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Proposal and Evaluation of a Real-Time Bus Ridership Estimation Method

Using BLE
ek st RH KA fEE k!
Ippei Goto! Kentaro Ueda!  Ryota Saze'
M 2 a2 LA 12
Yuki Matsuda'>  Hirohiko Suwa!?>  Keiichi Yasumoto'?

7% RICIBIE R B R

! Nara Institute of Science and Technology

2 B ARRTURT ERTHIRE AT v & —
2 RIKEN Center for Advanced Intelligence Project

Abstract: Buses are one of the main modes of transportation and have become an integral part of our daily
lives. On the other hand, studies have shown that public transportation users are concerned about the level
of bus congestion. It has also been shown that passengers may choose to wait for the next bus if they know
how crowded the current bus is. In other words, bus congestion, or the number of passengers on a bus, is
valuable information. A camera-based method of counting the number of people getting on and off a bus
is a possible method of estimating the level of congestion in a bus, but it is difficult to adapt this method
to existing buses given the limitations of installation locations, and camera-based methods are not desirable
given the privacy of the passengers. Therefore, this paper proposes a method to estimate the number of
passengers on a bus by sensing BLE (Bluetooth Low Energy) radio waves emitted from electronic devices
such as smartphones that people own, while considering passenger privacy. Experimental data was collected
over a six-month period from January to June 2022 with the cooperation of Nara Kotsu Co. In the proposed
method, features were created based on the continuity of BLE addresses, frequency of occurrence, interval
of occurrence, and magnitude of RSSI, and were trained with regression models such as Ridge regression
and LightGBM. The results show that the proposed method can estimate the mean absolute error (MAE),
mean absolute percentage error (MAPE), and root mean squared error (RMSE) with an accuracy of 3.69,

5.08, and 0.51 respectively.
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Algorithm 1 Max Appearance Interval (MAI)
Input: Bluetooth Device Address Set S, RSSI History
Data hyq4r, addr € S,n = 1..window_size
Output: Max Appearance Interval MAlL, 4, ,addr € S
1: for eachaddress S .44, do
2:  initialization; appearance_intervals

3:  for n = 1towindow_size do

4: if haddr,n = 0; then
interval + = 1;
5: else

appearance_intervals append interval,
interval = 0;

6 end if

7 end for

8:  MAI,y, = max (appearance_intervals)

9: end for
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True vs Predict (LGBM) - scan_3
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