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EXECUTIVE SUMMARY
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Project’'s summary

The main objective of BERTHA is to develop a scalable and probabilistic Driver Behavioural
Model based mostly on Bayesian Belief Networks (BBN). The DBM will be implemented on an
open-source HUB (repository) to validate the technological and practical feasibility of the
solution with industry, and provide a distinctive approach for the model worldwide scalability.
The resulting DBM will be translated into a simulating platform, CARLA, using various
demonstrations which will allow the construction of new driving models in the platform.

BERTHA will also include a methodology which, using the HUB, will allow to share the model
with the scientific commmunity, in order to facilitate its growth.

The project includes a set of interrelated demonstrators to show that the DBM can be used as
a reference to design human-like, easily predictable and acceptable behaviours of automated
driving functions in mixed traffic scenarios.

BERTHA is expected to go from TRL 2 to TRL 4. The requested EU contribution is €7,981,801.
The consortium, formed by several entities from different countries, deems this Project as
vitally relevant to the CCAM industry due to its impact for safer and more human-like CAVs
and its market and societal adoption.

Document details

Deliverable type Document, report

Deliverable n° D51

Deliverable title Criteria definition for the selection of Safety Tests
Lead beneficiary CON

Work package and WP5, Task 5.1

task

Document version 1.0

Contractual delivery M18

date

Actual delivery date M19

Dissemination Level Public

Purpose To establish a valid, scenario-based testing approach, an up-to-date

database compiling current relevant testing, validation and
verification scenarios are required. It is important to establish objective,
industry-wide criteria to measure the criticality of the scenarios and to
identify these critical scenarios (mixed traffic) that lead to a sufficient
and more effective safety evaluation of these technologies.

e Examine the relevant test techniques and use cases for testing
and homologation of the ADAS/AD Domain in automotive in
detail.

e |dentification of potentially needed additions to existing
standards taking into account human-driver behavioural
aspects.

e |dentification of critical scenarios (mixed traffic).
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Document’'s abstract

This document presents the criteria that have been defined for validating CCAM systems
based on BERTHA's Driver Behavioral Model (DBM).

The document establishes a scenario-based validation methodology by identifying critical
driving scenarios derived from the five Use Cases defined in the deliverable D11, the eight
driver archetypes defined in D1.2, and the experimental protocols detailed in D2.4.

Current validation standards (e.g., ISO 26262, ISO 21448, UNECE regulations, Euro NCAP) have
been systematically reviewed, and notable gaps are identified, especially in handling nuanced
driver behavior and full autonomy. In response, the deliverable proposes refined validation
procedures that integrate simulation, physical testing, and acceptance evaluation, aligning
with existing standards while recommending updates for DBM-specific assessments.

A detailed lab test plan included in this document specifies the instrumentation and metrics
required to evaluate DBM behavior in the field, setting the groundwork for upcoming
validation activities in WP5 and further deliverables.

Document’s revision history

The following table describes the main changes done in the document since it was created.

REVISION DATE DESCRIPTION AUTHOR (PARTNER)
VOl 22.01.2025 Initial draft Raul Sena Ferreira (CON)
V0.2 05.03.2025 Second Draft Farhood NEGIN (CON)
V0.3 31.03.2025 Input to section 3 explaining Javier Romo (CID)
standards
V0.4 17.04.2025 Details about the conducted Martin Zach (AIT)
survey
V0.5 28.04.2025 Explanation of the Javier Romo (CID)

installation of the sensors in
the vehicle and test setup

V0.9 29. 04.2025 Final draft Farhood NEGIN (CON)

V1.0 06.05.2025 Revised final version Javier Romo (CID)
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Terminology and acronyms

TERM/ACRONYM EXPLANATION

CAV Connected Autonomous Vehicles

CCAM Connected, Cooperative and Automated Mobility
CINEA Climate, Infrastructure and Environment Executive Agency
DBM Driver Behavioral Model

EC European Commission

HAV Human Autonomous Vehicle

AV Autonomous Vehicle

BBNs Bayesian Belief Networks

HLTs High Laboratory Tests

UCs Use Cases

FOT Field Operational Test

SOP Standard Operating Procedure
Disclaimer

THIS DOCUMENT IS PROVIDED "AS IS" WITH NO WARRANTIES WHATSOEVER, INCLUDING
ANY WARRANTY OF MERCHANTABILITY, NON-INFRINGEMENT, FITNESS FOR ANY
PARTICULAR PURPOSE, OR ANY WARRANTY OTHERWISE ARISING OUT OF ANY PROPOSAL,
SPECIFICATION, OR SAMPLE.

Any liability, including liability for infringement of any proprietary rights, relating to the use of
information in this document is disclaimed. No license, express or implied, by estoppels or
otherwise, to any intellectual property rights are granted herein. The members of the project
do not accept any liability for actions or omissions of project members or third parties and
disclaim any obligation to enforce the use of this document. This document is subject to
change without notice.

Funded by the European Union. Views and opinions expressed are however those of the
author(s) only and do not necessarily reflect those of the European Union or the European
Climate, Infrastructure and Environment Executive Agency (CINEA). Neither the European
Union nor the granting authority can be held responsible for them.
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1. INTRODUCTION

11. Background Information

As automated and cooperative mobility technologies evolve, ensuring their safe and reliable
integration into mixed traffic environments becomes increasingly critical. The validation of
Connected, Cooperative, and Automated Mobility (CCAM) systems, particularly those driven
by Driver Behavior Models (DBMs), requires robust, standardized methods that reflect real-
world complexities. Traditional validation procedures often fall short in accounting for the
variability of human driver behavior and the dynamic interactions within heterogeneous
traffic environments.

This document builds on insights gathered across various project deliverables, particularly
those related to scenario development, driver typologies, and experimental design
frameworks (see Deliverables D1.1 [1], D1.2 [2], and D2.4 [3]). The methodology adopted in this
task leverages these resources to evaluate the current state of validation approaches and
define new, more comprehensive requirements tailored for DBM-based CCAM systems.

The main objectives carried out in this task are summarized as follows:
e Understanding the role of DBM in CCAM

e Analysis of existing validation procedures used for Advanced Driver Assistance
Systems (ADAS) and Automated Driving (AD), to assess their applicability to DBM-
based systems.

e Identification of gaps in current methodologies, particularly regarding their capacity
to incorporate human behavioral dynamics and mixed-traffic complexity.

e Definition of critical scenarios based on defined use cases in realistic driving
situations that must be addressed to ensure effective scenario-based validation of
DBM-driven systemes.

This document serves as a foundational guide for the evaluation and refinement of validation
procedures tailored to DBM-based CCAM systems. It is the result of a collaborative effort
among project partners engaged in the development and analysis of testing methodologies,
scenario definitions, and behavior modeling. The insights presented here are informed by
interdisciplinary contributions across multiple work packages, with a focus on aligning
validation strategies to real-world traffic dynamics involving drivers and automated systems.

1.2. Relation to Previous Deliverables

This document is connected to several other deliverables within the BERTHA project. Its
discussions and findings are rooted in earlier efforts and provide essential continuity across
work packages.

To achieve a robust safety validation procedure, this deliverable draws from:

e The preliminary use cases proposed in Deliverable D1.1 (Work Package 1 WP1),
which first outlined and defined the BERTHA use cases.

* *ox FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
* Tk Yy : ; . . .
* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
G the Eu ropean Union Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.
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e The driver typology survey conducted under Task 1.2 (T1.2), whose results informed
the identification of driver profiles.
e The experimental protocol structures detailed in Deliverable D2.4, which support
the design of validation tests and serve as a foundation for scenario selection.
In addition, this document sets the foundation for future work in Work Package 5 (WP5):

e Task 5.2 (T5.2) will use the critical scenarios and validation criteria defined here to
develop and execute test procedures within simulated and controlled environments
(e.g., CARLA-based setups).

e Task 5.4 (T5.4) will explore acceptance testing, evaluating whether DBM-based
CCAM systems are perceived as safe and reliable.

1.3. Purpose of the Document

The purpose of this document is to examine the current validation landscape for CCAM
systems that incorporate Driver Behavior Models, and to support the evolution of more
targeted, scenario-based testing methodologies. This deliverable focuses on assessing the
state of existing validation procedures applied to ADAS and AD technologies, particularly
within mixed-traffic environments. We examine how well current methodologies reflect the
complexity of real-world, mixed-traffic environments and outline areas where current
standards may fall short.

In addition, this deliverable supports the identification of critical traffic scenarios that are
particularly challenging for DBM-based CCAM systems. These scenarios, drawn from both
insights of previous deliverables and prior survey results, are proposed for further exploration
and testing in subsequent stages of the project. While the precise definition of evaluation
metrics and formal validation criteria will be addressed in later tasks, the scenarios and issues
highlighted here provide the conceptual foundation for that work.

Ultimately, this document offers a comprehensive explanation of current practices and
provides initial guidance and suggestions on how validation procedures may evolve to better
assess DBM-based CCAM, aligning them more closely with real-world demands and
regulatory expectations.

14. Structure of Document

This deliverable is structured as follows:

e Section 1 provides an introduction, offering background context, outlining the
document's purpose, and detailing its relationship to other key deliverables within the
project.

e Section 2 outlines the objectives of Task 5.1, highlighting the core aims and scope of
the work conducted.

e Section 3 focuses on the evaluation of validation methods for DBM-based CCAM
systems, including a review of current procedures, the identification of existing gaps,
and proposals for potential enhancements.

e Section 4 presents the conclusions and summarizes the main findings of the

deliverable.
* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
i y : ; _ . .
* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
G the Eu ropean Union Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.
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2. OBJECTIVES

This section outlines the key objectives of the task, focusing on the role of DBM in CCAM. DBM
plays an important role in simulating human driving behavior, which is essential for the
validation and safety assessment of ADAS and AD technologies. A core objective is to evaluate
current validation procedures and identify new requirements for scenario-based testing,
ensuring that automated systems can effectively respond to diverse real-world driving
situations. The subsections provide a structured breakdown of DBM's role and the necessity
of robust validation methodologies.

