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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
electrotechnical standardization.
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Introduction

Automated driving systems (ADS) combine a variety of sensors to perceive their surroundings, such as
cameras, radars, lidars, sonars, GNSS receivers, HD maps, odometry and inertial measurement units.
ADS advanced control systems interpret sensory information to identify appropriate navigation paths,
as well as obstacles and relevant signage and automatically control the vehicle. To make this work, the
vehicle is developed by simulation and real-world operation to ensure the driving capacities of the ADS,
with the priority being safety. Prior to releasing to the public, the system is tested for many scenarios
from varieties of sources, not limited to naturalistic driving situations and known corner cases.

Scenprio-based—test—etho ds—for—APS—mainty——eonsistoffotr—aspeets—te ceRario
equipment and criteria with which the performance of ADS can be evaluated. Among

procgdures, equipment and criteria. Because of the importance of the test scenarios, the needs for
government
industry in terms of performing ADS design, testing, evaluation, and management, etc.

A unjversal norm of vocabularies supports providing basic ideas and-¢larifying the interrglations and
concgpts commonly used in scenarios. These vocabularies could be useful to facilitate the mutual-
understanding, communication, and development of scenario-based engineering process.

In tHe context of automated driving, the vocabulary of teSt Scenario is inevitably assqciated with
existiing standards like ISO 21448, ISO 26262-1 or other techhical documents. However, people may find
that pome terms being defined in this document might notbe identical with those in otherjdocuments.
That|is because, terms in this document are definedcand interpreted in the context of tejst scenarios
description with emphasis on their interrelationship to each other, while other standards may focus on
safetly or other aspects.

© IS0 2022 - All rights reserved v
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Road vehicles — Test scenarios for automated driving
systems — Vocabulary

1 Scope

The document defines terms in the context of test scenarios for automated driving systems (ADS).

The cliocument is applicable to ADS of Level 3 and above defined in ISO/SAE PAS 22736.

2 Normative references

Ther]

e are no normative references in this document.

Terms and definitions

ISO gnd IEC maintain terminology databases for use in standardization at the following add

— ISO Online browsing platform: available at https://www.iSo.or

— IEC Electropedia: available at https://www.electropedia.org/

31

auto,
ADS
hard

mated driving system

ware and software that are collectively capable of performing the entire dynamic

(DDT) (3.27) on a sustained basis, regardless of whether it is limited to a specific operat
domqin (ODD) (3.26)

Note

Note
syste

1 to entry: ADS is used specifically-to describe a Level 3, 4, or 5 driving automation system.

2 to entry: In contrast to~ADS, the generic term “driving automation system” refers to any
m or feature that perfornms’part or all of the DDT on a sustained basis. Given the similarity

genetfic term, “driving autemadtion system” and the Level 3 to 5 specific term, “automated driving
latter term should be capitalized when spelled out and reduced to its abbreviation, ADS, as muc
whild the former termshould not be.

[SOURCE: ISO/SAE PAS 22736: 2021, 3.2, modified — Note 1 to entry has been added.]

3.2

systemander test

SUT

Iresses:

driving task
ional design

Level 1 to 5
between the
system”, the
h as possible,

automated driving system (ADS) (3.1) that 1s tested with test scenarios (3.2)

3.3

subject vehicle
ego vehicle

host

vehicle

vehicle under observation in the process of testing, evaluation, or demonstration

Note 1 to entry: Subject-vehicle testing can be connected with automated driving system (ADS) (3.1) testing. In
certain cases, the ADS can be tested via vehicle testing. Under these circumstances, the performance of the vehicle
does not differ from the performance of the ADS. This is not applicable to the tests that involve the interaction

betw

een the ADS and the user.
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3.4

scenario

sequence of scenes (3.6) usually including the automated driving system(s) (ADS) (3.1)/subject vehicle(s)
(3.3), and its/their interactions in the process of performing the dynamic driving task (DDT) (3.27)

Note 1 to entry: The definition is an editorial rework of the definition in ISO 21448. The intended meaning of both
definitions is the same.

