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1 INTRODUCTION

Cycling as an active mode of transport is increasing across all Europe [1]. Multiple benefits are coming from
cycling both for the single user and the society as a whole. With increasing cycling, we expect more conflicts
to happen between cyclists and vehicles, as it is also shown by the increasing cyclists’ share of fatalities,
contrary to the passenger cars’ share [2]. Understanding cyclists’ behavioral patterns can help automated
vehicles (AVs) to predict cyclist’s behavior, and then behave safely and comfortably when they encounter
them. As a result, developing reliable predictive models of cyclist behavior will help AVs to interact safely
with cyclists.

Cyeclists’ conflicts with vehicles most often happen in crossing situations when the two road users share the
path [3]. Frequent conflicts happen at unsignalized intersections where priority rules determine which road
user should pass the intersection first. Even though the priority of passing at unsignalized intersections is with
the cyclists, in 42% cases, drivers do not yield for the cyclists in Sweden [4]. Very few studies tried to analyze
quantitatively the interaction process of cyclists with vehicles at crossing scenarios. Silvano et al. developed a
logit model to predict which agent would yield at the intersection when a conflict occurs [5]. In another study,
Boda et al. proposed a computational model to predict driver behavior when interacting with a cyclist at
unsignalized intersection. This model mainly predicts when drivers initiate braking and for how long they
brake [6]. However, what is lacking in previous studies is that they either focused on the driver’s side or they
did not include detailed information from the cyclists.

Cycling simulators provide a safe and controlled environment to conduct tests with participants under different
configurations. They are powerful tools to imitate real environments with the chance to repeat the scenarios.
Further, a cycling simulator may be employed to measure participant’s interaction with vehicles at intersections
in a safe way, because collisions cannot result in damages or injuries. This study investigated cyclists’ response
process when they interact with a crossing vehicle at an unsignalized intersection. We propose quantitative
models to predict cyclist behavior at intersections and a qualitative explanation of the interaction.

2 METHODOLOGY

The cycling simulator at VTI (the Swedish national road and transport research institute) facilities was used to
imitate a real intersection in Gothenburg, Sweden. The simulated intersection is an unsignalized intersection
with three legs, and conflicts between straight moving cyclists and vehicles that are coming from the right side
were investigated (GPS coordinates: 57°42'31.1"N, 11°56'22.9"E). In Figure 1, the layout of the intersection
and the moving direction of interacting agents are depicted. After some pilot tests, the independent variables
for the experiment narrowed to three different times to arrival at the intersection (TTA) and two visibility
distances (FOV distance). Three intersections without oncoming vehicle were included in between the trials
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to break the participant’s expectation. At the end of the trials, a surprise event was included: specifically, in
this trial the interacting vehicle was a truck instead of a car.

Figure 2: Bike simulator and
for the simulator. VR setup for the experiment.

Figure 1: Layout of the intersection considered

The inclusion criteria comprised being 18-45 years old, riding a bike at least once a month, not wearing
prescribed eyeglasses, having no physical disabilities, and being under 180 cm of height. Two questionnaires
were also filled out during the experiment. The first questionnaire was about demographic information and
participant’s experience in the simulator. The second questionnaire is called the misery scale, and it was used
for capturing the level of discomfort or dizziness that participants experienced during the experiment. It should
be noted that a virtual reality headset was used in this experiment to visualize environment. In Figure 2, the
experiment setup and the bike simulator can be seen. Sensor data were collected during the experiment and
included kinematic information of the car and the cyclists, pedaling, steering angle, and head movement.

3 RESULTS

So far, 14 participants have been tested in the simulator; they had an average age of 29 years (SD = 8.4; range
=19-42). The participants included four women with an average age of 28.8 years and ten men with an average
age of 29.1 years. Five participants completed all the trials, and the rest of the participants did not because they
showed some signs of motion sickness, and the experiment stopped at that point. The data loss varied much
across participants; in fact, the participants that completed only some trials passed the intersection from zero
to 11 times (the total number of trials was 12).

Preliminary results show that each participant behaved similarly when the independent variables time to arrival
to the intersection and field of view distance changed. Six out of 14 participants that succeeded in doing most
of the trials were chosen for the analysis. In Figure 3, cyclists’ speed profiles are depicted when the TTA
changed, and the rest of the variables were kept constant. As is shown in the figure below, changing TTA
values had no major effect on participants’ behavior. No significant difference was found either when the FOV
changed. Based on interviews, the participants expressed that lacking a driver inside the car to communicate
was a major reason to behave safely in most trials (which resulted in cyclist yielding). This experiment is
ongoing, and the results will be completed before the conference.
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Figure 3: Cyclists' speed profile for different time to arrival (TTA) to the intersection values

4 DISCUSSION

According to the results and interviews, in most cases, participants chose to be safer by yielding to the vehicle
because they could not communicate with the driver. Therefore, cyclists” behavior in this experiment implies
the importance of implicit communication for interaction between cyclists and vehicles. This experiment is
ongoing and will soon test more participants to increase the sample size. Full results will be presented at the
conference and included in our paper. Our models will include 1) the cyclist’s actions during the interaction
(e.g., pedaling, braking, and head movement) and 2) subjective measurement results about the motion sickness
and participant’s experience during the test.

REFERENCES

[1]  J. Pucher and R. Buehler, “Cycling towards a more sustainable transport future,” Transp. Rev., vol. 37,
no. 6, pp. 689-694, 2017, doi: 10.1080/01441647.2017.1340234.

[2]  European Road Safety Observatory, “Traffic Safety Basic Facts on Cyclists,” Eur. Comm., no. June, p.
24,2018.

[3] G. Bjorklund, “Driver interaction, informal rules, irritation and aggressive behavior,” PhD Diss., 2005.

[4] J. Svensson, Ase; Pauna, “Trafiksdkerhet och véjningsbeteende i Cykel-motorfordon interaktioner,”
Lund Univ. Fac. Eng. Technol. Soc. Traffic Roads, Lund, Sweden., 2010.

[5]  A.P.Silvano, H. N. Koutsopoulos, and X. Ma, “Analysis of vehicle-bicycle interactions at unsignalized
crossings: A probabilistic approach and application,” Accid. Anal. Prev.,vol. 97, pp. 38-48, 2016, doi:
10.1016/j.2ap.2016.08.016.

[6] C. N. Boda, E. Lehtonen, and M. Dozza, “A Computational Driver Model to Predict Driver Control at
Unsignalised Intersections,” [EEE Access, vol. 8, pp. 104619-104631, 2020, doi:
10.1109/ACCESS.2020.2999851.

35





