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3. kI KFRAEEETAEFR, KiV410114)

OB USRS A PO A B AR, PR M T i YOLOVS-LITE %5 2% i TiC i 414k
FEAAR TN 7 ¥ . N B (R T3 E B B WA Aow, 1% 7 A ShuffleNetV2 E 298 T P £ BURE AF #4) 2
YOLOVS-LITE # & A £ 48 H8, JEFR ShuffleNetV2 1) 1024 FHHUR 5x5 ik, SR 4 e P b /E & AR,
PRI S 40, FRTH SRR RS i 5] NA R TR B ARKI R 152x152 FHEJZ, SOl TR, ey /b
JBEERBERIIN ;75 PANet 2284 o R VR L P 73 BS B HURER TR 48 S nds Ak . SEIRZE AR 1207k
RGN B . B S A% T IE . THALT 3 Phikba, HA RS 73 ik F] 92%. 95%. 95%, M
B SHEZN YOLOVS (1) 1/4, R FER S 2 ms/ik. PR HA G, #ERR S, BEASER .
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Abstract: In order to accurately and quickly locate and identify the defects of distribution components, a lightweight

defect identification method of distribution components based on improved YOLOvVS5-LITE is proposed. To make the

model easy to deploy to mobile device terminals, this method uses Shufflenetv2 as the backbone network to extract fea-

tures, constructs YOLOvVS5-LITE lightweight neural network model, and removes 1024 convolution and 5%5 Pooling of

Shufflenetv2, which is replaced by global average pooling operation to reduce the amount of network parameters and im-

prove the speed of model detection. By introducing the 152x%152 feature layer, which is conducive to the detection of

fine-grained objects, the defect detection of large-, medium- and small-scales is realized. Using deep separable convolu-

tion instead of downsampling in PANet architecture makes the network more lightweight. The experimental results show

that this method can be adopted to identify three defects: cable separation gasket, cable and insulator falling off and acy-

clic insulator. The detection accuracy is 92%, 95%, and 95%, respectively. The amount of network parameters is about 1/4

of YOLOVS, and the detection speed is 2 ms/piece. The proposed method has the characteristics of real-time, high accu-

racy and light weight.

Key words: target detection; YOLOVS; ShuffleNetV2; lightweight; distribution line; defect identification
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AR, BEETANEARKERE, AP
AR 22 b A I A 1T L B A A, JE a4y
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FRASIN G 152x152 RERAIER,  SEELARRLEE AL,
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1, K2R BRI R, DA MR 24
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W TCHHGF 3 P e IRRG v 2 A7 518000

1 #MR57RE
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TiC FL £ A R s PR AR PR R B it i Dy 4 T A e s
Dy, RAERHE SR FENL T ANLIESE 20~80
em BEEHAEE, B A M AW . AR
BT S M ERERDT, HeREFIEE B 1000 7k,
JTRAE BB/ 608x608 152, EEAL S 3 Kbk
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Fig.1 Three different types of defects
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F 3 PR PG T T TAREREIEAHE, %) b B AL
I EFRR 2S5 2 o Fnie 58 iR R A AR F IR 812
Ee &l 2, Hod 80%H 4> PRI IR 8:2 43 MRS
IOUEEE, TR 20%1E A MHAREE, &5 BIIZR4E
B UFSE AR AL 7 6208, 1552, 1940 7K.

2 BreR Lk EEHEEIR A 4

2.1 YOLOVS M4giEH
BCHLER PR IS SR AR 2 FE, FEANF M FERDGE:
N, ArRES TR AN TR A, DR A
BB M E BB S B AR . AT
F R-CNN. Fast R-CNN I Faster R-CNN Z&F[X 12
HIPI Y B H ARSI, YOLOVS &k g T B
B ARSI AY AT DA 2 R0 e A (1 A R o B S
LW 4k 43 25 (Classification) Al 34 #+ #E (Bounding
box), HMLELEMEME 2 Fix. YOLOVS 454k
KR 4 /N84y« B N (Input) & T /X (Backbone)
391 5 7] 4 (Neck) AT i 1l (Prediction) %y A i 5% H
Mosaic #4538 A1 G R AE THE . Mosaic 45 1
a7 OB BUR AR LA 75 BENLEEY . BENLHEAT 1)
J7 AT PHE, 308 7N B AR R I AR, 7R
WA Z8 N ZReboAH b TR AR B K v A AE,  B&E BT
HAFRINGEN B AERHEE, e PR A B SAE
(Ground truth) ¥ 22 £ FF S 1) BB, R Ik AX I 2% 2
b A AR E o AT 2% R ] CSPDarknet
XN BUE S CE & 4SS . CSPNet fif ik 1 17E
TR PE AR 22 ) 28 AT R 1T v X 28 AR A R s A

