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[bookmark: _GoBack]Proposal for amendments to Chapter 5 and Annex 2 of New Assessment/Test Method for Automated Driving (NATM) Master Document
	5.	Scenarios Catalogue
5.1	Why should scenario-based testing be included in the NATM?  In order to maximize the potential safety of AVs, a robust safety validation framework shall be established. Such a framework shall provide clear direction for assessing safety requirements of AVs in a repeatable, objective, evidence-based and technology neutral manner.
5.2	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 ADS. 
5.3	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.  
5.4	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. 	Comment by Gil Amid: The conclusion also implies that the usage of simulation method must increase, in order to address to needed safety validation scale up. 
5.5	A scenario-based approach helps to systematically organize safety validation activities in an efficient, objective, repeatable, and scalable manner and is a critical part of the NATM for ensuring a holistic and dense coverage of traffic situations. 
5.6	Scenarios-based validation consists of reproducing specific real-world situations that exercise and challenge the capabilities of an ADS-equipped vehicle to operate safely. 	Comment by Gil Amid: Scenario based validation also  includes producing synthetic scenario aimed at exercising the ADS in situation which did not exist before in the real world, and thus can not be reproduced from real world data. Example: Think of two ALKS driven system trying to perform lane change at the same time. There is no old real world data that can eb reproduced. 
5.7	What is a traffic scenario? A scenario is a description of one or more real-world driving situations that may occur during a given trip[1]. SG1 will design scenarios for use under the NATM pillars. A scenario can involve many elements, such as roadway layout, types of road users, objects exhibiting static or diverse dynamic behaviours, and diverse environmental conditions (among other factors). 
[1] A trip is a traversal of an entire travel pathway by a vehicle from the point of origin to a destination.
5.8	As previously noted, the use of scenarios can be applied to different testing methodologies, such as virtual/simulation, test track, and real-world testing. Together these methodologies provide a multifaceted testing architecture, with each methodology possessing specific strengths and weaknesses. Therefore, some scenarios may be more appropriately tested using certain test methodologies over others.
5.9	 Going forward, VMAD will establish a catalogue of scenarios that should be considered to validate, using the NATM pillars, each safety requirement – given by FRAV - for an ADS., considering that  While it is ideal that scenarios (neutral to vehicle technology) comprehensively reflect the subject traffic situation on world-wide public roads, in reality each scenario will need to reflect the particular conditions (e.g., road configurations, direction of traffic in a given lane) relevant to the ODD in which the ADS is designed to operate. Scenarios will need to be appropriate for the ADS feature being validated. For example, an ADS feature intended only for highway use would not be subject to a scenario involving turns at intersections. In addition, because an ADS will need to be responsive to actions by other road users that may make a crash unavoidable, scenarios shall not be limited to scenarios that are deemed preventable by the ADS. This work will be accomplished in consultation with VMAD subgroups.	Comment by Gil Amid: Each scenario selected to test the ADS, 
5.10	If scenarios not covered by scenario catalogue are identified and deemed necessary, they should be included in the scenario catalogue. [Reserved (issue about scenarios not covered by scenario catalogue)]
5.11	It is envisaged that a scenario catalogue will have tags for all scenarios corresponding to their relevant ODD (using a standardised ODD taxonomy) and behaviour competencies.  	Comment by Gil Amid: “ODD attributes”  , unless there will be a naming conventions for ODDs definitions, the tags can only refer to ODD attributes like roadway type , weather, etc..
5.1211	Identifying Scenarios: Scenario-based validation methods must include an adequate representation/coverage of relevant, critical, and complex scenarios to effectively validate an ADS. There are a number of approaches for identifying scenarios to validate the safety of an AV. For example, scenarios can be identified based on:
(a)	analysing analyzing human driver behaviour, including evaluating naturalistic driving data; 
(b)	analysing analyzing collision data, such as law enforcement and insurance companies’ crash databases; 
(c)	analysing analyzing traffic patterns in specific ODD (e.g., by recording and analysing analyzing road user behaviour at intersections);
(d)	analysing analyzing data collected from ADS’ sensors (e.g., accelerometer, camera, radar, and global positioning systems);
(e)	Using specially configured measurement vehicle, onsite monitoring equipment, drone measurements, etc. for collecting various traffic data (including other road users);
(f)	Knowledge/experience acquired during ADS development;
(g)	Synthetically generated scenarios from key parameter variations; and
(h)	Engineered scenarios based on functional safety requirements and safety of intended functionality. 
5.13	“Coverage” of scenario catalogue, which means considered cases out of total cases, is an important aspect in order to estimate the effectiveness of the scenario catalogue. Thus, it is important to ensure that the scenario catalogue has includes scenarios sufficient to address  conditions in a wide range of ODDs  covered  (e.g. urban, highway, rural roadway configurations; various weather  elements, etc.) from the viewpoint of completeness of the scenario catalogue, and that the scenarios relevant to the ODD of an ADS has include a precise  broad reflection of the ODD related real-world driving situations that can reasonably be expected to occur in the ODD from the viewpoint of credibility of the scenario based validation applied to the ADS.	Comment by Gil Amid: NOTE: The coverage can be increased by modularity and usability. For example, by having scenarios describing actions unrelated to weather, and then selecting this scenario and combining  with weather variations – you practically achieve more coverage fo the catalogue.
5.14	Inappropriate actions of other road users (e.g. wrong way driver, sudden crossing, and significant excess of speed limit) —if reasonably foreseeable-- are not necessarily excluded from the scenario catalogue. This does not mean that all collision will be avoided because the requirement for ADS depends on the situation and required level of safety. 	Comment by Gil Amid: I am not sure why this phrasing is chosen. The agreement in SG! Was that these kind of scenarios SHOULD BE INCLUDED, as they are a must in order to validate the safety of the intended functionality ( SOTI F).
5.15	Country specific scenarios should be respected and need to be covered in the scenario catalogue in the long term.
5.1612	Continued collection of real-world data is important for identifying unexpected scenarios – scenarios that may be uniquely challenging to that vehicle’s specific ADS. 
5.1713	Once a wide range of scenarios has been identified, specific requirements can be tested and validated by virtual, test track, and real-world test validation methods. In order to identify relevant scenarios, ODD and behaviour competencies can be used.
5.1814	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 intention of a scenario, each other’s objectives, and the capabilities of an ADS. One tool for establishing uniform language for describing a scenario is a template, which ensures that the information to be included in the scenario is consistent and minimizes the possibility of confusion in its interpretation.
5.1915	[While not constituting a template, oOne approach that researchers have established for developing a standardized and structured language for describing is to describe scenarios, by which also incorporates different levels of abstraction/detail, is classifying scenarios according to three categories: functional, logical, and concrete scenarios.]	Comment by Gil Amid: Today the common classification si stated as 4 levels _ Functional, Abstract, Logical , Concrete. I suggest to include the ABSTRACT level as well, as upcoming standards ( ISO 34501, ASAM OpenSCENARIO 2.0 ) are already supporting it.
(a)	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. [For the scenario catalogue, such an accessible language needs to be standardised to ensure common understanding between different AV stakeholders about the scenarios.]   
	Comment by Gil Amid: Please let me know if you want me to supply a definition of an abstract scenario.   Something like: Abstract Scenario contains the same data as a Functional scenario, expressed in a formal, computer analyzable language.  It specifies temporal relation and actions.
(b)	Logical Scenario: Building off the elements identified within the functional scenario, developers generate a logical scenario by selecting value ranges or probability distributions for each element 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. 
(c)	Concrete Scenarios: Concrete scenarios are established by selecting specific values for each element. 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.
(d)	Refer to Figure 1 for examples of functional, logical and concrete scenarios.  