2.1. Understanding Driver Behavior Models (DBM)

The advancement of Connected and Autonomous Vehicles (CAV) depends heavily on the
accurate modeling of human driving behavior. To ensure that autonomous systems can
operate safely and interact naturally within mixed traffic environments, they must be able to
anticipate and respond to human drivers in a realistic and context-sensitive manner. DBM
grounded in Bayesian Belief Networks (BBNSs) [4], [5], [6], [7], [8] is designed to replicate the
decision-making and behavioral patterns of human drivers across a wide range of scenarios,
ultimately supporting the development of autonomous systems that exhibit safe and human-
like driving behavior.

The DBM architecture is composed of five core modules that together simulate the key
aspects of driving: perception, risk awareness, decision-making, affective processing, and
motor control. The Perception Module interprets environmental inputs, with a focus on visual
cues. The Risk Awareness and Decision-Making Modules evaluate surrounding conditions,
identify potential hazards, and guide appropriate responses. The Affective Module captures
how internal emotional and cognitive states influence driver behavior, integrating factors like
stress or distraction. The Motor Module executes the physical control actions, shaped by both
driver's level of expertise and affective influences. To build and validate these modules, the
project incorporates empirical data collected from real drivers across several activities within
its work packages, ensuring the DBM is formed by realistic, human-centered insights.

2.2. DBM's Role in Enhancing CCAM Capabilities and Its Impact on
Safety

DBM can be central to enhancing the capabilities of CCAM systems, particularly in ensuring
their safe and effective operation in real-world traffic environments. By replicating human-
like driving behavior, DBMs allow automated vehicles to better anticipate the intentions of
human drivers, cyclists, and pedestrians, leading to more adaptive decision-making. This
ability to predict and respond appropriately to surrounding traffic dynamics strengthens the
cooperation between automated and human-driven vehicles, improving overall traffic flow
and interaction.

Beyond improving adaptability, DBM has a direct impact on the safety of CCAM systems. By
embedding realistic human behavioral patterns into decision-making processes, CCAM

* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
* T Yy X : ; ) )
* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
G the Eu ropean Union Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.
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systems equipped with DBM will be better in foreseeing hazardous situations, react to
unexpected maneuvers, and avoid conflicts before they escalate into critical events. This
proactive approach to safety, grounded in human behavior modeling, can potentially reduce
the likelihood of accidents in mixed-traffic environments and supports the development of
CCAM systems that meet higher safety and reliability standards essential for public trust and
regulatory approval.

23. The Need for a Scenario-Based Validation Approach

The complexity and variability of human driving behavior create significant challenges for the
validation of automated mobility systems. To address these challenges effectively, a scenario-
based validation approach is essential. Such an approach enables automated systems to be
tested not only under idealized conditions but also within critical, mixed-traffic situations
where human drivers, cyclists, and pedestrians interact. By exposing systems to a diverse
range of realistic scenarios, it becomes possible to thoroughly assess their robustness,
adaptability, and responsiveness.

Scenario-based validation also plays a crucial role in identifying potential failure modes that
might not get evident in scripted and deterministic methods. A well-structured scenario-
based validation enhances the credibility of CCAM systems by building public acceptance and
trust and by supporting regulatory bodies in establishing informed safety standards.

2.4. Key Requirements for DBM Validation in CCAM

For DBM-based CCAM to be effectively validated, the following key requirements should be
met:

e Scenario Diversity: Incorporating a wide range of driving conditions, including
different levels of criticality.

e Mixed-Traffic Representation: Ensuring that validation approaches account for
human and automated vehicle interactions.

¢ Quantifiable Safety Metrics: Establishing metrics to clearly evaluate the effectiveness
of DBM-based CCAM systems.

e Adaptability to Regulatory Standards: Ensuring validation procedures are aligned
with evolving safety regulations and international testing protocols.

25. Towards Standardized Validation for DBM-Based CCAM

Since CCAM will include DBM, it will be essential that validation methodologies evolve to meet
new technical and regulatory demands. The validation of DBM-based systems must align with
existing standards, ensuring compliance with safety expectations already in place. In addition,
it must be consistent with broader assessments that address the specific challenges posed
by DBM and its interaction in mixed-traffic environments. However, given the novelty of DBM-
based CCAM systems, there may be gaps in existing validation procedures and standards. The
result of the work conducted here may not only refine validation approaches but also

* *ox FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
* Tk Yy : ; . . .
* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
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contribute to the evolution of standards by identifying necessary extensions or additions to
better accommodate DBM-based or DBM-like CCAM systems.

Effective validation requires a strong connection to real-world data through field operational
trials and empirical testing, which are important for improving the performance of behavioral
models. It is through validation in real-world settings that we can ensure that DBM-based
systems behave reliably under the diverse and unpredictable conditions found in actual
traffic.

Therefore, we define a validation procedure for DBM-based CCAM systems by refining existing
validation methodologies. This procedure will follow the aforementioned principles and uses
the defined use cases and scenarios from the BERTHA project as the foundation for a
systematic and realistic evaluation.

* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
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3. EVALUATION OF DBM-BASED CCAM USING DRIVING SCENARIOS

This section focuses on evaluating DBM-based CCAM by analyzing existing validation
standards, survey results, and identifying critical mixed-traffic scenarios. The goal is to
establish a comprehensive evaluation framework that ensures DBM-based CCAM
technologies are tested under realistic driving conditions. To achieve this, we will:

e Assess current standard validation frameworks for their applicability to DBM-based
CCAM.

e Analyze results from the Driver Topology Survey to understand how human drivers
behave in different driving contexts.

¢ Identify critical mixed-traffic scenarios where automated and human-driven
vehicles interact.

e Define specific use cases and scenarios that will form the basis for laboratory and
field testing in later phases.

e Plan the validation tests, explaining the parameters that need to be measured and
how the test setup is prepared (GPS, camera, radar, etc.).

This section serves as the foundation for scenario-based validation, ensuring that the testing
methodologies align with real-world driving dynamics.

3.1. Existing Validation Standards

In this part we will start with a detailed overview of the current validation procedures and
standards and we will finish with identifying the existing gaps.

311 Overview of Current Standards for Automated Driving Yalidation

The validation of ADAS and AD technologies relies on established regulatory frameworks and
industry standards. Key standards include:

UNECE Regulations [9].

ISO 26262 [10]: Functional safety for road vehicles.

ISO 21448 [11] (SOTIF): Safety of the intended functionality.

ISO 21434 [12]: Cybersecurity engineering

EVU General Safety Regulation [13] and other Regulations applicable to ADAS and AD
Euro NCAP Testing Protocols [14]: Safety performance assessment for ADAS in what
concerns Vulnerable Road Users protection, and Safety Assistance for drivers.

e EUroNCAP roadmap “Vision 2030 - A safer future for mobility” [15]

While such standards and Regulations provide a baseline for validation, they often lack a
comprehensive approach to testing DBM-based CCAM. To fill this gap, this subsection
undertakes an in-depth analysis of existing regulation, with a view to defining a framework of
experiments that ensures that DBM-based CCAM technologies perform as expected on the
road. The following points summarise the nuances of the tests included in each of the
standards listed above.

* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
* T Yy X : ; ) )
* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
e the Eu ropean Union Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.
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UNECE Regqgulations

The following table (Table 1) describes briefly those UNECE Regulations whose scope is to
some extent linked to BERTHA's actions:

Table 1. UNECE Regulations whose scope is to some extent linked to BERTHA

REGULATION TITLE DESCRIPTION

R 89 Uniform prescriptions The purpose of this Regulation is to limit the
for approval of: I. road speed of vehicles by means of a vehicle
Vehicles with regard to system which has the primary function of
limitation of their controlling the fuel feed to the engine or via
maximum speed or their the engine management. Vehicles of
adjustable speed categories M1, N1 and M2 shall be limited to a
limitation function; Il speed voluntarily set by the driver by means of

Vehicles with regard to an ASLD, when it is activated.
the installation of a

speed limitation device

(SLD) or adjustable

speed limitation device

(ASLD) of an approved

type; lll. Speed limitation

device (SLD) and

adjustable speed

limitation device (ASLD)

R 130 Uniform provisions The regulations sets:
concerning the approval
of motor vehicles with
regard to the Lane
Departure Warning
System (LDWS)

LDWS shall provide warning to drivers when
they drift out of lane

e Performance requirements of LDWS (lane
markings to be identified, conditions under
which it should operate, response to lane
crossing, failure detection,
activation/deactivation criteria)

e Degree of warnings and timings for the

driver
R 139 Uniform provisions This Regulation applies to the approval of
concerning the approval vehicles of categories M1 and N1 with regard to
of passenger cars with their BAS. This Regulation does not cover:
regard to Brake Assist vehicles with a design speed not exceeding 25
Systems (BAS) km/h, and vehicles fitted for invalid drivers
A Funded by Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
B e the Eu ropean Union Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.
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REGULATION TITLE DESCRIPTION

R 152 Uniform provisions The intention of this Regulation is to establish
concerning the approval uniform provisions for Advanced Emergency
of motor vehicles with Braking Systems (AEBS) fitted to motor
regard to the Advanced vehicles of the Categories M1 and N1 primarily

Emergency Braking used within urban driving conditions.The
System (AEBS) for M1 system shall automatically detect a potential
and N1 vehicles forward collision, provide the driver with an

appropriate warning and activate the vehicle
braking system to decelerate the vehicle with
the purpose of avoiding or mitigating the
severity of a collision in the event that the
driver does not respond to the warning.

R 155 Uniform provisions This Regulation applies to vehicles, with regard
concerning the approval to cybersecurity, of the Categories M and N.
of vehicles with regards  This Regulation is without prejudice to other

to cybersecurity and UN Regulations, regional or national
cybersecurity legislations governing the access by authorized
Mmanagement system parties to the vehicle, its data, functions and

resources, and conditions of such access. It is
also without prejudice to the application of
national and regional legislation on privacy and
the protection of natural persons with regard
to the processing of their personal data.

R 157 Uniform provisions This Regulation applies to the type approval of
concerning the approval vehicles of Category M1 with regards to their
of vehicles with regards  Automated Lane Keeping System. This
to Automated Lane Regulation is the first regulatory step for an
Keeping Systems (ALKS) automated driving system (as defined in

ECE/TRANS/WP.29/1140) in traffic and it
therefore provides innovative provisions aimed
at addressing the complexity related to the
evaluation of the system safety.

