i4Driving Evaluation
criteria and detailed
description of field
experiments

Deliverable 5.2 | December 2023

BB Ref. Ares(2023)8879358 - 27/12/2023



Ds.2 Experimental setup for the driving simulator experiments

D5.2 Evaluation criteria and detailed description of field
experiments

Project Grant Project Title Deliverable | Deliverable Title
Acronym Agreement # Reference #
i4Driving 101076165 Integrated 4D Driver Modelling D5.2 Evaluation criteria and
under Uncertainty detailed description of
field experiments

AUTHORS
Johannes Lindner TUM
Tanja Niels TUM
Marta Miranda Dopico CTAG
Eva Garcia Quinteiro CTAG
Irene Saco Ldpez CTAG
David Garcia Rodriguez CTAG

DISSEMINATION LEVEL

X P | PUBLIC

C | CONFIDENTIAL

i Funded by This project has received funding from the European
T the European Union Union’s Horizon Europe programme, under grant
e P agreement No 101076165.

Disclaimer

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

Page | 1




Ds.2 Experimental setup for the driving simulator experiments

Version History

Revision

Date

Authors

Organisaton

Description

Vo.1

20.04.2023

Tanja Niels,
Johannes Lindner

TUM

Vo.2

11.07.2023

Tanja Niels,
Johannes Lindner

TUM

Vo.3

09.10.2023

Johannes Lindner,
Tanja Niels,

Irene Saco Lépez,
Marta Miranda Dopico,
Eva Garcia Quinteiro,
David Garcia Rodriguez

TUM, CTAG

Vo.4

20.11.2023

Johannes Lindner,
Tanja Niels,

Irene Saco Lépez,
Marta Miranda Dopico,
Eva Garcia Quinteiro,
David Garcia Rodriguez

TUM, CTAG

1st Internal Review
Version

Vo.5

19.12.2023

Lucia Schlemmer, Maria
Rodrigues

PAN

Quiality assurance

V0.6

20.12.2023

Johannes Lindner,
Tanja Niels

TUM

Revised Version

V1.0

27.12.2023

Mria Rodrigues and
Arnaud Burgess

PAN

Final check

Page | 2




Ds.2 Experimental setup for the driving simulator experiments

Executive Summary

This deliverable describes the planned test track experiments, which are intended to gather data for
informing the development of the cognitive layer in the i4Driving human driver model. The experiments
comprise scenarios in urban and interurban traffic at three different test tracks. The document gives an
overview of the test track facilities and the general methodology for setting up the test track experiments.
It outlines the experimental designs and describes how the data collection is linked to the evaluation criteria
of the hypotheses important to model development in i4Driving.

Page |3



Ds.2 Experimental setup for the driving simulator experiments

Content
EXECULIVE SUMIMAIY cuciiiiiiiiiiiiiiniiiiiiciiecnnciitcsec st csane st cssae s saessan e sosaesssaeesosaesssanesnaessssnssnsesonsesssnnesonsnssans 3
CONEENT cetceeeeiiereiceeee ettt eeeeeeteeeaaaeeeeeeeeeeeaassssssessssesnnsssssssssesssnnsssssssssssssnnsssssssssesssnnssssssssssssnnnssssssssssssnnnnssnssssanane 4
I a0 (U] - 5
LIST OF TaDIES cuveieeteieieieiiecctecc e e et e e e ee e et ee st e sste e e s e e estesesse e e st eesssaeansaassssaassssssessasastesssssesnsaesssssssssessnsasesssassnns 5
F2Y 0 0) o S\ F=1 4 [o] o [-F SO SURR U 7
1 INEFOAUCTION ettt s et e st e s e st st s st e st e s et s et s me e st e s seesnesneseneantens 8
2 Overview of i4Driving Test Track FaCilities ......ceevvereirreiereietiiietctctctetc e 9
b3 B U g o ¥- 1o T =) o I T S YRR PSSRSO SRS 9
2.1.1 B 20T I A =3 < et o N 9
2.1.2 TUM Augmented Reality Field TE@StING .c.cceeverteiereietiicetetctetetetc e 1
2.2 INtErurban TeSE TIACK ..eeeeeeeeeeieeee ettt sttt e s st e sttt s e e s ee s eae s me e st e s seesanes 11
2.2.1  CTAG-GALICIA Test Tack FaCility coceeeveriinicsininicniniiininicnsininscssinicsseseessesisssessessisssesseens 12
222 CTAG-LEON TeSt TACK FACIILY vuvverrrerrrrrrrrersssesussssssssssassssssssssssssssssssssssssssssssssssssssssesssssesans 13
3 Methodology for setting up Test Track EXperiments......cccocvvevucvuiniiiiinininincninnincicinencssessesscnes 15
3.1 MethOdOIOZY..cueiuiiritititititcttctcctt bbb 15
3.2 OVerview Of the PrOCESS....ciiiiiiiiiiiititcircrtnsecrc ettt a bbbt s s be b sbesns 16
3.3 Experiment QUality ASSUIANCE ..ccuiivuireuiieiiriiieiietititeeeesiesecste st setesessatssstsssessseessaessaesasssensesssonne 17
3.4 Scenario Standardization ...ttt sttt st eane 18
3.4.1  Scenario Description at TUM ...ttt sss s essnens 18
3.4.2  Scenario Description @t CTAG .ouuivvueivieiiieineinieinitcneecsaecsseecsaresseesssaeessseesssessssessosaesssns 19
4 EXPErimental DESIEN ...covivviviiiiniinniiiiiiniiiiniciinestcrese sttt eres st ssessessssssesssssesassssssessssssesnssnns 21
4.1 Urban Test-Track EXPeriments (TUM ) ..cc.ccceceeuerererreeererenrensensestensstenesesessessessessessessesssssssssssssessessenss 21
4.1.1  Mapping of hypothesis and evaluation criteria .....ccecevueveeveeininininisicnicicicicccscncnnns 22
41,2 StUAY DESIZNS weuvevireriterietetinieietetctetctetete ettt b bbb neae 22
b 1 B D - = W @] [Tl 4 ) o TSSOSO P SRSSOPRPRI 28
4.2 Interurban Test-Track Experiments (CTAG-GaliCia)...cocoeeririrmirininirricininiiiinissceinisnesessssesesssssesesens 29
4.2.1  Mapping of hypotheses and evaluation criteria........cccoeveineniniiniiiciiicciciccncne 29
0 T U ) D 7Ty = o OO 29
4.2.3  Data COlOCHION ettt s et ee s see s ae st e e e see s se s se s ne e nteane 33
4.3 Interurban Test-Track experiments (CTAG-LEON) ...cccouiicririruimininiriiicinisiesciisssseisssesesesssesesssssassesens 34
s T I 1. 1o €A L o ) o PSPPI 35
4.3.2  StUAY DESIZN cueiuriiiitiiiiiictitictctt et b s 35
Ve T S D - = W o] | [Tl 4[] o DSOS P SRSROPRPRI 36
4.4  Participants’ Driver CharaCteriStiCS ... uiriiniiiiiitiicnicnicntetetetceesee sttt s e saeane 37
5 Concluding remarks and fUtUre WOrK ......co.coueuiiiinininiiniiniiiiiiicinincccrccrciesesessessessessesenene 39
5.1  Roadmap for upcoming activities for Test Track EXperiments .......cocceeevcrvervevveninencncsncsncsncsncnnnes 39
5.2 Voluntary Commitment of Conducting Test Track Experiments of RDW.......cceccvevivvrcnersivsrenecsuennes 39
6 RETEIEINCES euvtieieeteeectteeccctt ettt ettt ce e et e s e e e et e s e e e st e s e s s st e s e e s st e s e s e st e eeassssaseassssaesassssaassssssassssssessanns 40
7 Y0 1= T | R 41
7.1 TTE-Related QUESTIONNGINES ..c.eeiuiieiieiiiineenecrtnt ettt ettt st st st et essee s saesse s st e stenns 41
7.1.1  Driving Style Questionnaire (French, et al.,; 1993) ...t 41
7.1.2  Presence Questionnaire for AR-TTE (Witmer, et al., 2005) .c.cccecerueiruerineneresenesencnnsecsesncnnes 42
7.1.3  Simulator Sickness Evaluation for AR-TTE — MISC (Bos, et al., 2005) c..ccceuverueeerercnuescnuennuene 43
7.2 Subjective single question rating of workload ARWES (Ames & George, 1993) ..c.cececeruruerccruruenencns 43
7.3 Non-Driving Related Task (NDRT)...cccvieriruruieininiieiiniescitssescitssesesssssssetssssssessssssssessssssssessssssssesses 44
7.4  Concrete Scenario EXamPIe CTAG ....cvviiniiniinuiniuiiiniinsiinicnicnicsstssstesstessiessassssessssssssessassssssssssssssonsons 45

Page| 4



Ds.2 Experimental setup for the driving simulator experiments

List of Figures

Figure 1. TUM TeSt INTers@CHON couveveeteeeeteteetetetete ettt ns e s e s sneasens 9
Figure 2. Planning View TUM Test INterse@Ction ......cuuveeieieieiiicieiniiieietcictcecceteeteseseness e 10
Figure 3. Vision: Augmented Reality Field Testing at the TUM test tracK.......cccuevveevieeienieieenineciciteieicnne, 1
Figure 4. CTAG’s Test Tracks I0CatioN. ...ttt ese e 12
Figure 5. Low/Medium Speed ADAS/AD Test Track CTAG......couvuemrieiniininsiniiisieisieisicissesissseesessssessssessssessesens 13
Figure 6. Test EqQuipment at CTAG-Galicia Test Track ... 13
Figure 7. High Speed ADAS/AD Test Track CTAG-LEON.....ccvueriirieteririirtetiiictctitetesst s as 14
Figure 8. Test-Track EXPeriment PrOCESS .....ccuiieieiiienteinteinteieteteteteteteete et s s ese e 15
Figure 9. Low-Level Test Track Experiment Setup at TUM ..ottt 18
Figure 10. Low-Level Test Track Experiment Setup at CTAG......ccceiniiniiniinicinicicice s 19

Figure 11. lllustration of Egocentric Distance Perception Task (top) and the Target Braking Task (bottom)..23

Figure 12. Visual Representation of Urban Test Track Scenario at TUM .......ceieieieieinreiniiiciiciiceicnenenn, 25
Figure 13. Visual Representation of the Urban Augmented Reality Test Track Scenario at TUM.................... 28
Figure 14. Schema of laps in scenario 1in medium speed interurban TTE .......ccocuvvivininiiniisicnicinenencnncsncnenns 31
Figure 15. Schema of laps in scenario 2 in medium speed interurban TTE .......ccccceivininrinuinrcnncninenenencsscnnenns 31
Figure 16. Process for enrolling participants in the test........ocvveiiviiiiicns 33
Figure 17. Schema of laps in medium-high speed interurban TTE........ccccueiiriiiniiniiiiiiciiccicrcciennes 36
Figure 18. Roadmap fOr i4DriVING TTE ..cucuiiiiiiriiieiiiiicictcitcnteteetet e as bbb s ens 39
Figure 19. Screenshot showing the NDRT Arrows task (adopted from D3.2).....cccceeviviruiirinicucinnnncncinnsncncnnas 45
List of Tables

