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Foreword

This working document aims to contribute to théengbn opened in UN-ECE WP29 — ITS/AD
on the development of technical regulations addrgdbe challenges of automated driving.

This working document proposes preliminary geneoalsiderations for a new framework for
automated vehicle’s regulation. It briefly presettie context, grounds and objectives for
developping a new “horizontal” regulation framewoakd some references. It then proposes
basic concepts and definitions in order to clagifijomation systems’ functions, use-cases and
regulation building blocks. This document finallyoposes preliminary principles (“the
philosophy”) and a possible schematic frameworkvienicle’s regulation, including vehicle
approval or validation.

These principles are illustrated on a use casechwalilows to present how this horizontal
regulation might articulate with “vertical” reguians, in particular R 79.

This working document intends to serve as an iapdtfuel to further discussions in UN-ECE
WP 29. In this respect, it retains a rather gengea¥, and presents a number of open questions.

This working document is not a consolidated nomialr proposal from the french authorities
on vehicle regulation, neither on the ongoing dsstans on regulation R 79 on ACSF, nor on
the future of vehicle regulation at the UN-ECE &itdi level.

1. Context and grounds to act

Vehicles’ automation is developping rapidly, thraugcreased levels of automation and
diversified functionnalities and driving environmgnThis path will certainly continue in the
future, although technologies’ readiness and usescs still difficult to predict.

In this context, the main challenge for public pas is to set the right balance between
innovation on one hand, and road safety and sgamitcerns on the other. Vehicles’ regulation,
and its various possible levers, remain the keycpahstrument to set this balance, at the
national, regional or international level. The mt&tional dimension of this instrument is an
opportunity to respond to the industry needs faniaimum set of commonalities among

national or regional markets, taking into accouatianal or regional social and economic
specificities.



The existing vehicles’ regulation system, includiny-ECE regulation and national / regional
requirements, approval or certification process€e significant challenges from the
development of automation. These challenges may,ef, be split into different categories :

a. automated vehicles are becoming increasiegiyplex systemsn which all components
interact, so that the “interactions managementthef system becomes more and more
critical for road safety and security concerns this context, the present philosophy of
vehicles regulation to mainly address “elementgsgeans”, might leave some critical road
safety and security dimensions out of scope ; moeeisely :

* In the past, technical regulations scope wouldré&dly cover aspects that are not
linked to “sensing capacities” (perception of tm¥ieonment) and “driving skills”
(making the right decision at the right moment)cdiese these aspects were
considered as being under the driver’s hands.

» Sensing capacities (mainly eyes and ears of theemriwere considered as
“sufficient” with the average driver.

« Driving skills was then addressed by the procesdmfing licence”.

* Inthe future, a new set of technical regulationstaddress aspects such as “sensing
capacities” and “driving skills”, as they will bagly or entirely in the hands of the
“automated system”.

* Interactions between the system and the driver nae to be addressed too
(communication from one to the other, i.e. HMI...dakver sequences...)

b. automated systems, namely in the progressive mathlt automation, create a more
complex and diverse setioteractions between the driver and the vehickdong this path,
different automated systems are developped in eoler with a given “regime” of
interactions between the driver and the systengs if@terms of driver’s delegation to the
system, and vice-versa) ; the various possibleefatdtions regimes” are clustered in SAE
levels ; although these levels are sometimes nificiemt to caracterize in details all
automation use-cases, they provide useful geneadiifes of “task sharing” between the
driver and the system ; vehicle’s regulation needsave this challenge on board, taking
into account that vehicle’s regulation adressesclehand not drivers ;

c. automated systems generally develop through a @ssiye extension or diversification of
“design domains” or “driving conditions” ; vehicle’s regulation needs to have this
challenge on board, taking into account that vefsalegulation adresses vehicles and not
driving conditions ;

d. automated systems will increasingly be btethrning and updated systemso that the
“updated” performance of the systems will, morentt@day, be significanlty different from
the initial performance.

e. automated systems, including their sensing capaiithnd their automation functions, will
increasingly be supplemented lepnnexion systems (V2V, V2I, V2X)making the
vehicle’s performance partly linked to externatr@mote systems’ performance.



2. Scope and objectives

Among the challenges listed above, this documemlgnaims at adressing challenges a), b),
and c). The objective is hence to propose an aatoite of regulation that considers :

* asystemic approach of the vehicle
e adiversity of “task sharing” between driver angdtsyn, from SAE level 2 to level 4

» the diversity of use-cases (e.g. beyond ACSF lexelis E that are under scrutiny in the
revision of R 79)

It is important to note that the above challenggonly question UN-ECE vehicle’s regulation,
but also national or regional validation, type-apal or certification approaches, as well as
periodic roadworthiness testing.

