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Fittings detection in transmission line images with
occlusion relation inference
QI Yincheng"’, ZHAO Xibin', GENG Shaofeng', ZHANG Wei', ZHAO Zhenbing"”, LYU Bin’

(1. Department of Electronic and Communication Engineering, North China Electric Power University, Baoding 071003, China;
2. Hebei Key Laboratory of Power Internet of Things Technology, North China Electric Power University, Baoding 071003, China;
3. State Grid Zhejiang Hangzhou Xiaoshan Power Supply Co., Ltd., Hangzhou 310000, China)

Abstract: The accurate detection of typical fittings in transmission line images is the premise of fault detection. This
study proposes a typical fittings detection method that combines occlusion structure information and scene association
information to address the problems of low detection accuracy and missed detection of the common target detection
model, such as dense distribution and serious occlusion of the fittings. Based on the classical Faster R-CNN detection
model, the method extracts features of the entire image of fittings as scene association information, learns the intersect-
ing area information between the marking frames as occlusion structure information, uses a graph to model the feature of
fittings, scene-related information and occlusion structure information, and constructs a structure reasoning module
through the information transmission mechanism of the gated recirculating unit to complete the joint inference detection
of the category and position of fittings. Experiments with eight types of fittings with occlusion relationships are chosen
to validate the effectiveness of the proposed method. The Faster R-CNN model shows an mAP value of 81.30%, while
the proposed model has an mAP value of 84.15%. The experiments show that the proposed method can improve the de-
tection accuracy of serious occlusion fittings to some extent and that it has laid a good foundation for the subsequent
fault diagnosis of the fittings.

Keywords: transmission line; fittings; occlusion relationship description; structure inference; Faster R-CNN; object de-

tection; gated recurrent unit; graph
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AHE B E AR IEAE A Y LA

1 R PY G 2 HE B B S AR A A
MEER . NFE LTI R A W, I AGERS ¢ R
PRRTH— o B AR T T A EL ARSI A R, A
B F i B Faster R-CNN £ gk 3 5 452 780 11
mAP H 2Tt 2.85%, recall {EH2H 3.1%, &4 AL
DUASE AR JF 2 2% e 1) 4 EL R] 1) 28 P4 0C 2 A4 BB Ak
M 21 5UF B, T BOBI R P A e A R IORS B2 45
B, AR S 4 5 D ) 0 =4k R 4 L B 4
GG AR OC RAERA Y, AR LI B
L A B EE R OC R E B ot S E B,
SR THE G A 0.0 TH 5 A% 388 BIL I X 3G R v 4
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4 ELE I S R DUDRS BE

1 OEHXREEERNAGENERLNER
Table 1 Model detection results with and without the

occlusion relationship reasoning module %
Fik mAP recall
Faster R-CNN 81.30 90.15
BN RS 84.15 93.25

7% 2 M EF R IR Faster R-CNN AU AR T 5|
N $Y G 2 RS B S AR AU 1Y) BRIS 4 B ARG I Y
AP{H ., M2 AT LA Y, A B4 rh ) o e 3 v
534 KU EERELI ML, HMWE 4 B
BT, WO A S P AE R AT DU R
) B T 4 I Y ARG I A B, A G M, AR 0 A
PFAH G . HeAh, SRR PR AR AE A 1Y
MO R U R HE PR RE A 55 5% 4 4 5 A D
WA ANRREE T, Hd, U RIS 4
H s RE RN HAERG oA+ or 3 4R, 5 H Al
G HL ()7 78 W S (3B P4 0C 2R, 9] 8 0 IR Al 3k 7
24 HL BB P R B R Ay, e i R A
B R 3% 42 4 B R G R A5 BT DU s 7t
R HRIRG R . HLAh, Hi i 4 B AR R
T 7 1k S L IR0 1 By iR B, T By 4R A ]
G A A7 A R 2 ) T 47 10 5 = 7 i e 11 30 s ez
NGO LI AE R, 38 i AP G R
AT 7 4 B (] 1) 30 14 0C R A5 B 22 2], iRt
27 > B Pl Jl 0T BUAE e e RN, — o TR E AR T
XTI e g A 1 i
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Table 2 AP value of single-type fittings before and
after the improved model %

& HAAY Faster R-CNN ARk
i 90.80 90.69
YIRFR 90.50 91.64
URIHER 60.08 66.58
Al 72.20 76.59
TR 71.57 74.58
iR w sSSP 88.50 91.77
(i) e 12 89.28 90.14
9 e e 87.48 91.23

SRy T b B E 2 G G Y O AR HE B B Y
Faster R-CNN A il #5 7 x} 4 BS54 /9 4 &k,
T [R] 19 265 110 16 2 5018 3 R RR [R) 1 1 0 4%
VGG16 [ 5EAl L, AR SR Lt T e fs
B 4 HECHR 4 1 0 R I 8, 34 R H E A =
VA B B B G I A 75 S SDY R Yy B A I 46 751
Faster R-CNN 5 2% 3C 75 vk i A 748 ) X bR 20 A o 52
B2 % 3 i, kYN ) 4 A BT 3
mAP {H 7] LU, AR T BB Bo A il SSD AR 7Y,
AT ER mAP {4 T 5.65%, M THOM G
[) Faster R-CNN #% H mAP {H2 5 T 2.85%,
X WK G 7% 4 HL IR 58P 06 AR A BRI Ak
S BV AT B T AR TE 4 HAG I A R R, AT L
— AR B R 5 AN 1 A LR R Xk P R A
e 4 B A Tk S BI04, 0 O i 4
LA 4 06 R /N R 4 LR RE SR T B

F3 BHERIME LR

Table3 Comparison of detection performance of

each methods %
Jrik mAP
SSD 78.50
Faster R-CNN 81.30
ARITTk 84.15

o R AR SO 1 4 ELAG I mT R Ak 25 SR an &) 7
Fram, BT g 08 mT A A g S o 4 i B AR
PR BRI ZE R, 7 4 5 H ARkl 4543
FEHIFN FAE, Hodr & (a). (c). (e) AEAX 130000
WK BT Faster R-CNN AR HY (4G 0 25 51, & (b) .
(d). () AZEAR 130000 Y51 AR O F HEHLAE Lk
] Faster R-CNN 45 AU A U 2% 5, FC b fig 28 HE A
A4 B B, ATLUE H, 7E)7 4R Faster R-CNN

AR N 2R T, 1B () TP TR RO YRR
i 2 e R T R Bl B A B AR, 5 A A
T ML h T A AR B B A, TR (o) TG T
5 ¥ PRI BB, T (o) TG 155 I AR 2
U BUHEERR, 515G R BB, #H5C &
HA R RS A BT 7, — e B L UGE T ik
IR A P A | R AGE B A A 25 [ AL

(a) Faster R-CNN £l
Fe ULk

(b) A3CT7 I RS

(e) Faster R-CNN Al
U IR

(D) A SO A
U RIEEAR

B 7 Faster R-CNN 1A X FiEERENLER
Fig. 7 Test results of the Faster R-CNN and the proposed
method
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T P 5 R AP HUR Faster R-CNN F A AH 45 &
9 < FLR I 7 3k o A Y O AR 4 LA M s A oy
B, JE T AP AME AR B2 X S i) Ko il 0 5 i 5 ) 4
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o] HHAL G R MER S RER . LRATRE
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B, 254 4 HLE Y ¢ R HEHLAY Faster R-CNN A&l
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