Table 1. TUM Test Track CharacteriStiCs ...cuuieniiiininiiicniiicnciiiicninicncnisicestsesss st ssses s ssesssesssssassssssee 10
Table 2. CTAG-Galicia Test Track CharacteriStiCS....ccoivirneniinirnrinniinininicninincntiecsesi sttt sese st ssasessssee 12
Table 3. CTAG-Ledn Test Track CharacteriStics cuoeeeeeeereereereereeereeeteeteetee e steste st st et esseesseessessse s e seneeeneenns 14
Table 4. Comparison between the primary scenario in the two DSEs and the related TTE........ceceeervruvnncnne 21
Table 5. Mapping of Scenarios with Hypothesis and Evaluation Criteria........ccccoevvieiriniiniiiciciciciciirenenee 22
Table 6. Overview of Independent Variables and their Permutations of TTE at TUM ....cccccevveiiernerccrcincneene 24
Table 7. Detailed Scenario Level Description for TTE @t TUM ....ccociiciieiinienieneentiteeeeeesseeseessee s eeseeeneeane 24

Table 8. Overview of Independent Variables and their Permutations for Augmented Reality TTE at TUM... 26

Table 9. Detailed Scenario Level Description for Augmented Reality TTE at TUM......cooeeveeeieenrennreenreennennn 27
Table 10. Data Types to be collected in TUM Test Track EXperiments .......ccceeceevernerciecinnseennenneseeeceeseennes 28
Table 11. Hypotheses and Evaluation Criteria of Interurban TTE at CTAG cc..cevveiviriiiciiciecieeeeneeneeeceenes 29

Table 12. Summary of variables considered for each round in scenario 1 in medium speed interurban TTE .. 30

Page |5



Ds.2 Experimental setup for the driving simulator experiments

Table 13. Summary of variables considered for each round in scenario 2 in medium speed interurban TTE... 31

Table 14. Scenario characteristics in medium speed interurban TTE.......cocvvivviiniiniinennininsinnininicrenecnenenes 32
Table 15. Data collection in medium speed interurban TTE ......coccviivinniiniiniicniiiiicicicnecsec e 34
Table 16. Summary of variables considered for each lap in medium-high speed interurban TTE..................... 35
Table 17. Scenario characteristics in medium-high speed interurban TTE........cooveuiviiieiiieinienintetireiceennene 36
Table 18. Data collection in medium-high speed interurban TTE.......cccoviiininiiniiniiiiiciciciccteterccrene 36
Table 19. Participants’ Driver CharacteriStiCs ......uveveriireeniinirreniicninicscntscst ettt sttt sas e 37

Page| 6



Ds.2 Experimental setup for the driving simulator experiments

Abbreviations
ABREVIATION DEFINITION
AD Autonomous driving
ADAS Advanced driver assistance system
ALKS Automated Lane Keeping Systems
AR Augmented reality
AR-TTE Augmented reality test track experiments
CDF Common data format
CTAG Centro Tecnolégico de Automocidn de Galicia
DS Driving simulator
HF Human factors
HIL Human in the loop
LiDAR Light Detection and Ranging
NDRT Non-driving related tasks
OBU On-board unit
OoDD Operational design domain
QcC Quality Check
RSU Roadside unit
TTE Test track experiments
TUM Technical University of Munich
VRU Vulnerable road user
WP Work package

Page |7




Ds.2 Experimental setup for the driving simulator experiments

1 Introduction

In i4Driving, our objective is to enhance existing state-of-the-art microscopic traffic simulation tools to
facilitate the evaluation of traffic safety. The anticipated applications encompass:

¢ Assessment of Human Driver Safety: This involves evaluating the safety of human drivers in specific
situations. It serves the purpose of establishing a safety benchmark for comparing the safety
performance of automated vehicles in similar scenarios.

e Assessment of Traffic Safety with Mixed Traffic: This involves assessing traffic safety in scenarios
where human-driven and automated vehicles coexist, ranging from scenarios with solely human-
driven vehicles to those with exclusively automated vehicles.

To achieve these safety assessments, it is imperative to advance the safe-by-design traffic engineering-based
microscopic traffic simulation approach. In i4Driving, we are accomplishing this by incorporating a cognitive
layer on top of the traditional car-following, lane-changing, gap-acceptance, and speed adaptation models.
The additional cognitive layer in our research aims to integrate updated human factor theories, which are
formulated and selected in Work Package (WP) 1 as a basis for driving simulator and test track experiments
(WP3 and 5). Those theories encompass a range of aspects, such as situational awareness and its
determinants, as well as how situational awareness influences driving behaviour. Within this cognitive layer,
we introduce several novel mechanisms, functional relationships, and parameters. It is important to
emphasize that the cognitive layer, along with these new mechanisms, draws heavily from human factor
theories. To validate and adapt these theories for use in a microscopic traffic simulation context, empirical
verification is an essential step. Consequently, data collection is mandatory for both calibrating new and
existing parameters and for validating and, if necessary, adjusting the mechanisms and functional
relationships within the added cognitive layer.

This necessary data collection can be achieved through various means, including test track experiments,
driving simulator experiments, and previously recorded data from experiments of previous research projects.
These diverse data sources contribute to a comprehensive understanding of traffic safety in the context of
the cognitive layer and its associated mechanisms. In the i4Driving project, we explore various data collection
approaches, each with its own set of advantages and drawbacks.

This deliverable serves to outline the planned test track experiments, which are intended to gather data for
informing the model development. Throughout this process, we consider the inherent diversity in driver
behaviour. In section 2 we give an overview of the test track facilities that are used for conducting the
experiments. The following section 3, describes the general methodology for setting up the test track
experiments. Section 4 outlines the experimental designs to collect data for informing model development.
The last section 5 presents concluding remarks.
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2 Overview of i4Driving Test Track Facilities

Test track experiments will be carried out at two distinct facilities: one specifically designed to replicate urban
scenarios at Technical University of Munich (TUM), and the other tailored for interurban testing at Centro
Tecnoldgico de Automocidén de Galicia (CTAG). These test tracks will provide a comprehensive environment
for evaluating the performance and safety of vehicles in both urban and interurban settings. Please note that
we use the term interurban instead of motorway in this document, because actual motorway conditions
cannot be replicated in the available test tracks mainly due to safety reasons. The hypotheses and scenarios
designed for motorway scenarios are applied to the interurban test track at CTAG, which comes closest to
motorway conditions of the available test sites. In the following, an overview of the different test track
layouts and equipment will be given.

2.1 Urban Test Track

2.1.1  TUM Test Intersection

The TUM test track is located in the south of the Munich metropolitan region near Taufkirchen. It comprises
a total size of approximately 85x85 meters. It combines novel technology testing, like an inductive charging
lane and an innovative parking garage, with conventional test bed equipment such as variable test bed
designs using infrastructure and traffic control components (Figure 1 and Figure 2). Highly valuable for data
collection are the external sensor systems with LiDAR and cameras, covering the whole test bed from
different angles to avoid occlusion effects. Also special is the nearby simulator center, which enables to
connect simulator and test bed in real time. More characteristics are listed in Table 1.

Innovative Parking Garage
*  Automated Valet Parking
*  Inductive Charging

Park & Charge Lane

»  Dynamic and Static Inductive
Charging of E-Vehicles
Suitable for MoD Services and
various Fleets

Simulation Center Variable Test Bed Designs
Dynamic Driving Simulator Infrastructure Components
(Cargo-)Bicycle Simulator Traffic Control Components
Pedestrian Simulator (Signals, Controllers, RSUs) Connectivity
Wheelchair Simulator Various reproducible Layouts —nl 5G Network Coverage
Co-Simulation with Traffic Simulation possible ¢ V2X with ITS-G5 802.11p

Figure 1. TUM Test Intersection
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Size

Equipment

Figure 2. Planning View TUM Test Intersection

Table 1. TUM Test Track Characteristics

Test Track Characteristics: TUM Test Intersection

Approximately 85m x 85m (7,100 m?)

Four stationary LiDAR sensor systems, each consisting of 2 sensors (LiDAR 360° and
Blindspot-LiDAR) and 1 edge computing unit, located at the four edges of the test track
Two mobile LiDAR sensor systems (similar to the stationary systems, but can be
moved)

Camera sensor systems (4 systems for mounting on traffic light poles, e.g. for traffic-
dependent control)

State-of-the-art Road-Side-Units (by Yunex) for V2l communication

Modular public transport stop systems (14cm high platforms with ramps for e.g.
wheelchair users, which can be approached by public transport vehicles like a bus stop)
Equipment to set up the intersection layout: road markings, curbs, traffic light poles &
signals (vehicle & pedestrian | cyclist traffic lights), sight-restricting elements (e.g.
construction fences with tarpaulins, plants in tubs, etc.)
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2.1.2 TUM Augmented Reality Field Testing

Microscopic Traffic Simulation

TUM Test Intersection

Human in the Loop (HIL) Simulators

* Bicycle Simulator
* Wheelchair Simulator
* Escooter Simulator

Reality Mixed & Augmented Reality

Figure 3. Vision: Augmented Reality Field Testing at the TUM test track

Within the i4Driving project, TUM attempts to further extend the conventional field testing with Augmented
Reality Test Track Experiments (AR-TTE). The main limitations of conventional field tests concern the safety
of test subjects. Therefore, investigating road user interaction is limited, especially in safety critical scenarios.
This limitation can be bypassed by visualising other road users virtually. However, the benefit of lager
scenario flexibility comes with the price of high implementation, integration, and maintenance efforts. The
basis of AR-TTE is real-time, high-precision position measurement achieved by internal sensors on the vehicle
(e.g., odometer) or external sensors at the test field (Lidar and Camera systems). If the positioning of the
vehicle in real and virtual world is guaranteed, other objects can be visualized relative to the ego vehicle’s
movement. Interacting with dynamic objects, in our case other road users, is the largest benefit of this
technology. Those objects can be controlled by either microscopic traffic simulators or other Human in the
Loop (HIL) simulators. TUM has vast experience with the integration of the microscopic traffic simulator
SUMO, which is also coupled with the TUM driving simulators. Coupling with other simulators is possible if
the requirements for real-time simulation and open interfaces are met. Besides the car driving simulators
used in WP3 of this project, TUM has many years of experience in using different simulators for vulnerable
road users (VRU) (Keler, et al., 2020; Lindner, et al., 2022). Currently, TUM has a bicycle, e-scooter, wheelchair,
and pedestrian simulator. In a multi-user HIL simulator, a person in a VRU simulator (or car simulator) can
interact with the test subject in the physical car on the test track in real-time via Augmented Reality
application in safe conditions. Since this technology is still under development at TUM, AR-TTE should be
seen as an add-on within this project, as already indicated in the Grant Agreement. Conventional field tests
will be conducted to ensure progress in the project (as other project partners depend on the TTE data), with
the option to deliver more data with AR-TTE in use.

