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EXECUTIVE SUMMARY
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o 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 13 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.

o Document details

Deliverable type Document, report

Deliverable n° D2.5

Deliverable title D2.5 - Updated methodology for real field of tests
Lead beneficiary CID

Work package and WP2 Task 2.4

task

Document version 1.0

Contractual delivery 30 April 2025

date
Actual delivery date 8 May 2025
Dissemination Level PU-Public
Purpose This deliverable condenses the main findings regarding the execution
of BERTHA's Field Operational Tests (FOTs). As such, it provides the
scientific background that supports the methodology followed to
design the trials, the main devices to be installed in the test vehicle to
collect data from the drivers and the immediate surroundings, and the
test areas suggested to conduct the tests. Aspects related with data
acquisition methods and formats are also described.
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o Document’s abstract

This deliverable D25 describes the methodology defined to develop BERTHA's Field
Operational Tests (FOTs). This report builds upon D2.3, D2.4 and D5.1, as well as upon the
existing scientific knowledge in the fields of FOTs and Naturalistic Driving Studies. It describes
the main characteristics of the different vehicle and driver monitoring devices to be installed
in the Toyota Corolla test vehicle during the execution of the FOTs and, for each device,
describes which data will be collected and in which format. Some details on the practical
implementation of the devices in the test vehicle are also provided.

For the practical execution of the FOTs, their scope has been defined, detailing the number
of drivers to participate, and how they will be classified in terms of age, gender, driving
experience and driving style. The FOTs will be strongly linked on the UCs defined within
BERTHA Work Package 1; consequently, different areas in which the UCs are likely to occur
naturally have been identified and will be suggested to the drivers. The methodology
proposed for the FOTs also considers the collection of subjective data from the drivers
through pre- and post-test surveys.

Overall, the document provides a practical framework for the execution of the FOTs, taking
into account the different data needs of BERTHA's partners for the development of the Driver
Behavioural Model's (DBM) modules.

o Document’s revision history

REVISION ‘ DATE ‘ DESCRIPTION ‘ AUTHOR (PARTNER)

V.01 22/04/2025 ToC, sections 1.3 and 3.1 J. Romo (CID)

V.0.2 30/04/2025 Sections 2, 3, 4.1 completed J. Romo (CID)

V.0.3 08/05/2025 Full version ready for final J. Romo, M. Ingelmo, J. Velasco
review after corrections (CID), Carolina Arias Perdomo
suggested by VEDECOM (VED)

V1.0 08/05/2025 Full  version ready for J. Romo, M. Ingelmo, J. Velasco
submission including all  (CID), Carolina Arias Perdomo

considerations emerging

(VED), Andrés Soler Valero (IBV)

during the review process

o Terminology and acronyms

TERM/ACRONYM ‘ EXPLANATION

FOT Field Operational Test

BERTHA BEhavioural ReplicaTion of Human drivers for CCAM
BBN Bayesian Belief Network

ADAS Advanced Driver Assistance Systems

AD Autonomous Driving

AV Autonomous Vehicle
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DBM Driver Behavioural Model

UcC Use Case

ICT Information and Commmunication Technologies
HMI Human-Machine Interface

NDS Naturalistic Driving Studies

DAS Data Acquisition System

FESTA Field opErational teSt supporT Action

GPS Global Positioning System

CAN Controller Area Network

WP Work Package

CCAM Connected, Cooperative, and Automated Mobility
CSV Comma Separated Values

GPX GPS Exchange Format File

AVI Audio Video Interleave

o 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
Learn do not accept any liability for actions or omissions of Learn members or third parties
and disclaim any obligation to enforce the use of this document. This document is subject to
change without notice.
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1. INTRODUCTION AND OBJECTIVES

11.  Purpose and scope

The widespread adoption and acceptance of Autonomous Vehicles (AVs) requires the ability
to develop systems that exhibit human-like driving characteristics. Accordingly, in BERTHA
project, the creation of advanced models capable of predicting and simulating driver actions
in various scenarios is addressed. Concretely, the project will develop a scalable and
probabilistic Driver Behavioural Model (DBM) based mostly on Bayesian Belief Networks
(BBNs).

The DBM is structured around four distinct yet interconnected modules that encompass
essential facets of human driving performance [1]:

e Perception Module: Processes sensory information to interpret the driving
environment, primarily focusing on visual perception—the most important sense for
driving.

