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Overview of visual defect detection of transmission line components
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Abstract: With the continuous improvement of China’ s economic strength and people’ s living standards, the requirements
of the state and the people for electric power are gradually improving. To meet the increasing demand for electricity, the
grid system is constantly developing, leading to increased time and capital costs required for the safe operation and mainte-
nance of power grids. The rise of unmanned aerial vehicle (UAV) technology has introduced new detection ideas, which
make the intelligent and efficient detection of defects of transmission line components a reality. Compared with manual

inspection, UAV has advantages of low cost, high efficiency, strong mobility, and high safety. Thus, it has gradually
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replaced manual inspection. At the same time, artificial intelligence ( AI) technology based on deep learning is also devel-
oping rapidly, and the related technology of applying Al to the maintenance of power equipment has developed rapidly in
recent years. However, how to accurately and efficiently detect the visual defects of transmission line components is a key
problem to be solved. Early component visual defect detection methods based on image processing and feature engineering
have high requirements on image quality, and designing features for various transmission line components consumes much
time and money. The current UAV aerial photography technology cannot meet the requirements of image quality, and its
detection accuracy cannot meet the actual requirements of defect inspection of basic transmission line components. Thus,
applying the component visual defect detection method based on image processing and feature engineering to complex real-
life scenes is impossible. With deep learning, transmission line component defect detection models based on deep learning
can effectively extract transmission line component objects and defects from aerial images with complex backgrounds. Deep
learning-based detection models have many other advantages. 1) Deep learning can automatically extract multi-level , multi-
angle features from original data instead of artificial design. 2) Deep learning has strong generalization and expression capa-
bilities, that is, it possesses translation invariance. 3) Deep learning is more adaptable to complex real-world environments
than traditional techniques. Therefore, the object detection model based on deep learning is an inevitable choice for pro-
cessing transmission line inspection images. Before applying a deep learning model to the defect detection of key compo-
nents of transmission lines, a complete defect data set of components should be created for the training of the deep learning
model. However, in transmission line component defect detection, no data set is available to the public. This work aims to
review the visual defect detection methods of transmission line components. On the basis of extensive research on the visual
defect detection of transmission line components, existing detection methods are summarized and analyzed. First, the visual
defect detection technology of key parts of transmission lines is described based on traditional algorithms. The development
process of deep learning is reviewed, and the advantages and disadvantages of deep learning in defect detection are ana-
lyzed. Second, the status of research on the positioning and defect detection of three important components on transmission
lines (i.e., insulator, metal, and bolt) is introduced. Third, several key problems, such as sample imbalance, small
object detection, and fine-grained detection, in transmission line component defect detection are analyzed. Lastly, the
future development trend of transmission line component defect detection technology that meets the requirements of complex-
scene grid inspection and fault diagnosis criteria is analyzed. The conclusion is that the development of visual defect detec-
tion of transmission line components cannot be separated from the development of deep learning in the field of image pro-
cessing and image data augmentation. In short, the establishment of a high-precision, high-efficiency, strongly intelligent,
multi-level, full-coverage defect detection model of key components of transmission lines on the basis of deep learning
remains unrealized.

Key words: power equipment operation and maintenance; transmission line components; visual defect detection; deep

learning; object detection; knowledge guidance
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Fig. 1  Flow chart of defect detection of transmission line components
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Ji W R 4 2% - 2 AT . Zhai 55N (2017 ) £ 13
I B SRR 2 cy IS ErA 2NN ELE S e
IR 8 o il B LR B R R e L o S 2 2
F B JE T B 3 T A A A3 A SR A R Ao 4 2%
Tk, Zhao %N (2015) #2441 —Fh B T J5 £ £

