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Preamble 

This document focuses on the use of scenarios for demonstrating the safety of automated road 
transport systems (ARTS). It is part of a set of three components:  

1. Generation, supply and enrichment of scenarios  
2. Prioritization of scenarios  
3. Using scenarios  

This document was written as part of the working group on scenarios co-led by the DGITM and the 
SystemX Technological Research Institute (hereinafter IRT SystemX). This document focuses on the 
principles of implementing scenarios in the safety demonstration of STRAs and in particular for the 
validation of system safety. It is based on the pillars defined by the WP. 29 in the “New Assessment 
Test Method” (NATM). This document does not predict the roles and interactions between 
stakeholders in safety validation at this stage. 

The technical scope of the NATM is the automated driving system, which we understand from 
European Regulation 2022/1426 of August 5, 2022, that it can cover the on-board or off-board nature 
of the system. For the application of ARTS Decree No. 2021/873 of June 29, 2021, the application of 
the NATM pillars approach to systems of systems requires covering the technical system and transport 
system levels deployed on a route as part of 'a service. 

This application of the NATM pillars to STRAs is partly covered in this document, which focuses on the 
concepts of NATM and the main tools mentioned. This document has no prescriptive value. 

This document completes the body of methodological documents produced by the DGITM on driving 
scenarios, and does not specify the concepts directly linked to the scenarios which have already been 
described elsewhere. 

Likewise, this document does not address areas of use of scenarios which do not relate to simulations 
or tests. Thus, the use of a library or a set of scenarios with the simple objective of answering questions 
such as "this scenario is taken into account" is not addressed in this document, whereas this area of 
use of scenarios (linked to the concept of completeness recalled by European regulation 2022/1426) 
can constitute another pillar of the safety demonstration. 

Open road testing does not include dry runs. This document does not detail the use of blank runs, 
which constitute one of the obligations of Decree No. 2021/873. 
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The following diagram summarizes the areas covered by this document. 
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The pillars of NATM are closely linked to the scenario approach, as the basis for the relevance of the 

tests. At this stage, this document does not address the requirements verification procedures linked 

to the generation, enrichment and feeding of scenarios including the evaluation of completeness, of 

robust processes with good coverage in particular. 

Extracts from: New Assessment/Test Method for Automated Driving (NATM) Master Document (Final Draft) 

WP29/ GRVA-09-07 

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. […] 

Scenario-based validation methods must include an adequate representation/coverage of relevant, critical, and 

complex scenarios to effectively validate an ADS. 

“Coverage” of scenario catalog, which means considered cases out of total cases, is an important aspect in order 

to estimate the effectiveness of the scenario catalog. Thus, it is important to ensure that the scenario catalog 

includes sufficient scenarios 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 

catalog , and that the scenarios relevant to the ODD of an ADS 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 . 

Unsafe behaviors of other road users (e.g. wrong way driver, sudden crossing) —if reasonably foreseeable—

should be included in the scenario catalog. This does not mean that all collision will be avoided because the 

requirement for ADS depends on the situation and required level of safety. 
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Introduction 

The World Forum for Harmonization of Vehicle Regulations, also known as WP.29, is a working group 
of the United Nations Economic Commission for Europe (UNECE). It creates a uniform set of regulations 
for the design of road vehicles for the international, European and then global market. The forum 
works on regulations that cover areas as varied as vehicle safety, environmental protection, energy 
efficiency and anti-theft performance. In particular, the Automated/Autonomous and Connected 
Vehicles (GRVA) Working Group was established in June 2018 to review the type approval regulations 
for future automated/autonomous and connected vehicles with a list of priorities, which includes the 
definition of functional requirements (FRAV subgroup), automated driving validation method (VMAD 
subgroup), cybersecurity (and software updates), ADAS and braking systems. 

As part of GRVA, VMAD develops validation methods, including scenarios, to validate the safety of 
automated systems based on a multi-pillar approach including auditing, simulation/virtual testing, 
testing on tracks and tests in real conditions. This work results in the drafting of a document: New 
assessment test methods (NATM) master document, a second version of which was proposed in June 
2022 [11]. 

Taking this international state of the art as a reference, this document extends these validation 
methods, initially focused on the vehicle equipped with an automated driving system, to the technical 
system and the automated road transport system (STRA1) such as defined in Decree No. 2021-873 of 
June 29, 2021 implementing Ordinance No. 2021-443 of April 14, 2021 relating to the criminal liability 
regime applicable in the event of circulation of a vehicle with delegation of driving and its conditions 
of use [5,6]. 

This document therefore aims to transpose to systems of systems, the methodology proposed by 
NATM for the vehicle level in the context of approval; this is to cover the validation of the safety of 
technical and ARTSsystems deployed on a route as part of an automated road transport service. In this 
context, the transport system can be conceived as a system of systems, in particular by integrating 
approved vehicles. 

