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Dr. Marc Wilbrink |
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PUSH TOWARDS ==
HIGHER AUTOMATION

A Robust and reliable automated driving
A Extended and defragmented ODDs

A Interoperability across countries and brands




The Concept

Enablers Vehicles Nperations
“tffects
Methodology Users

Phase 1 Phase 2 Phase 3

-
Ulll'l'each Standardisation, User Education, Acceptance Survey, Business Models, Showcases

30"3"0’3"'0" Code of Practice for the Development of ADF and Road Testing Procedures

Motorway Chauffeur Urban Chauffeur Cross-border Scenarios Edge Cases

Transition to
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Develop a good interaction between

automated vehicles and other road users.
[ ]

HiDrive

Acceptance

Awareness & Expectations
User comfort

User monitoring & HMIs
Other road users



Empirical User Studies and Tools THE Hifrive

TOPICAL

WEBINAR SERIES

an::; 10:30- #1| Al and Machine Learning in Vehicle Automation:
10 12:00 Highlights from Hi-Drive Project Outcome

10:30- #2 | Code of Practice (CoP) for the Development of Connected
12:00 Automated Driving Functions (CADF) - Website Demo
FRIDAY
October
24

MEANS OF
DATA COLLECTION

14:00- #3 | What Kind of Automated Driving Will be Accepted
16:00 by the General Public?

OOoOon

10:30 - #4 | Cooperative Driving Threat Modeling and Experimentation:
12:00 Hi-Drive Results on Misbehaviour Detection

FRIDAY
o Global surveys e
:::::_ #5 | User Monitoring and Related HMIs
Q Q u eSt IO n nal res :g.g:' #6 | User Comfort & Motion Sickness Hi-Drive Results
FRIDAY
November
7

14:00- #7 | How does Automated Driving Influence the Traffic
16:00 of Tomorrow? Results of the Hi-Drive Impact Assessment

g Human -in-the -loop simulators

15:00- #E8| Talk to Me, AV: How Automated Vehicles Communicate
16:30 with Other Road Users - Highlights from Hi-Drive User Studies

a Test track studies

10:00 - #9 | Connectivity Enabled Automated Qg
12:00 Highlights from Hi-Drive Project Result
FRIDAY

November Stay updated :

14

a Wizard -of -Oz vehicles

company /hi -drive

~ _—— Supported bythe
Ol FEaliglin company/hi-drive www. hi-drive.eu
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Research Highlights from
University of Leeds

Dr Yee Mun Lee | University of Leeds



Study 1

A)

ol nvestigating Driver Responses to AVs 1in
The Impact of Lateral Offset and eHMI 6

a Li, Y., Lee, Y.M,, Madigan, R., Grunwald, A., Deml, B., Merat, N. (2026yestigating Driver Responses to Automated Vehicles in a
Bottleneck Scenario: The Impact of Lateral Offset and  eHMI . Transportation Research Part F, 114, 62532.

a Li Y., Lee, Y.M, Kai, T., Daly, M., Horrobin, A., Crusat, A.S., Merat, N. (2028)Drivers have Preconceived Ideas about an Automated
Vehicl eds Driving Behaviour? A Driving SimAbabobmot Svedyl 6o28sAdjoncBot £
of the 15th International Conference on Automotive User Interfaces and Interactive Vehicular Applications.
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Study 1: Bottleneck AV/MV x Yieldingx  eHMI

a 40 participants (M = 32.65, range = 21-79; 12 F 28 M) Not Yielding (Without Offset vs With Towards Offset)

o DVs: % of passing/yielding decision; passing/yielding
initiation time; Perceived Safety, Comprehension, Trust

Curtain to
block visibility

Participants’ simulator

Experimenter’s simulator

o 0 . Webcam to
I - ] ‘ . monitor the
i f ; experiment

4

» Coupled driving éimulatoré, shO\;ving thé participant and experimenter, blocked by curtain ‘

