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Abstract: In a large environment where the power system needs to be inspected, the traditional method of manual inspection
has great inconvenience and potential safety risks, and the object detection method of unmanned aerial vehicle has great ap-
plication prospects in the direction of insulator detection and recognition. SE-YOLOVS5s, a lightweight insulator detection
network that performs efficient detection for this task was presented. Firstly, backbone of YOLOVS5s by fusing the SE atten-
tion module was strengthen. Then, the position distribution of insulator object was investigated and predefined templates of a
priori box by K-means clustering on prior coordinate vectors were generated. Finally, the network by a multitask loss func-
tion was trained combined with confidence and position regression task. Furthermore, Mosaic data augmentation was utilized
to supplement additional training samples. Experimental results demonstrate that the proposed SE-YOLOVSs significantly
outperforms baseline methods at multiple criterions including accuracy, recall rate, detection rate and mean average precision.
In comparison with the baselines, the proposed network has a flexible trade-off between robustness and memory overhead
and it is a potential approach to promote the power system development.

Key words: insulator, object detection, deep learning, YOLOvSs

W BE: 2021-07-02; 2@ BHA: 2021-07-27

BIE1EH: Z5EME, yuanzheng cai@mju.edu.cn

BEEWE: Mad QRS IINH (No.2020J02024, No.2020J01828): 4N i RHE I B H (No.2020-RC-186)
Foundation Items: The Natural Science Foundation of Fujian Province (N0.2020J02024, No0.2020J01828), Fuzhou Science and
Technology Project (No.2020-RC-186)



%3 FHREE: H:T SE-YOLOVSs [f) 444 1K il +313 ¢

1 5l

X HEL 7 5 e Hi v 2 i ) 8RS 2 v T TR
W LAEL RSS2 Rl X 4ask 1.
LN CE” SR 4 E I R L iR Nl 1 1B R NSRS 5 T
PR I0], HAEL PR OG- 4 v ) ek 1) 22 4
AT RN 4aS 1 ORI oy B 41, eAl]
S ML, g, PURAERIMEME. R
2009 4 10 H, FRIEAEHL ) R G gtk b A
T 23 LR 41 Pl gasgiifER i) Rt
MR R I, DI, R REAE S 1IN R IR S
/v B N (ENS NI W B e A QAR OB 7 Y i
UM TI8A,  H T IR T 2 i 52 2% HLK
R e, N LR A s MEEER. (Ef
TR, MESD TS (BEETHATEA
U BB, SR AT G s 7 L
R HERA 22 ARG ok L ) R G L 4k
P A PR B LA B 40 . WER BRI I TE AL, A
RER I £ 0 S5 A e e A AR I A 2 1 RS, gk A H]
TRIE 2 ) BOR S8 o UG b 48 21 1R A 5
A RE IR B N T8k s i) H iR, I A AR A
TR I IR A (RS IR A AETE AN LT
B THRLRE ) I ER T Z . KBS St b P 5
Ao MEEERAA AR BN A AR i B R 1) 78 o
O BURR AR KSR, FHEd— B A
AR, P BRI R AR R RE VU B
U, S B 2 o 00 5% 1 A, D0k S RORS 2, el b4
TN TR (AN 2 4 P, A o B R
-5 RGP SCBURCA T fE o NI SRR 5Y % T
KB R4 21 Srtiis, HETKZH
(2L FA T T LA 3 AP ER: Bk voth&
N TRESEIES ARG AN R SR X 28 47l
SRRFIE, S5 R IR B R AE X 2 i 26 2% 1 ]
BRSNS 5o ARSI EUGRR R A1, &
T RGE LS 10N T HURFIE W] 23 0 B e Ry
i TEAREFAE RS, SERPRRIE 5  JLAs ik
.

2 2RI TR B EERF W R o 255 SCHR[S]
E ST THIAMIEE, Reddy M I B 25 A1
T e K B R PR A e S == (R R R, AR
M K-means 5RISH B SL5 5 (0082 25 () vp 1) (4 R F
ik, f I S N S BRI AEEE R S8 (adaptive
network fuzzy inference system, ANFIS) XfHL & 5H

o}

FES 11KV IIBC H R ZEA TR 00, SLIRk e 7 —
ERHTRBELAG 7RG RS . IS A
. Reddy M J B % AT S R A EEHLACE ANFIS
VENRFIE Sy 2625, Sy TR kG B o oA 2
TEUERFE 1 7 0 R R I e e R B o,
S0 B N FH B U0 AR S T BRSBTS
SAAEBS R U Hh DT