NB: in the remainder of the document, both the “automated technical road transport system” and 
the “automated road transport system” are referred to as “system” as defined in the aforementioned 
decree [6]. 

The NATM document proposes adopting a multi-pillar approach to safety validation that combines 
assessment before commissioning, and continuous monitoring of safety in operation. This approach is 
broken down into five pillars and a library of scenarios: 

i. Simulation/virtual testing: These tests use different types of simulation toolchains to evaluate 
an automated driving system's compliance with safety requirements over a wide range of 
virtual scenarios, including some that would be extremely difficult or impossible to test in real 
contexts.  

ii. Tests on test track: These tests use a restricted access test track to evaluate various test 
scenarios to verify the capabilities and operation of an automated driving system under 
controlled conditions of the controlled environment of the test site. 

iii. Open road testing: These tests use public and open roads to test and evaluate the 
performance of the system, related to its ability to provide dynamic control in real traffic 
conditions; 

iv. Audit and Evaluation: This pillar establishes how evaluated entities will be required to 
demonstrate the safety of their system using documentation, their simulations, their track 
tests and/or real-world tests. The audit will validate that hazards and risks relevant to the 

 
1 That is to say complete system integrating vehicles and their off-board functions and offering highly or fully 
automated driving capabilities. Application of Title II of Decree No. 2021-873 of June 29, 2021. 

https://fr.wikipedia.org/wiki/Commission_%C3%A9conomique_pour_l%27Europe_des_Nations_unies
https://fr.wikipedia.org/wiki/Commission_%C3%A9conomique_pour_l%27Europe_des_Nations_unies
https://fr.wikipedia.org/wiki/Commission_%C3%A9conomique_pour_l%27Europe_des_Nations_unies
https://fr.wikipedia.org/wiki/V%C3%A9hicule_(transport_physique)
https://fr.wikipedia.org/wiki/S%C3%A9curit%C3%A9_active
https://fr.wikipedia.org/wiki/Efficacit%C3%A9_%C3%A9nerg%C3%A9tique_dans_les_transports
https://fr.wikipedia.org/wiki/Efficacit%C3%A9_%C3%A9nerg%C3%A9tique_dans_les_transports
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system have been identified and that a consistent safety by design concept has been put in 
place. The audit will also verify that robust processes, mechanisms, strategies (i.e. safety 
management system) are in place to ensure that the automated driving system meets relevant 
safety requirements (e.g. EU ADS ACT [8], NATM [11], ISO 34501-2-3-4 [12, 13, 14, 15], etc.) 
throughout the life cycle of the vehicle. It will also assess the complementarity between the 
different pillars of the evaluation and the overall coverage of the scenarios; 

v. Operational monitoring and reporting: This pillar concerns the operational safety of the 
technical system, and of the automated road transport system after its entry into service. It 
relies on the collection of field data, particularly from systems, to assess the level of safety of 
the system in operation with monthly and annual information. This data collection can also be 
used to populate the common scenario library with new scenarios emanating from 
commissioning and/or operation, and allow the entire community to learn from accidents and 
incidents. 

Reminder of Title II of Decree No. 2021-873 of June 29, 2021 [6]: 

Extracts from Decree No. 2021-873 of June 29, 20212: 
Titre II / Article 6 / Titre V / Chapitre Ier / Art. R. 3151-1 du code des transports 
[…] 
Système de transport routier automatisé : système technique de transport routier automatisé, déployé sur 
des parcours ou zones de circulation prédéfinis, et complété de règles d’exploitation, d’entretien et de 
maintenance, aux fins de fournir un service de transport routier public collectif ou particulier de personnes, ou 
de service privé de transport de personnes, à l’exclusion des transports soumis au décret n° 2017-440 du 30 
mars 2017 relatif à la sécurité des transports publics guidés 
[…] 
Système technique de transport routier automatisé : ensemble de véhicules hautement ou totalement 
automatisés tels que définis aux 8.2 et 8.3 de l’article 311-1 du code de la route et d’installations techniques 
permettant une intervention à distance ou participant à la sécurité ;  
[…] 
Parcours ou zone de circulation prédéfini : ensemble des sections routières ou espace dont les limites 
géographiques sont définies, sur lesquelles est prévue la circulation ou l'arrêt d'un ou plusieurs véhicules d’un 
système de transport routier automatisé ; 
[…] 
Système de gestion de la sécurité : ensemble de règles, procédures et méthodes à mettre en œuvre pour 
atteindre en permanence les objectifs de sécurité ;  
[…] 

 

 

 

 

 

 
2 No translation of regulatory requirements. 
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The figure below illustrates the definition of the ARTSsystem, and the associated concepts: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1- Architecture of the subsystems of an ARTS 

This illustration highlights the link between the essential building blocks of an ARTS, which are: 

• the technical system = set of automated vehicles and technical installations involved in safety 
(including equipment allowing remote intervention); 

• operating, upkeep and maintenance rules; 

• the predefined route or circulation zones (with associated infrastructure and facilities). 

