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Abstract

As the importance of artificial intelligence grows rapidly and emerges as a leader in technology, it is

becoming an important variable in the next—generation industrial system along with the robot industry.

In this study, a safety system was developed using deep learning technology to provide worker safety

in a robot workplace environment.

The implemented safety system has multiple cameras installed with various viewing directions to avoid

blind spots caused by interference.

Workers in various scenario situations were detected, and appropriate robot response scenarios were

implemented according to the worker's risk level through IO communication.

For human detection, the YOLO algorithm, which is widely used in object detection, was used, and a

separate robot class was added and learned to compensate for the problem of misrecognizing the robot as

a human.

The performance of the implemented system was evaluated by operator detection performance by

applying various operator scenarios, and it was confirmed that the safety system operated stably.
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<Table 1> Death accidents by industry size in 22 years
All Industries Construction Industry |manufacturing Industry Other Industries
2 o o Less than 50 80 o e Less More Bes 50 or e 50 or
Division people/ than than
Total | people / Less Total | than than | Total more | Total more
o more than o o 50 50
than 5 billion - Shillion | Sbillion people people
Sbillion people people
Incidence of
Death 611 381 230 328 224 104 163 82 81| 120 750 45
(number)
The number of
Deaths 644 388 256| 341 226 115] 171 82 89 132 80 52
(number)
(Source: Ministry of Employment and Labor Press Release) [1]
<Table 2> Manufacturing Incidence of Death in 2022 years
Accident of . Fire,Explosion, . Trample,
Division Total getting stuck in Fall accident Burst Hit by a person Flipping ETC
rate rate rate rate rate rate
In cidence of 163 49 /30.1| 28/17.2 17 / 104 20/ 12.3 19 /11.7|30 / 18.4
Death (number)
The number of
171 49 / 28.7| 29/ 170. 22 /129 20/ 11.7 19 /11.1(32/ 18.7
Deaths (number)

(Source: Ministry of Employment and Labor Press Release) [1]

1.2 @7 53 2 WU

A A7 PAAAE] AP IR Sk 9l
th A8 QPAAIAER AT Slol7] flste] o
tfe] ZHlekE AdAste] # siglom, YOLO v2 &z
T ARgste] AdRE AEsigla A ARk &
A b o FH o F-E dslo] 2o AleE Hul=
WO R P AAELS FMEIGInh sk 25AY $
of| A AgAfe] w2 W fo] A 5 ZHlel st HE R/
5 WHsks A2 AAE Ades 37 EIth
ARl A HE darglsS P 54 7Rk
2 BAE FEskaL ol tlgte] EAIE HEshs WL
% SIFT(Scale Invariant Feature Transform), HOG
(Histogram of Gradient), LBP(Local Binary
Pattern) 5-2] o8] ¢argl5Eo] o A& AsolA
SHAlE 7HA 2 QI 3], 71E <Y sl =St
7] $ste] Held 7idE B4 HE WHol ek
Gde] SR GAS vHEat o]of] tigk CNN (Convolutional
Neural Network) & AHE-sto] E7she dalg|Fo®
R—CNN(Region—CNN) &are|so] sttt 4].
12]31 RCNN €189 Ads s 915t 971 o]9]
Aow el A AHAH S o] AElehA] ¢kar

ol

S el =33k= YOLO &arglse] 5248 =3t
[5]. Z18]ar A} S-g-Hoko] tfdt AT A2 o
gk A8y AF% o]Fox L Qlrt[6].

2HO] A Ul )2 ekt Fof Ul 3gel 81
, 0131 9lsle] RREQ]o] vl W= A 285

o|F AV|E Alge] AjlS Zito] thilehs A, 25
ALY HEY w 2HS §A4/5S dh= As
theFstAl g Q.

250 2] 873 dlol] Z=ke] Qbdo] wllg- FQsHA
T FHoIH| AL glom, o]F fgt AARIEe] EilsiA 7
o] 2)an Qi

272 QEAAI AR V] Q5 Argelgl o, 3olM= 2
24 $golx 9] S Fate] Akl F& E A
Qb gk 2Axt AE S H7) sisick nirEte =
4ol M= TR QPAA|Ele tigt A 5-S H78aL o]

o tigh AE-S Wzt

2. PN AH AL
2.1 YOLO ¢xEF 7le

el A4

YOLO(You Only Look Once)



J. Korea Saf. Manag. Sci. Vol. 25 No. 3 September 2023
http://dx.doi.org/10.12812/ksms.2023.25.3.017

ISSN 1229-6783(Print) 19
ISSN 2288-1484(Online)

ol thgh -7 QK| FEA gl so]Zeil 7 xE 7t
A3l 7F M e aEo] 2P SEE PR Qo] W
AE TFY Folq AHEHES AT=o] A=Ak

I3 18 AEd YOLO ¢4adEs 52 ek
Ao 4 WS NxN A= A (Grid Cel) 2 -3t
CNN & 53l S5ditt YOLO 2| ke vp
(Bounding Box) ¢l& #2102 o8] 72 A=} AL n)
g 2l Frh Y olw|H|elA AbE A & e
AR} A} wiF ko] AlEglo] wom Algks AHE vk
$7] ek, 7t 25} e ofe] )] wkes uksh 7w
wkxo] ojsh AF ghs S5 Aat AL 24l vt
J HATE O ke el SHEE RS aEs E
A 55 953l NMSNon—Max Suppresision)
AA HE vk BkaE A4S

&

Mo & o ol

[Figure 1] YOLO Algorithm
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(b) Implementation

[Figure 2] System Structure and Implementation
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<Table 3> Zone configuration

Level Area Response scenario
0 safe area inaction
1 alarm area sound warning
2 speed limit speed down
2 speed stop emergency stop
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[Figure 4] The Method of Safty Detect
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<Table 4> SYSTEM SPEC

no item spec

1 CPU Intel i5—12400F

2 GPU NVIDIA Geforce 1650Ti

3 Memory DDR4 16G

4 storage SSD 512G
device

5 operating Window 11
system
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[Figure 6] Results of object detection: YOLO v2+
(with a robot class)
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<Table 5> Experiment method

no item Ii)éizrig;lelzt Result
1 Left Walk Normal walk OK
2 Right Walk Normal walk OK
3 Left Walk Walking with a box OK
4 Right Walk Walking with a box OK
5 Left Walk clgailil;glgs lﬁ;ﬁes OK
6 Right Walk clgaililr{lglgsjggﬁes OK
Left Walk walking with tools OK
Right Walk walking with tools OK
Left Walk walking with a cart OK
10 Right Walk walking with a cart OK
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[Figure 7] Experiments of Object Detection:
YOLO v2+(with a robot class)
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<Table 6> KOTCA test report

e
YL | ST KGTEA
4 e gf BEan
TR R WYL cHER U
28 TS ga e | #yaa
| emeen 4 | s | e
0 b i

[Figure 8] The implemented system: (A) safe zone,
(B) Warning zone, (C) Slow zone,

(D) emergency zone
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[Figure 9] Emergency zone Object Detection
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