2.2 Interurban Test Track

CTAG has two different types of tracks. These tracks are in two different places (Figure 4), Galicia and Ledn.
The CTAG-Galicia medium-speed interurban tracks are located in the town of Porrifio (Galicia), at CTAG's main
office. The CTAG-Ledn high-speed interurban runways are in the town of Aerédromo Pajares de Los Oteros
(Ledn), 358km from CTAG's central office. The CTAG test tracks are automotive test facilities designed with
several specific features, each of which contributes to its importance in the field of automotive research and
development.
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Figure 4. CTAG’s Test Tracks location

2.2.1 CTAG-GALICIA Test Tack Facility

The CTAG-Galicia test track has a straight section of 160 meters. This allows for a variety of tests, including
acceleration and braking evaluations at different speeds. The core of the facility is an oval track with a total
length of 450 meters. This oval layout allows for continuous testing under controlled conditions, vital for
endurance and stability evaluations. The track lanes are 3.5 meters wide, with a small hard shoulder, providing
sufficient space to safely assess the dynamics and handling characteristics of vehicles and prototypes. In
particular, the track incorporates varying radii of curvature, with a northern section featuring a 45-metre
radius and a southern section designed with a tighter 20-metre radius. These varying radii facilitate extensive
testing of cornering behaviour and handling stability. The facility also includes a substantial 9o-metre
diameter central lake within its boundaries, which provides opportunities for concrete vehicle dynamics
evaluations. The track is surrounded by a 5-meter-high privacy fence, ensuring that sensitive testing activities
remain protected from prying eyes and outside influences.

To simulate real-world driving conditions and challenges, the test track is additionally equipped with an urban
area, complete with functional intersections and traffic lights. This urban section is invaluable for evaluating
vehicle behaviour in urban traffic scenarios, including lane changes and interactions with other road users.
To support various research and development activities, the facility houses offices and confidential boxes.
These areas are vital for planning, data analysis and vehicle maintenance, increasing the versatility of the
track for extensive testing. The facility has eight dedicated parking spaces, with charging options for electric
vehicles, which facilitate logistical support for test teams and accommodate visiting staff and participants.

Characteristics of the CTAG-Galicia test track can be seen in Table 2, Figure 5 and Figure 6.

Table 2. CTAG-Galicia Test Track Characteristics

Test Track Characteristics: CTAG-Galicia

Size e 160 m of straight
e Length of track oval: 450 m
e lLanewidth:3.5m
e Curvature radius: North-45 m, South-20 m
e 90 m diameter lake
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Test Track Characteristics: CTAG-Galicia

e Surrounding confidentiality fence 5 m high

e 2lanes
Equipment e Urban area with intersections and traffic lights.
Other e Vmax=30km/h

e (onfidential offices and pits on the test track
e eight parking spaces

Figure 6. Test Equipment at CTAG-Galicia Test Track

2.2.2 CTAG-LEON Test Tack Facility

The Ledn test track is one of CTAG's main facilities for automotive testing and research. Its main features
include the following dimensions, equipment, and capabilities, all designed to facilitate a complete and
rigorous evaluation of vehicles and driving scenarios. The test track extends over an area of 11 hectares,
providing ample space for a variety of configurations and test scenarios at different speeds. Its length of
1,200 meters allows the performance of vehicles to be evaluated in both short- and long-distance scenarios.
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This track is equipped with two dedicated straight sections, 21 and 12 meters wide. These straights serve as
critical segments for acceleration, braking and high-speed stability tests, providing valuable information
about a vehicle's performance characteristics. These dimensions are adapted to the various testing needs,
allowing the evaluation of handling and manoeuvrability in different lane widths or different manoeuvres.

Along specific sections of the test track, vehicles can reach speeds of up to 120 kilometres per hour. The track
is equipped to simulate complex driving scenarios, including intersections and traffic junctions. This capability
allows the vehicle's behaviour to be evaluated in interurban environments and in a variety of traffic
conditions. To replicate real-world driving conditions, the track offers flexibility in lane-signalling options. This
feature is essential for evaluating vehicle responses to different road markings and lane configurations.

The facilities include confidential offices and dedicated test boxes. These spaces are integral to the research
and development process, providing secure areas for data analysis, planning, and vehicle preparation.
Characteristics of the test track can be seen in Table 3 and Figure 7.

Table 3. CTAG-Ledn Test Track Characteristics

Test track main features: CTAG-Ledn

Size e Area:11ha
e Length:1200m
e Width:21and12m

Equipment e Straight lines: 2

Other Vmax = 120km/h (in some sections)
Capability to realise crossing scenarios
Different lane marking options

Confidential offices and boxes on the test track

Figure 7. High Speed ADAS/AD Test Track CTAG-Ledn
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3 Methodology for setting up Test Track Experiments

In the field of testing and development of driving models based on human behaviour, test tracks play an
indispensable role in performance evaluation, data collection, model validation and vehicle safety, provided
that the accuracy and repeatability of these tests are ensured in a way that allows meaningful conclusions to
be drawn. A critical aspect of this process is the definition of test scenarios that include the actual
manoeuvres and, if applicable, the trajectories of surrounding vehicles for the subsequent analysis of results.
In this section we give an overview of a common methodology for setting up test track experiments together
with steps to assure high quality of the conducted experiments.

3.1 Methodology

* Define Objectives
* Define Research Questions

¢ Hypothesis definition and
selection

e Scenario definition
e Participants profile definition

driving behaviour
like?

¢ What is human J

 Participants recruitment
 Tracks preparation

e VVehicle instrumentation
* Pretest execution

* Key Measurements definition

* CDF definition

 Key participants profile definition
* Scenario selection and design

* Logging

* Questionaires

e Video record

* Quality Assurance

* Data Storage and Management

e Data review
e Data sharing

e Data analysis.
e Conclusions and
discussion

* Report conclusions

Figure 8. Test-Track Experiment Process
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The work has been divided into two phases:

e Task 5.2: Data collection in urban and freeway field experiments for model development.
e Task 5.3: Data collection in urban and freeway field experiments for model validation.

This report focuses on the work carried out in Task T5.2, where the aim is to collect the necessary data on
human driving behaviour in a near-real environment to inform the development of the model itself (especially
on the impact of parameters describing the complexity of the driving task). At least two different scenarios,
one in an urban and one in an interurban operational design domain (ODD), are implemented in the tests
following the methodology defined in Task and Deliverable 5.1. The main activities are visualized in Figure 8.

To this end, the various research questions (RQs) and hypotheses raised in WP1 have been received and
analysed, and it has been discussed how to test several of the most relevant hypotheses and assumptions
that will be integrated into the model. Secondly, after model development, further tests are performed as
part of the model calibration and validation process. To recreate certain near-collision scenarios safely, it may
be necessary to incorporate augmented reality (AR) technology into the studies. This allows the test subject
to interact with a mixture of real and simulated road users, expanding the range of possible testing scenarios.

In the planned tests on urban environment tracks (TUM) and interurban environment tracks (CTAG) different
scenarios are considered for implementation. The scenarios include urban and interurban ODDs, and at least
two different closed test tracks in two different European countries are used.

3.2 Overview of the process

To perform the experiments, the following main activities will be carried out, for which all factors and
measurement values to be collected and analysed have been previously defined. The listed factors are also
referring to Figure 8.

¢ Definition of objectives and research questions: During the process, and in coordination with WP1, 2
and 3, the objectives and research questions that the model aims to answer have been defined.

e Hypotheses selection: An in-depth analysis has been carried out at project level to classify the
assumptions considered for each RQ according to their relevance for the model. The hypotheses
classified as essential are finally the ones selected for experimentation in WP3 and WPs.

e Analysis of proposed scenarios: Based on the scenario identification performed by WP1 and the
essential hypotheses classification, those scenarios whose replication on the available tracks are
considered most feasible and relevant for model calibration have been analysed.

e Relevant measurements and data definition: Develop clear data collection protocols that define
how, when and where data will be collected. Specify the duration of each test and ensure consistency
of data collection procedures. In addition, a cross-analysis between relevant measures and
hypotheses is performed to ensure traceability at the time of evaluation and to be able to provide
robust results.

e Participants profile definition and recruitment: For which the necessary factors to be considered
(driver-related factors and other factors) will be defined. In addition, each participant will be
recruited, cared for and evaluated during the duration of the tests. This recruitment process must be
carried out with the informed consent of the participants, ensuring that participants are aware of the
data collection process and its purpose.

e Experiment design: Taking in consideration the hypotheses to test and the characteristics of the test,
it will be decided if all the participants will be run all the conditions (within subject design) or each
person is only exposed to a single condition (between subject design) or if it will be combined both
(mixed design).

e Instrumentation: Equip the test vehicles with different systems, sensors, and data collection devices
such as cameras, GPS, accelerometers, and vehicle data recorders.
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Experiment execution and data collection: The data collected will include both data from the vehicle
and trajectories driven by the participant, as well as data from all vehicles involved in the test
obtained through the on-board units (OBUs). In addition, data from each participant obtained by
driver behaviour metrics, and human behaviour analysis. This process considers the following aspects
in turn:

o Quality assurance: The necessary measures shall be implemented to ensure data quality,
including sensor calibration, data synchronization and redundancy in data collection systems.

o Data storage and management: Establishing a secure data storage system ensuring
compliance with data privacy and security regulations and enabling data management.

o Data pre-processing: In order for WP2 to analyse and obtain results, WP5 will pre-process the
raw data to clean it, format and align the raw data for analysis. This will include data
synchronization, outlier removal and sensor fusion where appropriate.

Evaluation of the results: To identify relationships between driving behaviour and relevant
parameters related to HF. This includes the transformation of the vehicle logging data for evaluation
following the requirements previously defined, detailed, and described by the WP2 team and agreed
by the partners involved in WP3 and WPs5, as expected output of hypothesis.

Discussion and provision of conclusions drawn from the results and preparation to serve as a basis
for the development of WP2.