Automated Vehicle = == | Manually Driven Vehicle

Source: Li et al. (2023; 2025)
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Study 1: Bottleneck Key Findings

acParticipantsd subject i dicenotdiféesbetvaers e s ag%ﬂ _
the AVs and MVs. g s e
o When encountering a yielding vehicle, participants were more likely to E‘% [ Ve wirn sy
passthrough the bottleneck firstand had a shorter decision time in the & 5 -
Oaway of f s edmparedto modffsét.i o n a
a Also led to higher perceived safety, comprehension, and trust ratings AVwitheHMI AV without eHM M

Fig. b. Percentage of passing dec sbood when paeipants encountered vebding vibicls

o When encountering a non-yielding vehicle, drivers weremore likely to
yield and had a shorter decision time in the no offset condition than in
the O0towards offsetd condition.

u Non-yield
without offser

o When eHMI was present, participantspassedthrough the bottleneck
more often and provided higher ratings for perceived safety and trust
regardless of lateral deviation.

Non-yield with
towards offset

Percentage of
yielding decisions (%)
2 & & B

o When AV yielded with an offset: no effect of eHMI on comprehension

AV My

) . T. Percensage of e o wiheen 1he ke dhd ekl
Source: Li etal. (2023; 2025) o o B —— 2
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Study 2

oCrossing in the Dark: _
Investigating the Effect of Vehicle Kinematicsand eHMIon Ol der Pedestri ansodo C
Behaviour i n a Vi rtual Real ity Experimento

a Lee, Y.M., Madigan, R., Wang, Y., Garcia, J., Qin, H., Srinivasan, A., Markkula, G., & Merat, N. (20&&%sing in the Dark: Investigating the
Effect of Vehicle Kinematiccsand eHMIon Ol der Pedestriansd Crossing Behaviour in a Virtu

Link : https://osf.io/preprints/psyarxiv/a2m9w?view_only=
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https://osf.io/preprints/psyarxiv/a2m9w?view_only=

Study 2: Crossing in the Dark: Kinematics x eHMI x older pedestrians

a 46 participants

a 29 Younger (M = 25; 18-35 years old)

a 17 Older (M = 69.35; 4577 years old)

a Other IVs: 25/30 mph; 3/5 s time gaps; Yielding;eHMI; Day/Night

a DVs: Crossing Decision, Crossing Initiation Time, Perceived Safety

Source: Li et al. (2023; 2025)

HiDOrive




Study 2: Crossing in the Dark: Key Findings

than younger pedestrians.

Pedestrians reported feeling (i.e., less likely to cross,
longer crossing initiation time (CIT) when there was no eHMI).
groups but was between younger and older
pedestrians.
[ 4

= 1
£, - m e —
3
f
=) @
= Sy
£2
6

0 1

Day_No eHMI Night_No eHMI Day_eHMI Night_eHMI Day_Older Day_Younger Night_Older Night_Younger

HiDOrive

Lee et al. (2025)



Study 3

0 H u mdike Deceleration: Will the role of eHMI change
I f the AV yields |Ii ke a human?ad

g Yee Mun Lee, Ruth Madigan, Courtney M. Goodridge, Andreas Loecken, AlicRollwagen, Yue Yang, Andreas Riener, Gustav Markkula, Natasha
Merat (soon to be submitted).
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Pre-Study 3:

UoL Driving Simulator HIKER Ped Sim

Source: Yang, Y., Lee, Y. M, .& Merat, N. (2024). Using distributed simulations to investigate driver -pedestrian interactions and kinematic cues: Implications for automated vehic le behaviour and communication .
Transportation Research Part F: Traffic Psychology and Behaviour, 107, 84-97.
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Study 3: Human -like kinematics x eHMI.
Will the role of eHMI change if the AV yields like a human?

