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Research on Early Warning Method of Catenary Fault
Based on GNG Clustering and LS-SVM

TANG Lu, YANG Jian, SONG Ruigang, YUAN Tianchen
(School of Urban Railway Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] The pantograph—catenary system is an important part of the electrified railway. Once a failure occurs, it will seriously
affect the normal flow of the pantograph—catenary system and driving safety. Therefore, the early warning of catenary failure is
particularly important. Based on the catenary structure model and dynamic characteristics, a vertical pantograph—network coupling
model is established. Under different pantograph—network dynamic parameters, the vibration response of the pantograph is simulated
and analyzed. In order to provide early warning when the catenary may fail, a warning method for catenary failure based on GNG
clustering and LS—SVM is proposed. First, use the GNG clustering algorithm to classify the normal state data, obtain a number of
clustering points, and calculate the distance between the current state and the cluster center to obtain the similarity trend; at the same
time, construct the historical matrix, and obtain the result according to the regression result of the LS-SVM regression model. The
prediction difference is calculated, and the similarity trend and the prediction difference are combined to obtain the failure warning
risk coefficient, and an early warning is provided for the failure state of the pantograph and network. According to the normal state
and failure state of the catenary, the results give an effective warning, which shows the practicability of the method.
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Fig. 1 Pantograph—net coupling model

L S AT K RS TE R BT H i
LN 5k HESERYIE B oy 5 R A 21 5 R
B RGBSR TR

K, A5 ¢ N WEE SR R B B e K, 5
&0, T x;,  NwX; w miTx,  NTx, | ) mwx; Nnwx;
g Z A, Ez M,;sin 7 ———sin 7 + zk:1 mmsinTksin i AH + ZmAmz;l C,;sin 7 ——sin .
¢ nar x; nar x; mIwx, K|
gz 2 C,;sin ——sin + 2 AMSZ K, sm I s1n + Z KTAlsm 7 ———sin I LH +
S¢S, 7 | EI 7' . nma,
A A i, i
gg 2L n’ + 5 4HA - 2 2 ky, smism I =0,
¢
opL nr x, mwy,  mrs, mwx,  mrx,
E%B' +z Bgz Msm ——sin zklmm\sm thm LAH+Z BZ C,Ism I ———sin I
¢
mir x; N X, ) mirx; N« M x;, N x|
gz A 2 Cp, sstm + Z gzlp K,;sin 7 ———sin + 2 msinTsin 7 E"’
¢
QESB w’ R El, 7 4H miw X, N X, m7TxH N X,
+ B, - A, K — B, 1),
gg L " YE 2 2 pisin sin z _sin Hsm 7 (1)
¢ . mar %0
¢M,y, +C (y, —5,) +K (y, —5,) = - Kt;yl Z B, sin I ﬂ,
¢
¢ .
eM2y2+C2y2+C(y2 y1) + Ky, —5) + K, 5, = F,

Hrb, A, B, SR IR G HEMMEE m TR ; m
HO ~+ oogx M AL NE B F, =
k(y, —y,) NS S 2 6] 1

50 R G — B 520 m VE BRI X4,
PR R 65 m, B IEIEA 8 N, S 4 Ny
120 Km/h, S M RFEEMSEILE 1 5% 2,



8 o i w5 MM

510 %

®1 EmESH

Tab. 1 The parameter of the catenery
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Fig. 2 Response to damage state of contact wire

Hop W2 5 WMIE RS L8 o 2 44
WA BARIRGERET , 5 MMl ) £ AR, 5
WA 32 37 T H A2 B R
2 WEMEHEE
2.1 ETF GNG BERpMBMUEZRITM
2.1.1 GNG %%

GNG I —Fh fu 1 S it i A B i B 3k 1 2R
KB UK 23 (a1 43 A REAR iR 25 TR 1Y
Rk AT AR Ak LA 40T
FE AW BT SR (2 8UE 00T 2K,
I s 1) FH 5 4 i A 0 2% 20 3%, 7 i 4600 22 ) 1) el —
F G S HERT I i A T A A R R
TCERAE — 1~ BRI« R iR 227 R A =, T
SUZ I B L — D20 " age" (4FRIY) MZAE &