3.3 Experiment Quality Assurance

It is essential to establish clear quality and evaluation criteria to ensure the validity and reliability of the
experiments, in particular those to be conducted in real controlled environments to analyse human driving
behaviour, such as CTAG and TUM tracks. These criteria will help to measure and interpret the data
accurately, align the evaluation criteria with the study objectives, so key approaches will be considered:

Prioritize safety during experiment sessions. Having safety measures in place to ensure the safety of
participants and other persons involved in the experiments. Having protocols for handling
emergencies and measures to minimize any potential risk.
Secure the driving environment, allowing specific variables to be manipulated while holding other
factors constant.
Obtain informed consent from each participant, explaining the nature and purpose of the study, the
potential risks, and their rights.
Informed consent, treatment of participants and equipment, and the practices to be performed
during the experiment must comply with ethical guidelines, especially regarding the treatment of
human subjects.
Establish robust data collection methods, ensure the reliability of data collection tools and
procedures and the calibration and maintenance of equipment.
Follow the defined criteria on how the raw data should be shared for WP2 to perform the analysis of
the collected data, selecting the appropriate statistical tests and analytical techniques. Work with the
specific metrics to be used to assess driving behaviour defined by WP2.
Implement methods for technical data validation and quality control to eliminate outliers or errors.
Implement protocols and measures that allow for robustness in the assessment and statistical study.
Some of the measures to be considered are:
o Familiarization: To assess any changes in driving behaviour resulting from the experiment.
o Counterbalancing: If different conditions or treatments are used, use counterbalancing to
minimize order effects and biases.
o Randomization: Randomly assign participants to different conditions or treatments to reduce
selection bias.
o Boundary Conditions: Identify boundary conditions, such as distractions, road conditions or
vehicle characteristics.
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e The extent to which the conclusions drawn can be generalized to real-world driving scenarios should
be considered during the evaluation process by WP2.
e Review and discussion with partners to ensure the quality and credibility of the work performed.

3.4 Scenario Standardization

Standardization in test track scenarios is paramount for several reasons:

e Reproducibility: Standard scenarios enable consistent testing conditions, allowing partners to
compare results accurately over time.

e Safety: Precise scenarios help ensure the safety of test personnel, vehicles under evaluation, and any
other stakeholders involved in the experiment process.

e Interoperability: Standardized scenarios facilitate collaboration between different partners and
other possible stakeholders, such as manufacturers, regulatory bodies, and independent testing
organizations.

Even if the overall methodology of setting up a test track experiment — presented in previous sections - is
the same, the low-level implementation is site specific. The standardization described in this section can so
far only be done partner-internal, because established standards do not exist. The low-level site-specific
definitions are introduced in the following subsections.

3.4.1 Scenario Description at TUM

Map Layout Real World
(e.g., OpenDrive Implementation
Format) —p ‘ 2 —
Road User , 3o
Behavior Definition ™= Vehicles N >
T o Experiment 2EIE
==t f Conduction — > Analysis (&
A .; ......... > Participant K L Stora e
A I Instructions E I ge)
Experiment —] Recruitment
Requirements
(e.g., Number of
Participants, Measurement
Equipment) p—] Sensor Setup P>
Planning >> Implementation >> Conduction >> Analysis

Figure 9. Low-Level Test Track Experiment Setup at TUM

The basic workflow at TUM to design a test track experiment is presented in Figure 9. The process is divided
into the four steps Experiment Planning, Implementation, Conduction, and Analysis. The preceding step of
hypotheses definition and study design is not included in the figure. The basis for the test track experiment
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is @ map of the scenario, representing mainly the road infrastructure. We first model the map as a plan for
the real-world implementation and possible input for the data analysis. A possible format for digital planning
is the ASAM OpenDrive standard, also used in driving simulator experiments. After the planning, the map can
be implemented on the test track in real-world. The approach for planning the road user behaviour during
the experiment is similar. We first plan it digitally using the ASAM OpenScenario standard (or another, see
deliverable 1.6). After the road user behaviour is defined, resources for vehicles and personnel can be
allocated and instructions can be given to the participants. The reason for the initial digital planning is that
we can integrate the map directly to the data analysis steps. There are several other factors for
experimenting, like the number of participants, heterogeneity factors, and measuring equipment, to name a
few examples. The named factors would be the input for recruitment and setting up sensors in vehicles and
on-site. After gathering all these inputs, maps, road user behaviour, and other requirements, experiments
can be conducted, and data recorded and analysed.

3.4.2 Scenario Description at CTAG

Figure 10 presents the basic workflow in CTAG for the overall design of the different test track experiments.
The process is divided into five steps where the hypotheses, layout, vehicles involved, data collection and
processing, and validation of the proposed scenario are analysed. Steps prior to recruitment, execution of
the experiment and data analysis.

e Analysis and pre-selection based on WP1 proposal.
eSafety requirement considerations.
L S eFinal Hypotheses selection

eScenario design according to track and hypotheses needs.

*Vehicle selection.
*Vehicle’s sensors integration and calibration.

*Loggin definition and implementation.
*Data logging, QC process and storage.

*Validation of the Deployment.
*Corrections, modifications and calibrations.

Validation

Figure 10. Low-Level Test Track Experiment Setup at CTAG

The selection of the hypotheses is based on the 12 Essential hypotheses identified and defined by WP1 by
prioritizing the safety conditions in controlled real scenarios. These hypotheses are the starting point for the
identification of use cases and definition of the characteristics of the tests.

The track map is used to support mapping and geospatial visualization applications. On this map, the use
cases to be carried out and the manoeuvres are proposed. In this way, a first map is obtained, which is
conceived as a draft for real-world application and a possible input for data analysis.
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In parallel to the analysis of the hypotheses and track requirements, the identification of the vehicles involved
in each use case and their safety systems are carried out. Also, the equipment that must be integrated in each
vehicle for the correct execution and logging of the experiment.

With the progress of the deployment, preparation of vehicles and definition of the logging, the first validation
tests are carried out. These validation tests are performed on both test-bench and track. The latter facilitates
the dynamic and real-world approach to ensure the seamless functionality and performance of the deployed
solution. With the results obtained from these validation tests, a process of Corrections, Modifications and
Calibrations is initiated, each of which plays a key role in refining and optimising the deployment to meet the
standards of both safety and experiment requirements.

The validation guarantees that the design of the scenarios meets the project objectives. This serves as
starting point to launch recruitments, allocate resources for vehicles and support staff for participants. Once
all these requirements are gathered, the experiments can be conducted to log the data to feed the model. A
more detailed scenario description can be found in Appendix 7.4.
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4 Experimental Design

The work on deriving the model requirements, research questions and hypotheses (documented in
deliverable 1.5 - Modelling requirements and framework of testable hypotheses) shows that there are many
factors related to driver traits, traffic, infrastructure, non-driving related tasks (NDRT), weather conditions,
lightning conditions, other external factors, etc. that ideally should be considered in the experimental design
by varying them in a systematic way. The number of combinations of factors increases fast with every
additional factor to consider but the project budget and time do not afford to vary all combinations of all the
factors. Hence, there is a need to choose wisely and find an approach in which the combinations thought to
be most relevant for the research questions and hypotheses related to the model development and
calibration can be varied in a systematic way and still achieve enough observations for useful statistical
analysis of the results. This both relates to the driver traits as well as the non-driver trait related factors (i.e.,
traffic, weather, etc.). An experiment with 40 participants and three driver traits with two categories gives
only five participants in each unique combination. The same issue applies to the other factors, varying more
than two to three factors together in one experiment gives too many combinations and will lead to too long
experiments with low statistical power.

The approach taken in i4Driving is to design the experiments by variations around a set of base scenarios. In
this way two to three factors can be varied systematically at the same time in one test track experiment
(TTE). Slightly different approaches are used for the design of the urban and interurban experiments. The
reason behind this is that the cognitive layer extended traffic simulation model is more mature for the
interurban context while it is less mature for urban areas and intersections. Hence, for the interurban context
the functions and parameters to be calibrated are more established than for the urban context. In the urban
context thereis alarger need to not only collecting data for calibration, but also for the model development.

This chapter is divided into sections describing the Urban Test-Track Experiments at TUM (Section 4.1), the
Interurban Experiments at CTAG (Section 4.2 and 4.3) and Participants Driver characteristics for experiments
on both sites (Section 4.4).

4.1 Urban Test-Track Experiments (TUM)

In this section we describe the methodology and scenarios which are used at the TUM test track experiments
(TTE) for urban scenarios. The varied scenarios and parameters in the urban TTE are elaborated together with
the driving simulator group, conducting experiments in an urban ODD. Table 4 visualizes the experimental
factors varied across all urban experiments (DSE and TTE).

Table 4. Comparison between the primary scenario in the two DSEs and the related TTE

URBAN Priority NDRT ~ Presenceof . ceuwre  Traffic  Line of Sight
Control Cyclist

DSE (VTI) Yield X X 4 levels

DSE (TUM) Yield | Main X X 3 levels X

TTE (TUM) Yield | Main X X 1level

As shown in Figure 9, the urban TTE conducted at TUM is organized as follows: After participants are selected
and come to the test site, they complete a pre-study questionnaire about heterogeneity factors and other
general information like age, gender, or driving experience (more detailed description in section 4.4).
Afterward, the study participant gets an introduction to the study. Following is a familiarization part that
ensures the safe and confident use of the test vehicle in the test track environment. The next step is the main
study, which is described below. After the experiment, the subject fills in a final questionnaire on user
experience during the study. The main study is divided into two chunks. In one of the two chunks, the subjects
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have a non-driving related task (NDRT), in the other, they do not. In the urban TTE, we use the same NDRT as
in the DSE for consistency reasons. For more details see Appendix 7.3.

After performing the conventional test track study, participants are asked to participate in an augmented
reality test track experiment. The AR study is optional for every participant because it is not necessary (but
useful) input for model development and the progress of the project. For both, conventional and AR-TTE, we
present the study design and all related information in the following section.

4.1.1  Mapping of hypothesis and evaluation criteria

Of the hypotheses selected in the project, the following hypotheses are targeted in the TUM test track
experiment (see, Table 5). The hypotheses are linked to evaluation criteria. The experiments are designed
and analysed based on the evaluation criteria. Not explicitly mentioned in the evaluation criteria are
heterogeneity factors, e.g., age or gender. Those factors will be considered for all evaluations.

Table 5. Mapping of Scenarios with Hypothesis and Evaluation Criteria

Hypothesis Description Evaluation Criteria
TD At Task demand increases with speed e (orrelation of Driver Workload
(NDRT) and Speed Change over time
e Correlation of Physiological Response
and Speed Choice over time

(optional)
ATT A2 When turning right at an urban intersection e Gaze Behaviour over time
such that conflicts with bicyclists are possible, |e Correlation of Gaze Behaviour and
drivers are less likely to scan all target areas. Speed Change over time (optional)
ATT A3 Drivers use speed adaptation to enable timely |e Correlation of Gaze Behaviour and
scanning of necessary target areas. Speed Change over time

4.1.2 Study Designs

Motivation:

Gaze behaviour in urban traffic is essential for safe encounters between road users. In the past, there have
been studies investigating the gaze behaviour of human drivers in driving simulator studies (Ringhand, et al.,
2022). A significant benefit of driving simulators is that safety-critical situations can be investigated. The
drawback is that behavioural validity decreases because test subjects are not actually in danger (De Winter
& Happe, 2012). This is an excellent example of how the benefits of driving simulators can be a drawback at
the same time. This example can be transferred to the measurement of driver workload (or cognitive load).
Self-paced driver workload tasks in simulators have the benefit that when oversaturating the cognitive
capacities of the driver, the human is not actually in a risky situation. This also influences the threshold of
maximum driver workload. In a test field study this threshold might be different. Risk-free investigation of
driver workload is still given because the NDRT is self-reported, and therefore the driver won’t exceed the
maximum threshold for her/his personal safety interest. However, for calibrating a simulation model and
assessment of the driving simulator experiment results using NDRT, studying driver workload in real-world
conditions is essential.

