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in infrared images. Deep learning has the advantage
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. identifies the presence of power lines in infrared
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in Infrared Images VGGNet and ResNet. As a result, the proposed
method achieves an accuracy of 98.65%, which is
Jonghee Kim’, Seungkwon Shin*, better than the state-of-the-art DCT-based method.
Chanho Jung, Changick Kim"
I.ME2
e o
T =80] Mol w2t =S o817 ¥4l A
o] =Rl Sale sty AHA §E2 7 & A, =23 A=Ae] 35 AP Sl bl
Zale dejd 7uke] wpge Alekelt) Sleye o} Al QA= 9la, ool ulel A=A -7 &S] 2
S0 dolmiE e el 54 wEE 8 240 SIS Aok Z1E) wtle A7 A
w3 gl A PRl 4, A BE 5 DCT 7Jike] 57 #Els ARgste] A¥A f-r-=
ekl Bolollx] 1Ee] A AAY 54 el A F3polh =1l 7 13} 3te] Aspdell= AHAl
g3l WESN o g w2ge 5 glor) Ao 4] g3ob AsMde olgsle] YA fr=
o B 1831 Qo] AR P8 AE sk W= AlREstsie shARE i = A <1,
sle upgo Aokeil. ARA G5 AZe] s A

ek 25 27] 913 VGGNet, ResNet 7[4ke] 57}
Z 25 AL 2 vaeiela, o AR Aljkehe
S 7124 DCTE 2837 whel wvls] o %2
98.65%°] A¥== A9 frrs AEE 5 Sk

Key Words : infrared image, power line existence
recognition

ABSTRACT

(b) Infrared images including power lines

In this paper, we propose a deep-learning-based a8 1. AEAe] T Alskial sk oAl
method for recognizing the existence of power lines Fig. 1. Example images including power-line.
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Table 1. Five deep-learning architectures employed for the proposed method.
VGGNet-16 VGGNet-19 ResNet-18 ResNet-34 ResNet-50
7 X7 conv_64
3X3conv_64x2 | 3xX3conv_64X2 7% T conv 64 7% T conv._ 64 mazpool
maxpool maxpool max 00_1 max oo_l 1 X1 conv_64
3% 3conu_128 X 2 | 3 3conu_128 x 2 v 'p 3% 3conv_64 |3
conv_ conv_ (3 X3 com}_64) %9 (3 X3 com)_64) 3 1 X 1 conv_256
mazpool mazpool 3 X 3conv_64 3 X 3conv_64 1% 1conu_128
3X 3conv_256 X 3 | 3 X 3conv_256 X 4 (3 X 300nv_128) %9 (3 x 3conv_128)>< B 3% 3conu_128 |x 4
maxpool maxpool 3 X 3conv_128 3 X 3conv_128 1 X 1conv_512
3 X 3conv_512x 3 | 3X 3conv_b12x 4 (3 X 3com_256) %9 (3 X 3conv_256)>< 6 | (1> Leonw_256
maxpool mazpool 3 X 3 conv_256 3 X 3 conv_256 3 X 3conv_256 [X6
3 X 3conv_b12X3 | 3X3conv_512X4 (3 X 300711)_512) “9 (3 X 3conv_512)>< 3 1X1conv_1024
mazpool mazpool 3 X 3conv_b12 3 X 3conv_b12 [ ;) i éwm} Og JX )
g - GAP GAP conv_b
fc_4096 < 2 fc_4096 < 2 1% 1conv 2048
fe 2 fe 2 fe 2 fe 2
fc_2
AR AT 5 @& ATl Hole AT} zro] AH VGGNet—E— 5x52 2715 7= FHe] AT
AR 57 e R} feds ol gl Fadt 5§ A5} 3% 39 Z71% 7 FE|] ARTA o
A e} o Fe R B S ek $elE old A ke o] 2 delg s
golo] Qspelld] AYA 12 AFShe WY o Ae i8R AHska 2 Q4K 5 gloks e
71%9] & Al”keled oL ghel Aljkehe B el = o] g3le], E ABFA Qike] JE] =) E 3x3S
AP 7 Bl AYY T2E A7) dole] HE 2 PG Frolek
Al 733l VGGNet'”, ResNet™-&- 7[uke 2 al= 5 ResNet- 21-& UEY IS 743 o, sk 74
A xS Ag L wasisleh 0 A%, At A JeelEr) 00 Geisto] skl ofehe: A
e AEe) A AR 54 EE AesE B sldel] Slele] skip comnectiond EFHEE
Blojl nla) o} = %52 24T 5 9ok residual block-&- Co‘f& :;Liohﬂr
o] EHolAE §] F T AR E 10 Sl
. Hotst= HhH 5709l ey ?-_1_(VGGNet—16, VGGNet-19,
ResNet-18, ResNet-34, ResNet-50)2 #Z7]el 24
o wRold dsiiel MM T A5E A% 2 wlmsl] A1 AgaE 7EE Q9o E 164
37| 93t AA EA Wl dAIBHA] %o, v kX kconv_cXne kx ke 2715 7= S ¢
A 23} w23 GAEENE Heds F8s] N 7= AEFA Aite] nil vHEHS o],
EA WEE sl o) Sre A S5 A feexng M =5 7HA|&= fully connected
Z7)= oo} 2] x#F 4 9k layer7} n®l wiEs % oulglt}. 2837, mazpool =
715 122 FoF= Y 9 dalela, GAP
p(PE|D= (D) (1) E2NE IXIE grﬂzt A Ht F= QA4te]
t} ()& residual block2- &jv|gh}
N IER" = Wx HO) 271F e 4 ZAE719) 5 S8 54 g ke 2k
o), s A 7 AE7) 15 ol4aled
Asht el A=Ale] &) 2E p(PEID & Aerh 1 :
) p e =7 =T L(Ly) =~ =N (ylog(f(2))
A% fi e Ak PR o] EEaAE o N ®
FAel gey 728 VGGNet!'3} ResNet™-e- 7|k +(1*yi)10g(1*f(1¢)))-
o2 SR M) FaE 4G 9 vlasiel 7hE A% _
fﬂ_ ?_ze O“‘L'T;}- 0:]7]/(1 ]Z“E Z}ﬂuﬂ oc:}/\o]—, yi% ]i-g] Xd‘jff].i T‘E{j :1
160

