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Cycle Safety Information Estimation Method
using Environment Sound Collected from

Smartphone Attached to A Bicycle*

Shogo Kawanaka

Abstract

The number of cyclists has increased from the viewpoints of environmental con-
servation, health promotion, tourism use and so on. However, there are very few
roads in which a cyclist can travel safely, due to the small national land and com-
plicated topography of Japan. The cyclist needs to travel on the roadway in many
situations. There is a risk of collision with other vehicles because of narrow roads
and sometimes the conditions of the road are not adequate for cycling. These
factors are major concerns regarding safety during cycling. Therefore, selecting
a safe route is important for improving safety during cycling. However, there is a
shortage of cycle safety information such as the number of passing vehicles, types
of vehicle, vehicle speed and lateral distance (the distance between the bicycle
and the vehicle) required for selecting the safe route. It takes significant time and
money to collect such information, which makes it difficult to collect exhaustive
information.

In this thesis, to solve above mentioned problems, we try to gather cycle safety
information by user participatory sensing using sensing data collected from cy-

clist’s smartphones. There are no existing studies that use only smartphones

*Master’s Thesis, Graduate School of Information Science, Nara Institute of Science and
Technology, NAIST-IS-MT1651037, March 15, 2018.
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attached to bicycles to detect vehicles that are driving on the roadway. There-
fore, we present the following three challenged] Challenge 1: Clarification of useful
sensors for vehicle detection ; Challenge 2: No restriction on the type of vehicle
in the detection target ; Challenge 3 : Detection of cycle safety information in-
cluding vehicle speed and lateral distance. First, in order to solve the challenge
1, we conducted preliminary experiments to select useful sensors for collecting
cycle safety information from sensors mounted on a smartphone and it turned
out that using a microphone is suitable. Next, in order to solve the challenges
2 and 3, which are necessary for evaluating the safety of the route, we propose
two types of approaching vehicle detection methods using sound collected from
the smartphone attached to the handlebar of the bicycle. The first method is
to detect approaching vehicles by frequency analysis and machine learning for
running monaural environmental sounds, and the second is the arrival of stereo
environmental sounds collected from two microphones mounted on the top and
bottom of the smartphone. This is a method of detecting an approaching vehicle
using the time difference.

We conducted evaluation experiments to clarify the detection performance of
each proposed method. In the method using monaural environmental sound and
machine learning, it was found that approaching vehicles can be detected with
an F-measure of 0.97 for approaching vehicles. Moreover, it was found that with
the method using the arrival time difference of the stereo ambient sound, the
number of vehicles can be detected with an F-measure of 0.80 for each approaching
direction. In addition, by combining the two proposed methods, it is suggested
that it is possible to estimate the vehicle type and vehicle speed among the cycle

safety information.

Keywords:

Bicycled Smartphonel Safety cycling information Environment sound sensing[]

Acoustic analysis
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