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Deep Learning(CNN) based Worker Detection on
Infrared Radiation Image Analysis
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Abstract - worker-centered safety management for hazardous areas in the plant is required. The causes of
gas accidents in the past five years are closely related to the behavior of the operator, such as careless handling
of the user, careless handling of the suppliers, and intentional, as well as equipment failure and accident of
thought. In order to prevent such accidents, real-time monitoring of hazardous areas in the plant is required.
However, when installing a camera in a work space for real-time monitoring, problems such as human rights
abuse occur. In order to prevent this, an infrared camera with low resolution with low exposure of the operator

is used. In real-time monitoring, image analysis is performed using CNN algorithm, not human, to prevent hu-
man rights violation.
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Table 1. Gas demand per year for the last five years as of 2017, 2017 Gas Statistics of Korea Gas

Safety Corporation[1]

LPG A& 87} 4 17} & Fovk oAb
FE | Zles A N
FE8 | 998 27 gEFy | FEFE | Ade o 27 %))
AF&
2013 21,919,518 | 4,832,244 | 492,841 5,325,085 | 4,865,546 10,758,798 14,789 | 736,105 16,375,238 | 21,700,323
2014 | 22,170,727 | 4,595,065 | 472,740 | 5,067,805 | 5,122,114 | 11,006915 | 15021 | 737,165 | 16,881,215 | 21,949,020
2015 | 22,422,161 | 4,374,992 | 461,688 | 4,836,680 | 5,262,108 | 11,327,741 | 15024 | 758,652 | 17,363,525 | 22,200,205
2016 | 22,767,734 | 4,109,326 | 452,474 4,561,800 | 5,433,777 11,750,906 14,996 | 779,625 17,979,304 | 22,541,104
2017 | 23,134,508 | 3,886,841 | 451435 | 4,338276 | 5,592,589 | 12,153,421 | 15,081 | 804,980 | 18,566,071 | 22,904,347

Table 2. Cause of accident by year for last

5 years as of 2017, 2017 Gas Year

Book of Korea Gas

Safety Corporation[2]

TR 2013 20143 20153 20163 20173 Al &%)
Al 121 120 118 122 121 602 100
AREAF F 52 41 41 41 38 31 192 333
FTEAEF T 12 9 5 3 3 32 6.4
EFSAL 2 6 4 8 7 27 38
Al ulH] 23 17 22 26 29 117 18.8
AF =T (1) 4 14 19 12 18 67 8.6
*7]ek 18 17 11 23 24 9% 16.3
oA T 21 16 16 12 9 74 12.7

*718H24) : LEAILE), HAFFAD), AE AAE), FLFAQ), AJATED),&71HFTFF21), 71EH2)
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2.1. El2{<(Deep learning)

ol F A1 A W(artificial neural network, ANN)-2
Asterat QA apstol ] g ske] AETtolA 3
d2 SAHA 5 daEgol, JES
710 1z o|2olZl ol ZAIAY S5 ket
t}. CNN(Convolution Neural Network), RNN(Re-
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current Neural Network), DBN(Deep Belief Net-
work), GAN(Generative Adversarial Network)s
St 5ol 45 1Y Pk LAfst, o
HlAlY WS o] 28 Sotol, ARY WA &
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2 ZofollA F2 e Holi AUHH8]

O

2.2. CNN(Convolution Neural Network)
7&%51 ]Z-} Ho}:_J I:H_Lx—lo] /szlﬁu]—o] CNN

(ImageNet Large Scale Visual Recognition Chal-
lenge) ol 4 2012'd Alex Krizhevsky7} A|A]gF GPU
7]uke & CNNm 2ol AlexNet[9]0] 16.4% ] .3}
&5 Hol, 262%2] LA-&S Hel thE Hdof H
o Gremon eAES HFu $5F sk ol g
Ao ol tjslo]4 CNNEEo| £77} 5%
1, AFAATE A 8% o2 (NNmYSo] Uik
20143 Google®] GoogleNet[10], 2015 Microsoft
9] ResNet[11] & ©2}-80] 6.7%, 357%% A3
grom, zke] oju]A| QIA1E 94.9% Kt =5}
14)8HA = it

GoogleNet} ResNet Z+Z} 21,4971¢] Convolu-
tion layerE A3l 9lom, CNN =23 3 7}3
H3FS  Convolution A|&9 Zlo] 7} ZA&4=

ojuz] =9l A&7y} =rH12]. 5}A]4t, Convolu-
tion A 50| S7S shARb A4kl 57t
SFTH13].