o 40 participants (M = 37.18, range = 20-64; 17 F 23 M)

a |Vs: Bus/Car; Yielding (Not Yielding flalEERRLEE EEU N GHIESN); eHMI

distance (31m) (30.87 mph)
o HH (from Yang et al. 2025) AA (from Lee et al. 2022) AH

o DVs: Crossing Decision, Crossing Initiation Time, Perceived Safety

Source: Lee, et al. (soon to be submitted)

o OSSNy
Yang et al. (2025)
Lee et al. (2022)
= 20 1
[
E
§. 15
(2]
10
5
Deceleration: AH - - HH AA
o 4
0 10 20 30 40 50
Distance (m)
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Study 3: Human -like kinematics x eHMI :
Key Findings (Only Focusing on Deceleration & Car Trials)

No eHMI aHMI
1.00 1
0.751
P'S Rating
§ 1
E_IJ.EI‘.I- 2
= 3
% & 4
g
0.2
2.0 25 30 35 4.0 4.5 5.0 6.5 6.0
Crossing Initiation Time [seconds)
0.00
Deceleration = AH = HH = AA AH HH AA AH HH AA

Adopting human -like behaviour (both HH and AH) led to earlier pedestrian crossing onsetsand an increase in Perceived
Safetyratings compared to non -human-like behaviour.

a  Due to the high saliency of eHMI, HH and AH conditions with eHMI achieved a further slight decrease in CIT and an
Increase in PS, compared to neeHMI trials.

o  Adopting human -like behaviours can substantially enhance AV¥pedestrian interaction, without introducing the safety
concerns often associated with explicit communication. e L et (oo e s
Hi'ﬂl‘ive Topical Webinar #8 - Talk to Me, AV: How Automated Vehicles Communicate with Other Road Users | 13 November 2025 23
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Conclusion :

Using kinematics as primary communication: Kinematics manipulation can be used to
communi cate AVO6s intention effectively and also i mprove subj e

o Lateral offset in bottleneck (Li et al., 2023, 2025)
o Human-like behaviours (Lee et al., soon to be submitted)
Road users will rely on eHMI if present:

o eHMI increases % of passing (Li et al., 2025); decreased CIT (Lee et al., 2025; soon to be submitted); improved subjective
evaluation (Li et al., 2023)

o eHMI was interpreted differently by different age groups

o eHMI failure affected younger pedestrians more than older pedestrians (Lee et al., 2025; see also Kaleefathullah et al., 2022;
Lee et al., 2024; Hollander et al., 2021)

Context is key as well as individual/cultural differences:
o Pedestrians generally feel less safe and more cautious crossing in the nighttime environment (Lee et al., 2025)
o Older pedestrians have a different crossing strategy (Lee et al., 2025)

o There are crosscultural differences in the use of cues while interacting with an AV (Lee et al., in prep)
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The Team

Dr. Yee Mun Lee Dr. Ruth Madigan Prof. Natasha Merat

7 N\ ﬁ

|

Virtuocity UNIVERSITY OF LEEDS
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Ready for the Real World? DLR eHMI Research
Highlights for Complex Mixed Traffic

Marc Wilbrink |
German Aerospace Center (DLR)



DLR eHMI Design in Hi -Drive

Message:
al dm an aut omas
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DLR eHMI Design in Hi -Drive

Message:
d will yield for you 0

HiDOrive




Next step for eHMIs

eHMI that works in eHMI that works in

complex scenarios complex scenarios
with multiple AVs with multiple

Pedestrians

eHMI that works for
different vehicle Types

o
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Interplay between eHMI, Vehicle Kinematic and Vehicle Size

N =31
Factor 1 eHMI Type :
no eHMI vs. VAS vs. intentionbased

Factor 2 Vehicle kinematics: yielding vs.
non-yielding

Factor 3 Vehicle Type:
Passenger car vs. public bus

Hl'ﬂl‘lve Topical Webinar #8 - Talk to Me, AV: How Automated Vehicles Communicate with Other Road Users | 13 November 2025 30




Scenario
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Results

o Decision time was significantly shorter in trials with "
intention -based eHMI .

o Vehicle Type had no significant influence on the
decision time

o
]

. Bus
E3 Car

eHMIs improves communication by communicating the
AVds future intention.