Familiarization:

Familiarization at test track experiments is important to get the subject used to the vehicle control and feel
safe in the test track environment. We use the same familiarization tasks as for the driving simulator (DS)
study. This includes the Egocentric Distance Perception and Target Braking Task, also described in D3.2. The
reason for using the same task as in the DS study is the comparability of the familiarization results with the
driving simulators. This gives insights into the validity of the distance perception in the different driving
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simulators compared to reality. With the test track familiarization task, we create the baseline for this
comparison. Besides these tasks, the test person gets as much time to familiarize with the vehicle as needed.
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Figure 11. lllustration of Egocentric Distance Perception Task (top) and the Target Braking Task (bottom)

—

Also included in the familiarization part will be solving the NDRT without driving. The test person should be
fluent in using the device and understand the task to avoid invalid results because of operational problems.
An in-vehicle test will follow while driving and using the NDRT device at different speeds (0, 10, 30 km/h). This
is, on the one hand, for familiarization, on the other, for getting a ground truth for the driver workload
without any interference from other driving-related tasks, for example, scanning traffic.

In the case of augmented reality field tests, the familiarization tasks are the same as for conventional field
tests, but with the extension that test subjects get a static AR application to familiarize themselves with the
technology. After that, driving with the head-mounted display (HMD) but without virtual objects will be
performed (see-through driving). Virtual objects that can appear in the simulation will be displayed as an
additional step. After the familiarization part of the AR-TTE, there will be an additional safety question to the
participant on whether the person feels safe to do AR-TTE.

4.1.2.1  Conventional Test Track Experiment

Study Design:

The study design of the Urban Test Track Scenario is a 2x2x3 full factorial with-in subject design. We vary the
variables Non-Driving Related Task (NDRT: Yes, No), Priority Control (Yield, Priority), and Driving Direction (Left,
Straight, Right), see Table 6 and

Table 7. In the scenario, the driver approaches a 4-way intersection and must perform a specific manoeuvre
(left/right turn, move on straight), which is given by the study instructor. The priority control at the
intersection varies and could be yield or priority to the study participant (Figure 12). Depending on the
scenario chunk, the driver has to perform a self-paced NDRT. The same NDRT will be used in the Urban Driving
simulator studies and is evaluated to estimate the driver workload (see Appendix 7.3). In particular, the driver
must search for arrow icons pointing upwards in a grid of 5x5 icons and go to the next puzzle after pressing
a confirmation button. The purpose of the self-paced arrows task is to explore in which situations drivers
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have spare visual capacity. The high workload from the environment is reflected in non-activity or less
frequent NDRT responses. We planned a break for the driver between the two chunks (with and without
NDRT). The order of the variables will vary throughout the participants to avoid ordering effects.

Table 6. Overview of Independent Variables and their Permutations of TTE at TUM

Permutation NDRT Priority Control Driving Direction

1 Yes Yield Left

2 Yes Priority | Left

3 Yes Yield Straight

4 Yes Priority Straight

5 Yes Yield Right
6 Yes Priority Right
7 No | Yield Left

8 No Priority | Left

9 No | Yield Straight
10 No Priority Straight

11 No | Yield Right
12 No Priority Right

Table 7. Detailed Scenario Level Description for TTE at TUM

Road Infrastructure The road infrastructure consists of a 4-way intersection, including walkways
in all directions and bicycle paths in the (opposite) lane of the ego vehicle.
The roads have one lane per driving direction. The bicycle lane does not
have a highlighted road surface in colour (in some cases, bicycle tracks in
German cities are coloured red).

Traffic Infrastructure Priority control varies depending on the scenario permutation. No traffic
signals control the intersection, only traffic signs (yield, priority).

Temporal Modifications In the scenario there is no variation of the line-of-sight variable. However,
there are objects that should imitate urban conditions induced by buildings
near the road.

Speed Limit 30 km/h
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Other Traffic Interaction with other traffic is not investigated in this scenario. Also,
interaction with other road users is strictly avoided for safety reasons.
However, for increased presence in the experiment, other road users are
needed to create the necessity for the study participant to check all relevant
target areas. Therefore, decorative road users are placed in the scenario.
Those road users are real persons/drivers who are sometimes visible in the
driver’s field of view but are not near or crossing the trajectory of the
subject’s car. The decorative road users are professionals who know about
the subject’s intentions to avoid conflicts.

Environmental Conditions | The experiments are conducted in no rainy weather with good visual
conditions in daytime.

Vehicle Compact car

c;so

So

Figure 12. Visual Representation of Urban Test Track Scenario at TUM

4.1.2.2  Augmented Reality Test Track Experiment

Study Design:

The study design of the Augmented Reality Urban Test Track Scenario is a 2x3x3 full factorial with-in subject
design. We vary the variables Priority Control (Yield, Priority), Driving Direction (Left, Straight, Right) and
Traffic Condition (no traffic, useful to check targets, necessary to check targets), see Table 8 and Error!
Reference source not found.. In the scenario, the driver approaches a 4-way intersection and has to perform
amanoeuvre (left/right turn, move on straight) the study instructor gives to the driver (Figure 13). The priority
control at the intersection varies and could be yield or priority to the study participant. Using AR, other road
users can be displayed. We have three variations, no traffic (To), useful to check target areas (T1) and
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necessary to check target areas (T2). These levels will be explained in detail in the table below. The order of
the variables will vary throughout the participants to avoid ordering effects.

Table 8. Overview of Independent Variables and their Permutations for Augmented Reality TTE at TUM

Permutation Priority Control Driving Direction Traffic Conditions

1 Yield Left To

2 Priority | Left To

3 Yield Left T1

4 Priority | Left T1

5 Yield Left T2
6 Priority | Left T2
7 Yield Straight To

8 Priority Straight To

9 Yield Straight T1

10 Priority Straight T1

1 Yield Straight T2
12 Priority Straight T2
13 Yield Right | To

14 Priority Right | To

15 Yield Right T1

16 Priority Right T1

17 Yield Right T2
18 Priority Right T2
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Table 9. Detailed Scenario Level Description for Augmented Reality TTE at TUM

Road The road infrastructure consists of a 4-way intersection, including walkways at all

Infrastructure directions and bicycle paths in the (opposite) lane of the ego vehicle. The roads have
one lane per driving direction. The bicycle lane does not have a highlighted road
surface in colour (in some cases bicycle tracks in German cities are coloured red).

Traffic Priority control varies depending on the scenario permutation. No traffic signals

Infrastructure control the intersection, only traffic signs (yield, priority).

Temporal If Augmented Reality is used in the scenario, objects blocking the line of sight are

Modifications placed virtually. We want to avoid as many physical objects as possible that can be

driven into and lead to dangerous situations for the test subject.

Speed Limit

30 km/h

Other Traffic

The interaction with other road users at a test track is high risk. Therefore, it is avoided
in test track studies if possible. With augmented reality, other road users can be
visualized virtually. There is no risk of a crash with another road user, but there is still
a small risk of an accident. Therefore, as many objects as possible should be shown
virtually, and an automated instruction to brake the vehicle is necessary. If AR is in use,
other traffic can be visualized virtually. To respect the test subject, conflicts are
avoided with the virtual vehicles. More vehicles can be present to create the need for
the study participant to check all relevant target areas.

During the simulation, traffic can have predefined traffic states. These states are
classified due to whether it is a traffic flow that is necessary or useful to check for the
ego vehicle’s driver to perform the upcoming manoeuvre safely.
Necessary to check traffic flows are that could lead to an accident because the ego
vehicle’s trajectory and the trajectories of the traffic flow’s vehicles are intersecting.
Also, the ego vehicle hast to give priority to the vehicles in the respective traffic flow.
Useful to check traffic flow vehicle’s trajectories also intersect with the ego vehicle
trajectory, but, in contrast to the necessary to check flows, the ego vehicle has priority.
So, it is useful to check to avoid an accident if another driver disobeys the rules, but it
is not necessary to abide by the priority rules. Non-conflicting traffic flows are those
that do not have an intersection point with the ego vehicle’s trajectory.
The definitions are described below and refer to the indexing of the traffic flows in
Figure 13.
e To: Road vehicles in non-conflicting traffic flows 4, 5, 6, 8, 9, B3, B4
e T1:Road vehicles in non-conflicting and useful to check traffic flows (yield: 7;
priority: 10, 11,12)
e T2:Road vehicles in non-conflicting, useful to check and necessary to check
traffic flows (yield: 10, 11, 12, B1, B2; priority: B1, B2)

Environmental
Conditions

The experiments are conducted at no rainy weather with good visual conditions at
daytime.
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Figure 13. Visual Representation of the Urban Augmented Reality Test Track Scenario at TUM

4.1.3 Data Collection

The data types recorded during the experiments are listed as high-level description in Table 10. In the last
column we list the linkage to the evaluation criteria presented in section 4.1.1. The data obtained from the
experiments and processed will be published in a GitHub repository available to WP2 and WP4 teams to carry
out the detailed evaluation and include the comparative results with the model. During the experiments only
data directly related to the evaluation criteria defined as main inputs for the model by WP2 and WP4 will be
collected.

Table 10. Data Types to be collected in TUM Test Track Experiments

Data type Description Linkage to
Evaluation Criteria

Ego Vehicle Data Data about the ego vehicle’s position, rotation, and speed Speed Change, Basic
measured via external sensors (LiDAR and Camera) Measurements

Eye-Tracking Data Data recorded from PupilCore eye tracking system (Varjo XR- Gaze Behaviour
3 HMD in case of AR-TTE). Raw data will be aggregated to
gaze distributions and patterns. Also, Pupil and Iris Diameter
are recorded.

Physiological Data Heartrate Measurement Physiological
Response
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Questionnaire (1) Pre-Experiment Questionnaire: Heterogeneity Driver
Factors (to be defined), e.g., Age, Gender, Driving Characteristics,
Experlence. . . Basic Measurements
(2) Post-Experiment Questionnaire: Presence

Questionnaire (AR-TTE only, Appendix 7.1.2),
Simulator Sickness Questionnaire (AR-TTE only,
Appendix 7.1.3), User Experience

Environmental Data on lighting and weather conditions to ensure result Basic Measurements
Conditions comparability.

4.2 Interurban Test-Track Experiments (CTAG-Galicia)

Interurban experiment at medium speed is conducted at the CTAG-Galicia’s test track. The objective is to
design short experiments with dedicated scenarios, based on the essential hypotheses proposed by the
consortium, to isolate the key factors of the evaluation to enable the analysis of the hypotheses.

