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EXECUTIVE SUMMARY

This task is the first step of the WP1 for a successful development of the Driver Behavioural
Model (DBM) for its definition, calibration, and validation. Indeed, the development of the
DBM requires a variety of situations in controlled settings, namely use cases, to achieve a
correct training and validation. Therefore, a selection of use cases has been conducted
according to the current state-of-the-art and challenges addressed in the Bertha project. In
addition, the definition of use cases has a large spectrum and will be also applied to other
WPs, such as for WP2 with the data model or WP4 for the simulation under CARLA. The
applied methodology comprised a workshop during which first expectations were collected
among partners, and led to focus the use case definition on a limited number of specific traffic
situation use cases, that could be used by most partners and cover most of the project
research questions. To achieve this, two complementary approaches were developed, one
from the Human Sciences, and one from the Engineering perspectives, and allowed to
determine the meaningfulness of the different provided use cases by the partners. This
resulted in a selection of 5 use cases, namely, (i) a collision risk avoidance on highway, (ii) an
insertion on highway, (iii) a pedestrian crossing in urban area, (iv) Left turn at urban
intersection (with traffic lights), (v) a pull-back in on urban highway. In view of the literature,
all of these should be challenging and provide new knowledge to the state of the art.
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Project’'s summary

The main objective of BERTHA is to develop a scalable and probabilistic Driver Behavioural
Model (DBM) based mostly on Bayesian Belief Networks. 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 14 entities from 6 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.
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Disclaimer
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1. INTRODUCTION AND OBJECTIVES

11.  Introduction

Overall, the development of models such as a Driver Behavioural Model (DBM) requires
training and testing in different situations, namely use cases, to obtain the expected
behaviours. For this purpose, the use cases dedicated to the development of the DBM will
focus on critical situations in various settings of road traffic (highway and urban).

1.2. Objectives

In this context of the development of the DBM, it is required to have a selection of use cases
and scenarios. This document provides the description of the methodology applied for the
determination of use cases and scenarios, as well as their full description and their context of
application.

13. Links between other work packages (WPs)

The definition of the Use Cases is the first task of WP1, which needs such use cases for the
successful development of the rest of activities, related to the definition, calibration, and
validation of the DBM. More specifically, this definition of the use cases with its associated
selection of use cases and scenarios will be used in the WP1, WP2, WP3, WP4 and WP5.

1.31. General considerations fromm WP1

In T1.2 (Characterization of the spectrum of drivers) the use cases will be used as the basis for
selecting what characteristics of the drivers may be expected to have more influence on the
response of the DBM. For this, it must be considered not only the different possible behaviours
of the CCAM (ego-vehicle) in the given situations, but also the variety of behaviours of other
vehicles interacting with it, depending on the spectrum of their drivers’ characteristics. Also,
the selected use cases will be used to define the choice experiments that will confront
respondents of the survey with specific driving situations, to assess their possible reactions.

All the other elements that characterise the use cases will be the basis for the work done in
task T1.3 (Characterization of influencing parameters that determine driving beyond driver).
Each use case will provide key examples of the situational factors that shall be considered in
the DBM: speed and traffic dynamics depending on whether it is an urban or road scenario,
interactions of the ego-vehicle with other cars and diverse types of agents (e.g. pedestrians),
obstacles, weather conditions, visual inputs, etc.

In task T1.5 (Definition and calibration of the modules of the model) and in task T1.6 (Building
of the probabilistic model), the different situations described in the use cases - considering
the variety of drivers and situational factors characterised in the previous tasks, will define the

* X x Funded 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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assortment of inputs that are needed to calibrate the models. Likewise, in task T1.7 (Validation)
they will be the source of the situations presented for experimental testing of the DBM, either
in simulations or real-world tests.

1.3.2. General considerations from WP2

As we know, task T1.1in WP1 defines use cases and scenarios that guide the development and
applications of the DBM. These are carefully selected to maximise the impact on CCAM
development. On the other hand, task T2.1 in WP2 focuses on defining the data set and the
methods for its collection. The collected data serve a dual purpose: they give support to
develop the probabilistic model of human driver's behaviour, and act as a reference for
validating CCAM driving functions. The relationship between the tasks TI11 and T21 is
reciprocal. WP2 takes each use case defined in T1.1 to define the XPs and the data collection.

In essence, WP1 and WP2 are interdependent. The use cases fromm WP1 define the
requirements for the data model in WP2, and the data acquired in WP2 are essential for
developing and validating the use cases in WP1. This iterative process ensures the robustness
and accuracy of the final DBM.

1.3.3. General considerations from WP3

In the context of the activities of WP3, a simulation platform and benchmarking environment
will be developed specifically for autopilots and road users. The work package in WP3 serves
as a bridge between use cases and simulation activities, enabling the evaluation of various
use cases in safe environments. This includes external interactions, such as with pedestrians
or other vehicles, which are essential for accurate evaluation.

Under Task T3.2, we will develop a CARLA-based software-in-the-loop system capable of
deploying traffic participants within Docker containers. This simulation environment wiill
feature built-in capabilities to deploy autopilots in simulated environments, focusing on
evaluating the use cases outlined in WP1 task T1.1.

Task T3.3 will introduce a synthetic scenario generation module to create artificial scenarios
for autopilot evaluation. These scenarios will be automatically generated based on predefined
parameters, minimising human intervention while ensuring robust testing conditions for the
evolving DBMs.

The integration of a CARLA-based software-in-the-loop system, along with a synthetic
scenario generation module, enhances our ability to assess autopilot performmance across
various use cases. These advancements not only streamline evaluation processes but also
contribute to the ongoing development of robust and reliable autonomous driving systems.

1.3.4. General considerations from WP4

Nowadays, simulation is a must when developing Advanced driver-assistance systems (ADAS)
and autonomous driving systems. Moreover, the CARLA simulator (carla.org) has become a
de facto standard among open-source frameworks for autonomous driving. For instance,

* X x Funded 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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there is a very extensive literature with proposals for autonomous driving and ADAS which are
developed and showcased in CARLA. Note that the foundational paper of CARLA has more
than 5,300 citations in Google Scholar, from academic and industrial teams. Therefore, it is
important that the conclusions arising from simulation can be extrapolated to the real world.
For that, the fidelity of the simulation is important. In the context of BERTHA, thanks to
development of a DBM, we expect to have more naturalistic driving behaviours in simulation.
This is very important for the CARLA simulator since now simulated vehicles drive according
to predefined hard-coded rules, namely that do not show a naturalistic behaviour based on
human-like driving. Differences in driving style can be more important in Use Cases advanced
driving skills. This is the idea we have had in mind to select Use Cases, i.e, we pursued those
requiring the ego-vehicle to perform difficult manoeuvres. We believe that the performance
of both ADAS or autonomous driving stacks will be better evaluated in such Use Cases by
playing with the role of DBM:

e The ego-vehicle can leverage behaviour from a DBM by using it during training data
collection.

e The rest of the vehicles can leverage behaviour from a DBM so that the ego-vehicle is
forced to perform under human-like driving behaviours.

Obviously, for that, DBM-driving must correlate well with human driving, this is why we
include validation for that in WP4. Moreover, we also aim to assess how a DBM-inspired ADAS
can bring behaviour improvements in a Use Case from those that can be implemented in the
real world as a controlled test.