* X x F d d b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
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REGULATION TITLE DESCRIPTION

R 158 Uniform provisions The purpose of this Regulation is to provide the

concerning the approval provisions for reversing motion concerning

of devices for reversing awareness of vulnerable road users proximity.

motion and motor UN Regulation No 46. provides the provisions

vehicles with regard to for indirect vision of motor vehicles. This

the driver's awareness of Regulation expands the driver's vision or

vulnerable road users awareness for vehicle rear direction when in

behind vehicles reversing motion. This Regulation cannot cover
all the traffic conditions and infrastructure
features in the type approval process; this
Regulation recognises that the performances
required in this Regulation cannot be achieved
in all conditions (vehicle speed and condition,
weather conditions, and traffic scenarios etc.
may affect the system performances).

ISO 26262, ISO 21448 (SOTIF), ISO 21434

While UNECE Regulations and ISO Standards 26262, 21448 and 21434 are not equivalent, they
are interrelated. On the one hand, UNECE sets out the regulatory requirements that
manufacturers must comply with and, on the other, ISO 26262, SOTIF and ISO 21434 provide
the technical methodology to achieve them in terms of (i) functional safety, (ii) safety of the
intended functionality and (iii) cybersecurity. This section explores the differences and
similarities shared by ISO 26262, SOTIF and ISO 21434 to provide a clear understanding of their
respective roles in ADAS testing and validation.

Risks related to...

I Firewall
k 2

External IDS/1PS

ﬁ o False Positive
Systematic Failures . Encryption
Internal ) Performance Failure
causes e Safety Mgmt
I I 1SO 26262 SOTIF Cybersecurity
l l l Safety Culture Connectivity
™: T Random Failure
elanctions Intentional Unintentional . G
(faults & rrisuse ishes Environment A =
failures) Artificial Intelligence
‘—y—, Threats intelligence
Safety Functional " » 2 "
methodology satety Cybersecurity Safety of the intended functionality
Standard 1S0 26262 1S0 21434 1SO PAS 21448 (SOTIF)

(automotive)

Figure 1. Comparison of different standards and the corresponding safety methodologies.

Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.
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. 1SO 26262

In general terms, ISO 26262 regulates automotive electrical and electronic systems.
Specifically, the standard defines how automotive products are designed, developed,
integrated and validated in terms of safety. As such, it establishes a series of tests that evaluate
both hardware and software throughout the products' lifecycle. Table 2 summarises the main
tests included in the standard, as applied to ADAS development and validation.

Table 2. Existing tests in ISO 26262 standard applied in development and validation of ADAS

TYPE OF TEST DESCRIPTION SPECIFIC EXAMPLES

Functional Safety Risk assessment and e ASIL (Automotive Safety

Analysis system criticality Integrity Level) analysis
evaluation e Failure Modes and Effects

Analysis (FMEA/FMEDA)
e Fault Tree Analysis (FTA)

Hardware Testing Verification of the e Faultinjection in sensors and
reliability and fault processors
tolerance of physical e Stress testing (temperature,
components vibration, voltage, etc.)

e Evaluation of redundancy and
backup mechanisms

Software Testing Validation of code e Unit and Integration testing
robustness against errors e White-box and Black-box
and attacks testing
e Compliance with coding
standards
Simulation and Bench Controlled environment e Algorithm simulation in virtual
Testing test before on-road environments
validation e Hardware-in-the-Loop (HIL)
testing
e Software-in-the-Loop (SIL)
testing
Vehicle Testing (Real-  Evaluation of ADAS e Real-world traffic testing
World Validation) performance in real traffic e Detection and reaction testing

conditions e Failure simulation to test fail-
safe mechanisms

* X x F d d b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
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Il. 1SO 21448 (safety of the intended functionality, SOTIF)

Unlike ISO 26262, ISO 21448 does not deal with electrical and electronic components in
vehicles. Instead, ISO 21448, also known as the standard for safety of the intended
functionality, applies to all systems with autonomy and deals with safety issues that arise
because of functional insufficiencies, performance limitations and foreseeable misuses (see
Figure 1). For this the standard relies on the following methodology, which is shown in Figure
2 along with the number assigned in the document.

Unacceptable risks

(Clause - 5) (Clause - 6) (Clause - 9) (Clause - 10)
Specification and > Hazard identification Verification and Evaluation of
Design and risk evaluation validation strategy known scenarios
b 3 Tolerable No unacceptable
Unacceptable v risks v - risks
risks
(Clause - 8) (Clause -7) (Clause - 1) Reasonable
SOTIFrelated Triggering conditions . (Clause - 12) risks
S— d = Evaluation of SOTIF rel
f"?°."°".‘“ ¢ apc! m@"ml . unknown scenarios [£0000
modifications insufficiencies analysis
? 3 I No unacceptable Reasonable
risks v residual risks
New scenarios resulting (Clause - 13)
in unacceptable risks Operation phase <
activities
New issue identified during run-time monitoring I

Figure 2. Flowchart of methodologies followed by the standard.

In view of the flowchart presented and the previous point, as far as ADAS are concerned, the
synergies between I1SO 26262 and ISO 21448 are obvious, both standards complement each
other in the following way:

e Ontheone hand, ISO 26262 (FuSa) ensures that the ADAS does not fail due to internal
faults (e.g., software bugs).

e Ontheother hand, ISO 21448 (SOTIF) ensures that even a perfectly functioning system
does not cause unsafe behaviour (e.g., false positives).

On the basis of this reasoning, Table 3 summarises the workflow to be followed for the
validation of ADAS systems according to ISO 21448 and how such steps are complemented

by 1ISO 26262.
* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
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Table 3. Summarization of the validation methodologies by existing standards.

TEST CATEGORY

ISO 21448 (SOTIF)

Functional Safety Focuses on

Analysis

hazardous scenarios
due to system
limitations (e.g.,
sensor
misinterpretation,
perception errors)

ISO 26262 (FuSa)

Identifies hazards

caused by random
hardware failures,

software bugs and
systematic design

faults.

COMPLEMENTARITY

SOTIF covers
performance
l[imitations, while ISO
26262 covers
hardware/software
failures

Hardware-level
Testing

Evaluates how ADAS
responds to
perceived inputs
(e.g., testing sensor
fusion in a simulated
environment)

Focuses on evaluating
hardware failures and
fault detection
mechanisms in a
controlled
environment, as well
as ensuring the
hardware's reliability
in extreme
environments

SOTIF focuses on
functional safety
without faults,
whereas ISO 26262
ensures safety under
faults

Software-level

Evaluates ADAS

Evaluates software

SOTIF tests perception

Testing decision-making robustness in the and decision-making
algorithms presence of faults capability, whereas
ISO 26262 tests failure
tolerance
Simulation- Uses virtual Simulates fault SOTIF simulations

based Testing

environments to
test ADAS behaviour
in complex traffic
scenarios before
real-world testing

injection scenarios to
validate fail-safe
mechanisms

cover perception
errors, while ISO 26262
ensures safe behaviour
under faults

Field Testing
(Real-World
Validation)

Tests ADAS in real
traffic to verify
performance and
identify edge cases

Conducts real-world
testing to validate fail-
safe mechanisms in
case of
hardware/software
failures

Both require real-
world testing, but
SOTIF focuses on
functional
performance, while
ISO 26262 ensures
failure safety

[l Funded by
L the European Union
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. 1SO 21434

Lastly, and in complement to the two standards described above, ISO 21434 establishes a
structured approach to managing cybersecurity risks in automotive production. Such a
standard framework, as in the two previous cases, does not define specific tests, but
establishes a general workflow for ensuring cybersecurity throughout the vehicle lifecycle.
The clauses that apply to the ADAS validation are summarised, together with some test
examples, in Table 4.

Table 4. Clauses applicable to ADAS validation in ISO 21434 with some test examples.

CLAUSE PURPOSE SPECIFIC TESTS EXAMPLES
Risk Assessment Identify, evaluate and e Threat Analysis and Risk
(Clause 8) mitigate cybersecurity Assessment (TARA)
risks
Product Development Design, implement, verify e Secure Boot and Firmware
(Clause 10) and validate the vehicle Integrity Testing
components in terms of e Communication Security
cybersecurity at the Testing

individual level

Verification and Validate hat cybersecurity e Penetration Testing (Pen
Validation (Clause 11) measures are correctly Testing)
implemented and e [Fuzz Testing
effective e Intrusion Detection and
Prevention System (IDPS)
Testing

e Red Team Testing (Adversarial
Attack Simulation)

Cybersecurity Ensure continuous e Software Bill of Materials
Monitoring (Clause 15) monitoring and improve (SBOM) Analysis
cybersecurity processes
over time

As such, while the standard only focuses on cybersecurity, this aspect is complementary to
the purposes of ISO Standards 26262 and 21448. Together, these standards create a
framework for ensuring safety and security in automotive production which, in turn, is
complemented by other standards and regulations described in the following points.

* X x F d d b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
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EU General Safety Regulation

The EU General Safety Regulation (Regulation (EU) 2019/2144, https://eur-lex.europa.eu/legal-
content/EN/ALL/?uri=CELEX:32019R2144) determines which safety features have to be

included in vehicles to assist the driver and help better protect passengers and other road
users in Europe. Closely related to the UNECE Regulations, as well as to other EU Regulations,
this set of rules establishes a time plan for the mandatory introduction of the safety features,
as it is briefly described below (Table 5) for the case of passenger vehicles.

Table 5. Summary of The EU General Safety Regulation for passenger vehicles.

