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Abstract: Aiming at the shortages of intelligent inspections such as daily maintenance and defect detection of high-voltage
power insulators in complex background environments, a power insulator detection and identification algorithm based on im-
proved YOLOV5 is proposed. Firstly, the classic YOLOvV5 algorithm has a high bit error rate for detecting similar insulators.
By adding channel module and spatial attention parallel module, the feature and position information of the insulator are en-
hanced to reduce the bit error rate. Then, a suppression algorithm based on area ratio is proposed for multiple defect targets.
and the measure based on loss function and post-processing is improved to further screen defect prediction boxes. Finally, for
insulator omission caused by complex background obstruction, the complete intersection over union (CloU) Loss regression
loss method is used in the detector to process it. Experimental results show that the proposed algorithm not only solves the
false detection of similar objects and missed detection of occluded insulators, but also improves the accuracy and speed of the
model, with the mean average precision (mAP) and inference speed of 0. 886 and 65. 2 FPS, respectively, which are im-
proved by 11.4 and 5. 8 FPS compared to the classical YOLOv5 algorithm, respectively.
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A, R RERE R P A I IR . JDRE B m AP R HERE
AR 0.886 F1 65. 2 FPS, #H L YOLOvS & i3
Bl 11,4 f1 5. 8 FPS,
| ERERFETAET RN SR
1.1 #B#EFRIRKENRS

TEHL ) 4 2% T8 K R v, S TR O A% 7 SRR B
TN 2 1 H AR Y RN 4 27 SR E AR ARSI AR B
BT, SR YOLOvS BERISR g xf il 1 Ca) FioR
P % s 2 0 R KA 3 3T RN D TR Dy 4
PO, YOLOVS BRI LR 2o 1 (b) vl e
ERTIUESE - EICE SRk RV R Ay 7 SR E S s B B )
YOLOvS A58 HAG I F1H A7 78 1 [R] R, A SCE 6 o2
AHRN A CBD 5 4 2% T 40 EL AL B 40 1R K.
PR 3 BE WG AN 7 DR YOLOVS [ W 25 45 0 #E 47 20
K FH 168 T8 0 2 )V ) T A i e 4 5 5 S ULAR AL 1R
R IR] R, SRS X 0 1Y 4 2% e A ] A 4 B 1 400 2K R
BOR G b B AT A .

(a) BRIEARIL IR

(b) BEREALE TR AL

Pl 1 A2 2%95 5 AR 4 1 1 i A

L1 Gl

W, TR ML, A B KN IE )
WRRAE Y B AR . TERT AL R R, H SRR E
TE A R AT . AT DU AR B OH R R
fiE o b A Bl 4 2 7 R IR 1. i S AE YOLOVS ¥
e S5 P31 AT 27 BE L TSI A Depthwise
(DW) il Pointwise (PW) A8 4321 5 1) IR BE 7] 43 B
HFL (DSC, depthwise separable convolution) %5 4 fi#
TR ) 2 2 0 1 o 1) R

PR Lo R B, 3 A X 468 % 7 1 & A B 2
[F1) PR 45 A A7 A, gt P R P O 0 AL 4 v )
FRAE R R AERE T . FIHT YOLOVS HE 42 45 ¥4 2R FI 4 Jn 45

¥R MU www. jsjclykz. com



%4

WA, & TR YOLOVS 44 7 -5 5 H ik - 97

RISCHE EEAREE B — LW T AGEE . BRI
AL TR TR ], SO RS B T iR
TRAHL S B AL, B R I (CAM channel at-
75 [0 3 & I A He (SAM, spatial at-
tention module) . 25 [B] A1 38 1R A & S B AL AT 3 Fl
WA TEE LR ol T T ) L A A
IE 2Z 10 f) B 2 P AT A, AT DL 5 B A0 i AR A 1]
FTRFAE S IC s 2 18] T 2 )AL 2R K J5t e TR A b 1) 25 1)
5 R AR B Iy — A B OR R B OGBS B, AT RASR U
AR 28 8] TE 2 07 o 3X Rl BIL ) 8 T D) 4 i A 3
CNN &5 4 vh gt A7 v B v 09 U 2, BA Bl sh ORG24
RELF R FE R, 78 YOLOVS *ml‘hﬁi‘%ﬂ%af@&i
SO0 OG U SR AE AR B AR S I B 48 X A ol 4
GF KRR BIEE Ty . AL A S TR O, AR SC
FE L3 YOLOVS [ 45 i 5] A 38 1 & 7 bt @/H
B E N RELA LG T EEMFEFEmMIH THAGE . X
L E TR BCHRT DL A R A YO R BORT R
fEIMAL 3 A B, W 2 fiR .

tention module) .