T FODR A U AN SUER RS () 5 ¥ RS K
B 5L, EHEYER . Oberweger M 25 A
PEH T T L T I R S A R PRSI Bk
A SR T, 2 SRR R T 2 0 A TR R ECR
i, SRIGHF K AR R 0, e A 3%
TR B R R R AT PRI GR, EAEBE S e
PP T S AT HRRAHDCH TR 8 . Zhao Z B 45
B T R L T 2 A 3 A0 s AR 1 5
B 50 N PR A v B U R X o 6 ik
17032 BB NPHR I T R AL T B BT
O E (A B 25 ARSI R, AT SRR S A T L
B R 3 . Wu Q G 2 NV g
PRI BRI oy A1, AL FH S AR 0 35 3 e R o
SrEIRR S . Wang W G 258 NUHR I Tl S %
POt Cngie . RS k5 B 15 i)
R 2 2R AP AT 2R B, AR R A DX (i A SR I
FEAR I M Sl R 4 2%

TN TAREURFAE, 1 N TR
HEST PG TAL R (R Bk M s 59 oh, FIRIN TR
R A0 (R HE AR B v TS, EAE: T 451 (A
DERE . R, A% FRAEFRIER 1 T R KN
WESTHT S, 7 ERUHEAS IR BE S5 R RS 15, TR BUAG
S S5 RS DA FEE U 5 R o AU TG H AR
RS 2 1 R, s8R BRI 7 724 g fRiE B
TR TAE M ek, RRR ) RGN 2 AT 4,
TN AR R AE (8 5 5 9F R 3E AT K 2 B 3
P o BIOF EOA ) R, A SRR H — o e 1 R
SE-YOLOV5s 4128 /4 44 ke STaet 46 2% 111 H A
RO, 1% W9 8% mT LA J] s AT R A B BRIV I,
60 T A B 5 LA v G DRSS ARG N3 18, E T
X K B IR 446 2% 1 LG I i v 25 8 Rl A8 2% 1A
MAE55

2 HURA-IE

ARSI 251 B B P K AR LA e 3
TER, AT FEAERIE B, PHATIEECR B ks



+314 - BHRERLE SRR

ITC AN L 2. BEUGIST 1 152%864 5
#, ST GRS R 640x640 143, HoR T
AT B AE RN . ek IR L 600 3K, A
SCRENLAMECH 540 TRAEDINZSE, R T 60 5RAE
MRREE . 82k IR SR AR AE T8 = UE b S 1K 4y
At 1R

081 ¢

0.7} .
0.6F
05t

03+
02+t
0.1F

0

A
1 T B AR LA 3 I — A R 20 A

ARACHE B8 i YA — 4 1R 23 A1 RE S AR e b S Ik
Y2 R RRE R N T ATEUR Y, 455 4
SR H FR IR 58 R T TR RS, IXAT LA T
FUF A RO A 38 R AR 0 B £ H AR 44
BEATRRIN, [N e U Rt EEMTAS I CR

PIL (Python imaging library) $2fit 7 K=K
{5 A B R B DL S B PR IRR AL B AT, T By
R SR R A 4 2 1 KR RO e e . BiEe . SR
9 T ORI SR BN R AR AL B R A . A
HI PIL X i df 26 2 1 KR B0 AT TOAL B 28R 7= 1)
ik 2 fros

(o) AMLERE (1) Bitshim

(d) ZREHR
B2 R PIL AU T 30 U B0 R

HP 2 W, SRATTESG . BEE . SefE g aR. Xt
U JSE 8 5 T €00 8 o ) 00 8 o SRS T AR K 4 %
TINGREE MR, SRR iz AL RE Sy, Aot
THERL & PR

