32 of Annex I 

to Regulation (EC) 78/2009 

Monitoring Data 

Member state 

Technical service centre 

Make of vehicle 

Vehicle type code 

Commercial name 

Type approval/test number 

Upper legform to bonnet leading edge 

Headform to windscreen (5 x HPC) 

 

Headform monitoring data was provided for 196 vehicles. The data was cleansed to remove 

duplicate HPC entries for the same vehicle; this may have been as a consequence of 

‘mirroring’ the test results from opposing sides of the windscreen. Repeated test results 

were removed where test results were duplicated for vehicles based on equivalent 

platforms. Following this process, HPC data for 196 vehicles was assessed against potential 

limits, a Head Injury Criterion (HIC) value of 1,000, this is shown in Annex 1, Table 1.1. 

 HIC 1000 Pass Rate 

Table 2.2 shows that 52% of vehicles would pass homologation when all five test results 

are assessed against a maximum HIC value of 1000. Two percent of vehicles failed to pass 

any of the five tests; although this is relatively small proportion of the vehicles, this shows 

how significant progress is necessary to improve headform performance in some cases. 

This is a relatively low rate of homologation across the vehicle fleet and could potentially 

have adverse consequences on the rate of homologation of new vehicles. 

 

Table 2.2: Potential pass rate when vehicles are assessed against a maximum HIC value 

of 1000 

Test pass 5 /5 4 / 5 3 / 5 2 / 5 1 / 5 0 / 5 

Pass 103 55 21 8 5 4 

Pass rate 52 % 28 % 11 % 4 % 3 % 2 % 
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 HIC Distribution 

Figure 2.1 is a box and whisker plot of all the HIC results collated from the monitoring 

tests. For any box and whisker plot, 1.5 x the inter-quartile range is the standard threshold 

that is used to determine which points should be presented as ‘outliers’. Any points that 

are more than this away from either the upper quartile (top of the box) or lower quartile 

(bottom of the box) are defined as an outlier. It can be observed that the median, mean 

and upper quartile HIC values are less than 1000. The maximum value, shown as the upper 

whisker is a HIC value of approximately 1500. 

The figure shows a high-level overview of the test results to give a general indication of 

how the headform impact tests compare to a maximum HIC value of 1000, with a large 

proportion of the HIC results being less than 1000, where the median HIC is approximately 

500. Another observation is that a small proportion of the results are greater than the 

mean by an order of magnitude, with the greatest HIC being over 7500. 

 

 

Figure 2.1: Box and whisker plot of all the HIC results from the headform to windscreen 
monitoring tests 

 

 Cumulative Distribution and Frequency 

Figure 2.2 shows the cumulative frequency of all the HIC results collated from the 

monitoring headform tests. It shows that more than 80% of all tests performed achieved 

a HIC value less than 1000. 
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Figure 2.2: Cumulative frequency of EU headform to windscreen monitoring tests 

 

Table 2.3 shows the percentage frequency of HIC values from the headform to windscreen 

tests. Additionally, it can be concluded that 53.1% of tests achieved a HIC less than or 

equal to 500. 

 

Table 2.3: Percentage frequency of HIC values from EU monitoring tests 

HIC % 

≤ 3,000 98.7 

≤ 2,500 97.6 

≤ 2,000 95.5 

≤ 1,500 91.5 

≤ 1,000 81.6 

≤ 500 53.1 

 

 Assessment of the Test Area 

Figure 2.3 shows the comparison between distributions of HIC values from headform tests 

performed to different impact test areas. The ‘complete windscreen’ is defined in 

Commission Regulation (EC) 78/2009 (see Section 1.1.2) (109 vehicles) and ‘Vision area 

B’ is defined in Directive 2003/102/EC (see Section 1.1.1) (36 vehicles). The test area for 

the remaining 52 vehicles was not available and therefore excluded from this analysis. 

This shows that the different headform test areas has a minimal influence on the HIC 

distributions. This suggests that the effect of an increased distance from the test area and 

the outer windscreen limits on the HIC is negligible. 
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Figure 2.3: Box and whisker plot for the HIC results from points located within vision 

area ‘B’ (Directive 2001/102/EC) or complete windscreen (Regulation (EC) 78/2009) 

 

 Assessment of the OEM 

It is of interest to understand if there are differences between OEMs with regards to the 

pedestrian protection performance of the windscreen. Does the performance of a single 

OEM reflect the general trend observed in the monitoring test data, or is there potentially 

a difference between OEMs? 

Headform to windscreen monitoring test data for 196 vehicles and 52 manufacturers was 

collected. For the purpose of this analysis, an OEM with fewer than two vehicle entries or 

any vehicle that would be sold on the European market has been excluded. Thirty-four 

OEMs and 172 vehicles are included in the following analysis. 

Figure 8.1 of Annex 1.2 shows a box plot graph of the EU monitoring headform to 

windscreen data (HIC) for OEM’s relevant to the European market. It shows the distribution 

of the HIC results of the headform tests for each manufacturer. 

It can be observed that for the majority of OEM’s a large proportion of the results are 

distributed below a HIC of 1000 with a small proportion of greater outliers, sometimes in 

excess of several thousand HIC. 

A small proportion of the OEM’s appear to consistently achieve HIC values over a much 

greater range, for example OEMs 9, 14, 19,35, 44 and 49. 

Other OEMs appear to have HIC scores distributed over a very short range with maximum 

outliers not exceeding several thousand HIC, for example OEMs 3, 11, 17, 28, 29, 31 41, 

43 and 50. 

This suggests that some OEM’s have greater control over the pedestrian protection 

performance of the windscreen by consistently achieving HIC below 1000 in the headform 

test. Whereas other OEM’s appear to have less control over the performance of the 

windscreen with greater range of headform HIC results. 
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 Assessment of the Vehicle Segment 

Figure 8.2 of Annex 1.3 shows a box plot graph of the EU monitoring headform to 

windscreen data (HIC) for different vehicle segments. Apart from Luxury cars all vehicle 

segments appear to follow a similar trend, with a large proportion of the data distributed 

below a HIC of 1000 and a small proportion of much greater outliers. Luxury cars appear 

to have the HIC distributed over a smaller range without the large outliers; however, it 

should be considered that only two luxury cars were tested. It follows that the three highest 

HIC results recorded are from the three largest groups. This suggests that the highest 

outliers are proportional to the size of the group, therefore supporting the argument that 

all vehicle segments appear to follow a similar trend. 

 Assessment of the Year of Production 

In order to establish whether the pedestrian protection performance has changed over the 

time period when the headform to windscreen monitoring tests were conducted, a 

production start date was added to the data for each vehicle. The ‘production year’ is the 

year in which the vehicle was first put into production and released on to the market. This 

additional information was added manually via an internet search engine. The third-party 

data may not be highly accurate, but it is sufficient for this high-level assessment. 

Figure 8.3 of Annex 1.4 shows a box plot graph of the EU monitoring headform to 

windscreen data (HIC) by the year in which the vehicle went into production. It shows the 

distribution of the HIC results of the headform tests from 2002 to 2013. The distributions 

follow a similar pattern to what has been observed previously, where a large proportion of 

the distribution are below a HIC of 1000 and a small proportion of high outliers are 

distributed of several thousand HIC. 
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 Task 2: Additional Insight – Glazing Manufacturer 

 Assessment of the Windscreen Manufacturer 

The purpose of this study is to establish whether the windscreen glazing manufacturer may 

be an influencing factor for the pedestrian protection for a vehicle’s windscreen. The 

monitoring test did not record any information regarding the manufacturer of the 

windscreen glazing; therefore, in order to examine the monitoring data objectively TRL 

sought the input of a Third-party. Based on a vehicle’s make, model and year it was 

possible to ascertain, with reasonable confidence, the commercial name of the windscreen 

manufacturer for a particular vehicle model. In cases where multiple windscreen 

manufacturers were suggested for a single vehicle model, the HIC results for these vehicles 

were included for each manufacturer as we were not able to distinguish which windscreen 

was installed for the monitoring test. 

Figure 8.4 of Annex 1.5 shows a box plot graph of the EU monitoring headform to 

windscreen data (HIC) by windscreen manufacturer (A to Q). It shows the distribution of 

the HIC results of the headform tests. It can be observed that a large proportion of the 

manufacturers have HIC distributed over a large range, often in excess of several thousand 

HIC for example A, D, E, F, I, L and N. Despite their HIC distribution over a large range 

only E, F and J have less than three quarters of the results are below a HIC of 1000. The 

sample size should be considered to give some context to the distributions, for example A, 

N and L have much larger samples with 28, 37 and 52 vehicles respectively; this may be 

a considerable factor to the larger proportion of outliers for these manufacturers. 

The HIC distributions of manufacturers G, M and Q are over a smaller range with all 

headform test results below a HIC of 1000; however, the small samples size should be 

considered as a reason for the small proportion of outliers for these manufacturers. 

 Glazing and OEM Manufacturer 

Based on the evidence provided by the monitoring headform data there are many examples 

of headform performance being independent of the windscreen manufacturer. Many of the 

vehicles with favourable headform performance have the same windscreen manufacturer 

as a vehicle with a poor headform performance.  

There may be several factors that influence the pedestrian headform performance of a 

windscreen, one of which may be the windscreen manufacturer. However, the evidence 

provided by the monitoring tests suggest that in order to obtain a favourable headform 

performance it is not simply a case of changing the windscreen supplier because there are 

several examples where a single windscreen manufacturer has contrasting headform 

performance with different OEMs. 

It’s possible that the specification from the OEM may be significant factor affecting the 

windscreen properties: for example, as windscreen specification may focus on 

noise/vibration/harshness or it may focus on pedestrian safety, and these may result in 

different headform test performance levels. It may also be that the design of the 

windscreen surround and supporting structure significantly influence the response. 
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 Task 3: Existing Procedures 

 Pedestrian Safety Regulation 

The pedestrian safety regulations, Directive 2003/102/EC and Regulation (EC) No 78/2009 

are reviewed in Section 1.1.1 and 1.1.2, respectively. 

 

 Euro NCAP 

Consumer information programmes perform tests on new vehicles to assess the protection 

for VRU’s. The Euro NCAP pedestrian protection assessment is a series to tests to the front 

surfaces of the vehicle that include legform tests to the bumper and the headform tests to 

the bonnet top and windscreen. The vehicle is awarded a good safety rating based on the 

number of points it scores in the different tests. 

4.2.1 Headform Test Area 

Euro NCAP define the headform test area as “the outer structure that includes the upper 

surface of all outer structures. It includes, but is not limited to, the bonnet, wings, 

windscreen scuttle, wiper arms/spindles, windscreen frame, A-pillars and roof. It is 

bounded by the trace of the 1000 mm wrap around distance in the front, the bonnet side 

reference lines and the 2100 mm wrap around distance (WAD)” (Euro NCAP, 2018). 

The wrap around distances are marked at 100 mm intervals along the centreline of the car 

and extended laterally to the side reference lines. Where any of the grid points lie 

underneath the outer contour of the vehicle, like on the cowl for example, the outer contour 

is approximated with from the last point of contact by using adhesive tape. Where a wiper 

obstructs the placement of the tape, the wiper shall be ignored unless the grid point falls 

on the wiper itself. Figure 4.1shows a diagram of the headform wrap around distances. 

 

 

Figure 4.1: Headform Test area (Euro NCAP, 2018) 

 

Euro NCAP defines the bonnet side reference line as the geometric trace of the highest 

points of contact between a straight edge 700 mm long and the side of the bonnet and A-

pillar, when the straight edge, held parallel to the lateral vertical plane of the car inclined 

inwards by 45° is traversed down the side of the bonnet top and A-pillar, while remaining 

in contact with the surface of the body shell. Any contact with door mirrors is ignored. 

Where multiple or continuous contacts occur, the most outboard contact shall form the 

bonnet side reference line. Figure 4.2 shows a diagram of the bonnet side reference line. 
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Figure 4.2: Bonnet leading edge reference line (left)& bonnet side reference line (right) 
(Euro NCAP, 2018) 

 

The child headform test area is bounded by the wrap around distance of 1000-1700 mm 

or the bonnet rear reference line, whichever is most forward, and the adult headform test 

area is bounded by the wrap around distance of 1700–2100 mm. The lateral boundary of 

both headform test areas is the bonnet side reference line. 

4.2.2 Method of Assessment 

Vehicle manufacturers supply Euro NCAP with predicted HIC values or colour data detailing 

the protection of the vehicle at all headform grid locations. Euro NCAP will randomly select 

grid points and verify the predicted pedestrian performance by performing physical tests. 

Table 4.1 shows what colours are given to HIC15 values. Where the protection offered by 

certain structures is unpredictable a manufacturer may highlight these test points blue. 

Any adjacent blue test points are grouped together into zones where a maximum of eight 

zones may be blue over the entire headform test area. A single test point for each zone is 

selected for assessment and the colour of each zone is changed to the corresponding colour 

based of the HIC measured. Blue test points are not used in the random selection for the 

verification tests. 

 

Table 4.1: Table of grid colour (Euro NCAP 2017) 

Colour HIC15 Score Points 

Green HIC15 < 650 1 

Yellow 650 ≤ HIC15 < 1000 0.75 

Orange 1000 ≤ HIC15 < 1350 0.5 

Brown 1350 ≤ HIC15 < 1700 0.25 

Red 1700 ≤ HIC15 0 

 

A correction factor is calculated based on the verification test points and the overall 

pedestrian protection score is calculated when the correction factor is applied to the 

predicted performance. 

In the absence of manufacturer-supplied data, Euro NCAP may test all of the test points in 

the headform grid, or alternatively, test points are selected on a ‘worst case performance 

basis’. 

4.2.3 Default Green Grid Points 

Grid points on the windscreen glazing can be defaulted green providing the following 

conditions are achieved: 

• No grid points can be defaulted green if they lie within 165 mm from the solid stirp 

around the periphery of the windscreen mounting frame, see Figure 4.3. 
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• No grid points can be defaulted green if any underlying structures are mounted 

directly behind the windscreen, such as camera or sensor systems. 

• No grid points can be defaulted green if they lie within 100 mm of any underlying 

structures in the windscreen base area, measured from the grid point in the impact 

direction. 

A-pillars can be defaulted red unless evidence can be provided to suggest otherwise. 

 

 

Figure 4.3: Euro NCAP windscreen periphery [Euro NCAP 2017] 

 

4.2.4 Headform Test Procedure 

The adult and child headform impactors used shall conform to that specified in UN 

Regulation No. 127 Revision 2, Annex 4. 

Which headform impactor is used on grid locations described between WAD 1500 mm and 

1700 mm will depend on the location of the Bonnet Rear Reference line (BRRL). Where the 

BRRL lies between WAD 1500 mm and 1700 mm points forward of and directly on the BRRL 

will be assessed with a child headform impactor. Where the BRRL is rearward of the 

1700 mm WAD a child headform will be used up to an including 1700 mm. Points rearward 

of the BRRL between 1500 mm and 1700 mm will use the adult impactor. 

The child headform test is with an impactor angle of 50° ± 2° at a speed of 11.1 ± 0.2 

m/s (40 km/h). The adult headform test is performed between the WAD 1700 mm and 

2100 mm with an impactor angle of 65° ± 2° also at a speed of 11.1 ± 0.2 m/s. All points 

forward of the Bonnet Leading Edge Reference line the angle of impact shall be 20° ± 2°. 

All angles are measured relative to the Ground Reference Level. 

4.2.5 Points to Note 

The Euro NCAP headform test procedure shares some similarities to Regulation (UN) No. 

127, including the test and impactor specifications. Where these tests do not align is the 

assessment criteria and the headform test area. 

R127 excludes the windscreen from test area by limiting the rearward limit of the test area 

to the bonnet rear reference line or a wrap around distance of 2100mm, whichever is more 

forward. To pass the regulation, the vehicle must achieve a HIC below 1700 for a third of 

the bonnet and below 1000 for the remaining two-thirds. In contrast, the Euro NCAP test 

area always extends to a wrap around distance of 2100mm regardless of the location of 

the bonnet rear reference line. Headform tests are performed on any surfaces rearward of 

the bonnet rear reference including the cowl, lower windscreen frame and part of the 

windscreen close to underlying structures. By including the regions rearward of the BRRL 

this test provides an assessment of impact locations that typically offer less protection for 

the pedestrian. 
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The ’default to green’ rule that Euro NCAP use for grid points located further than 165 mm 

from the periphery of the windscreen limits encourages a vehicle manufacturer to design 

a large frontal glazing area. 

 

 BASt/FKA (2017) Federal Highway Research Institute 

In 2017, (Zander O, 2017) published a research paper that proposed a revised assessment 

procedure to include the head protection of cyclists. Based on available accident studies 

an in-depth analysis of cyclist collision data was carried out, including the identification of 

relevant collision scenarios and parameters such as collision angles, vehicle and cyclist 

speeds, body impact locations, distribution of cyclist statures and injury causing vehicle 

parts. The most common collision types and parameters were used to set-up a series of 

computer simulations with six different vehicle categories, four bicyclist statures, three 

impact constellations and four pedal orientations. 

For five of the six different vehicle models, the cyclist head impact locations were rearward 

of the pedestrian headform test zone (WAD 2100) and in some cases the impact locations 

exceeded a WAD 2500. This was particularly true for the higher stature cyclists impacting 

the Sedan, Sports and Compact type cars. 

The perpendicular simulation set-up showed a broad range of head impact velocities for 

the cyclists from 28 km/h to 61 km/h, with the average speeds between 36km/h and 

40.5 km/h. A slight positive correlation between WAD and impact velocity was observed 

except for the Sports car. Apart from the OneBox design the average impact angle was 

63° on the bonnet up to WAD 1700. On the windscreen and the remaining bonnet area the 

average angle is 69°. 

BASt defined two separate test procedures based on the accident research, human body 

model simulations and impactor tests. The intention of the first test procedure is to increase 

the protection for cyclists in the event of a collision with a passenger car. The intention of 

the second test procedure is to combine with the existing pedestrian test procedures for 

the increased protection of both pedestrians and cyclists. 

 

 

Figure 4.4:Bicyclist test procedure (Zander O, 2017) 

 

Figure 4.4 shows an overview of test areas and impact angles for the standalone bicyclist 

test procedure. The headform area is expanded from WAD 1000 to WAD 2500 or the 
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windscreen rear reference line, whatever is more forward. An impact angle of 60° on the 

bonnet from WAD 1000 to WAD 1700, and 65° at a WAD greater than 1700. On the 

windscreen the headform impact angle is 70° to the ground reference level. All headforms 

are performed with an impact speed of 40 km/h. In cases where the headform impact 

points are forward of the bonnet leading edge reference line the impact angle is reduced 

to 20° in accordance to Euro NCAP Pedestrian Testing Protocol. Lateral limitations are the 

side reference lines as defined within Commission Regulation (EC) No. 631/2009 and the 

Euro NCAP Pedestrian Testing protocol. 

Impactor tests suggest a minimum distance of one impactor diameter (165 mm) between 

the impact point and the solid strip along the periphery of the A-pillars in order to avoid 

hard contact resulting in damage of the impactor. A further limitation is set by the boundary 

between rear windscreen and roof with a minimum distance of half an impactor diameter 

to the windscreen rear reference line (WRRL), regardless its WAD, excluding the roof area 

from the test procedure in case of shorter vehicle front geometries. No minimum distance 

requirement is set between impact points and the bonnet rear reference line (BRRL). 

A division between the adult and child headform test area is done at WAD 1700. 

In line with Commission regulation (EC) No. 631/2009, a minimum of nine tests with the 

child and adult headform impactor are to be performed within the child and adult headform 

zone on the bonnet, thereof three in each of the two outer and in the middle third. In case 

of the adult headform zone located on the bonnet not providing the prescribed minimum 

distance of one impactor diameter between the impact points, the number of tests is to be 

reduced accordingly. In the windscreen area, a minimum of twelve tests is to be performed. 

The suggested performance requirements for this bicyclist test procedure is in accordance 

with Commission regulation (EC) No. 631/2009, whereby the headform test area is split 

into zones by the manufacturer prior to testing. In two-thirds of the test area the HIC shall 

not exceed a value of 1000. In the remaining third the HIC shall not exceed a value of 

1700. The different HIC performance zones can consist of several zones that are not 

directly connected. 

Figure 4.5 shows an overview of the test area and impact angles for the combined 

pedestrian and cyclist test procedure. The test procedure on the bonnet test area is 

according to Regulation (EC) No. 78/2009 with an extension of the test area to the 

windscreen. 

 

 

Figure 4.5: Combined test procedure (Zander, 2017) 
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Two of the main differences between the standalone bicyclist test and the combined test 

include the sperate HIC assessment for the bonnet and windscreen in the combined 

procedure and the division of the test area in to an assessable and monitoring area. 

For the bonnet area of the combined test procedure, one half of the child headform area 

must not exceed HIC 1000 with the remaining half must not exceed 1700. On two thirds 

of the adult headform test area the HIC must not exceed 1000 and on the remaining third 

it must not exceed 1700. 

The combined headform to windscreen test area introduces the concept of the windscreen 

mid reference line (WMRL). The WMRL is defined as the WAD on the windscreen where the 

distance between the impact point and the underlying structure, measured in impact 

direction, is 100 mm. The assessable area of the windscreen is defined as being rearward 

of the bonnet rear reference line and forward of the WMRL. The monitoring area is defined 

as being rearward of the WMRL and forward of the windscreen rear reference line or WAD 

2500 mm. 

In the windscreen area, for one third of the assessable windscreen area the HIC may not 

exceed a value of 1000. For the remaining two thirds the HIC may not exceed a value of 

1700. These areas are to be determined by the manufacturer prior to testing. In the 

monitoring area the HIC should be compared to a value of 1000. 

4.3.1 Points to Note 

The frontal boundary these procedure means that headform tests will be performed on any 

surface rearward of the BRRL. This area could include the cowl, lower windscreen frame 

and parts windscreen in close proximity to underlying structures. The inclusion of these 

structures is encouraging for the protection of VRU’s because these parts of the vehicle are 

thought to be stiffer than some of the surrounding surfaces for example the bonnet. 

It appears that there is uncertainty around the definition of the lateral boundary of the test 

area as it states that ‘The lateral limitations of the assessable test area are the side 

reference lines as defined in Regulation (EC) No. 631/2009’, but it also states that the 

must be ‘a minimum distance of 165 mm between the test point and the black strip along 

the periphery of the A-pillars’. These definitions are not the same as the side reference line 

as defined in Regulation (EC) 631/2009, which does not reference the ‘solid strip’ along 

the periphery of the windscreen. 

The inclusion of the monitoring test area is suggested by Zander et al. because of the 

repeatability issues with the fracture of behaviour of the glass. This fracture behaviour 

becomes critical especially in a case of impact points not within reach of underlying 

structure and thus would not allow a fair assessment. It is suggested that the issue of the 

fracture behaviour of the glass is less critical at impact points within 100 mm of the 

underlying structure, but the reasons for why it becomes critical at these test points is still 

unknown at the time of writing. 

 Proposal for the 03 series of amendments to UNECE Regulation No. 127 

In February 2020 a proposal for the 03 series of amendments to the R127 was published 

on the UNECE website (ECE/TRANS/WP.29/GRSP/2019/37) which addressed the extension 

of the headform test area to include the windscreen. 

To achieve this, the definition of the “adult headform test area” is composed of the “bonnet 

top test area” and the “windscreen test area” between the WAD of 1,700 mm and 

2,500 mm. The “child headform test area” is composed of “bonnet top test area” and the 

“windscreen top test area” between a WAD of 1,000 mm and 1,700 mm. 

4.4.1 Headform test area 

The windscreen test area is defined as: 

"Windscreen test area" is an area on the outer surface of the windscreen. It is 

bounded as follows:  
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(a) In the front, by a line [100] mm rearward to the opaque obscuration of the 

windscreen. In case of absence of the opaque obscuration, the line is measured 

from the front edge of the windscreen; 

(b) In the rear, by a WAD 2,500 or a line [130] mm forward to the windscreen 

rear reference line (i.e. rear edge of the windscreen), whichever is more forward 

at a given lateral position; 

(c) At each side, by a line [100] mm inside the opaque obscuration of the 

windscreen. In case of absence of the opaque obscuration, the line is measured 

from the side edge of the windscreen. 

For (a) and (c), the distances of [100] mm are to be measured with a flexible 

tape held tautly along the outer surface of the vehicle at an angle of 90° to the 

tangent line to the opaque obscuration limit. 

For (b), the distance of [130] mm is to be measured with a flexible tape held 

tautly along the outer surface of the vehicle at an angle of 90° to the tangent 

line to the rear edge of the windscreen. 

Tests to any measuring points located in the windscreen area forward of WAD 

1,700 shall be performed with the child headform impactor. Tests to any 

measuring points located in the windscreen area rearward of WAD 1,700 shall 

be performed with the adult headform impactor. For tests to any measuring 

points located in the windscreen area on WAD 1,700, either of the headform 

impactors may be used at the choice of the technical service. 

It states that the “opaque obscuration” is as follows. 

“any area of the glazing preventing light transmission, including any solid black 

windscreen-printed area, but excluding any shade and, dot-printed area, text 

or graphics”. 

The opaque obscuration is typically found around the outer limits of the windscreen. It is 

predominantly a cosmetic feature that covers any unsightly components including the 

underlying chassis structure, the adhesive bond line or any wiring. 

For the frontal and lateral boundaries, the proposal states a minimum distance of 100 mm 

from the opaque obscuration. This will reduce the frequency of secondary impacts with 

underlying surfaces (dashboard and interior fittings) and limit the risk of damage to the 

headform impactor. 

The rear boundary at 2,500 mm is in accordance with Regulation (EU) 2019/2144; 

however, it is possible that a definition of the ‘windscreen rear reference line’ may be 

necessary if the ‘rear edge of the windscreen’ is not easily identifiable. 

4.4.2 Glass fracture behaviour 

The proposal addresses the potentially unpredictable nature of the glass fracture 

mechanism by adopting an approach that seeks to define the ‘untypical windscreen fracture 

behaviour’ as follows. 

““Untypical windscreen fracture behaviour” is the situation that upon impact by 

the headform, the integrity of the windscreen remains for more than [1] 

milliseconds without fracture, as a visual criteria of high speed videos, or which 

appears as an untypically lengthy peak with more than [500] m.s-2, or 

combination of peaks, in the time/acceleration plot for more than [3] 

milliseconds”. 

The proposal provides an example acceleration vs. time plot for the both a typical and 

untypical fracture mechanism. The definition of the delayed fracture behaviour appears to 

be consistent with the findings of (Zander O, 2017). The proposal states the following. 

“In case of untypical windscreen fracture, which shall only be considered where 

there is no direct or indirect local headform contact with any interior fittings or 
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other structural components and where the HIC value exceeds the respective 

zone’s limit, the technical service shall repeat the test upon the manufacturer’s 

request. The test(s) with untypical windscreen fracture shall also be duly 

recorded in the test report.” 

A failed test due to the delayed fracture mechanism may be repeated when only the 

windscreen glazing is contacted by the headform. This prevents any instances of secondary 

impacts leading to repeated tests. 

4.4.3 Test procedure 

A new test procedure specifically for the headform to windscreen test is not proposed, 

instead, the headform to bonnet test is extended beyond the WAD of 2,100 mm or the 

bonnet rear reference line. This means that equivalent test parameters and impactor 

specifications of R127 will used for both the bonnet and windscreen tests shown in Table 

1.3 and Table 1.4. 

This would mean the 4.5 kg adult headform impactor would be used for windscreen test, 

this is not consistent with the 4.8 kg impactor used for the windscreen test for R631/2009. 

The impactor angle of 50° and 65° for the child and adult headform to windscreen test 

may not be consistent with real-world. Based on simulations of cyclist collisions (Zander 

O, 2017) found that child and adult impactor angles should be 60° and 70° for the 

headform test. 

4.4.4 Test specification 

The proposal adopts an equivalent test specification as R127 with the additional windscreen 

area combined to the bonnet top test area where ‘the recorded HIC shall not exceed 1,000 

over two thirds of the combined bonnet top test area and windscreen test area. and 1,700 

for the remaining test area for both headforms. 

It later states that, “In case there is only a child headform test area, the HIC recorded shall 

not exceed 1,000 over two thirds of the test area, and 1,700 for the remaining area”. With 

the addition of the windscreen test it is unlikely that only a child headform test area can 

be tested. 

The proposed number of tests is a progression of R127 where a minimum of nine tests 

with the adult headform impactor shall be conducted, with a minimum of three on the 

windscreen test area, where possible. Each test shall be conducted on an undamaged and 

untested windscreen and direct contact to the A-pillars, windscreen header and cowl is 

prohibited, except in the case of monitoring testing. 

 Summary of existing procedures 

Table 4.2 shows a summary of the headform to windscreen procedures for the new car 

assessment programmes and those proposed by BASt. There are many similarities between 

these procedures, particularly concerning the impactor mass and impactor velocity. Based 

on the research conducted by BASt it is suggested that an impactor angle of 70° to the 

ground reference level is appropriate as opposed to the 65° impact angle used in the Euro 

NCAP procedure. 

The headform test area for the Euro NCAP pedestrian protection procedure is different to 

those proposed by BASt in several ways. The rear Euro NCAP test area is defined by the 

WAD 2100 mm. For longer vehicles or SUV’s this WAD may not extend beyond the bonnet 

and therefore no impactor test are performed on the windscreen of the vehicle. 

The BASt procedures propose a different rear boundary for the headform test area. The 

bicycle procedure extends to a WAD of 2500 mm whereas the combined procedure extends 

to the WMRL. The WMRL is dependent on the proximity of the underlying structures 

mounted behind the windscreen (dashboard), and this WAD could potentially change 

significantly depending on the vehicle shape. Vehicles with a steep windscreen angle may 

have a WMRL at a shorter WAD than a vehicle with a windscreen at a shallow angle. For 
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this reason, the size of the assessable test area for the combined procedure proposed by 

BASt may vary considerably. The rear boundary of WAD 2500 mm proposed in the bicycle 

procedure is likely to provide a significantly larger impact test area. 

 

Table 4.2: Summary of existing adult headform to windscreen procedures 

Adult headform to 
windscreen procedure 

BASt - 
Bicyclist 

BASt - 
Combined 

Euro NCAP 

Impactor mass 4.5 kg 4.5 kg 4.5 kg 

Impactor Angle 70° 70° 65° 

Impactor velocity 40 km/h 40 km/h 40 km/h 

Test area forward limit BRRL BRRL WAD 1700 mm 

Test area side limit 165 mm  from 
solid strip 

165 mm from 
solid strip 

SRL 

Test area rearward limit 165 mm 
forward of the 

WRRL or WAD 
2500 mm 

WMRL WAD 2100 mm 
or WRRL 

Assessment criteria 2/3 ≤ HIC 1000 

1/3 ≤ HIC 1700 

WAD 1000 - 

1700 

1/3 ≤ HIC 1000 
2/3 ≤ HIC 1700 
BRRL - WMRL 

HIC < 650 = 
Green 

650 - 1000 = 

Yellow 
1000 - 1350 = 

Orange 
1350 - 1700  = 

Brown 
1700 ≤ HIC = 

Red 

No. of tests 12 9 15 

* As defined in Commission Regulation (EC) No. 631/2009 
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 Task 4: Finalise procedure 

 Procedure 

At the time of writing the Amendment for UN Regulation No. 127 is being pursued by the 

UNECE and therefore TRL have been advised by the European Commission to stop working 

on the drafting of text for the Amendment. A review of existing headform procedures is 

shown in Section 4. 
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 Task 5: Meetings with stakeholders 

 Stakeholder Engagement 

6.1.1 Automotive vehicle manufacturer 

As part of this study we reached out to four OEM’s; we asked each to complete a 

questionnaire and have a technical discussion with regards to the introduction of the 

enlarged headform test area in the Pedestrian safety regulation. All of the OEM’s 

manufacture vehicles in all market segments for many of the largest markets around the 

globe. 

6.1.2 Multiple windscreen manufacturers 

All of the OEM’s reported to use multiple automotive glazing manufacturers across their 

vehicle fleet. It was suggested that it is not uncommon for a single vehicle model to have 

up to three glazing suppliers; this is due to several factors including the size of project and 

geographical location of the windscreen supplier in relation to the vehicle manufacturing 

plant. 

It is not uncommon that the OEM is supplied with branded glazing for installation at the 

factory and glazing intended for the replacement windscreen market with equivalent 

quality. No suggestion was made that a separate manufacturer supplies glazing for only 

the replacement windscreen market. However, this does not mean that aftermarket 

replacement glazing is manufactured by a third-party. 

6.1.3 Specifications of the windscreen 

Based on the conversations it appears that the vehicle manufacturers provide the glazing 

supplier with a technical specification that the windscreen must adhere to. This defines 

properties such as the geometry, optical, mechanical, thermal, chemical resistance 

properties and so on. The minimum performance requirements for vehicles sold within the 

European Union are defined in UN (ECE) Regulation No. 43. When vehicles are sold outside 

of the EU, the glazing must adhere to regulations that apply in that relevant economic 

region example.g. China, Brazil and Korea. The automotive manufacturer is provided with 

the results from these tests by the windscreen manufacturer as part of the approval 

process. 

It was reported that the automotive manufacturer may perform random spot tests on the 

windscreen to confirm the quality of the windscreen. In addition to these, further tests may 

be performed to evaluate the interaction of the bonded windscreen with the vehicles body. 

It was not suggested by any of the automotive manufacturers that the pedestrian headform 

test is part of the approval process. It was suggested that these tests are performed ‘in-

house’ by the automotive manufacturer in accordance to the Euro NCAP test protocol. 

6.1.4 Camera and sensor units 

The test area for the headform to windscreen procedure is a topic that is of interest for all 

of the manufacturers contacted in this study. It was suggested that the test area should 

be limited to exclude any impacts with any camera or sensors mounted to the inside of the 

windscreen. Many AEB systems employ a camera mounted behind the rear-view mirror 

that is directly mounted to the windscreen. All manufacturers contacted held the view that 

the headform test area should exclude contact with the camera. These impacts are likely 

to result in a much greater HIC due to the mass of the camera unit and will likely damage 

the AEB system, increasing the cost of the test. 

The argument was made to completely exclude any headform tests on the black strip 

around the periphery of the windscreen because many vehicles fitted with AEB have an 
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enlarged black strip around the AEB camera. Additionally, a minimum distance inboard of 

the black strip should be enforced to avoid any contact with the AEB unit. 

6.1.5 Glass fracture mechanism 

All of the automotive manufacturers presented research related to the fracture behaviour 

of the windscreen. It is widely understood that the fracture behaviour of the windscreen is 

unpredictable because of brittle nature of glass. It has been shown that when the headform 

impacts the windscreen two fracture modes can occur based on the time interval between 

the initial contact of the headform to the windscreen and the initiation of the fracture. 

6.1.6 OEM proposed test procedure 

There was unanimous agreement between suggestions with regards to the headform test 

area limits. The front limit of the headform test area should be defined as 165 mm rearward 

of the black strip along length of the lower windscreen. The lateral limit of the test area 

should be defined as 165 mm inboard of the black strip along the side of the windscreen. 

The rear limit of the test area should be defined as the wrap around distance of 2500 mm 

or 165 mm forward to the black strip at the upper windscreen. 

All of the automotive manufactures proposed that the adult headform impactor should be 

used in the test. 

An impact angle of 65° to the ground reference level was proposed by all automotive 

manufactures. 

The parameter where the automotive manufacturers did not have agreement was the 

proposed impactor speed. One suggestion was that the speed should remain unchanged 

from the current UN Regulation No. 127 where the adult headform test is performed at 

35 km/h, this is also equivalent to the speed used under Regulation (EC) 78/2009. 

Another suggestion was that entire test procedure should be equivalent to the Euro NCAP 

test protocol and therefore a 40 km/h impactor speed should be adopted. 

The third suggestion was made that the impactor speed should be reduced to 26 km/h. As 

a consequence of the mass adoption of AEB systems it is proposed that the speed at which 

a pedestrian is struck will be reduced and therefore the regulatory test should reflect the 

real-world effects of AEB. 

All of the automotive manufacturers proposed that the maximum HIC threshold should be 

1700 across 100% of the headform to windscreen test area. With the unpredictable nature 

of the glass fracture this was proposed as a threshold that will be achievable for the 

automotive industry. 

The argument was made that without the minimum distance of 165 mm from the black 

strip to the test area, the stiffness of the surrounding structures increases the HIC to an 

extent that a maximum HIC of 1700 is not achievable. This is proposed as a means of 

excluding from the test area any components mounted to the windscreen top, for example 

AEB camera or other sensors. 

6.1.7 ‘Solid strip’ definition for the windscreen limits 

Many of the stakeholders proposed that the outer windscreen limits should be defined by 

the ‘solid strip’ around the windscreen periphery as this will exclude impact points to the 

windscreen mounting frame and any underlying structures, for example the ADAS sensors 

that are often mounted the inside of the windscreen. However, it was conceded that there 

are examples where the strip is used for decorative purposes where graphic designs are 

created around the edge of the windscreen. If the solid strip is to be used as a reference 

point for the headform test area it is problematic when the same strip is being used for 

decorative reasons. The size of the headform test area could be reduced if the solid strip 

was enlarged and potentially this could have a negative effect on the safety performance 

of the windscreen. UNECE Regulation No. 125 regulates the forward field of vision for a 
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vehicle and will prohibit the drivers view from being impeded; however, this may not 

completely prevent this approach being exploited. 

6.1.8 Automotive glazing Manufacturer 

As part of this study we held a technical discussion with a leading glazing manufacturer 

with facilities worldwide for many different industries including architectural, automotive 

and speciality glass. It was reported that windscreens intended for the automotive factory 

and replacement windscreens are of equivalent quality as they are subject to the same 

legal requirements. Mechanical tests on the windscreens include those defined in (ECE) 

Regulation No. 43, additionally the equivalent for the US and Chinese regions. 