4.2.1  Mapping of hypotheses and evaluation criteria

Three out of the 12 essential hypotheses proposed by the project have been prioritized to be tested at
medium speeds (D1.5). In Table 11, the hypotheses relevant for the interurban TTE at CTAG are listed together
with evaluation criteria, to connect hypotheses with measured data. The hypotheses choice has been
selected based on safety criteria, the fitting with the CTAG-Galicia’s test tracks’ capabilities, the suitability for
controlled environments and the needs of the model. These hypotheses are the basis for the design of the
two medium speed interurban scenarios.

Table 11. Hypotheses and Evaluation Criteria of Interurban TTE at CTAG

Hypothesis Description Evaluation Criteria

COM Bt1 Social pressure from vehicles behind forces e Correlation between social pressure
leading drivers to increase speed. condition and speed change

TD A1 Task Demand increases with speed e Correlation of speed change and

driver workload over time

e Correlation of speed change and
physiological response change over
time (optional)

TD A3 Task Demand increases with shorter headways |e  Correlation between headways (time
and distance) and driver workload
over time

e (Correlation between physiological
responses representing driver
workload and headway (time-to-
collision and distance) over time

Each scenario in the experiment will be identified with a code (TTE_InterUrb_xx), which will help in data
collection during the execution of the experiment and later in the evaluation of the results.

4.2.2 Study Designs

Understanding and improving road safety is essential and the analysis of driver behaviour in interurban
environments plays a key role. Studies focused on observing driver behaviour on test tracks in interurban
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scenarios offer, unlike driving simulators, the unique opportunity to investigate and evaluate driver
behaviour in conditions closer to reality, with specific challenges inherent to interurban environments.

The transition to interurban behavioural modelling tracks is intended to overcome some of the limitations
associated with the lack of real risk in simulators. In this context, it is hoped to address the validity of driver
behaviour more accurately by exposing participants to more authentic and challenging conditions. This
transition to behavioural modelling interurban road studies highlights the importance of evaluating different
aspects of driver behaviour in environments where the variables are more diverse and dynamic. In this way,
the aim is to obtain a more complete and applicable understanding of driver behaviour, thus contributing to
the continuous improvement of road safety in interurban contexts and, in this particular case, to the
calibration of the model developed by i4Driving.

Interurban TTE in CTAG consists of two differentiated scenarios, each one of them aiming to particularize the
effects of the hypotheses on the driving:

e Scenario 1in interurban traffic (Identified as: TTE_InterUrb_o1) explores the insights of the essential
communication hypothesis COM B1 which intends to answer the research question of what impact
social pressure from vehicles behind has on the driving behaviour of the ego vehicle.

e Scenario 2 in interurban traffic (Identified as: TTE InterUrb 02) is focused on two essential
hypotheses of task demand, TD A1 and TD A3, under the research questions that study the effect of
speed, lane changing desire, and headway on driving task demand.

4.2.2.1  Scendrio 1: Driving with social pressure

COM B1 is modelled as a free driving scenario with a potential overtaking. To find comparable driving
behaviours, the tests are incorporating actors in the scenario in a progressive way (Table 12 and Figure 14).
First, the EGO vehicle (EV) is driving with no interaction with other vehicles. In the second round, a vehicle
behind (SV1) appears to exert social pressure. The third round includes, in addition, a leader vehicle (SV2) at
alower speed and the last round is similar to the round 3 but decreasing gradually the leader speed to study
the dependence of the speed with headway.

The external factor considered for this experiment is the light, meaning that the previous sequence is
executed both with daylight and darkness.

Table 12. Summary of variables considered for each round in scenario 1in medium speed interurban TTE

Round Presence of vehicle behind Presence of leader vehicle Light
1 no no
2 yes no
day
3 yes yes
4 yes yes
1 no no
2 yes no night
3 yes yes
4 yes yes
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Figure 14. Schema of laps in scenario 1in medium speed interurban TTE

4.2.2.2  Scendrio 2: One-Lane Car Following

The EGO vehicle (EV) driver is asked to perform a non-driving related task while driving, firstly in free driving
and secondly with a leader vehicle (SV1), at two different speeds to measure their impact on the task demand
(Table 13 and Figure 15). The non-driving related task consists of interacting with a mobile device by writing a
message or instruction, which is a common task when driving and allows measuring the degree of distraction
by means of the length of the text typed. Such as identifying correlations between the total number of
characters of a known text that a participant can complete in a lap and the vehicle’s speed or safe distance
to a vehicle in front. No external factors in this experiment because of safety reasons, so tests will be
scheduled in days with good weather and daylight.

Table 13. Summary of variables considered for each round in scenario 2 in medium speed interurban TTE

Round Presence of leader speed EGO speed
1 yes low
2 no low
3 yes medium
4 no medium
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Figure 15. Schema of laps in scenario 2 in medium speed interurban TTE
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Based on the descriptions of scenario 1 and scenario 2 and following the guidelines in D1.5 about the main
external factors, Table 14 summarizes the layout of the medium-speed TTE in interurban.
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Table 14. Scenario characteristics in medium speed interurban TTE

Test track CTAG-Galicia medium-speed test track (see section
2.2)
Road Infrastructure Oval length of 450 m with two lanes in the same

driving direction

Traffic Infrastructure Availability of traffic signs to indicate the road speed

Temporal Modifications The presence or not of other vehicles on the road,
vehicle behind (scenario 1) and leader vehicle
(scenario 1and scenario 2)

Speed Limit 50 km/h

Other Traffic Vehicle behind to exert social pressure (SV1 in

scenario 1)

Leader vehicle at lower speed (SV2 in scenario 1 and
SV1in scenario 2)

External factors Light, day and night (scenario 1)

Vehicle C4 Picasso Spacetourer as EGO vehicle (EV).

Once the hypotheses, the specific needs of the model, and the characteristics of the test have been
identified, the execution of each of the experiments in each of the scenarios is defined for the total number
of participants selected.

The experiments are designed as a within-subject design where all the participants drive the laps, once during
the day and once during the night. For the scenario 1, some of them will start with the sequence at day and
others at night to avoid ordering effects. For the scenario 2, leader speed and the presence of the non-driving
related task will be altered randomly among participants to avoid ordering effects.

There will be 40 participants meaning that the total number of laps will be 400, and due to the characteristics
of the study, no repetition is envisaged (to avoid the learning factor):

e Atnight: 4o participants x (3 laps/participant in scenario 1) = 120 laps
e Atday: 40 participants x (3 laps/participant in scenario 1 + 4 laps/participant in scenario 2) = 280 laps

Given the outlined sample profile characteristics in deliverable D1.5—such as age, driving background, and
familiarity with interurban driving—a participant recruitment process will be initiated. A total of 40 drivers
will participate in the interurban medium speed test track test and it is planned that 20 participants will run
in interurban medium-high speed in Leon test track facilities (see subsequent section 4.3). After this task of
recruitment, all participants will sign a study informed consent to ensure that they all know the characteristics
of the study in which they are going to participate. They will also be informed that their participation is
voluntary and that they can leave the study whenever they consider it necessary. Later, drivers will fill in a
questionnaire to find out the sample profile of drivers participating in both studies. To participate in the test,
it would be mandatory for all the drivers to sign an instructed agreement regarding the rules and use of test
track facilities. In Figure 16 is a summary of the next steps for participant management.
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Figure 16. Process for enrolling participants in the test

4.2.3 Data collection

The analysis of the hypothesis COM B1, TD A1and TD A3 requires the collection of data from different sources.
Table 15 provides a list of key data for the analysis of the hypotheses. The main information comes from the
kinematics of the ego vehicle to gather parameters on the possible sudden movements due to the pressure
from the vehicle behind. GPS positioning of all the vehicles on the test track is collected to understand the
cause-effect in the driving behaviour. Furthermore, data about the gaze direction helps to understand the
points of interest of the driver during the manoeuvres, meaning in this case how long the driver is looking at
the rear-view mirrors to be aware of the vehicle behind (scenario 1). Complementary to this, driver
characteristics and external factors define the dimensions for the evaluation.

In addition, driver workload is estimated via the eye-tracking data, a survey, and a non-driving related task is
where participants are asked to write text messages during the driving task performed in the scenario. All
text message tasks require typing approximately the same number of characters. The number of messages
varies depending on the duration of the scenario. The message to be written is delivered as a verbal message
during the test (it will be valued to do so before the start of the test as well) and the destination of the
message is the supervisor of the experiment. Participants are instructed to compose the text in their usual
style (predictive text and short words). As soon as the participant completes a text message task (has
entered the entire message and sent it) by pressing “send” on the smartphone device, the message is sent
automatically. The messages are sent in the same order for all participants and there is no time limit for
finishing each task to ensure individual processing times.

Allin all, these measurements are expected to provide data for calibration of the attention and task demand
modelling.
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Table 15. Data collection in medium speed interurban TTE

Data Type Source Description

Accelerations/decelerations
Position in lane
CAN bus Lateral movement

Ego vehicle kinematics

Steering wheel angle

GPS Positioning

Surrounding traffic kinematics GPS Positioning

Gaze direction, fixations and
Eye-Tracking Data Smart Eye saccades, gaze path, harsh
manoeuvres.

Heterogeneity Factors:
e Age
Driver characteristics Questionnaire e Gender

Driving Experience

Intermediate Questionnaire:
subjective single question rating

Subjective workload Questionnaire of workload (ARWES (Ames &
George, 1993), see appendix 7.2)
Environmental Conditions Annotations Lighting and weather conditions

In accordance with the established process (described at a high level in chapter 3.2), the following actions
will be followed regarding data processing and making them available to the team that will carry out the
evaluation for the development and calibration of the model.

The definition of variables and parameters of driving behaviour and human factors relevant for data
collection during the experiments will be previously defined. These shall be described by WP2, regarding
specification of data to be gathered, which feed the i4Driving library of models (deliverable 2.1), and by WP4
regarding specification of drivers' heterogeneity requirements in field experiments (deliverable 4.2). Pre-
processing of the collected data (vehicle dynamics and GPS) will be carried out to eliminate errors, outliers,
or irrelevant information. In addition, an attempt will be made to standardise the data to maintain data
consistency.

The data obtained from the experiments and processed will be published in a GitHub repository available to
WP2 and WP4 teams to carry out the detailed evaluation and include the comparative results with the model.
During the experiments only data directly related to the evaluation criteria defined as main inputs for the
model by WP2 and WP4 will be collected.

4.3 Interurban Test-Track experiments (CTAG-Ledn)

Medium-high speed tests on test tracks are very constrained due to safety reasons. To obtain qualitative
insights into driving behaviour at these speeds, a proof of concept is being orchestrated at CTAG-Ledn’s
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facilities. This involves CTAG staff test drivers, unaffiliated with the project, who will serve as participants in
a safety-focused scenario (Identified as: TTE_InterUrb_o03).

