Journal of The Korea Institute of Building Construction pISSN 1598-2033
Vol. 23, No. 1, pp. 81-92 / February, 2023 elSSN 2233-5706
https://doi.org/10.5345/JKIBC.2023.23.1.081 www.jkibc.org

Research Paper

ARH HIH 7|22 0|8t A4 2YX Ee+t HE 2 &4
Accuracy Analysis of Construction Worker’s Protective Equipment
Detection Using Computer Vision Technology

1 1 2 3 4
™ - 07|47 . RIE” - MM - O|HE™
Kang, Sungwon® - Lee, Kiseok’ - Yoo, Wi Sung® - Shin, Yoonseok® - Lee, Myungdo™*

!Master’s Course, Department of Architectural Engineering, Kyonggi University, Yeongtong-Gu, Suwon-Si, 16227, Korea

Research Fellow, Department of Economic and Financial Research, Construction & Economy Research Institute of Korea,
Gangnam-Gu, Seoul, 06050, Korea

3Professor, Department of Architectural Engineering, Kyonggi University, Yeongtong-Gu, Suwon-Si, 16227, Korea

*Director of R&D Center, R&D Center, Yunwoo Technologies Co., Ltd., Songpa-gu, Seoul, 058054, Korea

*Corresponding author ABSTRACT
Lee, Myungdo
Tel : 82-70-4875-4101

According to the 2020 industrial accident reports of the Ministry of Employment and Labor, the
number of fatal accidents in the construction industry over the past 5 years has been higher than in
E-mail : mdlee@yunwoo.co.kr  other industries. Of these more than 50% of fatal accidents are initially caused by fall accidents. The
central government is intensively managing falling/jamming protection device and the use of personal
protective equipment to eradicate the inappropriate factors disrupting safety at construction sites. In
Received : December 1,2022  addition, although efforts have been made to prevent safety accidents with the proposal of the Special
Revised :January 5,2023 Act on Construction Safety, fatalities on construction sites are constantly occurring. Therefore, this
Accepted : January 9, 2023 study developed a model that automatically detects the wearing state of the worker’s safety helmet and
belt using computer vision technology. In considerations of conditions occurring at construction sites,
we suggest an optimization method, which has been verified in terms of the accuracy and operation
speed of the proposed model. As a result, it is possible to improve the efficiency of inspection and patrol
by construction site managers, which is expected to contribute to reinforcing competency of safety
management.
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Accuracy Analysis of Construction Worker’s Protective Equipment Detection Using Computer Vision Technology
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ZAF¥] H]Z(Computer Vision)2 AFEo] 3, AJA17 0 2 9.2 X244 0] A B2 E5] ko] 4] JAFE S A e]el= A4S
AT oln|A] HE S50l o] HHE Held BEE &3l 2 AF, I 5= ke 7Ie°lt10]. ZiA] HE(Object
Detection)-2 o]0 2] ol Ao} FH vjA-S

4k o] A& E(Classification)stl A 75

(a) image classification (b) object detection

Figure 1. An example of object detection

A2 1A AE, 294 dE F 7R 2 LR 197 HE2 o]r] 2] 9] &5 G 9 (Region of Interest) 1} 9]
25}3(Localization) 222 E-5(Classification) ZFY o] FA]of| o] FolXt}, S H oS HA FE6HK] &1,
A= AA ofm] 2o il g5 417" (Convolution Neural Network) 2 2 £, 12| A H 23 =3Pty tjmz o=
YOLO(You Only Look Once), SSD(Single Shot Detector) 5] Q1tt. §HH 20HA] A& o
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g JHE AEs e dAdES 7L

2 17
ARt e = ZAEN2(Bounding box) & 2] skal S22 SHE A5t ME HE S5 7 ok 197 dE WU

ik, SHIRE 18] 22 oful 2] A s shke] A174ao] ¥l

=

= o

YOLO ¥278]E-2 VOC 20120014 &, Aol izt A& 50 the A& Sl e|EH ot o)t A 0 & el T 14]. o
2hA], & 995 YOLO ¢8| ES Sl A48 2ArdAso] 72 ARSSHL Qe PR, PATE HEskaL ofof tit 4

