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Abstract

This research aimed to develop a personal protective equipment (PPE) wearing detection system by
employing deep learning techniques in conjunction with the YOLOvV7 algorithm for real-time image analysis. The
system was capable of detecting safety helmets, reflective vests, safety glasses, and ear protection. It was trained
on a dataset constructed from images of correctly worn PPE and evaluated using performance metrics such as
Precision, Recall, mAP@0.5, and mAP@0.5:0.95. The results demonstrated that the model achieved high accuracy
in PPE detection, with an overall Precision of 0.956, Recall of 0.928, mAP@0.5 of 0.966, and mAP@0.5:0.95 of
0.744. It could also effectively detect the correct wearing of PPE based on the defined compliance conditions. In
addition, the model was also able to perform real-time alerts upon detecting violations and to record the alert
data for later review. In the real-world simulations, the model could detect PPE wearing in real-time manner while

the users were working. However, there were still limitations in identifying certain incorrect wearing behaviors. The
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developed system can be applied to improve safety in the workplace and serve as a foundation for the

development of better safety monitoring systems in the future.

Keywords: Personal protective equipment, Deep learning, Object detection
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Figure 3 An example of dataset images with

randomly applied augmentation techniques
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Figure 12 Examples of alert logs

3.4. N15NAFBUAMNLLUENTUNITATIIULUY
= 4
Bealns

nnsnaaavluide 3.2. nuideulusingn

3

A

ldarursavhunldaudunisnsiadunuuseiilasls

v

Figure 10 Experiment on accurate ear protection NS INVUAUDINTBU head NlElun15919B9ARTUT
alert detection nsiasuulanegnaonalngiznsieaeun Jale
andeulynisnmaduiduiiswdAn9duresinesening
9 v o & & o v o oA

3.2.4. \HodsTiounds Taguinuudnaunsausuldiunisnsisdunuuseiio
Weoulafe Wensianu body liudafiou no lifA1A3 T e (confidence) Mildog 0.7 uay loU
vest 910 Figure 7, 8, 9 wag 10 agwiulainfinisudasiou (intersection over Union) 8¢l 0.45 tieaan1slininens

on vest TianuAgnaewmNRouluTisins YouATBdLaiiuANNLNgluN1INTIITUvRtliNaA

64



NIATIMEIEansuarmAlulad unnIneduguasyentl UN 28 atduil 1 feuunIIAL-wweY 2569

3.4.1. nan1IAEaUN 1

nsnadeuANgNaedlun1InIINTulnenIs
guntindaslussey 2 wns 10 u¥ 10 ASI 310N13
naauanun 3 Useian Useianag 2 wuu Winanis
naaoufignaosuiuglun1snsiaduniudwandy
Table 2 wag Figure 13 wAvzin1snAdauAUNdDg IP

Y Ao a o oo

camera lua1A1snanduasunfinazuastos NilAu

a I3 4 £ =] LY £
Aananaantoulun1snsiadu head wie wa asnansly

'
a

Table 3 uar Table 4 Fufinangunsal PPE NE3Teaild
Ao wiumdsfeAinsvuialug uazvuiadn weliie
arulduiundvunalngvilin1snsiadunseu head i
UseANSNNARALNTIEIUaLDUAURIAaTE head Tooad
Wasanwiuilsiulude wasddidadeieitunaswaenin

v A X = ° o '
wazyundesmiluyueduieavhlilumansiadulaly

Fonaulutnensal fwansly Figure 14 way Figure 15

Figure 13 Test results using an outdoor webcam

Table 2 Test results using an outdoor webcam

No. head helmet  glasses ear protection vest true false
1 1 1 1 1 1 5 0
2 1 1 1 1 1 5 0
3 1 1 1 1 1 5 0
a4 1 1 1 1 1 5 0
5 1 1 1 1 1 5 0
6 1 1 1 1 1 5 0
7 1 1 1 1 1 5 0
8 1 1 1 1 1 5 0
9 1 1 1 1 1 5 0
10 1 1 1 1 1 5 0
all 100% 100% 100% 100% 100% 100% 0%

Figure 14 Test results using an indoor IP camera under normal lighting conditions
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Table 3 Test results using an indoor IP camera under normal lighting conditions

No. head helmet glasses ear protection vest true false
1 0 1 1 1 1 4 1
2 1 1 1 1 1 5 0
3 0 1 1 1 1 4 1
a4 1 1 1 1 1 5 0
5 1 1 1 1 1 5 0
6 1 1 1 1 1 5 0
7 1 1 1 1 1 5 0
8 1 1 1 1 1 5 0
9 1 1 1 1 1 5 0
10 1 1 1 1 1 5 0
all 80% 100% 100% 100% 100% 96% 4%

Figure 15 Test results using an indoor IP camera under low-light conditions

Table 4 Test results using an indoor IP camera under low-light conditions

No. head helmet  glasses ear protection vest true false
1 0 1 1 1 1 4 1
2 1 1 1 1 1 5 0
3 0 1 1 1 1 4 1
a4 1 1 1 1 1 5 0
5 1 1 1 1 1 5 0
6 1 1 1 1 1 5 0
7 1 1 1 1 1 5 0
8 1 1 1 1 1 5 0
9 1 1 1 1 1 5 0
10 1 1 1 1 1 5 0
all 80% 100% 100% 100% 100% 96% 4%
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Figure 16 Example of safety glasses used for testing
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