1.3.,5. General considerations from WP5

In WP5, the iteration of the human-driver behavioural aspects on the performance of CCAM
systems will be evaluated. Tests that enable verifying these systems will be defined, prepared,
and conducted. Although consumer and homologation tests of ADAS will be used as a
reference, new specific ad hoc tests will be defined based on the selected critical scenarios
and the criteria defined. The new scenario-based testing approach will be established taking
into account the Use Cases defined in WP1T1.1.
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2. METHODS

The methodology applied comprised an initial workshop co-organized by VED and IBV at the
Bertha Kick-off Meeting, during which partners could express their thoughts and needs as a
primary basis for the definition of the use cases. From this workshop, dedicated meetings with
partners were held during the next three months to discuss the use cases and select the most
appropriate ones for the project and partners' needs. This resulted in a selection of 5 use cases,
which is detailed in section 3.

21. Workshop

This first workshop was divided into three parts: (i) individual brainstorming warm up by
identifying “Aspects to consider in use cases definition and why”, (ii) group brainstorming to
identify the main elements to consider in use cases definition according to each WP needs,
(iii) completion of a survey about the adequacy of the different use cases type for each WP.

211 Individual brainstorming warm-up

This small brainstorming allowed us to obtain broad directions for the use cases definition, as
follows (from most frequent to less frequent topics received):

e Use cases should contribute to the DBM development and validation (e.g., baseline for
performance evaluation of the DBM, variability of drivers’ behaviours and errors,
interaction with vulnerable road users).

e Use cases should be clearly detailed with all requirements, inputs/outputs, and
adjustable with parameters and focused on specific situations.

e Use cases should be in line with CARLA integration for development and validation, as
well for implementation of naturalistic driving capabilities in CARLA simulation.

The use cases definition will require collaboration between partners.

e Use cases should serve the whole project and be usable by most partners, both for
driver modelling and auto pilot.

e Use cases should be European New Car Assessment Programme (Euro NCAP)
compatible and accepted by Original EQuipment Manufacturer (OEM).

e Use cases need to reflect state-of-the-art concerns for the CCAM and human behaviour
modelling and provide new knowledge to the state-of-the-art.

e Use cases should be both implemented in real settings for the basic ones and driving
simulators for the most challenging ones.

* X x Funded 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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212. Group brainstorming

The group brainstorming comprised a 5-minute personal reflection followed by a group
discussion, which led to a list of aspects to consider for the use case definition according to
each WP view. Four groups were formed by WP: (i) WP1 group, (ii) WP2 and WP5 group, (iii)
WP3 group, and (iv) WP4 group:

e According to WP1group, the use case definition should consider the scope or ambition,
and provide distinctions between situational and strategic use cases, especially
between use cases for validation and use cases for real-life demonstrator. It was also
discussed that the number of use cases need to be defined and it was also introduced
the concept of “typical use cases” that should be representative use cases.

e Regarding WP2 and WP5 groups, they raised the fact that use cases are required to be
clearly defined, especially the situation, which should be usable for DBM definition,
validation, and testing. One question remained open, regarding whether use cases
could cover all project research questions or simply the specific aspects of the DBM
and experiments. In addition, the clear definition of the BDM inputs and outputs from
use cases was another concern.

e [For the WP3 group, it was mentioned that benchmarking was needed to determine
Key Performance Indicators (KPI) and that user Interface was the most important for
the HUB. Some concerns were also raised concerning scenarios testing and failing
scenarios.

e Asfar asthe WP4 group is concerned, DBM should both increase behavioural diversity
in driving simulators and develop/improve planners, which can use real-world data or
simulator data with human drivers. For these applications, there is a need for clarity of
the inputs and outputs to be used for the DBM after training. Nevertheless, the WP1
group also discussed this ambiguity on the use of DBM with internal and external
diversity, all of which should be addressed in the project.

213. Survey

The survey comprised questions regarding different kinds of use cases, namely, generic
product service use cases, transport long journey use cases, specific scenario use cases, to
determine how these use cases were in adequacy with the WPs.

The results showed that the use cases definition should aim toward specific scenario use
cases, since these were the preferred ones yet mainly from WP1 members’ point of view (see
Figure 1,Figure 2,Figure 3). Indeed, the survey was only answered by WP1, WP3 and WP4
members and mainly by WP1 (more than half of the respondents).
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Figure 1. Generic product service use cases.
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Figure 2.Transport long journey use cases
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Figure 3. Specific scenario use cases

214. Conclusions

According to the results from this initial workshop, it was decided to focus on specific traffic
situation scenarios use cases, with a limited number of use cases that could be used by most
partners and cover most of the project research questions. The use cases definition needed
to be specific and clear with concrete inputs and outputs defined. In addition, a very important
matter was to get a selection of use cases that reflected state-of-the-art concerns for the
CCAM and human behaviour modelling.

2.2. Use case determination and their selection

The general methodology associated with the use cases determination and selection was
based on initial contributions from different partners (i.e.,, CVC, UGE and CON) from a use case
template excel file provided by VED (Annex 1. Use cases definition template description). The
initial contributions comprised 17 use cases provided by CVC, 4 use cases provided by UGE,
and 5 use cases provided by CON.

From these initial contributions, the use case selection started with the two following actions:
(i) any duplicate use cases were identified to reduce the initial number of use cases, (ii) the
different partners that would use the use cases (i.e, DFKI, UGE, IBV, CVC, CON, AIT, CIDAUT)
specified the adequacy of each use cases according to their needs by the use of a template
excel file provided by VED. All the materials used, namely Use cases template file, Initial use
cases provided and adequacy of the use cases file, were kept as a working resource for the
Consortium members. This resulted as a good basis for the use case selection process
described below.
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2.21. Methods applied for the use case selection

We used two complementary approaches (i.e., from the Human Sciences and from the
Engineering perspectives) for the use case selection to determine the use case that will be
kept as common for the project. This process has been done by means of meetings during
which the meaningfulness of the different provided use cases was discussed according to the
described methods.

Use Case selection method from the Human Sciences point of view, by considering the
Driver Behaviour Modeling (DBM) objective in BERTHA:

From the Human Sciences point of view, the method implemented in BERTHA was based on
4 main considerations:

1. Accident risks and/or difficulties liable to be experienced by real human drivers (and
more specifically by sub-groups of vulnerable car drivers like elderly people or novice
drivers) when they must perform a particular task in a given road infrastructure, in
association with particular traffic conditions.

2. The complexity of the "Interaction" and the associated potential risk to be managed by
human drivers when they must perform the driving task in question, in order to focus
BERTHA efforts on traffic scenarios that represent particular challenges in terms of
modelling the human driver perception, decision making, emotional feelings and, at
last, driving behaviours.

3. Driver's expectations regarding future ADAS or vehicle automation intended to help
them, and/or potential impact of the societal acceptance of future Automated Vehicles
(AV), such as the acceptance of AV behaviours by other road users (other car drivers
but also vulnerable road users like pedestrians).

4. Uses Cases that have been identified as particularly challenging in previous recent EU
(e.g. H2020) or National projects regarding road safety and potential benefits of future
ADAS or automated vehicles to reduce the number of accidents on European roads.

Moreover, the identified use cases were also selected by considering the “interaction issue”
between 2 car drivers, and then liable to be experienced by the BERTHA's Human-Like CCAM
(or simulated by the DMB) from 2 complementary point of view:

e From the “on-board human driver's” point of view (to be modelled and simulated by
the DBM) in charge to perform the main manoeuvre of the traffic scenario in question
(to be at last implemented by the BERTHA's CCAM in a “Human-Like" way)

e From an “external car driver's” point of view, the interaction with the on-board car
driver (and then with the Human-Like CCAM) should be able to simulate (with another
instance of the DBM) typical driving errors or critical driving behaviours from other
roads drivers, which should be managed by the Human-Like CCAM in a safe but also
in a “human-like” way.