It was not suggested that any assessment with regards to the pedestrian protection 

performance of the windscreen glazing is part of the approval process. It was highlighted 

that the purpose of UN (ECE) Regulation No. 43 is safety of the vehicle occupants and the 

introduction of the pedestrian protection performance may contradict this Regulation. 
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Annex 1 MONITORING DATA 

Annex 1.1 Collated and anonymised headform to windscreen data 

 

Table 1.1: Collated and anonymised headform to windscreen HIC values from the EU 
monitoring tests (Directive 2003/102/EC & Regulation (EC) No 78/2009) 

      

Adult headform (4.8 kg) to windscreen (according to 
paragraph 2.4.) (add column where necessary) 

Selected windscreen impact 
points 82.5 mm inside outline of:       

              

Case 
Number 

Vehic
le 
make 

Produ
ction 
Start 
(Year) 

Segmen
t 

HIC<1700 HIC<1700 HIC1 HIC2 HIC3 HIC4 HIC5 Complet
e 
Windscr
een 

Vision 
Area B 

Unknow
n 

1 1 2007 A TRUE TRUE 532 298 227 850 624  X  

2 2 2007 S FALSE TRUE 348 360 294 435 1140 X   

3 2 2007 E FALSE FALSE 3512.47 336.8 238.01 170.14 607.64 X   

4 2 2005 J TRUE TRUE 325.1 415.6 398.7 527.1 391.2 X   

5 3 2004 C FALSE TRUE 538 788 712 1060 378 X   

6 3 2008 D TRUE TRUE 461 617 278 123 755 X   

7 3 2007 B TRUE TRUE 297 246 473 457 343 X   

8 3 2011 A TRUE TRUE 302 145 82 179 379 X   

9 4 2007 M TRUE TRUE 956 853 482 522 346   X 

10 4 2007 C FALSE FALSE 340 2670 582 673 494 X   

11 4 2009 M FALSE TRUE 200 535 541 147 1218 X   

12 4 2007 A FALSE FALSE 400 405 268 409 1740 X   

13 4 2008 C FALSE TRUE 1033 216 442 337 247 X   

14 4 2007 J FALSE TRUE 1132 407 777 456 346   X 

15 4 2007 J TRUE TRUE 337 278 428 472 350 X   

16 5 2006 S TRUE TRUE 789 789.6 826.2 518.9 236.4 X   

17 6 2007 D FALSE TRUE 356.84 1408.23 1136.87 808.14 469.45 X   

18 6 2008 J TRUE TRUE 200.1 188.47 244.08 184.48 845.11 X   

19 6 2010 D FALSE TRUE 1008 425 488 1087 416 X   

20 6 2004 C TRUE TRUE 264 229 173 131 199 X   

21 7 2009 S FALSE TRUE 1078 269 423 246 271   X 

22 7 2010 D FALSE TRUE 614.9 317.4 1349.6 237.1 233.4 X   

23 7 2007 C TRUE TRUE 810.82 912 298.84 366.9 300.47 X   

24 7 2008 J FALSE FALSE 714 635 989 517 1758 X   

25 7 2012 B FALSE TRUE 231 1049 363 516 297 X   

26 7 2013 B FALSE TRUE 311.3 399.1 678 1258 639.3   X 

27 8 
Unkn
own J FALSE FALSE 7563.6 333.5 216.5 1622 311.9 X   

28 8 
Unkn
own B FALSE FALSE 362.8 389.1 375.2 2421.4 469.7 X   

29 9 2005 D FALSE FALSE 1925 1142 1751 229  X   

30 9 2007 M FALSE TRUE 1496 1274 1260 758 143 X   

31 9 2010 M TRUE TRUE 627 845 592 468 426 X   

32 9 2005 D FALSE TRUE 692 375 1348 1079 609 X   

33 9 2007 C FALSE FALSE 1965 1296 1020 1998 1852  X  

34 9 2007 A FALSE FALSE 1083 273 1518 2087 1375 X   

35 9 2011 A FALSE FALSE 953 2653 828 372 337   X 

36 9 
Unkn
own C FALSE FALSE 2350 861 4458 1358 2565   X 

37 9 2008 M FALSE FALSE 1837.9 855.2 327.6   X   

38 10 
Unkn
own 

Unknow
n TRUE TRUE 585.9 276.8 543.3   X   

39 11 2010 E TRUE TRUE 494 205 523 203 314  X  

40 11 2009 J TRUE TRUE 245 430 257 516 403  X  

41 12 2008 B TRUE TRUE 544.8 249.1 258.7 171.5 333.5   X 

42 12 2010 C TRUE TRUE 261 395 278   X   

43 12 2010 B TRUE TRUE 566.8 676.6 534.7 328.9 399.6 X   

44 12 2009 J FALSE FALSE 4806.1 1198.7 125.7 422.3 294.6   X 
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45 12 2011 J TRUE TRUE 273.52 132.44 160.33 104.23 425.92   X 

46 12 2009 M FALSE TRUE 1522.9 589.7 473.4 290.3 1622.8   X 

47 13 2002 B TRUE TRUE 421 620 317 422 251 X   

48 13 2011 M TRUE TRUE 253 122 247 238 251 X   

49 13 2009 A TRUE TRUE 330 271 319 192 279 X   

50 13 2008 C TRUE TRUE 145 144 365 433 253 X   

51 13 2008 C TRUE TRUE 241 790 427 299 537 X   

52 13 2008 D TRUE TRUE 799 961 816 446 371   X 

53 13 2006 J FALSE TRUE 526 559 1324 791 374 X   

54 13 
Unkn
own 

Unknow
n FALSE FALSE 2160 2170 3090 1826 1585   X 

55 13 2002 B FALSE FALSE 2777 799 606   X   

56 13 2008 C TRUE TRUE 457 225    X   

57 14 2008 B FALSE FALSE 351 2381 1115 483 1018 X   

58 14 2010 C FALSE FALSE 2253 2512 1678 1610 646   X 

59 15 2009 S FALSE TRUE 462 276 1633 1154 301   X 

60 16 2012 F TRUE TRUE 590.1 325.5 307.8 346.2 730.7  X  

61 16 2007 S FALSE FALSE 490 124 919 2065 814   X 

62 17 2011 E TRUE TRUE 271 203 407 439 206  X  

63 17 2012 C TRUE TRUE 604 400 370 349 198  X  

64 17 2011 J TRUE TRUE 987 622 164 164 285  X  

65 17 2008 J FALSE TRUE 95 341 1176 571 250  X  

66 17 2008 D TRUE TRUE 454 259 251 141 260  X  

67 17 2006 S TRUE TRUE 448 256 895 339 667  X  

68 17 2006 S TRUE TRUE 512 485 368 543 256  X  

69 18 2010 J TRUE TRUE 737 687 477 613 874   X 

70 19 2002 C FALSE FALSE 1712 389 662 441 1280   X 

71 19 2006 J FALSE TRUE 1443 460 737 557 408  X  

72 19 2003 D FALSE FALSE 3133 3208 440 3081 4317  X  

73 20 
Unkn
own 

Unknow
n TRUE TRUE 586 277 543   X   

74 21 2006 J TRUE TRUE 285.4 982.8 397.1   X   

75 21 2005 J FALSE FALSE 2224 1123 1980   X   

76 21 2008 A TRUE TRUE 393 361 910   X   

77 21 2009 D FALSE TRUE 362 700 1034   X   

78 22 2011 B TRUE TRUE 619 392 494 259 513  X  

79 22 
Unkn
own 

Unknow
n FALSE TRUE 1234 1132 422 197 1132 X   

80 23 2010 F FALSE TRUE 1219 1427 328 621 190  X  

81 23 2011 S TRUE TRUE 356 987 262 653 276  X  

82 23 2007 C FALSE FALSE 420 599 1663 2969 197  X  

83 23 2009 E FALSE TRUE 385 736 466 1242 649  X  

84 23 2008 J TRUE TRUE 340 252 581 371 193  X  

85 23 2007 C FALSE FALSE 1909.4 6807.8 727.2 406.1 693.9  X  

86 24 2003 C FALSE TRUE 1094 211 939    X  

87 24 2004 M FALSE TRUE 1082 174 318    X  

88 24 2008 B FALSE TRUE 1013 1013 231 689 231  X  

89 24 2008 D TRUE TRUE 350.1 327.2 200.2 317 244.1 X   

90 24 2011 A TRUE TRUE 388.7 301.6 250.6 209.7 288.9 X   

91 24 2009 B FALSE TRUE 772 710 1189   X   

92 24 2008 D TRUE TRUE 478 222 176   X   

93 24 2005 D FALSE FALSE 315 2379 260   X   

94 24 2002 B FALSE TRUE 654 1585 461 1585 654 X   

95 25 
Unkn
own 

Unknow
n TRUE TRUE 768.4 408.6 461.3   X   

96 26 2011 A TRUE TRUE 287.1 223 341.3 527.7 333.6 X   

97 27 2007 C FALSE TRUE 323.1 982 169.5 261.7 1083.5   X 

98 27 
Unkn
own 

Unknow
n TRUE TRUE 558.9 785.5 380.1 599.4 583.3   X 

99 27 
Unkn
own 

Unknow
n FALSE TRUE 1516.8 558.9 785.5 380.1 932.7 X   

100 28 2011 J FALSE TRUE 1078 254 463 364 360 X   

101 28 2012 J TRUE TRUE 726.2 536.4 845.4 541.6 785.6 X   

102 29 2009 J TRUE TRUE 611.8 506 822.5 438.4 293.8  X  

103 29 2007 J TRUE TRUE 638.5 419.8 219.6 525.5 303  X  

104 29 2010 J TRUE TRUE 491 744 448 270 261 X   

105 29 2006 J TRUE TRUE 253 700 671 549 113 X   
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106 29 2004 B TRUE TRUE 488 676 330 211 323 X   

107 29 2004 C TRUE TRUE 619.6 392.6 494.9 259.1 513.7  X  

108 29 2004 C TRUE TRUE 508 283.6 364.6 334.8 185.3   X 

109 29 2007 S FALSE TRUE 528.9 401.4 1437.8 555.8 244.5   X 

110 29 2009 S  TRUE TRUE 501.1 484.1 665.2 395.4 471.7   X 

111 29 2009 C TRUE TRUE 329.4 283.5 470.2 499.1 365.3   X 

112 29 2009 M TRUE TRUE 366.7 906.1 353.5 343.3 585.1   X 

113 29 2010 C TRUE TRUE 268 238.5 358.8 387.6 266.7   X 

114 29 2006 J FALSE TRUE 1118.9 1447.7 637.4 529.5 400.7   X 

115 30 2003 S TRUE TRUE 350 718 312 331 551 X   

116 31 2009 M TRUE TRUE 453.8 365.2 447.9 149.3 231.9 X   

117 31 2012 C FALSE TRUE 1367.2 786.5 542.6 497.9 936.1 X   

118 31 2005 B TRUE TRUE 412.4 207.3 235.5 654.4 251.9   X 

119 31 2006 C TRUE TRUE 327.6 222.1 297.1 606.4 456.2   X 

120 31 2006 C TRUE TRUE 457.8 344 228.1 216.5 309.2   X 

121 31 2009 D TRUE TRUE 306.1 257.6 228.1 203.2 158   X 

122 32 2011 E FALSE TRUE 796.4 684.7 561.9 495.9 1391.5  X  

123 33 2012 J FALSE TRUE 362 1099 574 298 193 X   

124 34 2007 D FALSE TRUE 1536 261 786 469 435  X  

125 34 2007 D FALSE TRUE 1087 879 667 1118 784  X  

126 34 
Unkn
own 

Unknow
n TRUE TRUE 800 298 534 282 520   X 

127 34 2008 J FALSE TRUE 1537 235 760 223 178   X 

128 34 2009 D TRUE TRUE 789 742 765 975 354   X 

129 34 2011 D FALSE TRUE 645 1055 473 768 823   X 

130 34 2012 S FALSE TRUE 1180 221 615 347 277   X 

131 35 2008 D FALSE FALSE 739 1808 1222   X   

132 35 2004 C TRUE TRUE 707 271 483   X   

133 35 2006 J TRUE TRUE 302.8 299.6 200.1   X   

134 35 2010 M TRUE TRUE 390 680 200 219 523 X   

135 35 2009 C FALSE FALSE 308 601 548 3750 137 X   

136 35 2012 J FALSE FALSE 764 2936.3 1055.6 1177.2 1298.4 X   

137 36 2010 D TRUE TRUE 364.13 370.84 164.68 508.84 282.58 X   

138 36 2010 C FALSE FALSE 622.02 1062.92 1831.27 681.02 1456.6 X   

139 37 2005 M FALSE TRUE 1347.1 785.8 896.8 389.6 360.7  X  

140 37 2007 D FALSE TRUE 797.5 1506.6 454.9 757.1 452.7  X  

141 37 2006 J FALSE TRUE 1328.2 621.1 335.9 1482.1 395.8   X 

142 37 2007 B FALSE TRUE 648.9 1289.3 128.5 260.1 439.5   X 

143 38 2007 J TRUE TRUE 255 298 356   X   

144 39 
Unkn
own A TRUE TRUE 238.5 349.9 236.2 161.5 453.4   X 

145 40 2005 B TRUE TRUE 622 345 436 768 660 X   

146 40 2004 M TRUE TRUE 821 883 753 343.7 528.4 X   

147 40 2012 B TRUE TRUE 715 515 524 373 492 X   

148 40 2008 B TRUE TRUE 789.6 789 518.9 411.2 738.7 X   

149 40 2008 D TRUE TRUE 195 306.1 680.7 506.5 474.4 X   

150 40 2008 B FALSE TRUE 1652.5 546.1 1268.1 968.7 941.4 X   

151 40 2011 A FALSE TRUE 403 1214 266   X   

152 41 
Unkn
own 

Unknow
n TRUE TRUE 197 152 377 596 677   X 

153 41 
Unkn
own 

Unknow
n FALSE TRUE 156 758 875 923 1252   X 

154 41 2008 B TRUE TRUE 216.2 169.6 527.9 446.4 216.8 X   

155 42 2009 J TRUE TRUE 535.07 226.86 343.26 291.39 197.67 X   

156 42 2008 B TRUE TRUE 372.6 189.9 646.2 944.3 171.4 X   

157 42 2007 C FALSE TRUE 182.15 489.64 1325.69 174.91 385.76 X   

158 42 2011 S FALSE FALSE 739.9 486.7 2835 1284.1 1339.5 X   

159 42 2011 C FALSE TRUE 1154.9 1657.7 588.2 496.8 1101.3 X   

160 42 2013 J TRUE TRUE 551.05 339.69 233.15 408.37 386.07 X   

161 42 2011 B FALSE FALSE 2273.5 715.2 329.4 356.7 758.5 X   

162 42 2010 B TRUE TRUE 276 257 213   X   

163 42 2011 C TRUE TRUE 327 249 352   X   

164 42 2011 D TRUE TRUE 285 547 415   X   

165 42 2007 A TRUE TRUE 444 383 509   X   

166 42 2005 B TRUE TRUE 403 475 387   X   

167 43 2013 J TRUE TRUE 227 579.6 611.7 350 419.2  X  
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168 43 2007 D TRUE TRUE 334.4 472.1 660.3 355.2 282.8  X  

169 44 2012 J FALSE TRUE 1002 426 437 325 309  X  

170 44 2007 J FALSE TRUE 1443 460 737 556.9 407.9  X  

171 44 2009 M TRUE TRUE 365 366 246 229 885   X 

172 44 2009 B FALSE TRUE 615 403 385 1090 365   X 

173 44 2006 M FALSE TRUE 229.9 533.2 222.7 466.3 1122.1   X 

174 44 2008 M FALSE FALSE 1750 2970 1152 3218 2717   X 

175 44 2007 D FALSE FALSE 1101 759 250 1832 1592   X 

176 44 2010 D FALSE FALSE 353 397 202 821 1759   X 

177 44 2010 C FALSE TRUE 240 292.4 194.5 470.1 1018.5   X 

178 45 2006 J TRUE TRUE 775.8 383.9 309.5 511.8 340.9   X 

179 46 2010 J TRUE TRUE 357.75 118.55 431.81 273.43 118.55 X   

180 46 2010 D TRUE TRUE 454 464 233 124 292 X   

181 46 2011 A TRUE TRUE 338 347 815   X   

182 46 2005 B TRUE TRUE 393 361 428   X   

183 46 2008 M TRUE TRUE 759 411 210   X   

184 46 2009 A TRUE TRUE 304.5 701.6 586.9   X   

185 46 2006 M FALSE FALSE 2004 1020 1001   X   

186 47 2010 S FALSE TRUE 1122.9 1266.7 825.1 783.9 554.8 X   

187 47 2007 S FALSE FALSE 1773.3 1275.3 761.8 802 617.8 X   

188 47 2007 S FALSE FALSE 151.3 1927.4 690.1 275.7 1053.6   X 

189 47 2008 S FALSE FALSE 2351 559 471 1021 483   X 

190 48 
Unkn
own 

Unknow
n TRUE TRUE 204 336 103 206 237 X   

191 49 2009 S FALSE FALSE 2000.6 1424.7 2245.3 2374.4 3013.5 X   

192 49 2009 S TRUE TRUE 884 456.8 384.4 727.2 884 X   

193 50 2010 S TRUE TRUE 302.5 272 265.1 431.2 146.5 X   

194 50 2011 C TRUE TRUE 394.8 266 380.4 310.2 445.6 X   

195 50 2006 C TRUE TRUE 634.1 490.2 322.4 289 531.3   X 

196 50 
Unkn
own J TRUE TRUE 545 518 400 416 651   X 
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Annex 1.2 HIC by vehicle make 

 

Figure 8.1: Box plot distribution for headform to windscreen HIC results by vehicle make (number of vehicles) (Directive 2003/102/EC and 
Regulation (EC) No 78/2009) 
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Annex 1.3 HIC by vehicle segment 

 

Figure 8.2: Box plot of the headform to windscreen HIC results by Vehicle Segment (no. of vehicles) (Directive 2003/102/EC and Regulation (EC) 

No 78/2009) 
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Annex 1.4 HIC by vehicle year 

 

Figure 8.3: Box plot of the headform to windscreen HIC results by model year (no. of vehicles) (Directive 2003/102/EC and Regulation (EC) No 
78/2009) 
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Annex 1.5 HIC by windscreen manufacturer 

 

Figure 8.4: Box plot of the headform to windscreen HIC results by windscreen manufacturer (no. of vehicles) in accordance with Directive 
2003/102/EC and (EC) 78/2009
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Annex 2 SERVICE REQUEST RESPONSE 

Annex 2.1 Task 1: Data Fundamentals 

Annex 2.1.1 Description of task: 

When the pedestrian safety regulation was introduced in Europe (initially via Directive 

2003/102/EC), concerns over the application of the upper legform and adult headform to 

windscreen tests led to these being implemented as monitoring tests only. From 

implementation (and mandatory application from 2005) until switching to equivalent UN 

Regulations, data were collected from these tests. The European Commission has collated 

these data from type-approval authorities during this period. These data were provisionally 

presented by TRL for the first General Safety Regulation review project. 

As background to the proposal to introduce regulatory performance requirements for the 

adult headform to windscreen test, it is necessary to understand what the monitoring tests 

can tell us about potential requirements. Therefore, the purpose of this work element is to 

analyse the monitoring test data to address this need. 

Annex 2.1.2 Approach 

TRL collated, in a single source, the monitoring test data provided by the European 

Commission. This includes information from: Austria (response, but no test data), Belgium, 

France, Germany, Ireland, Italy, Luxembourg, Spain, The Netherlands and the United 

Kingdom. 

To facilitate easy observations of trends the data were organised by make, model, and 

segment. The test results were assessed against potential limits, specifically for the head 

test area a Head Injury Criterion value of 1,000. 

Annex 2.1.3 Output 

The output of this task was an Excel sheet collating the data, adding vehicle segments and 

identifying which vehicles would have passed or failed the anticipated pass/fail criterion. 

A summary of the information was prepared, capturing key messages on a few 

presentation slides. This information is required to provide the basis for further discussions 

and opening of an agenda item with GRSP. 

Annex 2.2 Task 2: Additional Insight – Glazing Manufacturer 

Annex 2.2.1 Description of task 

Based on the information presented in the first General Safety Regulation review project, 

it appears that some manufacturers were already able to meet the requirements. The 

reasons for any differentiation based on manufacturer are not clear. One hypothesis is that 

the glazing manufacturer may influence the head impact performance of the windscreen 

area. 

Within the monitoring data, the manufacturer applying for the type approval is recorded. 

However, it is suggested that the performance of the windscreen area will be influenced 

by the glass. Therefore, the monitoring data was enhanced by identifying and adding the 

associated glazing manufacturer to the information available. 

Annex 2.2.2 Approach 

There is no quick mechanism for determining the glazing manufacturer from the monitoring 

test data. Instead, TRL visited car sales showrooms to inspect the glass currently fitted to 

representative vehicles. This should help build confidence as to which glass was fitted as 

original equipment. Where possible, TRL also took simple measurements of the windscreen 

(for instance the angle at the centre of the glass area).   

TRL will also exploit connections with windscreen replacement companies to support this 

initiative and to fill gaps where vehicles are difficult to inspect in the first person. 
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Annex 2.2.3 Output 

The output from this task will be one or two  extra data columns added to the output from 

the first task collating the monitoring data. 

Again, the Excel spreadsheet was supported with a few slides containing the key messages 

from the organisation of the vehicles by manufacturer or segment. 

Annex 2.3 Task 3: Existing Procedures 

Annex 2.3.1 Description of task 

Before writing a new procedure to include the windscreen area, it is necessary to consider 

the existing procedures which could be adopted. To ensure that the proposed procedure is 

as familiar and robust as possible the following candidates for adoption were reviewed. 

Annex 2.3.2 Approach 

Each of the following procedures were reviewed for elements and candidate text that could 

be used to specify the extended test area in regulatory testing and with limited need for 

revisions. 

Pedestrian safety regulation – monitoring tests  

As the stipulated tests behind the monitoring tests, the European pedestrian safety 

regulation was considered as a primary source for new test conditions. See Section 1.1.1 

and 1.1.2 for details of these procedures. 

Euro NCAP  

The windscreen area is included within the grid system for the Euro NCAP adult headform 

test area. However, it is provided with a default ‘green’ result. The specified test conditions 

for this region were reviewed for any differences to the pedestrian safety regulation. 

BASt/FKA paper 

Zander and Hamacher (2017) proposed an extension to the head testing zone to include 

better protection for pedal cyclists and pedestrians. The conditions for the windscreen 

testing area were adapted to improve representation of pedal cyclist contacts. These were 

added to the candidates for the adult headform test area extension to cover the 

windscreen. 

Annex 2.3.3 Output 

The output from this task was an interim output with each source being annotated with 

the reviewer’s comments. This interim output is not intended to be shared outside of the 

project team. However, the comments will be made available for the European 

Commission’s Project Officer, if required. 

Annex 2.4 Task 4: Finalise Procedure 

Annex 2.4.1 Description of task 

Building on the data extracted from the review of procedures, comments from the 

authors/representatives and stakeholder input, TRL will use the candidate procedures to 

draft the regulatory text for including the windscreen in the adult headform test area. 

Annex 2.4.2 Approach 

There is no complicated method for drafting the regulatory text. As much as possible will 

be copied directly from existing sources, with any novel material composed by the TRL 

authors. No tests or demonstrations are foreseen to be carried out as part of this Service 

Request. Therefore, the draft regulatory text will be in draft form subject to stakeholder 

review and potentially validation testing by third parties. 
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Annex 2.4.3 Output 

The output from this task will be a TRL’s proposal for a draft amendment to UN Regulation 

No. 127 or UN GTR No. 9. It will be written so that new material can be inserted into the 

text of the existing regulation so that paragraph numbers align with the existing headings. 

This should minimise the additional effort required for another party or UN group secretary 

from having to edit the text. 

Annex 2.5 Task 5: Meetings with Stakeholders 

Annex 2.5.1 Description of task 

Although the monitoring tests were written into regulation in Europe for more than a 

decade, it is still expected that the addition of the windscreen into the adult headform test 

area raises some resistance from stakeholder groups. For this reason, it is critical that the 

obligations and implications of the testing are communicated well with key groups. 

Annex 2.5.2 Approach 

TRL is anticipating the need to be available to make calls with research groups to align 

procedures and facilitate telephone conferences to discuss decision-making around novel 

requirements. 

In addition, TRL will be available to travel to Brussels to meet with a group of stakeholders 

invited and convening at the discretion of the Project Officer. 

Annex 2.5.3 Output 

TRL will host telephone conferences, as necessary. Slides will be composed for these 

meetings as well as any face-to-face meeting. The material for the slides has been 

introduced in the previous sections of this measure. In particular, key summary points 

from the monitoring data will be generated as well as a line-by-line summary of new text 

and potential sources from which the text was duplicated. 
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EXECUTIVE SUMMARY 

Introduction 

Driver Availability Monitoring Systems (DAMS) for Automated Driving Systems (ADS) (SAE 

Level 3 and 4) are an integral measure to ensure road safety. A DAMS system must ensure 

that the driver is available, ready, willing and able to take back control of the vehicle from 

automated mode safely. The aim of this study was to suggest as many of the DAMS system 

requirements as feasible and finalise the preliminary list of items that should be covered 

by requirements and tests in the future DAMS technical annex. 

Method 

To finalise the potential list of items that will be regulated in relation to the implementation 

and performance of DAMS for Level 3 and 4 Automated Vehicles within Europe and to 

establish as many of the DAMS system requirements as possible, TRL undertook the 

following tasks: 

• Expert engagements 

• A review of automated driving and driver drowsiness 

• A review of secondary task engagement and driver drowsiness 

• A review of secondary tasks and takeover performance 

• A review of HMI design for automated vehicles  

• A review of UNECE guidelines 

• Development of a takeover manoeuvre chronogram 

Driver drowsiness and automated driving 

Automated driving is likely to induce passive fatigue, which has been shown to impair the 

driver’s driving performance after the takeover and the driver’s perception of their state to 

drive safely. These findings, along with expert opinions, highlight the importance of 

monitoring the driver’s level of drowsiness when a Level 3 or 4 ADS is engaged. The 

engagement in secondary tasks may counteract the onset or at least mitigate some of the 

negative effects from the induced passive fatigue by increasing the driver’s arousal. 

Secondary task engagement 

There is limited guidance on what secondary tasks are acceptable and unacceptable when 

a Level 3 or 4 ADS is engaged. TRL believes the permitted secondary tasks are dependent 

on two main factors: the traffic rules of the country; and the ADS and DAMS capabilities 

and limitations, for example, the transition phase, support after the takeover and the 

driver-facing camera’s field of view. 

• Transition phase: Visual and visual-manual secondary tasks have shown to elicit 

longer reaction times to a takeover request. 

• Post-takeover support: When engaged in secondary tasks, the likelihood of the 

driver not being able to drive safely immediately after the handover increases. 

• Driver-facing camera’s field of view: To continuously monitor drowsiness, the 

driver’s eyes need to be within the camera’s field of view. This restricts the driver’s 

eye gaze and potentially the ability to perform some secondary tasks. 

Takeover manoeuvres 

It appears that drivers not performing a secondary task prior to a transition demand 

generally can respond within 10 s. Similar findings were found when drivers were engaged 

in handsfree secondary tasks. For secondary tasks requiring a handheld device or item, 

drivers may need 15 s to react safely. 

There is substantial evidence suggesting that driving performance is likely to be impaired 

after the takeover. This has been attributed to the driver being out-of-the-loop prior to 
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takeover and having reduced situation awareness. The likelihood of this occurring is 

increased with the engagement in secondary tasks, specifically those requiring the driver’s 

visual attention, and even more so if the task includes use of a handheld device or item. 

HMI 

The HMI of ADS must account for a higher and more complex level of interaction and 

communication between the driver and the system compared to conventional vehicles. 

Commonality amongst the HMI of DAMS is recommended, as well as the use of multimodal 

escalating warnings. It is recommended that secondary tasks displayed on the 

entertainment console should be suspended or deactivated when a transition demand is 

initiated. While there have been some design principles and recommendations proposed in 

the literature and standards, further research is required to understand the key design 

characteristics for Level 3 and Level 4 Automated vehicles. 

DAMS system requirements 

• DAMS are required to continuously and directly monitor the driver to ensure they 

are available, ready, willing and able to take over control of the vehicle from 

automated mode safely. 

• DAMS are required to monitor the following driver states: Driver Presence, 

Wakefulness, Attentiveness, Secondary Task Engagement and Sudden Sickness. If 

the driver exceeds the threshold for one of these states or does not respond as 

planned, the system should take appropriate action.    

• The transition phase is required to be a minimum of [10] s. The same transition 

phase is required if handheld secondary tasks are permitted, where a minimum 

transition phase of [15] s is required for secondary tasks performed on a hand-held 

device or item.   

• The system is required to continue to monitor and support the driver after the 

transition phase is completed until the driver has regained situation awareness and 

achieved full longitudinal and lateral control of the vehicle. 

The findings from this report were used to refine and update the preliminary list of aspects 

that should be covered by requirements and tests in the future DAMS technical annex 

(Annex 1). 
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1 INTRODUCTION 

During conditional and highly automated driving (i.e. SAE Level 3 and 4), the role of the 

driver changes from being in control of the driving task to monitoring the driving task. The 

change in role has been suggested to reduce the driver’s attention and alertness, resulting 

in a loss of situation awareness and becoming out-of-the-loop (OOTL). Situation awareness 

can be linked with a driver’s consciousness towards the environment, while OOTL is 

specifically linked with the automation system and arises from a lack of physical control 

(Endsley, 1995). A driver OOTL or with a lack of situation awareness can result in reduced 

responses to safety critical events. As such, Driver Availability Monitoring Systems (DAMS), 

which monitor the driver to ensure that they are safely able to take over control of the 

vehicle from automated driving, are essential for Level 3 and Level 4 Automated Vehicles. 

These systems must ensure that the driver is available, ready, willing and able to take 

back control from the automated mode safely, as well as interact with and alert the driver 

when necessary. 

TRL have been commissioned by the European Commission to support in the development 

of a draft technical annex suggesting requirements and test procedures for the type-

approval of DAMS (SAE Level 3 and 4). The DAMS first interim report highlighted that it is 

currently not possible to draft a technical annex for DAMS (Huysamen et al., 2020). The 

reasons for this were the limited information regarding DAMS, the lack of consensus 

surrounding the requirements and acceptable states for drivers using Level 3 and 4 DAMS, 

the technological challenges to monitor certain driver states and the limited number of 

systems on the market.  

• The technology to monitor the driver’s eyes, face, head and/or body exists. This 

technology, normally in the form of a driving-facing camera, is one component of 

the DAMS, where manufacturers are responsible for taking this piece of technology 

and creating a DAMS with it (i.e. integrating it into the vehicle, developing 

algorithms to determine the availability and readiness state of the driver, optimising 

the interaction with the vehicle and driver, interacting with the driver when needed 

etc); something which manufacturers are still trying to achieve (i.e. many systems 

are still under development). Because of this TRL was unable to determine how 

these systems will operate, function and be validated, making the development of 

a technology neutral regulation challenging.  

• There were also several technological limitations identified which prevents the 

continuous and reliable monitoring of driver drowsiness, cognitive attention and 

secondary task engagement. These limitations are important to determining 

whether a driver is available, ready, willing and able to take back control of the 

vehicle from automated mode. 

• There was a lack of consensus about how to define an Automated Driving System 

(ADS), as well as the human states to be monitored by a DAMS and what states 

are acceptable and unacceptable during ADS engagement and takeover 

manoeuvres. These factors dictate the requirements of the system, and as such 

need to be specified in order to create a regulation. It would also ensure that 

manufacturers design appropriate and safety critical systems. 

Moreover, the DAMS first interim report stated that in order to establish the validation 

testing and documentation package requirements, the system requirements need to be 

established first (i.e. based on these). As such, in this phase of the research, TRL aimed 

to establish as many of the system requirements as feasible, by continuing to gather 

information on the topics-related to DAMS, specifically those highlighted in the DAMS first 

interim report (i.e. secondary tasks and takeover manoeuvres). The information gathered 

from this phase of the research project was also used to refine and update the preliminary 

list of aspects that should be covered by requirements and tests in the future DAMS 

technical annex. 
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2 METHOD 

To finalise the potential list of items that will be regulated in relation to the implementation 

and performance of DAMS for Level 3 and 4 Automated Vehicles within Europe and to 

establish as many of the DAMS system requirements as possible, TRL undertook the 

following tasks: 

1. Expert engagements 

2. A review of automated driving and driver drowsiness 

3. A review of secondary task engagement and driver drowsiness 

4. A review of secondary tasks and takeover performance 

5. A review of HMI design for automated vehicles  

6. A review of UNECE guidelines 

7. Development of a takeover manoeuvre chronogram  

The full details of the methodology may be found in Annex 2. 
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3 RESULTS 

3.1 Expert engagements 

TRL engaged with nine experts in the field of driver behaviour and automated driving on 

topics related to DAMS to assist in the creation of a regulation for these types of systems. 

Most of the experts recognised the SAE definitions as the most well used industry standard 

for automated vehicles but suggest that more detail is required with regards to defining 

ADS. In particular, more information is required about takeovers and the division of 

responsibility between the driver and the ADS for Level 3 systems. The bullets below 

highlight the key findings from the expert engagements. The full results can be found in 

Annex 3.1. 

• Role of the driver when the ADS is engaged: 

o Level 3: Some experts believe the driver must remain engaged in the driving 

task (i.e. secondary tasks are not allowed), whilst others believe constant 

monitoring is not required (i.e. secondary tasks are allowed). 

o Level 4: All experts believe that drivers can partake in secondary tasks; 

however, some believe that the driver should have some degree of situation 

awareness and as such secondary tasks such as sleeping are not seen as 

appropriate.  

• Acceptable and unacceptable driver states: 

o Most experts agree that drivers must have a reasonable level of alertness 

and attentiveness when a Level 3 or 4 ADS is engaged. 

o Some experts state that certain levels of visual and cognitive distraction 

could be acceptable and beneficial in enabling the driver to avoid cognitive 

underload during automated driving. 

o Most of the experts deem drowsiness/fatigue, low levels of attention, and 

impairment from substances to be unacceptable driver states for Level 3. 

• Below are the most commonly reported characteristics to describe an available, 

ready, able and willing driver: 

o The driver is alert (i.e. not drowsy) and/or awake (i.e. not sleeping) during 

the engagement of the ADS. 

o The driver is situationally aware of the driving task and environment, and/or 

attentive to the driving task during the takeover, where some also stated 

when the ADS is engaged. 

o The driver is present in the driver’s seat throughout the Dynamic Driving 

Task (DDT). 

o The driver is not engaged in a secondary task or is not distracted during a 

takeover, where some also stated when the ADS is engaged. 

o The driver is able to fulfil the re-engagement actions of the system (e.g. 

hands on wheel and engaging the pedals) or provide input by, for example, 

pressing a button to confirm they are willing to resume control. 

• Takeovers: 

o Timeframes reportedly required for takeovers varied from 5 seconds to 20 

seconds 

o Most experts also stated that the type of secondary task would have an 

effect on takeover time based on the physical and cognitive demand of the 

task. 
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o Majority of experts commented that continuous monitoring of the driver is 

important, specifically before and after the transitional takeover period to 

ensure the driver is in a safe state to take over control of the vehicle. 

o The following factors were reported to negatively affect driving performance 

after a takeover: type of secondary task (e.g. high visual and cognitive 

attention), degree of situation awareness before the takeover, and if the 

driving environment has changed after the takeover. 

• DAMS validation testing: 

o Testing DAMS with a range of ethnicities, nationalities and genders was 

recommended by most experts. 

o According to experts, simulators are effective at monitoring certain human 

states such as drowsiness in a controlled and safe environment, while real-

road or test track environments allow for high fidelity testing.  

o Concern was expressed between some experts over the different driver 

behaviours and lower levels of risk perception experienced by driver’s in a 

simulator versus on real roads or on a test track. 

o Testing the system sensitivity and specificity was recommended by a 

number of experts. 

3.2 Literature review 

This section of the report highlights the main findings from the literature review. The full 

results are detailed in Annex 3.2 of this report. 

3.2.1 Driver drowsiness and automated driving 

The evidence in the literature suggests that automated driving is likely to induce passive 

fatigue in driver’s due to cognitive underload (i.e. several studies found driver drowsiness 

to be higher and task demand to be lower during automated driving compared to manual 

driving) (Kudinger et al., 2018;Saxby et al., 2013;Schömig et al., 2015;Kaduk et al., 

2020;Goncalves et al., 2016;Cunningham and Regan, 2017). This is due to the role of the 

driver changing from being in control of the driving task to monitoring the driving task. It 

is suggested that the negative effect of automated driving on driver drowsiness may impair 

driving performance after a takeover, as well as impair the driver’s perception of their state 

to drive safely. There is evidence to suggest that engagement in a secondary task could 

act as a countermeasure against driver drowsiness induced by passive fatigue or at least 

mitigate some of the negative effects by increasing the driver’s arousal. 

3.2.2 Takeover times and driving performance 

Drivers are more likely to engage in non-driving tasks with increasing levels of automation, 

where smartphone use is the most common task adopted followed by a reading task. 

Engaging in a non-driving task is likely due to drivers trying to increase their arousal levels 

or fight boredom. Evidence suggests that drivers may change their environment to suit the 

non-driving task adopted such as moving the seat backwards to accommodate a laptop or 

swapping driving glasses for glasses they use to read or watch TV. With automated driving 

experience, the driver’s level of trust with the ADS increases. This results in the driver 

gazing less at the road when the ADS is engaged. 

The research undertaken in this part of the research project confirms that drivers are likely 

to take longer to respond to a takeover request when engaged in a secondary task prior 

to the takeover request, especially for visual and visual-manual demanding tasks. The 

lengthened duration is attributed to factors such as a lack of situation awareness caused 

by being engaged in another task and needing to place handheld items in a safe place prior 

to responding to the takeover request.  
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The reaction times to takeover request in the literature commonly provide the mean 

reaction time only, where some also report the 95th percentile data. Majority of the studies 

investigating the driver’s reaction time to a takeover request are performed in a driving 

simulator, where there is a limited amount conducted on real roads. From the papers 

reviewed, the mean reaction times, including papers investigating the effects of secondary 

task engagement, were less than 10 s. Seven of the papers reviewed reported the 95th 

percentile reaction time, where four of these reported reaction times greater than 10 s. 

This was likely attributed to the following factors: alert type being only visual in nature 

(Naujoks et al., 2014), providing the driver with up to 30 s to respond (Payre et al., 2016), 

reducing the takeover urgency (Eriksson and Stanton, 2017)and the secondary task being 

visual-manual in nature (i.e. reading task) (Eriksson and Stanton, 2017;Naujoks et al., 

2019) (please refer to Section Annex 3.2.2 for more details). There is insufficient reporting 

of the 95th percentile reaction time data in the literature. This data is important to 

understand the amount of time the driving population requires to takeover safely. This is 

especially the case for secondary tasks, particularly for visual and visual-manual task which 

have shown to elicit longer reaction times. For example, Kuehn et al. (2017) reports that 

when engaged in a reading task, participants take on average 7-8 s to switch off the ADS. 

It would be beneficial for the authors to report the 95th percentile reaction times as it may 

be similar to (Naujoks et al., 2019) which reported a 95th percentile reaction time greater 

than 10 s for a reading task. 

Another important factor to consider is the time to first glance at the mirrors and 

speedometer. Evidence suggests that driver may be able to react quickly to a takeover 

request but require more time to become situationally aware. For example, Keuhn et al. 

(2017) reported that it takes drivers up to 15 s to glance at the mirrors and speedometer 

when performing a secondary task. Vogelpohl et al. (2018) found that the first glance to 

the mirrors took on average 5.57 s, 7.01 s and 7.80 s (SD: 3.34 s, 2.85 s, 2.56 s) when 

engaged in no task, a reading, and a gaming task respectively prior to the takeover and 

6.31 s, 9.33 s and 10.42 s to glance at the speedometer (SD: 4.48 s, 4.44 s, 5.56 s). The 

standard deviation values reported by Vogelpohl et al. (2018)  are large, suggesting the 

95th percentile times may be greater than 10 s for all conditions highlighted above, 

emphasizing the need for the 95th percentile data to be reported. These two studies suggest 

that drivers may need more than 10 s to become situationally aware of the DDT and driving 

environment.  

The concept of reduced situation awareness induced by automated driving, particularly 

when a secondary task is being performed, is further supported by the evidence suggesting 

that drivers gaze less at the road when the ADS is engaged, especially when performing a 

visually demanding task, and gaze at their feet during the takeover to ensure they are in 

the correct position. Furthermore, there is substantial evidence suggesting that driving 

performance is likely to be impaired after a takeover request especially if a non-driving 

task or secondary task is performed prior to the takeover. The impairment, resulting in, 

for example, lane excursions and speed variability, is attributed to the driver’s low level of 

attention to the DDT and road scene (i.e. situation awareness). It appears visual and 

visual-manual tasks result in the greatest driving performance impairments after the 

takeover. 

It has been suggested that the driver’s situation awareness can be improved or maintained 

by encouraging the driver to divert their attention to the DDT and roadway a number of 

time whilst the ADS is engaged. For example, divide their attention appropriately between 

the driving task, including monitoring of the roadway, and a secondary task. 

3.2.3 HMI of DAMS 

The human-machine interface (HMI) of an ADS is of vital importance as it acts as the point 

of communication between the ADS and the driver. The HMI design of an ADS must account 

for a higher level of interaction between the driver and the system than that of other driver 

assistance or warning systems. This interaction is more complex with ADS due to the 

changing responsibilities of the driver between partial or full control of the vehicle and the 
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required two-way communication. The HMI must be designed to provide adaptable and 

relevant information to the driver to ensure appropriate and safe control of the vehicle 

during different levels of automation. While a number of studies recommend several 

principles to consider for HMI, it is clear that more research is required to understand the 

key design characteristics. The bullets below highlight some of the key design principals 

identified in the literature: 

• To reduce the risk of operator errors such as mode confusion, commonality amongst 

manufacturers HMIs is recommended. This includes standardising the functional 

logic, transition of control and control elements of the HMI. 

• To ensure mode awareness, it is recommended to display the automation status to 

the driver. 

• To reduce the risk of a driver not responding appropriately or in time, multi-modal 

warnings are recommended for the transition demand, with a minimum of visual 

and audio feedback: 

o Visual feedback to communicate automation status and display information 

to help drivers regain situation awareness (e.g. to alert the driver to an area 

in the environment where a hazard is located). 

o Audio feedback to alert the driver to a warning using tones or messages. 