¢ Risk Awareness and Decision-Making Modules: Assess potential hazards, evaluate
risk levels in various situations, and determine appropriate driving actions based on
perceived information and risk assessment.

e Affective Module: Incorporates the driver's emotional and cognitive states and their
influence on driving behaviour, parametrizing psychological processes related to
cognition and emotional arousal affected by internal, external, and environmental
factors.

¢ Motor Module: Executes the physical actions required to control the vehicle,
conditioned by the driver's level of expertise and influenced by the affective module.

For the practical development of the DBM, collecting empirical data from real human drivers
is essential. Within the Work Package WP2 several data collection activities are being
performed. T2.2 will deal with laboratory tests with basic technology [2]. T2.3 will employ
advanced simulation platforms to allow for a wider range of scenarios and more critical
situations that require more information on the driver behaviour [3]. And in T2.4, “normal”
everyday driving will be studied under a set of pre-defined Use Cases (UCs). The testing
campaign outcomes will leverage on, and complement, the lessons learned from the global
survey collected by EUR on a network of more than 1200 drivers from 6 different countries.

All these testing initiatives fit within the DBM development process as presented in Figure 1.

** % 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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Figure 1. Overview of BERTHA's DBM solution at a glance [3].

Experiments with
Real Humans (WP2)

This report D2.5 intends to provide a comprehensive description of the methodology for the
Field Operational Tests (FOTs) to be executed within T2.4. This methodology has been
developed with the aim of collecting the different requirements necessary for each aspect of
the human driver modelling. As such, it includes the acquisition equipment to be used, the
users' profiles sought, and the expected signals to be collected in order to characterize the
driving behaviour of the participants in the FOTs.

1.2. Relation to other deliverables

This deliverable continues the work started in earlier project documents:

e D23 “Updated methodology for basic simulation environment” [2] provides an
initial overview of the experimental design at laboratory scale and describes the main
sensor technologies to be employed.

e D2.4 “Updated methodology for advance technology acquisition” [3] expands the
content of D2.3 by detailing how these technologies and sensors will be deployed in
high laboratory test environments, detailing also the protocols to performs the studies
in simulators.

e D5.1 “Criteria definition for the selection of safety tests” [4] employed the UCs to
define a set of scenarios that can be used to validate a humanized driving approach,
from a safety perspective.

Similarly, it is expected that this deliverable will feed future technical BERTHA deliverables,
such as D2.7 “Updated methodology at overall”, D4.8 “Report on time-distance domain of

** % 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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driving trajectory in the urban streets by applying drivers' behaviour model in urban driving
conditions”, D5.2 “Safety test matrix. Safety-critical scenarios”, D5.3 “Pilot cases for testing in
new technologies. Analysis of tests results”, and D5.4 “Recommendation, specifications and
limitations for the testing procedures”.

1.3. Overview of the Field Operational Tests

In order to validate new driving systems to be incorporated into next-generation vehicles, the
real situations to which they will be subjected must be properly understood. To this end, the
Field Operational Tests (FOTs) arise as a crucial tool. According to the FESTA (Field opErational
teSt supporT Action) Handbook [5], a Field Operational Test (FOT) is “a study undertaken to
evaluate a function, or functions, under normal operating conditions in road traffic
environments typically encountered by the participants using study design so as to identify
real-world effects and benefits.”. Field Operational Tests (FOTs) are large-scale testing
programs aiming at a comprehensive assessment of the efficiency, quality, robustness, and
acceptance of Information and Communication Technologies (ICT) solutions used for smarter,
safer, cleaner, and more comfortable transport solutions, such as navigation and traffic
information and advanced driver assistance.

In practice, the execution of FOTs may involve many vehicles and drivers, as well as an
extensive acquisition area to validate the functionality and adaptation of the different systems
to be evaluated, to ensure the randomness and significance of the tests.

During the DBM development process, it is vital to ensure the safety and reliability of the
different modules it is made. The data collected during the FOTs will then correlate the
performance of the DBM, ensuring that the driving behaviour obtained is as human-like as
possible from the early stages of the development. The FOTs provide essential support for
developing Autonomous and Connected Vehicles [6] as these tests ensure that ADAS and AD
systems can handle the complexities of real-world driving scenarios [7]. Moreover, FOTs that
involve the relevant stakeholders for deployment and raise public awareness (including policy
makers and the general public) can significantly contribute to a faster market take-up of
effective ADAS systems [8].

