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TOPICAL WEBINAR #8

Introduction:
Addressing Challenges Towards the 
Deployment of Higher Automation

Dr. Marc Wilbrink | 
German Aerospace Center (DLR)



û60 MILLION BUDGET û30 MILLION FUNDING

Project Facts
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53 MONTHS    from July 2021 to November 2025 

This project has received funding from the European Unionõs Horizon 2020 

research and innovation programme under grant agreement No 101006664

Supported by the European 

Council for Automotive R&D

13 COUNTRIES
Belgium, France, Finland, Germany, Greece, Hungary, Italy, Netherlands, 

Norway, Spain, Sweden, Switzerland, United Kingdom

53 PARTNERS
among them OEMs, automotive suppliers, research institutes, associations, 

traffic engineering, deployment organisations and mobility clubs



Partner s
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PUSH TOWARDS

HIGHERAUTOMATION

Å Robust and reliable automated driving

Å Extended and defragmented ODDs

Å Interoperability across countries and brands
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The Concept
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Develop a good interaction between

automated vehicles and other road users.
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Acceptance

Awareness & Expectations 

User comfort 

User monitoring & HMIs

Other road users



Empirical User Studies and Tools

¤Global surveys

¤Questionnaires

¤Human -in-the -loop simulators

¤Test track studies

¤Wizard -of -Oz vehicles
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MEANS OF 

DATA COLLECTION

company /hi -drive

Stay updated :



Poll
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TOPICAL WEBINAR #8

Research Highlights from 
University of Leeds

Dr Yee Mun Lee | University of Leeds



Study 1

òInvestigating Driver Responses to AVs in a Bottleneck Scenario: 

The Impact of Lateral Offset and eHMIó
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¤ Li, Y., Lee, Y.M., Madigan, R., Grunwald, A., Deml, B., Merat, N. (2025). Investigating Driver Responses to Automated Vehicles in a 

Bottleneck Scenario: The Impact of Lateral Offset and eHMI . Transportation Research Part F, 114, 621-632.

¤ Li, Y., Lee, Y.M., Kai, T., Daly, M., Horrobin, A., Crusat, A.S., Merat, N. (2023). Do Drivers have Preconceived Ideas about an Automated 

Vehicleõs Driving Behaviour? A Driving Simulator Study Focused on Bottleneck Roads. Automotive UIõ 23 Adjunct: Adjunct Proceedings 

of the 15th International Conference on Automotive User Interfaces and Interactive Vehicular Applications. 



Study 1: Bottleneck AV/MV x Yielding x eHMI

15

¤ 40 participants (M = 32.65, range = 21-79; 12 F 28 M)

¤DVs: % of passing/yielding decision; passing/yielding 

initiation time; Perceived Safety, Comprehension, Trust

Source: Li et a l. (2023; 2025)

Not Yielding (Without Offset vs With Towards Offset)

Yielding (Without Offset vs With Away Offset)

+ eHMI

Coupled driving simulators, showing the participant and experimenter, blocked by curtain
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¤Participantsõ subjective responses and behaviours did not differ between 

the AVs and MVs.

¤When encountering a yielding vehicle, participants were more likely to 
pass through the bottleneck first and had a shorter decision time in the 

ôaway offsetõ condition compared to no offset.

¤Also led to higher perceived safety, comprehension, and trust ratings

¤When encountering a non-yielding vehicle, drivers were more likely to 
yield and had a shorter decision time in the no offset condition than in 
the ôtowards offsetõ condition. 

¤When eHMI was present, participants passed through the bottleneck 
more often and provided higher ratings for perceived safety and trust  

regardless of lateral deviation. 

¤When AV yielded with an offset: no effect of eHMI on comprehension
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Study 1: Bottleneck Key Findings

Source: Li et a l. (2023; 2025)



Study 2

òCrossing in the Dark:
  Investigating the Effect of Vehicle Kinematics and eHMI  on Older Pedestriansõ Crossing 
  Behaviour  in a Virtual Reality Experimentó
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¤ Lee, Y.M., Madigan, R., Wang, Y., Garcia, J., Qin, H., Srinivasan, A., Markkula, G., & Merat, N. (2025) Crossing in the Dark: Investigating the 

Effect of Vehicle Kinematics and eHMI  on Older Pedestriansõ Crossing Behaviour in a Virtual Reality Experiment. 

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

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


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

18

¤46 participants 

¤29 Younger (M = 25; 18-35 years old)

¤17 Older (M = 69.35; 45-77 years old)

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

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

Source: Li et a l. (2023; 2025)
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Study 2: Crossing in the Dark: Key Findings
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¤Older pedestrians adopted a different crossing strategy than younger pedestrians. 

¤Pedestrians reported feeling less safe and behaved more cautiously during nighttime crossings (i.e., less likely to cross, 
longer crossing initiation time (CIT) when there was no eHMI). 
¤eHMI decreased CIT for both age groups but was interpreted and used differently between younger and older 

pedestrians. 