Rl A (BRI R B An R h 24 2% 1 %
P ERLTT I BB T TR R T AL 24 48 2%
T H Y A R ORI R I 1] FE
5K fmfm AN (2014) O 1 9 R RE T 60 U 4 2 1
TIERIA R W5 T —F A ST FIRATER AT
Bk, A0 F 36T HSI(hue saturation intensity )
BN A TR % RE IR E , XLt sg
R4 25 1 R -5 R B ARG D 12 AN AN BRI B
X Bt A T Sh iR I AL, 5 BORE 2 it I 1]
DARKS 7, ARG IR B2 LA K ARG I 438 b A T 5 s 2
PRI AT oK

2006 AFIRIE IR 2Z 5, A8 R A AR A
TR SCHE T 4 Gk 1 e B A6 I PRI I T A
TR AR VF 225 TR 2 ) BRI 0 28 % 1 i I
KT N as A BRI AR N (2019) $21H T —
Fp LT 2 19 R-FCN ( region-based fully convolution-
al networks ) T 138 £ EZ Hh i 48 2%+ H s A i 7
V5, AR bR 89 98 s LERE IR 9 B BB R Y RPN
(region proposal network ) % 2% H 4] £ ISUAE | 5] A KT
P175 0] 37 M 2% (adversarial spatial dropout network ,
ASDN ) JZ2 DA H 4 86 5 I 0, 4Gy I A5 22 3t 722 ] o
&3 Bros .

ST
CNNFRIUFHE

ki
EALEZ S

+H

RPNIZE 1 fity CNN&

ASDNP&%

f@Jﬁ%ﬁ

|

\&ﬁﬁ%mnmﬁﬂ}—ﬁ TR
Il

Lo e Sk A oalll]
SR

K3 ZET R-FCN L8 Sk 4 2% Rl i A2 1]
(BHRIE 45,2019)
Fig.3 R-FCN based inspection flow chart of aerial line

inspection insulator (Zhao et al. , 2019)

Wang 55 A (2020) $& 4 T —Fh 56 T ek i) IX 3k
IS 45 1) 448 2% - Aar i 5 3% 38 3 B0 ResNeSt ¥
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@Rzt A 2 R ) RPN (region proposal network ) ,
SENRT 2 x5 BRI, S O UE BRI TR
4 PRI 21 (RO R E WAL T EHERT &
Y25 S (0B B A 2% RS B B 4 2% 1) 18K
e FIUS T ANEE BYROCR 1 34 Tl 3 1 4 P2 A
BIR RS RN 1 Fizs, Tian 48 A (2018 ) K HI
I 2518 B IR RN AT H B A 25 SR Y 12 SR 4 2
BI04 i e % 1 200 2% 1 R B AR AT ARG N, R SRR 2
AT v  AEJRAZAR Y 2 7R N 25 I ] AR Y 15 20
TR R T AT S, Tao 55 A (2020) BFX)
Y 2% 1 LRI BRI B 1R T — Tl 1 TR R AR
P22 O 28 EROBR S5 1) , i e B A I e 1 Sk PR B A
DT T ] %o 5 4 A 3k /0 1) T e ] 22 e B4
R E R G MR I

1 ETFARAAZENIMAFLEBAELETFH
K4 R (Wang %, 2020)
Table 1 The detection results of 4 different types of
insulators based on different methods ( Wang et al. , 2020)

ik SRR/ % BRI ER AL
YOLOv3 70.6 19.23
YOLOv4 75.6 25.21
Faster R-CNN(VGG16) 77.8 9.09
Faster R-CNN ( ResNet-50) 74.4 8.33
Faster R-CNN(ResNet-101) 76.9 11.11
Wang % A (2020) 95.8 12. 80
RetinaNet ( ResNet-50) 79.9 12. 50
RetinaNet ( ResNet-101 ) 80.5 9.09
Wang %5 A (2020) 96.7 4.69