• It is recommended that staged warnings, with escalating tones to highlight urgency, 

should be used to assist the driver in recognising and responding to a warning. 

• An adaptive HMI to support the driver as they build trust in the system should be 

considered. 

3.3 UNECE guidance on secondary tasks 

The UNECE have two working groups that have addressed the use of secondary activities 

whilst the ADS of a Level 3 and 4 Automated Vehicle is engaged: 

• The Global Forum for Road Traffic (WP.1) 

• The World Forum for Harmonisation of Vehicle Regulations (WP.29) 

Both groups agree that secondary activities can be performed by a driver when a Level 3 

or 4 ADS is engaged, so long as the secondary task does not interfere with the safe 

resumption of control when a takeover request is initiated. Both also recommend that 

secondary activities displayed via the vehicle infotainment system should be suspended or 

deactivated when a takeover request is issued. More stringent advice is given for Level 3 

Automated Vehicles versus Level 4 Automated Vehicles due to Level 3 ADS incorporating 

unplanned takeovers.  

The Global Forum for Road Traffic (WP.1) developed a framework comprising four criteria 

which driver's need to adhere to in order to engage in tasks unrelated to driving when the 

ADS is engaged: 

• The activities conducted must not prevent the driver from being able to respond to 

any manual take-over demand that is received from the vehicle; 

• The activities must align with the prescribed use of vehicle systems and their pre-

defined functions; 

• The driver must continue to abide by any traffic laws that apply including the 

secondary activities that are permitted; and 

• The driver must still have the required capabilities to meet their duties during 

automated and manual driving. 

For a more in-depth explanation of each criterion, please refer to Annex 3.3.  
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The working group further states that manufacturers should provide the driver with 

information regarding their role and responsibilities, as well as expected behaviour during 

the takeover. It recommended that member states should develop regulations surrounding 

the engagement in non-driving related activities whilst the ADS is engaged, where drivers 

should familiarise themselves with these to ensure compliance. An informal document 

published by WP.1 gathered thoughts about acceptable secondary tasks during ADS 

engagement. There was a lack of consensus between countries, which will potentially result 

in different rules and regulations being developed, which further creates challenges for the 

development of the DAMS regulation; for example, Spain will allow the use of a mobile 

phone, where UK currently will not. 

A full detail of the results can be found in Annex 3.3. 

3.4 Definitions 

To ensure consistency amongst standards and guidelines, the terms and definitions used 

in this report are aligned with the SAE guidelines and ALKS regulation (SAE:J3016, 

2018;UN, 2020). 

• Automated Driving System (ADS): The hardware and software that are collectively 

capable of performing part or all of the DDT on a sustained basis for Level 3-5 

systems. 

• Dynamic Driving Task (DDT): All of the real-time operational and tactical functions 

required to operate a vehicle in on-road traffic, excluding the strategic functions 

such as trip scheduling and selection of destinations and waypoints, and including 

without limitation: object and event detection, recognition, and classification; object 

and event response; manoeuvre planning; steering, turning, lane keeping, and lane 

changing, including providing the appropriate signal for the lane change or turn 

manoeuvre; and acceleration and deceleration etc.  

• Operational Design Domain (ODD): Operating conditions under which a given 

driving automation system or feature thereof is specifically designed to function, 

including, but not limited to, environmental, geographical, and time-of-day 

restrictions, and/or the requisite presence or absence of certain traffic or roadway 

characteristics. 

• Minimal Risk Manoeuvre: a manoeuvre performed by the system after the end of a 

transition phase as risk mitigation strategy in case the human driver has not 

resumed manual control of the vehicle. 

• DDT Fallback: The response by the user to either perform the DDT or achieve a 

minimal risk manoeuvre after occurrence of a DDT performance-relevant system 

failure(s) or upon ODD exit. 

• Automated DDT Fallback and Automated Risk Manoeuvre (Level 4 only): The ADS 

performs the DDT fallback and transitions automatically to a minimal risk 

manoeuvre when:  

o A DDT performance-relevant system failure occurs,  

o A user does not respond to a request to intervene, or  

o A user requests that it achieve a minimal risk manoeuvre. 

• Transition Demand: a logical and intuitive procedure to transfer the dynamic driving 

task from automated control by the system to human driver control. This request 

given from the system to the human driver indicates the transition phase. 

• Transition Phase: the duration of the transition demand 

• Override: an action of the user providing intentional input to control elements of 

the vehicle which have priority over the longitudinal or lateral movement of the 

vehicle, while the system is still active.  
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4 DISCUSSION 

Results from DAMS first interim report have been integrated in this report to form the 

following discussion (Huysamen et al., 2020). 

4.1 Readiness of DAMS 

TRL believes it is not yet feasible to develop a regulation for the type-approval of DAMS 

for Level 3 and 4 Automated Vehicles (Huysamen et al., 2020). One of the reasons for this 

is the lack of consensus amongst standards, guidance documents, stakeholders and 

academic research on the requirements and acceptable states for drivers using Level 3 and 

Level 4 DAMS. This lack of consensus was also noted amongst the experts, where opinions 

on the role of the driver (specifically for Level 3 Automated Vehicles) and acceptable states 

when the ADS is engaged, as well as safe transition times, differed. These findings 

emphasize the need for the levels of automation and the way in which an ADS is defined, 

as well as the role of the driver when the ADS is engaged, to be specified and standardised 

for application in vehicle safety legislation. According to the experts, clarification is 

particularly needed around takeovers and the responsibility between the driver and a Level 

3 ADS. 

4.2 Available, ready, able and willing driver 

In the DAMS first interim report, TRL proposed that the following five states could indirectly 

infer whether a driver is available, ready, able and willing to take back control of the vehicle 

from automated mode safely (Huysamen et al., 2020): 

• Presence: The driver’s presence in the driver’s seat  

• Wakefulness: The driver’s state of consciousness  

• Attentiveness: The driver’s state of attention and readiness to resume the driving 

task 

• Secondary Task Engagement: The driver’s engagement with a secondary task 

• Sudden sickness: The driver’s state of health 

The experts engaged in this study agreed with these five states, commonly describing an 

available, ready, willing and able driver as being: 

• Present and alert/awake throughout the DDT, 

• Situationally aware, attentive and undistracted during a takeover (and in some 

cases during ADS engagement), and 

• Able to fulfil the reengagement actions of the system. 

The findings from the expert engagement verify that Presence, Wakefulness, 

Attentiveness, Secondary Task Engagement and Sudden Sickness, should be the states 

monitored by a DAMS to determine whether a driver is in a position to resume the driving 

task safely. 

4.3 Driver drowsiness and automated driving 

TRL previously reported that “the driver should not be allowed to take back control of the 

vehicle if their drowsiness level is not within safe limits due to the well-established 

knowledge regarding the negative effects of drowsiness on human performance and road 

safety” (Huysamen et al., 2020). This was corroborated by most experts who deem 

drowsiness / fatigue to be unacceptable driver states, particularly when a Level 3 ADS is 

engaged. Moreover, the evidence from the literature suggests that automated driving is 

likely to induce passive fatigue, which has been shown to impair the driver’s driving 

performance after the takeover and the driver’s perception of their state to drive safely. 

The findings from this study further highlight the importance of ensuring the driver is 
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sufficiently alert to resume control of the vehicle and for DAMS to monitor the driver’s level 

of drowsiness when a Level 3 and 4 ADS is engaged.  

Currently, it is challenging to monitor the driver’s level of drowsiness continuously whilst 

the ADS is engaged. This is mainly because the driver’s eyes need to be within the driver-

facing camera’s field of view, meaning the driver’s gaze will be restricted to a specific area 

reducing their glancing freedom and, if permitted, ability to perform some secondary tasks. 

The restricted visual area will be dependent on the field of view size of the driver-facing 

camera. This can be increased by a better-quality camera or by having more than one 

camera. Moreover, the location of the camera in the vehicle will also have an impact (i.e. 

the ability to monitor head position and movement is dependent on camera location). If a 

driver-facing camera is utilised to monitor driver drowsiness, the secondary tasks that the 

driver will be able to perform will likely depend on the camera’s field of view. For example, 

the camera may not be able to monitor the eyes when the driver is gazing downwards to 

read a book. 

4.4 Secondary task engagement 

UNECE WP.1 and WP.29, and some experts, agree that secondary activities can be 

performed by the driver when a Level 3 or 4 ADS engaged, so long as the secondary task 

does not interfere with the safe resumption of control. In contrast, for Level 3, some 

experts believe that when the ADS is engaged, the driver should remain engaged in the 

driving task (i.e. secondary tasks are not allowed). However, evidence in the literature 

suggests that this may induce passive fatigue, where engagement in a secondary task may 

counteract the onset or at least mitigate some of the negative effects by increasing the 

driver’s arousal. This finding was supported by some experts who believe certain levels of 

visual and cognitive distraction could be beneficial in enabling the driver to avoid cognitive 

underload experienced during automated driving.  

Collating these findings with those of the DAMS first interim report, it appears that there 

is general acceptance surrounding the engagement in secondary tasks when a Level 3 or 

4 ADS is engaged. This is particularly the case for Level 4 Automated Vehicles as they 

incorporate only planned takeovers (no unplanned takeovers). However, there is no 

guidance on what secondary tasks are permitted or allowed when a Level 3 or 4 ADS is 

engaged. The only guidance available is the framework developed by UNECE WP.1, which 

comprises four criteria which driver’s need to adhere to in order to engage in tasks 

unrelated to driving when the ADS is engaged (Section 3.3).  

TRL believes the permitted secondary tasks are dependent on two main factors: the traffic 

laws of the country and the system’s capabilities and limitations. The UNECE recommends 

member states to develop rules and regulations on the engagement in non-driving related 

activities whilst the ADS is engaged. Early evidence suggests that these rules and 

regulations are likely to differ, where manufacturers and drivers need to be familiar with 

these rules, in order to adhere and abide by them. For example, Spain suggests they will 

allow the use of mobile phones, whereas the UK currently will not permit this activity.  

With regards to the system’s capabilities and limitations, evidence from the literature, as 

well as from stakeholders and experts, suggests that secondary task type is dependent on 

factors such as the transition phase, support after the takeover, and the camera’s field of 

view (i.e. continuous monitoring of driver drowsiness; see Section 4.3 for more 

information). When a driver is engaged in a secondary task, their situation awareness is 

reduced. The lack of attention to the driving task and environment results in the driver 

responding more slowly to takeover requests and increases the likelihood of the driver not 

being able to drive safely after the handover. Visual and visual-manual secondary tasks 

have been shown to elicit longer reaction times to a takeover request and greater driving 

performance decrements after a takeover compared to an auditory task and no task. When 

engaged in a visual task, drivers tend to gaze less at the road (i.e. visual attention is fully 

engaged in the secondary task). This behaviour impairs their situation awareness of the 

DDT and environment, which in turn negatively effects their takeover time and driving 
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performance. This is exacerbated by a visual-manual task being conducted on a hand-held 

device or item, because the driver needs to place the item down prior to initiating the re-

engagement process.  

In order for a driver to be able to perform secondary tasks when the ADS is engaged, the 

system must be able to provide the driver with sufficient time to takeover safely and 

support after the takeover until they have reached full, stable control of the vehicle (see 

Section 4.5). If the system is unable to provide this, it is recommended, for safety 

purposes, that the driver should not be allowed to perform secondary tasks. It is highly 

possible that some systems will be able to provide a transition phase for some secondary 

tasks, but not for others. For example, a system may be able to provide a safe transition 

phase for an auditory task and a visual task, but, due to system limitations, is unable to 

provide a longer transition phase for hand-held visual-manual tasks. In this example, hand-

held visual-manual tasks will be deemed unacceptable and the driver may only perform 

handsfree tasks.  

It was noted that when drivers are engaged in a secondary task, they may change their 

environment to suit the secondary task adopted. This includes changing the position of the 

seat into a more relaxing position or to accommodate devices such as laptops. Due to the 

unplanned nature of Level 3 takeover manoeuvres, the driver should not be allowed to 

adjust or reposition their seat (because they are required to take back control of the vehicle 

at any given time). Whereas for Level 4, which does not have unplanned takeovers, the 

driver may be allowed to adjust their seat so long as the driver is not handed back control 

of the vehicle when the seat is not confirmed as being in the driving/original position. 

Another factor to consider is driving glasses, as evidence suggests that a driver may 

remove these when the ADS is engaged and may switch these for reading glasses if 

engaged in a secondary task. For road safety purposes, the driver should not be allowed 

to take back control of the vehicle if they are not wearing their prescribed driving glasses. 

Whether or not technology is sufficiently robust to monitor this and ensure the driver is 

wearing their prescribed glasses prior to the resumption of control is currently unknown 

and requires further research and engagements. 

4.5 Takeover manoeuvres 

The majority of papers report the mean reaction time to a takeover request. Basing the 

time for the transition phase off this data is risky as it excludes a large portion of the 

driving population. It is recommended that the minimum time for the transition phase is 

based on the 95th percentile reaction time instead (i.e. includes the wider driving 

population). However, there are limited papers that report this data making it challenging 

to establish this minimum performance requirement. 

From the literature reviewed, it appears that on average drivers are able to respond to a 

takeover request in less than 10 s, even when performing a secondary task. Generally, a 

driver is able to react quickest when not performing a secondary task, which is followed by 

performing an auditory task and then by a visual task, where a visual-manual task seems 

to elicit the slowest reaction times. Although limited, the evidence suggests that the 95th 

percentile driving population engaged in a visual-manual task using a handheld item, such 

as reading a book or using a mobile phone, may need more than 10 s to respond safely. 

Thus, if the ADS is unable to provide the driver with more than 10 s to respond, for safety 

reasons, it is recommended that the driver is prohibited from performing visual-manual 

tasks on or with handheld items. If the system is able to provide the driver with 10s, 

handsfree secondary tasks may be able to be performed by the driver. If the ADS is able 

to provide the driver with a very long transition time such as one minute (i.e. planned 

takeovers), a number of secondary tasks may be allowed. It is also recommended that 

manufacturers adhere to the framework developed by the Global Forum for Road Safety 

(WP.1) UNECE working group for secondary activities whilst the ADS is engaged (see 

Section 3.3).  
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There is substantial evidence suggesting that driving performance is likely to be impaired 

after the takeover. This has been attributed to the driver being OOTL and having reduced 

situation awareness: drivers are able to respond to a takeover request relatively quickly 

but require more time to become situationally aware. The likelihood of this occurring is 

increased with the engagement in secondary tasks, specifically those requiring the driver’s 

visual attention, and even more so if the task comprises of a handheld device or item. TRL 

believes, along with Thatcham, that for road safety purposes, irrespective of whether the 

driver is performing a secondary task or not, the ADS should support the driver post-

handover until they have regained situation awareness and have reached full stable control 

of the vehicle (i.e. lateral and longitudinal stability). This is especially the case for 

unplanned takeover which provide minimal warning.  

The stakeholders suggested that vehicles are equipped with ADAS, and as such, in their 

opinion, will assist the driver whilst they regain situation awareness and full manual control 

of the vehicle. TRL investigated this further by engaging with internal experts who stated 

that, based on the minimum requirements of some ADAS, this is not a feasible option. For 

example, the minimum requirements for ELKS states that the system will intervene if the 

vehicle were to exit over a solid white line, but only provide a warning to the driver if they 

were to exit the lane over a dashed white line. The evidence from this study suggests, that 

after the handover of control, the driver is at higher risk of lane excursions. If these 

excursions occur on the motorway, the minimum requirements of ELKS will not stop the 

driver from exiting the lane. 

4.6 Interaction between DAMS specification and ADS specification 

The type of secondary task that the driver can or cannot engage in whilst the ADS is 

engaged is dependent on the transition phase of the system. For example, if the ADS is 

able to provide a 15 s transition phase, the driver can perform secondary tasks on handheld 

items / devices, whereas if the ADS is able to provide a 10 s transition phase, the driver 

can only perform handsfree secondary tasks. Thus, the DAMS specifications for Secondary 

Task Engagement is dependent on the ADS specification for the Transition Phase.  

4.7 HMI 

HMI strategies for conventional vehicles are not sufficient and always applicable for the 

HMI for ADS. This is because the HMI of ADS must account for a higher and more complex 

level of interaction and communication between the driver and the system. The HMI is a 

vital component of the ADS. If the system is not interacting with the driver in an 

appropriate manner or not informing them of relevant information effectively, the driver 

may not respond appropriately or efficiently.  

Operator errors were highlighted as a great concern in the literature. To mitigate these 

errors, it is recommended that there is commonality amongst manufacturers HMIs. This 

includes the standardisation of functional logic (how the ADS interacts with the user), the 

transitions of control elements (drivers’ understanding of the allocation of control) and the 

control elements (deactivating the ADS through physical input). The ALKS regulation and 

ISO standards state that the symbol for a transition demand shall compromise a steering 

wheel and hands, where the ISO recommends keeping coherence with other symbols that 

are already published (i.e. ALKS regulation). 

ALKS regulation states the following information should be provided to the driver whilst 

the ADS is engaged: status of the system, any system failures, a transition demand, a 

minimum risk manoeuvre and an emergency manoeuvre. The literature confirms the 

importance of displaying automation status, as this has proven to mitigate mode confusion. 

Thatcham adds that the status of the driver should be displayed, and strong visual cues of 

driver role should also be provided. ALKS and ISO recommend that the interface should be 

easily perceivable from the driver’s peripheral field of view and located near to the driver’s 

direct line of sight to outside the front of the vehicle. Further, the ALKS regulation, 

Thatcham and ISO all state that the interface shall be intuitive and unambiguous. 
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Thatcham and ISO also state that the display should be distinguishable from other displays 

in the vehicle (e.g. driving assistance).  

It is clear from the ALKS, ISO, Thatcham, stakeholders and literature that during a 

takeover, the warning should escalate to reflect the urgency. Further, ALKS and ISO state 

that the alert type should change characteristics at the start of a minimum risk manoeuvre  

to indicate an urgent action to the driver (e.g. red flashing). According to the literature a 

staged warning with escalating tones to highlight urgency should be used to assist the 

driver in recognising and responding to a warning. Thatcham recommend that for a planned 

takeover, the driver should be presented with information about the warning prior to the 

handover warning, where a countdown warning is recommended.  

Multi-modal warnings are recommended for a transition demand in the literature and in 

the ALKS regulation. The literature recommends a minimum of visual feedback (to 

communicate automation status and display information to help drivers regain situation 

awareness e.g. highlighting hazards or important areas such as mirrors) and audio 

feedback (to alert the driver to a warning using tones or messages), where ALKS 

recommends at least an optical and an acoustic and/or haptic warning signal. Stakeholders 

suggest that a unimodal or multimodal warning should be used depending on the 

information being provided to the driver, while the literature indicates that the type of 

modality should depend on the environment and the urgency of the message. The ALKS 

regulation also requires a multimodal warning for a minimum risk manoeuvre, whereas at 

least an optical warning is required for system failures and emergency manoeuvres. 

Depending on the type of optical warning (this includes tone or verbal audio warnings), 

the latter may be insufficient for the driver to understand what the ADS is alerting or doing, 

which may result in confusion and panic. This emphasises the need for the HMI to display 

the role of the driver via strong visual cues as suggested by Thatcham. 

It is recommended that when a takeover request is issued, secondary tasks that are 

displayed via the infotainment system should be suspended or deactivated to improve 

takeover performance. This advice from the UNECE working group: ‘The World Forum for 

Harmonization of Vehicle Regulation (W.29)’, is more stringent for Level 3 than Level 4 

Automated Vehicles due to Level 3 comprising of unplanned takeovers. According to the 

literature, an adaptive HMI should also be considered to adjust the level of information a 

driver receives from the system based on the degree of trust the driver has in the ADS.  

As stated in the first interim report, the ADS and DAMS system requirements need to be 

established before HMI requirements can be established, as these requirements dictate the 

design and behaviour of the interface (e.g. the information and types of warnings that 

could be presented). While there have been some design principles and recommendations 

proposed in the literature and standards, further research is required to understand the 

key design characteristics for Level 3 and Level 4 Automated vehicles. 

4.8 Developing system requirements and type-approval test 

considerations 

The sections below discuss and highlight some of the potential system requirements for 

DAMS. These, along with aspects that should be considered for the validation testing, were 

included into the ‘Preliminary list of items that should be covered by requirements and 

tests in the future DAMS regulation’, created in the first DAMS interim report (Annex 1). 

4.8.1 Driver monitoring 

The DAMS shall detect whether the driver is present in the driver’s seat, sufficiently alert 

to perform the driving task, ready and willing to take over control of the vehicle and 

engaged in a task unrelated to driving. 
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4.8.1.1 Driver presence 

In order to activate a Level 3 or 4 ADS, the driver needs to be in the driver’s seat. Due to 

road safety rules, once the system is activated, the driver is not allowed to remove 

themselves from the driving seat or unbuckle their safety belt. To ensure compliance with 

these rules, the DAMS should monitor these aspects whilst the ADS is engaged and if the 

driver does not comply (e.g. remove their safety belt), the system should take appropriate 

action. Moreover, the DAMS should also monitor the driver’s seat position. There is 

evidence to suggest that when the ADS is engaged, drivers may adjust or reposition their 

seating position to be more comfortable or to accommodate a secondary task (e.g. moving 

the seat backwards) (Burnett et al., 2019). This is a concern for Level 3 Automated Vehicles 

due to the limited takeover time. For example, if the driver is unable to move the seat back 

to its original position in time, the ADS will perform a minimum risk manoeuvre. To avoid 

this, rather than moving the seat back to the original position, the driver may bring 

themselves forward to the edge of the seat, which is unsafe. Alternatively, they may be 

able to respond in time, but lack the situation awareness to resume control safely. 

Therefore, TRL believes the driver’s seat position should not be altered in anyway whilst a 

Level 3 ADS is engaged. For a Level 4 automated vehicle, this may not be the case as 

takeovers are planned. However, the system should still be able to determine if the seating 

position has been adjusted and ensure that it is returned to its original position prior to the 

driver taking back control of the vehicle.   

Taking the above into account, TRL recommends the following three requirements be 

established for Driver Presence: 

• The driver shall be present in the driver’s seat throughout the engagement of a 

Level 3 or 4 ADS. 

• The driver’s seatbelt shall remain buckled throughout the engagement of a Level 3 

or 4 ADS. 

• Seat position: 

o Level 3: The driver’s seat position shall not be significantly altered or 

adjusted throughout the engagement of the ADS. 

o Level 4: The driver’s seat position can be significantly altered or adjusted 

whilst the ADS is engaged. If this occurs, the ADS shall ensure the driver’s 

seat position is returned to the driving position prior to the manual 

resumption of control. 

Each of these requirements needs to be met for the driver to be deemed present and in a 

position to take back control of the vehicle safely. If any one of these requirements is not 

met, the system should take appropriate action, such as: 

• Level 3: 

o If the driver is no longer seated in the driver seat, the system should perform 

a minimum risk manoeuvre. 

o If the driver’s seatbelt is unbuckled or the position of the seat adjusted to 

an unacceptable position, the system may initially alert the driver to correct 

this. If this is not corrected in a yet-to-be-determined time frame, the 

system should perform a minimum risk manoeuvre. 

o If the driver significantly alters or adjusts their seat position, the system 

should warn the driver that this is unacceptable and request them to return 

the seat to an acceptable position. If the driver does not respond 

appropriately to the warning, the ADS should perform a minimum risk 

manoeuvre. 
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• Level 4:  

o If the driver is no longer seated in the driver seat, the system shall perform 

the automated DDT fallback and automated minimum risk manoeuvre1. 

o If the driver’s seatbelt is unbuckled, the system may initially alert the driver 

to correct this. If this is not corrected in a yet-to-be-determined time frame, 

the system shall perform the automated DDT fallback and automated 

minimum risk manoeuvre. 

o If the driver does not adhere to the request from the system to return the 

driver’s seat position back to the driving position, the system should not 

allow the driver to take back manual control and the ADS should either: 

▪ Continue with the DDT, or  

▪ Perform the automated fallback and minimum risk manoeuvre if it is 

reaching the limits of its ODDs. 

4.8.1.2 Wakefulness 

TRL believes that the driver’s level of drowsiness should be continuously monitored 

throughout the duration of Level 3 or 4 ADS engagement, where the system should not 

hand back control of the vehicle to the driver if they are too drowsy to drive safely. As 

agreed with the customer, sleeping is not permitted when a Level 3 or 4 ADS is engaged. 

TRL recently supported the European Commission with the development of a draft technical 

annex defining requirements and test procedures for a secondary type-approval act for 

Driver Drowsiness and Attention Warning (DDAW) systems. DDAW systems aim to prevent 

fatigue-related crashes by assessing the driver’s alertness through vehicle system analysis 

and warning the driver when they are too drowsy to drive. For this project, TRL 

recommended a Karolinska Sleepiness Scale (KSS) level of 7 as the DDAW drowsiness 

threshold level (i.e. the system must alert the driver they are drowsy at or before this level 

on the KSS) (Huysamen and Pistak, 2020). This was because:  

• The literature has shown that drowsy driving behaviour is present at a KSS level of 

7 or above;  

• The literature suggests that majority of fatigue-related accidents occur at a KSS 

level of 8 or above; 

• The literature suggests that high risk driving instances happen on average above a 

KSS level of 8; 

• Fatigue experts recommend that DDAW systems should alert drivers that they are 

drowsy at a KSS level of 7. 

The findings highlighted by Huysamen and Pistak (2020) are directly applicable to the 

Wakefulness requirement, and as such, TRL recommends a KSS level of 7 as the 

wakefulness threshold for DAMS.  

The Working Group on Motor Vehicles (MVWG), who assist the customer in the preparation 

of delegated acts and, legislative policy and proposals, suggested a KSS level of 8 as the 

DDAW drowsiness threshold. This threshold was adopted for the DDAW regulation, and as 

such, to maintain alignment, the customer may choose to use this threshold for the 

wakefulness threshold for DAMS.    

TRL proposes two options for Level 3. The first option consists of handing back control of 

the vehicle to the driver before they exceed the wakefulness threshold. Once the driver 

 

1 The automated DDT fallback and automated minimum risk manoeuvre are not discrete actions. These actions 
are linked and follow after one another (i.e. when the ADS of a Level 4 automated vehicle performs the DDT 
fallback, it is subsequently followed by the ADS performing the automated minimum risk condition). 
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has resumed manual control of the vehicle, the DDAW system will be activated monitoring 

the driver’s level of drowsiness and informing them when they are too drowsy to drive 

safely, encouraging them to take a break. Whether the driver continues with the DDT after 

the DDAW alert has been presented will be their choice. If the driver does not respond to 

the system to intervene, the ADS should initially warn the driver. If appropriate action is 

not taken, the ADS should perform a minimal risk manoeuvre.  

The second option is slightly different, where the driver may exceed the wakefulness 

threshold. However, if this occurs, the ADS should warn the driver that they are too drowsy 

and will not be handed back control of the vehicle until their drowsiness level is within safe 

limits. If the ADS reaches the end of its ODDs and the driver is still exceeding the 

wakefulness threshold, the ADS should perform a minimum risk manoeuvre. 

For a Level 4, it is recommended that the ADS inform the driver when they are approaching 

the Wakefulness Threshold, providing them with the option to take back manual control. 

The driver should be informed that they will not be able to take back manual control of the 

vehicle until their drowsiness level is within safe limits. If the driver exceeds the 

wakefulness threshold, the ADS should not send an intervention request or should delay 

manual disengagement until the driver’s level of drowsiness is within safe limits. If the ADS 

is reaching the end of its ODDs and the driver’s level of drowsiness is above the 

wakefulness threshold, the ADS should perform the DDT fallback and transition 

automatically into a minimum risk manoeuvre.  

If the driver falls asleep when the ADS of a Level 4 (as well as Level 3) automated vehicles 

is engaged, the system should attempt to wake the driver up, and if the driver is 

unresponsive or is unable to stay awake, should then perform the automated DDT fallback 

and automated minimum risk manoeuvre. Importantly, the driver should not be sent a 

request to intervene as the driver will be in an extremely dangerous driving state, placing 

themselves and others at risk. In future research, the way in which sleeping is detected by 

DAMS (i.e. sleeping threshold) should be determined and add to the system requirements. 

4.8.1.3 Attentiveness 

In order for the driver to resume control of the vehicle, the driver needs to be deemed 

attentive during the transition phase (i.e. ready and willing to take back control). TRL 

developed an Attentiveness Criteria, where the driver needs to meet each of the criterion 

below to be deemed attentive: 

1. The driver’s eyes need to be confirmed as being directed to the road in front of the 

vehicle, unless switching to an automation level which does not require this. 

2. Both of the driver’s hands need to be confirmed as on the steering column. 

3. One foot needs to be confirmed as on the accelerator or brake pedal, unless the 

vehicle is still in control of the speed (e.g. Adaptive Cruise Control (ACC)). 

The three criteria proposed are further explained below. 

If the driver does meet one of the criteria, the system should take appropriate action, such 

as: 

• For Level 3:  

o Unplanned takeover: If the driver is not deemed attentive during the 

transition phase, the system should perform a minimum risk manoeuvre.  

o Manual disengagement: If the driver requests manual disengagement, but 

is not deemed attentive, the system should disallow it and continue with the 

DDT.  

• For Level 4:  
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o Planned takeover: If the driver is not deemed attentive during a transition 

phase, the system should perform the automated DDT fallback and 

automated minimum risk manoeuvre. 

o Manual disengagement: If the driver requests manual disengagement, but 

is not deemed attentive, the system should delay manual disengagement.  

Attentiveness Criteria explained 

Criterion 1 

TRL believes, that when a transition demand is initiated, the driver should direct their visual 

attention towards the DDT in order to regain situation awareness and come back into the 

loop (i.e. gazing at forward road scene, traffic, mirrors and/or pedals etc.). However, for 

the system to deactivate, the driver’s eyes need to be directed at the road scene in front 

of them. This is due to ensure safe takeover. There is substantial evidence to suggest that 

driving performance after a takeover is significantly impaired (e.g. lateral instability, speed 

variability and collisions). To mitigate this impairment, the driver’s attention should be 

focused on controlling the lateral and longitudinal position of the vehicle, which they would 

not be able to do, if, for example, their eyes are directed at the passenger wing mirror. 

Criterion 2  

TRL recommends that one of the requirements to be deemed attentive is for the driver to 

have both hands on the steering wheel. This is due to traffic rules which require the driver 

to have both hands on the steering wheel whilst driving, as well as to ensure the driver’s 

hands are empty when taking back control of the vehicle. There has been some evidence 

to suggest that not all drivers place their hand-held secondary tasks down during the 

takeover manoeuvre (i.e. keeping devices in their hand) (Burnett et al., 2019). 

Criterion 3 

Due to being OOTL during automated driving and the evidence of impaired driving 

performance after a takeover, it is recommended that the driver gets themselves into the 

correct driving position before resuming control, which includes placing a foot on either the 

brake or accelerator pedal (i.e. pedal type). This action, along with eyes on the road and 

hands on the steering wheel, will assist with the driver’s preparedness to resume manual 

control of the vehicle. Moreover, some studies reveal that drivers gaze at their feet during 

a takeover request due to deficiencies in proprioception2. This is caused by being OOTL, 

whereby the driver loses sense of where their feet/legs are in relation to the pedals. This 

phenomenon has been linked to pedal confusion3, and as such, requiring the driver to place 

one foot on the pedal reduces the risk of such an incident from occurring. The pedal type 

which the driver chooses to place their foot on will depend on the driving environment and 

action needed by the driver. 

4.8.1.4 Secondary task engagement 

Drivers must be made aware of what secondary tasks, if any, they can perform when the 

ADS is engaged. Whether or not this is permitted or what type of secondary tasks can be 

performed is dependent on the traffic laws of the country and on the systems capabilities 

and limitations: ODDs (Refer to Section 4.4 for more details).  

If a country does not permit secondary tasks, the DAMS should ensure that the driver is 

not engaged in a secondary task whilst the ADS is engaged. If the country permits a certain 

number of secondary tasks, such as those on the entertainment consoles, the DAMS should 

ensure that only these secondary tasks are performed. If the driver does not adhere to 

these rules, the DAMS should take appropriate action such as warning the driver that they 

 

2 Proprioception: driver’s awareness or perception of the position and movement of their body 

3 Pedal confusion: pressing the accelerator instead of the brake pedal, and vice versa 
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are distracted or performing an unacceptable task, and if they do not stop engaging in the 

task, the vehicle should perform a minimum risk manoeuvre(Level 3) or automated DDT 

fallback and automated minimum risk manoeuvre (Level 4).  

Performing a secondary task should not interfere with the monitoring of the driver’s level 

of drowsiness when the ADS is engaged. Depending on the system, this may restrict the 

types of secondary tasks the driver can perform or may even prohibit the engagement in 

all secondary tasks. Moreover, the type of secondary task that can be performed by the 

driver is also dependent on the transition phase provided by the system. It appears drivers 

are able to respond to a takeover request within 10 s when performing handsfree tasks 

but may require more time when performing secondary tasks on handheld devices or items 

(e.g. mobile phone use and reading a book). Thus, if a system can only provide a transition 

phase of 10 s, only hands-free secondary tasks should be permitted. Similarly to above, if 

the driver performs a secondary task outside of the systems ODDs (i.e. beyond its 

capabilities), the DAMS should recognise this and warn the driver. If the driver does not 

respond to the warning the system should perform a minimal risk manoeuvre (Level 3) or 

automated DDT fallback and automated minimum risk manoeuvre (Level 4). The initiation 

of a transition demand is not recommended because the driver may have exceeded the 

drowsiness threshold, or the transition phase may not be designed to accommodate the 

secondary task being performed (e.g. working on a laptop and the transition phase is 10 s), 

and as such the driver will not be in a state or position to resume the vehicle or drive 

safely. 

It should be noted that current systems are not yet capable of monitoring secondary task 

engagement, especially to the extent highlighted above, where some stakeholders have 

not yet considered developing this function as part of their DAMS. 

4.8.1.5 Sudden sickness 

DAMS for Level 3 and 4 Automated Vehicles are required to monitor the driver for sudden 

sickness. If the driver experiences a sudden sickness which affects their ability to drive 

safely, or at all, the DAMS must detect this and take appropriate action. Currently, it is 

unknown which types of sickness should be monitored by DAMS. This needs to be 

determined and specified in order to establish the sudden sickness requirements. 

Moreover, to establish the trigger behaviours, thresholds and validation testing 

requirements for sudden sickness, the behaviours and characteristics of the specified 

sicknesses needs to be determined. In the next phase of the research project, TRL 

recommends that further research is conducted in this area where stakeholder developing 

these types of systems are engaged to understand the functionality, capabilities and 

limitations of these systems.  

With regards to appropriate action, TRL recommends that if the driver is deemed to be too 

unwell to drive safely: 

• Level 3: The ADS should perform a minimal risk manoeuvre. 

• Level 4:   

o The ADS should not send an intervention request or should delay manual 

disengagement until the driver’s is in a fit state to drive.  

o The ADS should perform the automated DDT fallback and automated 

minimum risk manoeuvre if the system is reaching the end of its ODDs. 

For both Level 3 and 4, if the driver is needing medical attention, the DAMS should alert 

emergency personnel (e.g. via E-call). 
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4.8.2 Takeover manoeuvres 

4.8.2.1 Transition phase 

It is clear that the length of the transition phase and the traffic rules of a country will 

dictate what secondary tasks can be performed by the driver. It appears that drivers not 

performing a secondary task prior to a transition demand generally can respond within 

10 s. Similar findings were found when drivers were engaged in handsfree secondary tasks. 

This suggests that a minimum transition phase for these two examples could be [10 s], 

which is in alignment with the ALKS regulation and capabilities of current DAMS. For 

secondary tasks requiring a handheld device or item, drivers appear to need more than 

10 s to react safely, where 15 s appears to be sufficient. However, research was limited, 

and further investigation is needed to ensure 15 s is enough time for these types of 

secondary tasks. It should be noted that handheld devices do not include laptops.  

Based on the findings, TRL proposes the following requirements:  

• No secondary tasks: The system should provide a minimum transition phase of 

[10] s. 

• Hands-free secondary tasks (e.g. entertainment console): The system should 

provide a minimum transition phase of [10] s. 

• Secondary tasks on handheld items / devices (e.g. reading a book or mobile phone 

use): The system should provide a minimum transition phase of [15] s.  

• Other types of secondary tasks: the manufacturer should provide evidence that 

their transition phase is sufficient for the driver to respond in time and safely to the 

transition demand. 

If the driver is unable to respond appropriately within the specified transition phase of the 

system, the system shall take the appropriate action. The appropriate action will be the 

same as that detailed for Attentiveness (Section 4.8.1.3). 

4.8.2.2 Post-takeover support 

As stated above in Section 4.5, TRL recommends that the system must continue to monitor 

and support the driver after the transition phase is completed until the driver has regained 

situation awareness and achieved full longitudinal and lateral control of the vehicle. The 

manufacture must provide details on how they will measure this along with evidence on 

the effectiveness of their method. A system merely equipped with ADAS will be insufficient 

to obtain type-approval due to the minimum performance requirements established for 

some systems such as ELKS (i.e. support is only required when exiting over a solid white 

line). If the manufacturer were to use ADAS, evidence of their ADAS effectiveness in 

supporting the longitudinal and lateral control of the vehicle when exiting the ODDs should 

be provided. 

4.8.3 HMI 

TRL reviewed the academic research on the HMI for DAMS and collated the findings with 

those found in the standards review. The aim of the analysis was to identify facets of the 

HMI that should be regulated in a technology-agnostic manner and, if possible, establish 

some of the minimum performance requirements. This includes the following: 

• It is recommended that the following features of the HMI for DAMS are standardised 

amongst manufacturers systems:  

o The functional logic: This refers to how the ADS interacts with the user. 

o The transition of control elements: This refers to the drivers understanding 

of the allocation of control. 
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o The control elements: This refers to factors such as deactivating and 

activating the system through physical input. Some of these factors, such as 

deactivation, are covered by the system requirements (i.e. Attentiveness 

requirements). 

• The interface should be easily perceivable from the driver’s peripheral field of view 

and located near to the driver’s direct line to outside the front of the vehicle. 

• The interface should be intuitive, unambiguous and easily distinguishable from 

other displays in the vehicle. 

• The following information should be displayed to the driver whilst the ADS is 

engaged: 

o The status of the system (i.e. the automation status) 

o The status of the driver 

o The role of the driver  

• The driver should be informed of a transition demand or minimum risk manoeuvre 

(Level 3), or the automated DDT fallback and automated minimum risk manoeuvre 

(Level 4). 

• The driver should be informed of any system failures and emergency manoeuvres. 

• Takeover manoeuvres:  

o The symbol for the transition demand should be in accordance with the ALKS 

regulation and comprise of a steering wheel and hands. 

o The warning should escalate during the transition phase to reflect urgency. 

o The alert type should change characteristics at the start of a minimum risk 

manoeuvre or automated DDT fallback. 

o For Level 4, it is recommended to inform the driver of a transition demand 

prior to it being initiated.   

o At a minimum, a visual and auditory warning signal should be provided to 

the driver.  

• It is recommended that for all warning types, a visual and auditory warning signal 

is presented.  

• Detailed visual and audio HMI requirements have been outlined in the DDAW draft 

technical annex (Huysamen and Pistak, 2020), such as the frequency and tonality 

of tonal alerts, and the frequency of flashing/blinking elements of a visual warning. 

• Secondary tasks:  

o Secondary tasks which are displayed on the entertainment console should 

be suspended or deactivated when a transition demand is initiated. 

o It is recommended that secondary tasks which are displayed on the 

infotainment console should be suspended when the ADS is communicating 

with the driver whilst the ADS is engaged. 