The following chapters of this document detail each of the components of the NATM approach 
transposed to the technical system and the automated road transport system. 

The objective of the NATM pillars is to produce a methodology for evaluating the safety validation 
processes of systems introduced into the market as well as their operation, so that it is repeatable, 
objective and evidence-based , while remaining agnostic of the technology used. 

The multi-pillar approach thus recognizes that the safety of a system cannot be weakly 
evaluated/validated using only one of the pillars presented below. Each of the pillars presents its 
virtues as well as its limits, which make the method complete. 

Likewise, the use of each of the pillars in the safety evaluation/validation process is not linear but 
continuous and iterative, always with the objective of satisfying safety requirements. 
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1. Scenario Library 

This part briefly presents the major concepts developed in the DGITM methodological corpus on 
driving scenarios and the links with safety validation. 

The construction of scenario libraries is the subject of the DGITM methodological document describing 
the scenario approach of February 2022 [1], supplemented by the DGITM methodological document 
of July 2022 [2]. These documents establish the main principles of the methodology for generating, 
feeding and enrichment of scenarios for safety demonstration of ARTSs. 

Driving scenarios make it possible to generate, in a living and iterative process, scenarios from the 
system design phases, risk analyses, resulting from accidents, driving, which can be supplemented by 
scenarios based on expert opinions. After the commissioning of an ARTS, the exploitation phase will 
make it possible to generate new scenarios and enrich the existing one. 

The scenario library allows approaches based on the ISO 26262 and ISO 21448 normative corpus 
(known as SOTIF) to coexist with complementary approaches, which primarily contribute to the 
objective of sufficient coverage of validation activities with regard to dangerous reasonably 
foreseeable situations to be covered by the safety demonstration. 

The articulation of the scenario approach and the safety demonstration methods is the subject of 
additional work. 

The scenario library is considered at UN level as one of the pillars of the process of validating 
automated driving systems. The search for completeness of scenarios, with regard to a3 declared ODD, 
is considered at the European and French levels as a requirement for system validation. 

The use of scenarios can be applied to different testing methodologies, such as virtual/mock testing, 

track testing, and real-world testing. Together, these methodologies provide a multi-faceted testing 

architecture, with each methodology possessing specific strengths and weaknesses. Therefore, certain 

scenarios may be tested more appropriately using certain testing methodologies over others. 

Using random sampling techniques when selecting parameters to use to create logical and concrete 

scenarios for validating a particular system in its ODD helps avoid the system being optimized for a set 

of cases of known tests. Maximizing random sampling is preferable from a credibility perspective, but 

it is recognized that this may represent a greater burden. 

 

 

 

 

 

 

 

 
3 The term “ODD” here refers either to the technical design domain in the case of a technical system or to the 
employment domain in the case of an automated road transport system. In the remainder of the document, we 
will consider the term “ODD” as a misnomer to designate one or the other. 
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2. Pillar 1: Simulation / virtual tests 
Simulation and testing in a virtual environment, which uses different types of dynamic simulation tools, 
aims to evaluate the compliance of systems with safety concepts, based on a wide range of scenarios. 
The relevance and credibility of the simulated scenarios must be verified. 

Simulation provides powerful tools for evaluating system performance under diverse and complex 
conditions that are prohibitive for conventional physical testing. With simulation models, virtual 
testing plays an essential role in the complete evaluation of a system. The major role that virtual testing 
will play in system development and validation justifies their inclusion as a main pillar of NATM. 

Virtual testing can be used in different phases of system development and validation. Virtual trials can 
be used to comprehensively and optimized explore a system (or part of it) in a wide range of traffic 
scenarios across different ODDs and for a variety of objectives. 

Virtual testing involves replacing one or more physical elements characterized in a scenario-based test 
with a simulation model. The goal of this virtualization is to resemble, to a sufficient extent, the original 
physical elements. For automotive applications, virtual testing can be used to replicate the driving 
environment and the objects within it that interact with the complete system. Tests relating to 
interactions can also take place in the ARTS context, it may involve reproducing the interactions 
between the vehicles and the dismounted technical installations, between the overall system and the 
route on which it is deployed. 

Using this approach, an evaluator can have confidence in the system based on virtual testing and 
validation that has been performed by the designer in an agile, controllable, predictable, repeatable, 
and efficient manner. 