Figure 1 
Examples of a scenario during different stages of its development (Pegasus, 2018).	Comment by Gil Amid: ISO 34501 contains a similar diagram with the 4 level of abstraction. It may better to use it. 
[image: ]
5.2016	Scenario Elements: Traffic scenarios are derived by combining a number of relevant elements, taken from disjunct distinct layers describing the scenario space systematically. 
5.2117	Functional scenarios[1] for divided highway application are described in Annex 2. This document should be regarded as “live document”, meaning that the document should be updated based on the continuous discussion and the document is not the final version.
[1] After functional scenarios, it is natural to move down to a lower level of abstraction, and it is envisaged that some Logical scenarios and/or some possible ways of their description, as agreed in the continuous discussion, will also be included in Annex 2.	Comment by Gil Amid: First you need to formalize the scenario, translate it from the free language to a formal language , and then convert to logical. 
[5.22	Scenario usage and testing related issues: Random sampling [among scenarios relevant to a particular ADS and its ODD] can be justified in order to avoid overfitting. Although more cases of random sampling are is preferable from a credibility perspective, the burden to manufacturers and authority (e.g. technical service) should be reasonably considered.	Comment by Gil Amid: Virtual testing / simulation is one method that enables large scale testing using random sampling. 
5.23	Scenarios not covered by scenario catalogue should be assessed if authorities consider that they are necessary for ADS safety and that there are nonetheless concerns that those unidentified scenarios may be required during certification. [Such a decision could be based on the ODD and behaviour competencies of the ADS. For example, if an AV is developed with an ODD which is not covered in the scenario catalogue, it is essential to add new scenarios to the catalogue to ensure the scenarios used for testing are a function of the ODD.]
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	1.	Introduction
This text is a synthesis of different recent elaborations of traffic scenarios, with the designated purpose to create a functional scenario list for ADS in motorway use-case L3 highway chauffeur automated system testing and type approval process. It is envisaged that some Logical scenarios and/or some possible ways of their description, as agreed in the continuous discussion, will also be included in this text. ODD range: highways with up to 130 km/h and lane changes allowed.