Use Case selection method from the Engineering point of view, by considering a future
“Human-like CCAM"” objective (i.e. based on a DBM) in BERTHA:

From the Engineering of ADAS point of view, the method for selecting use cases for BERTHA
focused on a framework designed to emphasise the complexity of real-world driving
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scenarios representing a technical challenge for automated driving, the safety of all road
users, and the comfort of the vehicle's occupants. This was motivated by the necessity to
evaluate and enhance the robustness of the autonomous driving systems controlled by DBM
under challenging conditions, ensuring that such Human-Like CCAM can handle critical and
edge cases efficiently while maintaining high safety standards and user comfort.

The selection process was carried out by considering the 4 following criteria:

1. Complexity Evaluation: Identification of driving scenarios that exhibit a high degree of
complexity in driving, interaction with other road users (including vulnerable ones),
and decision-making (Deo et al., 2019). These scenarios are chosen to push the limits of
perception and decision-making modules of a CCAM based on DBM, ensuring they can
cope with demanding situations.

2. Safety Assessment: Focus on scenarios with significant safety implications, including
those that involve complex interactions with other vehicles (potentially critical) and
scenarios requiring nuanced understanding of the vehicle's surroundings. This
criterion ensures that our use cases prioritise the safety of all road users. The selection
also considers the compliance with existing safety standards and practices, including
those defined by regulatory bodies and industry benchmarks (Guo et al., 2019; Wang et
al.,, 2024). At this level, traffic scenarios identified in Euro-NCAP were more particularly
considered, because they will play — at last — a key issue in the certification processes of
all future CCAM in Europe (as traffic situations that future ADAS / AV must comply with
to be authorised on public roads).

3. User Comfort Consideration: Selection of scenarios that test the DBM based CCAM's
ability to adapt to different driver styles and affective states, ensuring the driving
experience is not just safe, but also comfortable and in line with user expectations
(Paddeu et al., 2020; Woolridge et la., 2022).

4. Prior Research and Historical Data Analysis: Review of existing literature, previous
project findings, and real-world data to identify scenarios that have historically
presented challenges for future ADAS and/or autonomous driving systems in terms of
complexity, safety, and user comfort. For example, there is an international
autonomous driving challenge based on CARLA Simulator, known as CARLA
leaderboard (https://leaderboard.carla.org/). This leaderboard includes the definition of
a relatively large number of challenging scenarios, which were borrowed from the
National Highway Traffic Safety Administration typology (Najm, et al, 2007). From
them, we were more interested in those that, a priori, would require a higher level of
driving intelligence/adaptation. It is in these scenarios where we expect differences
between using or not using DBMs in the development loop for driver assistance and
autonomous driving systems. Note that scenarios can be grouped to define generic
and parameterizable Use Cases by considering them as particular instances.
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2.3. The resulted selection of use cases

From the methodology described above, a use case selection has been done from the
different provided use cases, to provide a small collection of relevant and challenging Use
Cases, that would be shared by all partnersin the project. The selection includes the following
use cases, with two of them for highway settings, two for urban settings, and one for urban
highway settings:

Collision risk avoidance on highway

Insertion on highway

Pedestrian crossing in urban areas

Left turn at urban intersection (with traffic lights)
Pull back on urban highway

RN

The full description of the selected use case can be found in section 3.
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3. DESCRIPTION OF THE USE CASES

This section provides the description of the 5 use cases selected with the relational associated
with their selection. These use cases are meant to be included for a variety of usage dedicated
to the definition, calibration, and validation of the DBM, which can notably require human
driving data collection and simulation.

31. The 5 use cases common to the project

311 Use case N°1“Collision risk avoidance” on highway

Description

In this use case, the ego-vehicle is following a leading vehicle on the right lane of a highway.
Suddenly, the leading vehicle performs an emergency braking, which significantly reduces its
speed. To avoid a front collision, the driver of the ego-vehicle must execute an emergency
manoeuvre. The driver can either perform an emergency braking or an evasive manoeuvre to
safely change to the left lane. We suppose that the cause behind the braking of the lead
vehicle only affects the right lane.

Layout

The layout consists of a two-lane highway with the ego-vehicle (Car A) following the lead
vehicle (Car B) on the right lane. An overtaker (Car C) may be, or not (cf. option 1versus option
2,in Figure 4), present on the left lane, potentially overtaking both the ego and lead vehicles.
The DBM must control the ego-vehicle to execute an optimal manoeuvre according to the
behaviour of all vehicles.

Option 1: B

Option 2: C
A

Figure 4. Collision risk management on highway (two lanes)
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Motivation & Justification

The motivations for selecting this use case are of different nature. Firstly, it combines three
essential highway driving manoeuvres: (1) keeping a safe following distance with a preceding
vehicle (during the initial phase), and then (2) managing a risk of frontal collision if the lead
vehicle suddenly brakes. Finally (3), it also potentially includes a lane change manoeuvre for
overtaking Car B, but which must be carried out here under particularly difficult conditions.
In addition, precise control over the vehicle's braking system, steering, and acceleration is also
critical to execute the planned manoeuvre safely and effectively (Velasco-Hernandez et al,,
2020).

Given this complexity, it represents a significant challenge for the analysis and modelling of
human drivers behaviours, particularly regarding the alternative decision to be made
between (a) braking and (b) changing lanes, which can present high risks of accidents,
especially when another vehicle is approaching in the left lane.

Finally, regarding future human-like CCAM designs, the motivation behind this use case in
BERTHA is to simulate a critical traffic situation on the highway, where the ego-vehicle (i.e,,
human-driven or DBM-driven) must respond to sudden braking by the lead vehicle while
considering the presence of other vehicles on the road. In this traffic situation, traditional
ADAS, like collision avoidance systems, will make the decision to implement an emergency
braking, which may not be the optimal solution if there is a free left lane, as it could increase
the risk of rear-end collisions. In contrast, human drivers will likely implement a lane change,
but not always in a safe manner due to the urgency of the situation and the limited time they
have to make their decision. Developing a CCAM system based on DBM for managing such
traffic situations could enhance the capabilities of autonomous vehicles to handle
emergencies and make split-second decisions to ensure safety. This could involve executing
a smooth and safe lane change if traffic conditions allow it (no vehicle in the left lane), or
alternatively, performing an emergency braking manoeuvre if they do not (presence of a
vehicle currently overtaking in the left lane).

Euro NCAP relationship

This first use case has strong parallelism with one of the scenarios considered in Euro NCAP
protocol that is oriented to assess the performance of autonomous emergency braking
systems (Euro NCAP, 2023, 2024d). The scenario is the car-to-car rear braking that consists of
an ego-vehicle following a moving car that decides to brake. The scenario defined in Euro
NCAP protocols considers different distances between vehicles, 12m and 40m, and different
values for the deceleration of the preceding vehicle, 2m.s? and 6m.s?, always starting at
50kph.

Application in the project

Several previous researches in autonomous driving and collision avoidance strategies have
emphasised the importance of real-time decision-making and risk assessment to prevent
accidents in this traffic situation. It was typically the case of HoliDes European Project (for
Holistic Human Factors Design of Adaptive Cooperative Human-Machine Systems;
http://Mww.holides.eu), in which this traffic scenario was the central Use Case identified for
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automotive applications (Tango et al, 2016). It is also a reference traffic scenario for Euro NCAP
to evaluate advanced algorithms for collision risk management in automated vehicles.