The scope of the actions to be undertaken within T2.5, and in Bertha overall, are also related
to Naturalistic Driving Studies (NDS). Hence, it is worth providing a brief overview of what NDS
is and how it has been implemented in previous research initiatives. Naturalistic driving
research is the in-situ investigation of driver performance and behaviour [9]. That is to say,
driver performance and behaviour are observed as it occurs in the context of real-world
driving. For this reason, NDS usually consists of installing video cameras and a suite of sensors
on vehicles and continuously recording the driver, the vehicle, and the environment over a
certain period of time, which is usually long (order of magnitude of months or even years).

A good example of the NDS basis is provided by Neale et al [10]. As participants are not given
any instructions, and there is hardly any interaction between the drivers and the
experimenters, quasi-natural driving behaviours are achieved. Because driver performance
and behaviour are usually heavily affected by the environment, NDSs can provide valuable
insights on how drivers adapt to changing environmental conditions. Observing drivers in
their own vehicles without an experimenter present results in everyday behaviour and

** % 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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performance, as participants quickly forget they are being recorded. Yet, when a critical event
is recorded, detailed information on where the driver looked, what the driver did, what the
vehicle dynamics were, and what the environmental conditions were in the seconds leading
up to the event can be meticulously analysed. On the limitations side, NDSs do not measure
the surrounding vehicle drivers' behaviour, so some critical events may need extra effort for
their validation.

Experience collected during the latest decades has proven that empirical studies such as
NDSs can provide important data to examine the benefits and unintended consequences of
safety technologies by studying driver behaviour and performance when interacting with
these systems. The execution of NDSs relies on the availability of several methods, which are
briefly described below:

e Data Acquisition System (DAS): the DAS is the central component of a NDS. It is a
computing unit that receives and stores data from the network of sensors distributed
throughout the vehicle. Processor speed, storage capacity, system robustness and
reliability are crucial for continuously collecting naturalistic driving data.

e Vehicle instrumentation: Depending on proximity and availability, test vehicles can be
instrumented either at the test site, or at the research institute.

e Vehicle data collection: vehicle data collection usually involves a technician travelling
to the vehicles regularly to inspect the test equipment for proper operation and to
retrieve the collected data.

e Participant data collection: all participants are met with at the beginning of the study,
to read and sign an informed consent form. Also, demographic, physiological, and/or
psychological data are typically collected at this time. Some NDSs may have a post-
study questionnaire.

e NDS data reduction: Data reduction procedures usually define trigger criteria to
identify events of interest in the datasets. Each automatically triggered event is then
inspected by the research team to (1) visually verify that the event is indeed valid, (2)
answer a series of pre-defined questions about that event, and (3) perform a frame-by-
frame reduction of where the driver looked in the seconds prior to and after the event.
Triggered events do not necessarily need to be safety-critical events. The algorithms
can be tuned to trigger other driving manoeuvres, such as left turns and successfully
executed lane changes.

According to Ahmed et al [11]. no large-scale NDS has been performed since 2017. Since that
date, several technology advances have taken place. Accordingly, it is recommended for next-
gen NDS to introduce more comprehensive environment monitoring technologies (e.g multi-
radar or LIDAR) as well as develop novel methodologies that leverage on Al and Machine

Vision.
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2. TEST VEHICLE DESCRIPTION

21. Description of the monitoring devices

To perform the FOT, the test vehicle will be equipped with four different monitoring devices
to collect information related to the vehicle's performance, and the driver's behaviour: Global
Positioning System (GPS) device, camera, radar, and on-board diagnostics device. The GPS
provides a spatial reference for the tests, following the WGS84 coordinate system, as already
described in BERTHA's deliverable D21 [12]. The cameras chosen are a pair of GoPro Hero
cameras due to their versatility, their resistance to environmental phenomena, and reduced
size, making them suitable to be installed either inside or outside of the test vehicle. Two radar
devices will be used, from the manufacturers SICK and Smartmicro, due to their slightly
different detection capabilities. The Smartmicro radar range spans from 0.40m until 200m.
This range provides the radar with great capability to detect objects at different distances; for
that reason, it will be installed at the front of the test vehicle. The SICK radar has a range
spanning from 2m until 100m, so it will be installed at the back of the vehicle, where the
detection requirements will be less demanding. The on-board diagnostics device is a bi-
directional vehicle scan tool, “Launch X431 Pros Elite”, shown in Figure 2, which can perform
over 1000 different scan tests to ensure an all-systems diagnostic and live data visualization.

