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Figure 1: GrokWalks is a portable, multi-participant simulator platform that facilitates studying naturalistic driver-pedestrian
interaction in a virtual environment: the images above show real-life and virtual representation of interacting participants.

Abstract

Driving simulators are vital for human-centered automotive re-
search, offering safe, replicable environments for studying human
interaction with transportation technology interfaces and behav-
iors. However, traditional driving simulators are not well-suited to
studying traffic interactions with various degrees of freedom in a
way that allows for the capture of nuances in implicit and explicit
interactions, e.g. gestures, body language, and movement. We de-
veloped a multi-participant virtual reality (VR) driving simulation
platform to study these interactions. This portable system supports
cross-cultural experiments by modeling diverse scenarios, gener-
ating analyzable data, and capturing human behaviors in traffic.
Our interactive demo allows participants to experience roles as
drivers or pedestrians in a shared virtual environment, with the
goal of providing a hands-on experience with this open-source VR
simulator and demonstrating its affordability and scalability for
traffic interaction studies to researchers and practitioners.

CCS Concepts

« Human-centered computing — User studies; Virtual reality.
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1 Introduction & Related Work

To facilitate the adaptation of autonomous vehicles to local driv-
ing norms, it is essential to understand how driver-pedestrian
interactions vary across different geographical regions. Ethno-
graphic studies have qualitatively described these regional differ-
ences through real-life observations, yet such methods are costly,
resource-intensive, and impractical for experimental replication
in controlled settings [6, 23]. In contrast, data-driven statistical
and computational models offer a promising alternative, enabling
autonomous vehicles to emulate local driving behaviors and rec-
ognize signals from pedestrians and other drivers through their
movements [7, 26]. To support this approach, we have developed an
experimental platform utilizing a multi-participant virtual reality
(VR) driving simulation environment. This system is portable and
designed to facilitate cross-cultural research by modeling diverse
scenarios, generating data suitable for analysis, and capturing hu-
man traffic behaviors in real-time. The primary aim of this platform
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is to simplify the modeling of various traffic scenarios and produce
analysis-ready data to observe and understand interactions between
multiple participants. In an interactive demo of this open-source
system, participants can experience the roles of both driver and
pedestrian, interacting within a shared virtual environment. This
demonstration highlights the GrokWalks simulator’s potential as
an affordable and scalable tool for conducting traffic interaction
studies, providing a practical solution for researchers.

Driving Simulators

Driving simulators range from low-cost systems like City Car Driv-
ing and GTA-based OpenlV to high-fidelity setups like the National
Advanced Driving Simulator! at the University of Iowa and Ford’s
VIRTTEX simulator [11]. These tools vary in their immersion and
scientific replicability, with each type serving specific research
needs. Immersion is essential for ecological validity, combining
visual, auditory, and motion stimuli to create realistic driving ex-
periences. Studies show that immersion can influence responses
significantly [12, 16, 25]. Immersive simulators enable the study
of naturalistic responses by combining various stimuli to create
realistic experiences. This approach is essential for understanding
human behavior in traffic interactions [14]. However, immersive-
ness cannot come at the expense of replicability, since it is critical
for reproducible science, ensuring other researchers can replicate
and extend findings [5]. This involves accessible tools and materi-
als for building on previous work. Based on replicability, driving
simulators can be broadly categorized under four groups:

e Bespoke Simulators: Closed-source, hardware-specific,
and difficult to replicate [8, 29].

e Partially Open-Source Simulators: Some components are
open-source, but hardware dependency limits replication [1].

e Open-Source and Hardware Agnostic Simulators: Use
standard hardware and software interfaces, making them
more accessible [3, 18].

e Research Platforms: Fully open-source, modular, and scal-
able, supporting a wide range of applications [2].

Simulators must record detailed interactions to analyze partici-
pant responses accurately. Traditional driving performance mea-
sures like steering wheel reversals and time-to-line crossing remain
relevant but need to adapt to modern vehicle technologies and AV
interactions (SAE J2944) [13]. Besides, driving behavior models cat-
egorize driving tasks into strategic, tactical, and operational levels,
each requiring different information processing [17, 21]. Simulators
must provide data streams for discovery-based research to capture
nuanced interactions [22]. Qualitative measures capture naturalis-
tic responses and offer insights into human-technology interactions
that quantitative data might miss. Open, discovery-focused meth-
ods uncover new interaction patterns and inform the design of
future automotive systems [19, 20]. Existing simulators are often
high-fidelity but expensive and complex, limiting replicability and
accessibility. Integrating real-world scenarios into simulated en-
vironments can uncover new insights into AV interactions and
human behavior [24, 27].

Recently, the concept of distributed, multi-participant simula-
tors has gained traction as researchers seek to conduct multi-agent

https://dsri.uiowa.edu/nads-1, last accessed: July 10, 2024
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studies to understand interaction behaviors in traffic [4, 15, 28].
However, these simulators often lack the capability to express the
full range of movement in multiple degrees of freedom as experi-
enced in the real world, thereby limiting the scope of naturalistic
interaction studies. An open-source simulation setup that addresses
this limitation is the Strangeland platform [10], which focuses on
multi-driver interactions and enables rich data exploration through
animated data playback. This is facilitated by the ReRun tool [9], de-
signed for recording and replaying virtual scenarios, and specifically
tailored for behavioral coding. We have extended the Strangeland
platform to accommodate driver-pedestrian interactions and creat-
ing the GrokWalks simulator, thereby enhancing its applicability
for comprehensive traffic interaction studies.