This working document proposes preliminary consitiens on the relevance of different
safety validation concepts or tools (eg. type-apakoperformance based approach, auto-
certification), considering, e.g. real versus \attuools ; all-roads versus geo-fenced
approaches ; admittance versus in-use approacttasistic versus one-vehicle-for-one-type
approaches. Taking into account national or redipnactices and differences on vehicle’s
safety validation, the considerations on approwalidation, certification processes are
proposed as opened questions.

3. Main references
The main references used as inputs for this docuaren
- Draft versions for the revised R 79 regulation taesng

- Proposed principles for UN regulation of automatkt/ing, UNECE/WP29/ITS-AD,
march 2017

- US-NHTSA guidance, september 2016
- EuroNCAP reflexions on assessment
- 1SO 26262 standard on road vehicle system safety

- Various studies and research literature relatethéoevolution of automated vehicles’
description, regulation, evaluation, testing.

4. Basic definitions

Clarity of concepts appears as a pre-requisita smund regulation architecture. This paragraph
proposes definitions for three essential buildiogaepts :

- vehicles’ sub-systems
- automation use-cases
- regulation (or guidance) domains



4.1.Vehicles’ sub-systems

The following scheme proposes to distinguish foarmsub-systems of an automated vehicle :
» Driver
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e Automation system

* Driving organs
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4.2. Automation use-cases

Automation use-cases can basically be definedcasndination of four main parameters :

specified driving environments or scenarios or ‘fagienal design domain” (e.g. type of
infrastructure, type of signage, traffic and weattunditions, speed range, etc...).
automation functionnalities or “elementary funcgbiwhat manceuvre(s) does the system
perform - e.g. lane change), under normal condition

activation / desactivation conditions and duratiorder normal conditions (~triggering
conditions)

expected « driving tasks sharing, e g driver'somse to take over request » between the
driver and the system, as set by SAE levels.

Driver Automation level of the function
LEVEL 0 LEVEL 1 LEVEL 2 LEVEL 3 LEVEL 4 LEVELS
PARTIAL CONDITIONAL HIGH FULL
PR EEEY sl AUTOMATION AUTOMATION AUTOMATION : AUTOMATION
Driver continuously Driver continuously Driver must monitor Driver does not nesd Driveris notrequired Hl.}._.: ﬂfl‘nq.lkﬁﬂ
performs the i performsthe : the system | tomonitor the system | during defined use | during entire journey.
longitudinal and langitudinal or atallimes. | at all times, : case’. ; T

lateral dynamic driving {ateral dynamic driving
task. : task.

Driver must be capable
i of resuming dynamic |

driving task. ; =
. System performs ¢
 longitudinal and |ateral;
i drivingtaskina |
. defined usecase®, :  System performs
. Recognizesitslimits | thelsteraland B o
. Systemperforms  and requestsdrivertn ; longitudinal dynamic © task onall o
i The otherdrivingtask | longitudinal and | resume the dynamic : driving task in
Mo interveningvehicle ! is performed bythe | lateral drivingtask | drivingtaskwith | allsituationsina
system active. ! system. ‘ inadefined use case”. | sufficient time margin. |

defined use case®. E:

Other sets of parameters can usefully define acase- more precisely, namely its
functionnalities under transition conditions :

transition procedures, and corresponding HMI fuorotalities
emergency or minimal risk maoeuvres functionnaitie

It seems important to describe a use-case by tjie thagram by which are conditionnally
articulated :

different states of the automation system

different states of the driver’s

vehicle’s real environment (e.g. driving insideamproaching operational design domain
limits ; unexpected situations, events or hasards)

transition or emergency manoeuvres.



Finally, it seems important to include, in the systs description, the human machine interfaces

(HMI) functionnalities, under three main sub-fuiocts :

» drivers’ information and warning on critical aspedf the vehicle’s environment and
safety ;

» transition requests to the driver ;

« driver’s attitudes’ and responses’ monitoring fumchalities.

4.3.Regulation domains

The following graphs proposes a decomposition @ulaion domains, based on above
concepts and functions (This approach intends tadependant of technologies or systems).

Non use-case specific

Data recording and sharing Privacy Cyber security System safety

Perception

functions

. . \{ Use-case specific
« Nominal » or « strategic »

Z—

Driving scenarios’ specifications Driver’'s commitment or expected
or operational design domain attitude (as clustered in SAE levels
(= driving boundary conditions) (= drivers’ boundary conditions)

U7

Automation elementary function
and triggering conditions

Logic diagram of # states and Automation-

manoeuvers (automation, transition, specific HMI

minimal risk, emergency)

Driving scenarios’ recognition Driver’s monitoring
Transition processes Emergency and minimal
(driver <> system) risk manoeuvers

« Real» or « tactical »




5. Proposed regulation principles or « philosophy »
4.4.Use case description

The general principles or “philosophy” of a possilarchitecture for automated vehicle’s
regulation would be based on use-cases descripticliding their precise and applicable set
of use-conditions (cf. above, and, most importabththeir driving scenarios, activation and
desactivation modes) : different use-conditionsuthbe considered as different use-cases.

