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Traffic Scenarios
 
Comments from Canada, European Commission, Germany, the Russian Federation and Japan were reflected.

--Note--
[bookmark: _GoBack]This document seeks to provide a high-level overview of key concepts and issues associated with the development of traffic scenarios for validating automated vehicle (AV) safety as part of new assessment/test method (NATM). It also includes a workplan for how SG1a could develop a scenario catalogue. The content of this document should be integrated in the NATM Master Document (VMAD-06-03).

--Why should scenario-based testing be included in the NATM?—
In order to maximize the potential safety benefits of AVs, a robust safety validation frameworkshall be established. Such a framework shall provide clear direction for assessing functional requirement of AVs in a repeatable, objective, evidence-based and technology neutral manner..  

At this relatively early stage in the development of AVs, much of the existing literature that assesses the current state of AV development uses metrics such as miles/kilometers travelled in real-world test situations with the absence of a collision, a legal infraction, or a disengagement by the vehicle’s automated driving system (ADS). 

Simple metrics such as kilometers travelled without a collision, legal infraction, or disengagement can be helpful for informing public dialogue about the general progress being made to develop AVs. Such measurements on their own however, do not provide sufficient evidence to the international regulatory community that an AV will be able to safely navigate the vast array of different situations a vehicle could reasonably be expected to encounter.  

In fact, some observers have suggested that an AV would have to drive billions of miles in the real-world to experience an adequate number of situations without an incident to prove that it has a significantly better safety performance than a human driver (Kalra & Paddock, 2016). Safety validation through such testing would not be cost and time effective, nor would it be feasible to replicate the testing later on.As validation of AV in various traffic situations is needed, therefore different traffic scenarios shall be considered.


A scenario-based approach helps to systematically organize safety validation activities in an efficient, objective, repeatable, and scalable manner and is critical addition to the existing testing methodologies for ensuring holistic and dense coverage of traffic situations. 

-- What is traffic scenario?--
Traffic scenario (or scenario for short) is a sequence or combination of situation for assessing the functional requirement for AVs.
Scenarios Catalogue is a library of traffic scenarios.

Scenarios involve a wide range of elements, such as some or all portions of the dynamic driving tasks (DDT), different roadway layouts; interactions with a variety of different types of road users and objects exhibiting static or dynamic behaviours; and, environmental conditions (among many others factors). 

--Applying Scenarios within the NATM--
The use of scenarios can be applied to different testing methodologies (NATM Pillars), such as simulation/virtual testing, track testing, and real-world testing to validate the safety of an ADS. Together these methodologies provide a multifaceted testing architecture, with each methodology possessing its own strengths and weaknesses. As a result, some scenarios may be more appropriately tested using certain test methodologies over others. Therefore, it is important that the NATM Master Document develop a methodology and scenario catalogue that is flexible enough to apply to simulation/virtual testing, track testing, and real-world testing. Going forward, VMAD will establish a catalogue of a minimum baseline/non-exhaustive inventory of scenarios that should be considered (and built upon as required) to validate, using the NATM pillars, each functional requirement for an ADS. This work will be accomplished in consultation with VMAD subgroups and FRAV.

Developing Scenarios

Identifying Scenarios:
Scenario-based validation methods must include an adequate representation/coverage of relevant, critical, and complex scenarios to effectively validate an AV. 
There are a number of approaches for identifying safety-critical, [reasonably foreseeable] scenarios to validate the safety of an AV. For example, scenarios can be identified based on: 
· analyzing human driver behaviour, including evaluating naturalistic driving data; 
· analyzing collision data, such as law enforcement and insurance companies’ crash databases; 
· analyzing traffic patterns in specific operational design domains (e.g., by recording and analyzing road user behaviour at intersections);
· analyzing data collected from a ADS’ sensors (e.g., accelerometer, camera, radar, and global positioning systems);
· Knowledge/experience acquired during ADS development;
· Synthetically generated scenarios from key parameter variations; and
· Engineered scenarios based on functional safety requirements and safety of intended functionality. 
· Using specially configured measurement vehicle, onsite monitoring equipment, drone measurements, etc. for collecting various traffic data (including other road users) in adequate accuracy
[The ADS technology would be structured considering human driving process which consists of perception, judgement, manoeuver and vehicle response. 
“Scenario structure” consists of 3 elements that cover the human driving process:
•	Perception disturbance scenario represents the perception process (e.g. degradation of sensor function because of weather/disappearance of lane marking), 
•	Traffic disturbance scenario represents the judgement process (e.g. cut in/cut out), and 
•	Vehicle disturbance scenario represents the manoeuver and the vehicle response process (e.g. strong wind/road condition) 
of the human driving.
Using the scenario-based approach is critical for ensuring holistic and dense coverage of foreseeable variation of traffic situations.]
Recognizing that situations that challenge a human might not challenge an AV, and vice versa, AV scenario identification also requires assessing the behavioural competencies of an AV in real-world situations. Continued real-world testing is also important for identifying unexpected edge cases – scenarios that may be uniquely challenging to that vehicle’s specific ADS. 
Once a wide range of scenarios have been identified, specific safety requirements can be tested and validated by virtual, test track and road test validation methods. 
Testing on a static set of previously-defined set of scenarios could result in false confidence in safety (e.g., because of overfitting the AV only learns the details and noise in the training data). Therefore, a database should be used as a baseline set of scenarios and not guarantee generalization to real-world performance. 
Classifying Scenarios:
The amount of information that is included in a scenario can be extensive. For example, the description of a scenario could contain information specifying a wide range of different actions, characteristics and elements, such as objects (e.g., vehicles, pedestrians), roadways, and environments, as well as pre-planned courses of action and major events that should occur during the scenario. Therefore, it is critical that a standardized and structured language for describing scenarios is established so that AV stakeholders understand the goal of a scenario, each other’s objectives, and the capabilities of an ADS.