EXAMPLE In the scenario in Figure 1, there are two actors (3.16), actor 1 is the subject vehicle, actor 2 is the

pedestrian who is about to cross the street. The purpose of this scenario is to specify the behaviour of the subject

vehicle (actor 1) in response to the given actions (3.15) of the pedestrian (actor 2). There are two 2 triggers (3.14)

in this scenario. The initiation of the scenario is indicated by trigger 1, which corresponds to the moment that

the pedestridn starts crossing the street. At the same time, the subject vehicle is traveling at a pre-set speed

for the test purpose. In this case, the scene of a pedestrian appearing on the street becomes the sit;éﬂ@'\m)
ro|

from the pergpective of the subject vehicle. The expected behaviour of the subject vehicle under AD | is to
decelerate to[stop until the pedestrian safely finishes crossing the road. The event (3.13) of a pedestrian argfiving
at the opposife roadside could be the trigger 2 for the next series of actions in the scenario. Fggg[e 1 illusfrates
the relationship between several relevant terms of the scenario. (bb‘

O
:i \c*> Time
X

Scenario

Static entities

Dynamic entities @

Situation

Perspective

Action1-2:
Start and accelerate

Action1-1:
Decelerate to stop

Action2-1: Action2-2:
Actor 2: Cross the street Continue walking

Event 1/trigger 1: Pedestrian Event 2 /trigger 2: Pedestrian
starts crossing the street finishes crossing the street

Figure 1 — Example for the relationship of relevant terms of scenario

3.5

test scenario

scenario (3.4) intended for testing and assessing automated driving system(s) (ADS) (3.1)/subject
vehicle(s) (3.3)

Note 1 to entry: A test scenario may include additional items for the purpose of assessing the ADS performance
or behaviour in addition to the scenario content, which include, but are not limited to, sampling events (3.13),
flagging system under test(s) (SUT) (3.2) error check(s), relevant operational design domain (ODD) (3.26) data,
success criteria, HMI event that may trigger action(s) (3.15).

2 © IS0 2022 - All rights reserved
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3.6

scene

snapshot of all entities (3.7) including, but not limited to the automated driving system (ADS) (3.1)/
subject vehicle (3.3), scenery (3.12), dynamic environment (3.11), and all actors (3.16) and observer's self-
representations, and the relationships between those entities

Note 1 to entry: The definition is an editorial rework of the definition in ISO 21448. The intended meaning of both
definitions is the same.

Note 2 to entry: A scene is a snapshot of the scenario (3.4) which consists of both static entities (3.8) and dynamic
entities (3.9) in a scenario, whereas the scenery only consists of static entities, excluding parts belonging to ADS/
subject vehicle

EXANPLE Figure 2 is a snapshot of a scenario (as the timeline indicates), at the mome&‘Bﬁ t the subject
vehide is cruising on the road while the pedestrian is about to cross the street. (1/

§’Speed Cruising | Decelérating Stationary ‘Accelelﬁ

Position | /Valking/

Q Main road I
&?‘ Tyt traifilc ll{l;ht Amber Red Green
) gna .
%) entity: 1
Trafflc light Zebra
signals - |
traffic light Red: Green Red
signal I
v
timeline

Figure 2 — Example of a snapshot of a scenario

3.7
entity
element of interest in a scenario (3.4)

© IS0 2022 - All rights reserved 3
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3.8
static entity
entity (3.7) that does not experience state change(s) during a scenario (3.4)

Note 1 to entry: This is an entity belonging to the scenery (3.12).

3.9
dynamic entity
entity (3.7) that experiences state change(s) during a scenario (3.4)

Note 1 to entry: The nature of an entity can be different in different scenarios. The same entity can be dynamic in
one scenario and maybe static in another one.

EXAMPLE 1 | Atreeis generally a static entity (3.8), but a scenario aiming to test the automated drivir@@{ tem's
(ADS) (3.1) r¢sponse to a sudden falling down tree makes it a dynamic entity. The traffic light is a s&& entity if
the light doeg not change in the scenario, but is a dynamic entity if it changes.

EXAMPLE 2 | Figure 3 illustrates dynamic/static entities in a scenario.

C

Fi%L@S — Dynamic/static entities in a scenario

3.10 Q~O

surrounding envir@ént
all entities (B.7) in%s enario (3.4), excluding the subject vehicle(s) (3.3) or automated driving system(s)
(ADs) (3.1) | <"

fox L 3axepoaaaa Al o Azt o aat ol ana1d o iotales o £+l hiack i dars o xzatian YA
Note 1 to ent Yy atStur T ottt g v I oTH e e SOt a pproprattry Tttt C—S o tCua T OO Strvatior: Jhen

the subject under observation is the ADS, the surrounding environment can incorporate entities in the vehicle.