Requirement  Description Implementation Related
class date to
Advanced Intelligent speed assistance » It shallbe  From 06/07/2022  UN R89
vehicle possible for the driver to be made aware UN R125
systems through the accelerator control, or
through dedicated, appropriate and UN R46
effective feedback, that the applicable Reg(EV)
speed limit is exceeded. It shall not affect 2021/1958
the possibility, for the driver, of
exceeding the system’s prompted
vehicle speed
Cybersecurity measures From 06/07/2022  UN R155
UN R156
Emergency lane keeping assistance » it ~ From 06/07/2022  UN R130
shall pe possible for the driver to UN R157
override such systems
Reg(EU)
2021/646
Vulnerable Attention warning in case of driver From 06/07/2022  Reg(EU)
road users, drowsiness - the systems shall be 20211341
vision and designed to avoid overlap and shall not
visibility prompt the driver separately and
concurrently or in a confusion manner
where one action triggers both systems
Reversing direction with camera or From 06/07/2022  UN R158
sensors
Emergency stop signal From 06/07/2022  UN R48
Advanced driver distraction warning From July 2024 Reg(EU)
2023/259
0

Il the European Union

Funded by

Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not

necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.

21



D5.1 - Criteria definition for the selection of Safety Tests

Advanced emergency braking - the From 06/07/2022  UN R131
system will bg designed and ﬂttgd in UN R139
two phases, firstly for the detection of
obstacles and moving vehicles ahead o UN RI5I
the motor in the first phase, and UN R152
secondly to extend the detection
capability to pedestrians and cyclists
ahead of the motor vehicle
Automated Systems to replace the driver's control of  N/A UN R157
vehicles and the vehicle, including signalling,
fully driverless  steering, accelerating, and braking
vehicles
Systems to provide the vehicle with real- N/A UN R157
time information on the state of the
vehicle and the surrounding area
Driver availability monitoring systems N/A UN R157

Besides, this set of rules also establishes the first European legal framework to allow
automated and fully driverless cars to become available in the EU
(https://ec.europa.eu/docsroom/documents/50774). In general terms the technical rules will
ensure that automated vehicles and fully driverless vehicles are i) safe, ii) mature
(technologically speaking), and iii) cyber-secure, before they are placed on the market. The
technical requirements to be applied to each category are summarised in the following table
(Table 6).

Table 6. Technical requirement for automated and fully driverless vehicles.

VEHICLE TYPE REQUIREMENTS

Automated vehicles e Driver always present
Automated driving mode limited to motorways up to
130 km/h (from January 2023), enabled by lake keeping
and lane change functionalities
e Cybersecurity included
Monitoring safety in the field
Interaction with the driver

No driver present

Automated driving permitted only in defined areas
Advanced safety monitoring in the field

Interaction with passengers and other road users
Remote intervention operation required

New vehicle design possible, without driver seat.

Fully driverless vehicles

* X x F d d b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
A unded by . ’ _ . .
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Other EU Requlations of interest

The following table (Table 7) describes briefly other European Regulations related with ADAS
and autonomous driving systems that are of interest for BERTHA project:

Table 7. European Regulations related with ADAS and autonomous driving systems that are relevant to
the BERTHA project.

REGULATION TITLE DESCRIPTION

EU2021/646 uniform procedures and The emergency lane-keeping system is a
technical specifications for driver assisting system that should provide
the type-approval of motor warning to the driver and correct the
vehicles with regard to their  trajectory only when the driver is
emergency lane-keeping unintentionally leaving the lane. The
systems (ELKS) currently existing technologies for the

emergency lane-keeping systems are
based on the detection of lane markings
and the performance of those systems
cannot be guaranteed in the absence of
such markings.

EU2021/1958 Specific test procedures and The ISA system is a system to aid the driver
technical requirements for in Maintaining the appropriate speed for
the type-approval of motor the road environment by providing
vehicles with regard to their dedicated and appropriate feedback. The
intelligent speed assistance  ISA system may rely on various input
(ISA) systems and for the methods, such as camera observation, map
type-approval of those data and machine learning, however, the
systems as separate actual presence of real-world explicit
technical units numerical speed limit signs, should always

take precedence over any other in-vehicle
available information.

EU2021/1341 Specific test procedures and The DDAW system is a system that

technical requirements for
the type-approval of motor
vehicles with regard to their
driver drowsiness and
attention warning (DDAW)
systems

assesses the driver's alertness through
vehicle systems analysis and warns the
driver if needed via the vehicle's human-
machine interface. The DDAW systems
assess the human physical state through
indirect means, such as system analysis
and recognition of driving or steering
pattern of a driver exhibiting reduced
alertness due to drowsiness, therefore it is
not possible to fully test those systems
through a set of defined tests or with a

[l Funded by
L the European Union
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REGULATION TITLE DESCRIPTION

programmable machine, which
reproduces human behaviour.

EU2022/545 Specific test procedures and The event data recorder is a system with
technical requirements for the only purpose of recording and storing
the type-approval of motor critical crash-related parameters and
vehicles with regard to their  information shortly before, during and
event data recorder and for  immediately after a collision with a view to
the type-approval of those obtain more accurate, in-depth accident
systems as separate data enabling Member States to conduct
technical units road safety analysis and assess the

effectiveness of specific measures.

EU2023/2590 Specific test proceduresand The ADDW system is a system that helps

technical requirements for
the type-approval of certain
motor vehicles with regard
to their advanced driver
distraction warning (ADDW)
systems

the driver to continue to pay attention to
the traffic situation and that warns the
driver when they are distracted. Taking into
account the wide variety of drivers'
characteristics, the variability of seating
positions, and the relative market
immaturity of existing technologies, the
performance requirements for ADDW
systems should be set at a level that is
realistic and attainable with regard to the
limited experience gathered from the
systems on the market and the room
needed for further innovation of these
systems. This Regulation focuses on
warning drivers in cases of long visual
distraction.

Euro NCAP Testing Protocols

Current Euro NCAP testing protocols are divided into four distinct categories: Adult Occupant
Protection, Child Occupant Protection, Vulnerable Road User (VRU) Protection, and Safety
Assist. Considering the scope of BERTHA, the last two of them are of special importance, as
they are related to vehicle assistance, safety backup and driver engagement functions (Figure
3).

Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.
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DRIVER ENGAGEMENT VEHICLE ASSISTANCE
;
1 0 Speed ~
e Assistance
®) ; ,

" Adaptive Cruise Control
Performance

Consumer
Information

System
Status

Driver
Monitoring

Steering
Assistance

.............

-
[XY

=0
System O

Delving Failure

Collaboration

Unresponsive Driver

Collision
Intervention

Avoidance ot

F7 BN
SAFETY BACKUP eursEphcap

Figure 3. Functions covered under Euro NCAP's Vulnerable Road User (VRU) and Safety Assist categories.

The following table (Table 8) summarises the testing protocols applicable to evaluate the VRU
protection capabilities of passenger vehicles.

Table 8. Euro NCAP testing protocols used to evaluate the VRU protection capabilities of passenger
vehicles.

Test Definition

protocol

Car-to- Car-to-Pedestrian Farside 11 scenarios, covering ) betorm
pedestri  Adult: a collision in which a speeds from 10 km/h & - ¢ *
an CPFA vehicle travels forwards to 60 km/h.

towards an adult pedestrian
crossing its path running
from the farside and the
frontal structure of the Night conditions
vehicle strikes the pedestrian included

at 50% of the vehicle's width 14 test AEB
when no braking action is

50% overlap for all
speeds

performance
applied.
* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
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Test
protocol

Definition

Car-to- Car-to-Pedestrian Nearside 11 scenarios, covering 3
pedestri  Adult: a collision in which a speeds from 10 km/h ‘f
an CPNA vehicle travels forwards to 60 km/h.

towa.rds §n adult pedgstrlan 25% and 75% overlap

crossing its path walking

} for all speeds

from the nearside and the

frontal structure of the Night conditions

vehicle strikes the pedestrian included

at 25%/75% of the vehicle's IOt AER

width when no braking performance

action is applied.
Car-to- Car-to-Pedestrian Nearside 11 scenarios, covering
pedestri  Child Obstructed: a collision speeds from 10 km/h I : f’
an in which a vehicle travels to 60 km/h. g
CPNCO forward§ toward.s a th|lo| 50% overlap for all

pedestrian crossing its path {19 '

i ] speeds bom |

running from behind and i a

obstruction from the Night conditions

nearside and the frontal included

structure of the venhicle To test AEB

strikes the pedestrian at 50%  performance

of the vehicle's width when

no braking action is applied.
Car-to-  Car-to-Pedestrian Speeds from 20
pedestri  Longitudinal Adult: a km/h to 60 km/h to
an CPLA collision in which a vehicle evaluate AEB

travels forwards towards an
adult pedestrian walking in
the same direction in front of
the vehicle where the vehicle
strikes the pedestrian at
25%/50% of the vehicle's
width when no braking
action is applied or an
evasive steering action is
initiated after an FCW.

Speeds from 50
km/h to 80 km/h to
evaluate FCW

25% and 50% overlap
for all speeds

Night conditions
included

[l Funded by
L the European Union
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Test
protocol

Definition

Car-to- Car-to-Pedestrian Turning 4 different scenarios
pedestri  Adult: For the CPTA are considered:
an CPTA scenarios, for the VUT farside turn,
assume an initial straight- nearside turn, same
line path followed by a turn, direction turn, and
followed again by a straight opposite direction
line, hereby known as the turn
test path. The;e tests are Nearside tested at
conducted Wlthout the use 10km/h
of the turn signals.
Farside tested at 10-
20km/h
To test AEB
performance
Car-to- Car-to-Pedestrian Reverse Test speeds from 4 S
pedestri  Adult/Child: a collision in km/h to 8 km/h ;i
an which a vehicle travels VRU can be static or ‘
CFRA/C  rearwards towards an adult .
) o moving at 5 km/h
PRC pedestrian crossing its path
walking from the nearside For the static case,
and the rear structure of the ~ overlaps of 25%, 50%
vehicle and 75% are
considered
To test AEB
performance
Car-to- Car-to-bicyclist Farside Adult: Speeds from 10 \ _@_ - ]
bicyclist  a collision in which a vehicle  km/h to 60 km/h for dDEN)
CBFA travels forwards towards a the VUT, 20 km/h for -

bicyclist crossing its path
cycling from the farside and
the frontal structure of the
vehicle strikes the bicyclist
when no braking action is
applied.

