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1% 1. Powerline database sample data (a) VL, TV (b) VL,
TY (c) IR, TV (d) IR, TY

2. JAQL

2 ol 2 =RolA AHESH 7199l CAM It CAM oflA
g e 7]%ol Grad-CAM, Guided Grad-CAM of #af AHA|s]
7153

2.1 Class Activation Mapping (CAM)

71E9] CNN a4 Yej9]o]

3 B0l Fuec
oleidt J1E0] e g se g

o Jug A, Je 3o
DAY EAS AEUCH aido] sbssich CAM £ 7]E9)

e g5 A@soz CNN siAE 7HssH sk 7180l
CAM & 7]& convolution layer o] &2& fully connected
layer(FC)2 global average pooling (GAP)2 A & fine-
tuning 3ttt CAM & AFEsto 2 & YEYITL o]ujx]9] ojH
PEE 81 4 Aol22 WAL UREA o 4 9Tk CAME

Google ErEY e | __;_
=,

end-to-end 2 TABIH= Ay FC & GAP = HHLoj:
AEdoz gdsAsht A Lolux] &7 migol] $8/d0]

Jths FAol 9ot 22y CAM 2 FC S GAP 2 upof
a

gttt A, GAP AA9| conv layer §F & 4 Qlth= At GAP
%%Oﬂ 9l dense layer 9 7}EX] AH7} Westoz
O

Jolup Ajer59] o] Hasiths "o @gott. ofefst
= 'TH—Er o A 91A1-S |93t visual question answer(VQA),
At 242 Og HAIHd CAM & R8s

of FeH8l.

2.2 Gradient-weighted Class Activation
Mapping (Grad-CAM)

CAM ©| UAe ResP] 98} 7154 k2 o83t Grad-
CAM 7|%o] MSIEI9ich. Grad-CAM 7|%olA &3 £Q&
HER| af 24 18 B e,

ZZZ(SA" (1)

OFA]3F conv layer 2 5012+ 71532 AMgchs 7102
TR 24 1 oA o 2TEWA QIEZ, AFL conv
layer o] mx]%, jjkt y 7b akol ARl bRl R
0% Jh5A af & BN 22 col sl kM SRwel
e FeEs  Jujgith FHFMo®  Grad-CAM <
& 44 29t o] it

Li;rad—CAM
Lgraa-cam = ReLU(Z agAk) (2)
k
A 2004 RelUe 245 022 A5tz A4to8].

2.3 Guided Grad-CAM

EHIAE Co[H A

S A4 24

ROI &9 &3

.

staE
ResNet50

Azl Resg::litSU
=

SEH0IH A

710

Guided Ol zlzk
Grad-CAM

2% 2. A¢sE Guided Grad—-CAM & o] &3

heAlet 23 HET H=Zwg

$44n 54 F& A29



20209 FLe4-0jriolgete] st aThe)
Grad-CAM ©=2 CNN sj4o] §olsb] QA% Grad- $ 2 PHYE 5 2 QS R T /M A2 %S L. B 2
CAM 9] &Ml heatmap o 5744 JAlgh iAol =t gdgste S48 ROIE &5
AP Mgt S-S 915to] backpropagation 3t deconvnet-& ZA3tsh
guided backpropagation & &of =#4e] SHE F39fd o 1 YOLOVA 8t MRZF
L Q7 9th. Guided backpropagation & T} didHo| v]s|
olujA] X&) ¢ AL 715 7S AFgsh] g2o] & Option Value Option Value
Y11= : _ o [eJev) e +
olu]R|7} ALstH10]. Guided Grad-CAM 2 S%g A Batch size 4 Width 608
Z &0l guided backpropagation o $8 & FZA7|&
Grad-CAM % o}o]- 74015} x, _‘%;u:‘].% 7‘5_]._]1 %_9‘ —‘?—‘H\i‘?_} Subdivisions 4 Height 608
OfAZ) Sk 7] olTH9]. Momentum 0.949 Decay 0.0005
° as Learning rate 0.00261 Filters 18
3. Guided Grad-CAM & 0| &3 94 Y]