In describing driving scenarios, it may be impottandifferentiate between :
= generic driving scenarios (e.g. : highway, contakfpeed : [ 90 — 130 km/h ], daytime)
= pre-defined + localized driving scenarios, (theieatalled “geo-fenced”), e.g. for shuttles.

Use-cases should also be characterized by the texpattitudes or commitment of the driver,
as regard to the following tasks and their comlomat

» perform a manoeuvre ; monitor a manceuvre ; sugethiesdriving environment ;

* permanently ; resume at any time ; resume by regques

Whenever possible, a correspondence between theassés expected driver’'s attitude and a
SAE level (“target SAE level”) should be used.

The following graph summarizes the main parametefifiing a use case.

Use-case description

Use-case functionnalities

Perception functionnalities

Driving scenario specification or operational Committed / expected driver’s attitudes
design domain (generic or geo-fenced)

=

Permanently in charge of the driving tas

Automation elementary functions

Resume at any time
Activation / desactivation conditions

Resume by request

Transition processes

Emergency and minimal risk manoeuvres

Logigal diagram of # states and manoeuvries

Automation-specific HMI

Driver’s Driving Transition /
monitoring scenario handover
recognition requests




4.5.Requirements : HMIs, driving conditions and drives’monitoring

Monitoring functionnal requirements should be cememwith the target SAE level, and, more
precisely, with the requirements on the driver'dighto dynamically resume control during
use case.

Monitoring functionnal requirements should be inelegient of driving scenarios.

Driving scenarios recognition should ensure thatlitmits of the nominal scenario underlying
a given use-case, are recognized and that, degeadithe use-case, either the system or the
driver is aware of limits beeing nearly crossed.

HMIs’ sub-functions addressing drivers’ informatiand warning on critical aspects of the
vehicle’s environment and safety, as well as ttarsior handover requests to the driver, will
become an even more critical function of automasigstems for higher level of automations.
Apart from their ergonomy which will remain an iredity know-how for which competitive
differenciation will support innovation, their effency in addressing safety, will depend on
their abaility in managing the driver’s attentionvarious situations for various drivers. Some
commonalities in HMIs’ functionnalities might henbe useful, in order to minimize the risk
of mis-understanding of a likely increasing numbiwarning signs.

Specific regulations adressing HMIs main functidities and message priority management,
might hence be necessary.

4.6. Requirements : critical situations and event reszas

Within use-cases and driving scenarios (e.g. ldr@ge in a given set of infrastructures +
traffic + speed + weather conditions), it appeasessary to identify “critical situations” or
“events” for which the automated vehicle’s behavsoexpected to be specific.

These critical situations would be a combinationead. :
* Real driving situations
o Infrastructure
o Current driving objectives (eg: lane changing neaners - straight lane or
curve)
o Real level of Traffic
* Events to consider
o Events related to road signageand infrastructure
o Events related to other road users, unexpectedsven

Critical situations and events would include theawh of normal use conditions.

The recognition and response behavior of the vehiglerates mainly through continuous
handling of the driving task, transition processasgrgency and risk minimal manoeuvres,
alert and request HMIs, and the overall articutatod these functions. The “recognition and
response” is fundamentally a know-how of OEMs. Ramnore, the combination of parameters
is likely to lead to a large number of situatiomgwents, making this concept difficult to grasp



for technical regulation, even though this con@games critical to ensure road safety concerns
are taken into account.

To ensure that all critical situations and eventsid be taken into account by manufacturers,
a way forward would be a multi-layer approach, ahejieg on the criticality of situations and
events, by, e.g., setting different requiremenelevproportionate to the level of criticity :

» Criticity level one : “situation and event aknowlgdhent” : for situation or event “X1”, the
regulation would require that the risk managemer@ach has included this critical
situation and event, whatever the response taigksvould be

» Criticity level two : “situation and event respons@ailability” : for situation or event “X2”,
the regulation would require that there is a respdy the system, whatever its functions
and performance would be

» Criticity level three : “situation and event respse functionnal description™ for situation
or event “X3”, the regulation would require thaétivay the system manages the event or
situation is described (which would include, elge togigram of manoeuvres and HMIs
functionalities activated)

» Criticity level four : “situation and event respomsrequired functionnalities”: for
situation or event “X4”, a given set of responsactions would be supposed to be
available : the functions could for example be ADASh as emergency braking, dead man
manoeuvres, minimum risk manoeuvres

» Criticity level five : “situation and event resporgequired performance” for situation or
event X5, the regulation would require a perforneaatresponse functions ; in this case,
the performance level would be set specificalljtie use case, whereas it would be set
exogenously, by “vertical” regulations in levelglrabove)

This proposal makes response functions requirenternks:

- Based on risk analysis
- Propositionnate to criticity
- Dependent on the use-case, and the “target” SA#.lev

This appears to meet three significative expeatataf the future horizontal regulation.