Crossing Dgemn Time (in )

3 . .
Especially in uncertain situations without clear traffic : . .
rules (e.g., a shared space, low speed, close distance) )

-

Wehugle lanematic Statig eH A Intentoon-Dased
eHMI

eHMI signals can be used for different vehicle types
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Transportation Research Part F: psychology and Behaviour 107 (2024) 1092-1104

A TRANSFORTATION
RFSFARCH

& : Contents lists available at ScienceDirect

Transportation Research Part F:
Psychology and Behaviour

By

. RS
ELSEV IER journal homepage: www,elseviencomrlocate/lrf T

Matching vs. Mismatching Signals of External Human-Machine
Interface and Vehicle Kinematics: An Examination of Pedestrian
Crossing Behavior and Trust, Safety, and Affective Ratings in
Interactions with Differently Sized Automated Vehicles

Merle Lau , Marc¢ wilbrink, Michael Oehl

Systems, GamMAmmCmm'(DLR), Lilienthalplazz 7, 38108 Braunschwelg, Germany

i —— Lau, M., Wilbrink, M
M., . M., & Oehl, M. (2028)atchi
» VI tching vs. Mi - :
MSTRACT g vs. Mismatchin
Highly automated vehicles (HAVs) will soon be introduced into ‘mixed urban traffic. Pedestrians g SI g n aj S Of

External Hu i
ARTICLE INFO ABSTRACT maHv'aCh|n
R . e Interface an i . .
R s e ,,;Mve;;d,o,w;Mm&mmh,v_;m-m‘.;,?mmw; Pedestrian Crossing Behavior and TrSs\t/eg:fl et Kinematics: An Examination of
oreover, pedestrians will not able to wunicate Wil s like they are to wit s e y an d Affec“ve R . .
’ atings in Interacti
ctions

ﬂ:‘l‘:":‘d“;‘y‘“"’“““‘“’ interfaces manual vehicles. External human-machine interfaces (eHMIs) are possible design solutions for

with Diff lv Si

S Thieimics HAVs to ensure safe interaction with other road users. Light-based <HMIs positively affected It DI ere nt y S |Zed A u to m at e d V .

pedestrians’ trust ratings, perceived safety, and willingness l:lczt::s. However, previous studies PS C ho O e h | C I eg-ra ns Ortat io n R

often neglected the effect of vehicle size, although larger-si HAVs could be potentially y | gy d h . u p h

perceived as the more significant threat. Additionally, the relationship between vehicle kine- an B enaviour 10 7 1 m esearc Part F . Traffl C

B atics and eHMIs for differently sized HAVs remains an underexplored research topic. This study ' [ 4 . :
investigated the effects of vehicle size (small vs. large), eHMI state (dynamic eHMI vs. static eHMI
‘s, no eHM), and vehicle kinematics (yielding vs. non-yielding) on pedestrian crossing behavior
"o their subjective assessment. In virtual reality, we created a shared space traffic scenario, in h . .
which the eHMI and vehicle Kinematics matched or did not ‘match. For yielding conditions, the ttDS ; / / d O I 0 r / 10 .
results showed that participants felt more aroused with larger HAVs than with smaller HAVs. L] q N 10 16 / I trf 2 O 2 4
Moreover, pedestrians initiated their crossing significantly ealier when both vehicle sizes had a . . . 1 O 02 2
dynamic eHMI compared to a static eHMI vs. 1o HMI. Additionally, pedestrians evaluated a 3
dynamic eHMI with higher trust ratings, higher perceived safety, and more positive affective
reactions. The results ‘manifested that the use of dynamic eHMIs can effectively enhance
pedestrian-vehicle communication with a large and 8 small HAV. For non-matching conditions,
the participants tended to rely on he vehicle kinematics for both vehicle sizes. Overall, the study
highlighted the potential of eHMIs for pedestrian interactions with HAVS of varying sizes when
they are well-coordinated with the vehicle Kinematics, aiming 0 enhance safety and efficiency in
‘mixed-traffic environments.
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Topical Webinar #8
- Talkk to Me, AV:
, AV: How Automated Vehicles Communicate with Other Road
oad Users | 13 Novembe
r 2025