	2.	Inputs to this proposal:
	Present UN ALKS regulation (R157) ‎0
	The Netherlands (TNO) Scenario Categories V1.7 ‎0
	SAFE (Fortellix) scenario library ‎0
	Japan Crash scenarios ‎0
	China functional scenario proposal (CATARC)‎0
	JRC own elaborations ‎0
	Germany (IGLAD) catalogue of conflict types ‎0
Inputs provided by JP, NL, SAFE, CN have submitted for consideration and discussion during the VMAD SG1 meeting held on 10 December, proposal from DE submitted on 16 December 2020.
	3.	Building blocks of functional scenarios
Functional scenarios can cover several aspects (e.g. road geometry at different abstraction levels, ego-vehicle behavior, moving/stable objects).
Additional aspects that are not covered by functional scenarios (e.g. speeds, accelerations, positions, environmental conditions, failures, miscommunications, road geometries at more detailed levels) should be covered by logical scenario.
Since classification of aspects to functional and logical scenarios (i.e. “which aspects should be considered in functional scenarios” and “which aspects should be considered in logical scenarios”) has not yet been discussed and agreed, the classification in this document is initial version and will be updated through discussion.
	4.	Coverage
Since collisions always occur with other vehicles/objects (assuming that they can operate properly when there are no other vehicles/objects), and 24 functional scenarios in the figure described in “2. Interaction with other vehicles” can cover all interactions between other vehicles/objects and ego vehicle, the scenarios can cover collision with other vehicles/objects appropriately. 	Comment by Gil Amid: Please add: In which all road users are behaving as expected, and do not perform any unallowed action ( like a driver in the wrong direction ). 
As described in paragraph 3., factors not covered in the proposed functional scenarios (e.g. initial speed of ego vehicle, size, initial position, initial speed, acceleration of other vehicles/objects), perception factor (e.g. weather, brightness, blind spot, false positive factor, blinkers of other vehicles) and vehicle stability factors (e.g. curve, slope, road surface μ, wind, etc.) can be described with parameters in logical scenarios.
Functional scenarios should be added anytime if SG1 and VMAD-IWG discussed and agreed.
	5.	Symbols used in this document:
	ICON
	DESCRIPTION
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	Ego vehicle
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	Lead vehicle
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	Other vehicles part of the scenario

