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ATPCU #13¢ 80.1 1.25 82.7 11.2 96.1 14 96.7 12.9

BTM #5& — 84.3 89.6 95.5

Fy — 86.5 94.6 96.8

MAINE FH 1B 11— 2 20 BT, 2 M s B 32 2 4
3 RBC il 5 . GSM-R W 4% v 7 il STM K £& i
S, 22 bl B — D TR R A% A R TR R 0 R K AE X 8K
&, DBN-HD ik 3] 98.3% ; ATPCU H 3 i [ % th
DMI %78 #2485 “ATP Jg g 28 7 Fn“ DM 3 {5 H 87
S, [ 5 e 2 0 R AL 1 s R I G L B R AR S
PRI, Ab PR3 W RE B BR E 2  BCR AR TR R LR
23, DBN-HD #5 %1 [, SVM #5585 2K =5 1 16 %
A4 s BTM A G Bk 2 i 2 Bl B 52 4 1 A, SVM
ASCAR 45 il W 5 AIE 8 ol e s K 43 25, o ik i ) 2 A
o 2 Fp DL b i R R, OR BB WA S BR N .
DBN-HD &R i 1 T002 53 28 i, i o 158 4 1
(B, AT A5 2 1k 22 Ao B T DR, DA T S5 B 22 e o
Hiz W, 74, DBN-HD D52 Fr i i 5 30 5 4 b 2
[E] (8 0 A B S A Sy 1 25 ) 3 T 4% UL, B AR T 35
HARBE B ATR0% R T DBN &AL

5 4ZFRiE

A 5T 42 19 DBN-HD %= 2 i R 12 Wi 5, e
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f 5 2, R IE 19 28 45 K RS JBE e, O 5 HAb 3 i
W12 W R B4 X L, 552 6 245 2R 3 W AS F 9 A5 2 4 iy
T A2 IR RS R KB AT AR AT D B R S5 R T
AR AR RS W B AT ) B HOR SHE

Z % X W

[1] ZHANG Y, WANG H F, YUAN T, et al. Hybrid
online safety observer for CTCS-3 train control system
on-board equipment[J]. IEEE Transactions on Intelligent
Transportation Systems, 2019, 20(3): 925-934.

[2] VL&, F/NEC, X575 5T 22 DL 307 9 45 1Y
CTCS3-300T 81l #% 4= 3 R G 18 47 ] L% Lol 25 DA
(7). k3242, 2020, 42(3):85-92.

JIANG Lei, WANG Xiaomin, LIU Yiliu, et al. DBN-
based operational reliability and availability evaluation of
CTCS3-300T on board system[J]. Journal of the China



370

/) I

w5 2

W %43 5

[4]

[5]

[6]

[10]

Railway Society, 2020, 42(3):85-92.(in Chinese)
ER, g0, S8E, 45 BT DUk 30T ) 46 6 81 4% 4 8
B WO 2 W7 7k [T). Bk SF 4, 2017, 39(8) -
93-100.

LIANG Xiao, WANG Haifeng, GUO Jin, et al. Bayes-
ian network based fault diagnosis method for on-board
equipment of train control system[J]. Journal of the Chi-
na Railway Society, 2017, 39(8):93-100.(in Chinese )
B, R E AR BT ORI R R S R E R
HEB2 W [T]. BB A4, 2015, 37(8):53-59.
ZHAO Yang, XU Tianhua. Text mining based fault di-
agnosis for vehicle on-board equipment of high speed
railway signal system[J]. Journal of the China Railway
Society, 2015, 37(8):53-59.(in Chinese)

WANG F, XU T H, TANG T, et al. Bilevel feature
extraction-based text mining for fault diagnosis of
railway systems[J]. IEEE Transactions on Intelligent
Transportation Systems, 2017, 18(1) :49-58.

R, BFEE, BB . 3T RSIICS-BP 981 5 4
#HBTM i iz W [T]. Jb 50528 K2 % 4, 2020,
44(2):52-57.