4.8.4 Validation testing 

The validation testing requirements were not established in this piece of work. As 

highlighted in the DAMS first interim report, the validation testing requirements can only 

be established once the system requirements are specified and when more systems are 

brought to market. TRL aimed to establish as many of the system requirements as possible 

in this piece of work, placing us one step closer to being able to establish the validation 

testing requirements in the future. Annex 1.7 highlights some recommendations and 

considerations for the validation testing requirements.  
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5 CONCLUSION 

It is currently challenging to develop a robust, technology neutral and universally 

applicable regulation. This is because of the limited information regarding DAMS, the lack 

of consensus surrounding the requirements and acceptable states for drivers using SAE 

Level 3 and Level 4 DAMS, the technological challenges to monitor certain driver states 

and the limited number of systems on the market. It is expected that over time and when 

more systems are brought to market, the factors preventing the creation of the regulation 

will be overcome. 

TRL established as many of the DAMS system requirements as possible in this piece of 

work. Only once these requirements have been finalised, can the validation testing and 

documentation package requirements be established. TRL suggests that DAMS monitor the 

following five driver states: Driver Presence, Wakefulness, Attentiveness, Secondary Task 

Engagement and Sudden Sickness, where performance requirements for most of these 

were proposed. From the research conducted, it became evident that the engagement in 

secondary task is dependent on two factors: the traffic rules of the country and the 

capabilities and limitations of the Driver Availability Monitoring Systems. Moreover, a 

relationship between secondary task type and the transition phase was identified. From 

this information, TRL was able to propose performance requirements for the engagement 

in secondary tasks and for the transition phase. There were some design principles and 

guidance on the HMI for DAMS identified in the literature and standards, but further 

research is required to understand the key design characteristics for Level 3 and Level 4 

automated vehicles for the performance requirements to be established.   

For the requirements which could not be established in this study, TRL recommends 

conducting further research (i.e. literature, theory, standards) and engaging with 

stakeholder or experts on specific topics (e.g. sudden sickness). Moreover, TRL 

recommends reengaging with stakeholders when more systems are brought to market on 

topics such as the identified technological limitations and validation testing methods. Once 

these outstanding requirements are established and more information is gathered on DAMS 

validation testing and techniques, the assessment method for DAMS can be developed. 
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Annex 1 PROPOSED ITEMS FOR FUTURE DAMS REGULATION 

This section provides a summary of proposed items, and where possible, the proposed 

requirements, for the future DAMS for SAE Level 3 and 4 Automated Vehicles regulation. 

Annex 1.1 Scope 

The regulation applies to the approval for automated vehicles of category M1, M2, M3, N1, 

N2 and N3 with regards to an on-board system: 

• Capable of monitoring the driver to ensure that they are available, ready, willing 

and able to take back control from automated mode safely, and  

• Interact with and warn the driver when needed. 

Annex 1.2 Definitions 

Once the regulation has been finalised, definitions for the DAMS regulation need to be 

established. This can be achieved by collating information from the European Commission, 

existing standards and regulations such as the ALKS regulation, literature and 

stakeholders, or drafted by the consultant finalising the regulation. 

Example definitions: 

• ‘Driver Availability Monitoring Systems (DAMS)’ means …  

• ‘Driver presence’ means …  

• ‘Wakefulness’ means …  

• ‘Attentiveness’ means …  

• ‘Minimum risk manoeuvre means … 

• ‘Dynamic driving task (DDT)’ means 

• ‘Operational Design Domain (ODD)’ means … 

• ‘Human Machine Interface’ means … 

• ‘Transition demand’ means … 

• ‘Transition time’ means … 

• Etc. 

Annex 1.3 System requirements 

[The DAMS for Level 3 and 4 Automated Vehicles shall adhere to the following system 

performance requirements.] 

The minimum system requirements for DAMS for Level 3 and 4 Automated Vehicles which 

manufacturers must adhere to need to be established and specified in the regulation. Some 

of these requirements can only be finalised and established when more systems have been 

brought to market, more research in the field has been conducted and there is more 

consensus surrounding certain topics related to DAMS for SAE Level 3 and 4 Automated 

Vehicles. 

Annex 1.3.1 System 

[For both Level 3 and 4 ADS, the system shall directly and continuously monitor the driver 

to ensure they are available, ready, willing and able to take over control of the vehicle from 

automated mode safely. 

Level 3 and 4 are defined in accordance to the SAE J3016 defined levels of automation.  
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Takeover manoeuvres: 

• Level 3 ADS includes user-in-charge, unplanned, planned, manual disengagement 

and emergency takeovers 

• Level 4 ADS includes user-in-charge, planned and manual disengagement 

takeovers] 

Annex 1.3.1.1 Driver presence 

[The driver’s presence shall be monitored throughout the engagement of a Level 3 and 4 

ADS. Each of the requirements in Presence Criteria needs to be met for the driver to be 

deemed present and in a position to take back control of the vehicle safely. If one of these 

are not met, the system shall take appropriate action as specified below. 

Presence criteria:  

1. The driver shall be present in the driver’s seat throughout the engagement of a 

Level 3 and 4 ADS. 

2. The driver’s seatbelt shall remain buckled throughout the engagement of a Level 3 

and 4 ADS. 

3. Seat position: 

o Level 3: The driver’s seat position shall not be significantly altered or 

adjusted throughout the engagement of the ADS. 

o Level 4: The driver’s seat position can be significantly altered or adjusted 

whilst the ADS is engaged. If this occurs, the ADS shall ensure the driver’s 

seat position is returned to the driving position prior to the manual 

resumption of control. 

Appropriate action: 

• Level 3: 

o Criterion 1: If the driver is no longer seated in the driver’s seat, the system 

shall perform a minimum risk manoeuvre. 

o Criterion 2: If the driver’s seatbelt is unbuckled or the position of the seat 

adjusted to an unacceptable position, the system may initially alert the 

driver to correct this. If this is not corrected in a yet-to-be-determined time 

frame, a minimum risk manoeuvre should be performed. 

o Criterion 3: If the driver significantly alters or adjusts their seat position, the 

system should warn the driver that this is unacceptable and request them 

to return the seat to an acceptable position. If the driver does not adhere to 

the request from the system to return the driver’s seat position back to the 

driving position in a yet-to-be-determined time frame, the ADS should 

perform a minimum risk manoeuvre. 

• Level 4:  

o Criterion 1: If the driver is no longer seated in the driver seat, the system 

should perform the automated DDT fallback and automated minimum risk 

manoeuvre. 

o Criterion 2: If the driver’s seatbelt is unbuckled, the system may initially 

alert the driver to correct this. If this is not corrected in a yet-to-be-

determined time frame, the system should perform the automated DDT 

fallback and automated minimum risk manoeuvre. 

o Criterion 3: If the driver does not adhere to the request from the system to 

return the driver’s seat position back to the driving position, the system shall 
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not allow the driver to take back manual control of the vehicle and the ADS 

shall either: 

▪ Continue with the DDT, or  

▪ Perform the automated fallback and minimum risk manoeuvre if it is 

reaching the limits of its ODDs. 

Annex 1.3.1.2 Wakefulness 

[The wakefulness state of the driver shall be monitored throughout the engagement of a 

Level 3 and 4 ADS.  

Thresholds:  

Wakefulness threshold:  

• TRL recommendation: KSS level of [7] 

• Alignment with DDAW regulation: KSS level of [8] 

Sleeping threshold: yet-to-be-determined threshold (e.g. eyes are not detected for 4 s; 

ALKS regulation)  

Appropriate action: 

• Level 3:  

o There are two options available for the Wakefulness threshold, where 

manufacturers shall choose and adhere to one of these.   

▪ Option 1: The ADS shall hand back control of the vehicle to the 

driver before the driver exceeds the Wakefulness Threshold. If 

the driver does not respond to the request to intervene, the ADS 

shall initially warn the driver. If appropriate action is not taken 

within a yet-to-be-determined timeframe, the system shall 

perform a minimum risk manoeuvre.  

▪ Option 2: If the driver exceeds the Wakefulness Threshold, the 

ADS shall warn the driver that they are too drowsy and will not 

be handed back control of the vehicle until their level of 

drowsiness is within safe limits. If the ADS is reaching the end of 

its ODDs and the Wakefulness Threshold is still being exceeded 

by the driver, the ADS shall perform a minimum risk manoeuvre. 

o If the driver exceeds the Sleeping Threshold, the system shall either: 

▪ Perform a minimum risk manoeuvre, or 

▪ Wake the driver up, and if unresponsive or sleep reoccurs, 

perform a minimum risk manoeuvre. 

• Level 4:  

o Wakefulness threshold: 

▪ Recommendation:  

• Inform the driver that they are approaching the Wakefulness 

Threshold.  

• Inform the driver that if they exceed the threshold, they will 

be unable to resume manual control until their level of 

drowsiness is within safe limits.   

• Provide the driver with the option to resume manual control 

of the vehicle.   

▪ If the driver exceeds the Wakefulness Threshold,  
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• The ADS shall not send an intervention request or shall delay 

manual disengagement until the driver’s level of drowsiness 

is within safe limits.  

• The ADS should perform the automated DDT fallback and 

automated minimum risk manoeuvre if the ADS is reaching 

the limits of its ODDs. 

o If the driver exceeds the Sleeping Threshold, the system must either: 

▪ Perform the automated DDT fallback and automated minimum risk 

manoeuvre, or 

▪ Wake the driver up, and if unresponsive or sleep reoccurs, perform 

the automated DDT fallback and automated minimum risk 

manoeuvre.] 

Annex 1.3.1.3 Attentiveness 

[The attentiveness state of the driver shall be monitored throughout the transition phase 

for both Level 3 and 4 Automated Vehicles. The handover shall only occur if the driver is 

confirmed as being ready and willing to take back control of the vehicle. The driver is 

confirmed as ready and willing if all the requirements of the Attentiveness Criteria is 

met. If one of the criteria is not met, the ADS shall take appropriate action as defined 

below. 

Attentiveness criteria: 

1. The driver’s eyes are directed to the road in front of the vehicle, unless switching 

to an automation level which does not require this (e.g. switching from a Level 4 to 

Level 3 ADS) 

2. Both of the driver’s hands are on the steering column. 

3. One of the driver feet is on the accelerator or brake pedal, unless the vehicle is still 

in control of the speed (e.g. Adaptive Cruise Control) 

Appropriate action: 

• Level 3: 

o Unplanned and planned takeovers: If the driver is not deemed attentive 

during the transition phase, the system shall perform a minimum risk 

manoeuvre.  

o Manual disengagement: If the driver requests manual disengagement, but 

is not deemed attentive, the system shall disallow manual disengagement 

and continue with the DDT.  

• Level 4: 

o Planned takeover: If the driver is not deemed attentive during a transition 

phase, the system should perform the automated DDT fallback and 

automated minimum risk manoeuvre. 

o Manual disengagement: If the driver requests manual disengagement, but 

is not deemed attentive, the system shall delay manual disengagement.] 

Annex 1.3.1.4 Secondary task engagement 

[The driver’s engagement in secondary tasks shall be monitored throughout the 

engagement of a Level 3 and 4 ADS. If the driver performs a prohibited task, the ADS shall 

take appropriate action, as defined below.  

The manufacturer shall adhere to the framework developed by the UNECE working group 

‘The Global Forum for Road Traffic’ on the engagement in tasks unrelated to driving when 



Driver Availability Monitoring Systems 

 

 

 

March 2021  817 
 
 

the ADS is engaged, where evidence on the adherence shall be provided in the 

documentation package. 

The engagement in a task unrelated to driving shall not interfere with the monitoring of 

the driver’s level of drowsiness. 

Acceptable or prohibited tasks: 

This is dependent on two factors: the traffic rules of the country and the capabilities and 

limitations of the system, specifically the transition phase (Refer to Section Annex 1.3.3.1) 

and the field of view of the DAMS. Evidence shall be provided by the manufacturer in the 

documentation of the acceptable and prohibited tasks and their adherence to the 

requirements set out in the DAMS regulation. 

Appropriate action: 

• Level 3:  

o The system shall warn the driver they are distracted or performing a 

prohibited task and request them to change their behaviour. If the driver 

does not change their behaviour immediately, the system shall perform a 

minimum risk manoeuvre. 

• Level 4: 

o The system shall warn the driver they are performing a prohibited task and 

request them to correct their behaviour. If the driver does not comply, the 

system shall perform the automated DDT-fallback and minimum risk 

manoeuvre.] 

Annex 1.3.1.5 Sudden sickness 

[The driver shall be monitored for sudden sickness throughout the engagement of a Level 

3 and 4 ADS. If the driver displays behaviours or characteristics indicative of ill health, the 

system shall take appropriate action, as defined below. 

Sudden sickness criteria: 

At a minimum, the DAMS should monitor yet-to-be-determined sudden sicknesses. 

DAMS that are able to monitor more than the required sudden sicknesses, should detail 

this in the documentation package. 

Appropriate action: 

• Level 3: 

o The ADS shall perform a minimum risk manoeuvre 

• Level 4: 

o The ADS shall not send an intervention request or shall delay manual 

disengagement until the driver’s is in a fit state to drive.  

o The ADS shall perform the automated DDT fallback and minimum risk 

manoeuvre if the system is reaching its ODDs. 

For both Level 3 and 4, if the driver requires medical attention, the DAMS should contact 

emergency service (e.g. using E-call).] 

Annex 1.3.2 Occlusion factors 

[The system shall perform effectively or respond appropriately to yet-to-be-determined 

occlusion factors (e.g. spoofing, glasses etc.)] 
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Annex 1.3.3 Takeover manoeuvres 

Annex 1.3.3.1 Transition phase 

[To take back control of a Level 3 and 4 Automated Vehicle, the driver shall meet the 

attentiveness criteria detailed in Section Annex 1.3.1.3 within the transition phase specified 

by the system. If this not achieved by the driver, the ADS shall take appropriate action, as 

defined below.  

Transition phase: 

• The system shall provide a minimum transition phase of [10] s.  

• Engagement in secondary tasks:   

o For the driver to engage in hands-free secondary tasks via the vehicle’s 

systems (e.g. entertainment console), the system shall provide a minimum 

transition phase of [10] s. 

o For the driver to engage in secondary tasks on a handheld device or item 

(e.g. reading a book or mobile phone use), the system shall provide a 

minimum transition phase of [15] s. 

o For the driver to engage in other types of secondary tasks (e.g. laptops), 

the manufacturer shall provide evidence that the transition phase is 

sufficient for the driver to respond in time and safely to the transition 

demand. 

Appropriate action: 

• For Level 3:  

o Unplanned and planned takeovers: The system shall perform a minimum 

risk manoeuvre.  

o Manual disengagement: The system shall delay manual disengagement.  

• For Level 4:  

o Planned takeover: The system shall perform the automated DDT fallback 

and automated minimum risk manoeuvre. 

o Manual disengagement: The system shall delay manual disengagement.] 

Annex 1.3.3.2 Post-takeover support 

[The system shall continue to monitor and support the driver after the transition phase is 

completed until the driver has regained situation awareness and achieved full longitudinal 

and lateral control of the vehicle.  

• The manufacture shall provide details on how they will measure this along with 

evidence on the effectiveness of their method.  

• A system merely equipped with ADAS will be insufficient to obtain type-approval 

due to the minimum performance requirements established for some systems such 

as ELKS (i.e. support is only required when exiting over a solid white line). If the 

manufacturer were to use ADAS, evidence on the effectiveness of their ADAS at 

supporting, for example, the longitudinal and lateral control of the vehicle after the 

transition phase should be provided. This includes its ability to support the driver in 

different road conditions when exiting its ODDs, for example, different lane line 

types and traffic flows.]  
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Annex 1.3.4 Activation and deactivation 

[The DAMS shall confirm the driver is in an acceptable state to activate or deactivate the 

system. This information in conjunction with other system information (e.g. the ODD 

information of the system) shall be used to determine whether the system can or cannot 

be activated or deactivated.   

[To activate the ADS:  

• Level 3: 

o The driver presence and sudden sickness criteria shall be met, and the driver 

shall be below the wakefulness threshold. 

• Level 4: 

o The driver presence and sudden sickness criteria shall be met. 

To deactivate the ADS:  

• The driver presence, attentiveness and sudden sickness criteria shall be met,  

• The driver shall not be engaged in a secondary task 

• The driver shall be below the wakefulness threshold, and  

• The driver shall respond within the specified transition phase of the system.] 

Annex 1.3.5 System override 

Annex 1.3.5.1 ADS override 

• [The system shall be completely overridden only if the following criteria are met:  

o The driver provides yet-to-be-determined input or feedback to the system 

(e.g. pressing a button), 

o The driver presence, attentiveness and sudden sickness criteria are met, 

o The driver is below the wakefulness threshold, and 

o The driver is not engaged in a secondary task. 

• The input or feedback shall be designed to prevent unintentional override. 

• The driver shall be supported after the takeover as per Annex 1.3.3.2.]  

Annex 1.3.5.2 Lateral control override 

• [The lateral control of the vehicle shall be overridden by input to the steering column 

by the driver.  

• The input shall exceed a reasonable threshold designed to prevent unintentional 

override. 

• The driver shall only be able to override lateral control if the driver presence and 

sudden sickness criteria is met, the driver is below the wakefulness threshold and 

fulfils criterion 1 and 2 of the attentiveness criteria.] 

Annex 1.3.5.3 Longitudinal control 

• [The longitudinal control of the vehicle shall be overridden by either: 

o The driver applying input to the braking control resulting in a higher 

deceleration than that induced by the system 

o The driver applying input to the braking control to maintain a standstill 

vehicle position. 
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o The driver applying input to the accelerator pedal.  

• The system shall ensure that input to the accelerator or brake pedal was not 

unintentional.  

• The driver shall only be able to override longitudinal control if the driver presence, 

attentiveness and sudden sickness criteria is met and the driver is below the 

wakefulness threshold.] 

Annex 1.4 HMI requirements 

Minimum performance requirements for the HMI of the ADS need to be established. This 

should include standardising the functional logic, transition control elements and control 

elements. Some potential requirements are highlighted below: 

• [The following information shall be displayed to the driver whilst the ADS is 

engaged: 

o The status of the system (i.e. automation status) 

o The status of the driver 

o The role of the driver 

• The driver shall be informed of a transition demand, a minimum risk manoeuvre 

(Level 3) or automated DDT fallback and minimum risk manoeuvre (Level 4). 

• The driver shall be informed of any system failures and emergency manoeuvres. 

• Takeover manoeuvres: 

o The symbol for a transition demand shall comprise a steering wheel and 

hands and will be in accordance with the ALKS regulation. 

o The warning shall escalate during the transition phase to reflect urgency. 

o At a minimum, a visual and auditory warning signal shall be presented. 

o The alert type shall change characteristics at the start of a minimum risk 

manoeuvre or automated DDT fallback. 

o For planned takeover, it is recommended to inform the driver about a 

transition demand prior to it being initiated. 

• For all warning types, a minimum of a visual and auditory warning signal shall be 

presented. 

• Secondary tasks: 

o Secondary tasks displayed on the entertainment console shall be suspended 

or deactivated when a transition demand is initiated. 

o It is recommended that secondary task displayed on the entertainment 

console are suspended when the ADS is communicating with the driver whilst 

the ADS is engaged. 

• The interface shall be easily perceivable from the driver’s peripheral field of view 

and located near to the driver’s direct line to outside the front of the vehicle. 

• The interface shall be intuitive and unambiguous, and the display should be 

distinguishable from other displays in the vehicle. 

• Etc.] 

Annex 1.5 Data management 

[DAMS shall be designed in such a way that they shall only continuously record and retain 

data necessary for the system to function and operate within the closed loop system. 
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Furthermore, this data shall not be accessible or made available to any third parties and 

shall only be held for the length of time for which it holds direct relevance to assessing the 

driver’s availability, readiness, willingness and ability to take back control from automated 

mode.] 

Annex 1.6 Verification and tests 

[The technical service employed to verify the DAMS on behalf of the European Commission 

shall verify the information provided in the documentation package by testing a selection 

of aspects of the declared function of the system. The elements audited will be chosen at 

the discretion of the technical service. If possible, the minimum number of elements to be 

audited should be determined and specified in the regulation.] 

Annex 1.7 Validation testing requirements 

It is recommended that guidelines and minimum requirements are established for the 

validation testing which manufacturers need to adhere to. These can be established after 

the system requirements have been finalised and once more systems are on the market 

(i.e. re-engagement with manufacturers). Below highlights some of the things that should 

be considered for the validation testing requirements: 

• The validation testing should be done with human participants (i.e. user trials), 

where a safety back-up (e.g. safety driver) is required for all testing completed in 

a non-simulated environment.  

• The validation testing should assess whether the system is able to effectively: 

o Monitor the required driver states, 

o Detect when a requirement is not being met, and  

o Respond as planned. 

For wakefulness, it is recommended that the validation testing requirements are to 

be similar to the established for DDAW.  

• The validation testing should assess the effectiveness of the system performance 

for the yet-to-be-determined occlusion factors.  

• The validation testing should assess whether the DAMS is able to effectively perform 

in different environmental conditions (e.g. day and night, weather conditions). 

These conditions will be dependent on the ODDs of the system. 

• The validation testing should assess the effectiveness for the other functions of the 

ADS that utilises the DAMS to make executive decisions (e.g. activation and 

deactivation of the ADS). 

• The HMI of the DAMS and ADS should be reviewed and validated. 

• It is recommended that validation testing is conducted on a closed test track. 

• An acceptance criterion to determine whether the system is effective or acceptable 

needs to be developed. 

Annex 1.8 Documentation requirements 

Evidence of the effectiveness of the system shall be provided in the form of a 

documentation package. The requirements for the documentation package need to be 

established after the system and validation requirements are established. The 

documentation requirements should include system functionality and system validation. 
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Annex 2 METHOD 

Annex 2.1 Expert engagement  

Expert engagements were carried out to gather additional information on the topics 

covered in the literature review, standards review and stakeholder engagement from the 

DAMS first interim report. The experts were approached and offered the opportunity to 

feed their knowledge into the creation of the DAMS regulation. Most of the experts sit 

within the research field, and as such, were assumed to have good working knowledge of 

the current developments in the field and have a strong understanding of ongoing and un-

published research. The experts were engaged using a standardised set of questions to 

guide the conversations and ensure that information relevant to the topic of DAMS and 

Automated Vehicle was gathered in a consistent manner. The topic guide includes (Annex 

4):  

• Defining an Automated Driving System (ADS), 

• Human states and/or behaviours,  

• Take-overs,  

• Physiological indicators of drowsiness, and  

• Validation testing. 

The topic guide was sent to all experts ahead of the meetings to allow them time to prepare 

for the discussion, where they were requested to only respond to the topics which they 

had expertise in. Experts were engaged via teleconference. 

Annex 2.2 Literature review 

A literature review was conducted with four objectives: 

1. To identify the effects of automation on driver drowsiness and the concerns 

surrounding this, if any. 

2. To understand the effect of secondary task engagement on driver drowsiness during 

automated driving. 

3. To understand the effect of secondary task engagement on takeover time and 

driving performance.  

4.  To understand the effect of HMI design on human performance and interaction with 

the ADS. 

The literature search gave priority to recent, high quality (peer-reviewed) research that 

was considered to be of most direct relevance to the objectives of the current study. The 

review used the databases and search terms documented in Table 1, Table 2, Table 3 and 

Table 4. 

 

Table 1 Search terms for the effects of automation on driver drowsiness 

Search terms  Databases  

(“automated driving”) AND (“drows*” 

OR “fatigue” OR “alert*”) AND 

(“cognitive underload” OR “out-of-the 

loop”)  

  

Google Scholar  

TRID  
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Table 2 Search terms for the effect of secondary task engagement on driver drowsiness 

during automated driving 

Search terms  Databases  

(“automated driving”) AND (“secondary 

task”) OR (“non-driving related task”) AND 

(“drows*” OR “fatigue” OR “alert*”) AND 

(“cognitive underload” OR “out-of-the 

loop”)  

Google Scholar  

TRID  

 

Table 3 Search terms for the effect of secondary task engagement on takeover time and 

driving performance 

Search terms   Databases   

(“Driv*”) AND (“takeover performance” OR 

“takeover time*” OR 

“reaction time*” OR “driving performance” 

OR “impair*”) AND (“secondary task*” 

OR “secondary activit*” OR “non-

driving task”)   

Google Scholar   

TRID   

 

Table 4 Search terms for the effect of HMI design on human performance and interaction 

with the ADS 

Search terms  Databases  

(“automated driving”) AND (“HMI” 

OR “human-machine interface”) AND 

(“design”)  

  

(“automated driving”) AND (“HMI” 

OR “human-machine interface”) AND 

(“design”) AND (“situation awareness”)   

Google Scholar  

TRID  

Annex 2.3 UNECE guidelines review 

A review of current UNECE guidelines was conducted to identify if any guidance exists on the 
engagement of secondary tasks whilst the ADS is engaged for Level 3 and 4 Automated 
Vehicles, with specific focus on acceptable and unacceptable secondary tasks. 

Annex 2.4 Chronogram 

TRL developed a chronogram Annex 5) on the takeover manoeuvres from the literature 
reviewed in the DAMS first interim report and current study. Each study which reported 
takeover times (i.e. reaction time to a takeover request) was added to the chronogram, where 
factors such as lead time, driving performance after the takeover, secondary task engagement 
and takeover type were also included for analysis purposes.  
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Annex 3 RESULTS 

Annex 3.1 Expert engagements 

Annex 3.1.1 Defining an Automated Driving System (ADS) 

Annex 3.1.1.1 SAE definitions  

Most of the experts recognise the SAE definitions as the most well used industry standard 

for automated vehicles but suggest that more detail is required with regards to defining 

ADS. This included more information outlining the responsibility of the driver and the 

system, and the capabilities and limitations of the system within the SAE levels of 

automation. Specifically, it is suggested that more clarification around takeovers and 

responsibility between the driver and a Level 3 ADS is required.   

Annex 3.1.1.2 Role of the driver when a Level 3 ADS is engaged 

There was a lack of consensus between experts when considering the responsibility of the 

driver when a Level 3 ADS is engaged. Experts agree that the driver must be capable of 

resuming control at any point. However, there are conflicting opinions as to the monitoring 

role required by the driver:  

• Some experts believe the driver must remain engaged in the driving task and take 

on an ‘active monitoring’ role; meaning the only secondary tasks that can be 

conducted whilst the ADS is engaged are those that are currently allowed during 

manual driving.  

• Some experts believe the driver must be ready to take back control, but constant 

monitoring of the driving task is not required, and drivers may engage in non-

driving related tasks. These acceptable secondary tasks were defined in a number 

of ways: tasks that do not distract the driver from monitoring the road environment 

for long durations of time; tasks that do not prevent the driver from taking back 

control in a timely manner; or tasks that allow drivers to keep one hand on the 

wheel. 

Some experts suggest that secondary tasks, rather than having a negative impact on 

drivers’ ability to takeback control, can help drivers stay in the loop, improve situation 

awareness and increase workload and therefore improve the quality of a takeover.  

Experts have defined unacceptable tasks as: tasks that require moving out of the normal 

driving position; tasks that exceed safe levels of visual and/or cognitive distraction; tasks 

that negatively affect attention or fatigue; and sleeping or intoxication.  

Annex 3.1.1.3 Role of the driver when a Level 4 ADS is engaged  

There is a lack of consensus among experts as to the responsibility of the driver when a 

Level 4 ADS is engaged. Some experts state that the ADS is responsible for the DDT, and 

as such, the driver is not required to monitor the vehicle and may engage in any non-

driving related task, including sleeping. Other experts believe that while the ADS is 

responsible for the DDT, the driver may be expected to have some awareness of vehicle 

state and situation awareness. Therefore, some levels of non-driving related tasks may be 

permissible that takes the driver’s attention off the roadway for extended periods of time, 

but sleeping is not acceptable. However, drivers would still be expected to takeover 

following suitable notice before a planned takeover. Contrasting opinions also question 

whether the driver is allowed to move in the cabin, or if the driver has any driving 

responsibilities at all.  
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Annex 3.1.1.4 Human states and/or behaviours  

The majority of experts mentioned the following driver states as unacceptable when a Level 

3 ADS is engaged:  

• Drowsy  

• Fatigued 

• Low levels of attentiveness and alertness 

• Impairments from drugs or alcohol 

Most experts agreed that drivers must have a reasonable level of alertness and 

attentiveness for both Level 3 and 4. However, some experts commented that certain 

levels of visual or cognitive distraction could be acceptable (situation dependent), or even 

beneficial in enabling the driver to avoid cognitive underload during automated mode. 

There was a lack of consensus among experts as to whether drowsiness and sleeping are 

acceptable driver states when a Level 4 ADS is engaged.  The majority of experts suggest 

if the DAMS can no longer detect the drivers’ eyes and/or face and no response is received 

from the driver then escalated warnings should be issued. This could be in the form of 

visual, audio or haptic feedback, or a combination as the severity of warning is escalated 

to the driver. If the driver does not respond, the majority of the experts also suggest that 

the system should take appropriate action such as pulling over to a ‘safe spot’.   

There was no consensus amongst experts on what an available driver looks or behaves 

like, as well as a ready driver, an able driver or a willing driver. It was evident that the 

characteristics used to describe these four states were dependent on what the experts 

perceived as acceptable and unacceptable driver states that the driver can be in when the 

ADS is engaged. Some experts used similar characteristics to describe different states. 

Therefore, the most commonly reported characteristics to describe an available, ready, 

able and willing driver were combined and are highlighted below: 

• The driver is alert (i.e. not drowsy) and/or awake (i.e. not sleeping) during the 

engagement of the ADS. 

• The driver is situationally aware of the driving task and environment, and/or 

attentive to the driving task during the takeover, where some also stated when the 

ADS is engaged. 

• The driver is present in the driver’s seat throughout the DDT. 

• The driver is not engaged in a secondary task or is not distracted during a takeover, 

where some also stated when the ADS is engaged. 

• The driver is able to fulfil the reengagement actions of the system (e.g. hands on 

wheel and engaging the pedals) or provide input by, for example, pressing a button 

to confirm they are willing to resume control. 

Annex 3.1.1.5 Take-overs  

Many of the experts commented on the lack of evidence towards minimum timeframes for 

safe takeovers. The majority of the responses were based from experts specialised 

knowledge within the topic area rather than research projects conducted. Timeframes 

varied from 5 seconds to 20 seconds. Most of the experts suggested variable takeovers4 

would be most suitable, where factors, such as the driver state prior to the takeover, 

situation awareness and the environment, would influence the timeframe for a safe 

takeover. Most experts also stated that the type of secondary task would have an effect 

on takeover time based on the physical and cognitive demand of the task.  

 

4 Variable takeover: the takeover time changes for each takeover depending on driver state and/or the state of 

the road environment 
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While no experts believe the minimum takeover time should be based on the mean, there 

is contrast in opinion between whether 95th percentile is safe enough or if 99th percentile 

would cause frustration for drivers in the lower percentiles. The human factors that are 

believed to have an impact on driver reaction time to takeover requests are prominently 

referenced as experience and age. Other factors mentioned by experts were fatigue, trust 

and driver behaviour.  

The majority of experts believe the quality of driving performance (i.e. manual driving 

quality) after a takeover situation will be better when the takeover is accomplished at the 

drivers own speed (i.e. self-paced) rather than being specified by the system. Majority of 

the experts commented that continuous monitoring of the driver is important, specifically 

before and after the transitional takeover period to ensure the driver is in a safe state to 

take over control of the vehicle. There are a number of factors cited by experts that affect 

the quality of driving performance after a takeover. For example, the type of secondary 

task, specifically high visual or cognitive inattention, how much situation awareness the 

driver has before the takeover and if the driving environment has changed after the 

takeover, could have negative effects on the quality of a takeover, driving performance 

after a takeover, and time of the takeover. 

Annex 3.1.2 Physiological indicators of drowsiness 

Annex 3.1.2.1 Eye measures   

Camera-based systems that measure eye movements and blink rates are described by 

experts as one of the most effective non-invasive physiological indicators to detect driver 

drowsiness. Experts commented on a substantial amount of research supporting the use 

of ocular methods to detect varying levels of drowsiness within variable driving conditions. 

According to the experts the following factors negatively impact the data collection of eye 

measures: different light conditions, specifically low light, different ethnicities (i.e. harder 

to measure PERCLOS) and eye occlusion (e.g. from glasses). Experts also commented on 

the variation in required time frames to accurately calculate different ocular indicators of 

drowsiness, with research ranging from 20 seconds to 20 minutes. 

Annex 3.1.2.2 Wearable heart rate monitoring  

Experts were largely in agreement that heart rate monitoring technology, while having 

potential to become an effective non-invasive measure, requires more development. 

Monitoring heart rate variability can detect early stages of drowsiness by measuring beats 

per minute. However, there is currently considerable variability in research findings 

towards the current effectiveness of HR monitoring as a non-invasive measure.  

Annex 3.1.2.3 Wearable respiration rate monitoring 

Few experts had any knowledge around the effectiveness of non-invasive wearable 

respiration rate monitors for detecting drowsiness. An expert suggested a correlation 

between respiration rate and HR, however, to the best of their knowledge, research is yet 

to be carried out to explore this. Another expert suggested that indications of sleepiness 

through respiration rate monitoring occurs too late in the drowsiness process (i.e. driver is 

already falling asleep), while another expert commented on the challenges facing 

respiration rate as a method of detecting drowsiness.  

Annex 3.1.2.4 Cognitive attention  

Some experts commented that cognitive attention can be measured directly, using ocular 

measures and visual behaviour to identify if a driver is cognitively distracted (e.g. scanning 

or gaze duration). An expert stated that cognitive load can be measured indirectly when a 

driver is controlling the vehicle or inferred based on what the driver is doing when not 

attending the driving environment. Some experts suggest that cognitive attention may be 
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detected using a variety of measures such as Heart Rate Variability (HRV), but challenges 

lie with separating drowsiness from cognitive attention. A lack of consensus amongst the 

experts suggests that more research is required in this area, or that technology is not 

mature enough to measure cognitive attention reliably or accurately. 

Annex 3.1.3 DAMS validation testing  

Annex 3.1.3.1 Demographics 

A range of ethnicities, nationalities and genders was recommended by most experts. 

Specific reference to an inclusive and broad spectrum was mentioned, alongside considered 

specific use cases such as older drivers and novice drivers.  

Annex 3.1.3.2 Testing environment  

According to experts, simulators are effective at monitoring certain human states such as 

drowsiness in a controlled and safe environment, while real-road or test track 

environments allow for high fidelity testing. Most of the experts recommended a 

combination of simulation and real-world or test track testing environments. There was 

concern expressed between some experts over the different driver behaviours and lower 

levels of risk perception experienced by driver’s in a simulator versus on real roads or on 

a test track. 

Annex 3.1.3.3 Statistical methods 

Testing the system sensitivity and specificity was recommended by a number of experts. 

Further recommendations mentioned by other experts were independent variables 

including measures of visual distraction, cognitive distraction, drowsiness, trust and 

microsleeps. Dependent variables suggested were hazard perception, hazard mitigation, 

situation awareness and reaction times to scenarios.  

Annex 3.2 Literature review 

Annex 3.2.1 A review of automated driving and driver drowsiness 

Annex 3.2.1.1 The effect of automation on driver drowsiness 

It is considered that Automated Driving Systems (ADS) will bring significant road safety 

benefits in terms of reduced collisions and road casualties (Thatcham Research, 2019). 

One of the reasons for this is that is reduces the risk of the driver experiencing cognitive 

overload. This is because automated driving reduces the driving demands and cognitive 

load of the driver (Stanton and Young 1998 as cited in (Cunningham and Regan, 2017)). 

In saying that, there are concerns that cognitive underload may not improve road safety 

and should be as much of a concern as cognitive overload (Stanton and Young 2002 as 

cited in (Cunningham and Regan, 2017)).  

During semi-automated driving, the role of the driver changes from being in control of the 

driving task to monitoring the driving task. As such, there is an associated reduction in 

effort required of the driver. It is suggested that this reduction in effort may lead to a 

cognitive underload, which can induce driver fatigue and inattention. Desmond and 

Hancock, as cited in Saxby et al. (2013),  propose two types of cognitive fatigue: ‘active’ 

and ‘passive’ fatigue, where active fatigue is a result of high cognitive workload (i.e. task 

demands a high level of attention; associated with cognitive overload) and passive fatigue 

is the result of low cognitive workload (i.e. task demands a low level of attention; 

associated with cognitive underload) (Saxby et al., 2013;May and Baldwin, 2019).  
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A study by Kaduk et al. (2020) found that participants were sleepier, more fatigued and 

had a lower mental workload after an automated driving phase compared to manual 

driving. The results suggest that manual driving performance after an automated driving 

phase may deteriorate, and the driver may not be able to accurately assess whether they 

are in a safe state to accept a takeover request. This is in line with similar research that 

found driver’s levels of drowsiness to be higher and task engagement to be lower during 

automated driving compared to manual driving (Kudinger et al., 2018;Saxby et al., 

2013;Schömig et al., 2015). A study by Goncalves et al. (2016) revealed that most 

participants reported a high level of drowsiness within 15 minutes of semi-automated 

driving. This was followed by a reduction in the quality of lateral vehicle control during a 

takeover request.  

The Malleable Attentional Resources Theory5 suggests a driver experiencing passive fatigue 

induced by automation is likely to have impaired driving performance after a takeover 

request because they are not able to meet the substantial increase in cognitive workload 

required to take over from automation safely (Stanton and Young 2002 as cited in 

(Cunningham and Regan, 2017)). While automated driving will reduce the cognitive load 

on drivers, if the reduction is too large, passive fatigue is likely to occur as a consequence 

(Cunningham and Regan, 2017) which could lead to a negative effect on the driver’s ability 

to take back control from automated mode.  

Annex 3.2.1.2 The effect of secondary task engagement on driver drowsiness 

Schomig et al. (2015) recognise that automated driving may have negative effects on the 

driver state such as arousal level and driving performance. While there is limited research 

on this topic, some authors suggest secondary tasks could act as a countermeasure against 

the monotony of automation by increasing the driver’s arousal and situation awareness, 

and providing feedback on the system state (Schömig et al., 2015;Vogelpohl et al., 2019). 

A study by Schomig et al (2015) reviewed the effect of automated driving and how driver 

fatigue levels may be affected by completing a secondary task. The results from the 

simulator study revealed that during highly automated driving (15-minute test phase), 

drowsiness levels increased without secondary task engagement and remained low and 

constant when engaging in a secondary task. Similarly, Miller et al. (2015) found that 

drivers were less likely to experience drowsiness when engaged in a reading task or a video 

watching task when a Level 3 ADS was engaged (simulator study; 40 minute test phase) 

and Naujoks et al. (2018) found that driver drowsiness levels during a long drive in partial 

automation were kept relatively low when drivers were engaged in a variety of non-driving 

tasks such as reading and social media. Neubauer et al.(2012) found that drivers braked 

quicker to an event after the takeover from automated to manual driving when engaged 

in a cell phone task compared no task, and Gold et al. (2018) found that the increased 

cognitive load from engaging in NDRT decreased the time-to-collision after a takeover.  

Similar research into the use of secondary tasks to alleviate driver fatigue when the ADS 

is engaged revealed that the use of media devices helped minimise the loss of task 

engagement and improve driving performance after the takeover (Neubauer et al., 2014). 

However, the use of the media devices did not have an effect on the driver’s braking 

reaction times to an emergency event. This was likely attributed to the driver being out-

of-the-loop for 45 minutes and either being unable to obtain sufficient situation awareness 

due to secondary task engagement or the alertness derived from the use of the devices 

did not have a lasting or transferrable effect. Saxby et al. (2017) conducted similar 

research and concluded that cell phone conversation is not a counter for automation 

induced fatigue and may impair the driver’s awareness of their performance deficits. It is 

suggested that motivating and engaging tasks may be more effective to maintain driver 

alertness such as trivia (Oron-Gilad et al., 2008;Gershon et al., 2009). However, both 

 

5 Malleable Attentional Resources Theory: a person’s attentional resource varies (is malleable) based on the 

demands of the task being completed. 
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studies highlighted that the effect of an interactive cognitive task like trivia has a localised 

effect, in the sense that when the task is finished the physiological effects decrease. 

While there is some evidence that supports the use of secondary tasks as a countermeasure 

to automation induced passive fatigue, the area is under-researched and further research 

is required to identify the type of secondary tasks that could increase arousal levels.  

