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Human-in-the-Loop simulator studies as a tool to
design and validate interactive communication
between automated vehicles and vulnerable road

users

Martin Fischer,
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Kililan Grone,

Michaela Rehm,
Donaji Martinez Garcia
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Motivation for incorporating Vulnerable Road Users (VRUS)
In future research

« ~50% of all crashes in urban areas take
place at or nearby intersections

* Intersections can be very complex and hard
to solve for all road users

« Various interactions take place between
pedestrians, cyclists and motorised vehicles

* Itis important to understand human
behaviour in order to design the future
mobility system
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Motivation for incorporating Vulnerable Road Users (VRUS)
In future research

With higher levels of vehicle automation new issues moving into the focus
 Interaction of automated vehicles with surrounding traffic, including all non-motorised road users
—>|Need for better understanding of the behaviour of pedestrians and cyclists |
» Simulation-based validation of automated vehicles
- Need for validated models of pedestrians and cyclists

Passive and active safety measures in order to protect VRUs gain importance

New modes of transport appear

General awareness of VRUs as part of the overall transportation system increases

Need for Human-in-the-Loop Simulation of pedestrians and cyclists which enables the investigation of
» general VRU behaviour
j‘> |+ _their interaction with other road users |
* the effect of safety measures
without any real risk and under repeatable conditions

i DLR
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Design Criteria
Overview

D1) Free, unlimited 360° movement in virtual environment
D2) High immersion and presence
D3) Realistic walking/cycling/driving behavior

D4) Direct and indirect communication between all ego-participants
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D2) High Immersion and Presence
Definition

Slater et al.

Immersion Immersion is an
objective description
of the technology

Presence presence is a subjective
experience and only
guantifiable by the user
experiencing it

Slater, M., Usoh, M., & Steed, A. (1994).
Depth of presence in virtual environments.
Presence: Teleoperators and Virtual

Environments 3:130-144
E DLR / :

Kalawasky

immersion essentially refers to the
physical extent of the sensory information
and is a function of the enabling
technology

presence is essentially a cognitive or
perceptual parameter

Kalawsky, R.S. (2000). The validity of presence as a
reliable human performance metric in immersive en-
vironments. Presented at Presence 2000: Interna-
tional Workshop on Presence, Delft, Netherla
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D2) High Immersion and Presence
Visualization

OpenStreetMap data
N Elevation maps
TRIANSD BU'FDER ( High precision digital map
Database Generation Systemn

Satellite imagery
Geoinformations

« 3D terrain generation |

[ N

software

@4 soon 5

UNREAL

>

{
L

Env. 3D model:
FBX (FLT, OBJ)

Trian 3D (}

Logical map:
ASAM OpenDRIVE®

v
- SDS

ENGINE

-« Open source game engine

A 4

&/ GitLab -

* Version management 3D Models

. _J Assets
 Persistent data storage Plugins
* Remote access

(
Env. 3D model: .exe
Unreal > Unreal Unreal
W J L W W

3D Models

Environment Assets Szenario ) )

G ¢ Plugins Desi Simulation
eneration Ci+ Code \ esign j j

Blueprints

External components
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D4) Direct and indirect communication between all ego-participants

* Motion capturing and self-representation

)

VR
Controller /
- §" v Manus VR
& 5; glove

VR Tracker Xsens body
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Pedestrian Simulator — Central Design Aspects
* Free, unlimited 360 movement in virtual environment (D1/D3) OmniDeck
« with realistic walking behavior _ _
« by limited available laboratory space Alternative Cyber Shoes gﬁ tﬁ;;;

High immersion and presence (D2)
« Enables realistic decisions

VR HMD
» Rich and detailed environments (D2) -
» Pedestrians are close to surfaces Unreal Engine @
» Pedestrians pass objects with low speed e

* Pedestrians have direct interaction with environment

Full body motion capturing (head, hands, fingers, torso, feet's) (D4)
* For communication (direct, indirect)
 For interaction with the virtual environment

i DLR

VR Gloves &
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Pedestrian Simulator — Omnifinity treadmill

» 4.2 m wide 360° motorized treadmill
16 individually driven sections
48 rolls per section

