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Abstract In this paper, a real-time public transportation monitoring system is proposed. The proposed
system was implemented by developing a public transportation app and utilizing optical sensors,
pressure sensors, and an object detection algorithm. Additionally, a bus model was created to verify the
system's functionality. The proposed real-time public transportation monitoring system has three key
features. First, the app can monitor congestion levels within public transportation by detecting seat
occupancy and the total number of passengers based on changes in optical and pressure sensor
readings. Second, to prevent errors in the optical sensor that can occur when multiple passengers board
or disembark simultaneously, we explored the possibility of using the YOLO object detection algorithm
to verify the number of passengers through CCTV footage. Third, convenience is enhanced by
displaying occupied seats in different colors on a separate screen. The system also allows users to check
their current location, available public transportation options, and remaining time until arrival.

Therefore, the proposed system is expected to offer greater convenience to public transportation users.

Key Words : Arduino, Public Transport, Real-time Monitoring System, Object detection, YOLO
(You Only Look Once)
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[Fig. 1] Formation of public transportation system
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initialize global (EZii) to [ (%) create empty list
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Tientl -l B |

when [(IFEZETIED AfterPicking

[0 B global Send ~ RERIH ListPicker1 ~ | Selection ~ |
(1[N BluetoothClient] ~ Hesl a3
ECCIEEEEN-C 4 global Send ~

evaluate but ignore result

when [TER8 .OtherScreenClosed

[ result ~ )| # - 8 Bluetooth Unavailable | |
LUCEERY global Send v RUME-CY result v |
evaluate but ignore result | call (EMSREEIEED Connect

address (| get ERTIEETRD
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[Fig. 4] Composition of Bluetooth connection
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[Fig. 5] Composition of connection with Arduino’s
sensor
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[Fig. 6] Model of Bus in Public Transportation
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{Table 1) Code about counting people from infrared
optical sensor

void loop(}
while(BTSerial.available(){
BTValue = BTSerial.read():
Serial.printin(BTValue):
}

int fsrValuel = analogRead(fsrPin1);
int fsrValue2 = analogRead(fsrPin2);

sensorValue1=analogRead(sensorPin1);
sensorValue2=analogRead(sensorPin2);

if(sensorValue1)800)

cnt++;
Y a—— disembark passenger cnt —————---
if(sensorValue2)800)

cnt——;

{Table 2) code for LED display according to number
of passengers

ificnt )= 0 && ent (= 10) {
digitalWrite(ledPin2, LOW);
digitalWrite(ledPin1, HIGH);

}

else if(cnt »10 && cnt (= 18) {
digitalWrite(ledPin1, LOW);
digitalWrite(ledPin2, HIGH);

}

else if(ent »18) {
digitalWrite(ledPin1, LOW);
digitalWrite(ledPin2, LOW);

}

1~
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{

(Table 2% %719] o] wet LED BAS 9] &
FA7IE Tt B dpolAt 134 MAR 7]
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{Table 3> Code about FSR sensor

if(fsrValue2 ) 700) {
digitalWrite(fsrled2, HIGH);
}
else {
digitalWrite(fsrled2, LOW);
}
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o A 2 o] 13749 B 217} o ANE
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[Fig. 71 The Network Architecture of YOLOv5
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[Fig. 11] Improved YOLOv5 Network Architecture
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(Table 4) Experiment environment

0s Windows 11
Python 3.9.13
SwW CUDA 11.5.2
cuDNN 8.9.6
Pytorch 1.12.1
CPU Intel Core i9-12900K
w GPU NVIDIA GeForce RTX 4060 Ti
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(Table 5) Performance comparison between models

D Precision Recall mAPsg mMAPs0-g0
YOLOV5-n 0.781 0.624 0.699 0.332
YOLOv5-s 0.796 0.650 0.705 0.335
YOLOv6-m 0.809 0.634 0.71 0.331

YOLOV5-I 0.785 0.642 0.698 0.327
YOLOv5-x 0.783 0.602 0.663 0.306
TOLOVS 0774 0.665 0.750 0.384

—person

712 22 YOLOvSSH Hlw ke o, 7§ 2E YOLOVS
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-person= mAPso(Mean Average Precision at 50%)
9 mAPsp-oo(mean Average Precision at IoU thresholds
from 0.50 to 0.95) ZZ}F 3.9%2t 5.3%F o3l
81 RecallE= 3.1% 37Vt 2l SHE AAof o
gt F= HE 2AE 951 5 S gRIE 5 St

(Table 6)& Z} Sh5d dlo] F <=, mEtug = 9
od wEzy 37| yehdch. YOLOvSmol S|

YOLOv5-person®| Z14| st2tu|g] 40 vke] J7]=

ZV7¢ OF 24%8}F 23%7F 7HAsHTh olgdt Al md
o] A& 582 FA7I= BA0l B9 718 &
Bgsetal AAl 8ol 3lol ©& HestA wErh

(Table 6) Size comparison between models

Parameters memory
(=]
=4 Ly (Million) (MB)
YOLOVS-n 157 1.765 39
YOLOVE-s 157 7.022 14.4
YOLOVS-m 2712 20871 22
YOLOVEI 267 46.138 928
YOLOVEx 322 86.218 1731
YOLOVS 229 16.809 26
—person

(d) Department stores, classrooms, conference rooms

[Fig. 12] Detection results of YOLOv5-person
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AgH o] |5t HIAE dlolEle] i3t A& AIE A
£ 4y}, Jfdd BE2 o] dEsnEa 22 B
oA HEo] AEEE AT 4 ot 123 Wt
A, WA, 472, IYH T AREEE SYle O A&
2OJAE 55 52 Bk

5. 28 A 7|zt

2 AFolM A TP 71ES] S AE Al
28 ofER]|AloldolE HAe] 2f ttof Alzkg ERIg
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S}, 7129 Vsl EHREE & & U= Vs E 7t
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o, oA U WA FEETE HMoF ;A
EHAl 24 o 15 Uehdch Hod MM S
Jtoll 2zt shty dAsto] F Q1AE oo 4= 3l
L& 3}

o Uo7t Al EF= 549 FeHdS =ol7] {lsh
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