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Knowledge Model Based Intelligent Visual Identification of Catenary Defects

TANG Peng, JIN Weidong, ZHANG Xingbin, ZHANG Zhijun, XING Kaipeng, HUO Zhihao
('School of Electrical Engineering, Southwest Jiaotong University, Chengdu, Sichuan 611756, China )

Abstract: As high speed rails increase in mileage and operational intensity, the use of onboard video to conduct normalized
and intelligent inspections of the service status of key catenary facilities under the condition of limited operation and maintenance
skylights is an important demand problem that needs to be solved urgently. Based on the development process of the C3 system, this
paper sorts out the specificity of catenary video inspection task such as full scene, high perspective, micro target, weak change and few
samples, and points out the strengthening effect of expert knowledge and typical cases on data model. Considering the completeness
of hanger fault samples, the accuracy of defect recognition and the high speed of data screening as the research objects, an intelligent
visual identification method for catenary defects based on knowledge model is proposed. In the proposed method, numerical unbiased
simulation of hanger defects is performed based on expert experience and typical cases, abnormality recognition of hanger is achieved
based on multi-scale visual attention, and rapid state screening is carried out based on forest parameters. Field experimental data
shows that the use of the proposed visual identification method can increase the identification accuracy by at least 3%.

Keywords: catenary system; visual perception; hanger anomaly; tiny target detection; C3 system; online simulation; high-speed
screening
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Fig. 1 Comparison of hangers in different states
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Fig. 2 Schematic diagram of online simulation training flow of fault hanger simulated algorithm
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Fig. 4 Deformation process of simulated
fault hanger sample
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Fig. 5 State identification of hanger samples
K, moggio i s 50000, WREER, h PREE AR SRR D0, DR AT 0o ) Y e B R O B 1Y
SRR, PIIMERERR . IMAGE IR i, Sy, EUGRANSY B a2 5
Wi T B U Bk, TS ERA . T 5 By R SA 5
EHEAT AD Fl i, e ZRTHEL, ks
JE— 2B T B R AN SR HY B O S R B0 e
FONEARSHINT . o, @RISR,
FAWT T I GOR A AL TR R, i
PURA T i/ N IR B KA LA B A T R/ INIKEXE, FT
B X XU 1 B 5 felim, # Bk 3
AMFHAEAE S A BV REALAR MRS, (R GOAR S o0 o R
(b) RAnNEE A4k M. IEH . GG LLRGRIEE 4 28, BT X g

e HORH RO S BRI T S M 2 e L R
B 6 AANEE ARG G ZORATILE (41E A T R
A Fy T ) e
Fig. 6 Comparison of detection effects before and after oY
adding attention model (red box represents failure detection)
AR YR 2 B3 o ZE A6 1 v e O B vk AR UL =R ‘ 7 (L
PR, ML, RIEHET 7 539 F5 A1 AL [ |z | wowe | [ Ex |
idE, HohIEH mE% 2 064 ], FAIGLA L 1 837 i, E o e —— ' !
WAL 1958 B, SLfl (MK 685 Bl RN [l L HIRk | BEE
16 000 BilfE AL, HiA 1 539 BilfE AL, oem— TR
2ok s H o = 5 IF1] il £ 3 STIE dﬁiﬁﬂzﬂ)fﬁ: ﬁﬁﬁ'—l&
2%, R P 7 1RO 26 D7 Y AEMIR S B TSl e
137 979 iR, T2 0850 KM% VGGL6 % —| AW EER)
1 ResNet-50 [# 245 7l stAE |- HMER 243y 94.4% i Sl s
91.6%, AJ DLiZ W48 TE iy X SR A PURIAT 55 HhoRs BE ST 155 R
) s y K7 TR R T 5K Uh sk AR
RS ZER LB Fig. 7 Screening process of abnormal exposure hanger
2.3 BASBHENSERANEA TEARYGRIGUCEE T 2 988 ik SR 1E Jy Bl A L AR