4.7.Requirements : minimal risk manoeuvres

The approach presented above doesn’t address fh thepissue of minimal risk manoeuvres
regulation, though this part of automation funcsios likely to be at the core of safety
challenges. However, this approach suggests tifateht minimal risk manoeuvres (MRM)
performance levels would need be set.

At this preliminary stage of thought, the followirgarameters for MRMs’ functionnal
performance might be useful to consider :

- speed range for activation

- traffic density conditions for activation

- deceleration capabilities (max, min)

- capacity to detect and manage vehicles ahead vaqng (including from the right)



- triggering caracteristics of the target lane omatamn for vehicle stop such as parking area
(e.g. width ; required length free of obstaclesglanarking availability,...)

- number of possible lanes from the departure lartkeasafety lane

- conditions to abort the MRM and replace it by, eAEB
4.8.4.8. Link with connectivity

It seems important to consider that vehicle conwiggivill soon be part of the vehicle’s “world
model”. In the approach presented above, it sedais donnectivity related issues can be
brought in the analysis of critical situations aedents rather easily, as soon as these
connectivity issues are considered as an additiaamdribution to the vehicle’s perception via
sensing, in these critical situations and even@kiNg the activation of automation functions
and the recognition of operational domain limiteleding on connectivity, or providing
sensing-base information to other vehicles, mighuire that the performance of connectivity
is treated more specifically in the architecture.

4.9. Specificities of geo-fenced driving environments

Automated vehicules in geo-fenced driving environteg(e.g. shuttles, pods), raise quite
specific questions as regard to vehicle’s regufatibhese use cases are different from the
developping automated passenger car’s use caseigus dimensions :

- critical situations’ and events’ identification reres in-site and case-by-case analysis ;

- responses can, parlty, be taylor-made to locatatisituations and events, and not only
involve the vehicle itself, but its driving envinment (e.g. traffic flows separation or
management on the shuttle’s itinerary) ;

- connectivity and supervision plays a much morecaiitrole in autoated functions, critical
situations, and responses to them.

5. Proposed schematic architecture
The following graphs intend to present the logithef proposed regulation’s architecture.
Regulation architecture = horizontal layer + vera€regulations

Horizontal layer = use-case description + use-casalysis + use-case requirements

The following graph summarizes the main buildingdls of the regulation architecture.
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Use case description

Perception functionnalities

Operation domain

Automation elementary functions

Activation / desactivation conditions

Transition processes

Emergency and minimal risk manoeuvres

Committed / expected driver’s attitude (SAE)

Logical diagram of # states and manoeuvers

Automation specific HMI

|

Use case analysis -2 critical situations and events

l

Use case requirements

Perception functions requirements

Current ECE requirements

Operation domain recognition requirements

New requirements to be defined >

in current or dedicated ECE HMI’'s requirements

Critical situation and events response
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Focus on use case analysis and requirements
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Potential situations and events cateaory
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Use-case requirements

Use case # 1 (corresponding to committed driverstidtide level"x" SAE)

Regulation domains Perception| Operation | Automation| Critical situations and events
functions domain HMI response functions (manoeuvgrs
recognition | (driver's + specific HMIs) requirements
functions | monitoring,
environment|
info &
warning,
transition /
handover
requests)
Situations and events response cateqqsysed on Based on| Situations and events-specifi
o Based on o
Crlthlty # N1 use-case’s , level X
. use-case’s f
operation | driving SAE o0
— (9 main . expected — —
Situations and events response cateq 9 environment driver's Situations and events-specifi
criticity # N2 limits attitude

Vertical regulation : current ECE reg (and new if
necessary)

]

Non automatic functions

Steering (R79)

Braking (R13H)

Passive safety (R14, R16 etc..

ADAS

AEB vehicle

AEB cycle

AEB pedestrian

ACC

V

Specific ECSR + MRM
regulation

]

Critical situations and events respon$
+ minimum risk manoeuvres

Generic requirements

Use-case-specific requirements
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6.

6.1.

Validation approaches and tools : preliminary refexons and open questions

This part of the working document proposes prelarynconsiderations on the possible
adequation of validation approaches and tools ¢éodifferent “regulation building blocks”
presented above. This chapter is not, by any meaissmal position of the french authorities
on the future of systems validation, nor, ine thedéntext, on the future of type-approval.