In the scope of BERTHA, this use case will be based on simulation, where human-like
behaviour is achieved by using a DBM, in the aim of a more natural way, like a real human
driver would do. Thus, human-like CCAM arises from the use of DBM-based CCAM systems
(for ADAS or self-driving). On the one hand, we can look at a DBM as a black box, stating what
is expected (technical constraints) from a CCAM system perspective. On the other hand, we
can consider the steps for implementing a DBM.

A) Technical constraints for a Human-Like CCAM

e Real-time Perception: The DBM-based ego-vehicle must rely on sensor information to
consider the lead vehicle's emergency braking (Car B) and the presence of an overtaker
(Car Q).

e Decision-Making: The DBM-based ego-vehicle must incorporate decision-making
models/algorithms that consider collision risk associated (e.g., vehicle dynamics, traffic
conditions) with different alternative driving manoeuvres.

e Inter-Drivers Interaction and Communication: In this use case, the DBM could also
be used to simulate a spectrum of driving behaviours of other drivers in Car C
interacting with the DBM-based ego-vehicle, ranging from distracted or aggressive
drivers to more empathic and cooperative individuals facilitating the lane change.
From this dual simulation based on DBM, it is expected to assess the ability of this
DBM-based system to react appropriately when facing a variety of other drivers’
behaviours.

B) Steps for DBM Implementation as Ego-Vehicle Driver (Car A)

e Gather Sensor Information: The DBM perceives the lead vehicle's sudden emergency
braking and the presence of the overtaker on the left lane.

e Assess Collision Risk: The DBM calculates the risk of a frontal collision with the lead
vehicle if the ego-vehicle continues at its current speed.

Decision Making:
- Emergency Braking: If the DBM determines a high risk of collision with the
lead vehicle, it decides to perform emergency braking to avoid a collision.
- Overtaking Decision: If the DBM assesses that overtaking the lead is safer
(considering the actions of the overtaker), it plans the lane change manoeuvre.
Implement Behaviour:
- Emergency Braking: The ego-vehicle reduces its speed abruptly to avoid
colliding with the lead vehicle.
- Overtaking Manoeuvre: If the decision is to overtake, the ego-vehicle safely
changes lanes and accelerates past the lead vehicle.

C) Use of the DBM to simulate a variety of Overtakers (Car C) interacting with the human-
like CCAM

e Gather Sensor Information: The DBM perceives (or not, in case of a distracted driver,
for instance) the positions and speeds of the ego-vehicle and the lead vehicle.
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e Assess Collision Risk: The DBM detects (or not) and assesses the risk of collision with
the ego-vehicle when it decides to overtake the lead.

e Decision Making: The DBM adjusts (or not, in case of unaware driver, for instance) its
speed and position to minimise the risk of collision with the ego-vehicle during the
overtaking manoeuvre.

e Implement Behaviour: The overtaker adjusts (or not, in case of aggressive driver, for
instance) its speed or lane position to avoid interfering with the ego-vehicle's decision
to overtake the lead.

By implementing this use case using a DBM, it is expected that vehicle automation can
effectively manage collision risks and make safe decisions in emergency braking situations
on highways in a more human-like way. The DBM-based ego-vehicle should prioritise safety
and efficient traffic flow while considering the actions of surrounding vehicles.

312. Use case N°2 “Insertion on highway”

Description

In this scenario, the ego-vehicle needs to merge into a crowded left lane from an entry ramp
on a double lane highway. The ego-vehicle relies on a gap car (another vehicle creating a
slightly larger gap in traffic) to create an opportunity for insertion before the entry lane ends.
The DBM will have to simulate the ego-vehicle's decision-making process, including visual
perception, speed adjustment, and safe insertion into the left lane.

Layout

The layout features a double lane road with an entry ramp onto a crowded left lane. Traffic
flow in the left lane is heavy, and the entry lane has limited space before it merges into the
left lane. The DBM must assess the traffic situation, identify a suitable gap, and execute the
merging manoeuvre safely (see, Figure 5).

Figure 5. Insertion on highway

Motivation & Justification

The motivation behind this use case is to simulate a challenging driving scenario that requires
precise decision-making and coordination with other vehicles, especially on urban highways,
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when traffic is heavy. Developing a DBM for this scenario makes sense for BERTHA to enhance
autonomous vehicle capabilities in navigating complex traffic conditions and merging safely
and smoothly into crowded lanes.

Indeed, from the human driver point of view, this insertion manoeuvre is assessed as
particularly difficult to perform for some sub-groups of vulnerable car drivers, like
inexperienced novices (Yang, Jaeger, Mourant, 2006) or elderly people (Karthaus &
Falkenstein, 2016), because they struggle to accurately assess the distance and speed of
approaching vehicles in the left lane from their left mirror and then to identify a safe gap to
make their merging decision. Benefiting from technological assistance to support them is
also expected by a part of them, more specifically elderly women (e.g. Bellet et al, 2018).

From the vehicle automation perspective, it is also a key challenge for the project. Indeed, it
implies planning and executing smooth acceleration and lane changes to merge onto the
highway while monitoring the surrounding traffic and maintaining safety and minimising
disruption to other traffic (Nilsson, et al, 2016). In these traffic situations with heavy traffic,
developing a Human-Like CCAM appears as a relevant objective in BERTHA for managing
interactions during insertion in a more natural way than current automated driving systems
may do. Indeed, if the traffic is very dense, automated driving systems may encounter
difficulty in making decisions to merge, including 'forcefully' (as human drivers know how to
negotiate with other drivers when necessary), and they may end up stopping at the end of
the ramp, which can make their insertion even more difficult given their zero speed. Therefore,
this involves various engineering challenges from perception and planning to driving
functions.

Application in the project

Previous studies in autonomous driving and traffic management have emphasised the
importance of safe merging strategies to minimise traffic disruptions and enhance overall
traffic flow. From the motivation presented above, the Human-like CCAM based on a DBM to
be developed in BERTHA should respect the following technical constraints and be capable
to perform the insertion manoeuvre in a more natural way / more similar to what human
drivers would do:

A) Technical constraints for a Human-Like CCAM

e Real-time Perception: The DBM relies on accurate and timely visual information to
detect traffic conditions and identify suitable merging opportunities.

e Decision-Making: The system must incorporate decision-making models/algorithms
to calculate safe speed adjustments and merging strategies.

e Gap Detection: The DBM needs robust algorithms to identify and assess suitable gaps
in traffic for safe merging.

e Interaction with Gap Car (Car B): in the case of dense and slow-moving traffic, the
DBM-based system should be capable of reducing its safety margins to merge more
easily and naturally (as real human drivers can do), and negotiating by informing the
Car B drivers of its intention to merge, so that they let it pass even though it does not
have the priority.
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B) Steps for DBM Implementation as Ego-Vehicle Driver (Car A):

1. Approach Entry Lane: The ego-vehicle approaches the entry lane with the intent to
merge left.

2. Assess Traffic on Left Lane: The DBM analyses the traffic flow in the left lane to identify
gaps or opportunities for merging.

3. Calculate Merging Strategy: Based on traffic conditions, the DBM calculates a safe
merging strategy, considering speed adjustment and lane positioning.

4. Signal Intent to Merge: The ego-vehicle signals its intention to merge left, indicating
to other drivers its planned manoeuvre.