the bike
Impact location 50%

To test AEB
performance
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Test Definition
protocol
Car-to- Car-to-bicyclist Nearside Speeds from 10 e
bicyclist  Adult: a collision in which a km/hto 60 km/hfor =~ L ' Ye 9
CBNA vehicle travels forwards the VUT m——
Fowards a bi.cyclist crossing Speeds of 15 km/h '
its pa‘Fh cycling from the (non-obstructed)
nearside and the frgntal il 18 kel
str.uctu re of ‘Fhe \{ehlcle (obstructed) for the
strikes the bicyclist when no bike
braking action is applied.
Impact location 50%
To test AEB
performance
Car-to- Car-to-bicyclist Longitudinal  Speeds from 25
bicyclist  Adult CBLA: a collision in km/h to 60 km/h to |
CBLA which a vehicle travels evaluate AEB dL |
forV\./ard.s towards a bi.cycli.st Speeds from 50 N ‘: J@:
.cycllng inthe sam.e direction km/h to 80 km/h to %ﬁ 7.
in front.ofthe vehlclg where evaluate ECW
the vehicle would strike the
cyclist at 25%/50% of the Speeds of 15 km/h
vehicle’s width when no (AEB) and 20 km/h
braking action is applied or (FCW) for the bike
an evasive steering actionis g test AEB/FCW
initiated after an FCW. performance
Car-to- Car-to-bicyclist Turning VUT speeds: 10-20
bicyclist Adult CBTA: For the CBTA km/h (farside turn),
CBTA scenarios, for the VUT 10 km/h (nearside

assume an initial straight-
line path followed by a turn,
followed again by a straight
line, hereby known as the
test path

turn)

Bike speed 15 km/h

Target moving from
the opposite
direction

Impact location 50%

To test AEB
performance

[l Funded by
L the European Union
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Test
protocol

Definition

Car-to- Car-to-bicyclist DooringAdult The vehicle is
bicyclist CBDA: For the CBDA stationary
CBDA scehario a bicycle is tra.cveling Bike speed 15 km/h
beside the parked vehicle. In
the first run, the EBT passes 10 test AEB
the parking car without performance
operation on the door ‘]
opening interface In the
second run, the VUT driver ¢ .
door opening interface will
be operated when the
bicyclist front reference point
isat 8 m from the most
rearward point of the driver
door.
Car-to- Car-to-motorcyclist Rear Speeds from 10
motorcy Stationary: a collision in km/h to 60 km/h to <>
clist which a vehicle travels evaluate AEB e
CMRs forwards tgwa rds a Speeds from 30
motorcyclist and thg front iyl o &6 ki e
str.ucture of the vehicle evaluate ECW
strikes the rear of the
motorcycle. Impact location 50%
Car-to- Car-to-motorcyclist Rear Vehicle speed
motorcy Braking: a collision in whicha 50km/h <>
clist vehicle travels forwards Motorbike initial BTN
CMRb towards a motorcyclist that

is travelling at constant
speed and then decelerates,
and the frontal structure of
the vehicle strikes the rear of
the motorcycle.

speed 50 km/h

-4m/sa2
deceleration

12-40 m headway
Impact location 25%

To test AEB + FCW
operation

[l Funded by
L the European Union
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Test
protocol

Definition

Car-to- Car-to-motorcyclist Rear Vehicle speed 10-20
motorcy Front turn across path:—a km/h
((::“St collision in Wh}-I]Ch a vheh:ccle Motorbike speed 30-
MFtap  turns a.cross the pat .o an 500 kA
oncoming motorcyclist
travelling at a constant Farside turn
speed, and the frontal Impact location 50%
structure of the vehicle
strikes the front of the Vo iest =g
motorcycle. performance
Car-to- Car-to-motorcyclist VUT and motorbike
motorcy Oncoming: a collision in driving at 72 km/h
clist which a v.ehlcle drifts out of To test LSS
CMonco lane and into the path ofa
) i S performance
ming motorcyclist travelling in the
opposite direction in the
adjacent lane.
Car-to- Car-to-motorcyclist Scenario 1. VUT @ 50
motorcy Overtaking: — a collision in km/h and motorbike - -
clist which a vehicle drifts out of @ 60 km/h
CMovert lane and |hto the pz?th 9f a Scenario 2: VUT @ 72
aking motorcyclist travelling in the

same direction in the
adjacent lane.

km/h and motorbike
@ 80 km/h

To test LSS
performance
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Following a similar approach, Table 9 summarises the testing protocols applicable to evaluate
the collision avoidance capabilities (AEB car-to-car) of passenger vehicles.

Table 9. Euro NCAP testing protocols for evaluating the collision avoidance capabilities (AEB car-to-car) of
passenger vehicles.

Test Definition

protocol

Car-to- Car-to-Car Rear Stationary: a

Car CCRs collision in which a vehicle
travels forwards towards
another stationary vehicle
and the frontal structure of 55 winn

2 )

the vehicle strikes the rear BB FFCW coobioea
5 e AEB only FCW only
structure of the other. AEB FCW
AEB CCRs 10-50 km/h 55-80 km/h 10-80 km/h 55-80 km/h
-50% to 50% -50% to 50% -50% to 50% -50% to 50%
Car-to- Car-to-Car Rear Moving: a
Car collision in which a vehicle ( z
CCRmM travels forwards towards -

another vehicle that is
travelling at constant speed

and the frontal structure of AEB + FCW combined & AEB Only
the vehicle strikes the rear — 30_‘:::&‘ -
structure of the other. s = -50%-50%

Car-to- Car-to-Car Rear Braking: a —

Car CCRb collision in which a vehicle ( o E ’)
travels forwards towards _, e _f_
another vehicle that is o
travelling at constant speed AEB+FCW combined & AEB only
and then decelerates, and — :':“": j;;“"h
the frontal structure of the i 40m 50 km/h 50 km/h

vehicle strikes the rear
structure of the other.

Car-to- Car-to-Car Front Turn-
Car Across-Path: a collision in
CCFtap which a vehicle turns across

the path of an oncoming
vehicle travelling at
constant speed, and the
frontal structure of the
vehicle strikes the front
structure of the other.
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Test
protocol

Car-to-
Car
CCCscp

Definition

Car-to-Car Crossing Straight
Crossing Path: a collision in
which a vehicle travels
forwards along a straight
path across a junction,
towards a vehicle crossing
the junction on a
perpendicular path. The
frontal structure of the
vehicle under test strikes
the side of the other vehicle.

BERTHA=% O

Car-to-
Car
CCFhos

Car-to-Car Front Head-On
Straight: a collision where a
vehicle is travelling along a
straight path within its

defined lane and strikes
another vehicle travelling in
the opposite direction,
which has drifted into the
same lane as the original
vehicle. The frontal structure
of the vehicle strikes the
frontal structure of the
other.

-

Car-to-
Car
CCFhol

Car-to-Car Front Head-On =

Lane Change: a collision .@) =

where a vehicle is travelling

along a straight path within

ot -

" TARGET path

its defined lane and strikes
GVT VUT Lane Lane

another vehicle travelling in Speed | Speed |change | change
offset (O) | length (L)

Following
Distance
(F)

TTC at
end of lane
change

Max Lateral
acceleration

the OppOSIte dlreCUOh 50kmvh | 50km/h | 3.5m 44m

[13.9]m

[1.5]s

1.50 m/s?

WhICh has |ntent|ona”y 70km/h | 70km/h | 3.5m 60m

[19.4]m

[1.5]s

1.50 m/s?

moved into the lane of the
original vehicle to attempt
an overtake. The frontal
structure of the vehicle
strikes the frontal structure
of the other.
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Finally, Table 10 summarises the testing protocols applicable to evaluate the safe driving
capabilities (AEB car-to-car) of passenger vehicles.

Table 10. Euro NCAP testing protocols for evaluating the safe driving capabilities (AEB car-to-car) of
passenger vehicles.

Test protocol Description

Occupant status It includes the assessment of:

monitoring Seat belt reminder: all seating positions

e Driver state monitoring: distraction, drowsiness and
unresponsive driver. Regarding distractions, the following
states are monitored: long distraction, short multiple
distractions, and phone usage.

e Standard driver behaviours: eating, talking, laughing, singing,
smoking, eye rubbing, sneezing (there is no Minimum
performance requirement)

e Driver gaze locations
Driver fatigue, through the evaluation of drowsiness,
microsleep, and sleep states.

Speed assist It includes the assessment of:

SRS e Speed Limit Information Function (SLIF): function with which

the vehicle knows and commmunicates the speed limit

e Speed Limit Warning Function (SLWF): function that alerts
the driver that the indicated speed is exceeding the perceived
speed limit

e Speed Limitation Function (SLF): system which allows the
driver to set a vehicle speed, to which he wishes the speed of
his car to be limited

e Intelligent Speed Limiter (ISL): ISL is a SLF combined with SLIF
Intelligent Adaptive Cruise Control (iIACC): iIACC is an ACC
combines with SLIF, where the speed is set by the SLIF with or
without driver information

Euro NCAP Roadmap

In its document “Euro NCAP Vision 2030 - A safer future for mobility”
(https://cdn.euroncap.com/media/74468/euro-ncap-roadmap-vision-2030.pdf) Euro NCAP
examines current realities in vehicle safety and identifies the future course of the organisation
and the vehicle safety industry in general during the second half of this decade. The
organisation recognises that assisted and automated technologies will play an increasingly
important role in reducing traffic accidents. Hence, a new approach for rating vehicles will be
needed to reflect the transition from crash mitigation to crash avoidance, that will be based
on the four phases of an accident: safe driving, crash avoidance, crash protection, and post-
crash safety. As such, several testing protocol updates linked to BERTHA scope are identified,
which are gathered in Table 11.
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Table 1. Identified Euro NCAP testing protocol updates relevant to the BERTHA scope.

Area of Expected progress by 2032

intervention

In-cabin e More efficient and robust systems can be encouraged by
monitoring expanding noise variable requirements (extreme seating
positions, driver state, alternative approaches to facial
monitoring)
e Track phone usage
Link situational awareness to ADAS activation
e Reward Human Machine Interaction best practices that
reduce unnecessary distraction and promote system
acceptance.