Typology and temptative mapping of validation appohes

Different validation approaches are possible ineortd address different parts of the above
regulation architecture. A schematic mapping os¢éhapproach can be useful.

a. First, a typology of validation approaches coulddbe@vn considering their main scope :
- Riskanalysis or assessment
- Analysis or validation oResponsesto risk)

b. Risk assessementethods can, broadly speaking, either :
- Follow no specific methodology
- Follow adeclared methodology
- Follow amandatory methodology

c. Requirementstowards the system could also, schematically, bmel gradually, from
mere existence of a function, to a real performdewcel, as listed in chapter 5 above :
- situation and event aknowledgment
- situation and evenesponse availability
- situation and evenmesponse functionnal description
- situation and evemesponse required functionnalities
- situation and evemtsponse required performance

d. It could also be useful to draw different levelpefformance validation, depending on the
involvment of “third parties, especially public authorities, such as :
- Declaredperformance (or existence or functionnalities)
- Evidence-basegerformance (or existence or functionnalities)
- Certified performance (or existence or functionnalities)
- Testedperformance (or existence or functionnalities)

e. Thevalidation toolscould also usefully distinguish :
- Documentation screening or analysis
- Simulations
- Testsin real conditions (“one driver” or “drivers sahaj)

f. Inthe same respect, validation tools could alssghéinto two main categories, depending
on the fact that automated vehiclegeration domainsare defined by :
- Genericdriving conditions
- Specific local geo-fencedriving conditions.

g. Finally, the typology or mapping of validation apphs could distinguish between the
vehicle’s life phase
- Vehicleadmittance
- In-use control
The following paragraphs propose to focus on tlulethe main typology parameters listed
above, in order to elaborate first consideratiohpassible adequation between validation
approaches and types of requirements.
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The typology dimensions or parameters consider#iisastage are :

- Requirements towards the system
- Situation and event aknowledgment
- Response availability
- Response functionnal description
- Response required functionnalities
- Response required performance

- Level of verification :
- (Self) declared
- Evidence-based
- Certified (by third party)
- Tested (by public authority)

- Validation tools
- Documentation screenin or analysis
- Simulations
- Tests

The following graphs propose a simple presentadioa possible schematic correspondance
between types of requirements and types of vatidgirocedures and tools.

Criticity level 5

Level of criticity Type of requirement Level of verification Validatio
input / tools
Criticity level 0 | No regulation (= know how
Criticity level 1 Situation and event Self-declaration or | Documentation|
aknowledgment Evidence based Simulations
Criticity level 2 Response availability Self-declaration or | Documentation|
Evidence based or Simulation
Certified
Criticity level 3 Response functionnal Self-declaration or | Documentation
description Certified
Criticity level 4 Response required Self-declaration Documentation|
functionnalities Evidence based or Simulations
Certified
Criticity level 5 Response required Evidence based or Simulation
performance Certified or Tested Tests
Level of verification Self- Evidence Certified Tested
Level of criticity declaration based
Criticity level 1
Criticity level 2
Criticity level 3
Criticity level 4

15



The following table presents preliminary considena underlying the possible relevance of
different validation principles or tools suggesédubve.

Type of requirement

Potential validation tools reknce

Risk and criticity
analysis

Considering that this regulation item is the basfighe following
regulations layers, it should at least be docunteré@d possibly
certified for pre-defined geo-fenced driving enwimeents, which
analysis is even more critical for the safety o thverall system
(vehicle + driver + driving environment).

Response to criticity

situations

level zero events andsituations and events, where the know-how of vekighanufacturer

Considering that this regulation layer relates he tess critica

—F

and sharp competition are supposed to be a strmegtive to mee
safety concern, regulation wouldn’t need to addeupdustry know-
how, provided that the underlying risk and crificiinalysis is mad
transparent to regulatory bodies.

D

Criticity level one
situation and event
aknowledgment

:| Considering that this regulation layer relatesots tritical situationg

and events, where the know-how of vehicles’ martufac and sharj
competition are still supposed to be a strong iticerto meet safety
concern, validation could be based on a “declakeshaledgment”
approach, where industry would explain, in docuragonh and/on
though data / evidence, how the general risk manageprocess has
ranked, condidered and mitigated the identifiekistis

OJ

Criticity level two
situation and evenf
response availability

:| Considering that this regulation layer relates e tmedium-low

critical situations and events, validation coulddased on a mixed
“declared + documented existence” approach, whetesitry would
explain, in documentation and/or though data / evie, thai
response functions are available when the triggegonditions
caracterizing the identified risks, are reached: s@me specifig
responses, it might be resirable that their avditglis certified by a
third party, e.g. to ensure that responses’ avisithalare garanted in
the production process.