ReLU ReLU

X

P2 T8 T R TR I 2% 4 A

B, X YOLOVS fiy A GE T8 JiT 3K 13 % J2 1 B 1
Yo FefiE X #1472 Rt (GAP, global average
pooling) F14: Jm i K fk (GMP, global max pooling)
VLEL N

A

ave HXWZZX(I’])

i=1 j=1

A,,m:argmax[z EX(z,])] (D

A, X € RS H W C o35l R A g B
GEHE L BB Gaj) FRRAER/NA HXW B AL B B
BRI ARG i M R R A Au € RVTOMIA,L €
R g3 53l F s WA It A 5 A e i A AL
A, LRV ER M AR . X Al A

J& B 43 SR UCAE ] Re LU I Sigmoid i b6 $0 4% 1 18
(] F) A OGP HE A7 S, THNT

S, = Sigmoid[ FC, X ReLU(FC, X A,,) ]

S = Sigmoid[ FC, X ReLU(FC, X A,,)0]  (2)

ﬁ¢,HLﬁHL%%W%%A%Eﬁ%XCﬁCX%

ML 2 FC ISR, r N R4 2 0 M4 L]
L%mﬁﬁIGS S, EEHN 1 X1 XC,
WRE, MBS S R .
S, = S,y + S (3)
s B D G R AE 1 3 GE B S LS 15 B
ﬁﬁ%ﬁXMﬂ,%ﬂﬁﬁE%Lﬁ%ﬁz<ze
R™™C) AR iR
Z=XXS, €Y)
11,2 ZS i S ik
SCik [13] @it fERefE s ) By X, ok T
T8 VE 7 7 B X DL A AR B s A R R, AN [
F Woo 88 A7k, ASCAEZ M YOLOvS Bk 3Gl I 48
H— R 7R 0 I B a8 ) UE G Ok, @ ik GAP. GMP,
& BB AE FRRAE AL 3 AN A58, i 1 I 4% 7 4 BURRAIE
P f1 [i) B 5 o 308 0 0 25 [R) SRR AR e . &l 3 m . HoAk
THE W
ATM\ AT, Coon
wmaam| | | R

GAP. GMP o) Signoid

S

REAIE BN

FEE Z

B3 ARSCHR  pY s ) R O A B

Hoe. W O G GE T T BBR A RRAE Z (2 €

R WAy Epgﬁ&fﬁ HXWXC, /\EF'H W . Cﬁ}’%lj
FRREREIKIE . G IR0 #AT GAP FI GMP
Ab B,

B 1 H W o
14’1‘(,\Vg = mz EZ(Z,])

AT,.. = argmax 222(1,]) (5)

i=1 j=1

R, ) FRKANR HXW BERE B ERE A Fr 4
B My e, AT, € RVWCRAT,,, € RV ERIR
GAP Fl GMP #: 1 Ji5 % th i B4
#E. B AT, AT, 17388 S e, 1532
— B HRRIERE Co,, s HAERE R 1 X1 X 2C,
RIG . A3 e Re AR A A5 S, (T A5 FRAL 2
s E
Seone = Sigmoid(F,.; * C,) (6)
K, Foo, R AEER R 2C, Fi@iEs R C, C
on BN KN 3 X 3 B B B AR
B % 38 T 3 2 0 S R B AR AR A Oy = 45
I
Siy = Seom X Z (7

TR K TE T AL AR R R 0 1 i A RRAE X

¥R MU www. jsjclykz. com



© 98 - TS AL A 5 45

%33 %

HEATFRAE AL iy A AR TR
S=S., +X (8)
BT = LT S R E I S 4 A X i
PRFE—2. ATLUR I, I AZ P I AN 23 X5 X 45 45 f4) 3k
TTERMME), AEEAGIATR2ERZEZ. SRIZUK
WAL 22450, FEd B RGO N, R mA SRR,
PRI AL 5 AN 2 X8 I 8% 285 ) s Il 3 R R Y el 30
1.2 EFE 42T AR iR Al
TEMTFAL S FIM rh . AN AT 3kt S b A7 o 4 B I Y 4
ZFMIG, ERE ERR BN F R R, s
W YOLOVS A 25 A0 % DL A I 0 B 1% T8 F 19 48 2% F .
S fff DT ] 4 v Bl R B A A S P T A A A U A [
B, BT A TR RERSE AL Pl s A
T8 L 55 FE A I REAE . AR SCOR AR T v AR LE AR A
CIoU #i 2% pR Hi i o