Zhao %5 N.(2020a) 24 T S & EHUE B HY
GBRUZME N T 44 0 Z AR 205 098 &
THEARNT 0 R 1 f 5 38 1 B TR, SR BURRE &
AT RGIC MARIE SRR | 5250 45 R R W% 7 1 AE
ARG TAREMRCR . Liv 58 A (2020) $2
R R T T M A ) B s R A TN i
J5 K R 22 1 RCCAEN ( reconstruction and classi-
fication convolutional auto encoder network ) P 25 4
G 5RO EZ R R 2 1B E R, Li
S5 N(2020) BT 755 23 B A A1 P15 e o %1 R
RGT/IN 25 2 I A g Ta) (0, 42 10 17— i 14 Jap G
Ry 8 53 ) 2t 5 - B U O vk e ST T

3BT E RS AGI A8 R R 2%, e 42 R AR R A )2
AR HEAT BRI IN | 26 2% 1~ s B IR ! A R T 4 [l
KON 91. 9% F195. 7% , AbHRAF i PG F- Y RE s
459 ms, {HZZ PRI 75 vk B0 F AR A T T T A
oL, 7E—E R b3 TAS IR B2 (22T
BRRZHE Z | S RN,

TREE 7 ] 0 L, IO M el A8 1 48 25 1 5 o7
BREEREIN IR SE IR, A 25 7 T3l e f
AR DR 30 B35 P v 1 AR B2 SR, 244K,
B T, B TR SRR K
P A AN TARE B AR B Y R TAR R 2]
FIAR IR 2 IR E 2 5 R B TR L
1.2 &ERHEBRERNTE

G HAR R R R L EE B A 2 A
Ja B, EESR R S | B R B A
PE LA B 4 55 B A R B AR 2 B AR O 9 4%
2013), th TeHREZ HORES TAEFRMRAR
AETRD, [7] F Bif Pl 2 MR I A 18 K i P ke g
G FUBCRE ORI N b g SRR | A £ S B
AN, ™ H 5 W H A 2 4 as AT FE H AR
G FUR UL RSB T R B Tl B IR AL
FIE VKT 24 25 (BKCEE 43, 2013 ), PRI L o) fi i 28 8 I
() 4 B AT 2 RSB T L A R R 2 b il 2 P Bl
AR IR L ) R AR W 18T,

Wu 55N (2014) MIHTIKEE 5 - 86 5 15 Al
PRI 368 2ok ] o 12 140 8 B 0 A A, (LA
B F 2 2%, W —ERBERE R R RS L,
P ARSI AN BB . T B AN (2015) 2T
— L TR S i L e WIS S R )
WT7k , A TC AR RS 2 38 DR A I R
MEAR I, SR AR BE A3 7 S U 2R X 5 LAR 5l
Frp 2Rt rh WA AT SR, IR Y T — bk
TR R AR A T R AR AR 1 LIS D) 2
PF, R ZAE M IEA Ll 2> B A 5 S0 AR T A
IR BEARLLRE 25 J7 1 A I e Bl . 7K M AR S N (2017)
SRR P, g £ ST I B T R T T DG I ) £ e
B RGN 5% | SR FH 32 Ak 2 R R o A P8
PS5 17 8 ML BE AT A 3h BB R, H A AN
(2018 )R X GF £ T i L £k e R IR R HLN
PRI BE RGN | 327 0k A0 B T 7 2k it T i B aE A T ke
e RS D00 T = A v 2 KRS, R A N (2016) 3 2ot
G B B ie B # L FEF RGB (red green
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BiRE, BN, MR, FRE, BEXAKR, BXE, KT
LR A R TR AR M SRR

blue ) # (Y X L IEH D0 T S5 850 Ag B0 T i By
R, S T R R D B AN . AR (2017) 4
T BT AdaBoost 512 14 By i A U 5 1%, )
HIB AR Haar FRAFESR )G 456 AdaBoost 73 28¢5 iF
PN, AG I o 36 2o 3 3 80 1 45 5 20 S AR AR RO
DSHEA TR, R IRAE A (2019a) $ HH —Fp 2 T
CHE SSD ASETR f A v, £ AT A AR P AR 4 B H bR
R 77 v , A 2 %) TOU (lintersection over union )
P BIXF H bm RUZE B A50UR% 1) BRIAHE 5 [W] i AE A AL rh g |
AF& 3% LR 5 b 4 H B bR 25 4R (]