Criticity level three :
situation and event
response functionna
description

This regulation layer addresses medium criticalasions, where th
objective is mainly to ensure that responses tatified risks have
been properly designed and their potential sidecesff(e.g. on othe
road users for minimal risk manoeuvers), have beden into
account. Detailled declaration and description setarbe the most
relevant approach for this level of criticity, whidoesn’t prevent
from requiring evidence that these response wilhbiévated wher
risks appear. Certification, might also be requitedensure that
responses’ do match their specifications on vesicle

D

=

Criticity level four :
situation and event
response required
functionnalities :

| functionnalities of responses are applied (e.gdfeers’ monitoring

This regulation layer addresses medium — highcatitsituations
where the objective is mainly to ensure that soierngand precise

U

or some tactical decisions during minimal risk meunger).
Declaration also seems to be the basis for th&aagion of this layer
Beyond declaration, evidence and certification rhiga useful to
ensure that the mandatory functionnalitues arevactthen their
triggering conditions are fullfilled.
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Criticity level five
situation and even{
response required
performance

For the most critical situations and events, inse@ecessary that
least, evidence gathered would document the pedioce level of &
| given response. On top of this, the choice betw&manrtified
performance” or “tested performance” might be operdepending
mainly on how “generic” the risk / response is (mgeneric risk
responses would more easilty lead to tests, whereae use-cas
specific or OEM specific responses would be morciehtly

addressed by certification).
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Annexes

Annex 1 : regulation architecture’s illustration on a use case

Annex 2 : correspondence with UNE-ECE on-going work main sub-systems underlying
on-going reflexions at WP29

Annex 3 : system tasks general requirements as reomended by UN-ECE WP29.
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This annex illustrates the application of the ragjoh proposed “philosophy”, architecture and

Annex 1 : illustration on a use case

systems tasks general requirements (as discuseeWPR9 — ITS/AD — cf. Annex) to an

illustrative use case, taking into account the ab@guirements on system’s tasks.

The illustrative use case is definedaasombination of :

An illustrative logigram of manoeuvres is presertetow.

specified driving environments or scenarios or ‘fagienal design domain”
automation functionnalities or “elementary funcgbr(manceuvre(s) performed by the
system under normal conditions)
activation / desactivation conditions and duratioder normal conditions
expected systems / drivers’ tasks sharing (cf. S&AEl)

The regulation architecture is presented as suggediove, i.e. :

Use case description

Perception functionnalities

Operation domain

Automation elementary functions

Activation / desactivation conditions

Transition processes

Emergency and minimal risk manoeuvres

Committed / expected driver’s attitude (SAE)

Logical diagram of # states and manoeuvers

Automation specific HMI

|

Use case analysis -2 critical situations and events

y

Use case requirements

Perception functionnalities

Current ECE requirements

Operation domain recognition requirements

New requirements to be defined
in current or dedicated ECE

HMI's requirements

Critical situation and events response
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Use case description

Operation domain
segmentation

Operation domain # 1

Operation domain # 2

Operatiordomain # 3

Operation domain # 4

Use-case type ACSF level E Traffic jam assist withtane Urban chauffeur Valet parking
change

Operation type Highway - fluid Highway - congested Congested dagitse Parking

Speed range 90 — 130 km/h <50 km/h <30 km/h < 10 km/h

Day / Night Day Day and Night Day Day and Night

Weather / visibility >50 m All All All

Automated Longitudinal + Lateral Longitudinal + Lateral Lomgdinal + Lateral Longitudinal + Lateral

elementary functions

Activation / « Function activationby the driver| « Function activationby the driver| ¢ Function activationby the driver| « Function activationby the driver

desactivation when the vehicle proposes when the vehicle proposes when the vehicle proposes when the vehicle proposes

conditions « Function desactivatiorby the « Function desactivatiorby the « Function desactivatiorby the « Manoeuver activatiorby the

(permit activation)

driver at anytime, including
during a manoeuver

« Function desactivatiorby the
system outside operation domai

« Manoeuver activatiorby the
driver when triggering conditions
are fullfilled

« Manoeuver overridéoy the
driver at any time

« Manoeuvre abortiorby the
system via a specific critical
situation and event response

driver at anytime, including
during a manoeuver
 Function desactivatiorby the
n system outside operation domai
« Manoeuver activatiorby the
5 driver when triggering conditions
are fullfilled
« Manoeuver overridéoy the
driver at any time
« Manoeuvre abortiorby the
system via a specific critical
situation and event response

driver at anytime, including
during a manoeuver
« Function desactivatiorby the
n system outside operation domai
* Manoeuver activatiorby the
5 sdriver when triggering
conditions are fullfilled
« Manoeuver overridéoy the
driver at any time
« Manoeuvre abortiorby the
system via a specific critical
situation and event response

system when triggering
conditions are fullfilled

« Function desactivatiorby the

n system outside operation domai

 Function desactivatiorby the
driver at anytime, including
during a manoeuver

« Manoeuver overridéoy the
driver at any time

« Manoeuvre abortiorby the
system via a specific event and
critical situation and event

