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Background

Bike simulators’ (BS) performance has undergone a significant development. The idea started
with using a screen in front of a bike and gradually moved to additional screens on the profiles,
then to head-mounted displays, virtual reality (VR), and sensors’ integration. This development
has allowed BS to progressively make its way into transport and cyclist safety research.
Nonetheless, as with any technology, it is crucial to validate the accuracy and reliability of bike
simulators to guarantee the goodness of the collected data. As part of the validation process for
bike simulators, studies are generally conducted to compare cyclists’ performance and
behaviour on the simulator to those in real-world environments. Several measures are employed
to evaluate its validity, such as the accuracy of the BS motion tracking, its ability to replicate
road conditions and terrain, and its ability to simulate the sensory experience of cycling. Even
though that, the number of validation studies is still limited.

Aim

The objective of the current research is to validate, objectively and subjectively, the bike
simulator (BS) developed at the University of Gyor. The study aims to determine how realistic
a VR-based BS can be.

Methodology
e Experiment design

The main concept of the research is to do a comparison between the performance of cyclists in
a real environment (on-site) and in the same, but simulated environment in a VR-based BS. The
experiment includes three main parts: cycling on-site, cycling in BS, and filling out a
questionnaire survey. The participant is also required to learn how to use the BS through a
tutorial scenario. Two road sections of approximately 150 m long in Gyor, Hungary were
selected: the first section is an advisory bicycle lane with sharrows, the second is a separated
bicycle pedestrian path.

e Data collection
In the first step, each participant has to cycle on both sites. In the second step, the participant is
required to cycle in the same environment in the BS. In both cases trajectory data are recorded
(by using a GNSS receiver for on-site measurements). In the last step, the participant has to
evaluate the experiment using a questionnaire survey.
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e Bike simulator design

The bike simulator consists of a physical bike mounted on a bike stand. Two Arduino Uno
microcontrollers are used to capture data from sensors attached to the bike. The first Arduino
Is used to determine the velocity of the bike using one HAL sensor and 9 magnets distributed
equally on the back wheel. The second Arduino uses a potentiometer to measure the rotational
angle of the steering wheel. The data from the Arduino sensors are transmitted to the Unity
simulation via serial communication. The simulation also includes a rigid body representing the
physical bike. The most important aspect of the software setup is the communication between
the Arduino sensors and the Unity simulation. C++ code is used to process the data from the
sensors, while C# code is used to transmit the data to the Unity simulation. The C# code receives
the data from the Arduino via serial communication and applies it to the rigid body in the
simulation. Participants in the bike simulator pedal the physical bike viewing the simulation
through the VR glasses. The simulation responds in real-time to the participant's pedaling and
steering, providing a realistic cycling experience.

e Participants
A total of 15 volunteers are involved in the experiment. The participants are mainly students
and faculty staff members.

Expected results

The bike simulator developed using Unity and Arduino Uno microcontrollers provides a safe
and controlled environment for participants to experience realistic scenarios. The experiments
will be done in the coming months. It is expected that results will indicate how realistic the bike
simulator is by analyzing trajectory data as well as the questionnaire survey. Results may
depend on different factors, such as familiarity with VR technology, calibration of the bike
simulator, cycling experience, how well the environment is represented, infrastructure
preferences, traffic conditions etc.