Annex 3.2.2 The effect of secondary task engagement on takeover and driving 

performance 

The DAMS first interim report highlighted the fact that there is no consensus in the 

literature and amongst stakeholders surrounding a safe transition time (Huysamen et al., 

2020). The report mentioned that drivers appear to be “able to respond to a request within 

10 s, but would need more time to become situationally aware, and even more time to 

obtain safe lateral and longitudinal control of the vehicle (i.e. driving performance after the 

takeover)”. There was also evidence to suggest that secondary task engagement increased 

transition time and further impaired driving performance after a takeover. In this phase of 

the research project, TRL investigated the latter findings further to assist in understanding 

the effect of secondary task engagement on the driver’s behaviour and takeover 

manoeuvres.  

Evidence from the literature suggests that drivers are more likely to engage in non-driving 

tasks with increasing levels of automation. Driver’s may choose to do this to fight boredom 

or increase their arousal levels (Carsten et al., 2012). Burnett et al. (2019) conducted a 

simulator study (n=49) investigating driver behaviour and secondary task engagement 

during automated driving (30-minute drive; Level 3) over 5 consecutive days. Drivers were 

presented with several planned and one unplanned (emergency takeover request) during 

the automated driving. For the planned takeover requests, drivers were provided with a 

60 s preparation warning which was followed by a takeover request of 10 s. For the 

unplanned takeover, drivers were only presented with a 10 s takeover request. The 

participants could choose what to do when the ADS was engaged. The key findings from 

the study include: 

• Driver behaviour: 

o The most common behaviour was the use of a smartphone; this was used 

by over 80% of the participants. The second most common behaviour was 

performing a reading task such as reading a book, magazine or printed 

paper. This was performed by 25% of the participants at some point over 

the five days. Other tasks included using a tablet, working on a laptop, 

applying cosmetics and sleeping.  

o By the end of the week, drivers were looking at the road for less than 20% 

of the conditional automation drive time.  

o Some drivers changed the environment to fit their chosen task such as 

moving the driver’s seat backwards (i.e. further away from the steering 

wheel) to relax or to accommodate a laptop or tablet, and swapping their 

driving glasses for glasses they use for reading or watching TV. 

o Approximately half of the drivers gazed at their feet when preparing take 

over control of the vehicle (Day 1: 57%; Day 5: 44%). This was attributed 

to impairment of the driver’s proprioception due to being out-of-the-loop. 

o Some drivers continued to engage in the secondary task after the handover 

had been completed. In this study, readiness was defined as one hand on 

the steering wheel and first glance directed towards the road scene. 

• Driving performance: 

o Even with a 60 second preparation time (i.e. lead time), driving performance 

after the takeover was significantly impaired as evidence by high levels of 
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lateral instability and speed variability, particularly during the 10 s after the 

takeover. 

o After the takeover, majority of the drivers chose to accelerate instead of 

brake. 

o Driving performance after an emergency handover appeared to be better 

than after a planned takeover. This was attributed to the “heightened driver 

arousal associated with the event notification”  

o Automated driving experience improved driving performance after the 

takeover (i.e. fewer lane excursions); however, on Day 5, driving 

performance was still significantly impaired following the takeover.   

The findings of Burnett et al. (2019) regarding impaired driving performance after a 

takeover was corroborated by the findings in the DAMS first interim report. Moreover, it 

appears that engaging in a secondary task impairs driving performance after a takeover 

more than when not engaging in a secondary task. Zeeb et al. (2015) and Radlmavr et al. 

(2014) found that drivers were more likely to have a collision with surrounding traffic when 

engaging in a secondary task. Louw et al. (2019) found that when drivers were engaged 

in a secondary task, significantly more lane excursions were observed after the takeover. 

The reason for poorer driving performance after a takeover when engaging in a secondary 

task is assumed to be because the driver’s level of attention to the DDT and road scene 

(i.e. situation awareness) is low.  

As noted in the DAMS first interim report, the literature also suggests that takeover 

performance is worse when engaging in a secondary task compared to not engaging a 

secondary task. This was further corroborated by Lin et al. (2020) who found drivers to 

take longer to respond to a takeover request and Zeeb et al. (2015) who found drivers to 

react slower and incorrectly in sudden emergency take-over situations. Evidence suggests 

that takeover performance is dependent on the type of non-driving task being performed, 

where takeover time is strongly related to the manual load of the task. For example: 

• Yoon and Ji (2019) found the takeover time and the first road glance after a 

takeover request to be longest when watching a video on a smartphone (mean = 

1.8 s and 0.7 s) compared to searching a radio station (mean = 1.62 s and 0.52 s) 

on the entertainment console or playing a game on a smartphone (mean = 1.6 s 

and 0.66 s).   

• Vogelpohl et al. (2018) found that it took drivers longer to look at the road, place 

their hands on the steering wheel and turn off the automation when performing a 

gaming task (mean = 1.9 s, 3.9 s and 5.07 s) compared to a reading task (mean: 

1.14 s, 3.28 s and 4.59 s) or engaging in no task (mean = 0.12 s, 1.62 s and 2.37 

s). 

• Naujoks et al. (2019) found takeover time to be approximately 5.5 s when 

performing a search or reading task, 4 s when playing tetris, 3.5 s when listening 

to an audio book and 3 s when performing no task after a 15 min automated driver. 

• Zeeb et al. (2016) found that when drivers were watching a video they took longer 

to deactivate the automated system after a takeover request (mean = 3.02 s) 

compared to when they were responding to an email, reading the news or not 

performing any task (mean ranged approximately between 1.8 and 2.1 s). 

• Wandtner et al. (2018) found that a visual-manual version of a driving task had a 

slower takeover time (mean = 1.8 s) compared to an auditory-vocal (mean = 1.2 

s) and visual-vocal versions (mean = 1.35 s), with the auditory-vocal version have 

the least detrimental effect on takeover performance.  

• Roche et al. (2019) found visual tasks to have more of a negative effect on takeover 

performance and attention to the roadway compared to auditory tasks.  

Secondary tasks using handheld devices have shown to increase takeover time by as much 

as 1.6 s (Zhang et al., 2018). One theory behind this effect is that before drivers can 
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engage in the driving task, they are required to put down the device initiating eye and 

body movements to find and move the device into a safe place (Zeeb et al., 2017;Wandtner 

et al., 2018). It should be noted that there are some studies that have found no significant 

effect of secondary task engagement on takeover time. These studies are highlighted in a 

review conducted by MacDonald et al. (2019).   

Vogelpohl et al. (2018) found that reaction times to a takeover request were unaffected 

by secondary task engagement; however, the length of time to look at the mirrors and 

speedometer was affected, where drivers engaging in secondary tasks took longer. This 

suggests that drivers engaging in a secondary task prior to a takeover take longer to regain 

situation awareness. Findings from Burnett et al. (2019) and Roche et al. (2019) suggest 

that drivers gaze less at the road when engaged in a secondary task, especially if the task 

is visually demanding, resulting in reduced situation awareness. The theory that situation 

awareness is impaired due to secondary task engagement negatively affecting the takeover 

performance and/or driving performance is corroborated by Zeeb et al. (2015), Burnett et 

al. (2019), Mc Donald et al. (2019) and Louw et al. (2019).  Zeeb et al. (2015) states: 

“Drivers who distribute their visual attention appropriately between the driving and 

secondary task and regularly monitor the roadway should be able to acquire and maintain 

high situation awareness. This allows rapid orientation and quick reaction in unexpected 

takeover situations. In contrast, a driver who is more focused on the secondary task will 

have a less complete and presumably less adequate mental model of the driving situation 

and thus will take more-sometimes too much-time to update the model before reactions 

can be generated”.  

Gold et al. (2016) suggest that longer takeover times could result in better takeover quality 

as it allows driver’s more time to regain situation awareness before resuming control of 

the vehicle. It has been suggested in the literature that automated vehicles should 

implement strategies that support time sharing between non-driving and driving tasks 

(Kanaan et al., 2020;He and Donmez, 2019). This strategy would not prevent distraction 

but help manage the degree of it in certain situations. For example, if the driver were 

required to intervene immediately (i.e. takeover request), the ADS could lock or interrupt 

the non-driving task. This was demonstrated by Wandtner et al. (2018) who found drivers 

to respond quicker (i.e. hands on wheel) when the non-driving task was stopped during 

the takeover compared to when it was not stopped. Köhn et al. (2019) found improvements 

in takeover performance and situation awareness when frequently interrupting a video 

being watched by the driver. This interruption provided the driver with an image of the 

driving scene.    

Annex 3.2.3 Chronogram: Review of takeover manoeuvres  

TRL developed a chronogram on the takeover manoeuvres from the literature reviewed in 

the DAMS first interim report and current study. The chronogram, which can be found in 

Annex 5, details the reaction time to a takeover request for several studies, as well as 

driving performance after the resumption of control, if reported. The chronograms also 

detail whether the takeover was self-paced, an emergency (indicated by a lead time in the 

chronogram – the amount of time before a critical event) or unplanned (indicated by a 

time budget in the chronogram – the amount of time before the system reaches its ODDs). 

Whether the study investigated secondary tasks is also reported, along with the type of 

secondary task performed. For all studies, the mean reaction time was reported. Some 

studies also reported the standard deviation (represented by the boundaries of the 

rectangle) and the 5th and 95th percentile (represented by the whiskers of the rectangle). 

One study was conducted on real roads (Naujoks et al., 2019), while the rest of the studies 

were carried out using driving simulators. 

The key findings are highlighted below: 

• The mean reaction time to a takeover request was less than 10 s for all papers 

reviewed in this study. Seven papers reported the 95th percentile reaction time, 
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where four of these found the reaction time to be greater than 10s. This could be 

attributed to the following factors: 

o Alert type: Naujoks et al. (2014) found the 95th percentile reaction time to 

be greater than 20 s when participants were presented with a visual takeover 

request alert, however this was less than 10 s when a visual-auditory alert 

was presented. 

o Planned takeover: Payre et al. (2016) provided drivers with 30 s to respond 

to a planned takeover request. The 95th percentile reaction time to this 

request was greater than 15 s. However, when presented with an emergency 

takeover request, the 95th percentile reaction time was below 10 s. 

o Takeover urgency: Erikson and Stanton (2019) informed drivers to adhere 

to instructions of a takeover request “only when they felt safe to do so”. The 

aim of this was to 1) reduce the pressure on the driver to respond 

immediately and 2) ensure the driver is aware that they are the ones 

responsible for the safe operation of the vehicle. This reduction in urgency 

to takeover (i.e. self-paced takeover) could explain the long reaction times 

reported in this study (No secondary task: Median = 4.57 s, Maximum = 

25.75 s; Reading task: Median = 6.06 s, Maximum = 20.99 s). 

o Secondary task type: Naujoks et al. (2019) investigated the effect of several 

secondary tasks on takeover time, where the 95th percentile reaction time 

reported for the reading task was 10.91 s. The 95th percentile reaction times 

for the search, tetris, audio book and reference task was below 10 s. 

Evidence suggests that visual-manual tasks elicit longer reaction times 

compared to auditory tasks.  

• Most of the studies comparing the effect of secondary task engagement on reaction 

time to a takeover request found the reaction times to be longer when engaged in 

a secondary task compared to not being engaged in a secondary task 

• From the limited data, it appears visual-manual and visual demanding tasks elicit a 

longer reaction time to a takeover request compared to auditory tasks, but more 

data is required to confirm this statement.   

• From the studies reviewed, some reported impaired driving performance after the 

takeover request when no secondary task was performed, where others did not 

report impairment.  

• Most of the studies reported impaired driving performance when a secondary task 

was performed prior to the takeover request, especially for visual and visual-manual 

tasks.  

Annex 3.2.4 A review of HMI design for automated vehicles  

The human-machine interface (HMI) of an ADS is of vital importance as it acts as the point 

of communication between the ADS and the driver. Information on vehicle functions and 

status has commonly been presented to the driver through the use of an HMI. However, 

the HMI design of an ADS must account for a higher level of interaction between the driver 

and the system than that of other driver assistance or warning systems. This interaction is 

more complex with ADS due to the changing responsibilities of the driver between partial 

or full control of the vehicle and the required two-way communication. The HMI must be 

designed to provide adaptable and relevant information to the driver to ensure appropriate 

and safe control of the vehicle during different levels of automation. 

Annex 3.2.4.1 Automation status 

A number of authors state the importance of ensuring mode awareness. As the complexity 

of automation increases, it becomes increasingly important to ensure that the driver is 

aware of the current system mode. This requires clear differentiation between manual and 
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automated modes communicated to the driver through strong feedback to ensure 

predictability and understanding of the driver’s role within the dynamic driving task (DDT) 

(Montalvo et al., 2020;Sheridan and Parasuraman, 2005;Carsten, and Martens, 

2019;Beggiato et al., 2015;Thatcham Research, 2019). Bengler et al. (2020) state that to 

ensure mode awareness, transparency of automation to the driver, communicated by a 

HMI, is vital to ensure safe transitions between automation levels. Automation status can 

maintain driver’s situation awareness, communicate if a driver’s request has been received 

by the system and update the driver about the systems performance and any problems 

(Toffetti et al., 2009). In a study by Beggiato et al. (2015) the status of the system and 

the degree of certainty that the ADS can handle the current scenario were deemed the two 

most essential information needs for HMI design. An adaptable HMI is suggested by 

Montalvo et al. (2020)) to provide optimum support for the driver and avoid known 

operators errors such as mode confusion that come from inadequate information. 

Feldhütter et al. (Anon., 2017), conducted a study to investigate if adaptive HMI could 

improve driver mode awareness. The adaptive HMI, which had additional mode awareness 

features and a time bar to highlight takeover time, did not lead to improved mode 

awareness in comparison to an acoustic and heads-up HMI display. However, the results 

revealed that a number of participants did not notice the adaptive HMI, concluding that the 

conspicuity of the HMI is crucial to improve mode awareness. Further results from Burnett 

(2019) found no correlation between system status feedback and the number of mirror 

checks undertaken by the driver during and shortly after a takeover and as such had no 

effect on situation awareness. However, providing a HMI that presented the automation 

status reduced the time to driver readiness (defined as at least one hand being on the 

steering wheel and a first glance directed towards the road scene) during an emergency 

takeover (Burnett et al., 2019).     

While a number of studies recommend several principles to consider for HMI, it is clear 

that more research is required to understand the key design characteristics. In a study 

prepared for the European Commission by Montalvo et al. (2020), it is stated that operator 

errors such as mode confusion are a result of a lack of adequate or sufficient information. 

As such, ‘commonality’ of an HMI is recommended. This suggests the functional logic (the 

way in which the ADS interacts with the user), the transitions of control (driver’s 

understanding of the allocation of control), control elements (deactivating and activating 

the ADS through braking, steering, accelerating or decelerating) needs to be standardised 

across OEMs to promote user understanding and trust.  

Annex 3.2.4.2 Takeover guidance 

HMI has been highlighted as a critical feature to enable drivers to safely and efficiently 

take back control of the vehicle from automated mode. Studies have highlighted that the 

design of the HMI can influence drivers takeover time and quality of driving after the 

takeover. The type of modality should depend on the driving environment, the urgency of 

the message and location of visual displays (Fisher et al., 2020).  In general, it is believed 

that a multimodal HMI strategy of audio and visual takeover information is essential for 

takeover requests (Melcher et al., 2015;Bengler et al., 2020). Further, audio feedback 

through tones and spoken messages are more effective as warnings, while visual feedback 

through text and images are more effective at monitoring and communicating the status 

of the ADS and other non-critical information (Montalvo et al., 2020;Burnett et al., 

2019;Fisher et al., 2020). Results from a study by Burnett (2019) found that multimodal 

warnings result in shorter reaction times to takeover requests and faster perceptions of 

high amounts of information. A study by Toffetti et al. ( (2009) compared a combination 

of multimodal warnings: a visual-audio HMI and a HMI that had visual, audio and vocal 

modalities (i.e. spoken words). The HMI with vocal modality increased general levels of 

awareness and was perceived as safer than the visual-audio. Vocal modality can be 

considered more appropriate for initial information, especially information around system 

failures, and resulted in quicker reaction times. Naujoks et al. (Anon., 2014) conclude that 

just visual HMI is unlikely to be enough to ensure safe takeovers.  Multimodal warnings 

result in shorter reaction times and safer takeovers (Bengler et al., 2020;Naujoks et al., 
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2014). Alongside auditory and visual modalities, haptic/tactile messages are also 

considered to be capable in capturing the driver’s attention quickly. Fisher et al. (2020) 

highlight two forms: vibrotactile interfaces and kinaesthetic interfaces. Vibrotactile 

interfaces provide vibrations which may be included in seat belts, seats, foot pedals and 

steering wheel, whereas kinaesthetic interfaces create limb or body motion from foot pedal 

counterforce or brake jerks. Haptic or tactile messages are suggested to be beneficial in 

alerting drivers to takeover requests by sufficiently alerting them and regaining their 

attention (Fisher et al., 2020). Burnett et al. (2019) trialled top-down HMI feedback (visual 

guidance highlighting important areas such as mirrors and a countdown timer to highlight 

lead time) with a bottom-up feedback (simple ‘take control’ request).  While it is suggested 

that a top-down HMI approach increases situation awareness, results indicate that drivers 

were using the prepare-to-drive time to stop their secondary task, rather than re-engaging 

with the driving task. Burnett et al. (2019) suggests that greater clarity and training is 

required when providing a top-down HMI such as a countdown timer.  

Fisher et al. (2020) discuss the wide range of research that supports staged warnings in 

assisting a driver in recognising and responding to a hazard. Staged warnings involve two 

or more levels of warnings, which escalate in urgency. Fisher et al. highlight the benefit of 

a staged warning by creating more time for the driver to recognise and respond to a hazard 

and improving the driver’s awareness of the systems ODD. Escalating tones to highlight 

the urgency by increasing proportionally in terms of timings and modality is widely stated 

as an effective HMI measure to support the driver in a takeover scenario (Fisher et al., 

2020;Thatcham Research, 2019;Flemisch et al., 2011). 

Design features such as a heads up display with augmented reality have the potential to 

improve drivers situation awareness by providing key, time-critical information (Fisher et 

al., 2010) and to display confidence in the system’s ability to handle a scenario (Guo et 

al., 2017). 

Annex 3.2.4.3 Driving performance 

Situation awareness 

During automated phases, the driver may lose situation awareness to the driving task from 

a lack of active control in the driving task or from involvement in a secondary task. 

Research suggests that HMI design can help drivers maintain situation awareness, and 

therefore improve safety and driver performance. Fisher et al. (2020) state that a visual 

HMI that displays information such as the location of potential hazards or information about 

surrounding vehicles can help drivers regain situation awareness. Future design may be 

able to use this information and combine it with information about the driver state (e.g. 

eye glance history) to help direct the driver towards specific elements of the environment. 

Burnett’s top-down HMI approach found similar results. Drivers were encouraged to check 

for hazards prior to taking back control, which resulted in increased mirror checks to the 

simple bottom-down HMI takeover request. Nevertheless, several drivers did not check 

their mirrors despite the HMI prompt; Burnett et al. (2019) reflected this could be a result 

of low traffic density and recommended further research into the effect this type of HMI 

may have on situation awareness (Burnett et al., 2019).  

Even if drivers have enough situation awareness through the support of an informative 

HMI, results from Burnett et al. (2019) suggest that driving performance may still be 

affected after a takeover until drivers have become re-accustomed with steering and pedal 

inputs.   

Trust 

A lack of trust in the ADS can have a negative effect on driving performance, specifically 

the takeover time, while, too much trust in the automated system could lead to over-

reliance and risk adaption (Mahr and Müller, 2011). HMI is considered a key element to 

ensure acceptance, trust and safety of the ADS from the driver (Bengler et al., 2020). 

Results from a study by Beggiato et al. (2015) found that information needs correlate with 

the level of trust in the system. The more trust the driver has in the system, the less 
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information is demanded. Experts and users both suggest that less information will be 

required over time as higher trust and familiarity in the system grows. Adaptive HMI 

displays are considered as a solution to support the driver as they build trust in the system; 

however, future research is required to validate this. 

Annex 3.3 UNECE guidance on secondary tasks 

The UNECE have two working groups which address secondary tasks and automated 

driving: 

1. The Global Forum for Road Traffic Safety (WP.1)  

2. The World Forum for Harmonization of Vehicle Regulations (WP.29) 

The work conducted and guidance provided by these two working groups are discussed 

below. The three main documents of interest include: 

1. ECE/TRANS/WP.1/2019/3/Rev.1 (2020): Revised safety considerations for 

activities other than driving undertaken by the driver in a vehicle when its 

automated driving system is engaged. 

2. Informal document No.4 (UNECE, 2017): Discussion paper on possible driver’s 

“other activities” while an automated driving system is engaged.  

3. ECE/TRANS/WP.29/1140 (2018): Reference document with definitions of 

Automated Driving under WP.29 and the General Principles for developing a UN 

Regulation on automated vehicles. 

Annex 3.3.1 Global Forum for Road Traffic Safety (WP.1) 

Annex 3.3.1.1 ECE/TRANS/WP.1/2019/3/Rev.1 

The Global Forum for Road Traffic Safety (WP.1) recommend a framework comprising four 

criteria for drivers to engage in non-driving related activities whilst the ADS is engaged. 

The criteria were developed as the organisation does not believe it is feasible to develop a 

complete list of acceptable non-driving related activities or tasks. According to the Global 

Forum for Road Traffic Safety, drivers are permitted to engage in activities not related to 

driving, so long as the following criteria are met: 

a) The activities conducted must not prevent the driver from being able to respond to 

any manual take-over demand that is received from the vehicle; 

b) The activities must align with the prescribed use of vehicle systems and their pre-

defined functions; 

c) The driver must continue to abide by any traffic laws that apply including the 

secondary activities that are permitted; and 

d) The driver must still have the required capabilities to meet their duties during 

automated and manual driving.   

Each of the criterion proposed are further expanded and explained below. 

The Global Forum for Road Traffic Safety also highlights the importance to manage the 

driver’s attention, to ensure they are alert enough to be able to safely resume manual 

control from the automated system. It is suggested that activities which are integrated 

into the vehicle could be automatically suspended when a take-over request is issued, 

stating this as an effective measure to allow non-driving related activities, as well as 

ensuring the cessation of the activity when a take-over request is initiated. 
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Annex 3.3.1.2 Criterion a 

The activities conducted must not prevent the driver from being able to respond 

to any manual take-over demand that is received from the vehicle. 

• In the event of a take-over request, the driver is expected to be able to resume 

control of the vehicle in a timely, safe and proper manner.  

• Whilst the ADS is engaged, secondary activities that the driver engages with should 

not compromise the ability, readiness, and willingness of the driver to resume full 

safe manual control, in planned and unplanned take-over requests.  

• Level 4 automated vehicles do not have unplanned takeovers. Therefore, in these 

vehicles, the driver must ensure the non-driving related activity being performed 

does not impair their ability to safely continue with their journey.  

• During take-over requests the ADS must maintain control of the vehicle until there 

is confirmation that the driver has safely resumed control. If the driver fails to do 

so, the vehicle must use an appropriate minimum risk manoeuvre.  

• The non-driving related activity is prohibited to interfere with any part of the ADS 

which could jeopardise safety. 

Annex 3.3.1.3 Criterion b 

The activities must align with the prescribed use of vehicle systems and their pre-

defined functions. 

• When designing the ADS’ Human-Machine Interface (HMI), Criterion 1 must be 

considered by the manufacturer. This includes the take-over scenario and a safe 

take-over timeframe. 

• Manufacturers must include a driver monitoring system in vehicles to monitor the 

driver’s availability. This should also detect that the driver has safely resumed 

control before the vehicle deactivates the ADS.  

• If the driver is unable to driver safely after a takeover request, the system should 

take all adequate steps to ensure road safety and endeavour not to obstruct traffic 

flow.  

• The manufacturer is responsible for “providing the driver with clear descriptions of 

the intended use of the vehicle’s systems and the driver must be aware of these 

before using the system in order to ensure safe use”. This should include the driver 

role and responsibilities, as well as their expected behaviour during the takeover. 

The information provided must not use “misleading names, descriptions or 

promotional material” which may lead to unsafe use of the system.  

• The communication from the system to the driver must be clear so that the driver 

is able to understand any information provided to them by the system. 

Annex 3.3.1.4 Criterion c 

The driver must continue to abide by any traffic laws that apply including the 

secondary activities that are permitted. 

• Contracting parties are recommended to develop regulations and/or measures 

surrounding the engagement in non-driving related activities whilst the ADS is 

engaged.  

• Drivers should familiarise themselves with the non-driving related activity 

requirements of the country they are in before they begin their journey to ensure 

they comply with them. 
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Annex 3.3.1.5 Criterion d 

The driver must still have the required capabilities to meet their duties during 

automated and manual driving.   

• Throughout the DDT, the driver must have the “required physical and mental 

capabilities and skills to manually driver the vehicle”. 

• Prior to engaging in a non-driving related activity, the driver should consider their 

capability to resume the DDT safely. Some people may not have the mental or 

physical capabilities required to safely engage in specific non-driving related 

activities.  

Annex 3.3.2 Informal document No. 4/WP1/2017 

This document was published by Global Forum for Road Traffic Safety (WP.1); it is a 

discussion paper following on from the 75th WP.1 session.  

Annex 3.3.2.1 Views of vehicle manufacturers on “other activities”?  

Manufacturers think that while ADS is engaged, a driver may be able to engage in other 

activities if it does not compromise their ability to resume manual control when required.  

It is believed that secondary activities could possibly prevent undesirable driver states, 

such as the negative effects of underload caused by automated driving.  

The automotive industry proposes to use the description ‘secondary activities’ during 

automated driving (Level 3 to 5); which means any activity that is not something generally 

accepted to occur during manual driving, for example, activities that go beyond using the 

radio or adjusting the heating. 

The general approach of manufacturers for secondary activities (for Level 3 and Level 4 

systems) is to focus on vehicle-integrated ‘infotainment systems’ operable from the driver’s 

seat. This can be fully developed by the manufacturer and controlled by the automated 

system (e.g. during a take-over request the activity can be terminated, and the system 

can ensure sufficient and safe take over time). It is suggested that complex secondary 

activities that would prevent the driver from safely reacting to take-over demands should 

not be allowed in conditional automation.  

Manufacturers’ classification of acceptable secondary tasks during Level 3 ADS 

engagement includes those which are simple and do not require a high level of physical or 

cognitive engagement. This includes: 

• Use of infotainment system which is located ‘perceptually upright’ to the driver for 

uses such as video calls, streaming video and using the internet. 

• Use of electronic handheld devices such as smartphone or tablet that are connected 

to the vehicle so that they can be controlled through the vehicle’s HMI. 

• Potential use of handheld devices and books etc. providing there are studies to 

prove they are safe. 

It is suggested that studies should be done to prove which secondary tasks influence driver 

capability to resume control of the vehicle.  

Manufacturers state that drivers should be able to engage in any secondary task when the 

ADS of a Level 4 Automated Vehicle is engaged (until it reaches the end of its ODD) because 

this level of automation does not include unplanned takeovers. 

Manufacturers can help to decide what activities a ‘driver’ can do when the ADS is engaged 

although the final regulatory decision will lie with public authorities. However, the 

manufacturers expect to be responsible for proving the efficacy of engaging in secondary 

activities integrated into their infotainment systems whilst demonstrating and 

independently verifying the safety of this approach. 
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It is also noted that there should be a standardised interface between the driver and the 

vehicle. A clearly defined HMI requires a harmonised approach to reduce the chance of 

human confusion or error because the system delivers safety critical information. 

Annex 3.3.2.2 The views of the contracting parties on “other activities”  

Contracting parties, part of IGEAD, include representatives from Spain, UK, Japan, Finland, 

Sweden, Belgium, Switzerland, Germany, Netherlands, France and CLEPA. 

Spain say that the definitions should remain high level to ensure that they are technology 

agnostic. They suggest that the most important thing to focus on is driver monitoring. 

Spain will allow mobile phone use in Level 3 Automated Vehicles. 

In the UK there are currently no plans to lift the ban on using mobile phones whilst driving 

due to the negative behaviour this induces in drivers of conventional vehicles. 

Japan agree with Spain that the definitions need to remain high level for the purpose of 

technology development. They also acknowledge that national rules need to be adhered to 

as Japan already has rules with regard to secondary activities. They also discuss the need 

for driver monitoring and recognition of driving mode from the exterior so that law 

enforcement can enforce these rules. 

Finland say that even when allowing secondary activities that are connected to the in-

vehicle systems there should be caution. The definition of driver responsibility should be 

clearly defined, and the system should be able to account for misbehaviour and human 

error to ensure road safety. 

Sweden state that manufacturers should prove what is safe in relation to their systems. 

There need to be more definitions about what is permitted in Level 3 compared to Level 4 

Automated Vehicles. 

Belgium supports Finland and Sweden and agrees that the differences between Level 3 and 

4 Automated Vehicles need to be made clearer. 

The Swiss representative wanted clarification on the amount of time that a driver engaged 

in a secondary task had to take-over control of the vehicle and what the risks of not 

responding would be, along with the consequences of a MRM, in order to determine safe 

secondary tasks that could be allowed. 

Germany hesitate to name ‘reading a book’ or ‘sleeping’ in their list of appropriate tasks. 

The Netherlands state that it is urgent to create a list of acceptable secondary tasks as the 

first Level 3 and 4 Automated Vehicles are appearing on the market and it may result in 

national decisions contradicting one another. The ability to perform secondary activities 

depends on the role and responsibilities of the driver and the amount of distraction that is 

deemed as acceptable. Similarly to Japan, Netherlands considers implementing a different 

coloured light for law enforcement to identify vehicles in automated mode. 

France believe that some activities should be permitted as drivers will break rules 

regardless. For this reason, they suggest that a regulation is used instead of guidelines. 

CLEPA believe broad categories of other activities would be appropriate.  

Annex 3.3.3 World Forum for Harmonization of Vehicle Regulations (WP.29) 

According to the World Forum for Harmonization of Vehicle Regulations, for Level 1 and 2, 

the driver may not perform secondary activities, whereas for Level 3 to 5, the driver may 

perform secondary activities. The sections below summarise WP.29 recommendations and 

guidelines for Level 3 and 4 Automated Vehicles. 
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Annex 3.3.3.1 Level 3  

• When the ADS is engaged, the driver may turn their attention away from the driving 

task within the system’s ODD.  

• The driver can only perform secondary activities with appropriate reaction times; 

these activities, as well as appropriate reaction times are unspecified by WP.29.  

• It is recommended that the vehicle displays are used for secondary activities, 

because they could be used to improve the take-over process in a Level 3 

Automated Vehicle (i.e. the allowed activities can be controlled by the ADS in the 

event of a take-over demand).  

• The secondary tasks shown on the infotainment system should be deactivated in 

the event of a takeover request.  

• The driver is not expected to intervene as quickly as with Level 1 and 2 due to the 

system being able to perform emergency manoeuvres (i.e. the minimal risk 

manoeuvre will be initiated if safe take-over is not detected). 

• The system must be able to accomplish emergency braking so that it is not expected 

from the driver since they could be engaged in secondary activities. 

Annex 3.3.3.2 Level 4 

• When a Level 4 ADS is engaged, the driver may perform a wide variety of secondary 

activities within the system’s ODD.  

• The system must be able to accomplish emergency braking so that it is not expected 

from the driver since they could be engaged in secondary activities. 

Annex 3.3.4 Conclusion 

According to the Organisation Internationale des Constructeurs d'Automobiles (OICA) there 

is currently no formal legislation regarding secondary activities that are permitted. To 

ensure alignment and harmonisation, there needs to be good collaboration between UNECE 

WP.29 and WP.1 to avoid ‘any legal gap(s) between the driver’s requirements and the 

vehicle’s construction requirements’ and exchange of knowledge and methods chosen 

whilst regulating automated driving functions. 

 

 

 



 

 

Annex 4 EXPERT ENGAGEMENT TOPIC GUIDE 

 Topic 1: Defining an Automated Driving System (ADS) 

1 The SAE defines six levels of driving automation. This is the most widely recognised way of classifying and distinguishing between different Automated 

Driving Systems (ADS). 

Do you believe that an ADS should be classified based on the SAE six levels of automation? 

If not, how would you recommend doing this? 

2 What do you consider the role of the driver to be when a Level 3 ADS is engaged and what do you believe the driver is allowed and not allowed to 

do? 

What do you consider the role of the driver to be when a Level 4 ADS is engaged and what do you believe the driver is allowed and not allowed to 

do? 

 

 Topic 2: Human states and/or behaviours 

1 In order to determine what human states, characteristics or behaviours the DAMS should be monitoring, we must consider what driver states or 

behaviours are acceptable and unacceptable when a Level 3 and 4 ADS is engaged. 

What driver states or behaviours do you consider as acceptable (e.g. alert/awake) and unacceptable (e.g. drowsy/asleep) when a 

• Level 3 ADS is engaged? 

• Level 4 ADS is engaged? 

2 For a driver to take back control they need to be deemed available, ready, able and willing to take back control of the vehicle.  

• What do you consider an available driver look or behave like?  

• What do you consider a ready driver look or behave like? 

• What do you consider an able driver look or behave like? 

• What do you consider a willing driver look or behave like? 

3 What do you believe should happen when the DAMS can no longer detect the drivers’ eyes and/or face? 
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 Topic 3: Take-overs 

1 What do you consider as the minimum timeframe for takeovers ensuring majority of drivers are able to safely take back control of the vehicle after 

the ADS is disengaged? 

2 Should drivers be allowed to engage in secondary tasks when a:  

• Level 3 ADS is engaged? 

• Level 4 ADS is engaged? 

What limitations, if any, should be placed on drivers in terms of the type of secondary tasks they are allowed to engage in for: 

• Level 3? 

• Level 4? 

3 If the driver was performing a secondary task (e.g. texting, reading, eating, working on laptop etc.), to what extent would this impact the timeframe 

required to ensure a safe takeover?  

To what extent is this dependent on the type of secondary task being performed?  

4 Should the takeover time be different for unplanned and planned takeover requests? 

5 For the regulation, the minimum takeover time needs to be established. Do you think this timeframe should be based off the mean, 95th percentile 

or 99th percentile takeover time? 

8 What human factors are likely to have the greatest impact on driver reaction times to a takeover request (e.g. age, gender, level of experience)? 

What level of variability in reaction times should we expect to see across the driver populations? 

9 Do you think the quality of driving performance (i.e. manual driving quality) after a takeover situation is better when the takeover is accomplished 

at the drivers own speed (i.e. self-paced) rather than being specified by the system? 

10 Do you believe the driver should be supported / monitored during (and shortly after) the takeover to manual driving? If yes, why? 

If you believe the driver should be supported, how would you suggest doing this? 

If you believe the driver should be monitored, what driver states or behaviours should be monitored? 

11 Do you believe the DAMS should switch off as soon as the driver has completed the takeover or for a period time after the takeover has been 

completed? 

 



Driver Availability Monitoring Systems 

 

 

 

March 2021  842 
 
 

12 Do you have insight into the quality of driving performance after a takeover situation? 

If so,  

• Is the quality dependent on the type of takeover (i.e. unplanned and planned)? 

• Is the quality dependent on whether the driver was engaging in a secondary task prior to takeover? If yes, is it dependent on the type 

of secondary task? 

 

 Topic 4: Physiological Indicators of Drowsiness 

1 What are the most effective non-invasive physiological indicators to detect driver drowsiness in early stages in a non-controlled environment (e.g. 

whilst driving a vehicle on real roads)? 

2 What are the data collection requirements for eye measures to ensure valid and reliable results?    

Does the time interval in which an eye measure is calculated influence its effectiveness in detecting drowsiness? 

In which intervals should eye measures be calculated to detect drowsiness accurately? 

3 How effective or ineffective is a non-invasive wearable heart rate monitor for detecting drowsiness? 

Is it possible to use a HR monitor to detect early stages of drowsiness? 

What level of variability should be expected in HR measures?  

Are there appropriate HR thresholds for classifying a driver’s levels of drowsiness? 

4 How effective or ineffective is a non-invasive wearable respiration rate monitor for detecting drowsiness? 

Is it possible to use a wearable respiration rate monitor to detect early stages of drowsiness? 

What level of variability should be expected in respiration rate measures? 

Are there appropriate respiration rate thresholds for classifying a driver’s levels of drowsiness? 

5 Do you believe it is possible to directly or indirectly measure cognitive attention?  

If so, can this be done non-intrusively and effectively in a real-world driving environment? 
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 Topic 5: Validation testing 

1 What demographics (i.e. sample requirements) should be used to test the effectiveness of a DAMS? 

2 How do you think the effectiveness of a DAMS should be tested?  

This includes factors such as the testing environment (e.g. simulator, test track, real-roads), the testing protocol, the factors and conditions to be 

tested, the dependent and independent variables and the statistical methods used to validate the system etc. 

 



 

 

Annex 5 CHRONOGRAMS ON TAKEOVER MANOEUVRES  

The chronogram details the reaction time to a takeover request for several studies, as well as driving performance after the resumption of control, 

if reported. The chronograms also detail whether the takeover was self-paced, an emergency (indicated by a lead time in the chronogram – the 

amount of time before a critical event) or unplanned (indicated by a time budget in the chronogram – the amount of time before the system reaches 

its ODDs). Whether the study investigated secondary tasks is also reported, along with the type of secondary task performed. For all studies, the 

mean reaction time was reported. Some studies also reported the standard deviation (represented by the boundaries of the rectangle) and the 5th 

and 95th percentile (represented by the whiskers of the rectangle). One study was conducted on real roads, while the rest of the studies were carried 

out using driving simulators.  
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Annex 6 HIGH-LEVEL COMPARISON BETWEEN DAMS AND ALKS REGULATIONS 

Topic DAMS ALKS 

Level of Automation  Level 3 and Level 4 Level 3 

Monitored human states Driver Presence 

Consciousness 

Attentiveness 

Secondary Task Engagement Not required 

Sudden Sickness Not required 

Driver presence criteria The driver shall be present in the driver’s seat 

The driver’s seat belt shall be fastened 

Seat position: 

• Level 3 – the driver’s seat position shall not be 

significantly altered. 

• Level 4 – the driver’s seat position can be 

significantly altered but must be returned prior 

to the resumption of manual control. 

Not required 

Consciousness Sleeping Sleeping prohibited 

If sleeping, the ADS shall either perform a minimum 

risk manoeuvre or warn the driver and if unresponsive 

or sleep reoccurs, perform a minimum risk 

manoeuvre. 

If sleeping, the ADS shall warn the driver. If 

appropriate action is not taken within 15 s, the system 

shall perform a minimum risk manoeuvre. 

Wakefulness Resumption of manual control is not allowed if the 

driver is too drowsy to drive safely 

The system shall either hand back control to the driver 

prior to them exceeding the wakefulness threshold OR 

only allow the driver to resume manual control when 

their drowsiness level is back within safe limits. 

Not required 
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Topic DAMS ALKS 

Attentiveness criteria The attentiveness state of the driver shall be monitored throughout the transition phase 

The driver will be deemed attentive (i.e. ready and 

willing) if their eyes are on the road, both hands are 

on the steering wheel and foot on either the 

accelerator brake pedal 

The driver will be deemed attentive if their eyes or head 

are directed towards the road, rear-view mirror or 

driving task 

Transition phase Dependent on secondary task. 

• No secondary task: 10s 

• Handsfree secondary task: 10s 

• Handheld secondary task: 15s 

Minimum requirement: 10 s 

Post takeover support Required Not required 

Deactivation The system will deactivate if: 

• The driver presence, attentiveness and sudden 

sickness criteria are met, 

• The driver is not engaged in a secondary task 

and is below the wakefulness threshold. 

• The driver is able to respond with the specified 

transition phase of the system 

Dependent on reason for deactivation. Four types 

specified. 

• Deactivation by driving controls (i.e. override; 

see below) 

• Deactivation during transition demand. Driver 

shall be holding the steering column and met 

the attentiveness criteria. 

• Deactivation during on emergency manoeuvre. 

This may be delayed until collision risk has 

disappeared. 

• Deactivation due to severe vehicle failure. 

Manufacture shall declare their strategy in these 

instances. 

 



Driver Availability Monitoring Systems 

 

 

 

March 2021  851 
 
 

Topic DAMS ALKS 

System override ADS override Not specified 

Lateral control override by input to steering column. 