BES N, R ARG — 8 BRI R,
Rl gD T R S B AT AL s HIX
#(FLOPS), MIMi$2m s A HER %, H
/N TSR R S, #E YOLOVS o) CSPNet 45 143
7T PFh CSP 45t 5 1 M d T WA
CSP1 X, KHI%Z(ResNet)g5ty, HamGiRthss k|
EEECIRET T BE 2 FhRBERM S CSP2_X,
WA R ZE G o BT I 2856 4 R AE 1R
Focus 2514, Focus 45 #4185 U 7 AL 56 B w F Sy
FE h 5 BRG] o 45, RUKESERE w MIm B b 48
i/ 2 f%, EIEEL c HIn 4 f5. 7E CSPNet 45f4H
FI N\ LeakyReLU i k41, LeakyReLU & ReLU
HIcE R, ReLU fEVIZREFEH M5 A /N T 0 1N,
BOE JE BEVIR A 0, fE 153 P& oA 20,
FEUH R ZHUK I A BB W, ST LeakyReLU ¥
HREA 1 A28 a, BHESHWER.
LeakyReLU PR R IEN:
Leaky Re LU(a(x)) = max(ax, x)
A x NN o BUE—fN 0.01.
YOLOV5 FIEE M 4K il FPN+PANet 451,
FPN 3 S8 i il i SIS 2 e A 32 T B A s I 11 2%
R, JCH AT E /N B ARRII . PANet 7E FPN (]
Fenl b5l N KA LB 421 58 (bottom-up path aug-
mentation) &5 14, 7] LA7E 53] FH N 28 3% 2 REAE 3R 4T 43
|, (15 702 R 1E K (feature map) 7] DL 52 i 2 717
RFEEMEFL, TR KRR AR, A
T A 545 28 i 8 TR i) AN [) R/ RS 1 6] — A4

(D

2H TR 32503 % 4B R
= @ CBL CSPI_I CBL CSPI2-» CBL CSP13-» CBL . CSP2_1 CBL —-»-—L
T N Concat.,. €SP2 | CBL —»
’\ X e kR
ony —»
[\ \ X \

304%304 152%152 76*76 38%38 19219

CBL Cony BN Leaky
relu

.:..CBL cBL —» fadd)—

Concat-» CSP2_1
76*76%255
CBL > Concat» CSP2_1
—‘,—

> CBL > concat -»/CSP2_1 —

% Conv — i ti fk fit2

38%38%*255

{» Cony —» ffi i 3

19%19%*255

Concat—» BN L3KY cpp .,
relu

CSPLx =4 CBL -_‘-; Cony R
Conv —l—’

CSP2 x =

CBL —» CBL —» Conv—L
24X Concat—» BN inallfny CBL —»
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Maxpool

Concat—> CBL —» WA > Concat—» CBL —»

2 YOLOVS 451 R 5 i
Fig.2 YOLOVS network model architecture
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. FPN+PANet 454N 3 i, Hrdt, PRRM
AMRFAE P AR BT I RFIE B N B A )
FEAE B AT BE AR 3R A Y 28 Ab B

YOLOV5 $5i 2k B4 L AHEIL A A VA9 2K: Leoord
BT EEPIR K Leont A T 2K Lais. YOLOVS
KH] GloU Loss 11814 % [5] 5 (bounding box)# 2k,
BECLogits 2k bR 1T 5 B 15 & (objectness score)dHi
9, A8 XM 0 2Kk pR U (BCEclsloss) 11 & 25 1) 1
(class probability score)ffi . HAR KA H A :

L:Lcoord'i_Lconf’_ Lcls (2)
Lcoord = 1 - O-GIOU (3)
_ |C/(4UB)]
OGiou = Oy — T (4)
SxS B b A .
Lo =D IP(C1g(C) +(1- C)1g(1-C)) -
i=0 j=0
SxS B oA R (5)
;Z;I,-, (G lg(C)+(1-C)lg(1-C))
—0 j=

SxS B
Ly, =2 201" > (B(O)lg(R) +
=0 j=0 CeCloal (6)

(1-B(c)lg(1 - B(C)))

K o WIFH: 0G0 AT XAEIFEL: AFIB
FEIERER NG CARERN: Cow NS AN,
S RAMLE RN 1 RIRFFE K (feature map)#I5E i 4>
Tikks j RN § ATOAE; _FhR
obj 5 nobj KR i MHKHF AN RSN, C, .
C, IR TR IR K 5 P B Aol
NI E bR EAE AL H bR EAGE .