12

Wk, 4. BT GNG B35 LS-SVM Ay 322 firh o0 g [ 17 )7 Wk i 5% 9

AL
(D)W, AP A5, BV A 1) 2 /9 43
ARS8 SR BB 25 0 fH; B 5 i 22 1] 1y i 432
“age” ¥R M O,
(2) BRI MR ) B — P 2 W 4%« TR e
T x LT R BN T0 o F b, A4 w, Al w, 5
R o BRI, | w, - D,
I w, —x |2 RZ
(3) HEH /ML TT o B JREIR 2, K e /NiE
BEEmMAR E, H,K(2),
E,~E, + | w, -x]|" (2)
(4) P E/MHATC a KR 5 Z EH0H
20, RN RIR A o, BB N € w Al e
z, (3) Ak (4) .
w,—w, +ew- (w, —x), (3)
(w, —x). (4)
(5) B4 M /NEETT o 2R B BT AT S 1
“age” MR A 1, BN BAEMZLIC o F1 b CIEEE,
DMK S A age” BENZ ; T W ALY 7. — A7 Y i
e, WAEB KT age,,.. MBS, R
(R AR 2 1 KR % I8 2 MR .
(6) WA HHTEAECRE & A s, Bl
R I ol 28 D) % 1 R A, B 4 A7 A — 1B I Bl 48 0T

Co

w,<—w, +€ w -

(WM ZTT e iRZE (FIAHSRX o),
(5)
E «—E -E -a (5)
(8) BLEN A FIHA A o 22 o0 285 11 B i) 3 — S 1452
1E, IR 4R 225 (2) 2
2.1.2 MRIEEEISHAN
AHLBEE KA v, PR 5K (6) .

/2<&—qf. (6)

Hobr, g, S ERRES AR, 6, 5 j A RE L
(AR
2.2 ETFLS-SVM BIFim£EitE
2.2.1 LS-SVM [a] 5 Fii

A USRI LA 2 2 BT U A
PR 2 (N NN a2 I X0 P (DA 5 D 4
D AR o S ) e LS HLA T 3 O A R R A X
LA AR A5 (EOME LA A DRAE AR A B5OK 7 [R) 8, H A 3
R AR TA] KRS A S BRI T e il
FHRE S F ] e AL 58 30 9 FE K o I ), LRG3 4%

v, =

1
n
Al

IR B/ NI S i AL AR R B0 R R
2507 WU bR B S 1) H LS i A P st AR
FAVTE I — U R R A IS R e B O
R PR AR Sy SR AR LR A 7 R, DT A R Ml 42 v 5 A Y
SR B, B AR TS R S R i, e T IRk
 Sh

(1) oI el [ = i N i(xl’yl) s (xz’yz) s
co,,y) o HR L w MR AN AREAS )y, SR
R REAS S JE R R o (x,) M A %5 (8] ]
FAERFAE A [ g, (7)), HP o M b BT ENS
.

&) = - @(x) +b. (7)

(2) B¢ - A% R ACAY B 4% i, A 20 (8) Al

(9):

, 1 I <
ming (w,b,e) = [lw | *+ 2y X e (8)
w,b,e i=1

yo=o () +b+e. (9)
A, y BICEREL, e, RS T, 1L, AR
BOoh R T 2RI e, | BRI AR A /N ek SR
] FE AL
(3)FEMLFEAE I, 51 A Lagrange 3+, BE£EAS )
FEPREL K (x,%,) , ATLAAS RN, 5 (10) .
80 Z" ogby  &00
82 K+Dgéag évo’ (o
A,y = (Vi s¥as s y,) Y Z=(1,1,-,1)"; a =
(a,,a,,*+,a,)"s D = diag(y™"',~-,y"') ;K =
{ng =K(x,,y,)i,j=1,2,---,n}.
(4)RAFLAETTRELH, 1] LAFR 2] LS—-SVM [l
IHREARIA A (11)

f5) = Y aK(e) +0. (1)
222 B
TR ER S BN 2218 4., X (12) .
dl-:mi _f(xi)- (12>

K, m, WEIEAEAR LA, f(x,) F LS-SVM [H]
VAR TN
2.3 MEMERK R

T R TV RS R 8K g, 2 (13) .