AlexNet®] 1+ Fig. 1.7 2o, 57]2] Convo-
lution layer®} 371 2] Fully-Connected layer 3 87
O AFOE AU W2 T2 OlUle &9
Zr ARG ol #e=E9 & %( d, A, 1A)
& Zropditt. o] %—7}'5}”“1 =2 ol A= 7t
7He A7) e 23E o %ﬁiﬂ §7P°P°4 & 9
H37F F7tsto] ] EAS ZohA =
A QT o] ‘V\E]U% u}z|a}  convolution
layer(Layer 5)oll4 3 | Fully-connected(Layer6)
Fo2 SepbuA BT Aze A3t BHAv
AAAA ASEE AAX 205 SY5HA Hri14]

2.3. Z4x{|21A|(Object detection)

CNNXZ o] 2012 ILSVRCOA & A5&
F, olulA 5 Zofell A, AA Q1A Eor= 2
AT

A 2] AA| 914] A= SIFT(Scale Invariant Fea-
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Fig 1. Structure of AlexNet, ImageNet Classifica-
tion with Deep Convolutional Neural Net-

works[9]
Zol AA} 7= B AL Ao =M
WA S ot WA oz APE et CNNS 7]
REo. 2 A o] 545 Fhot st st A9 f1AE

AE31aL, 214]5}= Faster R-CNN(Faster Region-based
Convolution Neural Network)[15], R-FCN(Region-
based Fully Convolution Networks)[16], YOLO
(You Only Look Once)[17], SSD(Single Shot Mul-
tiBox Detector)[18] 5<] 57} 5333t
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Fig. 2. Risk calculation process
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Fig. 4. Example of a hazard indication in the
workplace 1
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Fig. 5. Example of a hazard indication in the
workplace 2
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3.1. R o[0|X| 24 TtH

CNN7|3ke] 21914 Q1412 the Fig. 6.9 7ol
A9y Hek 7ba ARE F4 R A Y 2l
A gch, ewol Wl Wyl .

1A IRZM| g7 AxE X 9L ex H3l 4
Al AlAe] 9ste] IR 7hweke] &< oh(Fig.
6.1. Input image). IR oJu]z] ol A <] class(Z}
9, 7bs Aeld, 1 99 oln)A)E £l 9
A A 9 A F ZHE 4= glofof gtk IRou|A|
of ek Aol olgstel, ARl 247 Ak(Fig.
6.3. .edge detection)& A3dsic}. o] & o7 A&
g olgstol, 2ol YAE boxFe o] HER 7
=3It}(Fig. 6.4. bounding box). o] &3t £]ZHH &9
HeEs ol7 943 oluAS 712 shcFig
6.2. preprocess). &3+ 9% 9] o|u]z|= oju] T

o] ghEl CNNEEE ojgsto] AAE L2E 4

3t} kA gF A3 91 %)¢} classE BER7317] 9
3|4, box2] Z7|8} Y& FA 3} (Fig. 6.5. box
resize and change location) ©|0] %] & F&3Ic}(Fig.

6.6. image crop). 91x|&} A7|E Al =3
oluAES THE CNNEIEE AREdlo Class~
o =3tch(Fig. 6.7. object predict). &3t &
o]-gstof ojulA] ol EAst= A9 classt H

A& &g 4= SIrh(Fig. 6.8. object detection).
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=5 F71et] YEiAl IR ofulx] F Algtelu 7k
ARITE7E 23 olm]R] 72545 AHE-3Th
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Fig. 6. IR image analysis process

Fig. 7. data set composition
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Fig. 8.3} o] oju|z] W WPF FHio] Agste],
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3} ol ofu] x| ekl sk HHEL ofu] A\ Sol
th ool gt ZAIE Est7] A, olw Ao 9zt
A& AF A, 271K 0] A= Aasle] At
=5 &<lh(Fig 9.).