Requires VR gaming PC hardware

Support of various tracking systems,
e.g. lighthouse tracking

Unreal Engine API available

» Supports SteamVR API and
OpenVR Device Driver

 Various, parametrizable deck
speed calculation algorithms

» Offers almost normal walk movement in
virtual environments

i DLR
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Bike Simulator — Central Design Aspects
_ ° ; &
« Leaning possibility (D2/D3) | pl oL i T £ 4
« Enables realistic curve driving ggiﬁ:ﬁ
— 2 DoF Motion system T = bi*

Perception of Road irregularities and slope (D2)
» Enables Sensation of the road

Realistic Force feedback (D1/D2/D3)

{ Wheel resistance through bike trainer

an
- Enables realistic bike driving ability Steering resistance through motor ]
» High immersion and presence (D2) 1 [ VRHMD @3
« Enables realistic decisions UNREAL

Realistic speed perception (D2/D3)
« Enables realistic bike driving ability
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Bike Simulator — Scheme

LT ATy
j b

L
SDS

Martinez Garcia, D., Grone, K., Quante, L., Fischer, M., Thal,
S. and Henze, R., 2022. Parameter tuning of a bicycle
simulator for a realistic riding behaviour and motion perception,
Proceedings of the Driving Simulation Conference 2022
Europe, Driving Simulation Association, Strasbourg, France
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Bike Simulator in action




Car Simulator
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Car Simulator — Central Design Aspects

* Minimum usage of laboratory space (D1) Fix Base Simulator
— Steering resistance through
 Realistic steering and pedal force feedback (D2/D3) automotive Steering Wheel system
 Enables realistic car driving ability Pedal resistance through motors

—_— —

_—

High immersion and presence (D2)
« Enables realistic decisions

Support of monitor and VR-HMD visualization (D2) L _ _ ,
+ High flexibility for research questions VR HMD or Multi Monitors

Vehicle Model, Vehicle Cockpit visualization @

UNREAL

ENGINE

» Support of body tracking (head, hands, fingers) (D4)
* For communication (direct)

i DLR

Animation of driver body for a good sense of self %
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MoSAIC - since 2014 O |
4 as
| a [
. Be I8
« MoSAIC —Modular and Scalable Application platform for ITS Components B
« Supports development of cooperative driver assistance & automation systems
« So far consisted of three fixed-base driving simulators MoSAIC

‘.." L. b :’"J_:«.Lﬁz.
Now extended by the new VRU-Lab -
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Car Simulator — Field-of-View

110° to 170° horizontal by equipped VR- HMD
360° with additional head rotation

~210° horizontal by three UHD 4k monitors

Multi Monitor Setup
E DLR
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D4) Direct and indirect communication between all ego-participants
Connected Simulators
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MoSAIC VRU Lab control station

i DLR




(7p)]
2
©

-
=
p]

| -

@)
=
©

>
£
p]

oc
-l
o



DLR.de * Chart26 > SDS 2022 > VRU Simulation > M. Fischer > 8.11.2022 yg--.

LoD visualization &
' drone acceptance i : :
VRU studies P simulation metrics

walking behaviour &

simulation evaluation
[ IUSIM 5 [VALKyRie
s 2022 { Coala

2023

VR evaluation &
effect of display type

202x
[ N.N.
[ VALHalLa
2023

Interaction behaviour

@City-# Interaction behaviour

simulator evaluation &
simulation metrics
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@ CITY — Overview SDS

Goal
« Evaluation of internal and external HMI
« Description of interactions in between traffic participants

 Evaluation of using Multi-User-Simulation as a method for
evaluating interaction behavior

Internal HMI

Bicycle
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@ CITY — Real world interaction behavior =bS
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@CITY — Virtual interaction behavior study DS

Virtual replication of interaction scenario

External HMI Internal HMI
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@CITY — Virtual interaction behavior study results =bS
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Summary & Outlook

* Need for better understanding of the behaviour of pedestrians and cyclists

* Need for Human-in-the-Loop Simulation of pedestrians and cyclists which enables the investigation
of their interaction with other road users

* In order to get valid simulation results, simulator design should enhance presence and minimize
simulator sickness effects

» Future challenges of interaction research will be
* ... the design of multi-user scenarios
« ... the appropriate representation of gestures to allow for direct communication
» ... the appropriate representation of postures & body movements to allow for indirect communication
» ... the validation of pedestrian and bicycle simulators

i DLR
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Thank You For Your Attention!

Dr. Martin Fischer | Team Leader ,,Human-Centered Simulation”
+49 531 295 3476 | ma.fischer@dIr.de
www.DLR.de | Institute of Transportation Systems

DLR
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