SPORE — COMPARISON OF
PEDESTRIAN, BICYCLE AND
CAR SIMULATOR

4th HCVRU Sim Workshop 10.04.2025
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General Questions A#y
DLR

* Does the simulator type influence the collected data?

* Do some simulators generate more realistic behavior than others?
= What would be the implications for multi user scenarios?

= How can we improve the simulation and/or the simulator to generate more
realistic user behavior?
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Simulators and Virtual Environment
DLR

BikeSim

|

CarSim Dispid) e ¥ Gz

MoS_AIC Simulators Virtual Environment

= Bike Simulator = Unreal Engine 5.1

= Pedestrian Simulator = Variation:

= Car Simulator VR = Position EGO (1,2)
= Car Simulator Display = Concrete barrier
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Procedure
DLR
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Overtaking and self-produced Speed
DLR

Aspired and constant speeds for production and estimation method per simulator

PedSim BikeSim CarSimVR  CarSimDisplay
3km/h 15 km/h 50 km/h 50 km/h

Overtaking speeds in each simulator

Simulator Vi V2 V3 V4 V5

PedSim 10 20 50 80 100
BikeSim 30 50 70 80 130
CarSimVR 80 100 120 130 180

CarSimDisplay 80 100 120 130 180
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Balancing
DLR
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oppe
ID | Bezeichnung Sim Training Production | Estimation | Estimation | Estimation | Estimation | Estimation | Estimation | Estimation | Estimation | Estimation | Production 1 Apfel 1 3 ;153
2 Aprikose 2 5 245
CarSim 1 2 3 4 9 10 11 12 3 Birne e 1 361
1 Aofe]  [Carsim VR 13 14 15 16 21 22 23 24 4 Brombeere 2 2 412
o BikeSim 25 26| 27 28 33 34 3 5 Erdbeere 5 4 534
PedSim 37 38| 39 40 a5 46 4 a8 6 Heidelbeere ® i 651
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11 Pflaume 5 4 543
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16 Pfirsich2 4 5 456
17 Granatapfel 2 1 521
s 18 Quitte 3 4 134
19 Sternfrucht 4 2 142
20 Zitrone 6 3 263
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32| Physalis  Bkesim 1501 1502 1503 1504 1509 1510 1511 1512 22 Mandarine 3 5 435
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CarSim 1525 1526 1527 1528 1533 1534 153' 1536 I 24 Ananas 2 5 625
25 Birne 6 5 615
26 Dattel 2 4 214
27 Drachenfrucht 3 6 346
28 Kiwi 4 1 451
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Questionnaires

» Before the study
* Immersive Tendencies Questionnaire

» During each simulator run
» Speed Assessment (verbal)

= After each simulatior
= Risk Assessment Questions
= Presence Questionaire
= Simulator Sickness Questionnaire
= Visual Comfort Questionnaire

= After the study
= Demographical Questionnaire

Michaela Rehm, DLR, 10.04.2025
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Deviation between Estimate and Actual Speed per Sim A#y
DLR

* No surprise: Subjects perform poorly when assassing speeds of overtaking
road users

» Better performance in VRU simulators (bc of lower overtaking speeds)

= Subjects tend to massively under- Mean Diffo each Simulator
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Deviation vs. Actual Speed and Simulator A#y
DLR

= Caution by interpretation of ,corners trends”
» Overestimation at low speeds and underestimation at high speeds

[ | Sweet Spot arou nd 80 km/h Interaction Effect: Deviation vs. Actual Speed and Simulator Type
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Deviation vs. Delta Speed and Simulator A#y
DLR

Interaction Effect: Deviation vs. Delta Speed and Simulator Type

- Delta speed .

* Noticable differences between speed
perception per simulator

» Subjets perform better in VRU

simulators T
* VR headset performs better than

display condition

-100

0 50 100 150
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Production Method A#y
DLR

= Overestimation of self produced speed in VRU simulators
» Underestimation in car simulators
» |_earning effect in car simulators

Boxplots of Velocity Production for each Simulation

= Better performance with HMD - . T i

- Threshold 15 km/h

120 A _ 3 -+~ Threshold 50 km/h
:,5_1 100 ~
E
=
= 80
k-]
g 60
@
N P0) UURRORHIH NOVURRIPRIRPIUNIR SRS ryors porerr st OS DO USROS PRI
=
= 40 | 1

209 I s e

p— — —dr
T
& & & &
) Q 9
e & &7 =3
58 &7 & 3
&fb @\ \,‘\/ &'a
53‘6\ \(1:0 3° o
xS d}é\
G
o
Qé‘
Simulation

Michaela Rehm, DLR, 10.04.2025




Deviation between Estimate and Actual Speed per Sim by
Lane DLR

» No significant influence of overtaking distance/risk assessment
» Underestimation and higher risk assessment don‘t cancel each other out

Mean Diff for each Simulator by Lane
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NEXT STEPS
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Followup Studies A#y
DLR

» SPoRe2 — Sim Study » SPoRe3 — Real Test Track
= Acoustics » Risk assessment
= Display resolution » Distance estimations
= Object density = Marking width

Geometrical field of view
Marking width
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Thanks for your
Attention!
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Scenarios

DLR
Pedestrian Bike Car

Event 09 — Overtake Pedestrian Grass Verge Event 06 — Overtake Bicycle Grass Verge Event 03 — Overtake Vehicle Grass Verge

Grass Verge n L)) T )]

Event 07 — Overtake Pedestrian Event 04 — Overtake Bicycle Event 01 — Overtake Vehicle

Solid Line - e -

Event 08 — Overtake Pedestrian Barrier Event 05 — Overtake Bicycle Barrier Event 02 — Overtake Vehicle Barrier

Concrete Barrier T
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