5. Identify Suitable Gap: The DBM identifies a suitable gap in traffic created by the gap
car or existing traffic flow.

6. Execute Merging Manoeuvre: The ego-vehicle merges into the left lane safely,
adjusting speed and position to integrate smoothly into the traffic flow.

7. Traffic Impact Minimization: Throughout the merging process, the DBM aims to
minimise traffic disruption and ensure safe interaction with other vehicles.

313. Use case N°3 “Pedestrian crossing’ in urban area

Description

In this use case, the ego-vehicle is driving on an urban road. Pedestrians are walking on the
sidewalks adjacent to the road. While most will follow the proper path and cross the road at
designated zebra crossings, some may attempt to cross the road at an inappropriate location.
This poses a danger to those pedestrians, who may risk getting run over by the ego-vehicle.
Therefore, the ego-vehicle's driver (human or Al-based) must be able to anticipate and
respond promptly to this unexpected pedestrian behaviour and avoid any potential accidents.

Layout

This use case is typical of car-to-pedestrian collision situations that can occur in urban areas,
especially when the driver encounters a dangerous pedestrian-crossing behaviour by a
pedestrian who is too hasty, inattentive, or has misjudged the distance or speed of the
approaching vehicle (see, Figure 6).

Figure 6. Pedestrian Avoidance
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Motivation & Justification

According to Euro NCAP (Euro NCAP, 202443, 2024b, 2024c) ensuring safe interactions with
pedestrians is particularly crucial in the certification process of future CCAM. From an
engineering perspective, a reliable pedestrian detection and intention requires challenging
tracking techniques (i.e., object detection and tracking) that should function in most difficult
situations, such as during occlusions or variable lighting conditions (Zhao, et al., 2019).

Moreover, another key motivation for selecting this use case in BERTHA is related to the
societal acceptance of future CCAM by other road users, and more specifically by pedestrians.
To achieve safe interactions, car drivers and pedestrians of today frequently communicate to
share their understanding and awareness of the traffic situation, and to make their respective
decisions. Especially when ambiguities remain regarding priority rules (i.e, lack of zebra
crossing), pedestrians and car drivers interact using non-verbal communication (e.g., facial
expressions, eye contacts, gestures, and body movements) in order to clarify their intentions.
The importance of such communication to ensure road safety has been widely documented
in the field of traffic psychology. For instance, Schmidt and Farber (2009) discussed the role of
eye contact between pedestrians and drivers. They showed that pedestrians willing to cross a
street usually look at the approaching vehicle, to make sure the driver sees them. Once their
eye contact is returned, pedestrians suppose they were noticed by the driver, and that mutual
understanding was achieved. From a study carried out with a large sample of pedestrian
behaviours, similar conclusions were reached by Rasouli et al. (2017) who found that, in the
context of non-signalized crossings, more than 90% of pedestrians gazed at oncoming
vehicles before crossing. Thus, non-verbal communication plays a key role to support
pedestrians’ decision-making in ambiguous situations, and then to increase their safety.

Therefore, a key concern regarding the introduction of Automated Vehicles (AV) on public
roads is that they may negatively impact interactions with pedestrians because of the
changing status of the drivers. With control transferred to automation, drivers can be involved
in secondary tasks, and pedestrians will not be able to rely on cues from their behaviours
anymore. This could lead to misinterpretation of the AV's intention and increase the risk of
critical conflicts. In their study, Lundgren et al. (2016) suggested that the introduction of AVs
in the urban context may lead to notable change in how pedestrians experience AVs
compared to conventional vehicles. Pedestrians reckoned that non-verbal commmunication
with the driver promoted a safe interaction, whereas apparent driver distraction in the AV
(e.g., phoning or reading the newspaper) increased pedestrians’ stress and was associated
with an unpleasant interaction. Moreover, beyond the stress experienced, a new set of road
safety issues also arise according to the behavioural difference between automated versus
conventional vehicles piloted by real humans, specifically regarding older people. Indeed, the
literature shows that elderly people have more difficulties than younger pedestrians to
identify time gap and make a safe decision to cross, particularly in the frame of complex traffic
situations or when facing a continuous flow of approaching vehicles (Lobjois and Cavallo,
2007; Schmidt and Farber, 2009; Dommes, 2019; Velasco et al., 2019). Results obtained from
the recent European project SUaaVE confirmed this issue and, more critically, showed that
elderly pedestrians may have significant difficulty in adequately estimating the yielding
behaviour of autonomous vehicles before crossing the road (Bellet et al.,, 2022).

* -
i the European Unlon Agency (CINEA). Neither the European Union nor the granting authority can be held responsible for them.

*** * 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
*
* 5
PAGE 28/44



Deliverable 1.1. Use Cases Definttion

If future AVs are unable to ensure pedestrian safety, not only by applying emergency
manoeuvres when necessary, but also by being considerate or even "empathetic" towards
these vulnerable road users when they make unintentional errors while crossing the road
inappropriately or dangerously (due to distraction or difficulty in perceiving, estimating
distances, making their decision to cross or interpreting the intentions of the AV), then they
will not be well accepted by the society and probably banned in urban areas. To increase the
future acceptability of AVs, particular attention must therefore be paid to AV-Pedestrian
interactions.

Euro NCAP relationship

For this use case, it is possible to find several Euro NCAP scenarios with high parallelism. In
fact, Euro NCAP (Euro NCAP, 2023, 2024a, 2024d) assesses four scenarios where the car is
driving straight forward, two scenarios where the car is driving straight backward, two
scenarios where the car is turning left and two scenarios where the car is turning right. The
use case selected corresponds to one of the straight forward driving, concretely the car-to-
pedestrian nearside adult that attending to Euro NCAP proceedings is performed at 10, 15, 20,
25, 30, 35, 40, 45, 50, 55 and 60 kph with the pedestrian walking at 5kph and two different
overlaps between the pedestrian and the car, 25% and 75% (Euro NCAP, 2023, 20244a, 2024d).

Application in the project

In the scope of BERTHA, this use case will be based on simulation, where human-like
behaviour is achieved by using a DBM. Thus, human-like CCAM arises from the use of DBM-
based CCAM systems (for ADAS or self-driving). On the one hand, we can look at a DBM as a
black box, stating what is expected (technical constraints) from a CCAM system perspective.
On the other hand, we can consider the steps for implementing a DBM.

A) Technical constraints for a Human-Like CCAM

¢ Real-time Perception: The DBM-based ego-vehicle uses on-board sensors to perceive
pedestrians along its path.

e Decision-Making:
The DBM-based ego-vehicle must incorporate decision-making models/algorithms
that properly react according to the potential car-to-pedestrian collision risk. Tending
to adopt a more empathetic behaviour toward the pedestrian. In other words,
anticipation to unexpected pedestrian road crossings is important, while driving to
accommodate sudden emergency manoeuvres (i.e., emergency braking, evasive
manoeuvres) in a smooth way, depending on the traffic around.

B) Steps for DBM Implementation:

1. Pedestrian Detection: The DBM detects and tracks the possibility of an unexpected
pedestrian in the path of the ego-vehicle using real-time sensor data and assesses the
associated risk of collision.

2. Decision Making:

- Smooth Braking: If the pedestrian is detected at far range, the DBM should
decide to apply a smooth braking to stop the vehicle and manage the collision
as a real human would do.
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- Emergency Braking: If the pedestrian is detected at close range, the DBM
decides to apply emergency braking to stop the vehicle and avoid collision.