2.3 ARE HH ZE AL

AH B Ve B8 vt Q952 A B AR o, ], P E Sl AE L glew,
8 A8 et H-8-2 Table 13 Lt

MAES T P A4S52 Held= HIES AFE HIA, o|n]x] WA 2] 7|aS E-8sto] ] e At 22 W
|oz agEelom, ¥ dole 3 Bl 24 WS AASIAL Qlvt. Aol A Bol AFE AL 2l 8% T
PR E |5 ffel S RAERY 25S Fle Aol A4S SHAW, ARt A= cllEsto] 24 ArL
£ oAfoh= A7 AIRNE I QI o] 2jol e AUl-FARY, Hike, A4 A AR 54 A 4|l 22 oA Te] ool Ak 4
] H|H 7]zl thell B2 77 =L )t ojef 2o, AR e v 7]ey Hed A A2 diE A A, o
HoA, 4780 5 AA dE 2 AR B el et A7 FE ol AL Aok TR, AE Hdlof s of W o)
22 Hel ARl A gholl mhE A& Aot A4S aRYSIAAT, A0tE A7 s titt 28 7s A2 gelg o 9l
Aout, AddF o] o] @Al mhE Aot Wt 4= RSt ol= et A E Blde E-8sto] A ™
& A-goll East 25 Bt A7 Easital & 4 it
Table 1. Review of previous research

Category Researcher Suggest

Park et al.[15]

Proposal of a pre-processing technique of motion mosaic images to improve PPE detection

Personal Protective Jeon et al.[16]

Analysis of the detection accuracy based on worker’s different safety equipment and
learning iterations

Equipment
Nipun et al[17] Present deep learning methods, related data collection, and analysis methods to detect
P whether construction workers wear personal protective equipment.
Jeong et al [18] Proposal of an automatic recognition model for inappropriate operations of heavy equipment
g ’ considering the interaction between heavy equipment and signal workers
Jo et al[19] Application of the AVM device to develop an image-based excavator access detection
Construction ’ system
Equipment Cho et al.[20] Application of a computer vision technology for extracting the workers and heavy
’ equipment in tracking multiple objects
Lim et al[21] Set-up of collision risk zones during soil transport and the proposal of image analysis
’ methodology to identify near-missing accidents
Jeon[22] Development of an object recognition model for small and medium-sized objects in indoor
construction sites
. Recognition and detection of workers on railroad track-side using the railway vehicle tunnel
Safety Management Shin[23] .g . . & Y
monitoring video system
. Proposal of a real-time intruder monitoring system to protect crucial equipment and facilities
Park and Binayak[24] P R4 P quip

of the railway system
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3.7HUEST HE DA Y

3.1 O|OJX] Glo[& 4 719

=W A 147702 o2 1, B, VIER Weo] ZHH|2hE ol Y5t A, Figure 29 Zof =39t o|m]#]

S AR AEEAL WHESAL B2 TR R, ER2EAL SR

Figure 2. Images collected at domestic construction sites

Table 2. Image collection overview (Unit : Places, Images)
. . . . Work
Regional classification Site - — Image
Construction Class Image Civil Class Image Etc Class  Image
L 1,202 L 651 L 74
. ) LC 785 LC 720 LC 154
Metropolitan Region 64 3,105 2,842 632 6,579
LH 604 LH 486 LH 315
LCH 514 LCH 985 LCH 89
L 546 L 126 L 45
LC 468 LC 407 LC 12
Central Region 39 1,877 1,046 384 3,307
LH 497 LH 198 LH 150
LCH 366 LCH 315 LCH 177
L 402 L 85 L 15
LC 841 LC 46 LC 79
Southern Region 35 1,917 513 181 2,611
LH 324 LH 118 LH 15
LCH 350 LCH 264 LCH 72
L 45 L 47 L 12
LC 107 LC 9 LC 16
Other Region 9 371 209 51 631
LH 84 LH 64 LH 10
LCH 135 LCH 89 LCH 13
L 2,195 L 909 L 146
LC 2,201 LC 1,182 LC 261
Sum 147 7,270 4,610 1,248 13,128
LH 1,509 LH 866 LH 490
LCH 1,365 LCH 1,653 LCH 351
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919} o), AURH S2ek olulA| E melo] ShaE 4 GHe eI 7FEob] et dlole ehue S St
Aot 2l 22 715 B(Github)ol| A AlFoh= @ E4AA T2 T3 LabellmgE 59l Z13Y5H T} 94, Figute 337} o]
AEotAL ok S| 1A e 1ote] ZAAEAE 2] stal, 47FA] Z= 4 L(Laborer : 242}, LC(Laborer Cap : 24
ZF QPR 28, LH(Laborer Harness : 242} @A 218, LCH(Laborer Cap&Harness : 2FH2} PR, QP 22
oot 2hElE] 2HY] 3 o|u| 2] flo]E+= PASCAL VOC @A 0.2 A o] e 715 7 AHFA 0] 92| FH-Z 4712] oft