3 BERENEXTEREEEE

3.1 ETF K-means BEBIVIAIRIZIENDIE KB
ARSCRH PIFR G HE R AR O MR ES D W R

D=1-U,(b,c) (D

o, Uy BRZSIFIZE, b AbRichE, ¢ KK
e REE S T 4G T AR ICHEEAT 4E LSRR,
HARE R 5% 1 Fis.
B%1 K-means 5k
MIN RNk, BRERMEE T, i
PRICHE B FEA n
Wil RAAHE
for i=1,2,3,"** .k
for each n
THARICHE R R L R BEE Dy
BT bR HER B FEAS 0 23 2 H B il
R
end
SR AR L
THEAHAR 2 UGEARI ZEE AU
if AU<T
iy 1SRRG IR
break;
end
end
REZIGHREN 9 NMERHEM LT
[84,19]. [112,31]. [113,54]. [269,45]. [271,121].
[282,86]. [289,65]. [291,176]. [321,116].
MBLERE S ARG, BRI DB
MR, Mg E BRI, AT
R DX AE T 0 SRR T o0 FL S M A P S 30 A TR A T
AR, RS BT H00 . NG =M KR,
RGPl i B A TR T R T,
FEARZ B 7 B A R B A
3.2 Mosaic £{E1853
g FREWY OS5 28, Mosaic iR 4R
BTG R 4 TRAG TG PHEA ik, BiaE
ATREN AT BENIEEY . BEAUBCE S A Y AR
FAR R AN ERE IR/ MK (mini-batch) 112K
/I, IXJE I Mosaic Hifsnsr v At a4 — 0 e
g = A TR IR BT SO H AR AT A— Ik
4 kA1 USRS, i GPU 345 50 U ARSI R s



53

HH P&, BT SE-YOLOvSs HI4a %% 1kl + 315

CIPSTE 2y ER e ol S €t R U R iRy
BEPEET Sy ARG GPU ISR, APERErS 2R
$¢Tt. Mosaic Bl sima (GBI 3 Bir.

------

3 Mosaic i 15 e ) B 5o

Mosaic H4hi 19 53 ) (1) G AR T AE I ZRid 7
ch I AU A U258 IS, Mosaic Hcils 1 9 55
W e — T AN e B /N R AR 590 BB MR 3 4 T A5 23
REI VI 253K o
3.3 EENINE

AW B R B WL S — R %k
(R SR 5 IR0 UK S SRR I, T S e 48 2
TS MHE TSN . BT PR AN B R4
W 24 L 28 Ak U B AT LA 0 0 i A R A 28 1Y 4%
EIR e MY R E R b, T
DA 3ot Xof A5 A Ak Sk AT I A S AR R Wi %
AR L e V= WAL I e =Wy s &
DUE vt e e, I Hed 2R LR G 1
B AT I . K2 HE B IBYUE @
BI85 B 1) JR) A AR VR SIEER IR, AN 15 31 5
Z A RS B2 SEILE N TR, Yr2ndsh
(1) AR 2230 ik 388 in P9 284 (%) 3 P52 o A FH B R R
RIIE B AR RAZ I T A R A A R

% FhBINE B 0 a2 R T
SRALG TRAEFR R AIRE ST, SN TR 22
I3 R4 JRTAL WY 2 A R Sigmoid W0 BREL
o S i AN TR0 RS o TR 688 Ny 0 B 7 VAR A
YEHIFRIIAE R] A7) A WA T 1EYT ) (channel-wise
attention) HIZ¥[A]71 5 ) (spatial-wise attention).
T ) T SRR AN R I 0 0 2 TA) ) 4R AIE
SR FR AR R IM AR S A E 2 iiE

FEOEAS PR 2 TR DGR, AT S B OCIBE A% [H) R
SHIPER
3.4 BRENEA R

Y2k H ARk 1) 5 AT 55 R R B 4 21 K]
Brb A OGR4, I B AR IR 20 B A
H, BT ARSI A —. BT
T A A B A AR AR, 2% 18
R g B OGP AR SRR = T, B
AW — T2 v S ML s Al b Sl A Pk e
1) ) 7

601 (0 26 T3 3 2 23 (10 H b ) 4910 9 3
P Ll R

QDR =G RRER AN inalll = AFS

PR BT B b 0 B0 02 — Tl i T 3 HE 11
SO3%, A B kR AE B AR B L X 3 (region
proposal, RP) , fJa AT/ RAGEN . HAk
H, AR R X I R R e AR R
Rk A4 (1) TR HE AR 5, AR 5 38 1ok 35 AR p 28 9
ZERT AN FEAEAT 73 28, He 35 AT 8 A7 [R5 4
A RN R R IR AL E . H WL PR B H
B AS U 595 40 55 R-CNN. Fast R-CNN. Faster
R-CNN Fl R-FCN % .

(2) —PrBer B bRl 5k

— B B B bR B e — R TR A )
%, HBAMH RP, 12 B AW 28 h 2 IURFE,
SR B SR R R AE P RIS I & o L
I—Fr B B AR IET 0 FE OverFeat. YOLOVI
YOLOv2. YOLOv3. SSD F RetinaNet 5.