www.dbpia.co.kr




Y

i wHed 7 Aol A A¥A - A

E 2. Aokl e} 71E vbg As B3 Ace (IR)S>
ol J SRERERE
A% Aol

Table 2. Performance comparison between the proposed
method and the state-of-the-art method. Acc (IR) and Acc
(RGB) represent recognition accuracies on the infrared
image dataset and the RGB image dataset, respectively.

Method Acc(IR) Acc (RGB)
[31(DCT-based) 97.38% 89.50%
VGGNet-16 73.25% 66.55%
VGGNet-19 67.58% 61.53%
ResNet-18 98.65% 98.23%
ResNet-34 98.58% 97.75%
ResNet-50 95.25% 91.50%

5H0: VIEF, 10 ZIHE el )9 54
aiﬁt}s}b =71 f= 353b7] slsted SAH 2t

3l d(stochastic gradient descent) RS o]83hc}.
S & 259 o]FofA|W, A% S<5E(learning
rate)> 10~ *ellA] Al=ksla, 22} 8, 16 AjellA Sty
Eoll 0.15 Fabrh

m. &

il

L

A= v o] gy 2 1S 9|3} Poweline
Image Dataset™-2- A-g-813ic}. o] dloe] AlE=
% 13 o] gEolA edE 40008 As)
4,000742] G3pks 2sh 717 2,000782] HHA
23 34, 2,000%] AHA vlE]E dake A%

e

AT v 918le] 71 wpgPla) ghe wpa
= 37k Al Blellxe aak 215 WA
dloJe] AEE 10709 #53 AR el 15
97H«1 XJSLE shstar, 1702] Ajks ol8ste] A
FF A vl Slsia 1070 A
6‘°1VH Jﬂﬂr Xé ges ARSI

Skl Hrl Adee x 29 ok A,
VGGNet-163} VGGNet-199] Al5S ©
VGGNet—1694 ﬂi}gj} o] sgol, dubdow 212

= 7SS o 52 Aes e A3 Ak
7&% walck o= E}—G—ﬂl A== dlolEle] A
7} 3,60070 = A7) wfief] A te] WA AR 1
ot} ResNet-18, ResNet-34 ResNet-502] H]alol|4]