Speed assistance e Remove overlaps with type approval requirements, focusing

on complementary performance and functions only.

e Encourage the shift from “advisory” systems only to
“intervention” systems that actively reduce the speed

e Updated requirements: stricter speedometer and speed sign
recognition accuracy, smaller speed offset speed tolerance

e Updated scoring for Speed Limit Information Function (SLIF)
and Speed Limit Warning Function (SLWF).

e Functions related to local hazards will be further expanded
and will be given a stronger focus.

Assisted and e The assessment will be broadened from motorway driving to
automated driving other off-highway domains.
systems e Expanding Adaptive Cruise Control (ACC) requirements,

including testing of Car-to-Motorcycle and longitudinal VRU
scenarios, and incorporating advancements in speed
assistance such as recognition of implicit, conditional, and
dynamic speed limits, road features and local hazards.

e The assessment parts related to driver engagement and
safety backup will be updated, including “eyes on/hands off”
functionality of Dynamic Control Assistance Systems, once
they are legally permitted.

e Euro NCAP will adopt a penalty/rewards approach for cars
that offer assisted driving systems, whether fitted as an
option or standards.

e Discuss the introduction of latest technology developments
such as proactive driving assistance systems (e.g. obstacle
anticipation or deceleration assistance)
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Area of Expected progress by 2032
intervention

Crash avoidance e Add further turning cyclist scenarios
Develop PTW test situations such as at higher approach
speed to cover more real-world cases

e Introduce micro-mobility injury incidents such as crossing
and dooring

e Explore the potential introduction of more obstructed VRU
scenarios that evaluate safety and non-safety critical vehicle
actions based on communication technology.

e FEuro NCAP will put a larger focus on the variation of test
conditions, such as lighting and weather changes, target
appearance, and interaction with other road objects and
infrastructure.

e |nvestigate evidence demonstrating reduced ADAS
functionality due to adverse weather conditions: rain, fog, low
sun condition.

Shared and e Develop and advocate best practice recommendations for
autonomous evaluating safety, and publish transparent requirements of
mobility Autonomous Vehicles on which a Voluntary Safety

Assessment can be undertaken

e Many of the existing tests can be meaningful if the
requirements are adjusted to the operational design domain
of AVs.

e Define a more dynamic set of protocols for: highway and
pavement collision avoidance for vehicles and VRUSs,
occupant collision protection, crashworthiness, alternative
seating postures, restraint systems and compatibility, VRU
collision protection and emergency response.

Vehicle security e Vehicle manufacturer security systems could be

and access to data benchmarked against a state-of-the-art approach, such as
the Common Criteria Certification (ENISA, 2021) or the On-
Board Telematics Platform approach (TUV-IT, 2020). This
would help alleviate concerns of consumers about the
security of connected vehicles, and would allow Euro NCAP
to reward early adopters of new regulations and security

standards.
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All these improvements on the testing procedures and the underlying vehicle technologies
are considered major milestones by Euro NCAP, having the time frame for their
implementation shown in Figure 4.

2026 2029 2032

M1 Beyond Intelligent
speed assistance

M2 Driver Awareness: impaired
driving to cognitive distraction

M3 AD Grading: Domain extension
and driver engagement

Crash Avoidance

M4: Improved robustness @ e orrerenrarersirrersad)
and real-world effectiveness

M5: LEVErAging =+«seesesssnrcsssncsrosesrosranesnsasaneasansanerosncassnoasansan @ roarcarcarcascarcanaan Y
vehicle connectivity

Figure 4. Time frame for implementation of testing procedures in Euro NCAP.

The new rating criteria for the tests will lead to an update on the rating scheme in the period
2026-2028, as presented in FIGURE 5.

Safe Driving Crash Avoidance Crash Protection Post-crash Safety

Occupant Monitoring 30 | Frontal Collisions 60 | Frontal Impact 40 | Rescue Information 40

ue Sheet

Car & PTW 40 | Offset

Eull W

VT & Sled

Driver Engagement 30 | Lane Departure Collisions 20 | Side Impact 35| Post-crash Intervention 25

r Monitoring 25 | Sir

hicle 10 | Barrier

Pole

Farside

40 | Acceleration Prevention 20 | Rear Impact 5| Extrication 35

Eront Seats

Rear Seats

VRU Impact 20

Head Img

Pelvis & Leg Impact

Weight: 20% 100 | Weight: 20% 100 | Weight: 50% 100 | Weight: 10% 100

Figure 5. The updated rating scheme based on updated criteria for the period of 2026-2028

3.1.2. Gaps in Current Standards for DBM-Based CCAM

From the analysis carried out in the previous sub-chapter 3.1.1, several standardization gaps
have been identified, which could be covered (at least partially) by DBM-Based CCAM
solutions. Concretely, these gaps are:

= Thetesting and certification of ADAS systems is becoming increasingly complex as the
amount of scenarios covered by the regulations grows steadily, which has an impact
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on the cost of carrying out such analysis. The implementation of DBM-based CCAM
would increase the robustness and credibility of virtual testing methods, which could
decrease the costs associated with physical testing.

- Current testing procedures do not take into account the different driver profiles that
exist in the real world. This variability in terms of driving behaviour could be addressed
by DBM-based CCAM.

- External variables (e.g. weather) are only seldom taken into account. The DBM-based
CCAM could help to assess different driving conditions, also accounting for how driving
changes with those conditions

= Even though the amount of scenarios is ever-increasing, they do not cover all the
potential driving scenarios that may occur in the real world. Simulation methodologies
like the DBM-based CCAM can help enlarge the amount of scenarios covered.

= Full autonomous driving is not sufficiently covered yet in the existing standards.

= International standards (ISO) propose working methodologies but in a generic way, in
order to be able to cover a wide range of cases. If addressed using different ADAS
technologies, it may be difficult to determine which combination of them works best.

3.2. Driver Topology Survey results

The Driver Typology Survey was conducted to classify drivers based on their behavioral
tendencies, cognitive traits, and interaction with automated driving systems. This part
includes the details about the survey, its purpose, how it is conducted and the key findings.

3.21. Purpose of the Driver Typology Survey

The goal of the driver topology survey was to capture variations in driving styles, risk
perception, and decision-making, which are critical for understanding how different driver
profiles influence the deployment and acceptance of DBM-based CCAM. By identifying
distinct driver typologies, the survey aimed to provide insights into how human-like driving
behaviors can be integrated into automated driving systems to improve safety, efficiency, and
user acceptance.

3.2.2. Implementation of the Survey and Main Results

The survey performed in Task 1.2 comprised a combination of a questionnaire covering items
related to habits and preferences in driving (stated preferences), and choice experiments
confronting respondents with specific driving situations (as immersive as possible) and a set
of possible reactions. These choice experiments were closely related to the five Use Cases
proposed in BERTHA, and they have been supported by a set of videos specifically produced
for this survey and varying key parameters (i.e. levels of criticality) such as the distance
between cars or the positions of pedestrians that are influencing drivers’ decisions. An
example of such a video sequence is illustrated in Figure 6.

The collected data (from a balanced sample of more than 4,700 drivers from 5 countries)
ultimately resulted in clustering types of driver reactions according to their characteristics
and performance, where the clustering algorithm gave the best results for the number of 8
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clusters. Evaluations across these clusters — for both the stated preferences and the choice
experiments — were analysed; it was demonstrated that the variety across these clusters is
significantly higher than the variety across standard socio-demographic attributes (gender,
age, income, education level, household size, living area etc.).

Figure 6. Example of videos for survey: Last frozen images of the video scenarios corresponding to the
four levels of Criticality studied for UC3 (Pedestrian avoidance), from the ego-car POV

The clusters were then associated with driver types which were described based on the socio-
demographic attributes related to them, as well as regarding their specific driving styles and
reaction patterns. Following illustrative names were proposed for the eight driving types:

Steady Veteran Urban Daredevil
Confident Cruiser Mindful Navigator
Bold Rookie Uncertain Sprinter
Chill Maverick Balanced Driver

These types have different frequencies both between each other but also across the different
countries, as shown in Figure 7.

* *ox FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not

* Tk Yy : ; . . .

* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
Fapx the European Union Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.

38



D5.1 - Criteria definition for the selection of Safety Tests

Clusters by Country

15% - 20% 13%

Confident ¢ ; :
. Steady Veteran Criigar Bold Rookie . Chill Maverick

. Urban Daredevil . Mindful Uncsiin . Balanced Driver
Navigator Sprinter

Austria ~
France
Germany ~
Portugal ~
Spain

Figure 7. Frequencies of the clusters amongst respondents from the different countries.

3.2.3. Key Findings and Their Implications for DBM-Based CCAM

The following four key findings from the driver typology survey have direct implications for
DMB-based CCAM:

e Driver Profiles & Behavioral Variability: The survey identified multiple driver
typologies based onrisk tolerance, assertiveness, and adherence to traffic norms. These
profiles range from cautious, rule-abiding drivers to more assertive or risk-taking
individuals.

e Implications for Safety Scenarios: Understanding these typologies allows for the
selection of safety test scenarios that reflect real-world variability in human driving
behavior. This ensures that automated systems are tested under conditions that
include diverse driving styles, contributing to a more robust safety validation process.

e DBM Model Refinement: The findings suggest that DBM-based CCAM should account
for these behavioral nuances to create adaptive and context-aware automated driving
responses. This can help in designing automated systems that drive in a way that feels
more natural to human users and reduces conflict with manually driven vehicles.

e User Acceptance & Trust: By aligning automated driving behavior with recognized
driver typologies, trust and acceptance of automation can be improved. Drivers are
more likely to feel comfortable with automation if the system’s decisions align with
their expectations of human-like driving behavior. This aspect will be taken up in Task

T5.4.
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These findings are crucial for defining safety test criteria, as they provide a basis for selecting
scenarios that evaluate how well CCAM systems can replicate or respond to different driver
behaviors. Ensuring that automated systems can handle diverse human driving styles will
contribute to safer and more predictable road interactions.

3.3. Identification of critical mixed-traffic scenarios

Identifying critical scenarios with mixed traffic is of great importance for evaluating the safety
and performance of DBM-based CCAM systems. Identifying such situations enables targeted
testing where behavioral modeling has the greatest impact.