P v 7RG AR A 4 B A T RCR *A{ﬂ" 7?195
WE 4 Fos, X E R BRI 11 54 Hak s |
HM%m¥w%E;mE%$D&ﬂ&WT
16.38% o JSEZAALEL 5 10k A AR P 4 HL i A
DURICR  AE2 X T iAa RSB A — s 12K,

|m%&%mmﬁwu@|

INZFREAR

ID;E?F%IS “ T;Eﬁ?i?w Jiegkase

VGG16
iii Conle 2

zﬁf*#%ﬁ?mﬁxﬁclxxj Pool 11 L

o Eﬂ[;&ﬂ’]SSD#}Q‘J 7~
T

N

Conv4_3

NMS

Bl 4 FET SSD (1% L 2R % 4 H A it A%
(BUARIE %, 2019a)

Fig.4 Detection process of transmission line

fittings based on SSD ( Qi et al. , 2019a)

AN (2018) %4 3D Studio Max 2 & A4 T
BARY 5T, AT T REAF G BRI JF B4 T
FET B A BRIV TBE & A 77 R UE T 5 40 28
FI H DX e 1, s T BRI R, BRI
SN (2021 ) X i H 2R 2 S o 4 BARE AR [ R

BREEFISE B )8, 48 1 T —Fh 255 TR BE N 45 il
WA R 0 205 2 1R SRR R 2 R
AR VGG16 ARSI BERFAE 38 1 R 4 AT
PR [] DR R G 2R 2~ DR Ay At PR 2R 32 ] ) A
A, XEFEAEAN(2019) 241 T —FiHE T R-FCN
FUTAETISAS: 5 E B AS I J7 2 , 7 4 4 BRI 2% 1 Bk Al
AL R AR A B AR AR B ] RO
AP A S 7 2 Bt B TR IR B, Mao 5§ A
(2019) it 1 —Fh Jo A ALK AS: i L 2k 2 4 HL 5k
ZW R4, K AET SGC (sum of absolute differences
+ graph cuts) E’Jiﬁilﬁ Eﬂ%fiﬁ i3 JC AL £
AR 22 P DR B 5 A L0 12 0 40 22 1] kA7
Sy ENFN G, $03) 185 03 F Y S5 AR B, B, R
A 1) JC R B SRR ) B AL T U2 FVRRIE S 30, 57
R B TS R S IR rL 2 B R P UM T E . Wan
5N (2020) 75 HE T XA 4 45 AR 28 L ilt | 42
T —FIH R 25 G i P 2k B < HL 2 TR DR R A
BN SCE B B ARG Ty 2 f AT AR TE 4 ARUZE
SENet ( squeeze and excitation networks ) 5 i A %)
RS RY b 7 A v 2 BT AR PR E 4E BAR 3 T
81.81% MIKSEE, AL T R-FCN 4255 1 3.96% . #
PRICEEN (2020c) S XF & H 5 & B2 & H 57
S A E T IR) A, £ T — 455 KL (Kull-
back-Leibler) H B FTEAR )5 Faster R-CNN HiL 7
S EAGI I 3% il A KL HRE B AURUA A Smooth
L1 4519 R B8, [a] K 2504k 45 vh AN (] 28 1) i 2 5 2
F AR BT IR AR AR A S 29 A A A5 5% 2R 280 X A6 2
WIZRFEATUEAL , LA i B B AG RS S | e 4 A
B et 45 TR A A 8 28 4 H H Ar py B dhs 5 ik 3
T 83.68% HF-IIRGINRG &, — & AR Lok T %