2.2 RE4% ShuffleNetV2 M4&iRE

TR E G R 2 0 248 75 R o R L& K
WPt TR, (HBRVERIEE SN, R R
PHE N 2% 75 B 25 [E B B e bR, 2RI 4% mT g
TR, T — SR e i s an o N AU ZIK
JEIRAERY, ) AN Bl % 2 i th 7 EERE PR S AER I
ANEERL . PRIMON T IA B R RS B AU, — LR
UK MobileNet, ShuffleNet BRI HY, EAIT
T ARG FE 2 TR il 1 ARG Pl . SR AE [ S5 R
% BE F , ShuffleNetV2 #& 74 [t ShuffleNet .
MobileNetv2 F#ER .

TERIH R R 4, AT R R 2h
PR i g8 Ol Zhlg BB B Bl dhig = Ah
WX 28 AR s 7E 28 1R RN ZZ1H(OSKD) & S A4 ) 4
CUNZREF IR, REREHE = R PERER0. AT IER

(a) FPNE T M (b) PANet& T ™
3 FPN+PANet £5%4

Fig.3 FPN + PANet structure

H BB %452 240 ShuffleNetV2 M2 iR, FEHEH
IR BET B R4 1) 4 ZAEINRY, {5 BAG BT 1)
BRI A IIAN [F] 5 £ BRI G T (0 TC FL 4 2 2L A
BRI, A AEHERE R .

1 AHFIE i e TE 5 AT DL /M A7
1Jj In] il 4% (memory access cost, MAC).

2) i ZMAEAER RN AT A RAR

3) % AR AR 2 PR AT BE

4) J&/> Element-wise #:{F, #1add. Relu %5,
2.3 Xi#AY YOLOVS-LITE P48 +5 815 it

YOLOVS5 W25 )&+ MK H CSPDarknet53 2
BURFAE, HARETE TR SRS FE, (BB 1 B 5 O,
TEFRBRZ NN, ARTEEE T AN
T HEL 2 B e SIS R . ASHIF TR — BRI T
YOLOVS g8 2%, fEAL S 1) YOLOVS A2k
fiti b, 4 ShuffleNetV2 Z2#4# X CSPDarknet53 {f
RS EU N 45, 4% YOLOVS-LITE 52 M %%
iR, ShuffleNetV2 BE4k7k | ShuffleNet 73 ZH 45
FIETE E AR R, SOEAE T TR E RN
4 N TEFIZE2AF T, ShuffleNetV2 A LA
ARG FEER, BRI LF . YOLOVS B4 A\
ShuffleNetV2 $2HU1) B ARFHERE, RIEREIGERR
FI PR AR, HIE N R R S8, S
TORE S TR e, a3 BPASFE bR a1k
AL,

B 2R B NI E br, RIS AR T/NE
Bl () 152152 REERFAE)ZE,  SEIRZRRLFEAT I .
M YOLOVS-LITE % & 2% 1 25 [0 28 155 7Y 1) & T )
ShuffleNetV2 1, $2HL 19x19(CHHEZ P5'). 38x38(4
fEJ2 P4').T6XT6(FHEJZ P3')FI 152x152(KHiF )2 P2')
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4 ASRPERFE, WK 4 Fis. H PSR B
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P R R e A 0

EFFIEAE L FE, 19x19 RIEREZE4S L SPP
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FRARFAIE J2 TI0 4 H

YOLOVS-LITE [&-FMHEIN 152x152 AL
BTN H BRI, 5 5R 2 SR I 268 5 = TR 3G A
BRI % 25, 1F PANet 45 #)158 IR FE 7] 70 35 45
F(Depthwise separable convolution)f{# 5 RS [
KFE(Downsample), LI ERIRHEE B, A
B BT 28 T RS T R AR R
A 3 AFnERE, FIMARER ShuffleNetV2 &M
1) 1024 HBAIF 5x5 WAL ER(E, KA 4Rt

BRARACEE, AT NAF AR RNt i 1 AR A
o SE A

3 BHIERERD

31 SIEEH
3.1.1 SEECFE

AW FEAE Pythono3.8 1455 F i Pytorch EZY
RIS YOLOVS WX 28 A58 SCE A0, 5 S
HEGER 1 PR,
3.1.2 ML ZRANVE AL 45 bR