I ResNet-18°] 7P £& A58 Ho]al, ResNet-50

1 71 e Aes 104 o A2 VESNFE A

52 AgEE W Sl sl o Hekad

'/'l\— /V\U E E_O:h;}.
t}8-© 2, VGGNet-163} ResNet-18—°4 qes n
&P, ResNet-182] A&7} o =

% 3Jtl. VGGNetZ} ResNet2] x}o] ﬂ] F 7K
2 skip connection®] f-5-o} A H F=lo] -4
2 % 5 g, VGGNet-169] 79, 22 732+ of
X2 skip connection®] W= A HH =7
°] dgo] v 2 ZloR Halrh A HF Fo] ¢l

+ VGGNet-162] 3= A4l 9142 At o

:To_

Fe 714 4 glema, A=ale] §1x)e} FHsHA
ke RSk Atele A B Fedo] EAs)

+ ResNet®| 7327} t] #3sic],

A|9FsH= ResNet-18 7]Hke] AHA F-F A= o}
H2} 7] DCT 7o) whgPle wlas)nghs: ),
ResNet-18 7|4} uhle] 7% Asher} 98.65% 2 [3]
of B3] 1% o] == HEEE Hof Hed 74k
AE717t A AARY §4 HElE A3 Ax
1:1 —%—.Q_ /KO‘— o .

FrH o= /‘19‘4'”‘ o dialla] 22 miale] Alge
Gralslsleh, S 2014 1) 715} o, skl
A gFsh= Ho“”"] 7|& DC 7]‘4}9] HpPlol] wls) <F

w3, *—JiVMKh
ResNeto] VGGNetell v]&l] o] 234 &4 &

glel 71 o2 HWalr) ResNet-183 ResNet-502] 23}
£ wlssj, Aol o 2 A% sjehe wel
Alsiigo] sl wlal TAge] Qdae]l ) 2 AL
oF & Slth mAEe®, odsialat Asialke] =
vl e, B 7-follA] dsilel| xS o]
oA Hrh o & AeS Hol dspiellA A
AZsh= 7o) o] At Zos Halth

I8 >
5

[e]
A8

v. 2 B

o] el APl AHA -5 FEEP|
sl iy 71l 3 ASpick Voo
ResNet 7|9ke] 25 v]wl HA
£7)-5- 33| ResNet :rLJJ} 1 ?‘1‘-}@’% 3'2,]’ ‘{5}
R, dlo|ee] FEHo® v A2 H —’F% 7Hs 7=
7} Hake selsieie), wal, Aok
of el A4 A 54 el F%?‘f& 7% by

r°"
N x
4‘
2
12
e

161

www.dbpia.co.kr



The Journal of Korean Institute of Communications and Information Sciences "20-01 Vol.45 No.01

References

[1] T. Mao, et al, “Defect recognition method
based on HOG and SVM for drone inspection
images of power transmission line,” Int. Conf.
on High Performance Big Data and Intell.
Syst., pp. 254-257, Shenzhen, China, 2019.

[21 A. La Cour-Harbo, “Quantifying risk of
ground impact fatalities of power line
inspection BVLOS flight with small unmanned
aircraft,” Int. Conf. Unmanned Aircraft Syst.,
pp. 1352-1360, Miami, USA, 2017,

31 O. E. Yetgin and O. N. Gerek, “Automatic
recognition of scenes with power line wires in
real life aerial images using DCT-based
features,” Digital Sign. Process., Elsevier, vol.
77, pp. 102-119, 2018.

[4] K. Simonyan and A. Zisserman, “Very deep
convolutional networks for large-scale image
recognition,” arXiv preprint arXiv:1409.1556,
2014.

[51 K. He, et al, “Identity mappings in deep
residual networks,” Eur. Conf. Comput.
Vision, pp. 630-645, Amsterdam, Netherlands,
Oct. 2016.

61 O. E. Yetgin and O. N. Gerek, “Powerline
image dataset (Infrared-IR and Visible
Light-VL),” Mendeley, version 8, Jun. 2019.

162

www.dbpia.co.kr



	딥러닝 기반 적외선 영상내 전력선 유무 검출 방법
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 제안하는 방법
	Ⅲ. 실험 결과
	Ⅳ. 결론
	References


