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Motivation for incorporating Vulnerable Road Users (VRUs) 

in future research

Å ~50% of all crashes in urban areas take 

place at or nearby intersections

Å Intersections can be very complex and hard 

to solve for all road users

Å Various interactions take place between 

pedestrians, cyclists and motorised vehicles

Å It is 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

ÅWith higher levels of vehicle automation new issues moving into the focus
ÅInteraction of automated vehicles with surrounding traffic, including all non-motorised road users

Ą Need for better understanding of the behaviour of pedestrians and cyclists
ÅSimulation-based validation of automated vehicles

Ą Need for validated models of pedestrians and cyclists 

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

ÅNew modes of transport appear

ÅGeneral 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 
Ågeneral VRU behaviour
Åtheir interaction with other road users
Åthe effect of safety measures 

without any real risk and under repeatable conditions
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Design Criteria

Overview

D1) Free, unlimited 360Ámovement 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

Immersion

Presence
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presence is essentially a cognitive or 

perceptual parameter

Slater et al. Kalawasky

immersion is an 

objective description 

of the technology

presence is a subjective

experience and only 

quantifiable by the user 

experiencing it

immersion essentially refers to the 

physical extent of the sensory information 

and is a function of the enabling 

technology

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

Slater, M., Usoh, M., & Steed, A. (1994). 
Depth of presence in virtual environments. 
Presence: Teleoperators and Virtual 
Environments 3:130ς144



D2) High Immersion and Presence

Visualization

Å3D terrain generation 

software

ÅOpen source game engine

ÅVersion management

ÅPersistent data storage

ÅRemote access
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D2) High Immersion and Presence

Rich and detailed Environments



D4) Direct and indirect communication between all ego-participants

ÅMotion capturing and self-representation
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Pedestrian Simulator



VR Gloves&

VR Tracker or bodysuit

Pedestrian Simulator ïCentral Design Aspects

ÅFree, unlimited 360 movement in virtual environment (D1/D3)

Åwith realistic walking behavior

Åby limited available laboratory space

ÅHigh immersion and presence (D2)

ÅEnables realistic decisions

ÅRich and detailed environments (D2)

ÅPedestrians are close to surfaces

ÅPedestrians pass objects with low speed

ÅPedestrians have direct interaction with environment

ÅFull body motion capturing (head, hands, fingers, torso, feetôs) (D4) 

ÅFor communication (direct, indirect)

ÅFor interaction with the virtual environment
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VR HMD

Unreal Engine

OmniDeck

Alternative CyberShoes



Pedestrian Simulator ïOmnifinity treadmill

Å4.2 m wide 360Ámotorized treadmill

Å16 individually driven sections

Å48 rolls per section

ÅRequires VR gaming PC hardware 

ÅSupport of various tracking systems,

e.g. lighthouse tracking

ÅUnreal Engine API available

ÅSupports SteamVR API and

OpenVR Device Driver

ÅVarious, parametrizable deck 

speed calculation algorithms

ÅOffers almost normal walk movement in 

virtual environments
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Bike Simulator



Bike Simulator ïCentral Design Aspects

ÅLeaning possibility (D2/D3)

ÅEnables realistic curve driving

ÅPerception of Road irregularities and slope (D2)

ÅEnables Sensation of the road 

ÅRealistic Force feedback (D1/D2/D3)

ÅEnables realistic bike driving ability

ÅHigh immersion and presence (D2)

ÅEnables realistic decisions

ÅRealistic speed perception (D2/D3)

ÅEnables realistic bike driving ability
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2 DoFMotion system

Wheel resistance through bike trainer

Steering resistance through motor 

VR HMD

Animation of own body for a good sense of self

Speed dependant wind simulation



Bike Simulator ïScheme
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Martinez Garcia, D., Gröne, 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



Bike Simulator in action
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Car Simulator



Car Simulator ïCentral Design Aspects

ÅMinimum usage of laboratory space (D1)

ÅRealistic steering and pedal force feedback (D2/D3) 

ÅEnables realistic car driving ability

ÅHigh immersion and presence (D2)

ÅEnables realistic decisions

ÅSupport of monitor and VR-HMD visualization (D2)

ÅHigh flexibility for research questions

ÅSupport of body tracking (head, hands, fingers) (D4)

ÅFor communication (direct)
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VR HMD                  or Multi Monitors

Animation of driver body for a good sense of self

Vehicle Model, Vehicle Cockpit visualization

Fix Base Simulator

Steering resistance through 
automotive Steering Wheel system 
Pedal resistance through motors



MoSAIC ïsince 2014

Å MoSAIC ïModular and Scalable Application platform for ITS Components

Å Supports development of cooperative driver assistance & automation systems

Å So far consisted of three fixed-base driving simulators
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Now extended by the new VRU-Lab



Car Simulator ïField-of-View
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~210Áhorizontal by three UHD 4k monitors
110Áto 170Áhorizontal by equipped VR- HMD   

360Áwith additional head rotation

Multi Monitor Setup VR HMD Setup