TR R A2 AS % Y T A ) 8T, 5 G A 3 A58 SR 3o EE A
22 i,
T fi R 2R 4 L R CHL Bl B 4G I 45038, 15 S8 i) T

TARBURFAE E’JAEEQ 5 R B A DN 7 i GV A A
B R RMSCR AT S HE I, i TR
LILBRBERIIANZS X T 45— < A B — 2R kB
R ZEN T RO AE I 4RI ORI F . AR
TRIE = 2] (9 H BT [ G 22 Rt 14 < B
AE, I ELAE DR B2 S5 ARty 1 R IR Tt (2
R A TR A 5 b5 5 T AR T i 5 < 2 B FL e
AL T5 5 A B 4R B = Rk s IR e 25 1)
A, AR M ST e ERA R E A
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2 ETARAAZENS XEEBIRENER
(BiRE %,2020c)
Table 2 The detection results of 8 kinds of fittings
objects based on different methods ( Zhao et al. , 2020c¢)

Fik S HER /%
YOLO 72.48
Fast R-CNN 74. 86
FPN 75. 88
Cascade R-CNN 77.24
Faster R-CNN 79.76
Faster R-CNN + KL loss 82.97
PR EESE A (2020¢) 83. 68

PP, ] ) 4 4 L 22 T 7 4 ) R D B i S
PR AR 4 L R I A 0 2 B 114) G B
1.3 2R EEREG N E

i L 2R I R TE IS RS IS R FL A X AR
[F) 8 e 22 ) i 1) T 032 2 4 P ) 2 Bt S M
B AN L BOH 2 R R
U, ] S B A P 4 S DA I o A ) LA S B R e
AR R, 2 L ) 2R G ) AR T 9 Y B
B, MRPEAS R LA B R RIVE T, I8 A 1T 3 oh
o IRAR FUANHT B WA 2 28

— MO A B IR AR R BRI T 2 N A
AN A, A 2R 2 R VER D7, bl
AN B R T ) P R B DA R S R AR
P BB 2 A A DL B R A I L, 5 A AH O 1
FEEEA A B R SRR Bl AR B
B, R BAESE A TAE AR SCOURF X 4 S
K153 R 2 KISHEAT U, 33X 2 243 Ji1) Je A i 1 e
B AR DR RS B
1.3.1 188 AR

BB E i F R LT RS S L/ S SR R
Z 0 %%, AT A% 56 1 RS A B T AL 25 27
R EHE LLUEBR K75 5 8, UM LR By
fiE, PR T 1422 DA T 5 b o R Ae: H B kA7 o
BRAREIN , [RIR H R B AR A 4 A A &
PRHIRZR & LU, FH R E] 2% |, T HOE TR AR
ZBRT AR 55 w1k e A S DR 2 A A PG R 2 3 458/
i e RTS8l A R & B R TR AR 2 (1 2 44
1 F A5 R, BRI B 0 i P 2k i RS P g AR H bRtk
AR A 1) PROMERR B2 &7, B PR A% N (2020) 42

H e FEAT B IS B T 1S B A | BT T S AR
25 0 245 1) ARG A AR I 2, AT 2 AL 7 P 0
R AL 55 . 1 P Xt BRI G RS aIE 32 R T B
B VRS R et 45 Oy 258 OB AR R B LA
F T4 A ResNet ) Faster R-CNN AE A £ il 455 7Y
HEATIIGRATINR , SEI0UEWZ 7 IR 2Rl 2 e 1
WA R T B A v 1 G VA B L K kA N (2020)
AR 3 GRS I U B S A SSD B e L AF A Bk
e WA ) 2 v I U0 31 M O R AR AL, 14 R AR 1
A R B o L, R B g s b SE R 4R
Bl YOLOv3 S0k Al LUK I IE 4 8R4 | e 20 12
P BRI YRE EE A 3 T 85. 9% , A M55 F] T
89. 8% , 7N A FHAR i 1 RS INPRS BE , (FURAL 5
FR RIS 2 BT REOC, 45 SEBR IV TN
KT HMERE, Pham %5 A (2020 ) B 52 08 FH &% A i
TG A OB LS A IR AR RS T I 2R 4, 2
JE PR T — BT R o ) A B AR AN SR T AE 2
BB R ARG T M T R MR A L AT LA 0 R R e B
L
1.3.2 ST okBEASI