S$A28 24719

B =5oA 32 29 Zo] Guided Grad-CAM & ©]&3}o]
1378 G WSP89 EAS REShe 7IYe AR
1 AofA £7Au]o] Region of InterestRONE £%3t7] et
AR QAo wef ]sgtct 2 AoN S48 EAS 2ET
2 e AT 220 Haf 7]edttt. 3 AojlA 29 Guided
I

B =20 A 914l md@ YOLOv4 2 ARRsHATHI1].
tolg *JJ% Kﬂ&}épl Yl #+=2 °JulA| =
st719fsll Blolgf A& YOLO mark 2 20|23
2 YOLOvV4 9] °H71HM PR e Bl
@01 *;i‘éo}?‘iﬁf. £ 1 oA filters = Yolo 2oJo] HIZ ¢
conv go]o]9] filter u}z}ujE{o|T},

<
o
=
o
<
S
ujru
10
m|>
ol

3
1% 3. Guided Grad—CAM A8 A3}

Grad-CAM
Guided
Grad-CAM
S48 YOLOV o S8 &9 tolelg Y2siol 4HYS
QAxsith oF 4Mgo ROI & XE3Ach ojm HHED 1
Aolo] $AMS $AAHEtL AgETh 71E yolo ve o4
AAAALS] 37]= width, height, left_x, top_y & JAJ&o] )T}
TS A FE5EEE left(L), right(R), top(T), bottom(B)=
2. 24 94" $Age] AL R, T, B)g Bno] g

3.2 Guided Grad-CAM & 9Jst ResNet50

2 =2olA Guided Grad-CAM & s A& =&
ResNet50 o|tt. Grad-CAM & Z£Z3517] Ao £%M do|H
Powerline database 2 842 3tCH12]. o]t} A& 2]&= mean
subtraction & A&3190) &EX] 42 ResNeth0 OfA]

Guided backpropagation ©2 o|0]x]& A% stYict &SH

r° rlo

ol
=2
Al
/\

ResNet50 9] activation49 of|A] Grad-CAM S #&35}9Ct
3.3 o]= AAEZ Y3t X
Guided Grad-CAM o°2 £3du]9] & oA
EAT iol’v} 57(110}“& AqAE ¢ 7t

rle
e
r{n
=2
2
_l,'l
J:'LI_‘
E
O
i
i3

5

=)
~
e e]
=]

uRRE BES wo|AZ AASHE JheAY 22T
A8k (i) ZEA SmWeh 95 o] ofstel He BAlstol
Memoz 4 At HEA sauge Medun

4. gojg] A



20204 $r=ula.ojc]oj2sts] shA|stE T3]

2 =2ollA ARES dlojg Ao o 7]&sttt. 1 AojA
Powerline database o] st M2 sttt 2 AojA HAE

dlolg Aof et g2 ot

4.1 Powerline database

Powerline database = UAV 37|o)A £8HLS
R) ¥} Visible Light(VL)o]
O[T R|(TV

et

o

o
o
tlojg] Aoz =u|9le Infrared (I )
oo Zkz+ 2,000 7He] &Aool Exfete )

C

Grad-CAM

Original
Grad-CAM

1% 4. A #E

4,000719] $AHo] ExIstA ghe olulAl(TY)2 PAElo] 9lct,

4.2 §AE Holg A

HAE goJg A2 Mavic 2 zoom EEF AR&sto
H5oIAT. AT YAHA] StEW YattiR 1903-22 ofA
ottt FYgale £XY 1 o] | Zad o] SojonsE
stof 360 = gEolx  Esigoh. Y Fre
4000x3000 o|c}. Zt At oF 40 Aro] It oj9)

5. 4% % 24

2 =2olA Zsist Ao Tet Ay U A 1 "ojA
Guided Grad-CAM 9] Zxpo] st HES xIs¥stet. 2 HojA]
S &|2]o] st MG HsYstt,

5.1 Guided Grad-CAM 9] Zx}o] st AH

J% 3 1 Zo] Powerline database TJoJE] Alo=z

712

Guided  A=0

ResNets0 & &&oty ARA| AASE HIAE gflojg] Aoz
Guided Grad-CAM & £33}, Powerline database 7} A4 5]
zro flolg] Alojn @ 8k A] K-fold cross validation 7]

ne el o cE ofl
o o

o]%oﬂr,} 73301]1[(7}0 5, 8, 90111]10})\0]\:45_]
2284 9k K7H1,3.4.6.79 4 0 & wof 3
2do] £RMNIE F2L Y AT ¥ 4 At B
SR8 S 755kl 7] W20 Guided Grad-CAM 9 itk
SAEHY 442 2 FESHL Qe BUY