The simulation toolchain used for virtual testing can result in the combination of different approaches. 
In particular, there are many ways to perform testing: 

a. entirely digital (called Model or Software in the Loop testing, MIL/SIL), with the model of the 
elements involved interacting in a simulated environment; and or  

b. hybrids, with parts of a sensor, a subsystem or the entire system interacting with a virtual 
environment (Hardware or Vehicle in the Loop testing , HIL/VIL) or with a subsystem 
interacting with a real participant or passengers (analogy to Driver in the Loop testing, DIL). In 
this case, the vehicle can be in a laboratory (for example on a test bench), on a testing ground 
interacting with a virtual environment, with a subsystem interacting with a real driver or in 
interaction between the system and its environment. 

The interaction between the system under test and the environment can be an open loop (open-loop) 
or a closed loop (closed-loop). In the case of the validation of particularly unstable systems for which 
the expected response is essential, closed-loop simulation tests have the advantage of taking into 
account the interaction between the overall system and its environment, in particular in order to verify 
the behavior of the system in its ODD and at its boundaries. The choice of open or closed loop 
simulation may depend on factors such as the objectives of the virtual testing activity and the 
development status of the system under test. 

The flexibility of this pillar, which allows a multitude of combinations of parameters to be tested in 
various ways, makes it a relevant testing method for the validation of a system from its design. Given 
the difficulties of testing the behavior of the system in conditions real (particularly in phases where the 
technical design domain may not be specific enough) and in all possible situations, simulation tests 
then become an essential tool for verifying the ability of the system to cope with a multitude of 
scenarios. In addition, simulation testing, which may include simulations with a digital twin, allows the 
system to be tested in safety-critical scenarios that would be complex and/or dangerous to reproduce 
on test tracks or open roads on public traffic. 

In the validation phase, simulation testing can serve different purposes, depending on the overall 
validation strategy and the accuracy of the underlying simulation models: 
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1. validate qualitative safety requirements of the entire system, or subsystems; 

2. validate performance requirements (qualitative or quantitative) of the entire system, or of 
specific subsystems or components;  

3. contribute to the discovery of new complex scenarios (via digital rolling) which could then be 
replayed in physical tests;. 

4. contribute to the demonstration of the achievement of validation targets defined with regard 
to an acceptance criteria (qualitative or quantitative) thus making it possible to justify the 
cessation of validation activities.  

On the other hand, validation of the simulation models used in virtual testing is essential to determine 
the quality and credibility of the results compared to real performance. Comparing the performance 
of the system during a virtual test with its performance in the real world when executing the same 
scenario is a step that can lead to evolving the simulation models and correcting simulation biases. 
This allows the accuracy of a virtual testing toolchain to be assessed. Given the high number of 
scenarios that virtual testing can run compared to on-track testing, validation of simulation models 
should probably be performed on a smaller but still sufficiently representative subset of the relevant 
scenarios. 

The simulation pillar has relationships with all the NATM pillars; in particular, simulation tests:  

• supplement physical testing to account for the quantity and diversity of a system's 
configurations, intended uses, and usage limitations. By using this approach, virtual tests can 
demonstrate coverage of scenarios relevant to safety, including the proper consideration of 
the human factor; consequently, they can provide elements demonstrating that the ARTS will 
behave as expected for a particular operating scenario4; they reduce the burden of physical 
tests (by compensating for their weaknesses) and help improve the efficiency of the overall 
evaluation process across all pillars. 

• can play an important role in developing performance requirements and driving scenarios. 

• make it possible to evaluate the performance limits of systems, which makes it possible to 
specify the limits between scenarios for which the expected response is collision avoidance 
and those for which the expected response is accident mitigation; at the design stage or as 
part of its evaluation, the system can be put to the test to increase confidence in its 
performance when confronted with low probability events. 

• will be a key element of the “audit and evaluation” pillar; the results of virtual testing carried 
out both during vehicle development and during the verification and validation phase will 
provide valuable evidence for the safety audit. 

• can play an important role in addressing concerns identified in the operations phase. They 
provide a fast and flexible approach to analyzing system performance based on real events; 
they allow designers to analyze and verify system behavior to understand why a problem 
occurred. 

Track tests can help validate digital simulation tools. The use of simulation tests carried out by a 
qualified simulation tool chain makes it possible to assess the following general safety requirements 
in particular:  

• the system must perform the dynamic task of driving safely and handle safety-critical 
situations; This requirement is where virtual testing can play the most important role. 

• the system must interact safely with passengers and other road users. 

 
4 It was deliberately chosen to refer here to the ARTS in operation, without forgetting that the technical system 
will also be subjected to simulations as part of its integration into the ARTS. 
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• the system must safely manage its malfunctions and must ensure a safe operating condition 
within and within ODD limits5; virtual testing can include malfunctions and maintenance 
requests.  

The following table presents the advantages and disadvantages of the simulation / virtual tests pillar. 