Figure 2. Bi-directional scan tool "Launch X431 Pros Elite"

For further information about the data collected with these devices, the reader is referred to
section 4.1.

2.2. Overview of the test vehicle

The monitoring devices presented in section 2.1 will be installed in a Toyota Corolla vehicle to
perform the FOTs. Two radars will be installed in the vehicle, one at the front and one at the
back, to monitor what is happening in front of and behind the test vehicle simultaneously.
Two GoPro cameras will be also used. One will be located at the front of the vehicle, right
above the plate, to complement the information provided by the radar. The other will be
located inside, behind the steering wheel, in order to record the driver's gestures and gaze
during the test. The on-board diagnostics device will be directly connected to the vehicle's
Controller Area Network (CAN) bus through the connection port available in the vehicle.
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The figures below (Figure 3, Figure 4, Figure 5, Figure 6) correspond to the pre-testing trials
carried out by the research team. In these trials, the devices were kept in plain sight to be able
to check their correct functioning while driving. During the actual trials with external
participants, the devices will be concealed as much as possible, to make the driving
experience as natural as possible.

Figure 3. Installation of the GPS device. a) Internal view showing the device installed inside the cabin, on
the windshield; b) receiver device placed onto the vehicle’s roof.

Figure 4. Installation of the radar devices in the test vehicle. a) Front radar, general view; b) Front radar,
detail view; c) Back radar, general view; d) Back radar, detail view.

** % 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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nntll

Figure 6. Installation of the cameras in the test vehicle. a) External camera, general view; b) External
camera, detail view; c) Internal camera, general view; d) Internal camera, detail view.
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3. DETAILED DESCRIPTION OF THE EXPERIMENTAL PROTOCOLS

31 General methodological approach

From a methodological perspective, the main source of information employed has been the
FESTA Handbook. This handbook gives general practical advice on how to set-up and conduct
FOTs and NDS (Naturalistic Driving Studies), and analyse the results, providing a systematic,
research-oriented approach. The FESTA methodology divides the FOT execution into three
phases: preparing, using, and analysing. The main aspects of the FESTA methodology are
depicted in Figure 7, and are also briefly described below for completeness [13].

Context

Funcoon identdcanon

& Descrpticr

.I....I-.-I

Messures & Semon
Sennnnnnnnn

-

e E R T e
Cesnnnnnnnnnna"

Figure 7. Steps to conduct a FOT according to the FESTA methodology.

Preparing: Research based on FOTs should start with understanding the tested systems and
defining the main research questions. Research questions frequently lead to related data
collection needs, performance indicators, and how to collect testing evidence. Experience
reported from previous FOT trials showed that defining and selecting research questions is
already one of the hardest parts of setting up a FOT. Three types of research questions can be
formulated:

e User-centred questions: They are focused on how the drivers react to driving scenarios
and how they interact with other road users.

e Vehicle-centred gquestions: They are focused on how the vehicle behaves in different
conditions and environments. They are usually applied when automated vehicle
functions are being studied.

e Context-centered guestions: they are focused on the broader impact from the FOTs,
like potential impacts on traffic flows, ethical implications, or mobility patterns.
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Using: managing vehicles and recruiting test subjects to collect data is challenging. Ideally,
data should be free of significant errors and well-documented to support analysis by several
people. In addition, the organisers have to ensure the safety and privacy of the test subjects
and maintain confidentiality. Before the tests can truly begin, a phase of pre-testing (also
called piloting) is required to ensure everything will run correctly and smoothly.

Analysing: Measurement data, observations, and interviews are used to conclude the
research questions and hypotheses. The effects identified in the tests can be considered also
from broader societal and stakeholder perspectives.

Impact Assessment: impact assessment and deployment scenarios, socio-economic cost-
benefits analysis. The FESTA approach comprises impact assessment on safety, mobility, and
environment, to the extent a FOT can cover (Figure 8). For instance, some interesting aspects
like land use, urban planning, or transport poverty cannot be properly measured by FOTs.