N 33

B e


https://doi.org/10.1016/j.trf.2024.10.022

Next step for eHMIs

eHMI that works for
different vehicle Types

o
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Scalability of eHMI & Interactions between pedestrians and multiple CAVs

N =50
Factor 1 eHMI Type :
no eHMI vs. VAS vs. intentionbased

Factor 2 Vehicle kinematics: yielding
left vs. yielding right vs. both
yielding vs. non-yielding

o
- w
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Scenario o
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Scenario
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Results N

o Participants reacted faster when an intention-based eHMI
was presented

cVehicleds behavior was-enhantingr preted as more saf e
when intention -based eHMI was presented

o Participants reporting greater trust when an intention -based

eHMI
was presented %

g Thee HMIpdessi ti ve effect on pedestr

and perceived safety persists in complex scenarios with two
automated vehicles.
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Wilbrink, M., Brandt, T., Wendorff, W., Lobig, T., & Oehl, M. (2025).
Pedestrian Interaction with Multiple Automated Vehicles:

A RealWorld Study on lightbased eHMIs

ICTCR025, Berlin.

Wilbrink, M., Brandt, T., Wendorff, W.pbig T., &0ehl| M. (2025).
Effectiveness of LED eHMIs for Supporting Pedestrian Interactions
with Multiple Highly Automated Vehicles
AOWIFachgruppentagung025,Lineburg
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Next step for eHMIs

eHMI that works in
complex scenarios with
multiple Pedestrians

eHMI that works for
different vehicle Types

oS
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Impact of other pedestrians when interacting with CAVs

N=136
Factor 1 eHMI Type:
no eHMI vs. VAS vs. intentionbased

Factor 2 Vehicle kinematics: yielding
vs. nonyielding

Factor 3 Additional pedestrian:
Yielding vs. nonyielding vs. absence

Hl'ﬂl‘lve Topical Webinar #8 - Talk to Me, AV: How Automated Vehicles Communicate with Other Road Users | 13 November 2025 41
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Scenario

© EREECY ' f

LR
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Scenario
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Scenario
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Results .

ASl aL O2YYdzyAOlFI GA2Yy &aAIYATFTAOlIYyGte AyFfdzSYOSR LI NI A OALJ

willingness to cross and perceived safety
7 =

A No effect was found when the AV exhibited Agielding
behavior, suggesting that participants did not blindly trust 26 1
the eHMI. 2
A Additional pedestrian behavior significantly influenced g i =
" - 7 L, A v v s o™~ v w
LJ- N A OA LJI y uaQ gAftftA y 3 )f Saa u 2 fg)!;u\]z aalX VehicleKinematics
o but had no effect on their perceived safety, highlighting g5 zfr'ld"_'jd_n
. . .. . o > oo -yleldi
the importance of individual safety judgement. o 231 YEEns
eHMI communication significantly influenced =2 e —em T
participantsod willingness t
1 T 1
Participants did not blindly trust the eHMI or other off o«
pedestrians. eHMI communication
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Oehl, M., Stelter, S., & Wilbrink, M. (2025).

Do they influence me? Impact of an additional pedestrian's presence and
behavior on your own crossing decision as pedestrian in interaction with
a highly automated vehicle communicating via external humarachine
interface and vehicle kinematics

Human Factors and Ergonomics Society Europe Chapter Annual Meeting
HFES Europe Chapter Annual Meeting 2025, Book of Abstracts (p. 62).

https:/www.hfes -europe.org/wp -
content/uploads/2025/02/AbstractsBologna2025.pdf

Hl'ﬂl‘lve Topical Webinar #8 - Talk to Me, AV: How Automated Vehicles Communicate with Other Road Users | 13 November 2025 46