- Evasive Manoeuvre: If braking alone is insufficient, the DBM plans an evasive
Mmanoeuvre such as steering away from the pedestrian to avoid collision.

3. Implement Behaviour:

- Smooth Braking: The ego-vehicle brakes smoothly to reduce speed and yield
the pedestrian in an empathetic way.
- Emergency Braking: The ego-vehicle applies brakes rapidly to reduce speed
and avoid colliding with the pedestrian or obstacle.
- Evasive Steering: If necessary, the ego-vehicle steers away from the pedestrian
to create a safe distance and prevent collision.
4. Ensure Safety: Throughout these different manoeuvres, the DBM mainly prioritises
safety but also considers potential impacts of its reactions on surrounding traffic or
pedestrians.

By implementing this use case using a DBM, the ego-vehicle will be capable of interacting
with pedestrians, including those who may be inattentive or unaware of the risk, in a manner
like an attentive and empathetic human driver. This approach is intended to increase the
automated driving system's acceptance by the car occupant as well as by other road users,
such as pedestrians.

314. Use case N°4 “Left Turn at Urban Intersection” (with traffic lights)

Description

The scenario involves an ego-vehicle (the vehicle making the left turn) approaching an urban
intersection controlled by traffic lights. The ego-vehicle intends to turn left across oncoming
traffic, where the traffic lights can influence the decision to proceed or wait. The DBM
simulates the ego-vehicle's decision-making process based on visual information, assessing
the distance and velocity of oncoming traffic, as well as the status of the traffic lights, to
determine when it is safe to make the left turn or when it is preferable to wait for the opposite
car to cross the intersection before making the turn.

Layout

The layout consists of an urban intersection with designated lanes for the ego-vehicle (Car A)
and oncoming traffic (Car B). Traffic lights are installed at the intersection to control the flow
of vehicles. Pedestrian crosswalks are also present, requiring the ego-vehicle to yield to
pedestrians when making the left turn (see, Figure 7).
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Figure 7. Left Turn at Urban Intersection

Motivation & Justification

The motivation behind this use case is to simulate a complex and potentially critical driving
scenario where the ego-vehicle must assess multiple factors (oncoming traffic, traffic light
status, pedestrian presence) to execute a safe left turn, such as an accurate understanding of
complex intersection geometries, traffic signals, and right-of-way rules. There is also a need
for coordinating with other vehicles, pedestrians, and cyclists to ensure safe and efficient
traffic flow (Deo et al,, 2019), in order to adapt to oncoming traffic and identify safe gaps for
turning. A study from lIsele et al. (2018) on left turn and the scene complexity (i.e., defined by
traffic density, weather conditions, and road hazards) and its additional factors (e.g., proximity
to the nearest vehicle, vehicle behaviours) revealed that participants rated scenarios involving
left turn manoeuvres as highly complex, due to the required awareness of and interaction
with the surrounding environment and traffic agents.

Indeed, left turn manoeuvres at urban intersections pose many challenges and result in
numerous accidents (European Commission, 2018), notably among certain populations of
particularly vulnerable drivers, such as elderly drivers or inexperienced young drivers. This is
because performing this left turn manoeuvre can be a highly complex task in an urban
environment. During the approach phase, drivers must first detect the intersection, signal
their intention to turn left to other road users by activating the left indicator, and then position
themselves on the left side before entering the crossroads. To execute a safe turning
manoeuvre, drivers must also detect incoming vehicles from the opposite direction to decide
whether to proceed or, alternatively, to stop their car (Bellet et al., 2009). To decide to proceed,
drivers must assess the speed and distance of incoming vehicles (which have the right-of-
way) to determine if they have enough time to complete their left turn before them. This is
the most critical decision they must make during a left turn (Bornard et al., 2016).

According to this complexity, turning left situations appear to be one of the most difficult
tasks for older drivers. Thus, a greater proportion of older drivers' crashes occur during the
turning manoeuvre against oncoming traffic with the right-of-way on the main road
(Langford and Koppel, 2006). Furthermore, the older the driver, the higher this risk becomes.
For those aged 80 years and over, the percentage of this type of collisions is more than double
that of the youngest groups. Braitman et al. (2007) also reported that failure to yield is found
in more than half of the accidents involving older drivers in the US. These crashes occurred
more frequently when drivers were turning left or at stop signs. The authors attributed this
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fact to misjudgements of the gap available to cross and/or the time required to perform the
turning manoeuvre. They also reported that 'look but failed to see' errors were predominant
among drivers aged 80 and older. Lombardi et al (2017) also found that 71% of older drivers’
surveillance errors (compared to 40% of middle-aged) were due to looking but failing to see
another vehicle and occurred while turning left at intersections. However, distinguishing
'looked but failed to see' from 'failure to properly look' is not always straightforward. As
highlighted by Romoser et al. (2013), some of the difficulties experienced by elderly drivers, as
well as by young inexperienced drivers in this situation, stem from inadequate visual scanning
and neglect due to a greater focus of their attention on controlling the trajectory of their
vehicle during the left turn. This can lead these drivers to fail to properly explore hazardous
areas outside of this intended path.

By developing a DBM for this scenario the performance of the DBM in this scenario is suitable
for errors depending on the characteristics of the driver to be simulated and its affective state.

Euro NCAP relationship

Taking into account the high complexity of this use case, that implies the possible presence
of traffic lights, pedestrians and other vehicles in the traffic, there is more than one Euro NCAP
scenario that is related to it.

e The first one is the car-to-pedestrian turning adult, when the pedestrian is crossing
from the far side, it consists of the ego-vehicle turning left, when a pedestrian is starting
to cross the road from the left side of the ego-vehicle.

e The second one is the car-to-pedestrian turning adult when the pedestrian is crossing
from the nearside, it is equivalent to the previous one, but the pedestrian is crossing
the road from the right side of the ego-vehicle.

e The third one is the autonomous emergency braking car-to-car front turn across paths
that consist of the ego-vehicle turning left when there is another car coming in front.

e The fourth scenario is the car-to-bicyclist turning adult that consists of the ego-vehicle
turning left when there is a bicycle coming in front.

e The fifth scenario is the car-to-motorcyclist front turn across a path that consists of the
ego-vehicle turning left when there is a motorcycle coming in front.

And the five scenarios are performed at different relative speeds between the vehicle and the
rest of the users.

Application in the project

Previous research on elderly drivers’ errors and accident risks (like SAFEMOVE for older drivers
French-Swedish collaborative project; https://anr.fr/Projet-ANR-11-VPTT-0001) or related to the
human centred design of automated driving technologies to support car drivers in this
situation (like the VI-DAS European project; https://www.vi-das.eu/) has highlighted the
importance of this particular traffic scenario regarding road safety issue and potential benefits
of vehicle automation (Wige et al, 2017; Bellet et al, 2020). From the motivation presented
above, the Human-like CCAM based on a DBM to be developed in BERTHA should respect the
following technical constraints and be able to perform safe turn left in a safe way:

A) Technical constraints for a Human-Like CCAM
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e Sensor Accuracy: The DBM-based CCAM relies on accurate perception from sensors
(e.g., cameras, LIDAR) to detect oncoming vehicles, traffic lights, and pedestrians.

e Real-time Decision Making: The DBM must process visual information rapidly and
make split-second decisions to ensure safe navigation at intersections.

e Traffic Light Integration: The model needs to interpret traffic light states (green,
yellow, red) accurately to decide when to proceed with the left turn.

e Pedestrian Recognition: Pedestrian detection and right-of-way assessment are
crucial for safe left turns, requiring robust pedestrian detection algorithms.