NIU Hongxia, GUO Ziyu, CHEN Guangwu. Fault di-
agnosis of on-board BTM based on RS-ICS-BP [J].
Journal of Beijing Jiaotong University, 2020, 44 (2) :
52-57.(in Chinese)

KB R, KRB, 22 ELH . B PSO-BP J7 i 7E ATP
BB # 2 BB W P BT BT (T]. R,
2019, 38(2):56-60,64.

ZHANG Caifeng, MI Gensuo, LI Hongjin. Applica-
tion of improved PSO-BP method in multiple fault diag-
nosis of ATP vehicle equipment [J]. Measurement &.
Control Technology, 2019, 38(2) : 56-60, 64. (in Chi-
nese)

HINTON G E, OSINDERO S, TEH Y W. A fast
learning algorithm for deep belief nets[J]. Neural
Computation, 2006, 18(7):1527-1554.

WK, R TE, AKER, A RS O A R G R IE AR
AR 2 B8 & M SR [ T]. 2241, 2019, 44(2):
214-220.

XIE Yue, LIANG Ruiyu, BAO Yonggiang, et al. De-
ception detection with spectral features base on deep be-
lief network[ J]. Acta Acustica, 2019, 44(2) :214-220.
(in Chinese)

BALAKRISHNAN N, RAJENDRAN A, PELUSI
D, et al. Deep belief network enhanced intrusion
detection system to prevent security breach in the
internet of things [J]. Internet of Things, 2021, 14:
100112.

JAE L BB, DG . R e AR | AR I A R 2 KT B
FELT]. R K 52 W, 2020, 40(5) :997-1002.

GU Jia, HUANG Ming, GUAN Yue. Fault diagnosis of

traction converter for high-speed train [J]. Journal of

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Vibration, Measurement &. Diagnosis, 2020, 40 (5) :
997-1002.(in Chinese)

T ds, £&, TLI . 2T PSO U B B E A5 M2
Rl R Bz Wr[T]. Jksh 5 wh i, 2020, 39(5) .
89-96.

LI Yibing, WANG Lei, JIANG Li. Rolling bearing
fault diagnosis based on DBN algorithm improved with
PSO[J]. Journal of Vibration and Shock, 2020, 39(5):
89-96.(in Chinese)

BB, MM, B35 BT MGA-BP 45 (i 2 il 7k
B2 W L)) 4k 3 Wk 5 2 T, 2020, 40(2) -
381-388.

PI Jun, LIU Peng, MA Sheng, et al. Aero-engine bear-
ing fault diagnosis based on MGA-BP neural network
[J]. Journal of Vibration, Measurement &. Diagnosis,
2020, 40(2) :381-388.(in Chinese)

HINTON G E. A practical guide to training restricted
boltzmann machines[ M ]. Berlin : Springer Berlin
Heidelberg, 2012:5-6.

RUMELHART D E, HINTON G E, WILLIAMS R
J. Learning representations by back-propagating errors
[1]. Nature, 1986, 323(6088):533-536.

RV EsAr RS R L A ITAIM]. dest:
B3l AL, 2019 254-255.

ZANG Y, SHANGGUAN W, CAI B, et al. Methods
for fault diagnosis of high-speed railways: a review [J].
Proceedings of the Institution of Mechanical Engineers,
Part O: Journal of Risk and Reliability, 2019, 233(5) :
908-922.

SHI L, CHEN L. Hazard recognition and reliability
analysis of CTCS-3 on-board subsystem [J]. Computer
Communications, 2020, 151:145-153.

WS, ZIEM . F R SR EMIM]. Jta . #
S h A, 2010:76-77.

O, B R S M4 (DBN) M 2% )2 AR 1Y
g K R LT, BHp 3R 5 T/, 2016, 16(23) : 234
238,262.

GAO Qiang, MA Yanmei. Research and application of
the level of the deep belief network (DBN) [J]. Science
Technology and Engineering, 2016, 16 (23) : 234-238,
262.(in Chinese)

CHANG C C, LIN C J. LIBSVM: a library for
support vector machines [J]. ACM Transactions on
Intelligent Systems and Technology, 2011, 2(3):1-27.

E—IEEB BB, 5, 19874 10 A
AL PRI . EEWRE O 0 AR IR F A
BB 95 7 G0 A A B A T2 T
E-mail: weir 0719@163.com