L -___—_



https://www.hfes-europe.org/wp-content/uploads/2025/02/AbstractsBologna2025.pdf
https://www.hfes-europe.org/wp-content/uploads/2025/02/AbstractsBologna2025.pdf
https://www.hfes-europe.org/wp-content/uploads/2025/02/AbstractsBologna2025.pdf
https://www.hfes-europe.org/wp-content/uploads/2025/02/AbstractsBologna2025.pdf
https://www.hfes-europe.org/wp-content/uploads/2025/02/AbstractsBologna2025.pdf

eHMI that works in

complex scenarios
with multiple
Pedestrians

eHMI that works for
different vehicle
Types

oS
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On-Vehicle Displays and On -Ground Projection
for Automated Vehicle Communication*

Onoriu Puscasu | Valeo
with Aisha Sahai, Natacha Métayer | Vedecom

*In Proc. 16" International Symposium on Automotive Lighting, 2025,



Automated Driving: bridging ODD gaps with Lighting ?

Destination

Staa-_hj——_—_\ﬁj

Complex Adverse weather: VRUs Dynamic GNSS High Road conditions, e.g.
traffic: slippery roades, dynamics traffic occlusions traffic unusual obstacles,
merging, heavy rain rules and dynamic various surfaces,
exiting or snow signs accidents

Currently :

o Fragmented coverage of the target Operational Design Domain (ODD) due to traffic challenges
a |nteraction with other road users can be hesitant

Topical Webinar #8 - Talk to Me, AV: How Automated Vehicles Communicate with Other Road Users | 13 November 2025
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Automated Driving: bridging ODD gaps with Lighting ?

How can lighting help ?

VRUs
dynamics

Valeo Light proposal:

a eHMIs for interaction with other road users (external Human Machine Interfaces)
a  Hi-Drive enablers to allow continuous automated driving
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Hi-Drive project scope

a  Collaborative project
53 partners, 13 countries
(OEMSs, Tier 1, research institutions)

g Jul. 2021 - Nov. 2025
funded by the European Commission

g Aim
Bridging gaps towards Level 4
automation by enhancing ODD coverage,
traffic safety and efficiency, AV
acceptance

a  Project partner

INSTITUT
VEDECOM

Wﬁ'agmentatiuns

Unlimited ODD Level 5 full automation

- Level 4 high automation
Decreasing &~

the ODD
Level 3 conditional automation

Fragmented ODD

Unlimited ODD /

s Ty Level 2 partial automation

Level 1 driver assistance

Level O no driver assistance

S Levels
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Studies

Study 1
PEDESTRIAN CROSSING

Study 2
PARKING SPOT EXIT PASSENGER DROROFF

VALEO RESERVED
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Studies

Study 1
PEDESTRIAN CROSSING

Study 2
PARKING SPOT EXIT

VALEO RESERVED
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Valeo Light / Vedecom study 1: Pedestrian crossing x

—

| .

Safety zone | | | L4 prototype - '
\’ I'\-. — - _._ .___ 4

eHMI meaning: Intent to wait

Hourglass pictogram display by day and night
Safety zone projection by night only
No guidance message provided (ISO/TR 23049, 2018)

* Hourglass pictogram display:
. - '

= & e ~1 -

_—
- =
Hourglass pictogram display Safety zone P

Pictograms implemented since more intuitive than LED stripes
(Reschke et al., 2020)
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Valeo Light / Vedecom study 2: Parking

& @
x

a  Arrow display tested by day

_—

Q - . - - .
Safety zone and turn indicators projection by night SateryYore Turn indicator PO

VALEO RESERVED
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Pedestrian tests setup and participant panel '5%
14

Wy AV
@) Target

vehicle

Other

vehicles

Vehicle path

Pedestrian path

@ Pedestrian
location for
eHMI
activation

34 participants , not Valeo or Vedecom employees, randomized passings:
A 19 men, 15 women
A 19 young (22-41 years, 30 years mean), 15 older (6380 years, 70 years mean)
A 19 participants daytime, 15 nighttime

Participants not informed about eHMIs  presence or meaning
Valeo Level 4 automated vehicle prototype
Setup up on private test track - UTAC TEQMO, Paris area

VALEO RESERVED
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