Socio-economic impact assessment of systems tested in FOT
Safety Impact Mobility Impact SRR DR System Costs
Impact
Based on exposure, Involving direct Involving effects of Involving costs of in-
IMPACTS incl. behavioural effects on traffic flow reduced crashes on vehicle and
adaptations (ITS and indirect effects of C0O, — emissions and infrastructure
safety mechanisms) reduced crashes on pollutants equippment,
mobility opreating and
maintenance costs
Safety Efficiency Environmental
IMPACT Benefits Benefits Benefits
APPRAISAL (e. g. reduced (e. g. reduced time (e. g. reduced
accident costs) and vehicle operating emissions and COx-
costs) emission costs)
v v ¥
Internal Rate of Return Benefit-Cost Ratio Revenues and Costs
RESULTS
Net Present Value
LEVEL OF - Stakeholder
Overall Socie
ANALYSIS W (€. g. users, government)

Figure 8. Impact analysis of FOTs according to FESTA [14]

It is important to note that several NDSs have followed the FESTA methodology to perform
NDTs, as stated by Barnard et al. [15] BERTHA will adapt the FESTA methodology for the
purposes of the project activities, as described in the following sub-chapter 3.2.

3.2. High-level practical planning of the FOTs

The high-level planning of the FOTSs follows the prescriptions of the “Preparing” phase of the
FESTA methodology, as described in the following sub-chapters.
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3.21. Reference Use Cases

The UCs that form the basis for the FOT planning are taken from BERTHA deliverable D1.1 and
are briefly summarised below:

Use Case 1 “Collision risk avoidance on highway”

In this UC (Figure 9), 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.

Option 1:

Option 2:

Figure 9. UCT schemattics.

Use Case 2 “Insertion on highway”

In this UC (Figure 10), 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.

Figure 10. UC2 schematics.

Use Case 3 “Pedestrian crossing in urban area”

In this UC (Figure 11), 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
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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.

Figure 1. UC3 schematics.

Use Case 4 “Left turn at urban intersection”

The UC (Figure 12) 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.

Figure 12. UC4 schematics.

Use Case 5 “Pull back in on urban highway”

In this UC (Figure 13), 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
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performed by the Human-like CCAM) to manage adequately the lane change manoeuvre
(including dangerous cut-in) performed by the overtaker.

A

Figure 13. UC5 schematics.

3.22. Research questions and study hypotheses

The main objective of the FOT is to provide input data to feed the DBM, helping to develop a
human-like driving model. To set some boundaries to such a broad scope, the FOT will be
focused on assessing the behaviour of the participants when facing the 5 UCs defined within
WPT (also briefly summarized in section 3.2.1 for the sake of completeness). During the FOT,
data from different devices will be collected, to enable a comprehensive post-testing analysis
of the driving performance of the (anonymised) participants. Consequently, there are mainly
three research questions to be answered:

1. How do different people behave when facing similar pre-defined driving scenarios?

2. How can different driving styles be characterised using data collected during the
driving activity?

3. How can real driving data be used to feed the DBM during its development phase?

In terms of the hypothesis assumed prior to the execution of the FOT, the following
assumptions are made:

1. The number of participants is enough to ensure a well-balanced and complete source
of information to characterise different driving styles impact on the driving
performance.

2. The participants will behave naturally, even though they will know their behaviour is
being monitored.

3. NDS-like conditions will be achieved, even though the duration of the trials will be
limited to a few hours as maximum per participant.

3.23. Test sites overview and study design

The practical realization of the UCs (see 3.2.1) during the FOTs was sought in Valladolid and its
surroundings. After a careful examination of the roads and the traffic in this area, and
considering as maximum priority the less possible traffic complexity (apart from that required
to enable the UCs) to minimise risks during the FOTs execution, the following test sites have
been identified:
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Use Case 1

The UC1T will be sought in the N-601 road. This road counts with two lanes per direction and
different traffic densities during the day, due to the people commuting from and to Valladolid.
A section of 7,5km between has been identified as location for this UC, as shown in Figure 14.
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Figure 14. UCI test site

Use Case 2

The UC2 will be sought in the VA-30 ring road entries and exits. To ease the execution of the
FOTs, an area located right next to the UC] test site has been identified. As shown in Figure 15,
this area is particularly interesting because there are two road entries in only 1,5 km; hence,

the likelihood of this UC happening are increased.
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Figure 15. UC2 test site.