	
	Impassable object on intended path

	
	Passable object on intended path


	6.	A list of possible scenarios for L3 Highway Chauffeur ADS
Input matrix from VMAD-SG1 participants:
	Scenario family
	Sub-scenario
	Japan crash scenarios
	The Netherlands (TNO)
	SAFE scenario library
	China functional scenarios
	Conflict Type

	1. Nominal
driving
	1-1. Perform lane keeping
	a. Driving straight
	
	X
	X
	X
	X

	
	
	b. Manoeuvring a bend
	
	X
	X
	X
	X

	2. Interaction with other vehicles/objects

	2-1. Perform lane change
	a. Ego vehicle performing lane change with vehicle behind
	X
	X
	
	
	X

	
	
	b. Merging at highway entry
	X
	
	X
	X
	X

	
	
	c. Merging at lane end
	X
	
	X
	
	X

	
	
	d. Merging into an occupied lane
	X
	X
	
	
	X

	
	2-2.Critical (Emergency) braking scenarios during lane keeping
	e. Impassable object on intended path
	X
	X
	X
	
	X

	
	
	f. Passable object on intended path
	X
	X
	
	X
	X

	
	
	g. Lead vehicle braking
	X
	X
	X
	X
	X

	
	
	h. Approaching slower/stopped  LV
	X
	X
	X
	X
	X

	
	
	i. Cut-in in front of the ego vehicle
	X
	X
	X
	X
	X

	
	
	j. Cut-out in front of the ego vehicle
	X
	X
	X
	X
	X

	
	
	k. Detect and respond to swerving vehicles
	X
	X
	X
	
	X

	3. Detect and response to traffic rules and road furniture
	a. Speed limit sign
	
	
	X
	X
	

	
	b. Signal lights
	
	
	
	X
	X

	
	c. Drive through tunnel
	
	
	
	X
	

	
	d. Toll
	
	
	
	X
	

	
	e. Conventional obstacles
	
	
	
	X
	X

	4.Country specific road geometry
	a. Intercepter
	
	
	X
	
	

