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1 INTRODUCTION

This research outlines the development of evaluating safety measures for bicycle traffic using state-of-the-art
technology, which was started since 2020 as a four-year project. The project is funded by the Commission on
Advanced Road Technology in the Ministry of Land, Infrastructure, Transport and Tourism(MLIT).

While Japan has a high bicycle modal share of 12% (2010), bicycle-related fatalities are relatively high among
other countries in the IRTAD database (2019). Under these circumstances, since 2007, various measures for
bicycle traffic measures have been implemented to improve the safe bicycle traffic environment, including the
revision of the Road Traffic Act and the formulation of a national plan to promote bicycle use.

However, serious accidents involving bicycles are remained in some specific cases. According to the
government's traffic accident analysis results (2019), right-hook crash at signalized intersections are one of the
most serious types of collision involving bicycles, along with accidents at unsignalized intersections involving
vehicles turning left, rear-end collisions, and single vehicle accidents due to off-road deviation. In particular,
proactive safety measures are required at signalized intersections along arterial roads, where electric personal
mobility vehicles traveling at speeds of up to 20 km/h are expected to share with bicycles in the future.

In order to evaluate safety measures for bicycle-vehicle crashes, this project set the following goals.

1) Identify factors influencing near-miss incidents and collisions through analysis of drive recorder data and
accident statistical data.

2) Detailed analysis of traffic conditions from the cyclist's perspective using a probe bicycle equipped with a
LiDAR sensor.
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3) Development of an experimental environment using a connected simulator for evaluation of cooperative
driving behavior.

4) Clarification of experimental conditions to evaluate different scenarios and conditions with and without
intervention.

5) Proposal of effective interventions to improve crash cases based on experiments.

2 DEVELOPMENT OF TOOLS

For this project, several engineering tools to perform simulator experiments with greater accuracy were
prepared.

2.1 Trajectories extracted from Faster R-CNN method

Image analysis using deep learning techniques was conducted to understand the collision situation between le
ft-turning vehicles and bicycle traffic from the observed data. Using the extracted trajectory data, potential co
llision risks were calculated for each bicycle traffic pattern. Crash scenarios for simulator experiments were ¢
reated by adding the result of accident statistics data and drive recorder data of occupational drivers.

Picture 1 A Case in Kameido Plcture 2 A Case in Oomorlklta Picture 3 A Case in Shibuya

2.2 Probe bicycle with the LIDAR sensors

A probe bicycle is a bicycle equipped with a GPS unit, video cameras, and the Velodyne Lidar VLP-16. the
Lidar outputs three-dimensional point data that can reveal the shape and relative position of surrounding
vehicles and other objects within 100 meters. By using this bicycle to collect data in actual conditions, it is
possible to understand the requirements for inter-vehicle communication to prevent collisions. It can also be
used to verify the accuracy of experiments in virtual space by obtaining data such as trajectories and relative
distances from the actual road environment and comparing the data on the simulator.

Picture 4 Prove bicycle. Picture 5 Example data from Lidar on Bicycle.
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2.3 Connected simulator system

Two types of simulators were prepared for virtual experiments. The first one is a 180-degree cylindrical screen
type with an additional rearview monitor, side mirror monitors, and a rear side window that can be projected
by a projector. The second one is a head-mounted display that provides a 360-degree field of view. Driving
simulator and cycling simulator are connected in the system allowing the user to freely drive each in the same
virtual space, as well as generate other computer-operated vehicles. These simulator systems can be used for
evaluation tests of cooperative behavior between subjects in situations where collisions are expected. An
example of a virtual road space is to vary the corner components of a protected intersection to evaluate what
combination of conditions is a reasonable measure of ensuring safety.

Picture 6 Connected Simulator system with screen type.  Picture 7 Connected Simulator system with HMD type.

3 CONCLUSIONS

This paper provides an overview of the study and its component tools. Each progress result for this project will
be shared at the conference.

REFERENCES

[17 Alex A. Black, Rebecca Duff, Madeline Hutchinson, Ingrid Ng, Kirby Phillips, Katelyn Rose, Abby Ussh
er, Joanne M. Wood: Effects of night-time bicycling visibility aids on vehicle passing distance, Accident
Analysis and Prevention, Vol. 144, Article 105636, 2020. https://doi.org/10.1016/1.aap.2020.105636

[2] Ben Beck, Monica Perkins, Jake Olivier, Derek Chong, Marilyn Johnson: Subjective experiences of
bicyclists being passed by motor vehicles: The relationship to motor vehicle passing distance, Accident
Analysis & Prevention, Vol. 155, Article 106102, 2021. https://doi.org/10.1016/j.aap.2021.106102

[3] Jordanka Kovaceva, Gustav Nero, Jonas Bérgman, Marco Dozza: Drivers overtaking cyclists in the
real-world: Evidence from a naturalistic driving study, Safety Science, Vol. 119, pp. 199-206, 2019.
https://doi.org/10.1016/j.ss¢i.2018.08.022

[4] Joanne M. Wood, Richard A. Tyrrell b, Ralph Marszaleka, Philippe Lacherez a, Trent Carberrya:
Bicyclists overestimate their own night-time conspicuity and underestimate the benefits of
retroreflective markers on the moveable joints, Accident Analysis & Prevention, Vol. 55, pp. 48-53,
2013. https://doi.org/10.1016/j.aap.2013.02.033

[5] Marco Dozza, Ron Schindler, Giulio Bianchi-Piccinini, Johan Karlsson: How do drivers overtake cyclist
s?, Accident Analysis and Prevention, Vol. 88, pp.29-36, 2016. https://doi.org/10.1016/j.aap.2015.12.008

[6] Rachael A Wynne, Vanessa Beanland, Paul M. Salmon: Systematic review of driving simulator validation

studies, Safety Sciencs, Vol. 117, pp.138-151, 2019. https://doi.org/10.1016/1.s5¢i.2019.04.004

[7] Steve O’Hern, Jennie Oxley, Mark Stevenson: Validation of a bicycle simulator for road safety research,
Accident Analysis and Prevention, Vol. 100, pp. 53-58, 2017. https://doi.org/10.1016/j.aap.2017.01.002

[8] Walker, L.: Drivers overtaking bicyclists: Objective data on the effects of riding position, helmet use,
vehicle type and apparent gender, Accident Analysis and Prevention, Vol. 39, No. 2, pp. 417-425,
2007. https://doi.org/10.1016/j.aap.2006.08.010

185