Benefits Disadvantages 

• controllability of all aspects/parameters of the test; 

• agility: system changes can be reassessed immediately; 

• efficiency: virtual tests can be generated quickly, which 
allows more tests to be carried out in a shorter period 
of time; 

• economic profitability: operating costs linked to the 
use of the tool chain are low compared to physical 
tests, despite development, validation and 
maintenance investments; 

• great coverage of scenarios through a diversity of 
testable combinations, making it possible to reduce 
the “unknown” space; 

• collection and analysis of data facilitated by a recovery 
platform; 

• repeatability and replicability. 

• lower reliability/fidelity of the 
environment and associated 
responses to elements external 
to the system; 

• safety-confidence risk; 

• costly life cycle of simulation 
software. 

 

NB: virtual tests can be used to establish the technical system design file (DCST) and for the preliminary 
safety file (DPS) and safety file (DS) of the STRA. The technical system being a system of systems 
including in particular the automated vehicle, the analyzes at the level of the technical system can 
take up test results presented at the level of the automated vehicle. The ARTS being an instantiation 
at a predefined route of a technical system, the analyzes at the level of the ARTS can take up test 
results presented at the level of the technical system. 

  

 
5 The system must be able to recognize an imminent release of ODD and ensure its safe operation following this 
imminent release of ODD. 
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3. Pillar 2: Tests on the test track 

Track tests in a closed and controlled environment make it possible to test the capabilities and 
operation of the system studied for a set of parameterized scenarios. 

Test track testing in a closed, controlled and safe environment uses real obstacles and obstacle 
surrogates (e.g. potential targets representing vehicles, pedestrians) to evaluate the safety 
requirements of a system. These external inputs and conditions can be monitored or measured during 
a test, allowing for high repeatability and accuracy. 

Track testing can usefully be used to assess system performance in a number of selected significant 
nominal and critical scenarios, particularly with respect to the human factor and its interactions or 
minimal risk maneuvers and emergency maneuvers. Track testing can accelerate exposure to known 
rare events or safety-critical scenarios in a controlled, safe environment. Track testing may be more 
appropriate than simulation and virtual testing to evaluate system capabilities in a discrete number of 
nominal and critical scenarios. 

An initial review of practices, procedures, technical resources and tool chains relating to testing on test 
tracks was carried out by the dedicated VMAD subgroup. This highlights that a multitude of test 
procedures and standards have been developed for the verification of vehicles equipped with 
automated driving systems and in particular driver assistance systems, which can serve as a basis for 
design of track test methodologies. 

On the other hand, it also appears that no procedure for assessing the safety of vehicles equipped with 
automated driving systems on roads open to public traffic has been developed. 

The starting point for developing test methods, whether on a test track or on the open road, is the test 
matrix approach. This approach recommends the use of a general matrix for physical testing, as well 
as two test matrices specifically designed for track testing and real-world testing respectively. 

The general matrix aims to provide a clear presentation of the safety requirements (provided by the 
FRAV at international level6), both for tests on the track or on the open road, or both. The test matrices, 
respectively for track testing and real-world testing, are of different design, in order to take into 
account the different contexts in which the tests are carried out, as well as to ensure that the strengths 
of each method of testing are test can be used. 

The general matrix provides an overview of the type or types of tests to be performed to assess 
compliance with FRAV safety requirements. The general matrix gives a list of high-level requirements 
on general safety such as "the system must fully perform the dynamic driving task" or "the system 
must control the longitudinal and lateral movements of the vehicle", which must then ( or not) follow 
up on physical road tests. These high-level requirements will be supplemented by pass/fail criteria. 

 

 

 

 

 

 

 

 

 

 

 
6 The high-level requirements of the FRAV are taken as an example at this stage, which in no way predicts the 
finer requirements that could be prescribed to the systems. 
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Example of a general matrix based on the high-level requirements of the FRAV: the matrix can contain 
the relevance of the tests to be carried out but also give more detailed information on the test objectives 

Safety requirements (FRAV) Test track tests Open road testing 

1. The system should perform the driving task completely Yes Yes 

2. The system should control the longitudinal and lateral 
motion of the vehicle Yes Yes 

(…)   

7. The ADS should adapt its behaviour in line with safety 
risks Yes If necessary 

8. The system should adapt its behaviour to the surrounding 
traffic conditions  Yes 

(…)   

30. The ADS should safely manage short-duration ODD exits Yes Yes 

31 Pursuant to a collision, the ADS should stop the vehicle 
and deactivate Yes If necessary 

(…)   

 

The track test matrix will be a variation of the general matrix by incorporating both scenarios making 
it possible to meet high-level requirements, safety requirements on the state and responses of the 
system, additional specifications (minimum duration of the test, particular parameters) and evaluation 
of specifications. 