TE MRS HP S R, MEROECE RSB MEBIEIIZRAEAS; O TR INZ AL B3z F 1 S I



2021 %% 6 1

BN % ETEIRRERIEMM M RIEE sl i #HR 89

P, M 400 ik 5 R EARAE Rz i it
£ MK NS BRI, RAAE 2 988 5K
GRREA P XA A T 58 LB IE, A5 3 Y R AL AR AR
RRA T 55 W' 1 54 RS DU 1 v 1 % 96.28% .,
400 FRIMAFEASHZAARLIEA T, 75 30 0 I af
FH 96.5%.

FEXT AT 7 500 WA LSRR TR AN S 2 30,
FIMABEN T 5 RSN H AR, fE4E 462 5KIER
W 5 ARG (I Ol TAE I ARFE A, L
A 10 5K EUR RVE G 5 Wi R . R 2o i ik
AT LA B PR B A5l R8s, DT AR i e 432K £

PR, LK IR N 8 5
3 Z5iE

C3 A ZEH il H AR RS LE BRSO —
bl HBL S B SR AR, e — I H 2 AR Bk
SO RIBIEFEAE 55 LR AR B2 BRI T AR A bR AR

RUYIN G545 BCE B BORZ T AR, W T Bk
s FAR L8 EOAL B A . BN L B 2 AT
FHABIETE R T4 fik R A AT A AT: 55 ) AL 14 52
2% JEE LR T Hdle 9K 2 M B T 1 TR, 5
AT GRER . BRI () FH S0E SCEE R BK Sl 1 B
T SCR LR BZOA XS I T i sx b it 55 W2
Dy EL, RASHR 0 0 PG5 O RO R R DTS, OF
A S B E T AR SCHA R 14 T R A S
AR SR AR 7R T AR R 5 a0 A TR AR 45 5 2 i T
e fil WA A 55 O T 2Ty 1), HLES S WL AR 7
Kb A Fritt—HIRART .

SE Lk

[1]  XU>J3C . BT S P PR il WA B S B Y 01 +h
[ % T8 ,2020(23):37-38

[2] NIWAKAWA M, ONDA T, KINOSHITA N. Stereo Vision Based
Measurement of Intersections of Overhead Contact wires and
Pantograph of KYUSHUSHINKANSEN([J]. IEEJ Transactions on
Sensors & Micromachines, 2007, 127(2):118-123.

AN e

TN G B

(a) AT 5% B ARA M 69 R AR (LLEAE M A B 728k FE )

IR i

BN G i

(b) A 3] B 3de Rt S b 40 IR R AR (%2R GAER T B AL )

I 5

IR i

(c) B HRE E R

B8 iz E£ihm
Fig. 8 Classification and detection of hanger faults



% ERSERREM

2021 45 6 1

[3] LANDI A, MENCONI L, SANI L. Hough transform and thermo-
vision for monitoring pantograph-catenary system[J]. Proceedings
of the Institution of Mechanical Engineers, Part F: Journal of Rail
and Rapid Transit, 2006, 220(4): 435-447.

[4] I . BE TP 1 A B fih o 2 - SR S UG [D].
JRAR : PHREACHE K% 2017,

MIAO X P. Insulation Recognition and Damage Detection of
Catenary Based on Image Processing[D].Chengdu: Southwest
Jiaotong University,2017.

[5] B, SKFIY . 2 KR ZFRHAE SR T 3]
L5436, 2013, 50(12): 37-41.

ZHAO J M, ZHANG L P. Research on Various Feature Extraction
Technology of Insulator Image[J]. Electrical Measurement &
Instrumentation,2013,50(12):37-41.

[6] BRHERE . TA7 I WA AT 4 A P 3 A G0 A 5 1R 1) [D]. 7l
0 - VYR AR 2016,

DUAN W W. Detection of Catenary Equipment and Abnormal
State Based on Monitoring Video[D].Chengdu: Southwest
Jiaotong University,2016.