One approach that researchers have established for developing a standardized and structured language for describing scenarios, which also incorporates different levels of abstraction/detail, is classifying scenarios according to three categories functional, logical, and concrete scenarios:

Functional Scenario: Scenarios with the highest level of abstraction, outlining the core concept of the scenario, such as a basic description of: the ego vehicle’s actions; the interactions of the ego vehicle with other road users and objects; roadway geometry, and other elements that compose the scenario (e.g. environmental conditions etc.). This approach uses accessible language to describe the situation and its corresponding elements/parameters (Menzel, Bagschik, & Maurer, 2018). Refer to Figure 1 for an example of a functional scenario. 

Logical Scenario: Building off the elements/parameters identified within the functional scenario, developers generate a logical scenario by selecting value ranges or probability distributions for each element/parameter within a scenario (e.g., the possible width of a lane in meters). The logical scenario description covers all elements and technical requirements necessary to implement a system that solves these scenarios (Menzel, Bagschik, & Maurer, 2018). Refer to Figure 1 for an example of a logical scenario.

Concrete Scenarios: Concrete scenarios are established by selecting specific values for each element/parameter. This step ensures that a specific test scenario is reproducible. In addition, for each logical scenario with continuous ranges, any number of concrete scenarios can be developed, helping to ensure a vehicle is exposed to a wide variety of situations (Menzel, Bagschik, & Maurer, 2018). Refer to Figure 1 for an example of a concrete scenario.

Figure 1. Examples of a scenario during different stages of its development (Pegasus, 2018).
[image: ]
Scenario Properties:
Traffic scenarios are derived by combining a number of relevant properties, taken from disjunct layers describing the scenario space systematically. For instance, Pegasus (2018) grouped these elements according to the two entities of traffic: the vehicle with the ADS and the traffic environment. The traffic environment or the traffic scenario contains several characterizing factors that can be split into six layers of a scenario (Pegasus, 2018):
1) Street layout and condition of the surface;
2) Traffic guidance infrastructure (e.g. signs, barriers and markings);
3) Overlay of topology and geometry for temporal construction sites;
4) Road users and objects, including interactions based on maneuvers;
5) Environment conditions (e.g. weather and daytime), including their influence on levels 1 to 4; and
6) Digital information (e.g. vehicle to everything information, digital map).

Figure 2. Six-layer-model for structuring scenarios (Pegasus, 2018).
[image: https://www.pegasusprojekt.de/files/tmpl/img/Gesamtmethode/4-Systematic-Identification-of-Scenarios-G2.jpg]

An example of the implementation of these concepts is provided in the draft Annex to the UN Regulation on automated lane keeping systems.