YOLO (you only look once) & Redmon J £ A"
£F %} R-CNN. Fast R-CNN F Faster R-CNN #fE: i
PRSI in) i, Rk K I 9T HE 1 — A B FaAs
W2, A% ALK O R X 38 (region of in-
terest, Rol) FEHUFIH I BL B ArAs I 5L 4 0
— A Besinf i A ML, 43 YOLO fefs
T AR TRUINAE () 28800 DA R A B R . ARG B
B AST WU 5 325 1 2 75 AR K & T e AL A A I 4
PRSI HE . JROGER X I, AR 5 43 S %
A3 S 30 HE 6T 7 (1) 120 5 E 2 5 60 7 A A U 490 4k LA
TN 5 8 S M e 5B EE o [] I R R 3 S AE
ATFEARBE, 5 fo AR — 5 (1) HE U)ok 8 1 15 AR
AR A IR, 15 BIRI 5 R X5 A ik
Rol Pl F 77 92 B ARG Wl A A 20 5 vy, (RIS AT 3l
FERENE . YOLO il 1 P iR 40 A4S AT 55 42 4



“316 - FREREE S HAR

CiEE

FEIETA ), K Rol FUET I AN BEA — o —,
TR 25 ) il e 0 S Ak A A b B A D00 X 52 R A7
BHo RIS 1R, A YOLOvVS
HEAT R .
3.5 SENet

SENet! [ #% Lob5 & 45 TR T SEblock, —4
SEblock 7> AL IR: 4 (squeeze) FIIA
(excitation) o ZH—APEIE EYE, Rl EGH
JE L (feature map) AT 4 5 F-24) it Ak #
YEAS Y AR AR B I A R IR g b . 2 =D IR
SEWOR, WORRIE R AR RHEE (bottleneck
layer) &5 oK IR1FIES R AIE AN B TE OAUE,
Jo 4 B IR 5 (R AE B A S — 2 N .

FHIE Rl — RAG AR R 1), @
TN AL b () RN T H AT AR R b, (H
U e O R ARl 1) AR, AR [ —4
AIE 38 T8 6 T R AR 8 T H AR I A T R I
FEAAHIE, DS AR WU R A0 %) P A R A 3
X I [ R 2 S (A, LAIX 43 H AR AR At 5 b5
PR EREE . IR 1 L ACE, B s
B 4G 3 ¥ L SRk ] 45 (] 0 3 A R afe
DARE/NIETE ERFAEI BRARE . R4 AU R
BTN 4 B, B sE AN [ AR R X A
W EA AR E .

cl Fe2 RPTREFIEE s wy h 43 500k 23 W) 1
()9 A s Fe(,) AR5, SR x L 3
SRR Fsq(-)$4 2 ()l 18 X REAEBEAT e 46
R YRR AR — [ &, )R H A4S
JaI I AZ 1Y Fex(ow)iliid S48 w k= 4B 8 — AN E
WIE AL, TR I W) I AH OGP s Fscale()
W 1A I i o 1 30 T A A7 T8O R AR
E—BIACE K & e AR K SRR AT G
R IBUE FAF RN LR 5 .

Al DL, SENet &5 44 BE W # a7 L b gl &5 21 3 I
(1) B ph 28 I 5 b, L REAE 1 R 1E 4 U B 1 ik
JERSZ Y L BE 0 5 AERI E bR A DG IR R A 8 TE PR A

Ftr(-,)
=———>3 h

(I

Fsq(-
Q()/71x1m2
X

0, BSR4 A H AR T G 1 R AE 1
H, AR TR SUfE R, SENet 1) 45 25 1)
wmE s Frase

LTUN
BRI

& Jey Pt AL

W IE AL
iy

5 SENet (1) 454544

SENet HH ) s 4R ATOA DA 20 A4 R 155
F SENet i N FRFFIE I 28 I AR, R T 42
FPP Rt AR, FRNKEEOY M SEEBUT A, A8
REAIE_ERRFIE AT — D AR B, 4R
52 TR /IN B J2 R A Vel mT LUASE ] 4 SRy A JR i v Y
L RRAALBRICRE JT, FRAT A PR B A IR
WE, KRN M ISP N R R, ik
SRR P IR ORI Ur G AR ED
FHEA] ReLU ¥ ek 08 i@ iE 4, ] Sigmoid
P R O SR TE B R E e R A R HOoR
DPSINAUES RN ER LIRS

4 {i#EY SE-YOLOVSs 753%

4.1 SE-YOLOvS5s

YOLO Sy —FhEE T HIA ) H bRkl 532,
LA 5 ARRA YOLOVS 7E 2020 4FE44fEH, YOLOVS
LA 4 AN HBRNRA: YOLOvSs. YOLOvVSm,
YOLOVSI. YOLOVSx, EAT5 HAREAS ] (1 9 45 1
B WSS ARTR . S8 DR AE I e . T