18] (xmin, ymin, xmax, ymax)= A= o] glo]g] A& st o HE Bl 7 fls) A8kt

ST I
g@;n{,m:!ﬂg*gﬂiuél

Figure 3. Image data labeling

3.2/ HE B

c
H A= 7 o] Sl5(Fine-tuning)= 551 7] S5% Hald 22 (Backbone neural network)S 7|HHS 2 44 (convolution
1=

base) YH-E-2 I AHA|7]2L, B-77](Classifier) & A2 SH5A 7= WAS AH8sFT

YOLO-v3+= A5 E(Github) ol A Al E 7HJIE 24 AE G252 E-8ot9a, 22 AETHS Slol ARgateltt.
g olu]z]9] A7)= 416x4162 & 3x3 1P| E(grid)® Wil 8353 2"k A AF 45 S5 g
TIoU(Intersection over Union) > 0.45, 2|4 2] g1-Z A75k= Aigke] SHAIA, oAl Dol 57 vheQ BiA Qtof] A7 2

29 5 (score_threshold)- 0.3.2.2 47513t 912 o]u]z]o] 37)2] 878t ~(anchor Boxes)& 228 A5}, A]
2 ThE F7](32%32, 16x16, 8x8) % PAEATF A H T} HIAE R - Tensortlow) S 59 2t 12| =2 A2 79t~ S A
Z Vol 55 5785 AAMEIA 0 oF, 37] 274-& ShaolA Het. 7] shsE AR A= WE ot A EH, WlE =2}
FHY X, Y FHEL} HAMA o], YH|[E el o] & AX A o]z of tisl - 4,032712] AANAE S 6}

A 513, 21| SFo] W AAR 7 AR vlgo] 2 518 AASH EJW Figure 42} o] 2 7
2127} A2 o]n] A FlskE YOLO BElR AAE]n, sk 7152 24o] e,

\l
W ]
ol
2
rid
I

Figure 4. Worker detection through YOLO-v3
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FIETEPLE YOLO-3 FelE0] S A7 138 ol Python) =2 FHFSL05, YOLOE 53] 2 2t
o] A2 A 1ag Eelet AA A BER Bkl o F, REE oln| A1 150150 2712 A2 4eioich sk £
Bl o 7, 0] S8 5 el olol A8 RS 32 18 A7 6], 480 2 R 2L BE 2
2ol o3l AV e QM¢zqm 5152 Utehdl o2 Figure 59} Zo] 571 ek, waba, 912 o]l 2 4714
B SE2 7 A & A=A "o
- : LCH (93%
LH (78%) LCH ( )

Figure 5. Class classification through YOLO-v3

Tejste] st E = 418x4182 A
= FE o Y

4. 7018 S A= H M3 I}
41 7= DY Ms TR
MR T AE 2HO| 452 B7Ish] et de= Aastaet. 7H2te] 452
Sk, 2] ol 2.5mo ™ ZHlefrE A 3] o] A3 715 omE 75Tt 3, 7|2} st o] R E= FE
] ot 7He} 913 27 E "o A vhE Tmx10mE A Y 278 W 270 & AAstoieh AA| HE et F7re] g2
AE B E7H100%] 235k L2845 AR LC, LH, LCHE SFITE %71, 871 7152 Table 33 2o 42 o]n]]
o gt At B4 7172 87 2T 2l B AE Aot 045 D ulPE f4E Fom, F1S YOLO3S] B
o FE e (mAP) 63.4% = S deteo] tiet 7S AA5HH.
Table 3. Criteria for detection accuracy evaluation
Detection Result
Ground truth — -
Positive Negative
Positive Correct detection not detection
Negative false detection not detection
4.2 720 M2 25 Mt
LC, LH, LCH Z2¥AE U/d2E 2m, 4m, 6m, 8m, 10me]l et A& AL E SAT 2}, Ho 45 e+ LC
90.79%, LH 86.40%, LCH 85.72%& Table 42 UEFHTE 37H] S|l A= 5 A7 ol of w2t H& Aot 7} 4ot
= 21\1 E B3t T3 Table 45 R LC2FLH A= 4m X383 6m A Q] AE A= 2124 2.93%, 3.78% = & 4
A ZS Bt LCH 2 A= 2m A7 4m A4, 4m A7 6m A Q) A AT 7T 242 2.84%, 1.96% 2 A& 072
Ao vehith
Journal of The Korea Institute of Building Construction 87
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Table 4. Detection accuracy according to distance (Unit : %, number of times)
Class Distance A'xverage Number of detection Number of fe?lse
detection accuracy or not detection
2m 94.40 75 0
4m 93.33 73 0
6m 90.40 72 1
LC

8m 88.39 71

10m 87.44 71 4
Avg 90.79 - -
2m 90.31 71 0
4m 88.79 72 1
6m 85.01 72 3

LH
8m 84.54 70 4
10m 83.33 69 6
Avg 86.40 - -
2m 89.49 74 0
4m 86.65 73 2
6m 84.96 73 2
LCH

8m 84.31 70 4
10m 83.19 68 6
Avg 85.72 - -

4.3 250 ME HE Ht:

ZEAE AFESEe] 27 9417(50,0001ux), 2.7 6417 (20lux) 2.2 SAI). ZF FeiAl] x| wE Bt A& T
== Table 52} Z0] LC 90.44%, LH 86.76%, LCH 86.32%%2 WERATE 3712] EaA= 201ux 2] A& A& =7} 50,000lux
A o B} AZ ZFASh= FAIE UERATE LCH 23l A o2 S 20 H6]] 1.34% 2 v wa] 74 Zo] 37| EAggict, &
3F, Table 52} o] o245 Aot AEEA] = 497} oha Wol Yepsith

Table 5. Detection accuracy according to the illuminance (Unit : %, number of times)
Class [lluminance detecﬁ(‘)lgr:f:uracy Number of detection Numbe(;e(t)efcfta;:)s; or not

50,000lux 90.70 139 7

LC 20lux 90.18 142 10
Avg 90.44 - -

50,000lux 86.95 132 16

LH 20lux 86.57 128 25
Avg 86.76 - -

50,000Iux 86.97 127 24

LCH 20lux 85.66 124 28
Avg 86.32 - -

88  =R7AZAIZEIX|
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A “7}**% %ﬂ B2 %‘?ﬂlﬁ}t}(f@ = )’01 , 7S @H
th. &, F2E(p)©] 95%(a=0.05)A AF7HIS 7|ZbelH, 18 2] k2 H$ 9& A4
of| 7|Ztoh= 4ol < Mt 11e] HHgto] xfol 7} Qlep efal op, 18R] ¢F2 g0l < Hetk 7o) %47*4 XPOV}
qlch ek gt Aol the HE AT S T-test B417F A= Table 63 2Tk LC 2~ 7

EC HE AEEE B o, 4m AT 6m Aol HE Aol tisl] pgl 0.026 0= F-0m|]t 2to] & WERrh ERL
LH S A= FLSHA 4m A7 6m A3 pgk 0.049= froju]et 2o] & B it} SRR LCH 22 2m~10m77]'7q 4
= A of it -frofu|eh 2ol & HolA] AR 6m A7 o] ¢=HE 85% o|5te] H|w 4] W HE HS S LE
o2fet Zg ARttt A& Aok 9 45 SHolA Sm A7 HESh= Zo] avtaolzal 1%%@.
Table 6. Analysis of detection accuracy T-test according to distance (Unit : %), ** P <0.05
Average
A
Class Distance N detection Stal“ld?l’d . verage t p
deviation difference
accuracy
2m 75 94.40 7.70
1.07 0.905 0.367
4m 73 93.33 6.64
4m 73 93.33 6.94
293 2.250 0.026**
6m 73 90.40 8.93
LC
6m 73 90.40 8.93
2.01 1.018 0310
8m 74 88.39 14.35
8m 74 88.39 14.35
0.95 0.505 0.614
10m 75 87.44 7.59
2m 71 90.31 12.10
1.52 0.796 0.427
4m 73 88.79 10.72
4m 73 88.79 10.72
3.78 1.983 0.049%*
6m 75 85.01 12.39
LH
6m 75 85.01 12.39
0.47 0.209 0.835
8m 74 84.54 15.10
8m 74 84.54 15.10
1.19 0.560 0.576
10m 75 83.35 10.49
2m 74 89.49 9.58
2.84 1.685 0.094
4m 75 86.65 10.89
4m 75 86.65 10.89
1.96 0.980 0.329
6m 75 84.96 10.26
LCH
6m 75 84.96 10.26
0.85 0.320 0.749
8m 74 84.31 14.17
8m 74 84.31 14.17
1.12 0.549 0.584
10m 73 83.19 10.25

o] 2 HE AT E T-test 245 ATH= Table 73 ZTh LC, LH, LCH 2E S 20f ti3]l pghol 22} 0.643,
0.772, 0.348= FAH 0 = {-ofn|3t 2jo]= Koz otk ofx|9t, 372] S|4 25 50,000lux H|SH 20lux Hjoll= HE 4
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o] ao]7}

3}

g

A

=
=

o] 72 50,000lux$} 20lux2] 7

st LCH S8~

s

102 vttt &

(Unit : %), ** P <0.05

Table 7. Analysis of detection accuracy T-test according to illuminance

Average
detection
accuracy

Average
difference

Standard
deviation

Illuminance

Class

9.83
0.52 0.465 0.643

8.29

11.30

11.69

11.20
12.39

146 90.70
90.18

50,000lux

LC

152

20lux
50,000lux

86.95

148
153
151

0.772

0.290

0.38

LH

86.57

20lux
50,000lux

0.348

0.940

1.27

86.97

LCH

85.70

152

20lux
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