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Track structure diseases diagnosis method based on dynamic time warping
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[ Abstract] This paper presents a method for diagnosing track structure diseases based on dynamic time warping. This method uses
the dynamic time warping algorithm to extract the features of the vibration response under different track structure diseases,
constructs a feature vector based on the dynamic time warping, and uses it as the input of the support vector machine, and uses the
support vector machine to classify the track structure diseases and diagnosis, realizing the diagnosis of different track structure
diseases. The simulation results of the data show that the method has achieved good diagnostic results, and the classification accuracy
rate at some train speeds reaches more than 90% , and the highest classification accuracy rate even reaches 95.8%. Therefore, the
method proposed in this paper can effectively diagnose track structure diseases, and provide a certain method basis for online
monitoring and intelligent early warning of track structure service status.
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Fig. 1 Vehicle-track coupling dynamics model
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Tab. 1 Description of sleeper vibration response data under the

same train speed and different working conditions

T %5 R (K,) FHIE(C,)
S1 K, C,
S2 0 0
$3 5K, 5C,
S4 0.5K, 0.5¢,

Fig. 2
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Tab. 2 Comparison before and after intercepting the vibration
response length of No. 100 sleeper under different working

conditions at a train speed of 160 km/h

TS IR IR HBUR PR
S1 20 407 11 462
S2 20 407 12 553
S3 20 407 10 620
S4 20 407 11 461

2 HRENNE R FFAEFREX

BN A (8] A B
F R [A]— 5 423 A W) T OB AR Sl 1
BUBUS P FEAS — Y [R) 8, A SCR FH 2l 28 i [] 4R
F£H1L ( Dynamic Time Warping, fi #% DTW ) 318 %
A ) 000 22 16 F I 1) 25y 5 445 30 7 A [ 4
JSE 1) IRF [1) P 91 22 180 18 R ARLJE , 4 A 20 30 295 40 o 2
fIETa) e A [A] MR SR ] [ 7 90 A T A I B
AL (S B A K — 3, I T T 8
Z ] ) Bsf ) 25 B2 B o PR 4 22 [R] Y AH B
JE ZhAS R I BAA L BRI T

(D) BB P EF S X = %, ,2,,05, 0,5,
...’xn} MY= {yl ’yz’yw...’yl_’...’ym} ’/ﬂ\:li’:ll <<
n, 1 <j<m, #n=m, HIEHEWTFIZEHERT
PE S, RIA 3 22 ] R AR BLEE

(2) Y n # mBF FE— n x m BRI R
P anlEl 3 B 7R T P80 g I A g 22 T) g B

2.1

[CHIES D;

(3) MRAEHFEE, R D(x,,y,) 2 D(x,,y,)
Z IR R BR A . AR Y AR A 0 R SR A TR
TR D(x,y) ) IR SSHR D(x, 0,
y) D(x;,y,0) MDD (x,, Ly, HE—A AT
F B R A

(4) FJE L 4R 2 Fe 2 0 i b B A, T TR
D(x,,y,) ¥ D(x,,y,) ZIAEEE A, B R 335
s [] KA A5 H A sk 1) 25 R

D(xy,y1) D(xy,y,) D(xy,5,)
D(xzd'l) D(sz'z) D(x,,y,)
D(x,,310) D(x,,y2) D(x,,y)

B3 e iE A 5 K B B S I A 4R P

Fig. 3 Euclidean distance grid matrix diagram of two time series

2.2 EEHRBNNE R 4FAEFREX

PRIIR B 17 A RRAE A S, 38 0 A e e ok S
XHRE 25 F 9 B U], R AR 2R 4328
] ] — B 4R 1) 43 FBECR AN TR) (B AE R 25
T, A AR 2 I R 1 R T R T R R R A
B ARetE PR PR e Rz b3 R 55k 3UAR Y
FROEAR R IR 5L RE 5 75 U5 43 25 45 43 R AT 55 11 [
IR SRR T | IR AE SR U 12 W LA 25
P FE AL IR —

BE TR B U IR B 1, T[] | 87 4
R WAL ST T MAE R 255, F1) H 3)
A5 s ) R B R B 45 M (s A A B 4
& 160 km/h B, 100 S AL L ST T 00AE Ry 56 e 7
G, %F S3 TBL kAT 2 A e ()RR g 25 SR an 1] 4 Jr
7No FNZEHE N 160 km/h B 100~ 115 S A
O B R 2 R S WL 3,

£3 100~115 SHMARE TR EE 2 (51 FEEH 160 km/h)
Tab. 3 The time bending distance of sleepers 100~ 115 under different working conditions( The train speed is 160 km/h)

100 101 102 103 104 105 106 107 108 109 110 111 112 113 114 115
S1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
S2 43700 43495 31350 30399 31907 38228 50516 73 716 61 462 42 645 47 392 71 619 115 390 106 980 111 020 119 870
S3 1299 1200 1502 1438 1771 1654 1626 1977 2260 2547 2737 2986 3245 3508 3965 4103
5S4 1518 1276 1351 1502 1741 1882 1934 2392 2713 2593 2934 3042 3446 4383 4346 4703
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Fig. 4 The result of dynamic time warping on No. 100 sleeper S3
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condition ( The train speed is 160km/h)
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Tab. 4 Description of experimental data at various train speeds
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Fig. 5 Classification result when the train speed is 160 km/h
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Tab. 5 Classification accuracy under each train speed

I
(km/h)

WA
W%/ %
MR 4 R AT DL 2T DTW B BB 4514

T W5 AT AR 2O BAR R 25 2R . AN
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UERH T AR SO R I i AE LB S5 i T2 B b 1A 2
P, RUNZPIE LS F 2 W e TR E BATEL
5 (R S AL ( THE%5 103 71)

100 120 140 160 180 200

95.8 95.8 87.5 87.5 95.8 91.7