FA 4Y 23

5.1 SA2o] et A

\__ 4 LY
YY) Aol 1= @’ﬁé}@l WSt ugsigd. 4gd
gdo K 7 4 9 uf &
Guided Grad-CAM 1t
2RAMH 258
AR o A
=}

AN
L,
Qisoz 3o Ang

] o|.

P

__>Lr

ok —|o|A

A
VAl

o
=
o

ra

3@ Mo

bz
N

olpA

ri
=

ol Guided Grad-CAM i} SX42&5 S F4 Ui
L=

O—]F_:]_‘%. 5\_K~]}\4H]E KKOHIHL 7]34; 7\]?_3]‘

32
=

ot cE
L jo
el
oo
rok
_CL
re
|m
rhu
|-H
o
55
<
&
~
1o
h’t
1%A
fin}
o
m
=2
>



20209 24 0]cjojgate stAstac)a]

ACKNOWLEDGMENT

)
]
I
—]
re
-
i
o
4
ox.
s}
rie
S
2>
1
19
re
-+
ux
i)
Fu o
>
o
xQ
dlo
=
iy

2020-2017-0-01630)

[1] No.88(2018), Korea Electric Power Statistics, Korea
Electric Power Corporation, pp.96-97, 2019

[2] C.H.Park, K. ChoiandI. Lee, “Lane Extraction through
UAV Mapping and Its Accuracy Assessment,” Journal of
the Korean Society of Surveying, Geodesy,
Photogrammetry and Cartography, Vol.34, pp.11-19,
2016

[3] J.S.Lee, H.S. Kim and J. B. Park, “Multi-lane Detection
and Driving Lane Information Extraction Algorithm
Using Inverse Perspective Mapping,” The Korean
Institute of Electrical Engineers (KIEE), pp.257-258, 2016

[4] Li, Z., Liu, Y., Hayward, R., Zhang, J., & Cai, J. (2008,
November). Knowledge-based power line detection for
UAV surveillance and inspection systems. In 2008 23rd
International Conference Image and Vision Computing
New Zealand (pp. 1-6). IEEE.

[5] Y.J.Kim, J. H. Oh, C. N. Lee, “Electric Power Line Dips
Measurement Using Drone-based Photogrammetric
Techniques” Journal of the Korean Society of Surveying,
Geodesy, Photogrammetry and Cartography, Vol.35(6),
pp.453-460, 2017

[6] Yetgin, O. E., Benligiray, B., & Gerek, O. N. (2018). Power

Line Recognition from Aerial Images with Deep Learning.

[EEE Transactions on Aerospace and Electronic Systems.

(71 924, 488, ode & 724, (2020). © 2fdnt
guatol 9 AHY PES ol8d SFM B0l
U AR BEgotel=wAl, 25(1), 13-24.

[8] Zhou, B., Khosla, A., Lapedriza, A., Oliva, A., & Torralba,
A. (2016). Learning deep features for discriminative

localization. In Proceedings of the IEEE conference on

computer vision and pattern recognition (pp. 2921-2929).

[9] Selvaraju, R. R., Cogswell, M., Das, A., Vedantam, R.,
Parikh, D., & Batra, D. (2017). Grad-cam: Visual

explanations from deep networks via gradient-based

713

localization. In Proceedings of the IEEE international
conference on computer vision (pp. 618-626).

[10] Springenberg, J. T., Dosovitskiy, A., Brox, T., &
Riedmiller, M. (2014). Striving for simplicity: The all
convolutional net. arXiv preprint arXiv:1412.6806.

[11] Bochkovskiy, A., Wang, C. Y., & Liao, H. Y. M. (2020).
YOLOv4: Optimal Speed and Accuracy of Object
Detection. arXiv preprint arXiv:2004.10934.

[12] Yetgin, O. E., & Gerek, O. N. (2017). Powerline Image
Dataset (Infrared-IR and Visible Light-VL). Mendeley
Data, 7.