BRI EESGE YOLOVS-LITE H ARl 4 44
5FEEA, HAWBIAGAT X L ene,  FREAH R 41
MIFGUELE I TERR R . e SRR SR 4R
BEAT TRAL TR AN ), IR JE R BT A AT
Labelimg T xS He o s e A E AT 7 HERR i,
3 PR BAIMES Ry A A% T IIE .
T+, HAERARZ 7 nlbrid )y disengage
gasket. drop. no buckle J:4 B B XML SCHY,
B XML ORI & B 4 M BRI 1 AN
il e, 5 AR R I 1) BTG B e TR 25 0 P
Vo PRV B R 2 5080 2 5 ) R FR AR FH TR0 AL
FMUAE FH PN ZRAL R (KU 2507 1R AT I 28 BT [
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Fig.4 Improved YOLOVS-LITE network structure diagram
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Wk, B kB Tk FEG Ai AAAY v AR SRR Bt
AR =2 ST = A ;. Il ShuffleNetV2 ZER) 42 HY
HERNEFEE . B A A5G B bty
fEsE, (RUFRHE SR & 2R, i RS A 2
IR R % . BRI, B k2
O E R FATIR ISR o T F 2 B R e o M7
R 5 fos.

R W PF Aty AN [F) A5 2 56 i P e % i e A ) 22
B, Ad FH UER JE (Precision). 79 [A] & (Recall). A1
YA A WES SR B R/ INATR I R R
VIR B, FERR RS . 4 [ EEFD Fy R v
(7 —=RO)FR:

e = L x100% 7)
Vie +Vep
Vip
Ve =————x100% (3
Vip +Ven
F = 2Vpre Vrec
Y ©

A Vore WIEHIR; Viee NA IR Vip NESEZH
IEFEARE R Vee NREBEFEAREE; Vin AR
HIAREARS & . “FY R 2 (average precision, AP,
H o FoR) XA E A 0] 28 B TR gk 471,
AP FMEBRCR, TR A bk s, Ht
HAW(10)FrR:

1
o=V, V.dr (10)
0

pre’ rec

XTI 8 i E, £ H BIZRACE
I, AR VR 45 B Bk 2 40k AR R #8 R (epochs)
150, 3LV M(batch-size)y 8, BLEMIIEZ:SI RN
0.0001, R5ZIBIEZSHN 0.114, F>RH5E
(momentum)y 0.873, A EFEILRECN 0.0005, fi#
URMY Bl S BOE R E Ty 150, LR/ 4, R
HEES] R 0.001, RIZIBKHESEHCN 0.114, %)
Z 7] & (momentum) A 0.873, W EER R AN
0.0005, ¥R&5FARRI B IIZREE UCH 3005 TEAME
FPZRBLE RS, BORYIZR R 300, Lk
K/N(batch-size)y 2, PEHYIHE]FH 0.001, R
SZIRKEZHCN 0.114, ) F)EN 0.873, BE
IR FRHCN 0.0005, FAS T ZRAL E AA L H il
IZRAE AP 5 77 303 H BN(batch normaliza-
tion) 1E UL 0T WX 28 BUE B 8T, 7EIZREE F ARl Zh—
¥ (epoach) I CRAF— IRBUE SCAF, 25 300 5045 45125
BB AR A ST o YIZRER AN SG IR AR 401 5% it 2 ]

6 FR.

Bl 6 44 H TR IIEEIR R FIE I
PRI, RPN T B 1k B LEI
SR BRI K. TEURESBY BORT 150 Rl ZRm, 1145k
EERISIEARAEHT 50 R4 kR 8 T RE, 50~150 %64
FRIE RIS TEEE 150 RS IZRET BT AR

F1 TIHE

Table 1 Experimental environment

fid B ZH
GPU 4™k 2
e RS Windows10
FRFEE. H5 PyCharm. Python3.8
JIIBEEZS! S cudall.l, CUDNNI11.1
Hofth Numpyl.21.2, Pycocotools
FaEs
s B (g| | somEmsERs
el = A
ot I 2 B B
H XMLICAY |

L) 3k Liaectmoeiatil]
;: — ﬁq— YOLOVS-LITE
a 4)“lﬂ PR
] 1
y e
=2, il
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Fig.5 Distribution line fault detection flow chart
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Fig.6 Loss curve of training set and verification set
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WG EF N ZRET R T =, RS R T s
TE 150 $eZR)E, UIZREEM ISR R AT B 2
ANFFRME AR, A SR.
32 EBEFEIHERERSEHRNLER