3.11
dynamic environment
entities (3.7) within the surrounding environment (3.10) that experience a state change

3.12

scenery

static environment

part of the surrounding environment (3.10) that remains unchanged during a scenario (3.4)

Note 1 to entry: The scenery is equivalent to the set of all relevant static entities (3.8) that are part of the
surrounding environment.

4 © IS0 2022 - All rights reserved
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event
relevant state change of an entity (3.7) within a scenario (3.4)

Note 1 to entry: The definition is an editorial rework of the definition in ISO 21448. The intended meaning of both
definitions is the same.

EXAMPLE

3.14

trigger
event (3.13) that initiates or ends an action (3.15)

Traffic light initiates the change and pedestrian starts crossing the sidewalk are both events.

Note

3.15
actid
activi

1 to entry: An event is not necessarily a trigger.

n
ity

behajviour or act that is executed by any actor (3.16) in a scenario (3.4)

Note

1 to entry: The definition extends the concept in ISO 21448 through the dimension of time sp4

is deffined at a given point of time characterized by scene as a snapshot of the.environment in ISO 21

the d
accor

3.16
acto
entit]

Note

Note
actor

3.17
situd
scend

Note
the a
elem(

EXAN
drivi

ding with the concept of scenario.

.
p (3.7) with the capability to act and react in a scerario (3.4)

1 to entry: There may be multiple actors existingiii‘the scenario at a certain point of time.

2 to entry: Not all dynamic entities (3.9) are-néetessarily actors. For example, a sudden falling
because it has no capability to actively react'to events (3.13).

ition
(3.6) from the perspective.of.an actor (3.16)

1 to entry: A situation is(eqUal to a scene except it is described as the condition from the p|
Ctor(s). The scenery (342); scene, or situation all represent a fixed point in time and have no
ent.

PLE Figuré4-illustrates the situation from the perspective of the subject vehicle (3.3),
g system (ADS)43.1) in the given example.

n. The action
148, whereas

efinition here emphasizes the behaviour and act process which has the attribute (3.19) of timescale, more

[ree is not an

erspective of
time history

br automated
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KFigure 4 — The situation from the perspective of the subjectvehicle or ADS

3.18
manoeuvre
series of actjons (3.15) executed by an actor (3.16) in order to achieve a specific goal or outcome

3.19

attribute
property
quality or feature regarded as a characteristic or intherent part of an entity (3.7), scenery (3.12),
operational flesign domain (ODD) (3.26), etc.

3.20
tag
label attachg¢d to a scenario (3.4) for the purpose of categorization

3.21
scenario category
set of scenarfios (3.4) that share-one or more characteristics

3.22
functional $cenario
scenario (3.4) described in natural language on a conceptional level, in general without specific physical
values

3.23
abstract scemario
formalized, declarative description derived from a functional scenario (3.22)

Note 1 to entry: The semantic of the description will be closely tied to an ontology, increasing the precision of the
employed terminology. The declarative specification on the abstract level enables the focusing of the relevant
aspects of the scenario (3.4) while omitting the details which are unimportant for the causal relation for the later
refinement steps.

3.24

logical scenario

scenario (3.4) described with the inclusion of parameters, where the values of some of the parameters
are defined as ranges

Note 1 to entry: One way of generating the logical scenario is to translate from the given abstract scenario (3.23)
to the scenario parameter space.

6 © IS0 2022 - All rights reserved
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Note 2 to entry: The range of parameter values can also be represented by a probability distribution (e.g. normal

distribution).

3.25

concrete scenario

scenario (3.4) depicted with explicit parameters values, describing physical attributes

Note 1 to entry: Parameter values consist of default values, randomly chosen values or values chosen based on
engineering judgement.

Note 2 to entry: One way of generating the concrete scenario is to choose a set of explicit parameters from the
given logical scenario (3.24) parameter space.

Note (3 to entry: The abstraction level of scenarios from the top to the bottom is: functio
abstrpct scenario (3.23), logical scenario, concrete scenario. Accordingly, the number o

increpse from top to bottom (see Figure 5).