The driver shall only be able to override if the driver 

presence and sudden sickness criteria are met, the 

driver is below the wakefulness threshold and fulfils 

Criterion 1 (eyes) and 2 (hands) of the attentiveness 

criteria. 

Lateral control override by input to steering control. 

The driver shall only be able to override if their hands 

are on the steering control and the attentiveness 

criteria is fulfilled. 

Longitudinal control override by applying force the 
brake or accelerator pedal. 

The driver shall only be able to override if the driver 

presence, attentiveness and sudden sickness criteria 

is met and the driver is below the wakefulness 

threshold. 

Longitudinal control override by applying force the 
brake or accelerator control. 

The driver shall only be able to override if their hands 

are on the steering control. 

Mechanisms required to prevent unintentional override 

HMI: Information presented 

to the driver 

The driver shall be informed of the status of the system, any system failures, a transition demand, a 

minimum risk manoeuvre and an emergency manoeuvre 

The driver will be informed their status and role 

whilst the ADS is engaged 
Not required 

HMI: Takeover manoeuvres • Symbol for a transition demand shall compromise of a steering wheel and hands 

• The warning shall escalate to reflect urgency 

• The alert type shall change characteristics at the start of minimum risk manoeuvre (or automated DDT 

fallback) 

Planned takeovers: its recommended to inform the 

driver about a transition demand prior to it being 

initiated 

Not recommended 
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Topic DAMS ALKS 

HMI: Interface The interface should be easily perceivable from the driver’s peripheral field of view and located near to the 

driver’s direct line of sight to outside the front of the vehicle 

The interface shall be intuitive and unambiguous 

The display should be distinguishable from other 

displays in the vehicle. 
Not required 

HMI: Warning type For all warning types, a minimum of a visual and 

auditory warning shall be presented 
For a transition demand and minimum risk manoeuvre, 
at least an optical and an acoustic and/or haptic warning 
signal shall be presented. 

For a system failure or emergency manoeuvre, at least 

an optical warning shall be presented 

HMI: Secondary tasks Secondary tasks displayed on the entertainment 
console shall be suspended or deactivated when a 
transition demand is initiated. 

It is recommended that secondary task displayed on 

the entertainment console are suspended when the 

ADS is communicating with the driver whilst the ADS 

is engaged. 

Not required 
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Executive Summary 

An Event Data Recorder (EDR) is an on-board vehicle device that records a range of crucial 

anonymised vehicle data (such as speed, acceleration, brake use) in a short time frame 

before, during and immediately after a collision event. 

Regulation (EU) 2019/2144 of the European Parliament and Council (sometimes referred 

to as the General Safety Regulation or GSR) has entered into force and will help ensure 

the deployment of new advanced safety features that are predicted to have a high potential 

of saving lives on EU roads. One of a package of measures to be implemented within this 

revision is the mandatory fitment of EDR to all road vehicles. Mandatory fitment will first 

apply to passenger cars and vans, followed by the heavier categories of vehicle (M2, M3, 

N2 and N3). 

To implement secondary type-approval legislation on EDR, the Commission has chosen the 

approach to support a UNECE Informal Working Group with a view to develop and adopt a 

new UN Regulation on EDR, and, in addition, address relevant aspects not covered by the 

UN Regulation in an EU delegated act on EDR. 

Following the completion of a new UN Regulation on EDR for light vehicles it is expected 

that the same approach will apply to the development of a new UN Regulation on EDR for 

heavy vehicles. 

The objectives of this study were to: 

• Support the development and finalisation of secondary type-approval legislation for 

EDR, including the implementation of secondary legislation by the Commission, 

building on existing procedures or proposals, without carrying out physical trials of 

testing 

• Generate amendments to the new UN Regulation on EDR for M1 and N1 vehicles, to 

extend scope to include heavy vehicles, category M2, M3, N2 and N3 

In February 2021, the UN Working Party on Automated/Autonomous and Connected 

Vehicles (GRVA) announced the intention to extend UN Regulation No. 157 on Automated 

Lane-Keeping Systems (ALKS) from N1 vehicles to all other M and N category vehicles. 

The ALKS regulation includes the specification of a Data Storage System for Automated 

Driving, which enables the determination of interactions between the ALKS and the human 

driver (e.g. activating/deactivating the system, transition demands and so forth). 

The available documentation indicated that one area of concern regarding the DSSAD for 

heavy vehicles was survivability of the device, i.e. ensuring that data was recorded during 

a collision and accessible following a collision. For M1 vehicles, this is assessed by accessing 

the DSSAD following one of the regulated crash tests for M1 vehicles (UN Regulation Nos. 

94, 95 and 137). A further objective of the present study therefore was to: 

• Recommend options for assessing the survivability of the DSSAD within a heavy 

vehicle ALKS regulation 

 

Based on the findings from a literature review and stakeholder consultations, this report 

provides: 

• Recommendations on triggering requirements and data elements for heavy vehicle 

EDR. 

• A proposed test programme to develop additional EDR triggering options for heavy 

vehicles. This will further develop the understanding of, and evidence base for, jerk-

based (rate of change of acceleration) triggering that has been proposed in the UN 

Informal Working Group on EDR/DSSAD for triggering EDR in collisions between 

light vehicles and pedestrians. 
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• Recommendations on survivability requirements for heavy vehicle EDR that provide 

assurance on the availability and accessibility of data following a collision, in the 

absence of regulated crash tests for heavy vehicles 

• Recommendations on survivability requirements for heavy vehicle DSSAD, similarly 

providing assurance on the availability and accessibility of data following a collision, 

in the absence of regulated crash tests for heavy vehicles 

• A draft amended regulatory text for heavy vehicle EDR, building on the light vehicle 

draft regulation and suggesting the updates that will be required for heavy vehicle 

EDR regulation. 
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1 Introduction 

TRL are providing support to the European Commission to develop the General Safety 

Regulation, specifically the secondary type-approval legislation for the following vehicle 

safety measures: 

• AEB: Advanced Emergency Braking (light duty vehicles and 

pedestrians/cyclists)  

• DDR: Driver Drowsiness and Attention Monitoring, Driver Readiness Monitoring 

for Automated Driving & Advanced Distraction Recognition 

• EDR: Event Data Recorder  

• FFW: Frontal Full-Width Impact  

• HED: Pedestrian and Cyclist Enlarged Head Impact Zone 

• ISA: Intelligent Speed Assistance  

• ELKS: Emergency Lane Keeping system 

• REV: Reversing Safety  

• TPM: Tyre Pressure Monitoring (heavy duty)  

• VIS: Direct Vision & Pedestrian and Cyclist Detection (heavy duty) 

This work package is related to Event Data Recorder (EDR), a system with the purpose of 

recording and storing critical crash-related parameters and information shortly before, 

during and immediately after a collision. The purpose of the development of the EDR is to 

support accident research and analyse the performance of vehicle safety systems. 

This report addressed the activities undertaken in preparation for the development and 

implementation of a new UN Regulation on EDR for M2, M3, N2 and N3 category vehicles. 

M-category vehicles are designed and constructed primarily for the carriage of passengers 

and their luggage whereas N-category vehicles are designed and constructed primarily for 

the carriage of goods. The vehicle categories that are within scope for this report are 

defined in Regulation (EU) 2018/858 as the following: 

Article 4: 

“M2: vehicles designed and constructed for the carriage of passengers, comprising 

more than eight seats in addition to the driver’s seat, and having a maximum mass 

not exceeding 5 tons.” 

“M3: vehicles designed and constructed for the carriage of passengers, comprising 

more than eight seats in addition to the driver’s seat, and having a maximum mass 

exceeding 5 tons.” 

“N2: motor vehicles with a maximum mass exceeding 3,5 tonnes but not exceeding 

12 tonnes” 

“N3: motor vehicles with a maximum mass exceeding 12 tonnes” 

 

1.1 Approach 

Task 1: Literature review 

The literature review focused on international standards and test procedures that describe 

requirements of EDR for heavy vehicles, covering the EU and other territories. Also, within 

scope were any studies published with a discussion of potential requirements for EDR for 

heavy vehicles. 
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Task 2: Consultations 

A number of consultations were held with relevant stakeholders. The goal of these 

meetings was to gain technical knowledge about EDR for heavy vehicles that will help to 

develop the technical requirements. The focus of the discussions was on: 

• Market: whether there are existing heavy vehicles with EDR fitted and for what 

vehicle categories 

• Triggering: how to define the triggers, particularly with a view to recording collisions 

with pedestrians, and any alternative trigger mechanisms that might be available 

for heavy vehicles 

• Data elements: whether there are any light vehicle EDR data elements that are not 

feasible for heavy vehicles, need amendment, or any additional data elements that 

could be added 

• Data retrieval: whether the data is centralised on any vehicles, and where any 

access points might be 

• Testing: whether any manufacturers/suppliers currently use testing of EDR on 

heavy vehicles, and to what protocol, for the assessment of performance of the 

EDR.  

Task 3: Testing review 

This task focused on whether any performance testing is needed to develop requirements 

for EDR on heavy vehicles. The scope for this was defined by the input from Task 1 and 2. 

Task 4: Development of requirements 

Draft EDR requirements for heavy vehicles have been developed based on the existing 

draft regulatory text for light vehicles (see Section 6). At the time of writing this report, 

the text was adopted by the Working Party on General Safety (GRSP) in January 2021. The 

draft light vehicle regulation has been submitted to World Forum for Harmonization of 

Vehicle Regulations (WP.29) and the Administrative Committee of the 1958 Agreement for 

consideration and vote at their March 2021 sessions (EC, 2020). 

 

1.2 Background 

1.2.1 Event Data Recorder (EDR) 

The remit of the Commission’s mandate for secondary type-approval legislation on EDR for 

M2, M3, N2 and N3 vehicles is set by the General Safety Regulation, Regulation (EU) 

2019/2144. The relevant stipulations are contained in Articles 3 and 6 with additional 

context provided in Recitals 13 and 14 as quoted below. 

 

Recital 13:  

“The introduction of event data recorders storing a range of crucial anonymised 

vehicle data, accompanied by requirements for data range, accuracy, resolution and 

for its collection, storage and retrievability over a short timeframe before, during 

and immediately after collision (for example, triggered by the deployment of an 

airbag) is a valuable step in obtaining more accurate, in-depth accident data. All 

motor vehicles should therefore be required to be equipped with such recorders. 

Those recorders should be capable of recording and storing data in such a way that 

the data can only be used by Member States to conduct road safety analysis and 

assess the effectiveness of specific measures taken without the possibility of 

identifying the owner or the holder of a particular vehicle on the basis of the stored 

data.”  
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Recital 14: 

“Any processing of personal data, such as information about the driver processed 

in event data recorders or information about the driver’s drowsiness and attention 

or the driver’s distraction, should be carried out in accordance with with [sic] Union 

data protection law, in particular Regulation (EU) 2016/679 of the European 

Parliament and of the Council. Event data recorders should operate on a closed-

loop system, in which the data stored is overwritten, and which does not allow the 

vehicle or holder to be identified. (…) Furthermore, the processing of personal data 

collected through the 112-based eCall in-vehicle system is subject to specific 

safeguards set out in Regulation (EU) 2015/758 of the European Parliament and of 

the Council.” 

 

Article 3 (Definitions): 

“‘event data recorder’ means a system with the only purpose of recording and 

storing critical crash-related parameters and information shortly before, during and 

immediately after a collision;” 

 

Article 6 (Advanced vehicle systems for all motor vehicle categories): 

Paragraph 4: 

“Event data recorders shall meet the following requirements in particular:  

(a) the data that they are capable of recording and storing with respect of 

the period shortly before, during and immediately after a collision shall 

include the vehicle’s speed, braking, position and tilt of the vehicle on the 

road, the state and rate of activation of all its safety systems, 112-based 

eCall in-vehicle system, brake activation and relevant input parameters of 

the on-board active safety and accident avoidance systems, with high level 

of accuracy and ensured survivability of data;  

(b) they cannot be deactivated;  

(c) the way in which they are capable of recording and storing data shall be 

such that:  

(i) they operate on a closed-loop system;  

(ii) the data that they collect is anonymised and protected against 

manipulation and misuse; and  

(iii) the data that they collect enables precise vehicle type, variant 

and version, and in particular the active safety and accident 

avoidance systems fitted to the vehicle, to be identified; and  

(d) the data that they are capable of recording can be made available to 

national authorities, on the basis of Union or national law, only for the 

purpose of accident research and analysis, including for the purposes of type 

approval of systems and components and in compliance with Regulation (EU) 

2016/679, over a standardised interface.” 

 

Paragraph 5: 

“An event data recorder shall not be capable of recording and storing the last four 

digits of the vehicle indicator section of the vehicle identification number or any 

other information which could allow the individual vehicle itself, its owner or holder, 

to be identified.” 
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Paragraph 6: 

“The Commission shall adopt delegated acts in accordance with Article 12 

supplementing this Regulation by laying down detailed rules concerning the specific 

test procedures and technical requirements for:  

(a) the type-approval of vehicles with regard to the advanced vehicle 

systems listed in paragraph 1 [note: this includes EDR];  

(b) the type-approval of the advanced vehicle systems listed in points (a), 

(f) and (g) of paragraph 1 [note: this includes EDR] as separate technical 

units. (…)” 

 

1.2.2 Current status of UN Regulation on EDR for light vehicles 

The most recent draft proposal at the time of writing (UNECE, 2021) was reviewed and the 

key performance features were identified. It is based on the NHTSA CFR Part 563 described 

in Section 2.2.1.2, and it sets out requirements for the data elements, data format, data 

capture, crash test performance and survivability 

In general, the regulation defines the physical parameters that must be achieved to classify 

something as an ‘event’. These include but are not limited to the deployment of a restraint 

system, an acceleration of 1.5 g (in the longitudinal or lateral directions), or the activation 

of a VRU protection system. The EDR is required to record a series of data elements if any 

of the ‘triggering’ conditions are achieved. The data must be transferred and locked to a 

non-volatile memory if certain conditions are met. The non-volatile memory must be 

suitable to save at least 3 events which cannot be lost due to a loss of power. When the 

data is extracted or retrieved from the EDR, it is required to be in a defined format. To 

ensure survivability, the EDR must record a complete dataset in a national or regional 

frontal and side-impact crash test. The regulation does not include specifications for the 

data retrieval tool or data retrieval method because these are subject to regional/national 

legislation. 

One of the key features of the regulation are the different triggering conditions defined for 

the recording and locking of event data to prevent event data from being overwritten. The 

regulation defines the conditions for recording data as: 

“An event shall be recorded by the EDR if one of the following threshold 

values is met or exceeded: 

5.3.1.1. Change in longitudinal vehicle velocity more than 8 km/h 

within a 150 ms or less interval. 

5.3.1.2. Change in lateral vehicle velocity more than 8 km/h within a 

150 ms or less interval. 

5.3.1.3. Activation of Non-reversible occupant restraint system. 

5.3.1.4. Activation of Vulnerable Road User (VRU) secondary safety 

protection system.” 

The EDR must record the data if any of these conditions are met and the data must be 

transferred to a non-volatile memory. An acceleration of 8 km/h within 150 ms is 

equivalent to 1.5 g; this is comfortably higher than any acceleration that could be expected 

under normal driving conditions for an M1 vehicle. 

A multi-phased collision with several high severity events in a short timeframe could trigger 

a series of recordings where the data at the start of the collision is overwritten by 

subsequent secondary impacts. To prevent the overwriting of valuable event data, the 

regulation requires that some events cannot be overwritten and are locked into the 

memory of the EDR. The regulation defines the conditions for locking data as: 
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“In the circumstances provided below, the memory for the event shall be 

locked to prevent any future overwriting of the data. 

5.3.2.1.  In all the cases where a non-reversible occupant restraint 

system is deployed. 

5.3.2.2. In the case of a frontal impact, if the vehicle is not equipped 

with a non-reversible restraint system for front impact, when the vehicle’s 

velocity change in x-axis direction exceeds 25 km/h within 150 ms or less 

interval. 

5.3.2.4. Activation of VRU secondary safety protection system” 

Any event data as a result from the deployment of a restraint system or high-severity 

impact must be recorded and locked in the non-volatile memory. An acceleration of 

25 km/h within 150 ms is equivalent to 4.7 g. The deployment of a VRU protection system 

is an additional locking mechanism to capture collisions where an active bonnet has been 

deployed. 

1.2.3 Data Storage System for Automated Driving (DSSAD) 

The DSSAD enables the determination of interactions between the Automated Lane-

Keeping Systems (ALKS) and the human driver. The DSSAD records timestamps for specific 

‘occurrences’ of the ALKS system, such as: 

• Activation of the system 

• Deactivation of the system (with specific flags for different deactivation causes) 

• Transition demands (with specific flags for different transition demand causes) 

• Start of end of emergency manoeuvre 

• EDR triggered 

• Minimum risk manoeuvre initiated 

Both DSSAD and EDR requirements were developed by a UNECE Informal Working Group 

(UNECE, 2019). The DSSAD text was developed with a technical scope limited to the ALKS 

only, and no other systems; indeed, the DSSAD definition is built in to the ALKS regulation 

(Regulation No. 157, Section 8). The ALKS regulation only applies to M1 vehicles, and it 

does not make it mandatory (ALKS is optional fit in the market). EDR differs in that it is a 

standalone regulation that makes EDR mandatory. 

Recently, proposals have been made to extend the ALKS regulation to all M and N category 

vehicles1. Reviewing the available UN GRVA documents, the main difference that has been 

identified by GRVA concerns the survivability of the DSSAD data. For M1-category vehicles, 

the survivability of the DSSAD and the ability retrieve data following a collision is assessed 

following one of the legislated full-scale crash tests (UN Regulation Nos. 94, 95 or 137). 

The industry has undertaken to review options for heavy vehicles, focusing on UN 

Regulation Nos. 29 and 66. Further considerations on this can be found in Section 2.4.1 

and Section 4.5. 

 EDR DSSAD 

Definition A system with the only purpose 

of recording and storing critical 

crash-related parameters and 

information shortly before, 

during and immediately after a 

collision 

Enables the determination of 

interactions between the 

Automated Lane-Keeping 

Systems (ALKS) and the human 

driver 

 

1 Informal document GRVA-90-34 
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Scope M1 and N1 in UN 

EU required by GSR to extend to 

heavy vehicles 

M1 in UN Regulation No. 157 

Proposal at GRVA to extend 

Regulation No. 157 to other M 

and N Category vehicles 

Fitment Mandatory Mandatory as part of the ALKS, 

which is optional 
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2 Literature Review 

The objective of the literature review was to build on existing knowledge to streamline the 

development of heavy vehicle EDR requirements and provide a platform for proposals at 

the UN Informal Working Group. Considerations were made for industrial and regulatory 

developments that could benefit the development of the UN requirements. Information 

reviewed included, but was not limited to the following: 

• International standards and test procedures that describe the requirements of EDR 

for heavy vehicles (vehicles of category M2, M3, N2 and N3) 

• Published research regarding the potential requirements for the EDR suitable for 

heavy vehicles 

 

2.1 Method 

A structured literature search was performed to help ensure that no relevant literature was 

missed. However, it should be noted that although this approach reduces the risk of not 

finding relevant literature it does not guarantee that all relevant literature will be found. 

The approach taken was as follows: 

1. A research question was formulated 

Research question: “What are the performance requirements for the event data 

recorders fitted to heavy vehicles?” 

2. The research question was used to generate search terms for a literature search:  

Table 2.1 Search terms for EDR for heavy vehicles 

Level 1 Level 2 Level 3 

Heavy vehicle* Event data recorder Performance 

Truck EDR Requirement 

Bus Collision data Feasibility 

Coach Accident data Legislation 

HGV  Regulation 

Heavy goods vehicle  Study 

Lorry  Research 

  Procedure 

  Standard 

 

3. The key words were transferred into a query with the following logical structure:  

(“A” or “B” or “C”) AND (“D” or “E” or “F”) AND (“G” or “H” or “I”) 

Where A, B, C are ‘Level 1’ keywords, D, E, F are ‘Level 2’ keywords, G, H, I are ‘Level 

3’ keywords.  

4. The queries were run on the following databases 

• Google and Google Scholar 

• Science direct 

• Transport Research International Documentation (TRID) 
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5. The papers identified were reviewed. Depending on the number of papers found 

and their relevance one or combination of the following was done: 

• The search terms were changed, and the process repeated 

• An additional field of search terms was added to narrow the search 

• Additional papers were identified from the citations in key papers identified 

 

2.2 International standards and test procedures for heavy vehicle EDR 

This section reviews international standards and test procedures identified by the literature 

search. The standards describe the requirements of EDR for heavy vehicles (M2, M3, N2 

and N3). 

2.2.1.1 Digital Tachograph 

Digital tachographs are widely used in Europe for recording commercial drivers’ hours of 

service, they have been a legal requirement since 2006 for vehicles with a mass greater 

than 3,500 kg or with a greater capacity than 9 passengers. The digital tachograph was 

introduced in 2006; this records data at a minimum of 1 Hz, although some provide 4 Hz 

for collision investigation (European Commission, 2002). The device records basic vehicle 

activities such as distance, speed, driving times and rest periods for the driver to ensure 

fair competition between EU transport companies. 

Since 2019, EU regulation has required all applicable vehicles to be fitted with a ‘smart’ 

digital tachograph which has been developed to increase security from fraudulent activities 

and increase functionality and accessibility with satellite navigation information and remote 

communication (European Union, 2014). Data is linked to a specific driver via a digital 

driver card issued by a country’s driving authority (e.g. the DVLA in the UK, the KBA in 

Germany and the Imprimerie Nationale Groupe in France). Similar systems are used in 

many other jurisdictions. 

In some instances, the tachograph may be used by the national authorities to recover 

some relevant collision data, such as speed and driver hours in service following a collision 

event. However, the tachograph is not suitable to satisfy the requirements of the General 

Safety Regulation for the following reasons: 

The tachograph does not record or store the breadth of information that is required for 

compliance with the General Safety Regulation, e.g. to assess the effectiveness of the 

following specific safety measures: 

• Advanced emergency braking (AEBS) 

• Lane departure warning (LDW) 

• Pedestrian and cyclist collision warning 

• Blind spot information system 

• Stability control (ESC) 

• Tyre pressure monitoring system (TPMS) 

In addition to this, the GSR requires that the EDR only records and stores anonymised data 

over a short timeframe before, during and immediately after collision, which does not allow 

the vehicle or holder to be identified. The GSR requires that the identity of the driver and 

vehicle is protected from Member States, and this does not align with the purpose of the 

tachograph.  

2.2.1.2 NHTSA 49 CFR Part 563 (Light Vehicles) 

The Code of Federal Regulations (CFR) Title 49 (Transportation) Part 563 standard was 

published in 2006 (DOT, NHTSA, 2006). Since then, there have been several revisions to 

this ruling. Part 563 outlines EDR definitions, data elements, format and capture for all 

light vehicles after 1st September 2014. The standard stipulates 15 mandatory data 
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elements and a further 30 optional elements, including airbag deployment time (if 

equipped). The focus of this ruling was occupant protection and the safety of deployable 

restraint systems such as airbags. The ruling did not require the fitment of occupant 

protection systems, but it required that specific data was recorded in cases where the 

vehicle was equipped. There is very little information on driver assistance or collision 

avoidance systems, these being limited to activation of ABS and ESC. Therefore, this 

provides a good foundation for meeting some of the requirements of EDR as defined by 

the General Safety Regulation, but other stipulations of the Regulation are not covered, 

such as the following: 

• State and rate of activation of all its safety systems 

• 112-based eCall in-vehicle system 

• Relevant input parameters of the on-board active safety and accident avoidance 

systems 

Much of Part 563 is based on SAE J1698-1. NHTSA's internal analysis shows that, for Model 

Year (MY) 2017, 99.6 percent of new light vehicles sold were equipped with EDRs that 

meet Part 563's requirements. 

2.2.1.3 SAE J2728: Heavy Vehicle Event Data Recorder (HVEDR) Standard – Tier 1 

In 2010 the Society of Automotive Engineers International (SAE) published J2728, a 

standard which provides recommended functions for event data recorders in heavy vehicles 

(SAE, 2010).The latest revision of the standard was published in 2020 with minor revisions, 

most notably the inclusion of active safety systems. This standard applies to vehicles with 

a Gross Vehicle Weight Rating (GVWR) greater than 4,545 kg equipped with J1587 or J1939 

communication networks. This applies to all N3 and M3 category vehicle and most N2 and 

M2, depending on the design of the on-board communication network. 

Event trigger mechanisms 

Due to the greater vehicle mass of heavy vehicles, different trigger mechanisms are 

recommended compared to the equivalent EDR standard for light vehicles (SAE J1698). 

J2728 stipulates that the EDR should record an event if one of the following triggering 

conditions is met: 

• Acceleration trigger (hard braking): this standard recommends a that the EDR 

should record data when the acceleration exceeds a threshold of between 8 and 

22.5 km/h/s for more than 0.5 s which is equivalent to between 0.23 and 0.64 g 

• Last stop trigger: this trigger captures events where the vehicle comes to a stop for 

a period of time. If the speed of the vehicle falls below 3 km/h for a more than 15 s 

the EDR should record the event from the point at which the threshold was crossed 

• Safety system trigger: Previously, J2728 had recommended a safety restraint 

system (SRS) trigger but in the latest revision (June 2020) this has been expanded 

to include additional safety systems, such as an anti-lock braking system (ABS), an 

adaptive cruise control (ACC) or automatic braking system (AEB) and an electronic 

stability control system (ESC) 

The acceleration, or hard braking trigger recommended by the standard is focused on 

recording a collision event where the vehicle accelerates (or decelerates) immediately 

before, during or after a collision. The standard recommends that the threshold is 0.32 g, 

or at least between 0.23 and 0.64 g. 

A higher the proportion of non-collision events will be captured by adopting an acceleration 

of 0.23 g, whereas by adopting a trigger of 0.64 g the probability of failing to trigger the 

recording increases. The hard braking trigger will capture any event where the vehicle 

decelerates before, during and after a collision; it is likely to trigger in all collision types, 

including those involving VRUs, provided that the driver is aware of the collision and brakes 

the vehicle. 

The development of a last stop trigger could focus on capturing collision events that result 

only in a small change in velocity (e.g. VRU collisions), thus not achieving the acceleration 
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trigger threshold. The last stop trigger is intended to capture events where the vehicle 

comes to a stop for a period of time, such as after a collision. J2728 suggests a minimum 

velocity threshold of 3 km/h, and a minimum period of time of 15 s. This does not 

guarantee the capture of relevant collision information in instances where the vehicle may 

not stop immediately after the collision or if the vehicle is moved to a different location 

after the collision. 

J2728 suggests a minimum total recording interval of 30 s (15 s pre- and post-crash) from 

the first moment where the speed of the vehicle falls below 3 km/h. The extended recording 

interval for heavy vehicles is to combat the lower braking deceleration rates achieved by 

heavy vehicles compared to light vehicles. 

An additional feature of the last stop trigger attempts to limit the overwriting of collision 

data by subsequent last stop triggers. The last stop trigger cannot reoccur until the vehicle 

speed reaches a speed of 24.0 km/h or more for a minimum of 6 s. It is reasonable to 

expect that the frequency of recorded last stop events will be reduced by applying a 

minimum speed threshold for the last stop trigger to reset. However, if the vehicle exceeds 

that speed in the recovery process further last stop events may be recorded and the 

collision data could eventually be lost. The threshold for the trigger reset should consider 

the memory capacity of the EDR, if the non-volatile memory is frequently overwritten, this 

may deteriorate the memory prematurely. To avoid this, a greater speed threshold would 

be required for the last stop trigger to reset. This feature of the last stop trigger should be 

considered for discussion by the industry because the last stop specifications of different 

vehicle applications may vary considerably.  

The standard recommends a minimum storage capacity for 5 events – these are 

overwritten on a first-in, first-out basis. Numerous triggers can occur in an event. In order 

to avoid duplicate data collection, further triggers that happen during a post-trigger 

recording (15 seconds after the trigger) can be ignored if they happen before the last 5 

seconds of the post-event capacity. It is expected that a further trigger in the last 5 seconds 

of the recording will trigger an additional recording; however, it is not clearly stated if this 

event is recorded simultaneously or sequentially. It is expected that the latter may be the 

most technically feasible. 

As previously stated, the standard recommends several safety systems which could be 

adopted as trigger mechanisms. The deployment of an SRS, such as an airbag is a common 

trigger mechanism used in lighter vehicles for the following two reasons: 

• The fitment of occupant protection devices is much greater than compared to heavy 

vehicles 

• The SRS is only deployed in instances where the vehicle experiences a relatively 

sharp deceleration such as a collision with another similarly sized vehicle or fixed 

object 

Adopting the deployment of an SRS can be used for heavy vehicles as well, but it should 

be noted that fitment of deployable restraint systems is not as common in the heaviest 

vehicles. 

Including additional safety systems as trigger mechanisms could provide a basis for 

alternative trigger solutions; however, the proposed safety systems may lead to recording 

of non-collision data (when the safety system achieves the desired effect of avoiding the 

collision). The GSR text requires recording in the event of a collision, and consideration 

may be needed regarding the recording of non-collision events. 

For example, the standard suggests that the activation of the ABS could be employed as a 

trigger with the intention of capturing emergency braking events. ABS prevents the under-

rotation of the vehicle’s wheels during emergency braking to maintain the function of the 

steering; however, activation of the ABS does not necessarily mean a collision has 

occurred. 

Additionally, Automatic Cruise Control (ACC) and AEBS are proposed systems that could 

be adopted as trigger mechanisms, such as an ‘external brake request’. It is TRL’s 
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understanding that this means using the braking input from the ACC or AEB systems to 

trigger the EDR recording. ACC and AEBS are classified as Level 1 automated driving 

systems (SAE, 2018). ACC will provide braking or acceleration to support the driver for 

intercity driving scenarios whereas AEBS will provide emergency braking if the driver fails 

to react to an oncoming hazard. Both of the systems may provide external braking requests 

under normal driving conditions where a collision does not occur, because the system has 

– as intended – avoided a collision. 

Finally, J2728 proposes the adoption of the ESC system as a trigger mechanism via the 

‘yaw control or roll over brake control’. The ESC system applies braking to individual wheels 

to prevent the loss of steering control. ESC is a highly effective collision avoidance system, 

so triggering from ESC activation would be expected to lead to recording of non-collision 

events. 

Data elements 

J2728 defines a series of 56 data elements for heavy vehicle EDR, which are similar to 

those described in J1698 for light vehicle EDR. These data elements are categorised into 

the following groups: 

• Header data (vehicle and event constants), e.g. make, model, time and GPS 

location 

• Standard driver controls and vehicle state, e.g. speed, braking and engine rpm 

• Antilock braking system, e.g. ABS status and failure warning 

• Cruise control systems, e.g. ACC status, mode, set distance and set speed 

• Collision warning and automated braking, e.g. time to collision (TTC) and distance 

to hazard 

• Lane departure, e.g. LDW state and LHS/RHS 

• Stability control, e.g. steering angle and ESC state 

• Blind spot, e.g. blind spot information status and failure warning 

• Occupant safety systems, e.g. seat belt status and SRS failure warning 

The GSR focuses only on critical crash-related data elements including the vehicle’s speed, 

braking, position and tilt of the vehicle on the road, the state and rate of activation of all 

its safety systems, 112-based eCall in-vehicle system, brake activation and relevant input 

parameters of the on-board active safety and accident avoidance systems. Additionally, 

data should be recorded in a way which does not allow the vehicle or holder to be identified. 

Any data elements proposed by J2728 that will violate the anonymity requirements of the 

GSR should not be considered for requirement, such as a complete vehicle identification 

number (VIN). The GSR excludes the capture of the last four digits of the VIN to prevent 

the vehicle holder to be identified; however, the make, model and variant of the vehicle 

are required to identify which active safety systems are present. Other information about 

the event is required such as the date and time. 

Additional crash-critical information is required by the GSR such as those in the “Standard 

driver controls and vehicle state” category, such as speed and braking. J2728 includes a 

series of parameters related to the braking of the vehicle that may go above and beyond 

those that are necessary for the purpose of accident research and analysis, as stated in 

the GSR. J2728 provides a solid platform of crash-related data elements to consider as 

input to the heavy vehicle regulation. 

J2728 recommends a minimum recording frequency of 10 Hz across all data elements over 

the entire duration of the recording interval as this will provide a “insight into the vehicle’s 

operating state and the vehicle-operator interaction in that time period”. TRL believes that 

in some cases the industry is currently achieving a higher frequency than 10 Hz, at least 

for some data elements. 
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2.3 Published research regarding the potential requirements for EDR suitable for 
heavy vehicles 

 

The Vehicle Event Recording on Intelligent Crash Assessment (VERONICA) project 

(Schmidt-Cotta, et al., 2006) reviewed the possibility of implementing EDR in the Europe 

Union, including the technical, administrative, legal, safety and environmental issues. The 

purpose of the project was to develop the legal framework to collect and share accident 

data in a European accident database. The study examined the necessary standards, 

solutions and requirements that would be necessary to achieve this for all vehicles. The 

study acknowledged that the ‘delta-V’ trigger may not be appropriate for heavy vehicles to 

capture collisions with passenger cars or pedestrians. The study recommended that a 

‘stationary trigger’ could be explored: ‘A stationary trigger for high-mass (heavy) vehicles 

with intelligent event prioritisation (manual or standstill triggering)’. No further detail is 

provided to explain the triggering mechanisms but is not unreasonable to assume that 

these may be described in the following manner; the manual trigger is a button that can 

be pressed by the driver or emergency services following a collision, and a standstill trigger 

is triggered if the vehicle comes to a standstill for a period of time (similar to the last stop 

trigger defined by SAE 2728). 

In 2014, TRL examined the benefits of equipping all vehicles or certain categories of 

vehicles with EDR, particularly with regards to improving road safety (Hynd & McCarthy, 

2014). The study recommended that standards were developed with the heavy vehicle 

manufacturers that defined what data is recorded, the location of stored data with respect 

to system architecture, and the interface via which the data can be downloaded. 

Additionally, it recommended that the data be stored separately from the digital 

tachograph data. 

2.3.1.1 Transport Canada Commercial Bus Heavy Vehicle EDR Feasibility Study (File No. 

T8080-160062) Mecanica Scientific Corporation 

This comprehensive study reviewed a large amount of scientific material related to the 

accuracy, reliability and limitations of commercial vehicle EDR (Mecanica Scientific Services 

Corporation, 2019). The study reviewed the research on heavy vehicle EDR technology, as 

well as studies pertaining to the potential impact light and heavy vehicle EDR have on 

highway safety, their deployment in a commercial fleet, and the observed improvements 

in that commercial fleet’s accident rates and driver safety. Finally, legal implications and 

international regulations were briefly reviewed. 

The study found that the majority of NAFTA2 market medium to heavy-duty vehicles model-

year 2000 and later are equipped with some form of heavy vehicle EDR. It is suggested 

that the introduction of stringent emission regulations has led to the progression from older 

serial communication network defined by J1708 (SAE, 2016) and J1587 (SAE, 2013), to 

higher speed CAN-bus communication network defined by J1939 (SAE, 2018) and ISO 

15765 (ISO, 2016). Factory-equipped ECU, communications networks and sensors, 

facilitate extensive data recording when triggered by a hard brake or collision event. 

The standardised physical connection port to access and download data from the medium-

or heavy-duty vehicle is defined by SAE J1939/13 and is known as a Deutsch 6- or 9-pin 

Diagnostic Link Connector (DLC). Some 2016 and newer heavy-duty vehicles have 

switched to using the passenger vehicle OBD3_II-style connector since the Deutsch 9-pin 

DLCs did not have enough pins to support J1939 and ISO 15765 communications protocols. 

The study found that in accordance with SAE J2728 (Section 2.2.1.3), the industry has 

moved in the direction of heavy vehicle EDR standardisation largely without regulation. 

 

2 North American Free Trade Agreement 

3 On-board Diagnostics 
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2.3.2 Heavy Vehicle EDR Triggers 

Historically, one of the greatest challenges with heavy vehicle EDR is the absence of the 

airbag control module (absent or an option in most heavy vehicles) and therefore the 

trigger mechanisms are important consideration for the effectiveness for heavy vehicle 

EDR. Triggers for light vehicles include: the deployment of an air bag, a harsh acceleration 

(or deceleration) or the deployment of a VRU protection system (an active bonnet). These 

triggers are not suitable for heavy vehicles for several reasons. 

Firstly, many heavy vehicles are not equipped with safety restraint system (SRS) airbags 

(or a non-reversible restraint system) so cannot be used as a viable trigger mechanism. 

Additionally, the acceleration or deceleration pulse as a result of a collision with another 

vehicle can be relatively small for heavy vehicles. Delta-V is calculated from the 

acceleration to measure the severity of a collision. The delta-V resulting from a collision 

between a heavy vehicle and a passenger car could be equivalent to a harsh braking event. 

Differentiating between a collision and a hard braking event is a challenge for heavy 

vehicles; however, Mecanica (2019) stated that improved driver behaviour may be a 

benefit from recording harsh braking events. The intention of the regulation, however, is 

the development of safer vehicle designs by collecting valuable data for crash 

investigations. Therefore, the EDR will record data related to collisions only. 

SAE J2728 recommends three trigger mechanisms for heavy vehicles, as shown in section 

2.2.1.3: an acceleration trigger, a last stop trigger and an SRS trigger. 

Mecanica (2019) examined the trigger mechanisms and recording conditions for seven 

different EDR systems of Heavy vehicles available on the US market between 2010 and 

2019. All of the power units used an acceleration threshold to trigger the data recording, 

with thresholds ranging between 11.3 and 19.5 kph/second. Three of the models used a 

last stop trigger and one system also combined an acceleration trigger with a change of 

engine speed, of +/- 16 kph/s and +/- 50 rpm/s. 

 

2.4 Data Storage System for Automated Driving (DSSAD) of Heavy vehicles 

literature review 

A PICO (Population (P), Intervention (I), Comparator (C) and Outcome (O)) type approach 

without the comparator was used to formulate research questions which were then used 

to generate search terms for the literature search. 

“What are the performance requirements for the DSSAD fitted to heavy vehicles?” 

For each of ‘Population’, ‘Intervention’ and ‘Outcome’, keywords were generated that 

described each aspect. For the example provided here, these might be:  

• Population: “van”, “truck”, “bus”, “coach” …  

• Intervention: “Automated Driving Data Storage”, “DSSAD” ...  

• Outcome: “Procedure”, “Regulation”, “Requirement”, “Performance” … 

Once the full list of descriptors for each aspect of ‘Population’, ‘Intervention’, and ‘Outcome’ 

was finalised, these were transferred into a query with the following logical structure: 

(“A” or “B” or “C”) AND (“D” or “E” or “F”) AND (“G” or “H” or “I”) 

Where A, B, C are ‘Population; keywords, D, E, F are ‘Intervention’ keywords, and G, H, I 

are ‘Outcome’ keywords. 

Population Intervention Outcome 

Heavy vehicle* DSSAD Performance 

Truck Data Storage Requirement 

Bus Automated Driving Feasibility 
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Coach Automated Plant Legislation 

HGV Autonomous Driving Regulation 

Heavy goods vehicle Autonomous Plant Study 

Lorry  Research 

  Procedure 

  Standard 

 

As a consequence of DSSAD being a relatively new concept with a low level of maturity, 

particularly in relation to heavy vehicles, the literature search did not identify any relevant 

scientific reports/papers outside of the UNECE informal working group for EDR and DSSAD. 

The literature search was broadened to include “data storage” related to “automated” and 

“autonomous” driving systems and “automated” and “autonomous” plant, but this too did 

not identify up any relevant material. As this concept matures and the technology develops, 

a greater volume of research will be available on this topic. 

2.4.1 International standards and test procedures 

The Data Storage System for Automated Driving “DSSAD” is a concept that was proposed 

by OICA4 in 2019; it is a device or a function that records and stores a set of data 

(“timestamped flags”), of any vehicle equipped with Level 3, 4 or 5 automated driving 

systems (ADS). This ensures that, whenever a significant safety related event occurs, the 

system can provide a clear picture of the interactions between the human driver and the 

ADS before and after the event, in order to establish whether: 

• The driver or the system was requested to be in control of the driving task 

• The driver or the system was actually performing the driving task (OICA, 2019) 

The DSSAD continuously records a batch of retrievable and relevant timestamped data 

entries, not triggered by any specific event, and keeps them retrievable for an extended 

period of time. The DSSAD data is important to determine the interaction between the 

driver and ADS leading up to a safety related event, such as a traffic rule violation, an 

insurance claim or a collision. This data is not necessary for improving vehicle safety 

standards. 