Example of a test track matrix on a four-column model: 

• Scenario: intended to refer the essays to the scenario on which they are based; the scenarios 
must cover the traffic situation, infrastructure elements, external events such as objects, ODD 
elements; 

• Safety requirements: intended to refer testing to the safety requirements relevant to the 
scenario; the requirements must make it possible to determine the pass/failure criteria; 

• Additional test specifications: intended to supplement the description of the scenario with 
additional information or parameters necessary to carry out the track test; 

• Assessment Specification: intended to present the assessment specification. 

 

Scenario Safety requirement(s) Additional test 
specifications 

Assessment specification 

Unobstructed travel 
on a straight path 

• Safe lateral positioning 
in a traffic lane 

• A minimum test 
duration of 5 minutes 

The test shall verify that the ADS 
does not leave its lane and 
maintains a stable position inside 
its ego lane across the speed range 
within its system boundaries. 

Unobstructed travel 
along a curve 

• Safe lateral positioning 
in a traffic lane 

• Adapt to road 
conditions 

• A minimum test 
duration of 5 minutes 

The test shall demonstrate that 
the ADS does not leave its lane 
and maintains a stable position 
inside its ego lane across the 
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speed range and different 
curvatures within its system 
boundaries. 

Cut-in by another 
vehicle while 
traveling on a 
straight path 

• Respond safely to the 
cut-in 

• Safe longitudinal 
positioning relative to 
a lead vehicle 

• Scenario with 
selected parameters 
to verify the ADS 
crash-avoidance 
response to a 
dangerous cut in per 
the safety 
requirements 

The test shall demonstrate that 
the ADS is capable of avoiding a 
collision with a vehicle cutting into 
the lane of the ADS vehicle up to a 
certain criticality of the cut-in 
manoeuvre. 

ODD exit scenario 
• ADS detection of ODD 

boundary 
 

The test shall demonstrate that 
the ADS is capable of bringing the 
vehicle to a safe stop, in case of a 
failed fallback user response. 

This pillar mainly interacts with the simulation pillar. Information generated during track testing can 
usefully be used as data to validate virtual testing by comparing the system's performance in a virtual 
test with its performance on a test track when running the same scenario. 

The following table presents the advantages and disadvantages of the test track testing pillar. 

Benefits Disadvantages 

• controllability: many aspects of testing, including 
some aspects of the ODD, are controlled; 

• fidelity: the systems integrated into the tests are 
realistic; 

• reproducibility: test scenarios can be reproduced in 
different locations by different test entities; 

• repeatability: multiple iterations can be carried out 
with the same parameters, under the same 
conditions; 

• efficiency: closed-loop testing can accelerate 
exposure to known rare events or safety-critical 
scenarios by implementing them as explicitly 
designed test scenarios; 

• track testing can be used to validate the quality of 
the simulation toolchain by comparing a system's 
performance in a simulation test with its 
performance on a test track during execution of 
the same scenario. 

• significant time: a test can require a 
lot of time for parameterization and 
execution; 

• expensive: personnel required and 
cost of devices used; 

• limited variability: the infrastructure 
and construction conditions may be 
difficult to implement and may be 
restricted (geometries, dimensions, 
etc.); 

• safety risks: track testing with physical 
vehicles and real obstacles is a 
potentially uncertain and dangerous 
environment for participants; 

• limited representativeness even with 
increased fidelity (example of 
pedestrians represented by 
mannequins). 

 
NB: as with the previous simulation pillar, the on-track tests will concern both the validation of the 
technical system and the validation of the STRA. The EU ADS ACT document [8] provides an initial list 
of scenarios to test. 
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4. Pillar 3: Open road testing  

Tests on open roads, using lanes open to public traffic, must make it possible to test and evaluate the 
performance of the system studied in real traffic conditions. The use of road tests must be reserved 
for tests: 

• for which the use of other types of activity is not technically possible, or representative 
(allowing the system to be exposed to a particular environment, detecting functional 
inadequacies), and, 

• for which the risks associated with carrying out the test for personnel and third parties are 
acceptable. 

The performance of tests on open roads is also governed by the test matrix approach, of which the 
real-life test matrix is specifically dedicated to them. The general test matrix (see pillar 2 part) presents 
the traffic situations that should be encountered during tests in real conditions. Given the dynamic 
nature of traffic on public roads, it is unlikely that traffic situations will occur exactly as described in 
the developed traffic scenarios, which is why they are not referenced in the specific test matrix in real 
conditions. Instead, the traffic situations listed in the general matrix will be described in the test 
protocols accompanying the open road test matrix. 

These intended descriptions will be rather general to ensure that there is a very high probability that 
they will be encountered during open road testing. 

The remaining fields in the matrix represent the evaluation specification per safety requirement for 
applicable traffic situations. The verification of a general requirement is correlated with the evaluation 
of several detailed sub-requirements as “situations” corresponding to a “scenario” (reference is made 
here to the distinction between functional scenario and logical scenario). 