DL YOLOVS-LITE #EAU R R 2%, W8T
PEEURFE &2 B A PRI Z07 20 B AR R 27
STERN TN ZRA E HR 4530 o J2 N 07 RAAE
FTRIIAE 07 2. T IER 5 ST BT
ZiBCE M 255 A8 COCO 44 4 48 (1)
ShuffleNetV2 A # L, ¥] 45 Ul 2k I ¥ 45
YOLOVS-LITE ] ShuffleNetV2 4% )=, I 5
B ETHORE,, FAETEIUN AR AR, AT
AR TERBYARSS, FRIESREUN 458 2 e A2 e
B, WA SEIM e RAENAR . R 2 BT HA
o7 N4

S g AR, AV TR E )11 2507 20
EAZ I EE(ToU) 354 0.5. 0.75 IR RE 73 51N
88.3%- 45.2%, 1 [F]55F&A% T 15 FH PRI A (1 1)1
2507 AP IR FE 73 N 93.6%. 48.5%, AT a] LA
UKS BE SR T2 4%, [FI P e R A —
Tt
3.3 AEE TSRS

9 ST IC F AE A R B PR VR e 6, DRAIE FR
NESEIBAT . AL, FRERN H bR GE R E
BRI A, ET BN UGB E G, F
1M LA ShuffleNetV2 TR YOLOVS-LITE
BREGMEER, NIERT YOLOVS-LITE Hé&

R2 PRI A R A

Table 2 Comparison of results of two training methods

WZTT A o Fift mAP/%  HERIR/%
TR ZALE H. 0,y =0.5 0.92 93.6 94.1
AMEH TG E 0, =0.5 0.85 88.3 90.6

TR ZALE H. 0y, =0.75 0.56 48.5 50.3
MEH TN GIE 0, =0.75 0.49 452 478

PR, 435 LA CSPDarkNet-53 . EfficientNet. Mobile-
NetV2,MobileNetV3 1 A& T W AEAH R4 ik
ATXFEESRES, SEIG4E RNk 3 Fion. 1@k 3 ArLL
FE 1, ¥ MobileNetV2., MobileNetV3 ##: YOLOvVS
A () CSPDarkNet-53 1 v W 2%, 7EAG I |
FP 22 /D VI 1S B (GFLOPs). W28 S50 H KIE
P 23 , {H7E mAP=0.5(mAP@0.5)H! mAP 7£ o, ¥
M 0.5 F 0.95(mAP@0.5:0.95)3 [ P kS FE 311K
TJBE YOLOVS M %%, % H EfficientNet {ENE M
TEXEE AR, (2 A E A1 GFLOPs
BRI B], AN P L 8 % A 4D S B A
SR, KA ShuffleNetV2 15 A48 T WU RS £ RET%
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Table 3 Comparison of detection results of different backbone networks

S HF RO /% o 0 g/ GFLOP EES
S

iR S mAP@0.5 mAP@0.5:0.95 FEABIESIA MM TR T4 T (msiKkT) S
YOLOV5 CSPDarkNet-53 93.8 52.0 89.2 99.1 932 42 16.3 7059 304
ShuffleNetV2 93.6 50.8 90.1 98.8 91.8 2.0 3.6 1536 480
EfficientNet 942 42.0 92.0 92.0 99.0 45 7.9 5368 837

YOLOV5-LITE

MobileNetV3 933 49.4 88.8 99.6 91.5 238 6.3 3543926
MobileNetV2 92.4 475 87.6 98.3 912 25 5.6 2794275
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Table 4 Comparison of test results of different models

TR /% )
\ A — — Kk g/ %
ik Fi i FLA5 L A% T _.  GFLOPs .
/%  mAP@0.5 mAP@0.5:0.95 o - (ms-5K™) ZH
Bk T PS5

Faster R-CNN  0.93 96.0 94.7 52.8 91.8 99.3 93.0 223 244 7322584
SSD 089 935 926 49.4 88.5 98.1 91.4 2.8 129 6869431
YOLOV5 094 963 93.8 52.0 89.2 99.1 932 42 42 7059 304
YOLOX-Tiny  0.91 93.8 92.9 493 88.0 99.9 91.0 3.1 6.8 5061935
YOLOV5-LITE 092  98.0 93.6 50.8 90.1 98.8 91.8 2.0 3.6 1536 480
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