Fex(,w)

T
1x1xe2 ‘\%cale(-) R

v W
cl c2

c2

K4 a5 HOR B R R )



534 FH DRSS ¢

T SE-YOLOVSs #4644 14 +317 ¢

YOLOVSs 27 1ik 8] T 52 £z /N FH 194 268 8 FEE g /N PR A
%, 534h 3 ANMEENLELE YOLOVSs [13EAl_ AW
Hh A6 S5 FUIERAS B, 56 B RN ER B 38 ] F A 428
i, AEE T WA TR RA R N AE A BL Ak
W 28 T iR R ) A R R, AR SCEEE BL YOLOVSs
R LR T st

YOLOvS5s {t H Frs il 4 el 2 B [ 1 (1) 7 2 )it
Kz — 3 HET M (backbone) HA A MIIRFE
7R 77, backbone Hi Focus Fil CSP!MBIH#4 i,
$rp Focus Bk (1) 9] #8457 d 45 N\ -HRRFAE
Kl B4 i SR I R &, CSP AR T2 PR AR
ORI AN AESAS . FRIURFESS . 7ERE S 1 H AR
AL YR AE b BE B B H , YOLOVSs A H T inAdr Ak
e RAEFIH] (non-maximum suppression, NMS) J5
ORI IR B S HAR I ES TR . (AT &
(F/2, YOLOVSs 7Eve vl iy 2 H T3 A B b,
X 4t 2 1A X S IR TS S B PR TR 8RR FE R
(35 N RE I IEAFAEA L o M, T H
Pl AN R SR B BRI R, 4R T Tt B B 1
X3k AE B 4% (region proposal network, RPN) fij
BRI GE— SRR GG E S ST LLIRAS
B (%) H ARSI RE o T AR SCIR 2 S R AT 5552
B AR U 2R A 2 i BRI, PR R
YOLOVS5s BEARUME LA R H bR o S b3 i
ARSI IIHE], A T W SR U AR S
B SElayer B i1 SR A 5N FRHIE R R
AeJ7, BHJERHE 3.1 /481 K-means Hi5 kM

it 9 RHEAA I IV TIAE, T ZRF Bk
BrEf 3.2 1T I Mosaic B0 48 i SR I fif 1R 20 251G
D55 RN ZREE AL ), AR SR IR St 5
(157288 4 SE-YOLOVSs, HLAEARMIE A 6 s,
K6 RARBEIIUT, fERIA RS A 640%640 )
KRG, AT RS 2 BEA TR R, AR
S T AT I Sk AR AT 2 RBERIAST I - HFAESE
O 4 5 B ) R Focus JHEEIER BCSP.
7 0] 4 HE AL SPP. & E Conv (fRE—
LA — EFsiE A —40E BN F1 HardSwish 30 &
0 o BCSP (true) XM G55k 2= FooAH N,
BCSP (false) fXEMZ4F, BCSPr A3 Conv Il
A~ BCSP (true) B conv LA — NG
532% conv, RJGMHH] Concat EEIATHIE, PiEE
Ja FIRFIE &t — E s I — /L2 BN, Leaky
ReLU J3F B AR —A~ Conv 281, SEMI#3 2% H
W8 BCSPn {83 n 4~ BCSP (false) #i&. Focus
V) AR AR T N 4 4y, V15 fE M RE—
PIEAREA Y T2 0 2 A5 N R R, AR5 X8
WEHATHHE, BETERERE. R4 T
SPP ;211 CSP SN SPP B, DAk & fig s i 3% Hh i
K8y, 4 %#EH%EEE’U:TI%E?IE It HILF
A BRAR N SIS AT IR L o A SKA8 7 32 B HE A%
R M4 PANet FIRIIIEZ> Detect (YOLOv3/v4
head) . EZREZANLE Z G, AICIEFEK SElayer
BEHRAE 3 TR IESR I 45 v (1) BCSPL 1T,
I IS A P S0 AU AL

Concat

80x80x18 !

%%%Pi)&
)?ﬁéﬁilﬁi}%
BCSP
)?ﬁémﬁi)&

BCSPn| =
n7
BCSPH ——— | BCSP(false)

8 i
-5 VT 40x40x18 |
S i
L~

~ Cony

g

»O 1
| 20%20%18 !