R

(a) WRRRV B HAR  (b) R % TIRRL
P4 o 110 DR AR 0 U K

Lo2o1 e AR L 40 i A9 30 0%

W, g% T BB B RN RREAE]
HERWHBE RS, RN, ANREIR 4T 1 12
BUBR A A FRAEAS B . 2 BURTS AR R 45 5 6 4 2 1 LA b
PTG G T 5EAE DA I S BB H b o O A e B B H AR I R
Koz 1] B8, 7R Ay ARG S 4 2 7 B R AR B AR
RHEF AL H (ARS, area ratio suppression)
. ZHRLERSFZIBBGEN TALZ TR LM ELR,
TG e BB T AE B R O/NEATHE ) . R A
JBEAR T 5 B (L e B TN HE . JPoRE JL AR AR . K5
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R B BA TR HE B it A real _ bbox A1, %y H real _ bbox
a2 ST O
1.2.2 30 5HHE ] IH 45 5 oR 4K

H A AT 55 1 453 2% ek 55038 8 F 43 28 4 % ok BRI 30
SHE [ U3 953 2K oR BSOS EB 43 F i, 48 it YOLOVS B33 Xt
F G0 E L S AE A A 1 T S AE ELHE T AR — B

M. RHAT X IH H (GloU, generalized intersection
over union) 12 B4 ToU 51 2k bR KCHR TC 15 X 70 AH 48
Y 2% T 0 B OR R P EOAR AT O . Ay e DU A ), A S
SGEESmMA., PO EE MK 3 A E L H
#E, 5l A CloU fii R shi 8, & LR -

Loy = 1— IoU + Ry + av

2

_ S
R(‘loU - Cz

Y

T =10 v

a

w®

gt

_ 4 _ wy’
y = —2<arctan arctan A ) 9)

n
A, IoU F A I b (Intersection over Union), Ry N
TR, o #6435 B A B G s o A BEKIGERES 5
¢ Fa/NIMEFRIE C X AKEEE; av 2 — 52 A
T Htha IR SEG o AR TE B SR
2 KM FE R oM

SR RE . R A ] B A AR U B Y B 2 R
T 50 A e 248 Y 4t 2% - TR RO A R B AT U L
I3 o
2.1 BEIZBETIRAE

MR YOLOVS B 48 SR 7RI 9k Z /T, 75 25 XF
AN R ESCHE B B R 0 0 K S B T R R, B S
B X0 TR 0 Y (1 P e DA B VI 2 i R AR R R
B METEGR Mg T, BREM &R EAER
NGRS BRI S8 W6 R A )2 A 280
At )2 A B S
2.1.1 k&R

& K/ (BS, batch size) 38 & — K E AL L
AR, HYowE TR TR M, EE . R BS
WL WS, HJR A S B A RS LA . 3 SRz 4k
PER s B/NRY BS BEHLYE R, 2k s Eil & 7 HE R
HoMELAW ST, I 7E BB 2R . — AR 4l GPU A7
K/NEE R 8 I FE%.
2.1.2 g

i (Momentum) A 2 — Ff #8528 1| 2k 1) fin 2 46
Ty, AT LU R o 0 2% B3 A SR B8 SR L R 00 . O HL AT
DU R 250 8. Aad v it 2 — M S, WEZ W
WA A BEHR BV B . — Witk 0.9,
2.1.3 YR

% 2] 2% (Learning rate) fF Rl kv 2 ¢ & %2
Y2 T DA SE B AR 3 25 (0N [m] I A i S5k
JERIE B, 2 ) I/ BOM BN R 2B R/, M
RS G s F ) RO, PR S IRG . W,
B IR AL 0. 001, Ff 5% HI AT AR 1 2 > S& 0] #6 B i A7
Yk .

¥R MU www. jsjclykz. com



543

BT, % ETUHEA YOLOVS 454 1 i 538 51 5 1k © 99

2.1.4  FUE TR

W (Weight Decay) & —Fi & F 1 B 1k 13 1
AW, HEMT L WHEN 4L, 10 45 i b
T 400 % R RO I AT 30, (A5 0 B R S 5 GE
WL T 0, L, JUECE WAk 78 JF R (1 458 2% pR B3 fith 1 3%
| IO L2 i e T NI (T & B2 ] g o O E 7 B N
L, SEBUESBUE IR A S B h A T E S —
ANIE B R B TR B . Hb A0 B R A I 48 Ok ok AR i] R
[Cwsb) o WIBEINT L, 5535 (465 5% oK 50CH -

{(w,b) + A w]? (10)

AHGIAMBESE, Ha>o0.
2.1.5 HKEIRRE

KR KB (Max batches) J& #8 B AL Il 25 B,
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T & LR bR, 43 BIXT &8 YOLOVS 8.3k, Sk CloU
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