In January 2021, UN Regulation No. 157 on  requirements for Automated Lane-Keeping 

Systems (ALKS) entered into force for M1 passenger cars (UNECE, 2021). Level 3, 4 and 5 

automated driving systems can be in primary control of the vehicle, the driver can override 

the system and can be requested by the system to intervene, at any moment. 

ALKS can be activated under certain conditions on roads where pedestrians and cyclists 

are prohibited and which, by design, are equipped with a physical separation that divides 

the traffic moving in opposite directions. In its current form, the Regulation limits the 

operational speed of ALKS systems to a maximum of 60 km/h. 

The Regulation requires that on-board displays used by the driver for activities other than 

driving when the ALKS is activated shall be automatically suspended as soon as the system 

issues a transition demand, for instance in advance of the end of an authorised road 

section. The Regulation also lays down requirements on how the driving task shall be safely 

handed back from the ALKS to the driver, including the capability for the vehicle to come 

to a stop in case the driver does not reply appropriately. 

The Regulation includes the obligation for car manufacturers to introduce Driver Availability 

Recognition Systems. These systems control both the driver’s presence (on the driver’s 

 

4 International Organization of Motor Vehicle Manufacturers; www.oica.net 
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seats with seat belt fastened) and the driver’s availability to take back control. It also 

introduces the obligation to equip the vehicle with a “black box”, so called Data Storage 

System for Automated Driving (DSSAD), which will record when ALKS is activated. 

The Data Storage System for Automated Driving will record the following events: 

• Activation of the system 

• Deactivation of the system (e.g. override on the steering wheel) 

• Transition demand by the system (e.g. planned, unplanned etc.) 

• Reduction or suppression of driver input 

• Emergency manoeuvre 

• Involved in a detected collision 

• Minimum risk manoeuvre engagement by the system 

• Failures 

DSSAD data shall be available subject to requirements of national law. 

At the time of writing, UN Regulation No. 157 applies only to vehicles equipped with ALKS 

belonging to the M1 category, but in February 2021 the UNECE Working Party on 

Automated/Autonomous and Connected Vehicles (GRVA) indicated that the scope of the 

regulation will be extended to include all M and N category vehicles. 

Changes to several aspects of the ALKS regulation will be considered by the industry, 

including one related to the DSSAD. A proposal to the IWG on DSSAD and EDR states the 

following5: 

“With regard to the requirements on the severity level of the impact up to which the 
data should remain retrievable from the DSSAD, the references to UN Regulations 
Nos. 94, 95 or 137 is not relevant for vehicles other than M1 or N1. A solution should 
be found, including the validation method for the certification.” 

These regulatory crash tests apply only to vehicles belonging to category M1 or N1, therefore 
cannot be transferred to the regulation on ALKS for Heavy vehicles. The Industry has proposed 
that the tests specified in UN Regulation No. 29 (N2/N3) and UN Regulation No. 66 (M2/M3) 
could be adopted to test the retrievability of the data stored on the DSSAD6. 

UN Regulation No. 29 and No. 66 apply loading to the outer structures of the vehicle to 
simulate a rollover with the intention of protecting the occupants from intrusion and excessive 
crash damage. 

Regulation No. 29 applies three tests to the occupant structure of the vehicle: 

• Test A – frontal impact: a pendulum impactor test to the front structure of a stationary 
vehicle (below the windscreen in a typical vehicle) 

• Test B – A-pillar impact: a pendulum impactor test to the front pillars of a stationary 
vehicle 

 

5 UN informal document number GRVA-09-34 

6 UN informal document number GRVA-09-19 
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• Test C – roof strength test: a dynamic impact test vertically downwards on the roof of 
a stationary vehicle, followed by a quasi-static load test to one corner of the roof 
structure 

In all cases, the test can be performed with the whole vehicle or an isolated cab mounted on 
a frame. In the whole-vehicle option, the chassis of the vehicle is anchored such as to minimise 
the movement of the chassis during the test, so very limited acceleration pulse would be 
applied to the DSSAD. In the cab-on-frame option, the DSSAD may not even be mounted in 
the part of the vehicle that is being tested, depending on the possible geometric requirements 
discussed in Section 4.5. This option would therefore not provide any assessment of the 
robustness of the DSSAD. 

Furthermore, vehicles of a type which meets Regulation 12, 33 or 94 and N1 vehicles derived 
from M1 vehicles which meet Regulation 94 may be considered to satisfy the frontal impact 
test requirements. These vehicles would therefore not be subject to the Regulation 29 tests. 

Regulation No. 66 applies high, localised loads to the roof structure in order to reduce the 
likelihood of collapse of the roof structure, which could cause very serious crush-type injuries 
to vehicle occupants. Compliance with the structural test requirements can be demonstrated 
using a full-vehicle rollover test procedure, a rollover test using a body section from a vehicle, 
by a quasi-static loading test, via quasi-static calculations based on component test results, or 
by computer simulation of a rollover test. The sub-system, component, calculation and 
simulation approaches are clearly unsuitable for evaluating the robustness of the DSSAD. 

The full-vehicle rollover test will apply some dynamic loading to the vehicle structure, and 
could be considered for DSSAD retrievability testing, but the acceleration pulse applied to the 
vehicle chassis would be low compared with that from a large-vehicle to large-vehicle or 
vehicle to fixed infrastructure collision. Therefore, we recommend that this Regulation No. 66 
tests are not suitable to assess the robustness of the DSSAD. 

Neither the Regulation No. 29 or 66 test procedures are therefore suitable for evaluating the 
robustness of the DSSAD and the retrievability of data following a collision. Alternative test 
procedures are discussed in Section 4.5.2. 

 

2.5 Key findings 

Developments in heavy vehicle communication networks have progressed considerably 

following the introduction of demanding emission regulations. International research shows 

that the majority of North American heavy vehicles over the past 20 years have had EDRs. 

It is reasonable to assume that many aspects of the European regulation for light vehicle 

EDRs are compatible with heavy vehicles, apart from the triggering mechanisms. 

One standard was identified for heavy vehicle EDR. This has useful insights on potential 

triggering mechanisms and data elements that could be considered for heavy vehicle EDR 

at the UN level, but a number of challenges remain: 

• Some of the recommended triggers would cause many non-collision events to be 

recorded, but potentially not locked, which may be contrary to the requirements of 

Article 6 of the General Safety Regulation 

• Some of the data elements such as the date, time and VIN are also contrary to the 

requirements of Article 6 of the General Safety Regulation 

• Some types of data elements, such as the status and rate of activation of all the 

vehicles safety systems, 112-based eCall in-vehicle system and relevant input 
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parameters of the on-board active safety and collision avoidance systems are only 

partially covered by the SAE standard 

Examination of 7 heavy vehicle EDR systems from the North American market concluded 

that all of the heavy vehicles within the sample employed an acceleration trigger, whereas 

only three of the vehicles employed a last stop trigger. It is unknown if the vehicles were 

equipped with SRS triggers; however, it is reasonable to assume that if the vehicle was 

equipped with restraint systems the air bag control module would trigger the recording. 

The acceleration trigger thresholds range between 11.3-19.5 kph/second One of the 

systems combines an acceleration trigger with a change of engine speed, of +/- 16 kph/s 

and +/- 50 rpm/s. 

DSSAD is a component of UN Regulation No. 157 on Automated Lane-Keeping Systems. 

The DSSAD stores timestamped event flags relating to the activation/deactivation of the 

system, transition demands between the system and the driver, minimum risk 

manoeuvres, system failures and other key elements of ALKS performance. Based on the 

GRVA documentation, there is no intent to modify this data element list for other M and N 

Category vehicles. 

While a number of aspects of UN Regulation No. 157 are being reviewed for application to 

other M and N Category vehicles, the only one relating to DSSAD is the evaluation of the 

survivability of the DSSAD and retrieval of data following a collision. For M1 vehicles, this 

is assessed after any one of the regulated full-scale crash tests (i.e. UN Regulation Nos. 

94, 95 and 137). This approach could be extended to N1 vehicles and to M2 vehicles based 

on N1 platforms (see Section 4.2) because these types can be approved to these 

regulations. However, this approach would not be appropriate for other types, which are 

not subject to these full-scale crash test regulations. 

The industry is reviewing the possibility of using the crash tests defined in UN Regulation 

No. 29 (N2/N3) and UN Regulation No. 66 (M2/M3); however, on review, we recommend 

that the tests defined in these regulations are not suitable to evaluate the survivability of 

the DSSAD because they do not apply a significant acceleration pulse to the vehicle. 

Alternative procedures for assessing the survivability of the DSSAD are proposed in Section 

4.5.2. 
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3 Stakeholder consultations 

TRL developed a ‘Topic Guide’ to provide the stakeholders with some background 

information in a short presentation. This included the status of the light vehicle EDR 

regulation at the UN Informal Working Group level and also outlined the objectives for the 

consultation meetings. The last four slides contain a series of questions for each 

stakeholder. The ‘Topic Guide’ is provided in Appendix A: Topic Guide. 

TRL contacted a range of relevant stakeholders to participate in a technical interview about 

heavy vehicle EDR. A total of 40 contacts at 27 stakeholders were sent the Topic Guide. 

Stakeholders were selected from the following groups: 

• Manufacturer of M2, M3, N2 or N3, category vehicles 

• Supplier of EDR or related technology (Automated Emergency Braking, VRU 

detection, vehicle telematic or fleet management systems) 

• Independent industrial expert in the field of heavy vehicle EDR 

Some of the larger manufacturers sell vehicles in each of the categories in scope of this 

project, whereas others manufacture vehicles within a single category. 

The level of participation by the Stakeholders was in general, lower than comparable 

exercises within the automotive industry. To compensate for the limited input the research 

team extended the invitation to independent experts who have extensive experience with 

heavy vehicle EDR. 

In total consultations with 8 stakeholders were held over a 2-month period. The format for 

of the consultations was consistent to uphold fairness between participants with 90 minutes 

scheduled for each interview. A record of the meeting minutes was transferred to an 

electronic record for summary. 

 

Table 3.1: The vehicle categories/Industry in relation to the Stakeholders 

Category A B C D E F G Independent 

N2     X    

N3  X   X X X  

M2     X    

M3 Class I  X Class I X X   

 

There was limited technical input from suppliers because currently there is limited demand 

for heavy vehicle EDR in Europe.  

3.1 Market 

The majority of the heavy vehicle OEMs engaged sell their vehicles globally, but some did 

not operate in all markets. Some brands have different regional trading names, but these 

are essentially the same brand. 

M2 

No OEMs indicated that EDR is available on their vehicles. Currently it is not something 

that the customer demands nor is it required in legislation, so development of EDR 

functionality has not been prioritised. Should this situation change then efforts will be 

shifted to facilitate EDR functionality. 

However, online searches have shown that driver airbag uptake across this segment is 

almost at 100%. Passenger and side/curtain airbag are an optional extras for nearly all 

minibuses on the European market. This indicates that some EDR functionality may be 
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facilitated for vehicles equipped with an airbag via the airbag control module (the EDR for 

M1 and N1 vehicles is usually part of the airbag control module).M3 

The majority of OEMs indicated that their vehicles do not have EDR functionality because 

it has not been necessary to develop a system to collect accident data from their vehicles. 

The majority of OEMs shared a similar position whereby a lot of data is captured from 

across the platform from different systems (doors, heating, cooling, power unit controls, 

suspension, fuel tank). Some OEMs store the data locally on the vehicle, whereas some is 

sent over-the-air in real-time. It appears that the greatest challenge for OEMs to facilitate 

the EDR functionality is the development of a centralised control unit which captures only 

the data relevant for EDR. As this would demand a greater transfer of data, this may 

require upgrading the electronic data bus of the vehicle. 

M3 manufacturers reported that they have focused on developing data platforms for CCTV, 

route scheduling and fuel efficiency in response to demand from operators. 

Only one OEM claimed to be developing a DSSAD system, initially for their ALKS equipped 

N1 category vehicles. The stakeholder was aware that the scope of the ALKS regulation 

would be extended to include N1 category vehicles, their ADS system is in development to 

be ready for this.  

N2 and N3 

No OEMs indicated that they have EDR functionality as per the GSR definition. In general, 

the OEMs would record some data if a vehicle is equipped with an airbag as part of the 

airbag control module; however, airbags are not standard equipment on most heavy N-

Cat vehicles. An airbag is typically an optional extra in all markets, and offered only for the 

driver. 

One OEM commented that when compared to cars/vans the airbag is less beneficial in N3 

category vehicles due to the different types of collisions that these vehicles typically have. 

Due to the greater weight of the N3 category vehicles the airbag is either not deployed in 

collisions with cars/vans due to the small deceleration in the collision or it has limited 

effectiveness due to catastrophic deformation of the occupant compartment in collisions 

with other heavy vehicles. Airbags were reportedly targeted at rear-end collisions between 

a heavy vehicle and a preceding trailer. 

Independent Input 

The independent input revealed that it is common for heavy vehicles on the North American 

market to support some kind of EDR functionality, normally via the engine control unit 

(ECU) and cabin ECU. Despite the fact that EDR functionality is supported by the majority 

of trucks in the US, these systems are not standardised. 

 

3.2 Triggering 

None of the OEMs had EDR functionality as defined by GSR so, in general, there was very 

limited experience with identifying specific triggering mechanisms. However, some 

stakeholders indicated that heavy vehicle AEBS could be considered as a future trigger for 

collisions because AEBS is mandated for some vehicle categories (M3 and N3). These 

camera-based systems could potentially be used to detect vulnerable road users, although 

VRU detection is not part of the regulatory requirements for AEB systems currently fitted 

to heavy vehicles. In both cases, further development would be required in order to use 

these systems as a basis for EDR triggering. Furthermore, the purpose of the AEBS is to 

avoid a collision, and it is likely that using the AEBS as an EDR trigger would lead to non-

collision data being recorded. This may be acceptable for a UN regulation, but would not 

be aligned with the text of the General Safety Regulation at EU level. It was also noted 

that many vehicles have exemptions to AEBS requirements, which would further limit the 

possibility to use this as a platform for triggering EDR data recording. 
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An independent stakeholder commented that US trucks that support EDR functionality 

normally employ several mechanisms that trigger the recording of collision data. A change 

in the vehicle’s acceleration as a result of a collision (acceleration trigger), if the vehicle 

stops for an extended period (last stop trigger) and the deployment of a restraint system. 

The ‘last stop’ trigger was suggested to be a particularly important mechanism is the US 

for trucks, due to the difficulties making either of the alternatives a viable solution for 

collisions with light vehicles and vulnerable road users. 

As noted in Section 2.2.1.3, the intention of the last stop trigger is to capture data when 

the vehicle reduces its speed and comes to a stop following a collision. The last stop trigger 

is a minimum time period where the vehicle does not exceed a specific speed threshold. 

The recording starts from the moment that the threshold is crossed. 

SAE J2728 recommends last stop trigger conditions as: 

• If the vehicle speed falls below 3 km/h for 15 s or more 

• To prevent the last stop event being overwritten due to movement of the vehicle 

after the incident of interest, the last stop trigger cannot recur until the vehicle 

reaches a speed of 24 km/h or more for a minimum of 6 s 

• The act of turning the ignition off will not directly trigger a last stop event 

It was suggested by the independent stakeholder that the last stop conditions should be 

specific for each vehicle use case. For example, a refuse truck will require different last 

stop triggering conditions to a truck transporting cargo over long distances. A large 

proportion of the operational life of the refuse truck is spent accelerating and decelerating 

over short distances, and these regular braking events are often more vigorous than is 

typical for other vehicle use cases. The refuse truck is likely only to travel a short distance 

between stops (circa 100 meters), rarely exceeding urban speed limits. 

A cargo truck, on the other hand, will travel at inter-city speeds for a much greater 

proportion of its service-life. Many journeys may be over a short distance, but it is unlikely 

that the vehicle will travel distances less than several kilometres. 

The last stop triggering conditions should consider these important operational differences 

in order to avoid the overwriting of relevant event data or the recording of irrelevant data. 

M2 

No trigger information was provided by any OEM specifically for M2 category vehicles. 

M3 

Several OEMs suggested that they record some data for safety reasons, which can be 

accessed during servicing. The activation of automatic emergency braking (AEBS) will 

trigger the capture of some key data, for example, distance to object, speed, acceleration 

and the severity of braking. However, the type of object detected is not distinguished and 

these systems are currently not capable of detecting pedestrians or cyclists. 

Potential triggers proposed by a bus OEM where the activation of the AEBS and other crash 

sensors (acceleration and tilt). Some crash sensors are used for on-board vehicle safety 

e.g. disabling a hydrogen power unit by closing valves to the fuel cell. 

It was also proposed by the same OEM that a possible EDR trigger could be the driver-

applied braking pressure or the activation of an AEBS braking event. Their pedestrian 

detection/collision mitigation system does not intervene but warns the driver of a hazard. 

N2 and N3 

A truck OEM commented that it was necessary to look at the types of collisions that heavy 

vehicles were having, because these may be very different to light vehicles. Some different 

data may be more relevant to trucks due to their different collision types. It was proposed 

that some of the VRU proximity sensing systems could be used to trigger EDR. 
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One OEM indicated that the activation of their AEBS triggers a recording; although their 

current AEBS is not capable of detecting vulnerable road users, this may be possible in 

future systems. Turning assist systems with pedestrian and cyclist detection cameras 

located around the truck could theoretically be used as a trigger in certain areas, however 

this has not been researched. Acceleration trigger was not proposed as a suitable solution 

due to the great range in vehicle weights within the category (range of load is huge, can 

be 7.5-40 tonnes depending on whether the vehicle is empty or full loaded). Air bag 

deployment is not an ideal solution because these are optional equipment only. 

A heavy vehicle coachbuilder commented that collision types for specialist vehicles such as 

refuse trucks may contrast from other N3 category vehicles, for example haulage trucks. 

Different triggering conditions may be required for these sub-categories of vehicle. A 

typical collision for a refuse truck, for example, is when the vehicle is performing a 

manoeuvre at low speed and it collides with a VRU, whereas a typical collision type for a 

haulage truck is a rear-end collision into a queue of vehicles on a dual carriageway. Their 

vehicles are equipped with VRU detection sensors that provide either an audible or visual 

warning to the driver to reduce the risk to VRUs in close proximity of the vehicle; these 

VRUs are often members of the refuse collection team, so there are many false-positive 

signals that would lead to recording of non-collision events. 

3.3 Data elements 

Several OEMs that manufacture N3 and M3 category vehicles suggested that data elements 

required by the regulation should be based on those required for collision investigation. 

Evidence-based research should be conducted to help identify what specific data is 

necessary for collisions involving heavy vehicles because it is widely accepted that the type 

of collision is different to cars or vans. 

M2 

No OEM provided any information regarding specific data elements for M2 vehicles. 

M3 

OEMs are very aware of providing the sort of data that operators and fleet owners want, 

for emissions monitoring, driver training, passenger safety, operator liability protection, 

servicing and maintenance. There is some overlap with the data that GSR requires for 

heavy vehicle EDR, but primarily these parameters are either not relevant to heavy vehicle 

EDR or are explicitly not allowed to be recorded in heavy vehicle EDR. 

One OEM commented that their telematic system supplies a lot of data on the kinematics 

of the vehicle at frequencies ranging from 1-100 Hz. These also register errors within 

components not related to collision data, for example an air compressor fault or error code. 

Some example data elements provided by a bus OEM included: braking, steering, air 

pressure of the braking system, door status, ramp position, regenerative braking system, 

air pressures in the different braking circuits. Only those related to safety would suitable 

for inclusion in the Regulation providing they adhere to the stipulation of the GSR. 

N2 and N3 

One OEM proposed that the angle of the turntable (towing) could be useful in jack-knife 

type collisions for articulated vehicles. This type of sensor is not common on all new trucks 

but it is believed that more sensors are being used in the coupling of the tractor and the 

semi-trailer, sometimes referred to as the ‘fifth-wheel’ and ‘kingpin’. Data elements for the 

auxiliary braking systems, including handbrake. The truck OEM stressed that the regulation 

should remain technology neutral particularly with the growth of EV technology. 

Another OEM commented that their vehicle records operating hours, loading conditions, 

braking, gears, fuel efficiency and consumption but this data was primarily for analysing 

fuel efficiency across the vehicle fleet. 
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3.4 Data retrieval 

The general theme held by the stakeholders regarding data retrieval was as follows: 

• The number of ECUs a vehicle has can range from 10 to more than 20 

• Several ECUs in each domain (e.g. chassis, drivetrain, comfort, driver assistance 

etc.) 

• J1939 communication network facilitates some communication between domains 

but mostly within a domain 

• Some crash data can be stored on the airbag control module when an airbag is 

fitted to the vehicle, however this is typically an option 

• Relevant accident data could be transferred to an EDR ECU via the CAN-bus network 

but this may exceed the capacity of the current vehicle hardware, the act of 

increasing this will increase the lead time to develop EDR 

• The standardised port (OBD II) is widely used 

M2 

No stakeholder provided any input regarding the access of data of M2 category vehicles; 

however, some EDR functionality may be available to some vehicles depending on the 

vehicle platform (See Section 4.1.1). In some cases, it will be possible to access EDR data 

via the OBDII port. For example, a smaller M2 vehicle, or minibus, that is based on a vehicle 

that is equipped with a driver airbag such as a van of category N1. 

M3 

Mostly CAN bus vehicle communication networks support the exchange of data, however 

some modern vehicles are moving towards other internal networks such as, ethernet-based 

systems. Both of these types of communication networks are suitable for the exchange of 

EDR data. 

Two main methods of accessing vehicle data were identified: an on-board port such as the 

OBD II, and over-the-air communication via the mobile telephone network. Most vehicles 

would likely be able to support EDR access via the OBD II port if this was incorporated into 

the vehicle design, although one manufacturer noted a preference for a newer interface 

such as USB-C. 

It was suggested that EDR data could be accessed in a similar way to emission data, which 

is normally accessed via the OBD II port. The OBD II port is normally located in the front 

of the bus/coach, it was whereas CCTV or telematics data is communicated to the operator 

over-the-air. 

N2 and N3 

Most experience with accessing and providing data is for telematics (operator data for e.g. 

fuel economy, driving performance), maintenance and emissions regulations. Vehicles 

generally have a wide range of ECUs communicating across a CAN network. Broadly, data 

necessary for EDR could be made available over the internal network, but not all data 

would be currently available and a substantial lead time would be needed for new data 

elements. Most OEMs would have an OBD II port and this could be used for access to the 

EDR collision data providing the vehicle was designed accordingly. 

 

3.5 Testing 

A general theme shared by stakeholders was that full-scale vehicle crash tests would not 

be recommended for the purpose of assessing the performance of the EDR for several 

reasons: 

• Full-scale vehicle crash tests are not currently required in European regulation for 

heavy vehicles; the requirement of a full-scale vehicle test for the purpose of 
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assessing the performance of the EDR should only be explored if other solutions 

(sled or virtual testing) are not viable 

• Full-vehicle crash tests are costly and the development of a test exclusively for EDR 

validation would be disproportionate to the benefit 

• The greater size and weight of heavy vehicles means that protecting the EDR from 

severe crash damage may not be required to the same degree as light vehicles 

where the vehicles are smaller and the collision mechanics are more exaggerated; 

nevertheless, some degree of protection should be defined by ensuring that the 

EDR is not close to the perimeter of the vehicle 

Alternative testing methods suggested by stakeholders included the following: 

1. A ‘bench test’ where an artificial signal triggers the device to record data. This would 

simulate the collection of collision data following a trigger event. By providing the 

device with ‘dummy data’ it could be possible to assess the collection and recording 

of the complete dataset. 

2. A sled test where the survivability of the device is assessed. The device is exposed 

to a ‘crash pulse’ representative of a real-world collision. 

M2 

No stakeholder provided any input regarding the testing of M2 category vehicles. 

M3 

Bus OEMs commented that crash tests are not commonly conducted because they are not 

mandated and they are expensive, so in-house frontal tests are only conducted 

occasionally. One bus OEM suggested two possible locations for mounting of an EDR: 

• The lateral roof beam 

• The electrical board behind the driver over the front axle 

Both of these locations provide a rigid mounting position. Roll tests are conducted for UN 

Regulation No. 66 so roof beams are strong; however, these are conducted by a computer 

simulation, not physical tests. 

N2 and N3 

A truck OEM proposed that the EDR could be tested via the activation of the active safety 

systems e.g. the simulation of an AEBS braking procedure triggering the EDR recording. 

Note: this assumes that active safety systems are used to trigger an EDR recording. It was 

also suggested that a geometric envelope to define the location of the EDR could be a 

satisfactory solution. This would ensure that the EDR was mounted away from direct 

contact in all but the most severe collisions. 

3.6 Key findings 

Based on information provided by stakeholders, heavy vehicle EDR as a standalone device 

equivalent to light vehicle EDR is uncommon in the EU fleet. Fitment of airbags appears to 

be common in M2 vehicles, but tends to be an option in other heavy vehicle categories and 

may be rarely fitted for some vehicle applications. Therefore, the airbag control module, 

which provides the platform for EDR in light vehicles, cannot be assumed to be available 

in heavy vehicles. 

OEMs have considerable experience in recording a wide range of data for a range of 

applications, such as: 

• Information from around the vehicle to support the driver in driving and non-driving 

tasks such as meeting load mass and mass distribution requirements 

• Information to vehicle fleet operators to support scheduling, fuel economy, 

passenger safety and driver training 

• Information to maintenance centres to support efficient servicing 
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Much of the data used for these purposes is not relevant to EDR (e.g. refrigeration system 

function or fuel level) or would be precluded from EDR by the text of the General Safety 

Regulation (e.g. camera data or vehicle location). Nevertheless, some data would likely be 

relevant to heavy vehicle EDR, although not necessarily in an appropriate data format. 

Depending on the vehicle and application, this data may be transferred over-the-air via 

the mobile telephone network or accessed via a port in the vehicle. 

This data exchange is supported by modern vehicle communication networks; typically this 

is based on CAN bus and supplementary buses, but some vehicles are being developed 

with other internal network architectures such as ethernet-based systems. Most vehicles 

would likely be able to support EDR access via the OBD II port if this was incorporated into 

the vehicle design, although one manufacturer noted a preference for a newer interface 

such as USB-C. 

Several stakeholders suggested that the data elements for heavy vehicle EDR should be 

based on demonstrated usefulness for collision investigation, noting the differences in 

typical collision mechanics between heavy and light vehicle collisions. Despite the 

considerable experience on vehicle data for other applications noted above, experience 

regarding data elements for heavy vehicle EDR for collision investigation was limited among 

the stakeholders. 

The lack of experience with EDR was reflected in the lack of experience with triggering 

options for EDR data capture. The primary experience with this is from the US, where SAE 

J2728 recommends three trigger conditions (although these may not all be suitable for 

triggering EDR under the terms of the General Safety Regulation – see Section 2.2.1.3). 

Heavy vehicles in Europe do, however, often have active safety systems that could be used 

to trigger EDR data collection, which may be particularly useful for triggering in collisions 

with vulnerable road users – although no stakeholders had implemented such a function. 

Some stakeholders reported that they used e.g. activation of AEBS or heavy braking to 

record some safety related data. However, the purpose of these systems is to avoid a 

collision and use of them as a trigger could lead to recording of non-collision events. 

Stakeholders noted that regulatory crash tests – similar to those defined in UN Regulation 

94, 95 and 137 – were not defined for heavy vehicles and they did not believe it would be 

appropriate to define a crash test solely for the purpose of validating heavy vehicle EDR 

data recording. Several alternatives were discussed by some stakeholders, including ‘bench 

tests’ using an artificial trigger signal and a sled test to assess the physical robustness of 

the EDR. Several also suggested ensuring that the EDR is mounted away from likely 

deformation zones. This isn’t explicitly mandated for light vehicles, but industry practice 

has long been to mount the EDR close to the centre of a light vehicle to minimise the risk 

of direct damage to the unit. It was suggested that a similar approach could be effective 

for heavy vehicles, possibly with some geometric criteria instead of crash tests to 

encourage suitable placement. 

Some stakeholders noted that heavy vehicles are often built in stages and a coachbuilder 

(not the original OEM) may implement an active safety system, such as a pedestrian or 

cyclist proximity detector. Such a system may operate entirely separately to the vehicle 

CAN system and it would be difficult to use it to trigger EDR data collection. Furthermore, 

the system may have been designed to warn the driver of a potential conflict and may not 

be suitable to (or validated to) detect that a collision has occurred. The multi-stage 

construction of heavy vehicles will need to be considered carefully when assessing the 

feasibility of individual data elements for heavy vehicle EDR. 
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4 Discussion 

The literature review and stakeholder engagement have highlighted key issues to be 

addressed in the development of a regulation for heavy vehicle EDR, as well as resources 

that can support the development. The following sections discuss these issues to support 

the proposals for a test programme to support regulatory development (Section 5) and the 

development of draft requirements (Section 6). 

4.1 Vehicle categories 

4.1.1 M2 and M3 category vehicles 

The range of load capacities and seating arrangements between M2 and M3 category 

vehicles is large and may prove to be a challenge from a technical perspective for 

implementing EDR. Different EDR requirements may be necessary for a smaller vehicle 

(unloaded) of the M2 category compared to a larger vehicle (fully-loaded) of the M3 

category. The range in vehicle properties within the M2 and M3 category could be so 

different that experimental testing may be necessary to develop the regulation 

requirements. 

Section 1 provides definitions of M2 and M3 category vehicles. It is TRL’s understanding 

that some vehicles within these categories are derived from small vehicle platforms such 

as N1 category vehicles, and these vehicles share much of the design with the N1 platform. 

A market review of M2 category vehicles shows that almost all of the vehicles within this 

category are derived from vans. There are three main variants of M2 vehicle: 

1. ‘Minibuses’ based on N1 category vehicles, produced and approved in a single stage 

by the OEM who builds the N1 platform 

2. Coach-built small ‘city-hopper’ and ‘transit’ buses based on N1 category vehicles, 

brought to market via multi-stage approval 

3. Small ‘city-hopper’ and ‘transfer’ buses based on a M2/M3 platform, which may 

therefore share structure and equipment with an M3 vehicle 

A vehicle with more than 8 passengers up to a GVW of 5000 kg classifies as an M2 category 

vehicle. The seating capacity for this category of vehicles is limited by the maximum mass 

of the vehicle. There are many examples of M2 category vehicles using the platform of an 

N1 category vehicle, either OEM or coach-built. The market review found that the N1 

vehicles that provide the platform for these M2 vehicles all offered at least a driver airbag 

as standard, with passenger and side/curtain airbags offered as an option on all bar one, 

where the passenger airbag was standard. Consequently, the fitment of the driver airbag 

will mean the vehicle platform would be expected to have EDR functionality (built in to the 

airbag control module). 

A review of the M3 market shows that some OEM’s provide a chassis platform which can 

be purchased and fitted with a body-shell by the customer. In instances like this, a multi-

stage homologation process would require the vehicle to adhere to the relevant regulations 

at different stages of its development. Type-approval of the chassis platform may include 

components like the engine, braking, steering and the emissions performance. Following 

the addition of the body-shell the relevant type-approval procedures will be conducted. 

The manufacturers of the chassis platforms and their customers should be aware that the 

type-approval of the EDR is necessary and the stage at which the assessment is made of 

the EDR should be agreed between both parties. 
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4.1.2 N2 and N3 category vehicles 

Definitions of N2 and N3 category vehicles are given in Section 1. There are a wide variety 

of vehicles that occupy these categories, with many different configurations. Typically, N2 

category vehicles will have 2 axles on a rigid chassis (no trailer or articulation). Whereas 

N3 vehicles typically have between 3 to 6 axles in multiple configurations such as rigid, a 

semi-trailer (articulated truck) and draw-bar trailer. Each configuration has a maximum 

Gross Vehicle Weight or Gross Train Weight (draw-bar trailer).  

The wide range of vehicle configurations and load capacities of these vehicles, particularly 

the N3 category vehicles, should be considered in the development of this regulation. It 

should not be assumed that each configuration will have equivalent collision mechanics, 

therefore it may be necessary to refine the requirements for each vehicle configuration. 

An additional complexity for N3 tractor units is the potential for different collision mechanics 

for the same vehicle under different loading conditions, such as towing and not towing. A 

suitable acceleration threshold for a fully-laden semi-trailer may be too low for the same 

tractor unit when it is not towing. This could result in the recording of a greater proportion 

of non-events. An acceleration trigger suitable for the tractor unit may be too high for the 

semi-trailer, thus not recording collision events. 

One potential solution for this would be the adoption of a dynamic or variable acceleration 

trigger based on the loading sensors for each axle of the vehicle where the trigger threshold 

is set based on the actual vehicle weight at the time of the collision, or at the start of the 

journey. 

 

4.2 EDR regulation options for heavy vehicles based on an N1 platform 

As noted above, many M2 vehicles (minibuses, transfer buses and city-hopper buses) are 

built on an N1 platform and have many of the same features as the N1 on which they are 

based. This may include occupant protection systems such as driver and passenger 

airbags, or driver assistance systems such as adaptive cruise control, lane keep assist, 

forward collision warning, and AEBS with pedestrian and cyclist protection. Similarly, many 

N2 vehicles will be variants of an N1 platform. 

Given that the base vehicle platform is an N1, it may be more straightforward to offer 

manufacturer (single- or multi-stage) the option of complying with light vehicle EDR 

requirements for vehicles in the M2 and N2 categories. One area of difference would be 

crash testing; M2 and N2 variants of an N1 platform would not be subject to Regulation No 

94, 95 and 137 full-scale crash tests. However, if the EDR module is common to all variants 

then the EDR survivability data from the N1 variant may be adequate to demonstrate 

robustness of the system. 

The upper mass limit for M2 vehicles is 5000 kg, which is greater than that for N1 vehicles 

(3500 kg); however, this is unlikely to significantly change the crash pulse as far as 

triggering is concerned, because this is highly dependent on the vehicle crash structures 

(which are common to the platform) and the airbag triggering happens very early in the 

collision event, before differences in mass would be expected to make a significant 

difference. Furthermore, an unladen M2 vehicle would be well within the mass range of a 

laden N1 or a heavier M1 vehicle such as a large SUV. Therefore, the triggering regime for 

M1/N1 vehicles would be expected to be more appropriate for M2 based on N1 vehicles than 

the triggering regime for larger heavy vehicles. 

4.3 Triggering (heavy vehicles not based on an N1 platform) 

The review of literature and stakeholder engagement highlighted that triggering heavy 

vehicle EDR recordings is a key difference compared with light vehicle EDR. The delta-v of 

a heavy vehicle in collision with a light vehicle or VRU is often low, as is the acceleration, 

which makes robustly identifying collisions more difficult than it is for light vehicles. The 

SAE J2728 standard uses several novel trigger types in order to increase the likelihood of 

capturing collision events with lighter vehicles and VRUs: 
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• Acceleration trigger: this standard recommends a that the EDR should record if the 

acceleration exceeds a threshold of 0.3 g for more than 0.5 s (i.e. hard braking) 

• Last stop trigger: this trigger captures events where the vehicle comes to a stop for 

a period of time. If the speed of the vehicle falls below 3 km/h for more than 15 s, 

the EDR should record the event from the point at which the threshold was crossed 

• Safety system trigger: Previously, J2728 had recommended a safety restraint 

system (SRS) trigger but in the latest revision (June 2020) this has been expanded 

to include additional safety systems, such as an anti-lock braking system (ABS), an 

adaptive cruise control (ACC) or automatic braking system (AEB) and an electronic 

stability control system (ESC) 

These triggers will increase the likelihood of capturing collision data, but they will also 

increase (in some cases greatly) the likelihood of recording non-collision events. For 

example, the acceleration trigger is focused on hard braking, which may precede a collision 

or may avoid a collision. The outcome status cannot be known from the braking 

acceleration data. Similarly, an active safety system such as AEB is designed to reduce the 

risk of a collision occurring and to reduce the severity should it still occur; in the former 

case, triggering from the AEB would result in recording data from a non-collision event. 

The last stop trigger may be particularly effective in case of VRU collisions, but these are 

rare events compared with the number of times a vehicle stops; this trigger will almost 

always record non-collision data, which may be considered undesirable. Very frequent 

over-writing of non-locked EDR data may also make demands on the type of memory used 

for the EDR, but this is presumed acceptable given that the trigger is defined in the 

industry-developed SAE standard. 

These triggers will be suggested in the draft amended regulatory EDR text for heavy 

vehicles (Section 6 and Appendix B), with a reminder to consider the implications of 

recording non-collision events. 

Light vehicle EDR can be triggered by deployment of a deployable restraint system, such 

as an airbag. Although the fitment rate of airbags is highly variable across different 

segments of the heavy vehicle fleet (high in N1 derived M2 and N3 vehicles through to very 

low in some N3 vehicles, e.g. refuse trucks), it is recommended that deployment of a 

deployable restraint system is used as a trigger for heavy vehicle EDR if fitted. 

Jerk-based triggering has been proposed as a potential method of identifying and recording 

collisions between a heavy vehicle and a car or vulnerable road user. Jerk is the rate of 

change of acceleration and may allow collisions with large mass ratios to be identified. 

None of the stakeholders had experience with using a jerk-based trigger. 

Jerk-based triggering of EDR was presented to the Informal Working Group for light vehicle 

EDR in order to detect collisions with vulnerable road users, but was deferred to a later 

phase of regulatory development. This approach looks promising, but it is not known how 

feasible it will be for detecting collisions between vulnerable road users and heavier 

vehicles. It is also not known whether research on jerk-based triggering has evaluated the 

ability to reject non-collision events, such as pothole strikes. This is less critical for EDR 

triggering than airbag triggering (for which very robust differentiation between collision 

and non-collision events is safety-critical), but it may be necessary to evaluate the potential 

to avoid recording non-collision events in the EDR (for light or heavy vehicles). Research 

efforts on jerk-based triggering for light and heavy vehicles could be combined. 

Further work on jerk-based triggering is suggested in Section 5. 

Passenger cars equipped with pedestrian protection systems use contact sensors to trigger 

the deployment secondary restraint systems, such as triggering pop-up bonnets. This is 

established technology that is well understood, and fitment is increasing within the 

passenger car industry (category M1). This technology could also be suitable for heavy 

vehicles, particularly with respect to capturing collision involving VRUs. It is unknown 

whether there may be some technical challenges to mounting the sensors to the heavy 

vehicle because these are very structurally different to passenger cars, but one of the main 
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advantages is that these will only trigger an EDR recording when a physical impact is 

detected on the outer surface of the vehicle, therefore the EDR will only record collision 

events. 

Finally, stakeholders indicated that it might be difficult to define a single specification for 

a given trigger type, e.g. a trigger analogous to the 8 km/h in 150 ms delta-v in the light 

vehicle regulation. This is because of the very wide range of vehicle types, construction, 

mass, rigid/articulated and so forth. Further work may be required to define a range of 

trigger values or options for different vehicles. This is noted in Section 6 and Appendix B. 

Testing 

The regulation should provide a test to ensure that the EDR records a complete data-set 

in a moderately severe collision. The regulatory crash tests (UN Regulation No. 94, 95 or 

137) employed to perform this operation with vehicles of category M1 or N1 do not apply 

to heavy vehicles, therefore cannot be used in this case. Without a crash test it is not 

possible to check crash-related triggers (such as airbag deployment). One option is to 

adopt the survivability test described in Section 4.5.1; however input from the industry 

would be necessary to understand if this is technically feasible.  

4.4 Multi-stage approval 

Multi-stage approval is common for heavy vehicles. Typically, the stage one manufacturer 

produces a rolling chassis or chassis and cab, and a stage two manufacturer produces the 

body (and the cab, if not produced in stage one). Some vehicles may be produced in more 

than two stages. 