B) Steps for DBM Implementation:

1. Approach Intersection: The ego-vehicle approaches the intersection and identifies
the need to turn left.

2. Detect Oncoming Traffic & Pedestrians: The DBM uses sensors to detect oncoming
vehicles and pedestrian activity at the crosswalk.

3. Consider Traffic Light Status: The DBM factors in the traffic light's state (green, yellow,
red) to determine the legality of the left turn.

4. Evaluate Traffic Conditions: The DBM calculates the speed and distance of
approaching vehicles to identify a safe gap for turning left.

5. Yield to Pedestrians: If pedestrians are present in the crosswalk, the DBM ensures that
the ego-vehicle yields the right of way.

6. Execute Left Turn: The DBM initiates the left turn when a safe gap in traffic is
identified, considering all relevant factors for a safe manoeuvre.

By implementing this use case within a Driver Behavioural Model, it is expected to develop
autonomous vehicles able to perform left turn manoeuvres at intersections more effectively
and safely, mirroring human drivers' errors and risky behaviours.

315. Use case N°5 “Pull back in" on urban highway

Description

In this traffic situation, an overtaking vehicle (overtaker) on the left lane of a double lane road
needs to pull back into the right lane in front of the lead vehicle after completing the
overtaking manoeuvre. This type of situation frequently occurs on urban highways when the
overtaker decides at the last moment to take the next exit on the right side of the road, and
then make an abrupt lane change. In this use case, the DBM may be used at two levels in
BERTHA: to simulate a spectrum of behaviours of overtakers implementing a safe merge
versus a dangerous cut-in manoeuvre, or to simulate the lead car's reaction (to be at last
performed by the Human-like CCAM) to manage adequately the lane change manoeuvre
(including dangerous cut-in) performed by the overtaker.

Layout

The layout involves a double lane road on an urban highway where the overtaker (Car B) is
initially positioned behind the lead vehicle (Car A) in the left lane. After having overtaken the
lead vehicle, Car B implements a lane change to merge back into the right lane. In case of a
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dangerous cut in, Car A must react appropriately to restore a safe following distance with Car
B and/or to avoid a frontal collision (see, Figure 8).

A

Figure 8. Pull back in /Cut in on Urban Highways

Motivation & Justification

In the recent French national project SURCA (Sécurité des Usagers de la Route et Conduite
Automatisée), dedicated to the identification of the possible risks and potential benefits of
future automated vehicles with regard to preventing current accident risks, this Pull back
in / Cut-in scenario has been identified as one of the most concerning for road safety on urban
highway considering the current performances and limitations of automated vehicles (Saint
Pierre et al, 2022). From an automated driving perspective, executing a pull-back-in
manoeuvre after overtaking requires precise lane keeping and tracking capabilities during
the lane change, accounting for factors like road curvature and lane markings. Monitoring
blind spots to detect and avoid potential collisions with vehicles in adjacent lanes is also
essential. Planning and executing a smooth and safe lane change back into the original lane
while maintaining a safe distance from other vehicles is a key challenge (Peng et al,, 2022).

Indeed, while this situation can present risks of accidents for human drivers of today, they
have learned to be wary of dangerous lane changes of other drivers on urban highways,
particularly when approaching exits. Many critical situations like this occur every day on roads,
but the number of accidents remains limited because human drivers familiar with this
scenario have learned to deal with it. In contrast, current algorithms of automated vehicles
tend to react too abruptly when faced with a cut-in by another human driver. In mixed traffic,
this could lead to numerous accidents in the future, as overly harsh braking by the automated
vehicle in response to a cut-in could result in frequent rear-end collisions with following
vehicles. To avoid this problem, it would be necessary to specifically adapt the algorithms of
automated vehicles so that they behave like human drivers, braking sufficiently to avoid
collision with the vehicle merging in front of them, but moderately enough to avoid surprising
the drivers following them.

Given the dangerous nature of cut-in manoeuvres, it is preferable to train the algorithms of a
future automated vehicle through simulation rather than letting it learn on the road by itself.
Simulation can be particularly useful here to test the algorithms' responses when the AV is
confronted with various levels of dangerous lane changes made by different profiles of drivers
(Judalet and Bellet, 2022), simulated by another DBM (as overtaker). This may involve certain
drivers, such as aggressive drivers deliberately implementing a dangerous lane change in
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front of the ego vehicle, or involuntary errors of drivers who mis-evaluate the inter-vehicle
distance, leading to a cut-in situation.

Application in the project

Previous research in autonomous driving has emphasised the importance of safe lane change
manoeuvres to maintain traffic flow and ensure road safety on highways. Due to their dense
traffic, especially during peak hours, urban highways appear to be particularly prone to the
emergence of new accident risks liable to be introduced by overly abrupt reactions of
automated vehicles when they are faced with dangerous lane changes of other human
drivers (Saint Pierre et al, 2022). To better manage these situations, especially in the case of a
third-party cut-in, a Human-like system should be capable of reacting in a safe yet sufficiently
flexible manner so as not to surprise the vehicles following it. In this context, the Human-like
CCAM based on a DBM to be developed in BERTHA should respect the following technical
constraints and be able to react appropriately to other human drivers pull back in / cut-in

A) Technical constraints

e Sensor Accuracy: The DBM-based CCAM relies on accurate perception from sensors
(e.g., cameras, LIDAR) to detect the positions and movements of surrounding vehicles,
more specifically overtakers.

e Real-time Decision-Making: The DBM-based system must incorporate decision-
making algorithms to react appropriately to a Car B driver's lane change (including
dangerous cut-in manoeuvres)

B) Steps for DBM Implementation

1. Perceive overtaking Vehicles: the DBM must observe overtakers to detect their
intention to change of lane.

2. Assess Lane Change dangerousness: The DBM evaluates the dangerousness of the
lane change manoeuvre as implemented by the overtaker.

3. Decision to react: Based on visual information and traffic conditions, the DBM decides
to brake appropriately to restore a safe distance with the overtaker, while also
considering the vehicles following it to avoid surprising them with overly strong
braking.

4. Implemented Behaviour: The ego vehicle brakes as smoothly as possible to manage
both (1) the risk of a frontal collision with the overtaker merging in front of it, and (2) to
avoid surprising the vehicles following the DBM-based CCAM with abrupt braking,
thereby preventing a rear-end collision.

C) Use of the DBM as a third party, to simulate a variety of overtakers’ behaviours
interacting with the human-like CCAM

In this use case, the DBM could also be used to simulate a spectrum of driving
behaviours of Car B drivers interacting with the Human-like CCAM, including aggressive
or distracted drivers implementing dangerous cut-in. From this dual simulation based
on DBM, it is expected to assess the ability of this DBM-based system (in Car A) to react
appropriately when facing a variety of other drivers’ behaviours (in Car B), including
deliberate cut-in or involuntary dangerous manoeuvres.
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By implementing this use case within a Driver Behavioural Model, autonomous vehicles can

perform a better reaction when facing an inappropriate merging or a dangerous cut-in of
another driver, by adapting more smoothly their reaction and then improving overall traffic

flow and road safety.
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4. SYNERGIES AND CONSOLIDATIONS WITH WPS

41. Specific considerations from WP1

In order to develop the DBM modules, the use cases should provide ample variability for the
variables that will be used as inputs, as well as a wide range of situations to be able to calibrate
and test the generality of the outcomes.