3.3.1. Defining Critical Scenarios in DBM-Based CCAM

For a DBM-based CCAM, a critical scenario is one that significantly stresses the decision-
making of the DBM due to complex interactions in the scene, especially with vulnerable road
users. Such scenarios typically involve multiple road users and small safety margins. In these
conditions, the CCAM system must predict and react to other users’ behavior by making
timely decisions to avoid accidents. Identifying these scenarios often involves analyzing well-
known difficulties faced by automated driving systems, like unexpected vehicle cut-ins. The
focus of tests should be on the defined critical scenarios to ensure that the system is examined
on the interactions where driver modeling accuracy is most crucial.

3.3.2. Key Critical Scenarios Identified

We will use the five BERTHA use cases and their parameterized variants as base of critical
scenarios for the validation of DBM-based CCAM:

e Collision Risk Management on Highway (UC1): The ego-vehicle is traveling in the
right lane of a highway, following a vehicle ahead. Suddenly, the lead vehicle performs
an emergency brake, drastically reducing its speed. To prevent a rear-end collision, the
ego-vehicle's driver must carry out an emergency maneuver. Criticality is high as it
demands immediate deceleration or lane change by the CCAM system to maintain
safety.

Option 1: B

Option 2:
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e Insertion on Highway (UC2): The ego-vehicle is required to merge into a left lane from
an entry ramp on a two-lane highway. It relies on a gap vehicle to enable a feasible
insertion before the entry lane terminates. It's critical because miscoordination can
cause severe rear-end or side collisions at high speed.

e Pedestrian avoidance (UC3): The ego-vehicle is operating on an urban roadway, with
pedestrians present on the adjacent sidewalks. While the majority of pedestrians are
expected to utilize designated zebra crossings, there is a possibility that some may
attempt to cross the road at non-designated or unsafe locations. It's a safety-critical
scenario given the small safety margins and high fatality risk.

e Left Turn at Urban Intersections (UC4): The ego-vehicle, which intends to make a left
turn, is approaching an urban intersection regulated by traffic signals. The left-turn
maneuver requires crossing oncoming traffic, and the traffic light phases play a critical
role in determining whether the vehicle proceeds with the turn or yields and waits. This
scenario is critical due to ambiguous priority and the potential for cross-path collisions
if either party misjudges intentions.
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e Pull back in/ Cut in on Urban Highways (UC5): An overtaking vehicle traveling in the
left lane of a two-lane roadway must merge back into the right lane ahead of the lead
vehicle upon completing the overtaking maneuver. Such scenarios commmonly arise on
urban highways when the overtaker makes a late decision to take an upcoming exit
on the right, often resulting in a sudden and potentially unsafe lane change. The
criticality lies in the close parallel vehicle interaction; a failure to properly yield or adjust
could result in side collisions.

These scenarios represent challenging mixed-traffic interactions for our CCAM system.

3.3.3. Prioritizing Scenarios for Testing

To prioritize scenarios for CCAM system validation, we assessed the identified scenarios by
their safety criticality and testing feasibility showing how practical it is to reproduce them in
controlled conditions. highly critical scenarios that are practical in real-world need to be
prioritised and the scenarios with high criticality but impractical to test directly in real-world
can be designated for simulation based tests. The variants with lower criticality and lower
feasibility will have lower priorities. Table 12 summarizes the priority assignment outcome to
help prioritise the scenarios.

Table 12. Prioritizing scenarios for selection based on their criticality and feasibility.

USE CASE VARIANT CRITICALITY FEASIBILITY VALIDATION

PROCEDURE

Collision risk on

X Inter Vehicule Low to High Medium in Simulation/track

highway Time (IVT) of 0.4, low IVTs in if possible
0.8,1.2and 1.6 track
seconds

Insertion on

Highway small (1Tm) to Low to High Medium (in  Simulation/track
large gap (30.6m) simulation if possible

and track)
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USE CASE VARIANT CRITICALITY FEASIBILITY VALIDATION
PROCEDURE
Pedestrian
avoidance Time tothe Path  Low to High High Simulation/track
Collision Point with dummy
(TPCP) of 2, 2.4,
28and 3.2
seconds
Left Turn at
Urban distance to Path Low to High Medium- Both
Intersections Conflict Point High
(PCP) of 8,18, 28,
and 38 meters
Pull back in /
Cut inon Urban VT of0.01,0.1,02, Low to high Medium Simulation/track
Highways and 0.3 seconds test optional

3.34. Key Scenarios for DBM-Based CCAM Validation and Linking to

Validation Methods

based on the above criteria, the different variations of the use cases will be confirmed for
validation.

simulation-only: some variations of the use cases are deemed dangerous for initial
real-world testing, therefore, in such cases the validation needs to be in simulations.
For example the UCI the variant 1 with IVT of 0.4 second can be hazardous because of
the small gap between vehicles and high closing speed. In such cases the simulator
will allow for extensive and repeatable tests. After reliable response from the CCAM
system in the simulator it can be attempted with careful track tests.

Track Testing: Several scenario variations are suitable for controlled track testing using
available safety mechanisms. For example, pedestrian avoidance in UC3 will be tested
in the track using dummy pedestrians similar to Euro NCAP’s AEB VRU test. Likewise,
intersection scenario in UC4 can be recreated in the field similar to Euro NCAP'’s
collision avoidance test (AEB Turn Across Path).

Combined Simulation and track validation: Most scenarios can benefit from both
simulation and field validation approaches. The full parameter space of scenarios can
be explored in simulation (low IVTs and TPCPs etc.) to identify weaknesses of the CCAM
system and then a representative subset of parameters are reproduced in field tests.
For instance, UC2 can be tested with an entire range of gap parameters but only a
moderate or large gap variant will be tested in the field.
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3.4. Proposed Validation Procedures

This section summarizes the discussions from the partner meeting in Munich regarding DBM-
based CCAM validation procedures workshop of task T5.1. The discussions focused on defining
validation methodologies, use cases, evaluation criteria, acceptance evaluation, and potential
updates to existing validation standards.

Based on the insights from the meeting, the key themes discussed are summarized below:

3.4.1. Risk Assessment and Safety-Critical Behavior Evaluation

A primary focus of the discussions was the evaluation of risky behaviors in traffic and their
impact on driving safety using a DBM-based CCAM system. The goal is to ensure that DBM-
based CCAM can accurately assess collision risk and behavioral responses in different driving
scenarios.

The BERTHA use cases were identified as high-priority for evaluating risk in DBM-based CCAM
system:

e Collision risk avoidance on highways: Testing how DBM-based CCAM predict and
react to potential crash situations.

e Pedestrian crossing in urban areas: Assessing DBM-based CCAM's pedestrian
detection and reaction strategies.

e Left turn at urban intersections: Evaluating interaction with traffic lights and
oncoming road users (including cyclists and pedestrians).

e Insertion onto highways and lane merging: Testing automated vehicle decision-
making in high-speed mixed-traffic conditions.

e Cut-in scenarios: Evaluating ability to predict and respond to sudden lane intrusions
by other vehicles.

These use cases were identified as critical due to the complexity of human behavior in mixed-
traffic environments.

3.4.2. Alignment with Existing Validation Standards

Several partners emphasized the need to align DBM validation procedures with current
industry standards, such as:

Euro NCAP protocols for AEB pedestrian, car-to-car, and intersection scenarios.

e IS0 21448 (SOTIF) Safety of the Intended Functionality to assess human-like driving
decisions.

e UNECE regulatory frameworks for safety-critical vehicle decision-making.

Partners raised concerns about the need to refine standards to accommodate DBM-based
CCAM safety evaluations in pedestrian and intersection scenarios. To address these gaps, it
was proposed that DBM-specific evaluation metrics and scenario-based testing procedures
be incorporated into validation standards.
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3.4.3. DBM's Role in Automated Driving Validation

Another key discussion was how DBM should be positioned in validation procedures of the
CCAM system. The consensus was that DBM can play multiple roles in automated mobility
validation:

e As the main system in ego-vehicles: Driving ego-vehicle and anticipating human
driver decisions in mixed traffic.

e As amodel for human-driven vehicles: Simulating realistic non-ego vehicle behaviors
in validation scenarios.

e As a decision-making baseline: Comparing DBM-based decisions with human driver
actions for validation.

For example, in pedestrian crossing scenarios, DBM can:

e Act as the ego vehicle's decision-making module, predicting when to yield to a
pedestrian.

e React to pedestrian intent and behavior, testing how well automated systems react to
unexpected pedestrian crossings.

DBM Evaluation Metrics for Decision-Making

To assess CCAM system'’s effectiveness in decision-making scenarios, the following metrics
were proposed:

e Human-likeness: A qualitative metric based on subjective evaluation of how closely
DBM-based CCAM behaviors match real drivers.

e Ergonomy metrics: Measuring how smooth or natural DBM-based system responses
are in real-world scenarios.

e Safety vs. Traffic Fluidity: Balancing aggressive safety behaviors (e.g., hard braking)
with smooth traffic integration.

These metrics will help refine how DBM models are used in automated mobility validation.

3.4.4. Scenario Selection and Acceptance Evaluation

The concept of CCAM system acceptance evaluation is introduced as a crucial metric for
validation. This involves analyzing:

e The main aspect for acceptance testing will be the performmance of DBM in the ego
vehicle: How well do DBM-based decisions align with driver expectations? (note that
this will also depend on the respective driver type according to the typology that has
been defined in Task T1.2)

e |n addition, it might also be important to determine the degree of acceptance by
human drivers or other traffic participants (pedestrians, cyclists) when interacting with
DBM-based CCAM systems.

e [or both aspects: Reasons for acceptance or rejection of DBM behaviors in different
driving situations.
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Type of Metrics for Acceptance Evaluation

We therefore proposed a mix of quantitative and qualitative evaluation methods. Details of
the acceptance test procedure (which use cases/variations, which simulator setup, in the
responsibility of which partners) will be defined at the start of Task T5.4:

e Quantitative metric: Measuring the degree of acceptance based on real driver
feedback.

e Qualitative metric: Understanding why drivers accept or reject DBM behaviors in
specific driving contexts.

Simulators were suggested as the ideal testing environment for measuring acceptance, as
they allow controlled driver feedback collection in various driving scenarios. This aspect of
validation is critical, as automated systems must not only be functionally safe but also
intuitively acceptable to human drivers.