(CSER#1) (CSER # 2) (CSER # 3) respons€CSER # 4)
Driving tasks Level 3 Level 2 Level 3 Level 4
sharing level (SAE)
Logigram of Cf. bellow Cf. bellow Cf. bellow Cf. bellow
manceuvres,
including transition
manoeuvres
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Logigram of manoeuvres, including transition manoeures : illustrative example for operation domain #1 (Highway — fluid, level 3)

Condition:
Monitoring of operation domain detects that boundeonditions are about to be reached
Actions
Critical event or situation Critical event or situation with Driver's
without immediate collision immediate collision danger unavailability
: detected
i And transition
demand issued

Significant sensing
failure detected

Normal (nominal)

operating conditions

danger

\4

A\ 4

Transition demand
issued to the driver

to the driver

\
Immediate

Transition demand issued

\4

By the latest X s before
domain boundary \

e 1
conditions are reached !
\ 1
\ 1
1
1
1
1
1
1

+ Desactivation of
infotainment .
\
\
In case of speed > vm

In case of lateral acceleration > aymr

n case of no lane marking availabili

\

Transition demand issued to

T

1
1

\ 4

Transition demand issued to
the driver

Immediate

activation

+ Desactivation of
infotainment

after transition
demand is
issued

the driver
Immediate v !

+ Minimal risk manceuvre # 1 No lane change

for at least X s

\\ *

+ Minimal risk manceuvre # 2
activation

+ Desactivation of

infotainment

\
too short

\
\

\
If transition time is foreseen ag
1

\
\
\ \
\ 4 \

Emeraencybraking
\

A

In case of sensing failu

\
\

\ 4

Continuation of the initial

\
\
Or, lane change

trajectory for at least Xs after
transition demand is issued

\

h |

\

\

<

A

y

h |
Non driver control resume at the end of the traosiperioc

Minimal risk manouver # 3
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Use case analysis

The following table illustrates a possible listpdrameters and values that could be used, in
order to identify potential critical situations aedents. The priorisation of these situations and
events could use a risk assessment method, suSloa&6262. The example bellow is e.g. for
a focus on operation domain # 1 “highway, fluid”.

Situation and event attribute Possible values
Driving objective Lane keep
Lane change
Driving infrastructure environment 2 * X lanes, separated driving ways, no entry { exi
End of lane / lane merge
Exit
Merging ramp
Driving traffic environment Fluid
Dense
Driving weather / light conditions Normal conditions

Reduced visibility (< 100 m)
Low angle light

Critical events and situations (types) | Lane marking unavailability for sensing
Obstacle, debris

Road works

Idle animals

Local slippery area

Vehicle stopped

People on road

Emergency intervention
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Use case requirements

Use case description

Operation domain segmentation

Operation domain #

1 Operation domain # 2

A

Operation domain # 3

Operatidomain # 4

Overall requirement

Operation type Highway - fluid Highway - congested Congested deitge | Parking surroundings

Speed range 90 — 130 km/h <50 km/h < 30 km/h <10 km/h

Automated elementary functions | Longitudinal + Lateral | Longitudinal + lateral Longitudinal + Lateral | Longitudinal + Lateral

Driving tasks sharing level (SAE) Level 3 Level 2 Level 3 Level 4

Use case requirements

Drivers monitoring functions To be defined in ACSH Hands on To be defined in ACSF| None ? To be defined| Depending on the

R79

defined in ACSF R79

R79

operation domain

Operation domain monitoring
functions

As of the above
operation domain limits

As of the above operatio
domain limits

nAs of the above
operation domain limits

As of the above
operation domain limits

Specific functions like ADAS

» AEB static vehicle

» AEB static vehicle

« AEB moving vehicle

< AEB pedestrian

« Sum of the ADAS quoteq

(examples) « AEB moving vehicle | « AEB moving vehicle | « AEB pedestrian +«ACC
*ACC *LPA « AEB cyclist *LP
o LP *ACC
LP
Critical situation and event » Depending on criticity| « Depending on criticity | « Depending on criticity | « Depending on criticity
responses level (1 to 5) level (1 to 5) level (1 to 5) level (1 to 5)
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Annex 2 : main sub-systems underlying on-going refkions at WP29

The following graph simply presents the main sutesys underlying on-going reflexions on
the future of automated driving regulation at WRE&9 ITS/AD meeting 9-10 march 2017).