4.3.1 Motivation

In TTE InterUrb_o03, a proof of concept is proposed focusing on the scenario Cut-out. This Cut-out scenario
has been selected from the UN Regulation No 157, titled "Automated Lane Keeping Systems (ALKS)" released
in 2021 (UNECE, 2021). This document outlines the testing parameters for ALKS in three critical traffic
disturbance scenarios. These scenarios evaluate the system's performance by simulating situations where a
skilled and attentive human driver successfully avoids collisions through emergency manoeuvres. As per the
regulation, an ALKS is required to demonstrate a performance level at least equivalent to that of an attentive
and skilled human driver.

The three specified traffic critical scenarios are as follows:
(a) Cut-in: the “challenging vehicle” suddenly merges in front of the “ego vehicle”.
(b) Cut-out: the “challenging vehicle” suddenly exits the lane of the “ego vehicle”.
(c) Deceleration: the “challenging vehicle” suddenly decelerates in front of the “ego vehicle”.

The detailed description of the above scenarios, including the initial conditions deemed most critical, can be
found in deliverable 1.6 and (UNECE, 2021).

4.3.2 Study Design

It is planned that 20 participants will run in interurban medium-high speed in Ledn test track facilities. After
the recruitment, all participants will sign a study informed consent to ensure that they all know the
characteristics of the study in which they are going to participate. They will also be informed that their
participation is voluntary and that they can leave the study whenever they consider it necessary. Later,
drivers will fill in a questionnaire to find out the sample profile of drivers participating in both studies. To
participate in the test, it would be mandatory for all the drivers to sign an instructed agreement regarding
the rules and use of test track facilities (see also Figure 16).

The objective is to capture driver’s behaviour under a cut-out regulation case. The scenario consists of two
lead vehicles driving at the speed limit (Table 16, Table 17 and Figure 17). When the second lead vehicle
decreases its speed, the first lead vehicle (closer to the ego vehicle) cuts out instead of reducing the speed.
So, the ego vehicle should adjust the car-following speed with respect to the new leader. The headway is
large enough not to cause a critical situation for the participants.

Table 16. Summary of variables considered for each lap in medium-high speed interurban TTE

Round Leaders’ speed
1 medium
2 medium-high
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Figure 17. Schema of laps in medium-high speed interurban TTE

Table 17. Scenario characteristics in medium-high speed interurban TTE

Test track CTAG-Ledn medium-high speed test track (see
section 2.2)
Road Infrastructure Two straights of more than 1 km of length and 22 m

of width (main track) and 12 m (secondary track)

Traffic Infrastructure Availability of traffic signs to indicate the road speed
Speed Limit 60 - 80 km/h
Other Traffic 2 leader vehicles (SV1 and SV2), the closest to the

EGO (EV) vehicle executes a cut out

Vehicle C4 Picasso Spacetourer as EGO vehicle.

4.3.3 Data collection

The data in this experiment aims to provide insights on the variation of the distance headway when cutting
out, so the key measurements come from the CAN bus of the EGO vehicle and the GPS positioning of all the
vehicles involved in the manoeuvre. Complementary to this, driver characteristics and external factors define
the dimensions for the evaluation. More details on data collection can be found in Table 18. Similar to the test
described in Section 4.2, driver workload is estimated via the eye-tracking data, a survey, and the NDRT. All
in all, these measurements are expected to provide data for calibration of the attention and task demand
modelling.

All the experiments data will be shared on a GitHub repository accessible to WP2 team, for in-depth
assessment, incorporating comparative outcomes with the model. Throughout the experiments, only data
explicitly linked to the primary evaluation criteria will be collected.

Table 18. Data collection in medium-high speed interurban TTE

Data Type Source Description

Accelerations/decelerations
Position in lane

CAN bus |
Ego kinematics Lateral movement
Steering wheel angle
GPS Positioning
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Data Type Source Description
Surrounding traffic kinematics GPS Positioning
Eye-Tracking Data Smart Eye Gaze direction

Heterogeneity Factors:
e Age
Driver characteristics Questionnaire e Gender
e Driving Experience
e Driving style (DSQ, West 1993)

Intermediate Questionnaire: subjective single
Subjective workload Questionnaire question rating of workload (ARWES (Ames &
George, 1993), see appendix 7.2)

Environmental Conditions Annotations Lighting and weather conditions

4.4 Participants’ Driver Characteristics

Since experiments at the different sites have different ODDs and study goals, the study designs are very
different. Acommon point between all the experiments (driving simulator and test track) are the participants
driver characteristics. They are a central point of model development and therefore participant selection and
pre-study questionnaire about demographic information and driving experience should be identical. This
section is coordinated across WP3 and 5 to ensure comparability of results. In this section we describe the
driver characteristics used for the test track studies. More detail on the choice of characteristics and scientific
background is documented in deliverable 3.2 (Experimental setup for the driving simulator experiments).

Table 19. Participants’ Driver Characteristics
Age
Gender

Familiarity
Urban:

e How often do you drive a car in city trdffic (daily, each week, each month, less often)?
e How often do you ride a bicycle in city traffic?

Interurban:

e How often do you drive a car on urban motorways (daily, each week, each month, less often)?
e How often do you drive a car on interurban/rural motorways (daily, each week, each month, less
often)

Driving experience

¢ Number of years with driving licence for car + year receiving driving license for car
e Number of km driven last year [ per year
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Driving style

Self-assessment through Questionnaire
Driving Style Questionnaire (DSQ) (French, et al., 1993). It includes 15 questions and 6 factors (speed,
calmness, social resistance, focus, planning, and deviance).

Urban
e How comfortable do you feel to drive in city traffic? (very uncomfortable - avoid city traffic driving,
uncomfortable, neutral, comfortable, very comfortable)
e How comfortable do you feel to ride a bicycle in city traffic? (very uncomfortable - avoid to bike in city
traffic, uncomfortable, neutral, comfortable, very comfortable)
e How comfortable do you feel to walk in city traffic? (very uncomfortable - avoid walking in city traffic,
uncomfortable, neutral, comfortable, very comfortable)

Interurban
e How comfortable do you feel to drive on urban motorways? (very uncomfortable - avoid city traffic
driving, uncomfortable, neutral, comfortable, very comfortable)
e How comfortable do you feel to drive on interurban/rural motorways? (very uncomfortable - avoid
city traffic driving, uncomfortable, neutral, comfortable, very comfortable)

For the interurban TTEs we suggest using two of the three driver characteristics, described below:

e Two or three driver experience categories in terms of yearly mileage (< 10 000 km; 10 000 km < x < 25
000 km and > 25 000 km) and/or

e Two age categories (< 25 years and 25 - 65 years) and/or

e Two driving style categories (offensive/defensive based on the DSQ by French et al. (1993))

For the urban TTEs one of the driver characteristics need to be familiarity with biking in urban (none/low or
large). The second driver characteristics should be the same as one of the driver characteristics chosen for
the motorway experiments, hence we suggest either to use the following:

e Two or three driver experience categories in terms of yearly mileage (< 10 000 km; 10 000 km < x < 25
000 km and > 25 000 km), or

e Two age categories (< 25 years and 25 - 65 years), or

e Two driving style categories (offensive/defensive based on the DSQ by French et al. (1993))

We will strive for a 50/50 of gender balance in the participant sample for all experiments.
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5 Concluding remarks and future work

In this document we describe the test track experiments at TUM and CTAG to inform the model development
of the i4Driving human driver model. We include two different ODDs, urban and interurban. The studies are
designed together with the driving simulator group (WP3) in a way that we can achieve the highest number
of factor variations across all experiments given the available budget.

During the study design process of test track experiments, we identified a lack of standards to describe
experiments in a unified way. There is the possibility of adapting standards for virtual testing or driving
simulators like ASAM OpenDrive or OpenScenario for planning or data analysis of the experiments.
Nevertheless, important factors of test track experiments, e.g., choice and equipment of test vehicle, cannot
be included in those standards. We therefore propose to start developing test track experiment standards
with the goal of transferability and comparability of experiments.

In this section, we outline the next steps to the conduction of the experiments together with other
considerations.

5.1 Roadmap for upcoming activities for Test Track Experiments

After the design of interurban TTE, the future work is focused on the phases of implementation, deployment,
validation, and execution. Figure 18 shows the roadmap of these activities which are scheduled from now on
and comprise the following activities:

Jan 2024 Ethical Approval Completed
Abr 202 Implementation Oct 2023
P E Deployment -Jan 2024

Apr 2024 Pilot Testing Feb 2024 Lﬁ.}

|

May 2024 Experiments

|

Data Processing Apr - May
and Analysis 2024

Feb - Mar
2024

June 2024

Figure 18. Roadmap for i4Driving TTE

5.2 Voluntary Commitment of Conducting Test Track Experiments of RDW

In discussions across different work packages, we identified that RDW also has a test track and offered to
investigate the possibility to conduct test track experiments also at the RDW test track. Activities of RDW in
WPs5 are not mentioned in the GA and are therefore this is an optional, yet useful possibility. RDW lacks an
instrumented car to investigate human driver behaviour. CTAG offered to provide this instrumented car,
which can be transferred from Spain to the Netherlands. Since there are no financial resources in the GA
reserved for RDW conducting test track experiments, it must be clarified institution internal, whether an
experiment can be conducted. In case of the voluntary commitment of RDW, they will be involved in the
second phase of test track experiments for validation, Task 5.3.
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7 Appendix

7.1 TTE-Related Questionnaires

7.1.1  Driving Style Questionnaire (French, et al., 1993)

Driving Style Questionnairel'l

6=very frequently or always

Please show how often each of the following applies to you by circling the number that you think applies.
1=very infrequently or never, 2=infrequently, 3=quite infrequently, 4=quite frequently, 5=frequently,

Very Very

infrequently frequently

or never or always
1 6

1. Do you break the motorway speed limit?

2. Do you drive fast?

3. Do you exceed the speed limit in built up areas?

4. Do you become flustered when faced with sudden
dangers while driving?

5. Do you remain calm when things happen very quickly and
there is little time to think?

6. Is your driving affected by pressure from other motorists?

7. Are you happy to receive advice from people about your
driving?

8. Do you dislike people giving advice about your driving?

9. Do you drive cautiously?

10. Do you find it easy to ignore distractions while driving?

11. Do you ignore passengers urging you to change your
speed?

12. How often do you set out on an unfamiliar journey
without first looking at a map?

13. Do you plan long journeys in advance including places to
stop and rest?

14. Do you overtake on the inside lane of a dual carriageway
if you have the opportunity to do so?

15. Do you ever drive through a traffic light after it has
turned red?

Scoring:
Speed=Q1+Q2+Q3.
Calmness=14-Q4+Q5-Q6
Social resistance=7-Q7+Q8
Focus=Q9+Q10+Q11
Planning=7-Q12+Q13
Deviance=Q14+Q15
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7.1.2  Presence Questionnaire for AR-TTE (Witmer, et al., 2005)

Presence Questionnaire of (Witmer, et al., 2005) applied to AR-TTE:

1. How much were you able to control events?

2. How responsive was the environment to actions that you initiated (or performed)?

3. How natural did your interactions with the environment seem?

4. How much did the visual aspects of the environment involve you?

5. How much did the auditory aspects of the environment involve you?

6. How natural was the mechanism which controlled movement through the environment?

7. How compelling was your sense of objects moving through space?

8. How much did your experiences in the virtual environment seem consistent with your real-world experiences?
9. Were you able to anticipate what would happen next in response to the actions that you performed?
10. How completely were you able to actively survey or search the environment using vision?