B AR — P 22 T R ke b R B R ]
M EFAL , T2 B BCORMPE R 8 0 &
ARG, JF BAF RS IR AR AL 8 L R 2 — Bk
Az SR i S LM AT ME A A B R A R AR
BB, A RS IR AR W R A AR A S AT L B T
BRAE HFHIE 2 2,

FHAREE N (2017 ) B2 A 2 B AS - 5 i 14
X BARBEAT I3 22 3, ARLAIE 70 ik 445 SR A A B 1 =2 )
AL RO ZR , DTG 22 1] ) 31 B AR, 2 Je i T
FEE I 2E Haar FRAFfiT A ZLEE AdaBoost 432
fe Xl B ARHETCHEAT YU, JF B4 53 Bs AR A T
Ik, AR S o2 dn iz AbPERe 0 ik B — e 2
JEE Py P, 2 MR A Y T BRSO A BE T . Zhao
SEN(2020b) $2 Hy T — o R A0 ¢ T R AR LSS T IR
A TC B 2Tk JE R L P T4 S — T 0 4
TR BB 19 B IR 5 2 I 2% ((automatic
visual shape clustering network, AVSCNet ) f%) £ il A5
R AT 2 d ) id ] B AR R %07 BT %) 4
PR MR Y 1 ol G R o ARSI AT S 35 A P RE A
T, 5 H A7 20 ek 3 Bis

Zhang %5 A (2020) $#2 H T — Fh 5 T Faster
R-CNN /Y JC AL 25 i i, 22 5% 5 | R ke I A6 00 5%
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R3 ETARFENBEEEFRARBENER
(Zhao % ,2020b)

Table 3 The detection results of pin missing bolt

based on different methods( Zhao et al. , 2020b)

VRS FIUERA % BRI A R R
YOLOv3 54.8 11.36
Faster R-CNN 61.4 5.80
R-FCN 63.9 8.99
Faster-FPN 67.2 3.05
AVSCNet 68.7 1.92

YT IC MU A EAT MR TS 50K 51 RS/
SRR, DERR TR % 2 I 255 A SR R AIE 11 B 00 2% 8 v
K ERE . H AT R A 2E 85 b T8 1 B2k i Bk
BARTIAT 45 b, B P 101 G5l o 32 BT T A HLAA 4 A
VI HAE LR S5 ] L, ARG X Ao vy, PR G A
XFIZ A B G I 73

BT BRBA RN 8 T IR EUR 5
/N PR B A R Fp R AE 25 0 7™ B A D DR i PR
S0 S R B SR B A T ) X ), T
FLA T /N H BRI BE 7 0 TR B 5% 22 W 454 R4 AIE
PRI 45 382 ) F A5 A 40 1k =2 [] /) 240 SR 56 2R ok
R, B ARGk 205 o AR IRG
1.3.3  BSRL R A

RRE B — M & AR AR AN B IR bl TR A
WA A A T AT Bl = X R AR 2 B R, DR R
W R A MEAE B RIEEERA Bl 2 R

BRSO 22 2 (2017) Bt T 43 25 58 LY
JEOLER XSOV B 1 DRI R BE B 5 58
U FEL 2 A 35 8 HH DX A5 5 2 A8 R ek Y
Hough 75 4 535 AR BORS 1 A0 RS R [X s, 5¢ A JE 2%
R DI B B, SR P TR AR {7 2 BB R 55, $ R
TR () SRR A L, Fc S AR i A 1 B R A ARG ) 1
BERAPIEECHE A S, BRSSO (2020a) £2 1 F)
FHBZ AR BERE: 2 [ () G B 4H B e B X6, 8% I 1 FH 4 AR
P22 ) 28 AR BURE RE XA AE W0 B Ak R R 28715 8 25
T REXT B Se 30 TR SR 7 A BE X B 5 A BE X SO0
G OCHR ARE O R A5 B M B AR R 48 5
FREXHER G 4328 R AE LR ST SEAE T W iy F 2R I
5 BB DG AR SRS S0 3 SRy A B R R B R A AR
BB A 2SS IR B T 83. 54% AU YIRS 7E AN
PBRFA Y IR BN T 73, 34% (PR, %