6 IUH)E K SE-YOLOVS Btk



.318 - FREREE S HAR

A RPN 7 Frs. RIS 3.1 15
K-means %7515 2] 9 NRERERAHE, R51E
SE-YOLOvS5s #rb & HixX 9 AN R 1) Se 50 HE DA
AT ZR. WA S 1 EBIFRBEEG RN, KRG
HEN BB U S S AE R SE-YOLOVSs #ibk, f2 24
RIS B 421 B

WNEB  416x416

— | SE-YOLOVSsfiht

ANEER: [84.19] [11231] [113,54]
K-meansgiyh: —» FHFR: [269.45]s [271,121] [282.86]
KEFE: 289,65 [291,176] [321,116]

BT s TR

4.2 IREELEE

ToU & T0 (1) H w1 FAE R EL 52 H AR il FAE 1]
I, THEAWT:
| BNB* |
|BUB* |
b, B RTRMM H bR IL FHEN BTG R TES,
B EESEH AL FAEN TR R .

IoU = 2

ALK GloU-LOSS 1E M EfMifn Rk %, &
AKUTF:
GIoUzIoU—% (3)

Terp, ¢S B A B [ /NETE, C\BUB* i)
AR C BRI 2 BU B B TRIR

SE AR SR N PR H b3l S B B8 H bRil
FHEZ I, Hot S a0h

Loy ZZI o x

i=0 j=0

(1-GlIoU) (4

o, s MK AR, N ORI AR A, L A
TR ¢ APPSO 2 75 6155 T
H T BAE BRI Loy BB L, IR AE A
YRR R EGEAER, Han

Lo = ZZ“{Obqo)Oe@M%O4ﬁﬂ—

i=0 j=0

oo Zz oY [C’ log(C’ ) (1 - CA'ij)log(l -C/ )J

i=0 j=0

(5

ek

L. =- 3 17 3 [ Plog(P)+(1- B )log(1-7) ]
i=0 Ceclasses

(6)

b, C/ RG] 43 g TR F AR FHERI LS H
PRI FHE R BASEE PR B 4390 W) F bRl
FOHEANZCSE H FRid FHE SRR

B IBUR R B E IR BT 2R
PURIAL, TR

L = LGIoU + Lconf + Lclass ( 7 )

HI T ASSCAS I H AR U 51, IE Ly, 7T

class

B s WA ) AR5 R TR AT AN 36 UE A5 21 5 Je (3T
HA N

total

L

ot = ALy + (1- a)Lconf (8

b, aABUE o ASRIBUE I (R HERf 2 A0 F 1] I
* 1.

*1 TEAERT B R AN G B

a R GRS
- 98.24% 99.46%
0.6 98.16% 99.17%
0.7 98.19% 99.28%
0.8 98.19% 99.32%
0.9 98.21% 99.43%

M1 ATLVE Y, AMEH] o INHEREE B, A
ASCAME o A, RO Bt 555K (7D B

5 SCIGIGUE

AR SR RS I A 2% - 1) O AR PR R A )
HEZE PyTorch #EAT5L5:, {4 SE-YOLOvSs £ 7 i3f
ITHL TR A A 4% B PASCAL VOC %
PR SR T I, 35 600 5K 1 K%, T
540 ik G TR I 25, 60 5K 5 TR0
BRI ZEAE Ubuntu R 56, L0 (A0 FE
2% Intel Xenon Silver 4208, %<4 NVIDIA Qu-
adro RTX 4000, W77 8 GB. IZxEdi K F b
BUR e « B4 SofEsfni. XFLLRER R, By
A Mosaic Hfs i (1) 77 U THAE Y 70, BEAY
WGBS E AW N : LR (batch_size) ’Qiﬁ
416, WIIE2>)% (init_learning rate) 4 0.01, 2%
SR EPEME A TR ECEW, )& (momentum)
B4 0.937, BT, (weight_decay) B 4 0.000 5,



%533 HPRA%: BT SE-YOLOVSs [f14i 1Kl £ 319+
LA Cepoch) RELE N 100, AEZE A -

AP R Hp R (A 2 AL 2R 1L 1T TP
I 2] % A AU AR R . A recall = T TN (o
(¥ FH T 1L >0 R 1) Warmup PR 0] LLLEYI 5 ST RE I
NIIFFEE T LA epoch HHIPF2E S AR /N, AETRER T/
5 STACR, BT LU AN 3] AT I I o (1