Use Case 3

The UC3 will be sought in the Las Delicias neighbourhood in Valladolid. This neighbourhood
has quite one-way streets (Figure 16) and counts with significant pedestrian activity. Hence,
the likelihood of pedestrians crossing the street are high.

eSiENINten s
/alladolid

Figure 16. UC3 test site.

Use Case 4

The UC4 will be sought in the Paseo Rey Juan Carlos | street, in Valladolid. This is a long street
that acts as boundary of Las Delicias neighbourhood (test site of UC3). It has one line per
direction, significant traffic density, and several left turns (with and without traffic lights) when
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driven towards the north as depicted in Figure 17, to let drivers decide how to tackle this UC
according to their driving style.

Figure 17. UC4 test site.

Use Case 5

The UCS5 will be sought in the same location as the UCI1. To promote its appearance, hours in
which people are commuting will be defined, as a means to ensure a higher traffic density
that may lead to the situation of this UC.

With regards to the study design, there is not a closed plan envisioned, in order to let the
drivers behave as naturally as possible and always according to their driving preferences. Even
though the locations are pre-identified to maximize the possibilities of the UCs occurring,
participants will be free to drive around the different zones as desired during the time they
decide to take part in the FOT. In any case, it is important to note that the drivers will be
allowed to drive as they want, not necessarily having to stick to these pre-defined test sites;
they will just be recommended because in these test sites the likelihood of the UCs happening
is higher, according to the research team experience.

The following Table 1. Summary of FOT UCs. summarizes the different tests to be performed
during the FOTs:

Table 1. Summary of FOT UCs.

Use Case (UC) Location Key Traffic Features Intended driver
behaviour
UCI “Collision risk  N-601 (section from - Great different traffic Study how drivers
avoidance on Boecillo to Valldolid) densities because of behave in what
highway” commuting concerns overtaking
- Vehicles driving at manoeuvres in
different speeds relatively high traffic
- Vehicles frequently density scenarios
getting in and out of
the road

- Two lanes per direction
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UC2 “Insertion on
highway”

N-601 to VA-30
connection

Section connecting two
roads with high traffic
density

Great different traffic
densities because of
commuting

Existence of a service
lane prior to a road exit
Two lanes per direction

Study how drivers
tackle the road
insertion manoeuvre

UC3 “Pedestrian
crossing in urban
area”

Las Delicias
neighbourhood
(Valladolid)

Many one-way streets
Lots of people of
different age groups
living there

Presence of vehicles of
different kinds parked
close to zebra crossings

Study how drivers
interact with
pedestrians in
scenarios in which
visibility is not
optimal or cross
unexpectedly in non-
designated areas

UC4 “Left turn at
urban
intersection”

Paseo Rey Juan
Carlos | (Valldolid)

One lane per direction
Mid to high traffic
density

Many left turns with
and without traffic
lights

Study how drivers
tackle a left turn
Mmanoeuvre in urban
intersections
controlled by traffic
lights

UCS5 “Pull back in
on urban
highway”

N-601 (section from
Boecillo to Valldolid)

Great different traffic
densities because of
commuting

Vehicles driving at
different speeds
Vehicles frequently
getting in and out of
the road

Two lanes per direction

Study how drivers
react and behave
when overtaking
vehicles cross right in
front of them, for
instance to get out of
the road

In terms of the study design, the FOT will engage between 30 and 50 participants of different
characteristics. No personal data will be collected, and appropriate measures will be put in
place to ensure that all data collected are anonymised. The participants will be classified
according to their gender, age, driving experience and driving style, ensuring a balance split
between the different categories of each class, as follows:

e Gender

e Age:
o 18to24
o 25to34
o 35to 44
o 45to54
o 55too64

o ©65orover
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e Driving experience, in years:

o Novel
o 1to5

o 6tol0
o Nto20
o 21to30

o 3lor more
e Driving style (using categories defined in Task 1.2)
o Steady veteran
o Urban daredevil
o Confident cruiser
o Mindful navigator
o Bold rookie
o Uncertain sprinter
o Chill maverick
o Balanced driver

The duration of the FOTs may vary from driver to driver depending on their driving style, as
well as on the traffic and environmental conditions occurring when doing the trials.
Nevertheless, it is estimated that approximately 1.5h (per driver) may suffice to complete all
the UCs.