	5. Unusual situation
	a. Wrong way driver (oncoming)
	
	
	X
	
	X


Notes to the inputs from VMAD SG1 members:
China (CATARC): This is a list cut from a general catalogue describing different ODDs, like “General road”, “City expressway” or “The highway” and their test items, like “speed limit sign”, “lane line”, “toll station”, etc. The functional scenarios proposed below in this document are much more generic than the ones proposed by China, so they form a subset of this list. For example China proposal: “toll station” on the road or “conventional obstacles” can be in line with “impassable object on intended path” from this scenario list.
	The Netherlands (TNO): a very thorough scenario catalogue containing much more scenarios than needed for the highway use case. Terminology and descriptions worked out fully. Scenarios can be created using a combination of tags from the different layers. 
	Japan: crash scenarios, scenarios only containing interaction with other vehicles. They describe different road geometries and possible other vehicle positions around ego. All other parameters considered as features (acceleration – deceleration, lane change – lane keeping, etc.).
	SAFE: a list of scenarios sometimes with very concrete examples, sometimes more generic approach. There is a different scenario for passing by slowly moving vehicles in the adjacent lane and a different one for passing by standing vehicles, but handles LV following as one scenario.
	Conflict Type: a list of “conflict types” used i.a. by accident investigators to sort scenarios, leading to accidents on road to different groups. These conflict types can be sorted into conflicts with or without influence of other road user. Uses different symbols than other documents for the description of a scenario or situation (mainly different kinds of arrows). Separates left and right hand traffic. Contains 251 scenario types, structured in seven larger types of conflicts, like: “longitudinal traffic” or “pedestrian crossing the road”.
Note: “emphasized scenario parameters” and “tested parameters” in this paragraph are some examples of parameters. Other parameters may be essential for the validation testing.
	1.	Nominal driving (Perform lane keeping)
	1-1.	Nominal driving (Perform lane keeping)
Note: lane keeping is addressed in current UN-Regulation for ALKS No. 157 up to 60 km/h. As a functional scenario, lane keeping can be sorted into two groups depending on road geometry.  It can also be sorted into more groups depends on the lane that the vehicle is in: center, side, middle, etc.
		Driving straight
(a)	Without LV
(b)	With LV
(c)	With other vehicles in adjacent lanes (moving or stopped)
[image: ]
Figure 1. Schematic representation of driving straight
		General description:
The ego vehicle is driving on a straight road. The aim of this scenario is to test the lane keeping ability of the vehicle under normal or demanding conditions and parameters [1,2,4].
Emphasized scenario parameters: ego speed demand (road rules), lane width, LV speed profile (if present), layout and speed profile of other vehicles (if present).
Tested parameters: deviation from lane centre (nominal value and distribution), deviation from desired speed, obeying to speed changes, temporal modifications, distance between ego and LV (if present), reaction to other vehicles…	Comment by Gil Amid: And also varying environment conditions, visibility, more…
		Manoeuvring a bend (right curve and left curve)
(a)	Without LV
(b)	With LV
(c)	With other vehicles in adjacent lanes (moving or stopped)
Figure 2
Schematic representation of manoeuvring a bend
[image: ]
		General description:
The ego vehicle is driving on a curved road. The aim of this scenario is to test if the vehicle is able to handle the road curvatures specified as part of the ODD [1,2,4].
Emphasized scenario parameters: ego speed demand (road rules), lane width, LV speed profile (if present), layout and speed profile of other vehicles (if present).
Tested parameters: deviation from lane centre (nominal value and distribution), deviation from desired speed, obeying to speed changes, temporal modifications, distance between ego and LV (if present), distance to other vehicles…	Comment by Gil Amid: The varying environment condition is a general comment to all scenarios, I will not repeat it.
	2.	Interaction with other vehicles/objects
[bookmark: _Hlk82089141]The 24 scenarios below can cover the interaction with other vehicles driving in the same direction on the same or adjacent lanes. The main examples of these scenarios can be described as a. to k in this paragraph.
[image: ]
[In the 12 scenarios in which the ego vehicle performs lane change, the vehicle closest to the ego vehicle may not be necessarily in the same lane or an adjacent lane to the ego vehicle. It may be 2 lanes over from the ego vehicle, and even in such cases, the vehicle has to be detected by the ego vehicle because they can interact with one another if both change lanes. To describe these cases in the 12 scenarios properly, some parameters should be included such as “number of lanes”, “lane of ego vehicle” and “relative position between ego and other vehicle”. The examples of “main road case” are shown below. Other cases in “merged road” and “branched road” should be considered too.
[image: ]]
	2-1. 	Perform lane change
Note: LC scenarios are complicated by the fact that the ADS cannot be forced to make a lane change. In addition, lane change functionality and principles shall be defined in a later stage (like technical requirements, definitions, activation criteria, indication of lane change, etc.).
Lane changes can be grouped based on the number of vehicles in the target lane. If there is enough space to execute the lane change, there is no need to cooperate with other vehicles. If the target lane is occupied by other traffic participants, than the ego vehicle has to adapt to the other participants and perform merging.
		Ego vehicle performing lane change with vehicle behind
Figure 3
Schematic representation of a lane change
[image: ]
		General description:
In an adjacent lane, another vehicle is driving in the same direction as the ego vehicle. The intention of the ego vehicle is, to perform a lane change to the lane in which the other player is driving [1,3].
Emphasized scenario parameters: time of lane change, ego speed demand (road rules), lane width, LV speed profile (if present), layout and speed profile of other vehicles (if present).
Tested parameters: deviation from lane centres (nominal value, overshoot), time of lane change (lateral velocity of ego), distance between ego and LV (if present), distance to other vehicles…
		Merging at highway entry
		Merging at lane end
		Merging into an occupied lane
Figure 4
Schematic representation of merging
[image: ]
		General description:
Other vehicles occupy the lane adjacent to the ego lane. The ego vehicle intends to perform a lane change to the lane in which the other vehicles are driving [1-4]. According to road geometry, speed, number and layout of other vehicles, the difficulty of the scenario changes.
Emphasized scenario parameters: road layout, layout and speed profile of other vehicles (if present), ego speed (road rules), lane width…
Tested parameters: distance to other vehicles, time of lane change (lateral velocity of ego),…
	2-2.	Critical (Emergency) braking scenarios during lane keeping
Note: In this family of scenarios a couple critical functional scenarios are present. It can be noticed in the input matrix of SG1 as well, these are scenarios that nearly every participant highlighted in the input documents.
		Impassable object on intended path (Including other cars and VRUs)
Figure 5
Schematic representation of an impassable object
[image: ]
		General description:
The ego vehicle is driving on a road with an impassable object in the ego lane. The objective of the ego vehicle is to continue driving straight. The ego vehicle needs to react [1,2]. Depending on the velocity of the ego vehicle, the severity of the scenario is changing.
Emphasized scenario parameters: road layout (visibility of the object on the path), layout and speed profile of other vehicles (if present), ego velocity.
Tested parameters: reaction of ego (lane change/braking), distance to object, lateral velocity of ego (if changing lane)…
		Passable object on intended path (e.g. manhole lid)
Figure 6 
Schematic representation of a passable object
[image: ]
		General description:
The ego vehicle is driving on a road with a passable object in the ego lane, e.g., a manhole lid or a small branch. The objective of the ego vehicle is to continue driving straight. The ego vehicle needs to react [1,4]. Depending on the velocity of the ego vehicle, the difficulty of the scenario is changing.
Emphasized scenario parameters: road layout (visibility of the object on the path), layout and speed profile of other vehicles (if present), ego velocity.
Tested parameters: reaction of ego (false positive, lane change/braking), distance to object, lateral velocity of ego (if changing lane)…
		Lead vehicle braking
Figure 7
Schematic representation of lead vehicle braking
[image: ]
		General description:
The ego vehicle is following a LV. The LV brakes, the ego vehicle has to adapt its speed in order to stay at a safe distance from the lead vehicle [1-4].
Emphasized scenario parameters: ego velocity (road rules), LV speed profile (deceleration), layout and speed profile of other vehicles (if present).
Tested parameters: distance between ego and LV, reaction to other vehicles in adjacent lanes…
		Approaching slower/stopped  LV
Figure 8
Schematic representation of approaching stopped lead vehicle
[image: ]
		General description:
LV is driving in front of the ego vehicle at a slower speed. The ego vehicle might brake or perform a lane change to avoid a collision [1-4]. According to the speed of the LV and ego vehicle, the severity of this scenario can be assessed.
Emphasized scenario parameters: ego velocity (road rules), LV speed profile (deceleration), layout and speed profile of other vehicles (if present).
Tested parameters: distance between ego and LV, reaction to other vehicles in adjacent lanes…
		Cut-in in front of the ego vehicle
Figure 9 
Schematic representation of cut-in
[image: ]