FasE Tk, SRR AR E fG, FREREPUEIRE M
2T ISR . Warmup T L AT DAL R
SR PE TR, BT T UT

AP = jP(r)dr

FIH TensorBoard nJ#ifb L HATLAER], A
TEE IHLHG BIHERRE . AR5, mAP 265 i

KU S B e g e WSDTR
A Sy wiil
(precision) #1112 (recall) FIP-34) K5 B3 {H (mean Ay KB PERE LA 2.
average precision, mAP) o ,\EP TP ?%Tﬁ/jé/{% %2 S5 45 A R AE B [ 4
2K B AR S5 (0 H AR ANE
R E ARG BRI IES R B H ARG FN % . 05950 37
TR IE RPN A SR ) H bR E, RIS A4 o 05120 s
p BRUERIR, r BoR AR, » ' '
. . . YOLOV3 97.02% 64.4
HER R T R )
YOLOVS 98.24% 36.2
L. TP
precision = TP + FP D SE-YOLOVSs 98.46% 19.8
— KI5
R 4. P 4. R 4/\
“ihlmenens | “ihmeenens| | “iiiame-nens
— EYOLOVSS i — EYOLOVSS 718 Ov3s
100% - 80% 100% [
80% | 80% f
3 60%
% 60% = )é[r 60% [
£ 0% A
40% 1 40%
20% |- 200 20% F
0 10 20 30 40 50 60 70 80 90 100 0 10 20 30 40 50 60 70 80 90100 0 10 20 30 40 50 60 70 80 90 100

IERIRB IR
(a) 100IRIBAJGmAPHIEAL

K8 AR JIHLEE ) mAP.

ERIKE IR
(b) 100JGEREHERAR I AL

ERIKBUIK
(c) 100UGERYEH IR M4
HERE . AR A s oL

9 YOLOVS 4% Tkl 45 51



* 320

BHRERLE SRR

& 10 SE-YOLOv5s 462k 1K il 45 5t

M 2 TG H, A SE-YOLOVSs 711
K S SE AR RS U 7 T ) R I i« 5 YOLOWS
FHEG, SE-YOLOVSs FIFHIRE FERMEIE T T 0.22%,
PR RETR AT TR AP T 16.4 ms, AR [A]
3 19.8 ms. YOLOVS 4 R4 a9 frw,
SE-YOLOVvS5s #iZkrilgs Rl 10 s, MIE 9.
10 /LA, BT YOLOVS, SE-YOLOVSs ff)
R P

6 HRiIE

ASCHR T —FhIL T SE-YOLOVSs 44 %% 116
WF7ik, W IANEZ IS, PR A DL A
DR BEAR RN THETE, HAESEI PR sSE T IXAN VAR AT
1T R ORI TAEY, A SYEHE YOLOVS
Jyik, SRR SRR RSR AR R (AT
Jr e A 2R S N A2 1 B ARSI 55 K
FERUFIRCR, $ETHBN B e s A B R

S 3

(1] AT, ARBLER, Rse, 55, FUHZ B REAT I ZRey o) M2k i B o
BRERITIA]. FHURBOAR, 2017, 43(1): 266-275.
FU J, SHAO G W, WU L, et al. Defect detection of line facility using
hierarchical model with learning algorithm[J]. High Voltage Engi-
neering, 2017, 43(1): 266-275.

[2] Bt WMSEE, Jrgt, & BRI FRIKE T 41 s
HEHA]. a8k, 2018, 38(3): 199-204.
LU J Z, XIE P K, FANG Z, et al. Electric field simulation and sheds opti-
mization of anti-icing and anti-lightning insulator under heavy icing condi-
tion[J]. Electric Power Automation Equipment, 2018, 38(3): 199-204.

[31  FHE. T ER 4G U S REKI 7B 9E D], b
Hder KA, 2016.
YANG W. Research on insulator recognition and state detection me-
thod based on aerial image[D]. Beijing: North China Electric Power
University, 2016.

[4] i, $REE, Tab, 55 R RGRR TN G TP ST AL TS

[3]

[6]

7

[8]

[

[10]

(1]

[12]

[13]

B RGN EEAR, 2017, 29(6): 1327-1336.

CHENG H Y, HAN P, WANG D, et al. Location method of insulators
in power grid patrol aerial images[J]. Journal of System Simulation,
2017, 29(6): 1327-1336.

REDDY M J B, CHANDRA B K, MOHANTA D K. A DOST based
approach for the condition monitoring of 11 kV distribution line insu-
lators[J]. IEEE Transactions on Dielectrics and Electrical Insulation,
2011, 18(2): 588-595.

