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Prediction for subway traction system failures

based on unbiased grey—-Markov model
ZHANG Cheng, LI Xiaobo, ZHANG Hao, ZHANG Dongdong, WU Honglin, WANG Xiang

(School of Urban Railway Transportation, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Accurate prediction of failures can effectively improve the efficiency of subway vehicle maintenance. Aiming at the

problem of predicting the number of failures of the subway traction system, using failure statistical data, this paper proposes a

prediction method based on unbiased grey—Markov model. Taking the pantograph module as an example, first use the unbiased grey

model to predict the failure situation of the module in the future; then construct an unbiased grey —Markov model, and use the

Markov state transition probability matrix to judge the possible failure state of the module in the future; finally, use the correction

function to correct the predicted value of the model, so as to complete the accurate prediction of failures. The results show that the

combination of unbiased grey theory and Markov model to predict failures has a higher accuracy level than the unbiased grey

prediction model alone, which has important reference significance for the formulation of active maintenance strategies for subway

train traction systems.

[ Key words] unbiased grey prediction; Markov model; traction system; failure prediction; active maintenance
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Tab. 1 Accuracy grade inspection reference table for the model
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Tab. 2 The number of failures of the pantograph module of the
subway traction system from 2014 to 2020
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Tab. 3 Statistical table of unbiased grey model fitting results
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Tab. 4 Statistical table of unbiased grey—Markov model fitting results

0>
/\1

R SebRfE WUaHE BR2E HHXFR 22
2014 19 19.00 0 0
2015 6 5.08 0.92 0.15
2016 13 13.44 -0.44 -0.03
2017 31 29.06 1.94 0.06
2018 53 52.71 0.29 0.01

2019 56 54.07 1.93 0.03

(4) IR [, 7ET TSRS R
FERLFE I | i T 0k B Jm — N B s i s —
AIRES AT B8, RIEFR 3 T, BBl i e
RS RE— AR, R AT RUAS 8 2R S8 ) — A RS ME

01 0O

0 01 0
2 A P = R
ARG A 0 0 0

1 0 0 O

(5) BRI WA, & 3 vl %,
2019 45 R G004 5 SE PR A 22 [ A AF 358 24 4k
FARES 1, MFHFTI 2020 4F 22 55 g 18 000K 25 1)
WA R P(0)=[1000], W 2020 4F RS bk

wOOR AR By P(1) = P(O) x Po=
0100
0010

[1 0 0 0] x =[0 1 0 0],
1 000
1 000

MRADIRASHRLHERE P (1) m] LUAIBr HH 2020 4 R Gtk
i T A T BEAREE R S,

EL R 2020 4752 L 55 AR HR TG I K (2 i 5 FT00 7
B 73.93, WA FIAE IE eR AT RATHERHH Jo 0 K (-
L IR A] A A PEAE A -

Ao P (k) 73.93
1 -Mi 1-008
1M 2020 457 H 5 B S PR B R 3k 79, AH
XFR2E M -0.02, &5 R R R Z BT A TR
Tt
(6) FRIRURE BERG G X 2 oA AU fity 5000 2 5K 3
Theds, IR 1 fngk s,

A O = = 80.36

s0d SR R R
—o— JCIR K (AR t
—A— T IR - SR R KA A /,/
60 - J
’;é ) Fii;{
:§ 40 ’,«'f"r ”
& »(7/:.
= //'/!
20
S/
‘\\~ o
0 4

T T T T T T T

2014 2015 2016 2017 2018 2019 2020
R[] /4
1 2 FERBIMI S 4R T4 R 5 SRR R BRI LE
Fig. 1 Comparison of fitting results, predicted results and actual

failure times of the two models
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Tab. 5 Accuracy grade inspection table of failures prediction model

T 2 B FEAARTIRZE R B
ToAw K (5, 0.268 0.80 0.23
To i K 6 - T JR AT R 0.056 0.96 0.10

MRYGIE 1 RTLUE 2 Fh AR A 4 10045 45 2R |
B A5 R -5 LPME R AR BB TG, (A G K
0T JR AT SR T A R0 T 38 2 005 A R i 2 U
ZEAERS S B RIS S, R R, MR S
FTRUA Y, Tof K AR 2 B8R C e, 230k E)
T GhRiE A — IR IR B T =i,
ST AT A TG i 1 R0 £ PTG 88 S R B 1 —
JBC R LA L T AS SCA A8 TG Dl K 8 — By 7K i) SR AR
Y =TS AR AR IR B T —Zbnife, sl W A LT
Te AR LR, o i JK £ — B K A AT B B
O TEINAG BE | ELRSIE S8 90— (KRG o

4 HERIE

BT i Bk A 5 | 2R G TN (R, AR S DL A2
SRR B, 2T K AT R 255 SR
FAETU AT G FRepE AT 0, BETRDRS BE A B0 4 SR 36
WY« 55 B R FH T (i A (5 T A5 TR A L, TG i K (5~
b IR ] SRAGETRY {8 FTIN 85 SR 5% 22 T/ TR RS R
1o, AL B 42 5 | RGER TSR PTG SORZS A6 B

SRR, X T4 51 R T ohAEdr Rk 4 il € B T
BN, AR AT FER i AR T )
WA RGURSRI IR 532 B AN N R A
Wi, DAL, AT HERR 0 B A Ak B 0
BRI > RGURSE NPT AL

(1] 2, R =YL BT 2, %, WA ZEE 5] RG2S Hi
FARLER[T]. #H 5P ,2018,33(05) :841-855.