Lee et al. (2025)



Study 3

òHuman-like Deceleration: Will the role of eHMI  change 

         if the AV yields like a human?ó
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¤ Yee Mun Lee, Ruth Madigan, Courtney M. Goodridge, Andreas Loecken, Alice Rollwagen, Yue Yang, Andreas Riener, Gustav Markkula, Natasha 

Merat (soon to be submitted). 
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Pre-Study 3:

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.



Study 3: Human -like kinematics x eHMI .
               Will the role of eHMI  change if the AV yields like a human?
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¤ 40 participants (M = 37.18, range = 20-64; 17 F 23 M)

¤ IVs: Bus/Car; Yielding (Not Yielding, Three Deceleration Profiles ); eHMI

¤HH (from Yang et al. 2025), AA (from Lee et al. 2022), AH

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

Yang et al. (2025)

Lee et al. (2022)

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



Study 3: Human -like kinematics x eHMI :
Key Findings (Only Focusing on Deceleration & Car Trials)

23

¤ Adopting human -like behaviour (both HH and AH) led to earlier pedestrian crossing onsets and an increase in Perceived 

Safety ratings compared to non -human-like behaviour. 
¤ 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 no-eHMI trials. 

¤ Adopting human -like behaviours can substantially enhance AV-pedestrian interaction, without introducing the safety 
concerns often associated with explicit communication. 
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Source: Lee, et al. (soon to be submitted)



Conclusion : 

24

Using kinematics as primary communication: Kinematics manipulation can be used to 

communicate AVõs intention effectively and also improve subjective experience

¤Lateral offset in bottleneck (Li et al., 2023, 2025)

¤Human-like behaviours (Lee et al., soon to be submitted)

Road users will rely on eHMI  if present:

¤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)

¤eHMI was interpreted differently by different age groups

¤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:

¤Pedestrians generally feel less safe and more cautious crossing in the nighttime environment (Lee et al., 2025)

¤Older pedestrians have a different crossing strategy (Lee et al., 2025)

¤There are cross-cultural differences in the use of cues while interacting with an AV (Lee et al., in prep)
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Dr. Yee Mun Lee Dr. Ruth Madigan Prof. Natasha Merat

The Team
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TOPICAL WEBINAR #8

Ready for the Real World? DLR eHMI  Research 
Highlights for Complex Mixed Traffic

Marc Wilbrink  | 
German Aerospace Center (DLR)



Vehicle 

Automation Status

Message: 

ăIõm an automated vehicleò

DLR eHMI Design in Hi -Drive

27

©DLR
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Vehicle Intention 

(intention-based 

communication)

Message: 

ăI will yield for you ò

DLR eHMI Design in Hi -Drive
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Next step for eHMIs

eHMI that works for 

different vehicle Types

vs.

eHMI that works in 

complex scenarios 

with multiple AVs 

eHMI that works in 

complex scenarios 

with multiple 

Pedestrians 
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Interplay between eHMI, Vehicle Kinematic and Vehicle Size

30

N = 31

Factor 1  eHMI Type : 

no eHMI vs. VAS vs. intention-based

Factor 2  Vehicle kinematics: yielding vs. 

non-yielding

Factor 3  Vehicle Type:
Passenger car vs. public bus

©DLR

©DLR

©DLR

©DLR
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Scenario

©DLR©DLR
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Results

¤ Decision time was significantly shorter in trials with 

intention -based eHMI 

¤ Vehicle Type had no significant influence on the 

decision time

32

¤ eHMIs improves communication by communicating the 

AVõs future intention.

¤ Especially in uncertain situations without clear traffic 

rules (e.g., a shared space, low speed, close distance)
 

¤ eHMI signals can be used for different vehicle types
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Lau, M., Wilbrink, M., & Oehl, M. (2024). 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. Transportation Research Part F: Traffic 
Psychology and Behaviour, 107, 1092-1104. 

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


Next step for eHMIs

eHMI that works for 

different vehicle Types

vs

eHMI that works in 

complex scenarios with 

multiple AVs 
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!?

Scalability of eHMI ð Interactions between pedestrians and multiple CAVs

N = 50

Factor 1  eHMI Type : 

no eHMI vs. VAS vs. intention-based

Factor 2  Vehicle kinematics: yielding 

left vs. yielding right vs. both 

yielding  vs. non-yielding

©DLR©DLR
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Scenario 
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©DLR
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Scenario 

37

©DLR
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Results

¤Participants reacted faster when an intention-based eHMI 

was presented

¤Vehicleõs behavior was interpreted as more safety-enhancing 

when intention -based eHMI was presented

¤Participants reporting greater trust when an intention -based 

eHMI 

was presented

38

¤ The eHMIõs positive effect on pedestriansõ trust, reaction times, 

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 Real-World Study on light-based eHMIs. 
ICTCT 2025, Berlin.