-- Next Steps: How mature is the pillar? Is the pillar/element ready to be used now? Is there existing work? -- 
The scenario-based approach has recently been introduced in the new ALKS Regulation.
Although substantial work has been accomplished by VMAD with regards to scenario-based testing, there are still a number of outstanding questions about the scope, concepts, and/or technical elements that need to be addressed prior to developing a scenarios catalogue, consisting of a series of relevant, critical, and complex scenarios.
For VMAD to move forward with the development of this catalogue, a number of outstanding questions will need to be considered by the working group, including:
i. Determining the scope/level of abstraction of the scenarios outlined in the catalogue
As noted earlier in this paper, one method of classifying scenarios is according to three levels of abstraction (functional, logical, and concrete). Functional scenarios are those with the highest level of abstraction outlining the core concept of the scenario, including a basic description of: the ego vehicle’s actions; the interactions of the ego vehicle with other road users and objects; roadway geometry, and other elements that compose the scenario (e.g. environmental conditions etc.). 
At this early stage in the development/implementation of the VMAD safety validation methodology, SG 1a may wish to consider focusing its attention on developing functional scenarios for the universal catalogue. By limiting the scope of work to functional scenarios at this time, SG 1a would not define specific parameter ranges (logical scenarios) or specific values for the scenario elements (concrete scenarios) that are tested via simulation, track and real-world testing.[footnoteRef:2] [2:  In addition to determining what scenarios are appropriate to be tested via simulation, track and real world testing, the determination of parameter ranges and specific values for the scenario elements to be applied during testing may be something that is more appropriately determined by VMAD SG 2a and SG 2b. This would include identifying appropriate corner cases that test the extreme parameter ranges of different scenario elements. In addition, determining specific values to parameters may require engagement with FRAV to establish the functional requirements.] 

ii. Taking a phased approach to developing the scenarios catalogue
It can be difficult to capture and organize the scenarios that need to be considered when validating the safety of a vehicle. To help tackle this problem, VMAD should consider developing the scenarios catalogue in phases, such as organizing its work plan according to different ODD and micro ODD types, while also considering complex situations and edge cases.
Operational Design Domains:
The market deployment of ADS is expected to involve a diverse range of systems, with different ODDs, such as highway driving, urban driving, low-speed driving in controlled settings, etc.
As a result, VMAD could develop the scenarios catalogue in phases, organizing its work plan according to different ODD types. For example, VMAD could consider focusing its attention at first on the ODD of a limited access highway scenarios. This would also allow VMAD to leverage and build upon existing scenarios work undertaken to date by UNECE for L3 (ALKS) systems, now adapting and expanding upon these in the context of L4 systems. Other categories of scenarios could include ODs, such as other highway types (e.g., rural highways), urban driving environments, automated valet parking systems, controlled environments (e.g. for low speed vehicle use cases) among others (Nowakowski et al., 2014). 
Complex Situations:
In line with the ODD approach, the group could also consider other categories of scenarios such as complex situations that are reasonably foreseeable for an AV to encounter, including:
· construction zones, 
· accident scenes, 
· interactions with law enforcement and first responders, and 
· encountering objects or other road users on the road, including those exhibiting unexpected behaviours that may violate traffic rules. 
It should be noted that some literature on AVs refers to these more complex scenarios as edge cases. However, as these are reasonably foreseeable events that are known to be challenging for a wide range of ADS under development, it is arguably more appropriate to treat them as their own scenario subsets within a VMAD catalogue that AV developers should be expected to thoroughly address as part of the development of their systems. 
Edge Cases: 
In addition to examining categories of complex scenarios, VMAD should also consider what role it might play in providing guidance on truly rare “edge cases” and incorporating known edge case scenarios experienced by developers into a VMAD catalogue. An edge case is a rare situation that still requires specific design attention for it to be dealt with by the AV in a reasonable and safe way. The quantification of “rare” is relative, and generally refers to situations or conditions that will occur often enough in a full-scale deployed fleet to be a problem but may have not been captured in the design process. Edge cases can be individual unexpected events, such as the appearance of a unique road sign, or an unexpected animal type on a highway. 
Any scenarios, guidance, or procedures for considering edge cases would of course need to recognize that many edge cases would be unique to specific ADS. However, sharing experiences with such edge cases, where possible, may still provide a useful point of reference for validating the safety of other systems.   

iii.   What are the supporting components of the methodology (e.g., a dictionary of terms for describing scenarios and its various elements in a consistent manner)? 
As previously noted, developing a common dictionary of scenario terms is a critical step towards ensuring AV stakeholders have a consistent understanding of the goal of a scenario, each other’s objectives, and the capabilities of an ADS. 
In order to facilitate sharing and replicating scenarios internationally, VMAD should consider developing a common language for sharing scenarios internationally. For instance, VMAD could consider establishing a common language to describe scenarios in their various levels of abstraction/detail, starting with terminology for functional scenarios then moving toward logical scenarios, and concrete scenarios. For each of these levels of abstraction, the dictionary should include terms for the various parameters/elements, including the technical terminology and metrics. Throughout this process, SG1a should work with the other sub working groups as well as FRAV to determine best practices. For instance, the simulation/audit group may identify best practices that existing simulation software use to describe scenarios at various levels of abstraction.  
iv. Developing best practices to inform and maintain the scenarios catalogue
Given the many approaches that can be used to identify scenarios, VMAD could consider documenting best practices and/or developing a formal strategy to inform how it will go about incorporating scenarios within the catalogue as well as updating it, based on experiences observed through real-world deployments of AVs.  

