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ABSTRACT

Analysis of the Effects of Spatial Components on Bicycle Riding Behavior
in Sidewalk Using the Social Force Model

Shotaro Akiyama

Although the number of traffic accidents in Japan has shown a long-term declining trend, a certain
number of accidents involving bicycles still occur. Accident risks arising from microscopic riding
behaviors such as interactions, passing, and overtaking with pedestrians have been pointed out. Since
bicycles are classified as light vehicles and utilize various types of spaces such as sidewalks and road
shoulders, their riding behavior is strongly influenced not only by surrounding traffic participants but
also by spatial components such as roadway width, tactile paving, and curbs. However, existing studies
have mainly focused on behavioral analyses of pedestrians and cyclists, and there remain limited stud-
ies that quantitatively address microscopic modeling of bicycle riding behavior and its relationship
with spatial components.

Therefore, this study aims to construct a bicycle riding behavior model based on the Social Force
Model using bicycle trajectories extracted from video data recorded in real sidewalk environments,
and to analyze the influence of spatial components such as tactile paving, curbs, and manholes on
bicycle riding behavior. Specifically, model parameters are optimized using the reproducibility be-
tween observed trajectories and simulated trajectories as an evaluation metric. By estimating parame-
ters based on the reproducibility with observed trajectories in a Social Force Model that incorporates
spatial components, the influence of spatial components on bicycle riding behavior is quantitatively
organized and discussed.

As a result, parameters corresponding to key spatial components such as walls and curbs were statis-
tically significant at all survey locations, confirming that bicycle riding behavior is strongly influenced
by the physical elements constituting sidewalk space. Furthermore, comparing the estimated parame-
ter distributions across locations revealed a tendency for the most influential spatial components to
vary depending on the spatial configuration differences, indicating that bicycle riding behavior
changes according to spatial conditions. Additionally, extracting the most dominant spatial component
at each location based on an influence index integrating rebound force intensity and effective distance
revealed the existence of characteristic dominant structures specific to each location.

Through this study, the quantitative understanding of bicycle riding behavior is deepened, and fun-
damental insights are provided to support the understanding of bicycle behavior in sidewalk spaces

and to contribute to future discussions on sidewalk space design and traffic safety.
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