The perception module is meant to model the visual understanding of the surroundings of a
driver. It will be based on a neural network that is trained to predict the visual attention of the
driver in the form of a heatmap using eye-tracking data for training. Since the training data
will be collected using real drivers in a driving simulator environment, the success of the
model in dealing with the selected use-cases will primarily be influenced by the amount,
guality and proximity to the use-cases of the simulation environment scenarios provided by
WP4. The perception module will provide attention heatmaps with temporal merging
constraints to the other modules. Input from the risk awareness and decision-making module
could be used to parametrize the attention output quality.

The risk awareness and decision-making module is responsible for evaluating the risk of the
traffic situation and simulating the cognitive processes supporting car drivers' decision-
making to react appropriately according to the situational level of risk. To support the
development and evaluation of this module, the selected use cases should present a variety
of levels of risk, related to task difficulties and complexity. Inputs to this module are coming
from the perception module regarding road infrastructure characteristics, events, or hazards
occurring in the road environment. Outputs of the risk awareness and decision-making
module could include “areas of interest” to focus visual attention toward the perception
module, the current “perceived level of risk” toward the affective module, and the “driving
manoeuvre” (like braking, accelerating, or changing lanes) toward the motor control module
to be then in charge to perform them by acting accordingly on the vehicle commands (i.e.,
pedals, steering wheel, indicators, etc).

The affective module is meant to parametrize psychological workings related to cognition
and emotional arousal, which are affected by multiple factors, both internal (depending on
the driver characteristics) and external factors such as traffic (hnumber and actions of other
vehicles), or environment (weather, light, time of the day, characterization of the road in
elements of the scenario). The use cases should present stressors that affect the driver's
cognitive workload, their arousal (level of psychological activation), and also influence their
attention, such as sudden events, visual distractions, and relevant interactions with other
vehicles or elements of the scenario (incoming cars or car following at short distances,
obstacles, pedestrians, etc.).

The motor control module governs the physical actions of the drivers that trigger changes of
speed and steering the vehicle. In order to calibrate and test this module, the use cases must
provide challenging situations that need relatively quick reactions, such as braking or
accelerating, avoiding obstacles, etc.
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4.2. Specific considerations from WP3

In Section 1.3, Work Package 3 is outlined to focus on developing a cloud-based simulation
platform, which serves as a pivotal tool for analysing the autopilots planned for development
and implementation in this project. The selection of use cases has been meticulous, targeting
complex scenarios inherent in autopilot decision-making processes. These use cases are
designed to facilitate comprehensive evaluation of autopilot behaviours.

The cloud-based simulation tool, referred to as the HUB, enables the assessment of various
scenario elements, including static components like buildings, roads, and pavements, as well
as dynamic elements such as other vehicles or pedestrians. This functionality ensures a safe
and reliable testing environment, crucial for the rigorous evaluation of autopilot systems.

4.3. Specific considerations from WP4.

In general terms, WP4 will showcase the usefulness of DBMs in different ways which we briefly
summarise in two points:

e Provide more realistic simulations regarding the driving behaviour of the vehicles
involved in the simulation.

This is important to ensure that, while researching/developing ADAS or autonomous
driving systems, the conclusions arising from the simulation environment can be
extrapolated to their real-world counterparts. Since the CARLA simulator has become
a de facto standard, we assume its use for WP4 as in the rest of the BERTHA project.
WP4 will assess how a given DBM compares to human driving so that we can rely on
such models. WP4 will also focus on the use of DBMs to develop two different
autonomous driving systems, namely, one based on a deep visuomotor driving model
trained by imitation learning, and the other based on a (traditional) modular stack
(where each module can rely on different deep models for driving sub-tasks).

e Assess how DBMs can improve a particular real-world ADAS.

Real-word ADAS usually need infield algorithmic/model tuning. A DBM may help to
bring naturalistic ADAS behaviour by either a human-inspired tuning or by suggesting
the incorporation of some additional ADAS subsystem.

The Use Cases defined in task T1.1 are the basis for implementing the different scenarios that
allow carrying out the points mentioned above. In the case of simulation, the scenarios will be
implemented programmatically and executed at specific locations of the existing CARLA
maps. In the real-world case, these must be executed as controlled tests within an appropriate
infrastructure.

Itis worth noting that training the ADAS and autonomous driving systems, may require much
more scenarios than those arising from the Use Cases defined in task T1.1. The reason is that
these systems will rely on deep models which are known to be data-hungry. In any case, in
WP4 it must be ensured that the scenarios arising from the Use Cases defined in task T1.1 are
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used properly from the machine learning perspective. In other words, even including the
same Use Cases for the training and testing of the systems, the training scenarios must be
different from the testing ones.

The metrics used to assess the contribution of a given DBM in the context of the points
mentioned above will follow the work carried out in WP5.

4.4. Specific considerations from WP5

The main objective of WP5 is the development and evaluation of tests and assessment
methodology to quantify effects or qualify the interaction of the human-driver behavioural
aspects on the performance of CCAM systems. On-the-road testing alone is an inefficient
method for the validation or verification of the safety of these technologies. It would require
travelling millions of kilometres to amass sufficient data to provide meaningful information.
Therefore, it's important to structure planned testing to account for relevant or critical
scenarios. To establish a valid, scenario-based testing approach, it is necessary to establish
objective, industry-wide criteria to measure the criticality of the scenarios and to identify these
critical scenarios that lead to a sufficient and more effective safety evaluation of these
technologies. These tests and evaluation plans will be defined in depth based on the use cases
defined in WPI. Not all scenarios are created equal, and not every possible scenario can be
tested. Therefore, the selection and detailed description of the use cases will be fundamental
to get an efficient validation.

5. CONCLUSIONS

The goal of the task T1.1 was to provide use cases that could be used by the project, such as
contributing to the development of the DBM, its definition, calibration and validation, or to
the experiments and data collection. One of the aims of the task T1.1 was also to provide use
cases that could be applied both in simulation and real driving.

We achieved a selection of 5 use cases commmon to the project, namely, collision risk avoidance
in highway settings, insertion on highway in highway settings, pedestrian crossing in urban
settings, left turn at urban intersection (with traffic lights") in urban settings, pull back in
highway or urban settings. All of these should, in view of literature, be challenging and provide
new knowledge to the state of the art.
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7. ANNEXES

71.  AnneXx 1: Use cases definition template description

The use cases definition template comprised the following section:
General use case description

e Distinction between driver behaviour focus and CCAM focus: For any use case, a
general description was provided, and two focuses were developed depending on the
context of the application, either (i) focused on the human driver behaviour, or (ii)
focused on the use of the CCAM.

Use case layout: A schematic use case layout is provided for better understanding.
Operation design domain (ODD) specifications: Each use case is provided with a
clear ODD specification, such as: (i) type of environment — Highway, Urban; (ii) weather
: (iii) time of day (TBD)

e Associated modules: The associated modules that will be used in this Use Case: (i)
Affective Module; (ii) Perception Module; (iii) Risk Awareness module, (iv) Decision-
making module; (v) Motor Module.

Scenario specifications

e Inputs needed: The inputs that are required for the use case and its application are
provided here.

e Expected outputs: A short description of the main expected outputs from the use case
is also provided.

e Limitations: Use cases can present limitations, therefore it is clearly noted in this
section.

e Associated parameters: This provides a clear description of the parameters required
for the Use Case, for example: Parameter A, Ego-vehicle speed [30,60] km/h; Parameter
B, Ego-vehicle distance from traffic light [5, 75].
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