Specific subsets of scenarios, such as those dealing with constructions zones, accident scenes, interactions with law enforcement and emergency personnel (e.g., sirens patterns and frequencies can be very specific to individual territories), as well as practices for identifying edge cases that should be accounted for in the catalogue may require concerted attention from the group.  In some cases, it may require the development of special procedures or coordinating research where there are evidence gaps.      
v. Developing a VMAD engagement strategy to inform catalogue development
Although VMAD is composed of a diverse membership of 1958 and 1998 agreement parties and stakeholders that are active in AV development, an engagement strategy that facilitates VMAD collaboration with external groups (such as international standards setting bodies, academia etc.) who are active in developing scenarios should also be considered. This could help to ensure that global expertise and existing scenarios work is leveraged where appropriate, while also minimizing the workload burden placed on individual VMAD members to support the catalogue’s development.  
	
	
To further assist with this process, the following is a notional list of issues, with possible completion dates. A majority of the items have been taken from the draft VMAD NATM Workplan (VMAD-06-04): Workplan items to further develop the NATM for Automated Driving – including outstanding questions that require consideration  
	1. Completion Date 

	i. Determine the scope/level of abstraction of the scenarios required for the VMAD catalogue (e.g., functional, logical, concrete). 

ii. Determine methods/best practices for identifying scenarios (e.g. derived from collision data, etc.). 

iii. Determine methods for categorizing scenarios and develop timeline for further catalogue development (e.g., based on the ODD, such as highway driving, urban/rural, complex situations, such as construction zones, and edge cases, and micro ODDs).

iv. Leverage existing scenarios resources and develop a VMAD engagement strategy to inform the development and maintenance of the catalogue (e.g., identify work by other organizations such as ISO, SAE, Pegasus, etc. that can be used to assist VMAD to develop a scenarios catalogue, establish partnerships with other organizations).

v. Develop a common dictionary of terms used to describe scenarios (e.g., the various aspects of the operational design domain) and the elements that compose the scenario.  

vi. Determine how scenarios can be applied within the NATM process (simulation, test track, real-world). Work to be done in consultation with SG2a and SG2b

vii. Develop common metrics to apply to the elements examined in scenario testing. Work to be done in consultation with SG2a, SG2b and FRAV
 

viii. Identify who is the owner/curator of the database? Determine the methods for inputting scenarios into a potential database, if appropriate. What are the best practices for informing/updating the scenario catalogue?

ix. Determine how best to demonstrate sufficient coverage of critical scenarios. Should scenarios focus on the system as a whole or should it also include scenarios for specific component? How do we test vehicles based on varying levels of perception?
x. Determine which scenarios are required to validate the functional safety requirements established by FRAV (see sections 4.4 to 11 in FRAV-02-05) (e.g., system safety, operational design domain, object and event detection and response (OEDR), human-machine interface). Work to be done in consultation with SG2a, SG2b and FRAV

xi. Determine how other permutations of the base-line scenarios in the catalogue can be applied. Work to be done in consultation with SG2a, SG2b and FRAV

xii. Determine methods for assessing the validity and reliability of scenarios. Work to be done in consultation with SG2a, SG2b and FRAV

	i. In advance of pillar specific meeting in July or August
 
ii. In advance of pillar specific meeting in July or August 



iii. In advance of pillar specific meeting in July or August

iv. In advance of pillar specific meeting in July or August/ ongoing.



v. In advance of pillar specific meeting in July or August/ ongoing.


vi. In advance of pillar specific meeting in July or August/ ongoing.

vii. In advance of pillar specific meeting in July or August/ ongoing.
viii. In advance of pillar specific meeting in July or August/ ongoing.


ix. Likely after WP.29 in March 2021




x. Likely after WP.29 in March 2021



xi. Likely after WP.29 in March 2021


xii. Likely after WP.29 in March 2021



Need further discussions on what kind of scenario database should be shared for validation and demonstration
•	There would be many types of scenario databases
•	Information to be included in scenario database would depend on intended use
•	Abstraction level of information in scenario database would depend on intended use
•	It should be considered that raw data Database (various raw sensing data, etc.) requires unmanageable resources and could not be used on different systems
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