Wilbrink, M., Brandt, T., Wendorff, W., Lobig, T., & Oehl, M. (2025). 
Effectiveness of LED eHMIs for Supporting Pedestrian Interactions 
with Multiple Highly Automated Vehicles. 
AOWI Fachgruppentagung 2025, Lüneburg.©DLR
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Next step for eHMIs

eHMI that works for 

different vehicle Types

vs.

eHMI that works in 

complex scenarios with 

multiple AVs 

eHMI that works in 

complex scenarios with 

multiple Pedestrians 
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Impact of other pedestrians when interacting with CAVs

41

N = 136

Factor 1  eHMI Type : 
no eHMI vs. VAS vs. intention-based

Factor 2  Vehicle kinematics: yielding 

vs. non-yielding

Factor  3  Additional pedestrian:

Yielding vs. non-yielding vs. absence

©DLR

©DLR

©DLR
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Scenario

42

©DLR©DLR
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Scenario 
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©DLR
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Scenario 

44

©DLR
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Vehicle Kinematics

Results

ÁŜIaL ŎƻƳƳǳƴƛŎŀǘƛƻƴ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŦƭǳŜƴŎŜŘ ǇŀǊǘƛŎƛǇŀƴǘǎΩ 
willingness to cross and perceived safety

ÁNo effect was found when the AV exhibited non-yielding 
behavior, suggesting that participants did not blindly trust 
the eHMI.

ÁAdditional pedestrian behavior significantly influenced 
ǇŀǊǘƛŎƛǇŀƴǘǎΩ ǿƛƭƭƛƴƎƴŜǎǎ ǘƻ ŎǊƻǎǎΧ 

¤ but had no effect on their perceived safety, highlighting 
the importance of individual safety judgement.

45

¤ eHMI  communication significantly influenced 

participantsõ willingness to cross and perceived safety

¤ Participants did not blindly trust the eHMI or other 
pedestrians.
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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 human-machine 
interface and vehicle kinematics. 
Human Factors and Ergonomics Society Europe Chapter Annual Meeting ς 
HFES Europe Chapter Annual Meeting 2025, Book of Abstracts (p. 62). 

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

different vehicle 

Types

vs.

eHMI that works in 

complex scenarios 

with multiple AVs 

eHMI that works in 

complex scenarios 

with multiple 

Pedestrians 
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Marc Wilbrink Dr. German 

Aerospace Center (DLR)

Institute of 

Transportation systems

Lilienthalplatz 7
38108 Braunschweig
Germany

marc.wilbrink@dlr.de

www.DLR.de/ts
E-Mail

Internet

Human Machine

Interaction

+49 531 295-3486Telefon
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On-Vehicle Displays and On -Ground Projection 
for Automated Vehicle Communication*

Onoriu Puscasu | Valeo
with  Aïsha Sahaï, Natacha Métayer  | Vedecom

*In Proc. 16th International Symposium on Automotive Lighting, 2025, pp. 268 -279. This article is licensed under CC BY 4.0. | https://creativecommons.org/licenses/by/4.0/XjzUk



Currently : 

¤ Fragmented coverage of the target Operational Design Domain (ODD) due to traffic challenges
¤ Interaction  with other road users can be hesitant

Automated Driving: bridging ODD gaps with Lighting ?
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Valeo Light proposal:  

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

Automated Driving: bridging ODD gaps with Lighting ?

51

How can lighting help ?
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Hi-Drive project scope

52

¤ Collaborative project

53 partners, 13 countries 
(OEMs, Tier 1, research institutions)

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

¤ Aim
Bridging gaps towards Level 4 

automation by enhancing ODD coverage, 
traffic safety and efficiency, AV 

acceptance

¤ Project partner
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Studies

53

Study 1 

PEDESTRIAN CROSSING

Study 2 

PARKING SPOT EXIT

Study 3 

PASSENGER DROP-OFF
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Studies
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Study 1 

PEDESTRIAN CROSSING

Study 2 

PARKING SPOT EXIT

Study 3 

PASSENGER DROP-OFF
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Valeo Light / Vedecom study 1: Pedestrian crossing

eHMI  meaning: Intent to wait

Safety zone
L4 prototype

Hourglass pictogram display

Hourglass pictogram display Safety zone

¤ Hourglass pictogram display by day and night

¤ Safety zone projection by night only
¤ No guidance message provided (ISO/TR 23049, 2018) 
¤ Pictograms implemented since more intuitive than LED stripes 

(Reschke et al., 2020)
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Valeo Light / Vedecom study 2: Parking

Arrow  display

Safety zone Turn indicator projection

¤ Arrow display tested by day

¤ Safety zone and turn indicators projection by night

eHMI  meaning: Intent to leave 
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Pedestrian tests setup and participant panel

¤ 34 participants , not Valeo or Vedecom employees, randomized passings: 
Á 19 men, 15 women

Á 19 young (22-41 years, 30 years mean), 15 older (63-80 years, 70 years mean)

Á 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
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