Functional

Abstract

Logical

Concrete

Figufre 5 @

N+

\®
{bb‘

non-formal, human readable %O
behavior-based description of a traffic scenario g\\
possibly containing a visualization @)
X J
A
formalized, machine readable, and declarat'\végescription A
(i.e. constraints on the happenings) )
closely tied to an ontology (or rather family of ontologies)
efficient description of relations [e.gﬁ@;se-effect) )
AN
. . \‘@ . )
parameterized representation of a set of scenarios
influencing factors are deg&@)ed by means of parameter
ranges and distribution
enables parameter )/.s‘{&hon )
. I

a single sce , describing exactly one specific
scenery a ain of events with fixed parameters

can, foG ple, be written as OpenDRIVE + OpenSCENARIO
C

J

4

scenario

Level
of abstraction o

rios tends to

@galnario (3.22),
a

Number
scenarios

ationship of functional scenario, abstract scenario, logical scenario, and concrete

EXAMPLE Figure 6 (using the Pegasus 6-layer approach for scenario modelling) illustrates the relationship
between the scenario abstraction levels by using the instance “left cut in”.

© IS0 2022 - All rights reserved


https://standardsiso.com/api/?name=aa0b317270bba57bc6183ac7772d555b

ISO 34501:2022(E)

Concrete scenario
“Left cutin”

Functional scenario Abstract scenario Logical scenario
eft cutin” “Left cut in” “Left cutin”

Description of scenario parameter
setup within the space

Desc on of state varia . T et ¢ . Description of
natural language of scenario ormalized description of scenario scenario parameter space

Road model a ode Road mode Road model
Triple-lane .
Road type Has lay out . Lane width [2,5,3,75] m T idth 3,75m
On a curved triple-lane T highway ane wi
= : s 0 .
highway &th kl?/e;d limit of T Has geometry Curve Curve radius (150, 500) m Curve radius 500 m
Speed limit Is setto be 120 km/h Speed limitation [100](112011 50 Speed limitation 120 km/h
Tratﬁc infrastructure T1 affic infr astructure Traffic infrastructure
Speed limit sign Speed limit sign Speed limit sign 120 km/h
Temporary manipulation of road model and Temporary manipulation of road Temporary manipulation of road

model and traffic infrastructure | traffic infrastructure model and traffic infrastructure model and traffic infrastructure
Objects Objects Objects Objects

: Vehicle speed
Ahead of vehicle 2 po—— (30, 100) km/h
On the left lane of Cutin
vehicle 2 vehicle distance {a0=I50)
7 Vehicle 1, \
Ve}_ucle 1,3 (10, 15) km/h '
relative speed Vehicle.1, 3 relative 13k /h
Aresetto | Vehicle 3 > vehicle 2 Vehicle 2, 3 yshéed !
venl 3 T n
be > vehicle 1 (5,10) km/h Vehicle 2, 3 relative 7knh/h

7N speed
-

Vehicle 1 Is driving Vehicle 1 speed

Vehicle 2 on tHe right lane
is to take ov¢r vehicle 1.

the left lhne. Vehicle 1,
Speed
relations

Vehicle 3

: [§
Is driving Vehicle 2 speid,

On lane 1

Enviromental conditions Enviromental conditions Enviromental conditions Ziwviromental conditions
Brightness [3 000,10 000] I Brightness 7000 Ik
Sunny symmer Weather I b Sy = 0 = aron
daytihe information s set to be Zumr_ner Visibility [15, 25 Visibility
aytime <

28°C
Digital information

QO

Figure |6 — Example of the relationship of functionq}«lc;;génario, abstract scenario, logica
scenario and concret nario

18 km)

Digital informatinn

3.26 . . <O
operational design domain N
oDD <§
operating conditions under which a given dfi)\rlng automation system or feature thereof is specifically
designed td function, including, but net limited to, environmental, geographical, and time-of-day
restrictions| and/or the requisite pre@ or absence of certain traffic or roadway characteristicg

géDD only refers to the vehicle’s external environment condition.|If all
term can be defined. For example, the operational design conditior] then
esign constraints of ADS and can be divided into ODD (external envirorment
assenger conditions and other necessary conditions.

Note 1 to enfry: In this document,
conditions aile referred to, a diffi
can be used tp describe the ove
condition), vghicle status, dr'@

[SOURCE: I1$O/SAE PA&736:2021, 3.21, modified — Notes 1 and 2, and examples 1-5 have [been
deleted, Note 1 to @ has been added.]

3.27 s
dynamic dqiﬁ_)ng task
DDT

all of the real-time operational and tactical functions required to operate a vehicle in on-road traffic,
excluding the strategic functions such as trip scheduling and selection of destinations and waypoints

[SOURCE: ISO/SAE PAS 22736: 2021, 3.10, modified — All notes have been deleted.]
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