11. How well could you identify sounds?

12. How well could you localize sounds?

13. How well could you actively survey or search the virtual environment using touch?

14. How compelling was your sense of moving around inside the virtual environment?

15. How closely were you able to examine objects?

16. How well could you examine objects from multiple viewpoints?

17. How well could you move or manipulate objects in the virtual environment?

18. How involved were you in the virtual environment experience?

19. How much delay did you experience between your actions and expected outcomes?

20. How quickly did you adjust to the virtual environment experience?

21. How proficient in moving and interacting with the virtual environment did you feel at the end of the
experience?

22. How much did the visual display quality interfere or distract you from performing assigned tasks or required
activities?

23. How much did the control devices interfere with the performance of assigned tasks or with other activities?
24. How well could you concentrate on the assigned tasks or required activities rather than on the mechanisms
used to perform those tasks or activities?

25. How completely were your senses engaged in this experience?

26. To what extent did events occurring outside the virtual environment distract from your experience in the
virtual environment?

27. Overall, how much did you focus on using the display and control devices instead of the virtual experience
and experimental tasks?

28. Were you involved in the experimental task to the extent that you lost track of time?
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29. How easy was it to identify objects through physical interaction, like touching an object, walking over a

surface, or bumping into a wall or object?

30. Were there moments during the virtual environment experience when you felt completely focused on the

task or environment?

31. How easily did you adjust to the control devices used to interact with the virtual environment?

32. Was the information provided through different senses in the virtual environment (e.g., vision, hearing,

touch) consistent?

7.1.3 Simulator Sickness Evaluation for AR-TTE - MISC (Bos, et al., 2005)

Misery Scale (MISC) by (Bos, et al., 2005) for simulator sickness evaluation applied for AR-TTE.

Symptom
No Problems
Uneasiness (no typical symptoms)

Dizziness, warmth, headache, stomach awareness, sweating, ... vague
slight
fairly

severe

Nausea slight
fairly
severe

(near) retching

Vomiting

Score

vi N W

O 0 N o

7.2 Subjective single question rating of workload ARWES (Ames & George,

1993)

The ARWES subjective workload estimation method uses either the

USAF SAM workload estimation scale in which the participants rate their perceived workload between 1-7,

where:

1) Nothing to do; No system demands.

2) Little to do; Minimum system demands.

3) Active involvement required, but easy to keep up.
4) Challenging, but manageable.

5) Extremely busy; Barely able to keep up.

6) Too much to do; Postponing some tasks.
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7) Unmanageable; Potentially Dangerous; Unacceptable.
or the

AFFTC REVISED workload estimation scale in which the participants rate their perceived workload between
1-7, where:

1) Nothing to do; No system demands.

2) Light activity; Minimum demands.

3) Moderate activity; Easily managed; Considerable spare time.

4) Busy; Challenging but manageable; Adequate time available.

5) Very busy; Demanding to manage; Barely enough time.

6) Extremely busy; Very difficult; Non-essential tasks postponed.

7) Overloaded; System unmanageable; Essential tasks undone; Unsafe.

Even if driving a car to some extent can be seen as using a system, the phrasing of the original questions
needs to be adjusted to better fit the purpose and to be easily understandable by the participants. We will
therefore use the following instruction and questions within i4Driving.

Subjective workload estimation - instruction to participants

The estimation scale described below is developed for personal estimation of how
troublesome/burdening/demanding it is to handle a specific situation. You will at several different occasions
during the driving simulator experiment be asked how demanding it was to drive through the preceding
intersection. The answer should reflect both your driving, the surrounding road and traffic environment, and
other tasks you do while driving (e.g. the arrows task, phone calls, etc.).

When you arrive at TUM/CTAG at the day of the experiment will we go through the scale and you will have
the possibility to practice both before the drive and while driving before the experiment starts.

1) No demands from the traffic situation; nothing to consider.

2) Minimal demands from the traffic situation.

3) Easy to handle the traffic situation, plenty of time to consider all road users, moderate activity.

4) The traffic situation was challenging but manageable; enough time to consider all road users.

5) Demanding traffic situation; limited time to see/observe and consider all road users.

6) Very difficult to handle the traffic situation; forced to prioritise to be able to see/observe and consider
all road users.

7) Overloaded, the traffic situation is unmanageable; do not have time to see/observe and consider all
road users.

7.3 Non-Driving Related Task (NDRT)

The participants will perform a NDRT consisting of finding an arrow pointing upwards in an array of 5x5
arrows pointing left, right, upwards, and downwards (Ostlund, et al., 2004), see Figure 19. A single upwards-
pointing arrow will be present in half of the cases, and in the other half there is no upwards pointing arrow,
in which case the participant should indicate this by pressing a ‘No’ button. The task will be presented on a
touchscreen mounted close to the center console to the right of the steering wheel. The task is self-paced in
that a new task appears when the participant has completed the previous one. However, an auditive
reminder will be triggered after 8 seconds, and a new task will be presented after 10 seconds. The participant
answers by touching the upwards-pointing arrow (if present) or selecting a ‘No’-button (if an upward-
pointing arrow is not present). The idea is to assess the ability to integrate an NDRT with driving. The task
will be active continuously throughout a sequence of eight chunks. The instruction is to engage frequently in
the task, to the extent that feels reasonable in the present traffic situation. All drivers will be rewarded for
participating in the study, and the top three performers on the NDRT task will also receive a bonus.
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The purpose of the self-paced arrows task is to explore in which situations drivers have spare visual capacity.
High workload from the environment is reflected in non-activity or less frequent NDRT responses.

(For the TUM TTE, we use the same NDRT test as VTI for the DSE in WP3. We therefore adopt VTI’s description
for the NDRT.)
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Figure 19. Screenshot showing the NDRT Arrows task (adopted from D3.2).

7-4 Concrete Scenario Example CTAG

With the aim of organizing, documenting and traceability of each experiment planned and carried out, a
document-template is envisaged to help identify each scenario, experiment, and test development.

The main fields to be completed in this template for in-vehicle experiments on tracks are:

e Scenario Identification: This section will contain the ID of the scenario on which the experiment will
be conducted. It will be linked to a detailed description in another document (to be presented in D5.3)
of the scenario, outlining its main objectives, challenges, and the specific elements to be taken into
account during the experiment.

e Vehicles: Identification of vehicles involved in the experiment. An identifier will also be used for each
vehicle, linked in a separate document (D5.3) where the characteristics of each specific vehicle will
be described. The template will include the position of each vehicle and driving speeds, as well as
identifying the Ego of the rest of the vehicles.

o Ego Vehicle (EV): Positioned in xxx lane, traveling at xx km/h.

o Surrounding Vehicle 1 (SV1): Positioned in xxx lane, traveling at xx km/h.
o Surrounding Vehicle 2 (SV2): Positioned in xxx lane, traveling at xx km/h.
o Surrounding Vehicle 3 (SV3): Positioned in xxx lane, traveling at xx km/h.

e Behavioural Models: As an example:

o SVi1follows a cautious driving behaviour, maintaining a safe following distance and obeying
traffic rules.
o SV2 exhibits an aggressive driving behaviour, frequently changing lanes and tailgating.
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o SV3 maintains a consistent speed and lane position.

e Interaction Dynamics: The interaction dynamics within this scenario involve complex interactions
between the test vehicle and the surrounding vehicles. SV1's cautious behaviour, SV2's
aggressiveness, and SV3's steady pace create a dynamic environment where the test vehicle must
adapt and make decisions accordingly. These interactions might include lane changes, acceleration,
and braking events.

e Environmental Factors: It will collect the relevant information of the environment and scenario
where the experiments will be carried out. Information such as the state and quality of the road
surface, whether the scenario is set in a suburban area or not, weather conditions, visibility, etc... .

e Scenario Variability: Variations of this scenario could include different speeds of surrounding
vehicles, adverse weather conditions, or variations in the test vehicle's acceleration capabilities....

e Participant: Relevant information about the participant group profile according to the selected
parameters. Objective information and identified information not at any time linked to personal data
of participants.

An example template (high level) will be presented at this stage, where the scenario and type of experiment
will be specified. This template is intended for use in development and in-vehicle testing is crucial to ensure
safe and reliable performance.

This template will provide a structured framework for collecting information from a particular scenario for
experimental purposes, ensuring that all relevant details about the scenario, surrounding vehicles,
environmental conditions and participant information are documented in a clear and organized manner. This
information is vital to further contextualize the evaluation of the technical data obtained and to evaluate the
hypotheses made in real-world situations.
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SCENARIO ID TTE_InterUrb_01

Scenario name Driving with social pressure

First, the EGO vehicle is driving with no interaction with other vehicles. In the second round, a vehicle behind
appears to exert social pressure. Third round includes, in addition, a leader vehicle at a lower speed and the
last round is similar to the round 3 but decreasing gradually the leader speed to study the dependence of the
speed with headway.

Scenario description

Figure
‘4 3 / S 7 ' §
Round RO1

Presence of vehicle
Name Driving with no interaction with other vehicles. behind / Presence Yes No
of leader vehicle

Hypothesis CoMB1

Variations

Light Day, Night
Yes —

Participant Group ID

Vehicles EV

“ HORIZON-CL5-2022-D6-01-03: Human behavioural model to assess the performance of CCAM solutions
compared to human driven vehicles.
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SCENARIO ID TTE_InterUrb_01

Evaluation parameters No X

Round R0O2

Presence of vehicle
Name A vehicle behind appears to exert social pressure. behind / Presence Yes No
of leader vehicle

Hypothesis COMB1
Light Day, Night
Variations Yes X
Participant Group ID
Vehicles EV
Evaluation parameters No
Round RO3

. . . Presence of vehicle
Includes, in addition, a leader vehicle at a lower

Name behind / Presence Yes No
speed. R
of leader vehicle
Variations
Hypothesis COMB1
Yes X
Light Day, Night
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SCENARIO ID TTE_InterUrb_01

Participant Group ID

Vehicles EV
Evaluation parameters No
Round RO4
It is similar to round 3 but decreasing gradually, the Presence of vehicle
Name leader speed to study the dependence of the behind / Presence Yes No
speed with headway. of leader vehicle
Hypothesis CoMB1
Light Day, Night
Variations Yes X
Participant Group ID
Vehicles EV
Evaluation parameters No
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