g, =av;, +bd, (13)

Ko, o F b AR R AR D s 5, o Bl ih
1£40.5,0.5,

o B 20l o T XU R g, BRI, R S
Fefib SR E R i [R] B PN T XU R K g,
PSR /)N | 2 BRI 8] 5 2 et S R AT, 5 W52



10 /o i B M5 m M 5510 %
AR E , BILEARBERNEWE 3 R, AR, B WE S R,
‘ WfiE . ”
GNG % s 14 Ik
Bl s T 13 e
TR - R R
mi A 12
= 1.1
_ & 1.0
E3 SEREREREE & o
= 0.
Fig. 3 Schematic diagram of failure warning process 0.8
0.7
3 SRHEBRESR "
R T WERS S B M T =5 B AE R AR SR 05
. . N i " 0 50 100 150 200 250 300 350 400 450 500
PR J7 270 45 R R H 1 600 20 TF & Y 8508 S ot F#4
P2 M AT, R EHE W2 3. B4 EESARKRRY
x3 HOHEAREE Fig. 4 Risk factor of normal bow—net
Tab. 3 Data of partial sample
6.0
BAGE  BAM/N  B/MUN  PHE/N bz 55 B
5.0 o
1 175.2357 43.6846  108.4568  24.357 45
2 176.8392 423567  108.5675  24.561 = ‘3“5)
3 1754369  43.4685 108.7495  24.476 & 30
=X 25
4 173.568 4 454982  108.457 1  24.562 20
5 174.8693 445871 108.5269  24.726 L5
1.0
6 176.552 7  42.6854  108.4217  24.548 05
0 50 100 150 200 250 300 350 400 450 500
7 175.658 7 43.8745 108.3257  24.564 P4
8 1753428 43.5642 1082141  24.532 Bs5 &ES MRS RY

WX 1600 2 1E & EHE I gk, B T 3
R g5 REE L 4,

F4 BRER
Tab. 4 Clustering result
BRpo mRME/N wMEN PHE/N bRifEE
1 167.4821 49.684 6  108.687 1 24.621
2 175.652 4  43.356 1 108.532 4 26.561
3 180.246 5  37.468 5 108.246 9 28.423

A, B U 2R B HE AN LS—SVM [m] I 485 7Y | 75
SN[ HEER, SR O 22 (5 <, HRPEHT SCHE
F18) 5 DO 550 2y, 745+ 5 IO e T2 XL 2R
qio B2 HL T 3E I OE H H2 A A 08 200 28 ( BIER
FEEAE S 200 21, 10 il o 300 41) , Pk 3
GNG RIS LS-SVM 1) =5 W ik e 1 5 12k i A 3L
P, SR 4 FiR,

AT LA E 37 FL 5 o 1 W 42 Ak A TR
il B U XU 2R B0AE 0.87-1.03 Z 6] | FiFsh, &
BH 5 D5 e AR R BRAIR, 5 G R LA

7 H 5 3l 3k A7 7 i 422 fh T 1) 808 200 2
( BVEURE R A 200 41, 0045 dE 4 300 4H) , I
T GNG B2 LS-SVM [ 5 W g [ 7 2 )y vk 1)

Fig. 5 Risk factor of faulty bow—net

AT LIAS P 229 A, =5 0 B 17 JXURS: ZR K0
TR I, WU R FGAF 2,09, 7T X 7] (5 201
HEE ~ 25 500 AR ) N, XU R B 4 523 Kol
B, N 1.58 HEH ) 3.82, MR AR HLIG A
PR, ] 5 Do e XU R AR, S ORI R
4 LEWRE

2 i D)3 P T % A 5 I O R e B
A S AR SC LA fih [ A 45 ) R A B 5T
G AR T —FEET GNG RIEE 1.S-SVM 42 fih ]
WP T 5 sl 3k 3 M S () 5 R 3 g 2 28k
RS2 S Bl A N B BCRRIE R R R IE AR
Pk A GNG AT BRI bty | A5 20 AHAL
R H [F] I i A LS —SVM [|] 1 45 154 75 5] 5 ) 2
{HL, Hg ARARLBE AR L0 2 {1/ 45 5 4 300 il o 105 X
r ZR B0, X6 5 R BEIR A AR T A T A ik
WP TV B T — R 7k
Sk
(1] #Bfe, R, 775 Wi HuE s 232 i = -2 il 25 i

FEMESMHTLT]. BRI, 2011, 33(9) . 31-35.