7R bR SIANESE: oL AN Lo S5 Vg ATl U e T
BEXT RV % (4 A R T A7 1 B HOR T
23 [A] G R TR A R TR 3, AR IR R %
ST R BEA AR L, R HARTE R 5 b
W, (LR RS R B SZ AT A B AT DL 2 IR 52
WA R, M GE B T B S BURMIE D7 1500 TR A
BORM R, TR ) BT I R S e E2 H
BIPRIR T 1 I8 B AL R ARG JEE

2 KERARES

SV TR B 27 >0 FH T H 2 B A dle i
ST B 2R IR A (EARSRAFFE — 28R ETE
VA58 A T AR ME R T AT A PR sk 2 ) R T A 24
B IXSEEARME S AP R /)N H bR
ARG ] RSR[5
2.1 BiEEATLEHE

TR BE 2 2] I R AE T LA e TR i) KT S
K R T SR AR BT 2 U AL T 3 S A ok
22 1) i P, 2 B O B VA7 e B AR R AR 328 R
DAREE 2% 2] Sy Hepi i A AR sl B HE SR ) H sy —Fh 32
BOEH REE S ) JT R R PERE S EE o A £
A EHOC R MRS PR R 2 i VRl B s v R
PR BB A HE OB R, HLIJE AP AT 3R B R T
JUAEA S BR, B B8 B0 A PR 5 AN (] R AR BBl i 2
AR AR 22K

A1 G T Fi, 28 5 OC SR F A a0 o A T A58 491 4
TR SRR AR AR NS A 1) T 1 T2 g DRy B R TR
RUJZETH . 7K J2 T8 kR 5 12— M 435 17 B4 [
G358 7 vk UG AE T 555 . Tao 58N (2020) 73
BIRHT 4 KEMGIE RIS 4 46213 HIF
TRl E RO ST R A X R R 26 2% AR
SETPREARY G, T DU bk G R R A i fULA AR
BT RN RIS T e ERE B A T R
FET; . AT LAY PRI SR H AR G 9 B s 22 1 BE
J1 A FR, 1 3 F GAN ( generative adversarial net)
( Goodfellow %%, 2014 ). VAE ( variational auto-
encoder) ( Kingma il Welling 2013 ) S5 71 A= 1l 4 [&]
BB B A B9, R Z M, B IS A
(2019b ) K A= X 00 28 iy FH T 5t o R A4 (15 7
AR, IR Y — AP L T 2t DCGAN (deep convolu-

tional generative adversarial network ) ( Radford %,
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2016 ) IR MR AE T 12, 0 i RS A 45 K R
BRI AR RS X 8 5 51 s RS B 5 DA S A AR 1)
Az RS AU As g A L, BEH 9 T bR B
FEARBIECSENE, M T BB REA R ek, T4
BBAE N (2020) $2 H — B 5L T R — Bk AR o 4t
W 2% ( cycle-generative adversarial networks, Cycle-
GAN) (Zhu 55,2017 ) 4 2% T UG A 1805 15 | X 4
Gy BT SO ARE AT AR ) 73, 2 )5
TE X 73 B B9 4 2% 1 IAURS Sl A 4 Sl | R
Cycle-GAN A= iU 2 1 UG HEA . AHES T HA A A
T3k T RS TR MRICR 1207 12 A U 4 2% 1 FF
AEER, LA EY S5 7 A A —
TERERE PR SRS O H 249 58 LU Bl AE 40% ~
50% I, 732 M 25 PERESR THSCR Be

