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Abstract: Aiming at the low automation and efficiency of unmanned aerial vehicle (UAV) power inspection mode
in image fast detection, a transmission line component detection method combining single-stage multi-frame predic-
tive detector (SSD) with feature pyramid network (FPN) is proposed, and the insulator fault is detected. On the
basis of SSD target detection, the FPN feature pyramid structure is added to locally integrate the feature information
between layers. The experimental results show the superiority of the proposed method. The experimental results
show that the method has good detection effect for large, medium and small size targets in component detection,
and the detection accuracy is about 90% , and the detection accuracy in insulator fault detection is 87.4% . It pro-
vides a reference for the development of transmission line component detection technology.

Keywords: unmanned aerial vehicle, transmission line, single-stage multi-frame predictive detector, feature pyra-

mid network , target detection
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Fig. 1  Overall process of target detection

2.1 SSD B ARl 7 %

SSD J& SCHR [ 12 ] A4t By —Ff One Stage 5
o HAZL 20 S A AE i B8 1 EAT 7000 (/N4
TR ) o SSD B3k 7 8 B Aok M O7 AL T
YOLOvI , HORS & il 3 n] 5 RCNN fg 36" . SSD
JE—MUAT B I RE SR Y B ARG M 4% 12 0 4%
BEAL B, 95 B A 0 45 | Sl B A A2 AN I A A2
SSD f4E AN 2 7R o

[N 7=
g 1(
VGGl6
38 o »
512 1024/ |1024
HIA300* 300

B2 SSD %&#
Fig.2 SSD structure

— 199 —



$61% $58 " 24 W
2024 F5 H15 H

5 o %

Electrical Measurement & Instrumentation

Vol. 61 No.5
May. 15,2024

DL VGG16 :fR M 2 2% R JL i, IS, B 24
SSD #FZ U INE SL R R 28 vh ) xS BB 1
HANGE TN, T e 1F 26 AT 22 OB ARG Hie
J& T B I — A HEAR RAGAD 1 19 25 R T BR
T, i A S/ INBRIA R 300 x 300,
2.2 Ay FPN-SSD M % 45 #

1E SSD Hipy Conv4_2 EAL /N HERME B, X/
AR 55 22, Rl i FPN RAE 4 75 24540
X AT, R R A 2 R AR B . Al 3 it
7~ FPN 8544 O BA 32 5 18 SUE BB i 245 IE R
BEEPEAIE AR IE 2 TR S . B B2
I ZFRAE A T LA DA AN, DA TG 2 i 1 #5576
FTE: SCRIA B AE o RO Al A T &% BB UMY
JEE

Conv3 X Conv4 X

Conv2 X

[ Deconv | [Conv3x3 ][ Dilated Conv]

[Conv3#3| [ BN | [Conv3#3]

[ RELU | [ RELU | [ RELU |

B3 FPNHies F354H
Fig.3 FPN feature pyramid structure

i Conv2_X  Conv3_X . Convd_X &N TE
JURHAESZ FP_Conv 1'% i % B 45 BUKE Convd _
X FHE R REY K, & E SR MR WX (S)
Bt

Fopu = (F,,.-1) xs+K (5)

X Fope WHIARSE s F e HETH RS s K
K IUE 25 K BRI U 22

Conv3_X il 3 x 3 % FURZ T B4 4F 1 o iy
M B, 9K 5 38 i Relu 80 KB, 55 8 99— A4
3 x3 BB AR R EAT A B Conv2 _X
3 X3 RBEBIT B SRR B S5
PIRERTE THELRZE JFHER THD
MfEE., BB K5y RMANERZINR(6)
R

F(d) — (2(2+O451[) _ 1)2 (6)

nput

— 200 —

K F(d) REZBFh s d Y (e, BUE 2,
FRIE IR/ S ) 2 AT

¥ SSD Z5H Y5 6 JZFEE 7 J2 i h B
2T B = A B BRI — AT il 2
Sy dE iR SSD X /N H AR50 B HERG M, PR T R LR
SSD H ArAGH I W £ , A4 47 iF B2 HU W 28 35 4624 Resnet-
101, #7507 FPN @& b F 3Cf5 8. FPN-SSD 45
FE 4 s