[2] ZREE. Hfb X S5 RAS T 55 14 fk 0y 56 il ) 4 ECAIESE [ D] K

#B . U R 283 K 2%, 2018.
(3] skBRT, XURRRI. JE T A 5 VT -5 3 58 25 i) 422 foh ) 466 2% T b/



12

Wk, 4. BT GNG B35 LS-SVM Ay 322 firh o0 g [ 17 )7 Wk i 5% 11

FeZe BRI [T]. AR R R, 2014, 35 (6) : 1370~
1377.

[4] AYDIN I, KARAKOSE M, AKIN E. A New Contactless Fault
Diagnosis Approach for Pantograph — Catenary System Using
Pattern Recognition and Image Processing Methods[ J]. Advances
in Electrical & Computer Engineering, 2014, 14(3); 79-88.

[5] MeZe. kg as ol W SCRAT IR AR B B0 S S R S IE R
[D]. L R TRA, 2016.

[6] HIHE, LMY, Hefh M S5 05 B RN, KA AT [ 1], HLIRGREE
2020,42(4) :919-924.

(7] 88— S RIR, A, JE T S 0]t AL 04 2 A o) i R 1) 1

WS T]. B E,2018,35(11) :145-152.

XG5k AR A 52 H S 4 ok 1 I 1) B 4558 B P il k0 3

RESIBFFE[T]. a2, 2003, 25(4) . 23-26.

—
oo
[

[9] Sk, BRobkTt, 45 /0. He T 2ol GNG 5k iR ML 8 b B din
AT 5 [J/OL ] . #2555 . 1-7[ 2020-09-11 ]

[10TERIER, Bt B iAs. LT RIS U o/ — o vk 3k ) i
BT AR R R R A S R U vk [ 7). T ML Wi
R %,2019,25(12) :3220-3225.

[11]5RA 0 2. dRe/Iy 30 SCfF 1wl 1 HILAE H BB BT i L B3 4326 vh
BRI ). AL AR 4R ,2008 (1) : 106~ 110.

[12] B, R T 1R MR, %5, /D IR FF M B LA S50 1k B H:
BEHALT]. AEARBT RS 224 ( A ARBLSARR) ,2008(2) :278-282.

[13]SONG Y, LIU Z, WANG H, et al. Nonlinear modelling of high—
speed catenary based on analytical expressions of cable and truss
elements[ J]. Vehicle System Dynamics, 2015, 53(10) . 1-25.

[ 141 FRTZR MO 2R e (R RO () 28 T SR 1o 4 AL A9 H3C 12 By 1
[T]. RN, 2015,36(8) : 1861-1870.

(4555 5 50)
£ Sk

[1] VIRTANEN T, PLUMBLEY M D, ELLIS D. Introduction to
Sound Scene and Event Analysis [ M ]. Cham, Switzerland:
Springer Nature, 2018 3—-12.

[2] RICHARD G, VIRTANEN T, BELLO J P, et al. Introduction to
the Special Section on Sound Scene and Event Analysis [ J].
IEEE/ACM Transactions on Audio, Speech, and Language
Processing, 2017, 25(6) :1169-1171.

[3] SHAO Y, SRINIVASAN S, JIN Z, et al. A Computational
Auditory Scene Analysis System for Speech Segregation and
Robust Speech Recognition[ J]. Computer Speech & Language,
2010, 24(1) .77-93.

[4] WOLD E, BLUM T, KEISLAR D, et al. Content — based
classification, search, and retrieval of audio [ J ]. IEEE
MultiMedia, 1996, 3(3) :27-36.

[5] LI S Z. Content—based audio classification and retrieval using the
nearest feature line method[ J]. IEEE Transactions on Speech and
Audio Processing, 2000, 8(5) :619-625.