It is not clear who would be responsible for fitting and getting approval for the heavy 

vehicle EDR, although stakeholders noted that the stage 1 manufacturer was the most 

likely. The advice from some stakeholders was that the triggering may need to be tuned 

for different vehicle bodies and use cases, e.g. freight haulage cf. refuse truck, even when 

based on a common chassis. For example, a wide variety of vehicle applications may be 

based on the same vehicle platform: 

• Fire engine 

• Street sweeper 

• Tanker 

• Concrete mixer 

• Tipper truck 

• Refuse truck 

• General cargo 

If triggering does need to be varied depending on the mass of the vehicle (see Section 4.3), 

the implications of this for EDR fitment under multi-stage approval will need to be 

considered. 

4.5 Survivability 

4.5.1 EDR 

The UN regulation on EDR for light vehicles requires that a frontal and side impact crash 

test is conducted to assess the survivability of the system. The EDR data must be 

retrievable after an impact of a severity level set by UN Regulation No. 94, 95 or 137. 

These mandatory crash tests are performed as part of the whole vehicle type-approval 

process for M1 and N1 vehicles, therefore the additional cost to test the EDR is minimal. 

Currently, there are no regulated crash tests performed on heavy vehicles. Manufacturers 

may perform an in-house test occasionally, but these are confidential, and the 

specifications are not published. 
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It may be unnecessary to develop a full-scale crash test specifically for demonstrating the 

robustness of the EDR, because the survivability may be less critical for these vehicle 

categories. The greater size/weight profile of these vehicles naturally provide a greater 

degree of crash protection in most circumstances. 

In the absence of a crash test, alternative methods such as geometric requirements and a 

sled test are recommended to simulate the collision mechanics of a crash test i.e. crash 

pulse. 

Geometric requirement 

It is recommended that the regulation provides a geometric envelope that prohibits the 

mounting of the EDR near to the external structures of the vehicle. If the EDR is located 

centrally and away from collision deformation zones, the risk of direct impact (crush) 

damage to the EDR will be very low. 

Further engagement with industry is recommended to ensure that geometric requirements 

are appropriate for different heavy vehicle designs and account for the constraints imposed 

by multi-stage construction and approval. 

Sled test to assure resistance to collision-induced accelerations 

The AECS regulation specifies a sled test to assess the AECS module’s resistance to 

mechanical impact. The intention of the test is to ensure that the unit remains operational 

following a severe collision. 

The is achieved by a sled test where the AECS components are decelerated or accelerated 

such that the curve remains within the grey area of Figure 4.1, the time and acceleration 

values of points A to H are shown in Table 4.1. The total velocity change delta-V is 

maximum 70 +0/-2 km/h. 

 

Figure 4.1: Graphical representation of the crash pulse corridor for the AECS mechanical 

impact test (UNECE, 2018) 

 

Table 4.1: Crash pulse coordinates for AECS mechanical impact test (UNECE, 2018) 

Point Time (ms) Acceleration (g) 

A 10 0 

B 34 65 

C 38 65 

D 46 0 
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E 0 16 

F 25 77 

G 47 77 

H 60 0 

This crash pulse is representative of a relatively severe collision of a vehicle belonging to 

the M1 or N1 categories. This test would be most suitable for demanding the greatest 

robustness from the EDR, but is more severe than the UN Regulation No. 94, 95 and 137 

crash test that is used to assess the survivability of light vehicle EDR. 

A second approach would be to apply the test procedure from UN Regulation No. 144, but 

using a crash pulse from a UN Regulation No. 94 test. This could be either a typical R94 

crash pulse or one that is specific to the vehicle platform (for M2 vehicles based on and N1 

platform). Based on the logic in Section 4.2, this would be the most appropriate option for 

N1-based M2 vehicles. This approach could also be considered for other heavy vehicles, 

because it would give greater confidence in the robustness of the EDR than a (lower) typical 

heavy vehicle crash pulse. 

A third approach would be to adopt a crash pulse with reduced maximum deceleration that 

is more typical for heavy vehicle collisions, such as one of the regulated deceleration 

corridors relevant for heavy vehicles, as shown in Figure 4.2. 

 

 

Figure 4.2: Regulation crash pulse specifications relevant for heavy vehicles (Edwards, et 
al., 2021) 

 

UN Regulations No. 16, No. 80 and No. 107 concern the restraint systems, seats and 

wheelchair safety of buses and coaches and therefore not required for N2 or N3 category 

vehicles. UN Regulation No. 100 and 134 concern the safety-related performance of electric 

and hydrogen powered vehicles of all heavy vehicle categories. 

Edwards et al. conducted a study to assess the appropriateness of crash pulse 

requirements for modern vehicle structures. The study concludes that the crash pulse 

specified in UN Regulation No. 16 (approx. 20-30 g with a peak of about 40 g) was most 

suitable for M2 vehicles such as minibuses. The study based this conclusion on two full-

width frontal crash tests of minibuses into a full-width rigid barrier. A collision of this type 

was reported to cover about 50% of minibus collisions where an occupant was killed or 

seriously injured. Therefore, in the case of M2 category vehicles, the survivability of the 
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EDR could be ensured for M2 vehicles by adopting the crash pulse specified in UN Regulation 

No. 16 because it is comparable to the deceleration dynamics of a real-world collision. 

Similarly, the study concluded that the crash pulse specified in UN Regulation No. 80 and 

100 (12 g maximum) compared reasonably well to the full-scale crash tests of M3 category 

vehicles. Therefore, the survivability of the EDR could be ensured for M3 category vehicles 

by adopting the crash test pulse specified in UN Regulation No. 80 or 100. This approach 

would also be suitable for N2 and N3 category vehicles because there is no reason why the 

survivability of the EDR should be any different for these categories of vehicle. 

Testing the survivability of the EDR with the crash pulse specified in one these regulations 

should be considered as a minimum requirement, whereas, a greater level of performance 

would be provided by adopting the crash pulse specified in the AECS regulation or from 

light vehicle crash tests. 

4.5.2 DSSAD 

The survivability requirements for DSSAD are logically the same as for EDR, whether for 

light vehicles or heavy vehicles. Indeed, the survivability requirement for light vehicle EDR 

data in the draft regulation is the same as that for M1 DSSAD in UN Regulation No. 157: 

‘the data shall be retrievable even after an impact of a severity level set by UN Regulations 

Nos. 94, 95 or 137. If the main on-board vehicle power supply is not available, it shall still 

be possible to retrieve all data recorded on the DSSAD, as required by national and regional 

law’ (Section 8.4.3 of R157). 

Therefore, it is recommended that the geometric and sled test requirements detailed in 

Section 4.5.1 for heavy vehicle EDR are applied to heavy vehicle DSSAD. 
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5 Test programme 

5.1 Introduction 

Based on the discussion in Section 4, the main area of uncertainty for heavy vehicle EDR 

that would benefit from testing is defining an alternative trigger that would increase the 

likelihood of triggering in a collision between a heavy vehicle and a light vehicle or even a 

vulnerable road user. As noted in Section 4.3, jerk-based triggering has been proposed in 

the IWG for triggering in the event of light vehicle collisions with pedestrians and may be 

similarly considered for heavy vehicle collisions with light vehicles, as well as collisions 

between pedestrians and lighter heavy vehicles. 

5.2 Proposed test programme 

Given the uncertainty in the jerk-based triggering approach, a two-phase approach to 

developing requirements is recommended below. 

5.2.1 Phase 1 – initial trials 

An initial trial is recommended to investigate the feasibility of a jerk-based trigger criterion. 

Several options for testing could be considered: 

• Initial CAE tests with vehicle models and a human body model 

o The vehicle models should have appropriate deformation properties at the 

front of the vehicle for vehicle-to-vehicle and vehicle-to-pedestrian collisions 

o Vehicle-to-vehicle front-to-front and front-to-rear collisions should be 

considered 

• Physical tests with exemplar vehicles and a suitable anthropometric test device 

(ATD, or crash test dummy) 

o The ATD should be sufficiently biofidelic to load the vehicle in a manner 

representative of a pedestrian 

Tests should be run with a small number of vehicles representing a range of vehicle masses 

and structures, e.g. small M1, light N1-based M2, and a rigid N3. In addition to collisions, 

tests to evaluate pothole and kerb strikes should be performed in order to be able to ensure 

that a jerk-based trigger does not register these as collisions. 

Data may be available from existing collision research programmes. If so, existing data 

could be used provided that the specification and mounting of accelerometers used in the 

test programme are representative of those used in production EDRs. This will ensure that 

the results can be used to determine what would be possible in an EDR to current build 

and cost standards. 

Items to investigate: 

• Determine the minimum sampling rate for vehicle acceleration data in order to 

calculate a robust jerk-based trigger 

• Whether vehicle-to-vehicle and vehicle-to-pedestrian collisions can be robustly 

identified and used to trigger a recording 

• Whether non-collision events such as pothole strikes can be robustly identified and 

rejected 

5.2.2 Phase 2 – in-depth development 

If the initial trials in Phase 1 produce promising results, additional tests should be 

conducted with a wider range of vehicles, including loaded and unloaded vehicles, and rigid 

and articulated vehicles. Again, data may already be available that could be analysed 

further. In-depth testing should confirm the results from Phase 1 for a wider range of 
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vehicle designs, and should consider the repeatability of results in order to ensure 

robustness of the trigger criterion. 
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6 Development of draft requirements for heavy vehicle EDR 

Based on the discussion in Section 4, draft amendments to the UN Regulation on EDR for 

light vehicles are proposed in Appendix B, the amendments extend the scope of the 

regulation to N2 & N3, M2 & M3 category vehicles. A draft list of updated data elements is 

shown in Appendix C, Table C.1, with new data elements for consideration for heavy 

vehicles shown in Table C.2. 

 

6.1 Draft amendments to the light vehicle EDR regulation 

The core technical sections of the draft UN Regulation on light vehicle EDR has been 

reproduced in Appendix B and modifications for heavy vehicle EDR proposed. All parts of 

the light vehicle regulation that do not require modification for heavy vehicles are 

highlighted in green. Proposed amendments are highlighted in cyan. Items that can be 

deleted (i.e. they are not relevant for heavy vehicles) are shown in yellow highlight with 

struck-through text. Finally, items that will likely need amending based on decisions by the 

IWG (i.e. for which a proposal cannot yet be drafted) are highlighted in yellow. The key for 

the text is shown below: 

 

This text does not 

need amending 

Proposed 

Amendment 

Remove text This text will need 

further 

consideration by 

the IWG 

 

As discussed in Section 4, survivability of data and checks of correct triggering, recording 

and locking of data in light vehicles is done during the regulated full-scale crash tests. 

There are no equivalent full-scale crash tests for heavy vehicles, so it is recommended that 

survivability of data and correct recording for heavy vehicles is address via a combination 

of geometric requirements on the location of the EDR within the vehicle, bench-top testing 

of the triggering and recording, and sled tests to assess the robustness to high deceleration 

of the EDR unit itself. 

Geometric requirements were discussed with stakeholders and strongly preferred to new 

crash tests. The development of specific proposals for a geometric requirement will require 

further discussion with the industry, preferably via the IWG so that all industry parties can 

participate. 

Finally, we have proposed that the mechanical robustness of the EDR unit itself is assessed 

by performing sled tests. We have suggested that this is done by calling up Annex 9 (test 

method for resistance to mechanical impact) of UN Regulation No. 144 on Accident 

Emergency Call Systems.  

 

6.2 Data Elements 

Regulation (EU) 2019/2144, Article 6, Paragraph 4(a) sets out a high-level list of data 

elements that shall be recorded by the EDR with respect of the period shortly before, during 

and immediately after a collision. The UN Regulation on EDR for M1 and N1 category vehicles 

specifies a number of data elements and their format (recording interval, sample rate, 

minimum range, accuracy and resolution). 

The data elements included in the UN Regulation are required on a ‘mandatory if fitted’ 

basis and it is reasonable to assume that a consistent approach will be taken with the UN 

Regulation for heavy vehicles. This means that the data is only required in the specified 

data format if the original equipment manufacturer sensor/system is operational in a 

vehicle. The EDR regulation therefore does not require the fitment of any sensors/systems. 
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Based on the discussion and decisions on data elements for light vehicle EDR, as well as 

input from stakeholders and experience with heavy vehicle systems, proposals for data 

elements for heavy vehicle EDR have been made in Appendix C. Table C.1 shows the data 

elements for light vehicles modified for different categories of heavy vehicle. Table C.2 

shows additional data elements for consideration by the IWG. This includes mandatory 

heavy vehicle safety systems, additional brake controls and braking systems found on 

some heavy vehicles, and other data elements that are safety relevant for accident 

research. 

Initial definition of data formats (including pre- and post-event recording duration and 

sampling frequency) could be based on SAE J2728, with 15 s pre- and 15 s post-event 

recording at 10 Hz for most data. 
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Appendix B: Regulation Requirements 

 

1 Scope 

1.1. This Regulation applies to the approval of vehicles of categories M2, 

M3, N2 and N3
7 with regard to their Event Data Recorder (EDR). 

1.2. This Regulation is without prejudice to requirements of national or 

regional laws related to privacy, data protection and personal data 

processing. 

1.3. The following data elements are excluded from the scope: VIN, 

associated vehicle details, location/positioning data, information of the 

driver, and date and time of an event. 

1.4. If there is no system or sensor designed to provide the data element to 

be recorded and stored under section 3, in the format (range, resolution, 

and sample rate) indicated in Annex 4. "DATA ELEMENTS" or it is 

not operational at the time of recording, this document requires neither 

recording of such data nor fitting or making such systems or sensors 

operational. However, if the vehicle is fitted with an original equipment 

manufacturer sensor or system designed to provide the data element in 

the format specified in Annex 4. "DATA ELEMENTS", then it is 

mandatory to report the data element in the specified format when the 

sensor or system is operational. In the case the reason for not being 

operational at the time of recording is a failure of this system or sensor, 

this failure state shall be recorded by the EDR as defined in the data 

elements Annex 4. Data elements. 

2.  Definitions 

  For the purposes of these performance elements: 

2.1. "ABS activity" means the anti-lock brake system (ABS) is actively 

controlling the vehicle's brakes.  

2.2. "Air bag warning lamp status" means whether the air bag malfunction 

warning lamp is on or off. 

[2.xx “Auxiliary braking system” means a braking system that supplements 

the service brakes, increasing stopping power and reducing the 

likelihood that service brakes will overheat.] 

[2.xx "Blind Spot Information System (BSIS)" means a system to inform the 

driver of a possible collision with a bicycle near side.] 

2.3. "Capture" means the process of buffering EDR data in a temporary, 

volatile storage where it is continuously updated at regular time 

intervals. 

2.4. "Delta-V, lateral" means the cumulative change in velocity, as recorded 

by the EDR of the vehicle, along the lateral axis. 

 

7  As defined in Section 2 of the Consolidated Resolution on the Construction of Vehicles (R.E.3) (document 

ECE/TRANS/WP.29/78/Rev.6) – 

www.unece.org/trans/main/wp29/wp29wgs/wp29gen/wp29resolutions.html. 
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2.5. "Delta-V, longitudinal" means the cumulative change in velocity, as 

recorded by the EDR of the vehicle, along the longitudinal axis. 

2.6. "Deployment time, frontal air bag" means (for both driver and front 

passenger) the elapsed time from crash time zero to the deployment 

command or for multi-staged air bag systems, the deployment 

command for the first stage. 

[2.7. "End of event time" means the moment at which the cumulative delta-

V within a 20 ms time period becomes 0.8 km/h or less, or the moment 

at which the crash detection algorithm of the air bag control unit resets.] 

[Note: This will need to be updated depending on what sort of trigger is used as the 

primary trigger for heavy vehicles] 

2.8 "Engine RPM" means: 

(a) For vehicles powered by internal combustion engines, the 

number of revolutions per minute of the main crankshaft of the 

vehicle's engine, and 

(b) For vehicles not entirely powered by internal combustion 

engines, the number of revolutions per minute of the motor shaft 

at the point at which it enters the vehicle transmission gearbox, 

and 

(c) For vehicles not powered by internal combustion engines at all, 

the number of revolutions per minute of the output shaft of the 

device(s) supplying motive power. 

2.9. "Engine throttle, percent full" means the driver-requested acceleration 

as measured by the throttle position sensor on the accelerator control 

compared to the fully depressed position.        

2.10. "Event" means a crash or other physical occurrence that causes the 

trigger threshold to be met or exceeded, or any non-reversible 

deployable restraint to be deployed, whichever occurs first.  

2.11. "Event data recorder" (EDR) means a device or function in a vehicle 

that records the vehicle's dynamic, time-series data during the time 

period just prior to an event (e.g., vehicle speed vs. time) or during a 

crash event (e.g., delta-V vs. time), intended for retrieval after the crash 

event. For the purposes of this definition, the event data does not 

include audio and video data.   

2.12. "Frontal air bag" means an inflatable restraint system that requires no 

action by vehicle occupants and is used to meet the applicable national 

frontal crash protection requirements. 

2.13. "If recorded" means if data is recorded in non-volatile memory for the 

purpose of subsequent downloading. 

2.14. "Ignition cycle, crash" means the number (count) of power mode cycles 

at the time when the crash event occurred since the first use of the EDR. 

2.15. "Ignition cycle download" means the number (count) of power mode 

cycles at the time when the data was downloaded since the first use of 

the EDR. 

2.16. "Lateral acceleration" means the component of the vector acceleration 

of a point in the vehicle in the y-direction. The lateral acceleration is 

positive from left to right, from the perspective of the driver when 

seated in the vehicle facing the direction of forward vehicle travel. 

2.17. "Longitudinal acceleration" means the component of the vector 

acceleration of a point in the vehicle in the x-direction. The longitudinal 

acceleration is positive in the direction of forward vehicle travel. 
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2.18. "Maximum delta-V, lateral" means the maximum value of the 

cumulative change in velocity, as recorded by the EDR, of the vehicle 

along the lateral axis. 

2.19. "Maximum delta-V, longitudinal" means the maximum value of the 

cumulative change in velocity, as recorded by the EDR, of the vehicle 

along the longitudinal axis. 

2.20. "Maximum delta–V, resultant" means the time-correlated maximum 

value of the cumulative change in velocity, as reported by the EDR 

along the vector-added longitudinal and lateral axis. 

[2.xx "Moving Off Information System (MOIS)" means a system to detect and 

inform the driver of the presence of pedestrians and cyclists in the close-

proximity forward blind-spot of the vehicle and, if deemed necessary 

based on manufacturer strategy, warn the driver of a potential collision.] 

2.21. "Multi-event crash" means the occurrence of a minimum of 2 events, 

the first and last of which begin not more than 5 seconds apart. 

2.22. "Non-volatile memory" means the memory reserved for maintaining 

recorded EDR data in a semi-permanent fashion. Data recorded in non-

volatile memory is retained after a loss of power and can be retrieved 

with EDR data extraction tools and methods. 

2.23. "Normal acceleration" means the component of the vector acceleration 

of a point in the vehicle in the z-direction. The normal acceleration is 

positive in a downward direction. 

2.24. "Occupant size classification" means, for front passenger, the 

classification of an occupant as an adult and not a child, and for the 

driver, the classification of the driver as not being of small stature as 

indicated in the data format.  

2.25 "Operational" means that the system or sensor, at the time of the event, 

is active or can be activated/deactivated by the driver. 

2.26. "Passenger air bag suppression status" means the status of the 

passenger air bag (suppressed or not suppressed).  

2.27. "Pretensioner" means a device that is activated by a vehicle's crash 

sensing system and removes slack from a vehicle safety belt system. 

2.28. "Record" means the process of saving captured EDR data into a non-

volatile storage for subsequent retrieval. 

[2.xx “Brake retarder” means a device to decelerate a motor vehicle, 

principally used to maintain constant speed on long downgrades.] 

2.29. "Safety belt status" means the feedback from the safety system that the 

vehicle’s safety belt is fastened or unfastened. 

2.30. "Seat track position switch, foremost, status" means the status of the 

switch that is installed to detect whether the seat is moved to a forward 

position. 

2.31. "Service brake, on and off" means the status of the device that is 

installed in or connected to the brake pedal system to detect whether the 

pedal was pressed. The device can include the brake pedal switch or 

other driver-operated service brake control. 

2.32. "Side air bag" means any inflatable occupant restraint device that is 

mounted to the seat or side structure of the vehicle interior, and that is 

designed to deploy in a side impact crash to help mitigate occupant 

injury and/or ejection.  

 Note - Side air bags can also deploy in other crash modes as determined 

by the vehicle manufacturer.  
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2.33. "Side curtain/tube air bag" means any inflatable occupant restraint 

device that is mounted to the side structure of the vehicle interior, and 

that is designed to deploy in a side impact crash or rollover and to help 

mitigate occupant injury and/or ejection.  

 Note - Side curtain/tube air bags can also deploy in other crash modes 

as determined by the manufacturer. 

2.34. "Speed, vehicle indicated" means the vehicle speed indicated by a 

manufacturer-designated subsystem designed to indicate the vehicle's 

ground travel speed during vehicle operation. 

2.35. "Stability control" means any device that complies with national, 

"Electronic stability control systems". 

2.36. "Steering input" means the angular displacement of the steering wheel 

measured from the straight-ahead position (position corresponding to 

zero average steer angle of a pair of steered wheels). 

2.37. "Time from event 1 to 2" means the elapsed time from time zero of the 

first event to time zero of the second event of a multi-event crash.  

2.38. "Time, maximum delta–V, lateral" means the time from crash time zero 

to the point where the maximum value of the cumulative change in 

velocity is found, as recorded by the EDR, along the lateral axis. 

2.39. "Time, maximum delta-V, longitudinal" means the time from crash time 

zero to the point where the maximum value of the cumulative change 

in velocity is found, as recorded by the EDR, along the longitudinal 

axis. 

2.40. "Time, maximum delta–V, resultant" means the time from crash time 

zero to the point where the maximum delta–V resultant occurs, as 

reported by the EDR. 

2.41. "Time to deploy, pretensioner" means the elapsed time from crash time 

zero to the deployment command for the safety belt pretensioner (for 

both driver and front passenger). 

2.42. "Time to deploy, side air bag/curtain" means the elapsed time from 

crash time zero to the deployment command for a side air bag or a side 

curtain/tube air bag (for both driver and front passenger).  

2.43. "Time to first stage" means the elapsed time between time zero and the 

time when the first stage of a frontal air bag is commanded to fire. 

2.44. "Time to nth stage" means the elapsed time from crash time zero to the 

deployment command for the nth stage of a frontal air bag (for both 

driver and front passenger). 

2.45. "Time zero" is the time reference for the EDR data timestamps of an 

event.  

2.46. "Trigger threshold" means the appropriate parameter has met the 

conditions for recording an EDR event.  

2.47. "Vehicle roll angle" means the angle between the vehicle y-axis and the 

ground plane as determined by the sensing system. 

2.48. "Vehicle type with regard to its Event Data Recorder" means vehicles 

which do not differ significantly in such essential aspects as: 

(a)  The manufacturer’s trade name or mark; 

(b) Vehicle features which significantly influence the performances 

of the  

EDR; Addition of new trigger(s), new data (elements), or 

modification in their format, shall not be considered as 

"significantly influencing the performance of EDR";  

(c) The main characteristics and design of the EDR. 
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2.49. "Volatile memory" means the memory reserved for buffering of 

captured EDR data. The memory is not capable of retaining data in a 

semi-permanent fashion. Data captured in volatile memory is 

continuously overwritten and is not retained in the event of a power loss 

or retrievable with EDR data extraction tools. 

[2.xx “Vulnerable road user proximity sensing system” means reversing 

motion means a system which uses signals to enable the driver to detect 

objects in the area adjacent to the vehicle.] 

2.50. "Vulnerable road user secondary safety system" means a deployable 

vehicle system outside the occupant compartment designed to mitigate 

injury consequences to vulnerable road users during a collision. 

2.51. "X-direction" means in the direction of the vehicle’s X-axis, which is 

parallel to the vehicle's longitudinal centerline. The X-direction is 

positive in the direction of forward vehicle travel. 

2.52. "Y-direction" means in the direction of the vehicle’s Y-axis, which is 

perpendicular to its X-axis and in the same horizontal plane as that axis. 

The Y-direction is positive from left to right, from the perspective of 

the driver when seated in the vehicle facing the direction of forward 

vehicle travel. 

2.53. "Z-direction" means in the direction of the vehicle’s Z-axis, which is 

perpendicular to the X and Y-axes. The Z-direction is positive in a 

downward direction. 

2.54.  "Vehicle roll rate" means the change in angle over time of the vehicle 

about its X-axis as determined by the sensing system.  

2.55. "Vehicle yaw rate" means the change in angle over time of the vehicle 

about its Z-axis as determined by the sensing system. 

[Note: A number of other data elements are suggested in Table C.2; definitions for 

these will need to be added if adopted.] 

Requirements 

 Requirements for vehicles fitted with an EDR include data elements, 

data format, data capture, and crash test performance and survivability. 

5.1. Data elements  

5.1.1. Each vehicle fitted with an EDR shall record the data elements specified 

as mandatory and those required under specified minimum conditions 

during the interval/time and at the sample rate specified in Annex 4, 

Table 1. 

5.2. Data format 

5.2.1. Each data element recorded shall be reported in accordance with the 

range, accuracy, and resolution specified in Annex 4, Table 1. 

5.2.2. Acceleration Time-History data and format: the longitudinal, lateral, 

and normal acceleration time-history data, as applicable, shall be 

filtered either during the recording phase or during the data 

downloading phase to include:  

5.2.2.1. The Time Step (TS) that is the inverse of the sampling frequency of the 

acceleration data and which has units of milliseconds;  

5.2.2.2. The number of the first point (NFP), which is an integer that when 

multiplied by the TS equals the time relative to time zero of the first 

acceleration data point;  
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5.2.2.3. The number of the last point (NLP), which is an integer that when 

multiplied by the TS equals the time relative to time zero of the last 

acceleration data point; and  

5.2.2.4. NLP—NFP + 1 acceleration values sequentially beginning with the 

acceleration at time NFP * TS and continue sampling the acceleration 

at TS increments in time until the time NLP * TS is reached.  

5.3. Data capture 

The EDR shall record the captured data in the vehicle and this data shall 

remain in the vehicle subject to the provisions of paragraph 5.3.4, at 

least until they are retrieved in compliance with national or regional 

legislation or they are overwritten in compliance with paragraph 5.3.4. 

The EDR non-volatile memory buffer shall accommodate the data 

related to at least three different events.  

[Note: SAE J2728 recommends a minimum of 5 events for heavy 

vehicles] 

The data elements for every event shall be captured and recorded by the 

EDR, as specified in paragraph 5.1 in accordance with the following 

conditions and circumstances: 

5.3.1. Conditions for triggering recording of data 

 An event shall be recorded by the EDR if one of the following threshold 

values is met or exceeded: 

5.3.1.1. Change in longitudinal vehicle velocity more than 8 km/h within a 150 

ms or less interval. 

5.3.1.2. Change in lateral vehicle velocity more than 8 km/h within a 150 ms or 

less interval 

5.3.1.3. Activation of Non-reversible occupant restraint system. 

5.3.1.4. Activation of Vulnerable road user secondary safety system 

If a vehicle is not fitted with any Vulnerable Road User (VRU) 

secondary safety system, this document requires neither recording of 

data nor fitting of such systems.  However, if the vehicle is fitted with 

such a system, then it is mandatory to record the event data following 

activation of this system. 

[change of acceleration that exceeds a threshold of between 8 and 22.5 

km/h/s for more than 0.5 s which is equivalent to between 0.23 and 0.64 

g (potential hard braking trigger based on SAE J2728)] 

[If the speed of the vehicle falls below 3 km/h for a more than 15 s 

(potential last stop trigger based on SAE J2728)] 

[To prevent last stop events from being overwritten due to the 

movement of the vehicle after an incident of interest, the last stop 

trigger cannot recur until the vehicle reaches a speed of 24.0 km/h or 

more for a minimum of 6 seconds.] 

5.3.2. Conditions for triggering locking of data 

 In the circumstances provided below, the memory for the event shall be 

locked to prevent any future overwriting of the data by subsequent 

event. 

5.3.2.1.  In all the cases where a non-reversible occupant restraint system is 

deployed. 

5.3.2.2. In the case of a frontal impact, if the vehicle is not fitted with a non-

reversible restraint system for front impact, when the vehicle’s velocity 

change in x-axis direction exceeds 25 km/h within 150ms or less 

interval.  
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5.3.2.3. Activation of Vulnerable road user secondary safety system 

[Note: Consideration will need to be given to which triggering conditions defined in 

5.3.1 can be used for locking of data] 

5.3.3. Conditions for establishment of time zero 

Time zero is established at the time when any of the following first 

occurs: 

5.3.3.1. For systems with "wake-up" air bag control systems, the time at which 

the occupant restraint control algorithm is activated; or 

5.3.3.2. For continuously running algorithms, 

5.3.3.2.1. The first point in the interval where a longitudinal, cumulative delta-V 

of over 0.8 km/h is reached within a 20 ms time period; or 

5.3.3.2.2. For vehicles that record "delta-V, lateral," the first point in the interval 

where a lateral, cumulative delta-V of over 0.8 km/h is reached within 

a 5 ms time period; or 

[Note: T0 definition for heavy vehicle will need input with industry.] 

[The acceleration event start will be the time that the threshold is crossed.] 

[The last stop event start will be the time the threshold is crossed.] 

5.3.3.3. Deployment of a non-reversible deployable restraint or activation of 

VRU secondary safety protection system.  

5.3.4. Overwriting 

5.3.4.1 If an EDR non-volatile memory buffer void of previous-event data is 

not available, the recorded data shall, subject to the provisions of 

paragraph 5.3.2., be overwritten by the current event data, on a first-in 

first-out basis, or according to different strategies decided by the 

manufacturer and made available to the relevant authorities of 

Contracting Parties. 

5.3.4.2 Furthermore, if an EDR non-volatile memory buffer void of previous-

event data is not available, data originating from non-reversible 

restraint system or Vulnerable road user secondary safety system 

deployment events referred to in paragraph 5.3.2 shall always overwrite 

any other data that is not locked per 5.3.2. 

5.3.5. Power failure 

 Data recorded in non-volatile memory is retained after loss of power.  

5.4. Crash test performance and survivability  

[If the vehicle is based on an N1 platform, the manufacturer may at its choice 

demonstrate compliance with either 5.4.1 to 5.4.3 or with 5.4.4 to 5.4.x] 

[If the vehicle is based on an N1 platform, the manufacturer may at its choice 

demonstrate compliance with either 5.4.1 to 5.4.3 or with 5.4.4 to 5.4.x] 

5.4.1. Each vehicle subject to the requirements of national or regional frontal 

crash test regulations, shall conform with the specifications in 

paragraph 5.4.3.  

5.4.2. Each vehicle subject to the requirements of national or regional side 

impact crash test regulations, shall conform with the specifications of 

paragraph 5.4.3.  

5.4.3. The data elements required by paragraph 5.1, shall be recorded in the 

format specified by paragraph 5.2, exist at the completion of the crash 

test and the complete data recorded element shall read "yes" after the 

test. Elements that are not operating normally in crash tests (e.g., those 

related to engine operation, braking, etc.) are not required to meet the 

accuracy or resolution requirements in these crash tests. 
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The data shall be retrievable even after an impact of a severity level set 

by UN Regulations Nos.94, 95 or 137. 

5.4.4. The EDR shall be rigidly mounted a minimum of 1.0 m from the 

forwardmost element of the vehicle and 0.8 m from the lateral edge of 

the vehicle. 

5.4.5. [The EDR shall trigger, record and lock data. This shall be 

demonstrated according to a suitable sled test.] 

[Note: the sled test adopted for this should be equivalent to the test specified in 5.4.6. 

This could serve as a starting point for the development of requirements 

by the IWG.]  

5.4.6. The EDR shall remain operational after impact. This shall be 

demonstrated according to the sled test described in Annex 9 of UN 

Regulation No. 144. 

5.5. It shall not be possible to deactivate the Event Data Recorder. 
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Appendix C: Data Elements 

 

Table C.1 shows the proposal for light vehicle data elements that could be considered for 

application in heavy vehicle EDR, by category of vehicle. An ‘X’ under M2, M3, N2 or N3 

denotes a recommendation to include the data element in EDR for heavy vehicles; an ‘(X)’ 

denotes that the system this data element refers to is unlikely to be fitted in that vehicle 

category, but it could be recorded if fitted; an ‘N’ indicates that the data element should 

not be considered for that vehicle category. 

Table C.2 shows additional data elements that could be considered for each vehicle 

category. 

 

Table C.1: Data elements to include in the UN Regulation on EDR for heavy vehicles 

# Data element M2 M3 N2 N3 
SAE 

J1939 
Notes 

1 Delta-V, longitudinal X X X X   

2 Maximum delta-V, longitudinal X X X X   

3 
Time, maximum delta-V, 
longitudinal 

X X X X   

4 Speed, vehicle indicated X X X X X  

5 
Engine throttle, % full (or 

accelerator pedal, % full) 
X X X X X  

6 Service brake, on/off X X X X X  

7 Ignition cycle, crash X X X X X  

8 Ignition cycle, download X X X X X  

9 Safety belt status, driver X X X X X  

10 Air bag warning lamp X X X X   

11 

Frontal air bag deployment, time 

to deploy, in the case of a single 
stage air bag, or time to first stage 
deployment, in the case of a 
multi-stage air bag, driver 

X X X X   

12 

Frontal air bag deployment, time 

to deploy, in the case of a single 
stage air bag, or time to first stage 
deployment, in the case of a 
multi-stage air bag, front 
passenger 

X X X X   

13 
Multi-event crash, number of 

event 
X X X X   

14 Time from event 1 to 2 X X X X   

15 Complete file recorded (yes, no) X X X X   

16 Lateral acceleration (post crash) X X X X X  

20 
Longitudinal acceleration (post 
crash) 

X X X X X  

23 Normal acceleration (post crash) X X X X X  

25 Delta-V, lateral X X X X   

26 Maximum delta-V, lateral X X X X   
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27 Time maximum delta-V, lateral X X X X   

28 
Time for maximum delta-V, 
resultant 

X X X X   

29 Engine rpm X X X X X  

30 Vehicle roll angle X X X X X Likely to be a different 
format (e.g. rolls are 
slower), but would want 
to know if the heavy 

vehicle had rolled 

31 Vehicle roll rate X X X X X 

32 ABS activity X X X X X  

33 Stability control X X X X X  

34 Steering input X X X X X  

35 Safety belt status, front passenger X X X X X  

36 
Passenger air bag suppression 
status, front 

X (X) (X) (X) X  

37 
Frontal air bag deployment, time 
to nth stage, driver 

X X X X   

38 
Frontal air bag deployment, time 
to nth stage, front passenger 

X (X) (X) (X)   

39 
Side air bag deployment, time to 
deploy, driver 

X (X) (X) (X)   

40 
Side air bag deployment, time to 
deploy, front passenger 

X (X) (X) (X)   

41 

Side curtain/tube air bag 

deployment, time to deploy, driver 
side 

X (X) (X) (X)   

42 
Side curtain/tube air bag 
deployment, time to deploy, 
passenger side 

X (X) (X) (X)   

43 
Pretensioner deployment, time to 
fire, driver 

X X X X X  

46 
Pretensioner deployment, time to 
fire, front passenger 

X X X X X  

47 
Seat track position switch, 
foremost, status, driver 

X (X) (X) (X)   

52 
Seat track position switch, 
foremost, status, front passenger 

X (X) (X) (X)   

53 Occupant size classification, driver  (X) N N N X 
Not likely to be fitted to 
heavy vehicles 

54 
Occupant size classification, front 
passenger 

(X) N N N X 
Not likely to be fitted to 
heavy vehicles 

55 Safety belt status, rear passengers X (X) (X) (X)   

56 
Tyre Pressure Monitoring System 
(TPMS) Warning Lamp Status 

X X X X X  

57 
Longitudinal acceleration (pre-
crash) 

X X X X X  

59 Lateral acceleration (pre-crash) X X X X X  

62 Yaw Rate X X X X X  

63 Traction Control Status X X X X X  
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64 AEBS status X X X X X  

65 Cruise Control System X X X X X  

66 

Adaptive Cruise Control Status 

(driving automation system level 
1) 

X X X X X  

67 
VRU secondary safety system 
deployment, time to deploy 

X (X) (X) (X)   

68 
VRU secondary safety system 
warning indicator status 

X (X) (X) (X)   

69 
Safety belt status mid-position 
front 

X X X X X  

70 Far side impact center airbag X (X) (X) (X)   

71 
Lane departure warning system 

status 
X X X X X  

72 
Corrective steering function (CSF) 
status 

X X X X   

73 
Emergency steering function (ESF) 
status 

X X X X   

74 
Automatically commanded 
steering function (ACSF) category 
A status 

X X X X   

75 
Automatically commanded 
steering function (ACSF) category 
B1 status 

X X X X   

76 

Automatically commanded 

steering function (ACSF) category 
B2 status 

X X X X   

77 
Automatically commanded 
steering function (ACSF) category 
C status 

X X X X   

78 
Automatically commanded 
steering function (ACSF) category 
D status 

X X X X   

79 
Automatically commanded 
steering function (ACSF) category 

E status 

X X X X   

80 
Accident emergency call system 
status 

(X) (X) (X) (X)  Not mandated for heavy 
vehicles 

 



 

 

 

Table C.2: Suggested additional data elements specific to heavy vehicles 

# Data element M2 M3 N2 N3 
SAE 

J1939 
Mandatory under GSR 

Notes 

81 ISA status X X X X  This safety-related measure is mandated from 
2022 (new types) and 2024 (new registrations) 

Driver assistance feature 

82 

Turn table (or 

Fifth wheel) 
angle 

   X X 

No 
Useful to understand jack-knifing of articulated trailer 

vehicles 

83 

Auxiliary 
braking 
systems 
(Driver 
control 
status) 

 X  X  

This is related to the vehicle braking and brake 
activation 

Status of additional braking control in some vehicles 

84 

Retarder 
status (Driver 
control 

status) 

 X  X X 

This is related to the vehicle braking and brake 
activation 

Status of additional braking control in some vehicles 

85 
Cross wind 
assist status 

   X  State of activation of all the vehicles safety 
systems 

Driver assistance feature 

86 

Blind Sport 
Information 
System 
(BSIS) status 

X X X X  

State of activation of all the vehicles safety 
systems 

This safety-related measure is mandated from 2022 
(new types) and 2024 (new registrations) 

87 

Moving Off 
Information 

System 
(MOIS) status 

X X X X  

State of activation of all the vehicles safety 
systems 

This safety-related measure is mandated from 2022 
(new types) and 2024 (new registrations) 

88 

VRU Proximity 
Sensing 
System - 
Reversing 
Motion status 

X X X X  

State of activation of all the vehicles safety 
systems 

VRU reversing detection is mandated from 2022 (new 
types) and 2024 (new registrations) 
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89 
Passenger 
door status – 
front 

X X    
No 

Useful to understand whether doors were open and 
whether passengers were able to board/alight 

90 
Passenger 
door status – 
middle 

X X    
No 

91 
Passenger 
door status – 

rear 

X X    
No 

92 
Driver cab 
door status 

(X) X    
No 

Useful to understand if the driver was in the cab 

93 
Halt brake 

system status 
X X    

This is related to the vehicle braking and brake 
activation 

Useful to understand whether the brake is held by 
action of the driver, or by a bespoke control program 

based on other parameters (doors, cab door etc) 
around the vehicle 

94 
Passenger 

count 
(X) (X)    

No Useful to understand passenger count if available, 
though unlikely widely fitted. Ideally would want to 
know how many upper/lower deck if a double decker. 

Ideally would want to know how many 
seated/standing on each deck. Ideally would want to 
know each passenger location 

95 
Wheelchair 
ramp status 

X X    
No Useful to know if the wheelchair ramp was extended 

or not; can be a cause of incidents / involved in 
incidents 

96 
Stop bell 
status 

(X) X    
No Useful to know if the driver had been requested to 

stop 

97 
Passengers 
on stairs 

 (X)    
No Useful to know if there were passengers on the stairs 

of a double decker; some might have sensors or 

gates 

98 
Driver radio 
status 

(X) X (X) (X)  
No Useful to know if the driver was engaged in 

communication with controllers 
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