3.24. Pre-testing

Prior to start the FOTs with voluntary drivers, the research team drove several times through
the test sites described in section 3.2.3, to ensure that the UCs occur within a reasonable time
frame. The evidence collected for each UC are presented in Figure 18, Figure 19, Figure 20,
Figure 21 and Figure 22 for the UCs 1-5 respectively.
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Use Case 1

Figure 18. Evidence of UCI obtained during the pre-testing trials.

Use Case 2

Figure 19. Evidence of UC2 obtained during the pre-testing trials.
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Use Case 3

Use Case 4

Figure 21. Evidence of UC4 obtained during the pre-testing trials.
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Use Case 5

Figure 22. Evidence of UC5 obtained during the pre-testing trials.
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4. DATA ADQUISITION DURING FOTs

41. Data to be collected from the vehicle

The devices installed in the test vehicle will provide information related to the vehicle
performance, and its environment.

GPS: The GPS will provide the coordinates of the vehicle (latitude and longitude) along with
the timestamp in .gpx or .csv formats.

Camera: The external camera will record the road ahead during the whole duration of the
trials and will generate a .avi file. This file will be post-processed after the FOTs to correlate and
complement the information provided by the front radar. An example of a video frame
obtained during the execution of the pre-testing trials is provided in Figure 23.

Figure 23. Video frame obtained with the front camera.

Radar: The radar devices provide two sources of information. During the FOTs execution, if
connected to a computer, a dedicated application can be run (Figure 24) that allows checking
in real time whether any object is being detected, at which distance it is located, and the
speed at which it is moving.
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Figure 24. Software interface of the radar devices. a) Smartmicro radar; b) SICK radar.

Both devices also allow post-testing data export in .csv format for further data analyses.

On-board diagnostics device: The CAN bus reader “Launch X431 PROS ELITE"” provides real-
time information of the parameters defined by the user thanks to its Human-Machine
Interface (HMI) (Figure 25) and also enables post-test data processing, as the data can be
recorded and exported afterwards in .csv format for further analysis. For the purpose of the
FOTs, the following parameters will be recorded:

Throttle opening angle (%)
Reactive force pressure (MPa)
Servomotor pressure (MPa)
Steering angle sensor (°)
Steering wheel angle (°)
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Figure 25. Example of real-time data visualization using the on-board diagnostics device

4.2. Data to be collected from the drivers

Data will be collected from the drivers using the internal camera cameras, and also via surveys.
The internal camera will record the driver during the whole duration of the trials and will
generate a .avi file. This file will be post-processed after the FOTs to describe the behaviour
(pose, gaze, reactions, gestures, etc.) of the driver when facing the UCs. An example of a video
frame obtained during the execution of the pre-testing trials is provided in Figure 26.

Figure 26. Video frame obtained using the internal camera to monitor the driver.

Moreover, two surveys are foreseen as part of the FOTs:

e One survey will be made before the driver takes part in the FOT, whose objective is
mainly to determine the driver topology.
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e One survey will be made after the driver takes part in the FOT, whose objective is to
collect subjective feedback from the driver with respect to his/her experience.

The first survey (pre-FOT) aims to classify the drivers as per the design study categories
specified in section 3.2.3. As such, it will consist of a short questionnaire to collect the gender,
age and driving experience of the participants, plus the Driver Typology Quick Assessment
designed by AIT, already reported within BERTHA deliverable D12 and available at
cities.ait.ac.at/bertha/. Regarding this tool, for the FOTs, and to ensure the protection of
personal information, only the outcome of the questionnaire will be registered. For the sake
of completeness, a brief description of the driver typologies considered in the Tool is provided
below:

Steady veteran: decades of driving experience, very cautious, sticks to the rules, very mindful
of other drivers, very efficient driving. He/she has the highest scores in self-efficacy, attention
and interaction, and the lowest in risk taking. When driving, he/she mostly takes the safest
option.