REDDY M J B, B K C, MOHANTA D K. Condition monitoring of
11 kV distribution system insulators incorporating complex imagery
using combined DOST-SVM approach[J]. IEEE Transactions on Di-
electrics and Electrical Insulation, 2013, 20(2): 664-674.
OBERWEGER M, WENDEL A, BISCHOF H. Visual recognition and
fault detection for power line insulators[C]//Proceedings of the 19th
Computer Vision Winter Workshop. Krtiny: Czech Society for Cyber-
netics and Informatics, 2014: 81-88.

ZHAO Z B, LIU N, WANG L. Localization of multiple insulators by
orientation angle detection and binary shape prior knowledge[J]. IEEE
Transactions on Dielectrics and Electrical Insulation, 2015, 22(6):
3421-3428.

SR, BRE, BREAL, AE. BTN AL RS A R AR )
it 8 KA BE S I, mHEBOR, 2015, 41(1): 159-166.
PENG X 'Y, CHEN C, RAO Z Q, et al. Safety inspection and intelligent di-
agnosis of transmission line based on unmanned helicopter of multi sensor
data acquisition[J]. High Voltage Engineering, 2015, 41(1): 159-166.

WU Q G, AN J B, LIN B. A texture segmentation algorithm based on
PCA and global minimization active contour model for aerial insulator
images[J]. IEEE Journal of Selected Topics in Applied Earth Observa-
tions and Remote Sensing, 2012, 5(5): 1509-1518.

WU Q G, AN J B. An active contour model based on texture distribution
for extracting inhomogeneous insulators from aerial images[J]. IEEE
Transactions on Geoscience and Remote Sensing, 2014, 52(6): 3613-3626.
WANG W G, WANG Y F, HAN J, et al. Recognition and drop-off
detection of insulator based on aerial image[C]//Proceedings of the
2016 9th International Symposium on Computational Intelligence and
Design. Piscataway: IEEE Press, 2016: 162-167.

VASWANI A, SHAZEER N, PARMAR N, et al. Attention is all you
need[C]//Proceedings of the 31st Conference on Neural Information

Processing Systems. [S.1.:s.n.], 2017.



%3 HH P&, BT SE-YOLOvSs HI4a %% 1kl

*321-

[14] WOO S, PARK J, LEE J Y, et al. CBAM: convolutional block atten-
tion module[M]//Computer vision — ECCV 2018. Cham: Springer In-
ternational Publishing, 2018: 3-19.

[15] LI W, ZHU X T, GONG S G. Harmonious attention network for per-
son Re-identification[C]//Proceedings of the 2018 IEEE/CVF Confe-
rence on Computer Vision and Pattern Recognition. Piscataway: IEEE
Press, 2018: 2285-2294.

[16] FHRMEE, Wias, #A%%, 45, —FhdE TR B X NS 23 4505 0.
BHBE AR, 2020, 2(3): 268-274.

TIAN S J, GU Q, HU R, et al. A robot sorting method based on deep
learning[J]. Chinese Journal of Intelligent Science and Technology,
2020, 2(3): 268-274.

[17] REDMON J, DIVVALA S, GIRSHICK R, et al. You only look once:
unified, real-time object detection[C]//Proceedings of the IEEE Con-
ference on Computer Vision and Pattern Recognition. Piscataway:
IEEE Press, 2016: 779-788.

[18] HU J, SHEN L, SUN G. Squeeze-and-excitation networks[C]//Pro-
ceedings of the IEEE Conference on Computer Vision and Pattern
Recognition. Piscataway: IEEE Press, 2018: 7132-7141.

[19] WANG C Y, MARK LIAO HY, WU Y H, et al. CSPNet: a new back-
bone that can enhance learning capability of CNN[C]//Proceedings of
the 2020 IEEE/CVF Conference on Computer Vision and Pattern
Recognition Workshops. Piscataway: IEEE Press, 2020: 1571-1580.

ME& &N
o HK (1998- ), T, e TRE%EEL
Bl GYeg b, FERTSY T 10 N R
FEZ ) VRN .

HE (1974- ), 1, b, e TR
TR SRCE BB, R T I
NI ERE. KEdE . 2ol

ZS{EE (1980 O, 5, i, mITZERETH
SRS f i TR 2B 8%, £ BRI 7 A
PHELHLOLGE . BRI, IREE2E 2,

NS P TR Z B IR, RS A
THAHLALE S AU .

FILEX (1979— O, B, MTTERETHEALS
i TR B YR, =S5 1) BE 24 R
1B SR