2 Technical Setup

The demo setup features a Unity-based distributed driving simu-
lator, allowing participants to immerse themselves in the roles of
either a driver in a passenger vehicle or a pedestrian within a shared
virtual urban environment. This portable system utilizes a com-
puter (desktop or laptop) as a server to run the entire simulation.
Two commercial VR headsets, specifically Meta Quest Pros? (one
for the driver, one for the pedestrian), connect to the server. The
driver participant wears a VR headset and uses a portable steering
wheel (a Logitech gaming steering wheel connected to the server
PC). The pedestrian participant is equipped with a portable motion
capture device, a Sony mocopi’, which includes six inertial motion
units (IMUs) attached to the head, hip, wrists, and ankles. This setup
allows the system to track the participant’s movements within the
large physical space in which the setup is deployed (Figure 2a) and
transmit skeleton data to the server in real-time. Unity renders this
data as an avatar that reflects the pedestrian’s movements in the
virtual environment (Figure 2b). Both the driver and pedestrian par-
ticipants can see each other’s avatars and interact with one another
(Figure 2c).

During the demo, participants can walk or drive in the virtual
environment through pre-formulated traffic scenarios, allowing
them to move freely and naturally. This setup captures realistic
interactions, including gestures, body language, and movement
nuances that express implicit cues like hesitation. The 3D model
of the environment is developed at a 1:1 scale, with objects and
scenery created using Blender and based on existing open-source
third-party 3D assets. These models are imported and scripted into
a 3D virtual reality scene using Unity 3D, to run on the Meta Quest
Pro VR headsets. The scenarios represent realistic intersections with
regulatory lane markings. The driver-pedestrian dyad is introduced
into the virtual environment and receives navigation directions
via audio cues for the pedestrian or instructions in the In-Vehicle
Information System (IVIS) for the driver. They interact within the
virtual environment and then complete an in-VR questionnaire
about their interaction. This demonstrates the platform’s capability
to ask in-situ questions about situation awareness without breaking
immersion.

https://forwork.meta.com/quest/quest-pro/, last accessed: July 10, 2024
Shttps://electronics.sony.com/more/mocopi/all-mocopi/p/qmss1-uscx, last accessed:
July 10, 2024


https://dsri.uiowa.edu/nads-1
https://forwork.meta.com/quest/quest-pro/
https://electronics.sony.com/more/mocopi/all-mocopi/p/qmss1-uscx

AutomotiveUl Adjunct "24, September 22-25, 2024, Stanford, CA, USA

GrokWalks Simulator Demo

(b) View of the virtual environment.

(c) Driver and pedestrian views.

Figure 2: Setup and example of the GrokWalks simulator.

3 Use Cases for controlling traffic, as they separate traffic movements and indi-

Scenarios are essential for describing the various traffic contexts cate when pedestrians can cross. Conversely, unsignalized crossings

that influence pedestrians’ behavior when interacting with dri-
vers. Signalized crossings with traffic lights are highly effective
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require pedestrians and drivers to self-regulate without explicit con-
trol mechanisms. To investigate the extent of negotiations and in-
teractions that arise in ambiguous situations, we selected unsignal-
ized intersections and removed crosswalks. This setup ensures that
pedestrians do not expect the right of way, and all crossings occur
through communication, negotiation, and interaction to resolve
ambiguity. We developed a set of 12 traffic scenarios illustrating
different contexts where these interactions might unfold. These sce-
narios include intersections (without signals or crosswalks), parking
lots, midblock crossings (with and without occlusions from parked
cars), and shared road situations where cars and pedestrians must
navigate around each other without clear right of way. These sce-
narios were modeled within the Unity environment, and additional
scenarios can be easily created by modifying these existing ones to
cover a wide variety of interaction situations.

4 Conclusion & Future Work

With this simulator setup, we provide a robust platform for re-
searchers to examine near-naturalistic interactions between drivers
and pedestrians within a controlled environment, providing a level
of replicability that is challenging to achieve in real-world set-
tings. The system’s portability and cost-effectiveness significantly
contribute to its replicability, facilitating the rapid and straightfor-
ward deployment of the setup across diverse geographical loca-
tions. This capability is particularly advantageous for conducting
cross-cultural research on traffic interactions, allowing for the ex-
ploration of regional variations with relative ease. Furthermore,
ongoing developments aim to extend the simulator’s functionality
by integrating Non-Player Characters (NPCs) representing pedestri-
ans and other traffic participants. These NPCs can be programmed
to exhibit varying densities and behaviors reflective of different
geographical contexts. This enhancement will not only increase
the immersiveness of the simulation experience but also poten-
tially improve the ecological validity of the studies conducted using
this platform. By incorporating these dynamic elements, the sim-
ulator can more accurately represent real-world traffic scenarios,
thereby providing more reliable data for research in human-vehicle
interactions.
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