		General description:
Another vehicle is driving in the same direction as the ego vehicle in an adjacent lane. The other vehicle makes a lane change, such that is becomes the LV from the ego vehicle’s perspective [1-4]. Depending on the distance and lateral velocity of the LV, the severity of the cut-in manoeuvre changes.
Emphasized scenario parameters: LV lateral speed, distance to LV, ego velocity, lane width, layout and speed profile of other vehicles (if present).
Tested parameters: distance between ego and LV, distance to other vehicles…
		Cut-out in front of the ego vehicle
(a)	Cut-out to highway exit
(b)	Cut-out on highway lanes
Figure 10
Schematic representation of cut-out
[image: ]
		General description:
LV is driving in the same direction as the ego vehicle in front of the ego vehicle. The LV makes a lane change, such that it will no longer be the ego vehicle’s LV [1-4]. In order to test the behaviour of the ego vehicle, an obstacle is present in the ego lane in front of the ego vehicle. Depending on the velocity of the ego vehicle and the lateral velocity of the LV, the difficulty of this scenario changes.
Emphasized scenario parameters: LV lateral speed, distance to LV, ego velocity, lane width, layout and speed profile of other vehicles (if present).
Tested parameters: distance between ego and obstacle, distance to other vehicles…
		Detect and respond to swerving vehicles
Figure 12
Schematic representation of a swerving vehicle
[image: ]
		General description:
Another vehicle is driving in the same direction as the ego vehicle in an adjacent lane. The other vehicle swerves towards the ego vehicle’s lane [1-3].
Emphasized scenario parameters: lateral speed of other vehicle, ego velocity, lane width, layout and speed profile of other vehicles (if present).
Tested parameters: distance between ego and swerving vehicle, distance to other vehicles…
	3.	Detect and response to traffic rules and road furniture 
Note: These scenarios are implicitly present in nearly every document, but sometimes are treated as special road furniture. It should be considered that these scenarios can be occurred simultaneously with other scenarios. It should be also noted that traffic rules are different from different countries or regions.
		Speed limit sign
This scenario challenges the DUT to respond appropriately to speed limit changes by decelerating when entering a lower speed zone and accelerating when entering a higher speed zone. In the example shown below, the speed limit decreases from 80kph to 60kph.
Figure 12-1 
dut_speed_limit_change scenario