Example of an open road test matrix based on the safety requirements of test track tests (2nd column 

of the Pillar 2 test matrix). The other columns of this matrix are specific to the types of situations 
encountered in the system's ODD. 

Safety 
requirements 

Driving situations 

Driving in a straight line Insert/Exit Crossing 
intersection 

Turn right/left (…) 

Safe lateral 
positioning in 
your lane 

Maintaining a stable 
position in your lane, 
within the speed range 

Achieving a stable 
position in the 
target lane 

Continuity of safe 
positioning during 
crossing 

Return to safe 
positioning after a 
right/left turn 
movement 

 

Safety 
response to a 
cut-in 

Adaptation of its 
positioning in response to 
a (nominal) cut-in; 
Appropriate response 
following a dangerous 
cut-in 

 

 

 

 

Safe 
positioning in 
the lane when 
following a 
vehicle 

Maintaining stable 
longitudinal positioning in 
pursuit 

Maintaining stable 
longitudinal 
positioning during 
insertion/exit 
movement 

Maintaining stable 
longitudinal 
positioning when 
crossing an 
intersection 

Maintaining stable 
longitudinal 
positioning during 
right/left turns 
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NB: movements in real conditions, without passengers, are required by article R. 3152-12 of the 
transport code for the purposes of checks prior to commissioning. These use the predefined route or 
area of the ARTS to carry out final checks relating to the operation of the system in its real operating 
environment. When these tests are carried out as part of a driving delegation, they are subject to the 
agreement of the approved qualified body (OQA), which ensures that the risks to third parties are 
controlled by analyzing the pre-test file. 

Tests in real conditions appear relevant for evaluating aspects of the ARTS's performance, linked to its 
ability to manage real traffic conditions, corresponding to non-strictly regulatory and "binary" 
requirements such as adopting flexible driving, having the capacity to deal with heavy traffic, carefully 
manage interactions with other road users, maintain the flow of traffic, respect the rules of use and 
civility towards other vehicles. 

Real-world testing also makes it possible to evaluate the performance of the ARTS at certain OD limits7 
(nominal and complex scenarios), including requests for remote intervention when necessary. 

Additionally, open road testing helps detect issues that might not be well represented by track testing 
and simulation, such as limitation of perceptual quality (e.g. due to light conditions, the rain). 

Open road testing can also enable the identification of edge cases and other unforeseen hazardous 
situations generated by unexpected alteration of route characteristics, which could contribute to 
improved risk analyzes and ultimately the design of safe systems. Although it is not possible to 
encounter all traffic scenarios in a real-world test, the likelihood of covering specific complex scenarios 
could be increased by examining, on the route, when and where specific elements (e.g. example, high 
or low density traffic) usually occur. Open road testing in the area or on the travel route of an ARTS 
can enable the identification of potentially critical situations. 

The number of scenarios achievable in real conditions is limited, which implies seeking to increase the 
probability of coverage of complex and specific scenarios by selecting a specific type of employment 
area and examining the places and times where specific elements are likely to occur (which is carried 
out via risk analyses). The dry run can be seen as a relevant application case of tests on open roads, in 
order to verify the entire system in real conditions and without passengers. 

In addition, the dry run phase allows you to: 

• make the final adjustments, 

• monitor operating procedures, in normal mode but also in degraded conditions 

• for operating personnel, to verify proper knowledge and application of procedures related to 
the ARTS, 

• for road users, to familiarize themselves with the presence of automated vehicles 

This pillar is complementary to the two previous pillars. Data generated during real-world testing can 
be used as additional data to validate the relevance of simulations and track tests to actual operating 
conditions. It can also make it possible to enrich the scenario base and therefore enrich simulations 
and tests in a controlled environment with new scenarios, making it possible to identify so-called “edge 
cases” scenarios and enrich quantified risk analyses. 

 

 

 

 

 
7 In this part, the generic term ODD is replaced by “operational domain (OD)” to the extent that the tests in real conditions 
will only concern the automated road transport system deployed on a predefined route. 
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The following table presents the advantages and disadvantages of this pillar tests in real conditions. 

Benefits Disadvantages 

• high validity of the field of use: the system is 
validated in its field of use; 

• can be used to test scenario elements such 
as environmental conditions and certain 
infrastructures (tunnels, bridge); 

• allows simulations and on-track tests to be 
validated by comparing system performance 
for the same scenario; 

• can be used to evaluate performance 
aspects of the system in relation to its 
interactions with other road users, its 
courtesy with other vehicles; 

• validate models, software and toolchains 

• restricted controllability: the area of use on 
open roads is difficult to control; 

• limited reproducibility: replication of 
scenarios on open roads is difficult; 

• limited repeatability: multiple iterations are 
difficult to achieve on an open road; 

• limited scalability: little evolution of 
scenarios; 

• expensive but not as much as track testing; 

• potential impacts on traffic and safety 
authorities; 

• new skills to be acquired by the authorities; 

• safety risks: Testing personnel and the public 
may be exposed to unsafe system behavior. 
The protection of people can make carrying 
out tests complex. 
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5. Pillar 4: Audit and assessment 
This part of the document briefly presents the audit and assessment pillar of a system in general. 