Mbox_loc

Input  |300%300

_ — — — >
Mbox_conf

Conv1_X [150%150

— — —

Dilation conv
Conv2 X | 75%7

Resnet| Conv3 X | 4040 |—>{40+40 [] 40540 [

layers
Conv4 X |20%20 P_conv]l

Deconv

i

i

mbox
_loss

Conv5 X | 20%20

_— ]

Conv6 X | 1010

— ]

Conv7 X| 5%5
Extra
layers | Conv8 X | 3%3

—_—— — —

— — — ]

Conv9 X | 1*1
= (256) —_ — — —

E 4 FPN-SSD M 22 #)
Fig.4 FPN-SSD network architecture

HERE Conv2_X  Conv3_X ,Convd_X H &
DIEBARHIE 473, B2 T3S IR2 15 B
#2512 BB b AR 2 KA, & 2
ERYMERK, 6k AR AR # A #11  HR
175 T = J2 W R E Rl 5, xF 2 RO B Fedsr il B A
B s M
2.3 FPN-SSD #i %k & 4%

SSD S5 YN 25 iy 53 2% o 1 358 43 20 B« [ 05 7
or2E . A sRBN(7) Fos

1
L(x,e,1,8) =7 (Lo (x,¢) +aly, (x,1,8) ) (7)

K N R ERIAE 5 ECSEHEAR VT BC A %5 1 AN
g 43 BRIAE 5 BLSEHE () S 4 (b B AR AR A
Fir) s a ARCEK T BUE 15 ¢ K ERE
JE 5 Lo TR 5 Ly, R EHHEK

PRI A R FH 22 RO ARG I B A, A= B A A6 0 HE 558
%, T AT BARRR AN 55 22 AHE ™
3 ZXBER5HW
3.1 EBHAHK

IS IR 55 2% GPU RIS GTX1080 , 7E
2 SJHESR Tensorflow TSz BE 5B 4t 4b B R /1
R 16,22 2] R R 0.001, e KIEARWRECH 10 T
W 10U HME M 0.5, Fad —Fp 7 % g ik 3



Eol% H58 € ol
2024 £5 H15 H

5 L %

Electrical Measurement & Instrumentation

Vol. 61 No.5
May. 15,2024

H Azl 7 32 i A8 Bt (S 57 SSD | Faster R-
CNN)

FEA I J2 5 52 Ha, IO L S 28 L 28,000 5K3)1 25 4]
FFn 12,000 sk R BRI A
Yt o CPRYE HAR KN /NEAR(NTF 5% ) |
HEAR(5% ~12% ) K EFR(12% Ll E) ™

B, SGEBTH 2R N E AR B, DY
JEREAS . K 2 19 H g TR 4 48 2% 1 (13000,
6000) FT#4(7000,2000) . w4 (12000,5000) (15
JE3£ (14000, 2000 ) i1 ] B% #5 (11000, 5000 ) F 2
HAwo
3.2 AFAE PR L&A AR M A R R

SIS R 8 FPN-SSD 5803k | RRAEH X
28 47 1) 22 4 > VGG16  Resnet-50 , Resnet-101, 52
AR W1,

k1 RE4AEM % MAP st

Tab.1 MAP comparison of different
characteristic networks
PEHL MAP
GES ®GF  PiEEE BRI mRESE AR
VGG16 87.9% 79.3% 81.2% 80.3%  87.8%
Resnet-50  91.2% 81.3% 85.6% 83.4%  89.4%
Resnet-101  91.8% 82.3% 86.2% 84.1%  89.9%

M1 ] LIE H, FRAE M 2% 3% £ Resnet-101
RO U, A/ H bw 0 34 18 50K B R Ik )
86.86% ., M TEFIZHIE, Resnet-101 HA R UF1)
FRAESE I BE . ) 1h S 56 4 oK A Resnet-101 4§
AT
3.3 FPN xt#mlH5 B 649 %5 v

ST RHIE FPN X S 7 v R R R 1 5 M), AR
PG G /N Hp R E R T A 2 ) MAP
fl. SLIEERE S FiR.

=@ 55D === FRN-55D

T~
.
BN
\k§h
~Xn

SML SML SML SML SML
AT BiRshE WIER AR AFiE

B S AR T A ROR 2T b
Fig.5 Comparison of feature pyramid detection effects
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Tab.2 Comparison of fault detection results
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Tab.2 MAP comparison of different methods

before sample expansion
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