[6] BENETOS E, STOWELL D, PLUMBLEY M D. Approaches to
Complex Sound Scene Analysis [ M ]. Cham, Switzerland:
Springer Nature, 2018: 215-242.

[7] WRLR PR, A A SR, FE#BE RIS 57k [ M. 58 1 . deat.
Bheg AL, 2016.

[8] ERONEN A J, PELTONEN V T, TUOMI J T, et al. Audio—
based context recognition [ J ]. IEEE Transactions on Audio,
Speech, and Language Processing, 2006, 14(1):321-329.

[9] TEMKO A, NADEU C. Classification of meeting—room acoustic
events with support vector machines and variable — feature — set
clustering [ C ]//in Proceedings. ( ICASSP ’ 05 ). IEEE
International Conference on Acoustics, Speech, and Signal
Processing ,2005,5:505-508.

[10] LEE K, ELLIS D P W. Audio — Based Semantic Concept
Classification for Consumer Video [ J]. IEEE Transactions on
Audio Speech and Language Processing, 2010, 18 (6) : 1406 -
1416.

[ 11]PANCOAST S,AKBACAK M. Bag-of—Audio—Words Approach
for Multimedia Event Classification[ C]// in Proc. Interspeech,
2013.

[12] BENGIO Y, COURVILLE A, VINCENT P. Representation

Learning : A Review and New Perspectives[ J|. IEEE Transactions

on Pattern Analysis and Machine Intelligence, 2013, 35(8) ;1798
-1828.

[13]MESAROS A, DIMENT A, ELIZALDE B, et al. Sound Event
Detection in the DCASE 2017 Challenge [ J ]. IEEE/ACM
Transactions on Audio, Speech, and Language Processing, 2019,
27(6) :992-1006.

[ 14]MCLOUGHLIN I, ZHANG H, XIE Z, et al. Robust Sound Event
Classification Using Deep Neural Networks [ J ]. IEEE/ACM
Transactions on Audio, Speech and Language Processing
(TASLP), 2017,23(3) :540-552.

[15] SIMONYAN K, ZISSERMAN A. Very Deep Convolutional
Networks for Large—Scale Image Recognition[ J]. Computational
and Biological Learning Society, 2015.

[16] TAKAHASHI N, GYGLI M, VAN GOOL L. AENet: Learning
Deep Audio Features for Video Analysis[ J]. IEEE Transactions
on Multimedia, 2018, 20(3) :513-524.

[17]MEYER M, CAVIGELLI L, THIELE L. Efficient Convolutional
Neural Network For Audio Event Detection[ J ]. arXiv preprint,
arXiv:1709.09888v1, 2017.

[18 ] MEYER M, BEUTEL J, THIELE L. Unsupervised Feature
Learning for Audio Analysis[ C]//5" International Conference on
Learning Representations ( ICLR ) 2017, Workshop Track,
Toulon, France, 2017.

[19] SANG J, PARK S, LEE J. Convolutional Recurrent Neural
Networks for Urban Sound Classification Using Raw Waveforms
[ C1//2018 26" European Signal Processing Conference
(EUSIPCO) , 2018:2444-2448.

[20]DRUCKER H, BURGES C J C, KAUFMAN L, et al. Support
Vector Regression Machines[ J]. Advances in Neural Information
Processing Systems, 1997, 28(7) :779-784.

[21]ZHANG L, HAN J, DENG S. Unsupervised Temporal Feature
Learning Based on Sparse Coding EmbeddedBoAW [ C]// in
Proc. Interspeech, Hyderabad, India, 2018 3284-3288.

[22]ZHANG L, SHI Z, HAN J. Pyramidal Temporal Pooling With
Discriminative Mapping for Audio Classification [ J]. in IEEE/
ACM Trans. Audio, Speech, and Language Processing, 2020
(28) :770-784.

[23] COLSON B, MARCOTTE P, SAVARD G. An overview of
bilevel optimization[ J]. Annals of Operations Research, 2007,
153.235-256.

[24]NESTEROV Y. Nonsmooth Convex Optimization[ M]. Boston,
MA, USA: Springer, 2004. 111-170.