A A H4-S Fig, 10,7 o] ebxjo] 7t 2
zhﬂ oln| 2 & etol atolE WAAA Frt. ofn]
Ao} HAgEEo] EE Apol7t AL A9 ATk
87] wfiZell 0~2559] ghe 7= Al FaLo)
ApolE Aste] WuAtolE WA AZIthFig. 11).
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Fig. 8. Preprocessing image not required

Fig. 9. Preprocessing

WL m

Fig. 10. Image requiring preprocessing

Fig. 11. First processing of images

g IR7H 7 24P AE &8t st
A= Q7] wzel ojwjx|o] FhREe] AR
CIPYIE zgo}oq P4S 73 T FAgS A}ﬁo}@l
vl A2 A A gt} (Fig. 12.). A o] AA A ¢k
85 OMZH 0|27t 78l wiize] wiol AlA |
ojmA| o] B} A YJAHE2| et} Poltt.
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Fig. 14. Object classification

W7ol AAE oluAL WerHolE gstol
Aol 91218 Az Wik (Fig. 13)

35. ZA| o4

AA & 74% IROIUW% ZrHEE Fo
o 7“1414 A& box
29 o) RES oG] AL ofm|A|o]
A el 278 7 L fiel 9xe
Mol olulAE FEUCh FEY ojuAES
CNN=ZH o 93] a5 class7} &7 Hrh HAH
AAer 2717 HAE HE 5 M 22 dES
e dem ofuA el EAIshs A
class@} HX] £ g9olg 4= Qlti(Fig. 14.).

Iv. o[O|x] BN ZHz}

AP 37L& 32GB2] RAM(Random Access Me-
mory)¥} GeForce GTX 105094 Keras H&d =
g YaE AL sFo] AlexNet CNNE S LA
Sttt AlexNet-2 224x224x3 =7]2] o|u]x]E 10007}
9] class®2 H&53tc) dFA|HF 80x60x12] 7] 9] 9]
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Fig. 15. AlexNet model reconfigured

—— Testset_loss

—— Trainset_loss

) 160 200 300 400 500

Fig. 16. Accuracy and loss graphs

Fig. 17. As a result of Bounding Box, The red
box area is the worker, the green box
area is the gas cylinder.

n] X & resized}o], 3719] classZ Ho]E] A& F+A
7] P2ol, 71& Alexnet?] weln]|E]E %A 3}o]
Fig. 15.9} 20| L4t
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AlexNeto 2 43t CNN 2dg st & mf
HAE Mow B@rlst 731} oF 95.3%9] A&
Holon, Hrel £AEL 1S Fig 16.9F 2t}

Rolvl A 42 Slol, AR, e
Jp E zqﬂom] FEste] 2] §/ RS wok
3} Ao 7057 = 583707 oF 8§0.3%2] AI=
5 ® Yok Fig. 17.& 21%214] % Bounding box3}
o] AXE EFE H3

gt A3} oAk

H =
=5

EWE Yol Td] A9 %/—?01] o5t 9
A BigtEct o Y3 A5 kA, ZHE Y
2AAALS] f/ 5, 2 A9, & ARt Y’Wﬂ e
Hojof gt} 7k FAIA S IR 7 2tE A4 &
CNN 7]4k 3 of )] 248 Ak, 2172)
#/%, 39 AV $H T+ AT, 2 o2
= a4 ojulx) RAvezE ket & glet. o)
& Rol]) ) 7hs AeEh dg i 2 4
Ao exrb Ws) v Ao wetEn, 7
2 Mgyt 2450 9tty wokal 2 gtk o] X
F olu]x] el Zgatel LEHtof| ofste] 7hA
A=ies} gol AZHCH Ae] £9) Aoz Wt
stel 294 Uol SIRES S7h1A 4 vk

AlexNet 2 El0] 3= 953% 2 37]2] class2]
2o gawl okt shA gt ojujx] U chEe]
AAE HEALS o 80.3% HE=E YERRT]

A olu|z] MA 2 E Fote] ko] Zpolrf
Aot B digto] BE HxFE 14 F boxdt
o= 93 F 5 Qe HEE NSlste], Hx9 A
715 S7H 34 AA box §99 7MY 2 FEY
AAE 2Lt 3 wigbsto] ettty 13 7] of
o Fes] AA e YAE N & 5 Y= FS

l“ A7t =N, 7 ART el 2t o
95 U= 5 e 7é—?—1% 2HAA7 AR = F&
o] B2 A% AR 1dE s ATy 4
R 2271 WA st PJC?& J44E ves A
Xﬂ«l ARAE AEdke A2 A7 WA Ut o)A
S Hosy] Yste] CNN7IHE g A A ¢l4] el
Faster R-CNNI} SSDo} ZHe mdle 83 oF
ot

Jut

ZHALe 2
B ATE AYBAGARY] YAOR S
oo, Ao FAHE =EHYTL
(FAME : 20172210100110)
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