H 4 PR B 52 AR Y S B Al 58 4% 28 5 it
BRPETC IR — bR A0 2R 7 e 3, S O i i A Y
PG TIC 5 AU G e 1 8 B8 A TR X 0 4f ) M A, PRt
AT BEAR A AT T B SV AR 2 R T REAS P 2 3
IR, &PRESEA (2020b) 1 JoHe th—Fh sh A& £
B PR BIORT — P35 o (08 B AR ST Ay v R i
P2 G A [7) 2 B B 22 1) A 18 18 A A 50 A
7 RERE A IR "7 > 45 ) A5 Tian 25 A (2018) £
Xof i L2k IR AT ARG P ABE A i A R A R
A5k P B e T A [ HERERE T, M o JIR 5
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2.2 /NEERRNFE
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o BT EET B B AREUIN, X T B AR I ok
P — IR R A PR

22T IS N (2020) 7F Faster R-CNN A5 U i) 3
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T1 7 PinFPN 2% Iss Xf e 2 i is AR BAALE{E
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WIS G T/ HARFRAE SR I A A8 3= 1 19 28 AR A
e JIR Bk o A B R 2 B 1), I A 9 R
FHEHE 1 A6z 0 HE B2 F fif X — 0] BT, Tao 5§ A
(2020) BT T2 Zi K B br X A I HEZE | 5 38
i ILN (insulator localizer network ) % 2% 5 v/ H K] 15
rh R 2% 1A B AR B A L 2 Rk R DX Ui
AT 2 9% DDN (defect detector network ) P 25 #6:
DUt ot R A A8 2% 60 B, DT 3 B 1 3 43 JRy A AR
ZRAANE , Chen 55 A (2018) B3t 17— MURLES
JEE S AN 30 e A TR ) A Tl A T AE 22 A
A 3 AT DCNN BRI B B, JRIIE T % &
GRS AR T AT LURAT B ) 7 P AT A
Li 58 N (2020 ) $2 1 —Ffr B 1 42 Jay A6 000 R Jey 358 43
B 240 2% - WS D v 3 A A 4 ) S A T 4y
TFRYZIRHELE | BB 78 23 FI T H A5 14 = R AiE 1142
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£

| |

C =

K5 421 BB OB I RE SR (Li 45 ,2020)

Fig.5 Cascaded detection framework for insulator defects (Li et al. , 2020)



$26%E /5511872021 F11 B

BMREE, BN, FENE, R, Bk, BIGE, KT
R SRR BRI A B R PEAS T 2R

2.3 HRIERTE

i PR 2R O BRI 2 R AR Y BRI R T 2 T
JE—2RERE T ek A 2 AR B2 B (i) 2 A v
REA ARG TP 1T B T MREBERA Sl RIBR A SR 25
[F) R, 3 e 5 1 A AR MR AR A A || 2R ) Y 22 S
ZN ST H TP A R O I i R 25 D PR Sl P )
— HARSEIE S 20, e 225 K, Inidl 6 s, 8
B 3 ) ) 3 S kB AR IR HE R, Wan SF N

(2020) 75 & 3] iy L 2 s < L 22 18] B9 4D JBE R A A
R SUE B, R AR B 4 1 ((deformable convolu-
tion net) (Dai % ,2017 ) XF A HU LA T AR A4, A FH
FETHEE PR A SE B (squeeze-and-excitation
networks ) (Hu 45,2017 ) ffi 2 1< BE 25 25 0] #4200 KL 52
FROE, — R bl 1AL Y G B, (HI Ty
PR 75 83 A5 [ QOB AR B S MR sl 2842 1k
SR AE N RO G B [ R 4 3 2 S

&)

Bl 6 AL A IRF U2 5 B ( Zhao 5F,2020D)
Fig. 6 Different visual angle bolt appearance difference diagram (Zhao et al. , 2020b)
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Fig.7 Defect classification method based on knowledge map of bolt mother pair based on GGNN(Zhao et al. , 2020a)
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