[71 k&R, B, YL, 5 3T R AL PR 22 fih 9 52 i 2k ¢
HbRf [J]. BBl 5 T2 ,2015,12(6):1478-1484.
ZHANG C C, WANG S, ZHANG D K, et al. Detection of
catenary steady clamp based on image processing[J]. Journal of
Railway Science and Engineering,2015,12(6):1478-1484.

[8] GUO L, LIUW, XUY, et al. An Improved Faster R-CN for
High-Speed Railway Dropper Detection[J].IEEE Access, 2020,
8:105622-105633.

[91 Erd, Tkl mhk , &5 . BET o0 B/ REAS KO A B
2 [0 HEHLR SN ,2021,30(9):161-170.

WANG X Z,YU Z P, SHI B, et al. Small sample data generation
algorithm based on meta learning[J]. Computer Systems &
Applications,2021,30(9):161-170.

[10] W54, wald AR, A5 L Bl G EREARE S FIVNREAR 2 2T 1Y
SSWE AN EGE D] ARG TSR TR | 2020, 42(10):
2246-2256.

PAN C Y, HUANG J, HAO J G, et al. Survey of weakly
supervised learning integrating zero-shot and few-shot learning[J].
Systems Engineering and Electronics, 2020, 42(10): 2246-2256.

[10] B, S, NG . fG A A T Ry R RIS S 2

KA 0], RGFILER | 2021, 33(11): 2753-2759.
HUO Z H, JIN W D, TANG P. Single-frame Image Motion
Parallax Key Point Estimation Combined with Self-supervised
Learning[J]. Journal of System Simulation, 2021, 33(11): 2753-
2759.

[12] XS, A5, ff 220, A SET B R A T I B TR 2 ) 2%
1E CT UL h BIRFIE A shay#) [3]. BH#EAR B8 , 2021(3): 78-
79.

[13] XUHHEEE | S0, MRS JE T AL D0 I e s R 1 X 2
FASE RN [3]. P S 1E B EA | 2021(4): 66-71.

LIU SW, HU Y Q, LIN J. Machine vision based monitoring
of breakage and slack fault for high speed railway dropper[J].
Control and Information Technology, 2021(4): 66-71.

[14] ZAGORUYKO S, KOMODAKIS N. Wide Residual
Networks[C]//Proceedings of the British Machine Vision
Conference (BMVC), 2016.

[15] HU J, SHEN L, ALBANIE S, et al. Squeeze-and-Excitation
Networks[J].IEEE Transactions on Pattern Analysis and Machine
Intelligence, 2019, 42(8): 2011-2023.

RERRES “HNECKE

” 1813 CRCC TAIE

2021 4 11 A, wdkoll P R R e A A TR S (AR “PEREA” ) T4 tNetrol-JC11 A % 2,
AR EATREAMEE (MR “MEICEE” ) ZRaidd P4&©EBmiGEds (H “CRCC” ) NIk,

XL 0k 2018 FHh £ 40 3C £ F R 4idit CRCCIAIEE, T EA WA FIFIENH A 3C = d,

ME 3C RE A HRAKM LT AENER R (B “6C AL ) Wi SaRIFs, LALTAGERANG

AR S SR TR AR EEN . 5 RRIER . 5 W& EARBAF A, ARG A B AT A

FESRA AR E . TREMMTERELRELANE L, SER%H 5 MEITRARAT RN, ARESR

PRI H BT,

ZORE T 2020 4 8 AAA)iBiE TAHBERRIFT, HOFFERAL T T “RREAKFEBRAL” 693740,

2021 %2 A, ¥ EAB “EAMNEEZREMRNEFTREEMNEET” FRFPESR EEHERNA RN FFH

RitH—% %,

(FMokE, EAR-F, vk, B )