Elementary driving tasks

Longitudinal Lateral

Permit activation

Transition demands and management

Use case boundaries’ monitoring

Environment’s (traffic, infrastructure, weathercej perception and monitoring

Driver’'s monitoring

Deadman Hands off Head and eye positions Other ?

Emergency and minimal risk manoeuvres

AEB ESC Other ? Specific MRMs depending on use case€
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Annex 3 : system tasks general requirements as reoonended by UN-ECE WP29

This part summarizes general requirements towaelsytstem, as issued by ITS/AD at its ad’hoc mg&#i0 march 2017.

(OEDR)

Object and Event Detection and Respons

by the driver

Object and Event Detection and Response (OEDR)dgystem

Monitor by Driver

Monitor by Driver

Monitor by System (Return to Driver

Monitor by System Full Time unde

Monitor by System

Control on System Request) defined use case only
Ref. SAE 1 2 3 4 5
Level (J3016)
Outline of e Longitudinalor|e Longitudinaland [ All dynamic driving tasks within its |* Any situations in the concernedes Any situations on

System Tasks lateral control.

lateral control.

designed use-case * or will otherwi
transition to the driver offering
sufficient lead time (driver is
fallback).

Drives and monitors (specific to the
use-case) the environment.
Detects system limits and issues a
transition demand if these are reac

use case (fallback included).

May however request a takeov
if the use case boundaries are
reached (e.g. motorway exit).

all road types,
speed ranges and
environmental
conditions.

1. Execute either
longitudinal
(acceleration/brakir
g) or lateral
(steering) dynamic
driving tasks when
activated. The
system is not able !
detect all the
situations in the us{
case.

2. System
deactivated
immediately at the
request of the drive

Vehicle Systen
Tasks

1. Execute longitudinal
(accelerating, braking)
and lateral (steering)
dynamic driving tasks
when activated. The
system is not able to
detect all the situations
in the use case.

2. System deactivated
immediately upon
request by the human
driver.

3. No transition deman
as such, only warnings

1. Execute longitudinal
(accelerating/braking) and lateral
(steering) portions of the dynamic drivir
task when activated. Shall monitor the
driving environment for operational
decisions when activated.

2. Permit activation only under conditio
for which it was designed. System
deactivated immediately at the request
the driver. However the system may
momentarily delay deactivation when
immediate human takeover could
compromise safety

3. System automatically deactivated on
after requesting the driver to take-over

with a sufficient lead time; may — under

1. Execute longitudinal
(accelerating/braking) and lateral
(steering) portions of the dynamic
driving task when activated. Shall
monitor the driving environment fg
any decisions happening in the usg
case (for example Emergency
vehicles).

2 Permit activation only under
conditions for which it was
designed. System deactivated
immediately at the request of the
driver. However the system may
momentarily delay deactivation
when immediate human takeover
could compromise safety

1. Monitor the driving
environment

2. Execute longitudina
(accelerating/ braking),
and lateral (steering)
3. Execute the OEDR
subtasks of the
dynamic driving task-
human controls are ng
required in an extremsg
scenario

4. System will transfer
the vehicle to a
minimal risk condition
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Object and Event Detection and Respons
(OEDR) by the driver

Object and Event Detection and Response (OEDR)dgystem

Monitor by Driver

Monitor by Driver

Monitor by System (Return to Driver
Control on System Request)

Monitor by System Full Time unde
defined use case

Monitor by System
only

4-A driver availability
recognition function
(could be realized, for
example, as hands-on
detection or monitoring
cameras to detect the
driver's head position
and eyelid movement
etc.) could evaluate thg
driver’s involvement in
the monitoring task and
ability to intervene
immediately.

certain, limited circumstances - transiti
(at least initiate) to minimal risk conditig
if the human driver does not take over.
would be beneficial if the vehicle displal
used for the secondary activities were §
used to improve the human takeover
process.

4. Driver availability recognition shall bé
used to ensure the driver is in the posit
to take over when requested by the
system. Potential technical solutions
range from detecting the driver's manu
operations to monitoring cameras to
detect the driver’s head position and
eyelid movement.

5. Emergency braking measures must
accomplished by the system and not
expected from the driver (due to
secondary activities)

3. Shall deactivate automatically if
design/boundary conditions are nd
longer met and must be able to
transfer the vehicle to a minimal
risk condition. May also ask for a
transition demand before
deactivating.

4. Driver availability recognition
shall be used to ensure the driver
in the position to take over when
requested by transition demand.
This can however be lighter
solutions than for level 3 because
the system is able to transfer the
vehicle to a minimal risk condition
in the use case.

5. Emergency braking measures
must be accomplished by the
system and not expected from the
driver (due to secondary activities
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