Furthermore, we will refer to the OQA guide8 with regard to the safety assessment of ARTSs in France 

and the safety audit of these systems in operation. 

The objective of the audit and assessment pillar is to evaluate and demonstrate that: 

• the system designers have implemented the right processes to ensure the operational and 

functional safety of the system during its life cycle, and 

• the design of the system is safe by design and sufficiently validated before its introduction to 

the market. 

This pillar is made up of two main components: auditing the systems designers' processes established 

through the designer's safety management system, and evaluating the safety of the system design. 

The audit may use: 

• the robustness of the processes in place to ensure safety during the life cycle of the system 

(development and production phase, but also operation and dismantling); 

• the identification of risks and hazards relevant to the system studied and the establishment of 

a “safe by design” concept to mitigate the risks; 

• validation of the risk assessment and the “safe by design” concept through testing by the 

designer to show that the system meets safety requirements before being placed on the 

market. 

As such, these elements - risk assessment, safety concept by design and validation testing - can be used 

to demonstrate overall system safety in a much more robust way than a limited number of 

physical/virtual tests. 

The objective of the designer's safety management system audit is to demonstrate that the designer 

has implemented robust safety risk management processes and to ensure safety throughout the 

lifecycle of the system. Risk control is structured around the following three dimensions: human 

components, organizational components and technical components. 

The audit also covers the establishment of evaluation processes for the operational phase (reporting 

of accidents, events, new scenarios) in order to allow the entire ecosystem to learn from operational 

feedback. . 

The objective of the safety by design audit is to demonstrate that risks and hazards relevant to the 

system have been identified and that a coherent concept of safety by design has been put in place to 

mitigate these risks. It is also a matter of demonstrating that the risk and safety assessment by design 

have been validated by the designer through testing; demonstrating, before the vehicle is put into 

service, that the system meets the safety requirements and in particular that the system is free from 

unreasonably foreseeable risk for other road users9. 

 

 

 
8 Mission of the qualified body approved for the safety assessment and for the operational safety audit of STRA, STRMTG, 
October 26, 2022 
9 Translation of “is free of unreasonable safety risks to the broader transport ecosystem”. 
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6. Pillar 5: In-use monitoring 

In-use monitoring deals with the safety of the system in operation, after it has been put into service. 
In practice, the other pillars of the NATM make it possible to ensure that the system put into service 
does not present an unreasonable risk when it is introduced, while the pillar of monitoring in operation 
makes it possible to ensure safe operation on the field and demonstrate that the system continues to 
be safe in circulation. This pillar takes into account the dynamic nature of road transport to ensure the 
safety of all road users. 

This pillar consists of collecting relevant data during system operation. In France, this pillar concerns 
the ARTS deployed on a predefined route or zone, within the framework of the ARTS decree. The three 
main objectives of in-use monitoring and reporting are to use retrospective analysis of data from 
designers and other relevant sources to: 

• safety assessment (residual risk) in the pre-market audit phase is confirmed following 
implementation in the field; 

• populate the database common scenarios with new important scenarios observed in the field; 

• develop safety recommendations for the entire ecosystem by sharing lessons learned from 
major safety accidents/incidents to enable the entire community to learn from operational 
feedbacks, thereby promoting continuous improvement of technology and regulation. 

The implementation of in-use monitoring processes is not the objective of this document, which will 
be the subject of a technical service for guided transport (STRMTG) document. 

This pillar presupposes that the real level of safety will only be confirmed when a sufficient number of 
STRAs are deployed and subjected to a sufficient variety of traffic conditions and environments (within 
the limit of the intended area of use). To this end, a system monitoring feedback loop can be 
established to confirm the design safety concept and system designer validation. Feedback from in-
service monitoring will make it possible to evaluate regulatory requirements and validation methods 
a posteriori and could provide indications on the safety issues to be consolidated. 

New scenarios and new risks could be introduced by ARTSs. Therefore, the in-service monitoring pillar 
could be used to generate new scenarios in the common scenario database to cover these new safety 
risks. 

Finally, learning from accidents involving vehicles integrated into STRAs, in order to prevent accidents 
for other systems in service will be possible. 

Field data can be a useful means of assessing the actual performance of the system in operation based 
on a range of traffic conditions. They also make it possible to feed the base of scenarios, in particular 
with regard to those derived from increased use of these systems. 

Managing the quantity of data generated and to be analyzed may present a limitation of this pillar; 
methods to check the reliability and comparability (format) of the data collected could thus be 
developed. 
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