[image: ]
Environmental requirements: A road that has at least one change in the speed limit.
DUT behavior: The DUT drives on the road, presumably adapting its speed to the changing limitations.
DUT merge at lane end
		Signal lights
The test road consists of at least two lanes. The signal lights are set above the road, and the signal lights of adjacent lanes are kept in green state.
Figure3 
Testing scenario diagram for expressway signal lights
[image: ]
		Drive through tunnel
Figure 11
Schematic representation of driving through tunnel
[image: ]
		General description:
The ego vehicle is driving through a tunnel (lack of GPS signals and natural light) [4]. The vehicle needs to adapt to the quickly changing light parameters and lack of global positioning. Depending on the speed of the ego vehicle, the difference between the light conditions outside and inside the tunnel and the length of the tunnel, the difficulty of the scenario is changing.
Emphasized scenario parameters: ego velocity, light conditions.
Tested parameters: ego lateral and longitudinal velocity, deviation to lane centre…
		Toll
The test road is a long straight road with at least one lane. A toll station is set on this section, and toll station signs, speed limit signs and speed bumps are set in front of the toll station. This is shown in Figure 6.
Figure 6 
Schematic diagram of the test scenario of driving in and out of a toll station
[image: ]
		Conventional obstacles
The test road is a long straight road containing at least two lanes, and the middle lane line is a white dashed line. Within the lanes, conical traffic signs and traffic markings are placed according to the traffic control requirements of the road maintenance operation. This is shown in Figure 7.
Figure 7 
Diagram of a conventional obstacle course.

[image: ]
	4.	Country specific road geometry 
Note: This scenario is only applicable for limited countries or regions. Therefore, application of this scenario can be unnecessary depends on the target market of the ADS.
		Intercepter
For the DUT, junctions present a challenge due to the increased likelihood of conflicts with other actors.
In this scenario, the DUT traverses an intersection simultaneously with another car - the interceptor. This scenario tests the DUT’s behavior when on a collision course with another car in an intersection, possibly with signs, signals, or traffic lights. The DUT should be able to safely maneuver through the intersection and avoid or mitigate a collision.
Environmental requirements: A junction with at least three ways. It may or may not be controlled (i.e. have yield sign, traffic lights, etc.).


DUT behavior: The DUT traverses the junction in any direction (left, right or straight).
Other actors' behavior: Another car approaches the same junction, from a different direction and traverses the junction such that its trajectory intersects with the DUT’s trajectory.
Figure 3-1 
Interceptor scenario

[image: ]
	5.	Unusual situation 
Note: This scenario can happen in the real world. However, whether this kind of scenarios should be covered should be discussed in the appropriate group.
		Wrong way driver (oncoming)
Oncoming is a scenario in which a car approaches the DUT from the opposite direction and drives past the DUT.
Figure 6-1 
Oncoming scenario
[image: ]
Environmental requirements: A two-lane road with traffic moving in opposite directions.
DUT behavior: The DUT drives in a lane, presumably at a constant speed.
Other actors' behavior: At the start of the scenario, another car is in the opposing lane, approaching the DUT. At the end, the other car is still in the opposing lane, having passed the DUT.
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