Urban daredeuvil: sill little driving experience, but fearless and prone to taking more risk.
He/she is confident, mostly efficient, not hesitating to break the rules, sometimes
aggressive/pushy, assumes others will understand and respond to their intentions without
properly signalling. He/she has the highest scores in efficiency, lowest in attention. The urban
daredevil still drives carefully in general, but takes significantly more risk.

Confident cruiser: high driving experience, somewhat cautious, efficient, and not hesitating
to break the rules. He/she has the highest scores in interaction, high scores in attention,
efficiency and self-efficacy, average in risk taking. The confident cruiser is most sensitive to
varying distances and has good level of risk awareness.

Mindful navigator: solid driving experience. He/she is cautious, mostly efficient, sticks to the
rules, and expects slightly less collaboration with other road users. He/she has high scores in
attention, and average scores in most other driving aspects. The mindful navigator is very
attentive, also sensitive to varying distances.

Bold rookie: young and with little driving experience, the bold rookie is somnewhat confident,
less mindful of other drivers, less efficient, mostly sticks to the rules, but somewhat
aggressive/pushy, sometimes he/she assumes that others will understand and respond to
their intentions without properly signalling, shows less collaboration with other road users.
He/she has high score in risk taking, low in attention and efficiency. The bold rookie takes
higher risk, sometimes appearing aggressive.

Uncertain sprinter: young and with little driving experience, drives very infrequently, which
leads to being inattentive and also inefficient, somewhat sticking to the rules. He/she has the
highest scores in risk taking, the lowest in efficiency and interaction, and also low in self-
efficacy and attention. The uncertain sprinter shows a rather indifferent driving behaviour
regardless of the distance between themselves and the other vehicles, as well as partly
inconsistent reactions.

Chill maverick: young and with limited experience, but driving frequently. The chill maverick
is confident, likes to bend the rules, is mindful of other drivers, very efficient, but can also be
very aggressive/pushy, tends to assume that others will understand and respond to their
intentions without properly signalling. He/she has the highest scores in efficiency, also high in
interaction, the lowest in attention, and average in risk taking. The chill maverick shows a
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more casual driving style, takes slightly higher risk, and is not very sensitive to varying
distances.

Balanced driver: medium driving experience, somewhat cautious, mindful of other drivers,
efficient, generally sticks to the rules, and assumes that others will understand and respond
to their intentions without properly signalling. He/she has rather low scores in risk taking,
average in other categories.

Regarding the second survey (post-FOT) the following topics will be asked to the drivers:

e Perceived danger during the FOT.

e How natural they felt their manoeuvres were, compared to how they usually drive
when they are alone.

e Complexity of the UCs, route suggested, and the overall test environment.

e Difficulties experienced (if any) to get used to the test vehicle chosen and its dynamics.

e Perceived stress during the trials, per UC.

e Test duration.

¢ Amount, and quality of the instructions provided by the research team.

e Suggestions for improvement in subsequent driving trials that may be performed.
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5. CONCLUSIONS

This deliverable has outlined a comprehensive testing methodology for the execution of the
FOTs of BERTHA. For this purpose, initially a scientific literature review has been undertaken,
which has shown that there are mainly two tools to be used as basis for the definition of the
FOT methodology: the FESTA methodology, and the Naturalistic Driving Studies.

From these theoretical foundations and taking into account the particularities of the five UCs
that will be used to develop the DBM, the scope of the FOTs has been determined. The
amount and profiles of the participants (in terms of gender, age, driving experience, and
driving style) to be involved in the FOTs has been selected; and for each of the UCs,
appropriate candidate areas of Valladolid and its immediate surroundings have been
identified and described. Pre-testing trials have been carried out to verify that the UCs occur
in the candidate areas in a reasonable amount of time.

According to the data collection and sharing procedures required by BERTHA, also a set of
monitoring devices has been chosen to be implemented into the test vehicle. This set consists
of a GPS device, two radar devices (one placed at the front, one placed at the back), one on-
board diagnostics device, and two portable cameras. For all of them, procedures to record
data during the FOTs and to export data in convenient formats (.gpx, .csv., .avi) have been
defined and validated in pre-testing trials. Moreover, to gather subjective feedback from the
participants, pre- and post-FOT surveys are planned.

Altogether, the activities reported in this deliverable consolidate the methodological
foundations of the FOTs to be carried out within BERTHA, before the execution of the physical
FOT with external (non-researchers) participants on a next phase of WP2 and T2.4.
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