3.45. Gaps in Existing Standards and Recommendations

A major outcome of the discussions was the identification of gaps in current validation
standards, including:

e No standardized process for incorporating DBM into validation.
e Lack of clear safety benchmarks for human-vehicle interaction modeling.
e Need for scenario-specific evaluation metrics to validate DBM decision-making.

To address these issues, we propose:

e Developing standardized test procedures for DBM evaluation, incorporating
scenario-based safety metrics.

e Updating validation criteria to consider human-likeness and decision-making
reliability.

e Updating industry-wide guidelines for integrating DBM into ADAS/AD validation
standards.

By implementing these updates, DBM-based validation can be aligned with evolving
automated driving regulations. The list of metrics will be defined in T5.4.

The meeting discussions provided a structured direction for DBM-based CCAM validation,
emphasizing:

1. High-priority use cases for testing DBM'’s impact on automated driving safety.

2. Alignment with existing standards while addressing critical validation gaps.

3. Defining new evaluation metrics for DBM-based decision-making, human-likeness,
and acceptance.

4. Proposing scenario-based testing approaches using simulators, track tests, and field

trials.
* X x FU nded b Funded by the European Union. Views and opinions expressed are however those of the author(s) only and do not
* T Yy X : ; ) )
* * . necessarily reflect those of the European Union or the European Climate, Infrastructure and Environment Executive
e the Eu ropean Union Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.

46



D5.1 - Criteria definition for the selection of Safety Tests BERTHA-S O

These insights can be used to guide the lab tests phase, ensuring that DBM-based CCAM
undergoes validation procedures before deployment in Field Operational Tests (FOTSs). Table
13 summarizes the discussion.

Table 13. Summary of the discussion about the use cases, validation procedures and metric definition for
the tests in the workshop.

Use cases Validation Evaluation Partner
procedures category

General UCs Driving comfort Safety & Comfort CVvC
evaluation behavior

All UCs involving In testing time, DBM Comfort & safety CVC

several more check if end-to- accuracy

vehicles in addition end deep models

to the ego-car. behave properly

in presence of
different DBM

All UCs, in some the Combination of DBM Comfort & safety CVvC
DBM acts as driver the two previous accuracy

expert for both the  cases.

ego-car and other

vehicles around.

All UCs. The DBM Is DBM a better DBM Comfort & safety CVC
acts as a driver expert than other accuracy
expert with access autopilots
to privileged
information.
Highway safety Risk assessment DBM Safety eval CON
decision
making
Cut in of another guantitative DBM guantitative metrics CAP
vehicle on the evaluation of mistake rate (how many collisions
driving lane mistakes by the with other vehicles or
DBM VRUSs)
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Use cases Validation Evaluation Metrics Partner
procedures category
Insertion on respect safety DBM Perturbation of the CVvC
highway properties, take decision traffic by inserting
the safest making (the speed of the
decision whole traffic should

remain the same),
Margin of security

Pedestrian crossing Euro NCAP - AEB  vulnerable system points / CID
in urban areas Pedestrian road users scenario points

Pedestrian crossing respect safety safety Human likeness CON
in urban areas properties (qualitative and

subjective evaluation
through user studies)

ucCl Forward vehicle DBM Evaluate decision SEYE
braking decision brake and/or steer,

Compare to human making Minimum TTC

avoidance

ucCl Forward vehicle DBM Evaluate decision SEYE
braking decision brake and/or steer,

Compare to human making Minimum TTC

avoidance Lower risk
scenario

ucCil Forward vehicle DBM Evaluate decision SEYE
braking decision brake and/or steer,

making Minimum TTC

All Implement driver DBM guantitative metrics AlT,
scoring based on  decision to determine CON,
detected risky making CID,
events and BV,
behaviors from VED
the DBM and

compare it with
the results of D1.2
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Use cases Validation Evaluation Metrics Partner
procedures category
All evaluate DBM guantitative metrics AIT
acceptance of the decision (degree of
improved CCAM making & acceptance) &
system acceptance qualitative (why or

why not the DBM is
accepted in different
driving situations)

Pedestrian DBM decision DBM guantitative metrics CAP
suddenly jumps on  makingin decision (how often other

road, other lane is complex situation making & vehicles are hit and
occupied by vehicle acceptance how often the

pedestrian is hit)

Traffic light changes respect traffic DBM rule guantitative (how CAP
from green to rules awareness often does the vehicle
yellow/red while the stop, how often speed
vehicle still has a up and run the traffic
chance to stop light)

according to rules

3.5. Lab Test Planning

Attending the definition of the five use cases and the need to establish quantitative metrics
to evaluate the behaviour of the human drivers in the tests planned in the frame of WP5, and
also in the frame of WP2 for the Field Operational Tests, there have been defined the
parameters to be monitored and recorded. Taking into consideration the results of WP1, the
factors to be measured are related to speed, position and reaction time, and attending to
these parameters the new DBM needs to ensure the safety when changing lanes, to prevent
collisions and to safely adjust the acceleration of the vehicle. In this context, by DBM we will
consider the DBM's role as the ego vehicle, responsible for managing its behavior in response
to the surrounding environment.

To determine the parameters to be measured and recorded, an independent analysis of each
of the use cases have been performed. Starting with UC1, two options have been defined. The
parameters related to speed are represented in yellow, while the ones related to distance are
represented in green.
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UCil

Option 1:

Option 2: C

A

For option 1 of UCT two speeds and one distance have to be measured, the speed of the ego
vehicle, the speed of the vehicle in front and the distance between the ego vehicle and the
vehicle in front. For option 2 of UC2 three speeds and two distances have to be measured, the
speed of the ego vehicle, the speed of the vehicle in front, the speed of the overtaking vehicle,
the distance between the overtaking vehicle and the ego vehicle and the distance between

the ego vehicle and the vehicle in front.

uc2

For UC2 three speeds and two distance have to be measured and recorded, the speed of the
ego vehicle, the speed of the preceding vehicle once the ego vehicle has got into the traffic
the speed of the following vehicle once the ego vehicle has got into the traffic, the distance
between the rear of the preceding vehicle and the ego vehicle and the distance between the

following vehicle and the ego vehicle.
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For UC3 one speed and one distance have to be measured, the speed of the ego vehicle and
the distance between the ego vehicle and the pedestrian.

UC4

For UC4 two speeds and two distances have to be measured and recorded, the speed of the
ego vehicle, the speed of the approaching vehicle, the distance between the ego vehicle and
the approaching one and the widthness of the left lane.

Ucs5s

For UC5 two speeds and one distance have to be measured and recorded, the speed of the
ego vehicle, the speed of the approaching vehicle and the distance between the ego vehicle
and the approaching one.

Additionally to the distances and speeds, also the behaviour of the driver during the tests and
the FOT needs to be monitored and recorded. Attending all the monitoring and recording
needs established, the most suitable devices have been selected, opting by GPS devices for
the speed and position, radars for relative speed and distances, electronic devices connected
to the CAN bus of the vehicle for steering wheel position, brake pedal pressure,, accelerator
position and ABS activation, among others for driver behavioural parameters. And finally, for
deeper analysis of the results and better understanding of the tests performance it has been
decided to also introduce two cameras, one in front of the vehicle and another one oriented
to the driver.

In the case of the GPS, the following photographs (Figure 8) show the location of the antenna
in the roof of the vehicle and the acquisition device in the windshield.
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Figure 8. The GPS setup.

For the radars, the ego vehicle will mount one device in the front and another one in the rear
as shown in the following photographs, and the information will be recorded in a laptop
(Figure 9).

Figure 9. Installed radars in the setup.

Regarding the registration and recording of the driver behaviour, an electronic device will be
connected to the vehicle's CAN bus communication system in order to obtain the required
parameters (Figure 10).
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Figure 10. CAN bus communication device to record the acquired parameters of the driver.
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In relation to the cameras, as it has been explained, one will be located in front of the vehicle,
together with the radar, and the second one will be positioned in the dashboard, in front of
the driver, as shown in the following photographs (Figure 11).

Figure 1. The installed cameras in the setup.

The information from the camera in the front of the vehicle will be used to complement the
data acquired by the radar.

CAMERAS &

Figure 12. Data acquisition interface for the camera and the radar sensors.

It is important to notice that the photographs shown correspond to the trials made to tune
the data measurement and acquisition process, during the tests and the FOT the different
devices will be hidden in the vehicle in order to allow a more naturalistic behaviour of the

drivers.
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4. CONCLUSIONS

In this deliverable we examined the current state of validation procedures with the aim of
identifying existing gaps and proposing improvements to better align requirements of the
DBM-based CCAM system.

Through the analysis of available standards and testing methodologies, it became evident
that the existing validation frameworks have shortcomings in addressing different aspects
such as the increasing complexity and cost of testing due to the growing number of
regulatory scenarios, the lack of consideration for diverse driver profiles and behavioral
variability, the limited integration of external factors like weather conditions, and the
insufficient coverage of full autonomous driving. Moreover, although international standards
(e.g., ISO) offer broad methodological guidance, they often lack specificity, making it difficult
to evaluate how different ADAS technologies interact or which combinations are most
effective. DBM-based CCAM has the potential to address these limitations by enhancing the
scope and realism of virtual testing, improving scenario diversity, and enabling more
comprehensive, cost-efficient validation strategies.

Building on insights from earlier project deliverables, such as D1.1, D1.2, and D2.4, this work
tries to identify potential solutions for some of the aforementioned problems. A key outcome
of the work was the identification of criticality and feasibility of mixed-traffic scenarios variants
for assessing the safety and acceptance of DBM-based systems. Additionally, the collaborative
partner workshop contributed to defining validation needs, including scenario selection
principles, validation environments (simulation and field tests), and evaluation dimensions
such as human-likeness, safety, and user acceptance.

While in this deliverable we do not propose finalized metrics for validation, it sets the
conceptual groundwork for their development in subsequent tasks, particularly in WPS5.
Ultimately, this report serves as a strategic step toward more behavior-aware validation
procedures. The findings and recommendations provided here will directly inform the
definition of tests and implementation in upcoming deliverables to ensure a robust validation
of the DBM-based CCAM system.
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