[2] SR3OS, WALV, FE T IR0 SR T SRASEAY (1715 B 15 £ 1 1500
WFIE[I]. RGRl2E 55 ,2019,39(01) :65-75.

(3] 44, o, T, 45, 3T I [8) Fe 51 04 40 s 25 3 1 10U B
SRR T]. B E TRE,2020,20(24) :9937-9942.

[4] ATy, J8BE, XiA4. T BUE AT Ik i S sl (1], 3
BHLTFE,2012,38(20) :251-255.

[5] AT, TkeBk, SR4, 55, SIS AR 0T M Wkl A 19 A 4 T
MWHE[T]. RETHE S FHR,2020,42(09) :2013-2021.

[6] ¥, 77, HTKOMBM LGB AHEETN[)]. RS
TS5 A ,2020,42(01) ;238-244.

(7] RT7F ARSI, KBRS, 55 T Bl R (0 20 A48 700 i 728 ]
R [ T]. R AR, 2017,43(07) :2249-2255.

(8] R TA, IAG . T i€ JR m] 5K ) T8 % <8 3 S5 il [ 7]
o 2 Rl eF A4, 2008(03) :33-36,179.

(9] A4, B AT 15 o e s P K T iy M AR B AR A AT 55 [ D ).
A AR KA, 2017,

[10] 45, 0, BHI%E. —Fh TR GHNE - Fa S /R B AR Y
B BTN vk [ 7] . MRS L T TR ,2018,38(08) 1 128-132,
145.

(1] 24, T8, BENLS R M. 2 . JEa Bl i, 2019,

( 4255 55 10)

OR[N 1 B N D O N
WPERHEIEAT T /08T, 0T LIAS 7R AH R G MTF 25
JEAMFTHIE AV BB RN MTF R A

[ 1] ZHOU Jiazu, ZHU Feng. Analytical analysis of the effect of maximum
platoon size of connected and automated vehicles [J].
Transportation Research Part C: Emerging Technologies, 2021,
122 102882.

[2] WURF, LILH, LUW Q, et al. Improving the safe operation of
platoon lane changing for connected automated vehicles: A novel
field—driven approach [ J]. Appl Sci—-Basel, 2021, 11(16) : 20.

[3] SUN Xiaotong, YIN Yafeng. Behaviorally stable vehicle platooning
for energy savings [ J]. Transportation Research Part C; Emerging
Technologies, 2019, 99. 37-52.

[4] LI Linheng, GAN Jing, QU Xu, et al. A novel graph and safety
potential field theory — based vehicle platoon formation and
optimization method [J]. Appl Sci—Basel, 2021, 11(3): 958.

[5] 5305, g, £k, 5. F AT 24 MMk A )2 50 4 90R
TRERARAETY (1], P E AR, 2021, 34(07); 105-117.

[6] B%, HAall, E3CN, 5. AR ERRITHE R MAS il

RERS [7]. WIS BEAEAR, 2021, 34(06) ; 172-183.

[7] AMIRGHOLY M, SHAHABI M, GAO H O. Traffic automation
and lane management for communicant, autonomous, and human—
driven vehicles [ J]. Transp Res Pt C—Emerg Technol, 2020, 111;
477-95.

[8] ik, H5E, WK, 5. EHBCIMIFEE T 1 2l 5 44 2 18 e 1
SRR [J/OL]. P [ A BE %44l 1-19[2021-07-06 ].
https://kns.cnki.net/kems/detail/61.1313.U.20210706.0954.002.
html.

[9] NAGEL K, SCHRECKENBERG M. A cellular automaton model
for freeway traffic [ J]. Journal de Physique I, 1992, 2(12).
2221-2229.

[10] ZHENG Zuduo. Recent developments and research needs in
modeling lane changing [ J]. Transportation Research Part B:
Methodological, 2014, 60 16-32.

[ 11]JIN Chengjie, KNOOP V L, LI Dawei, et al. Discretionary lane—
changing behavior; empirical validation for one realistic rule—based
model [ J]. Transportmetrica A, 2019, 15(2) : 244-262.

[12] WAGNER P, RUMMEL J. A microscopic CA model of traffic
flow? [ M]//MAURI G, YACOUBI S E I, DENNUNZIO A, et
al. Cellular automata. ACRI 2018. Lecture Notes in Computer
Science . Cham:Springer, 2018,11115; 230-239.

[13]885%, ShAFig, 587, B T2 00 D147 A oo A S HLBCEL BF 5T
[J]. YBE2E4R, 2010, 59(07) ; 4490-4498.



