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Operation and Maintenance of High-speed Railway Signaling System:

Hierarchical Structure Model

LIN Peng'
DONG Hai-Rong®

TIAN Yu' YUAN Zhi-Ming? ZHANG Qi’
SONG Hai-Feng® YANG Chun-Hua'

Abstract The high-speed railway signaling system is the core equipment for the safe and reliable operation of high-
speed railway. The realization of intelligent operation and maintenance of high-speed railway signaling systems is
the fundamental guarantee to reduce the operation risk of high-speed railway. However, the research on the opera-
tion and maintenance of high-speed railway signaling systems is still in early stage. Most of existing works were con-
cerned about the systems in device level or the most basic level and few works focused on the whole system. There
is a tremendous need to set up theoretical model of global structure on the whole. In this paper, we first define a
concept of interrelated signaling system, propose a decentralized dynamic evaluation function and incorporate dy-
namic scheduling into the operation and maintenance system, based on which we construct a hierarchical structure
model for high-speed railway signaling systems. After that, we give some research methods of dynamic quantitative
evaluation, dynamic risk early warning and fault diagnosis for the decision-making layer and interrelated-signaling
layer of hierarchical structure model, and finally discuss the challenges in these aspects.

Key words Operation and maintenance of high-speed railway signaling system, hierarchical structure model,
quantitative evaluation, risk early warning, fault diagnosis
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The structure of high-speed railway signaling system
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The dynamic quantitative evaluation of high-speed railway signaling system
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The dynamic risk early warning of high-speed railway signaling system



158 H 3

S 48 %

TENGEE FH GO, 70 M7 5 1 DU RS A4yt 1)
W, S ERE RN REMR, R RE
KIKE T RGN B, fE IR, RN E
ANZAGE S H DL, WU O 2 SR
AT, 3T S I R IRAS A L B RS, MR
FH KRB 5 R RGNS B

PRIE RGNS N TE . §H X kR RS,
G R AR DL MUR A 2 HUR AR DU R B
N EWE LSRN S A N S P e
AT IRZS BRI 2% AR SN RE 5 221847 H bR DAL A
T Z RIS TR S, 4GB I PR E
AR AT, $E B 3 Bl A XU T R L
BETRE 5 PRI R A RIS 5 R G RS P A Y
ARG, I SRR RSBl X P AR 7.

B AR TE R E 55 2 TR ER
PRAAS A My i A WY X0 8 R VP Al AR A ) A
GLE SIVRAG, — ROR T R SR H I DL R, T X
o T AN B 18 R G 52 B S 1 DL RE I, 38
% 18 R LI RAE A [F R G b AR R R . R
BRZ A, IR T i 5 25 8 S 1 DL ) 5 1A
B, B9 35 R SUAT BRI 36 B LAHE 5 50 as 5
Lz WA DU AL IS 2 1 2 AR 3, eI 52
Wi oAt 2 328 81 22 A0 R G 1K) IR H AR

4 ERKBESREHEISE

H AT D RS (5 5 RG22 rh T
MR ARG AR T RGN, ROHE
R KRS T ARG S IR A, AT VRN
HI R 2 20 I T S8 SCAR R LR BT TE I8 AR AN B3,
2 NG Pl R 2 TR AR, P A A 5 2 SR Kk LU
4 W L F) s A 1 2o

)= 07 85

DA RS 5 RGOS W RO RIE 9T 32 2R
H T AR R R F T RGN &
gr. tehn, F 4R RGN 415 5 1] R SrihE
W, SEJE IR T DAME T AL AR AL B R
RACERAR LA (0 B RES W BOR, 2 W A S s s
W B IR R GEAN DL [ 28 5000, 25 R B B (5 5
ARG H ARG R R G, S 2T
Bl Ik 2 REVE AN B B VRS RE £, SCHR [33] M ah s
DU 2 T3 T A I AT R R G S B E S
V& BRI W, SCHR [34] $&H T 40 225 5 4%
B K RG2S 7575 SR T gk
HAE S ARG RMLRE K, STk [33-34] 1R ETE
WA By i B R R A BCE T A SR [35] 4R

4.1

BT —MARFLWHEZE %, 7AOFIRES &
Gt 1 FE 5 S5 28 HRN W] S 1A B 15 0 4 J4EA T4 05
BN, SRS W R A2 W B, AT SE B
Wi fr s 67 A2 . HiZ 7 92 BT 7 Bt = BOK LA
AR T BB A AT, NS A T i B s bR is 47
Yise.

HTEESBRES RGIERER, B9 R85
AT AE 546 1) 8 H. R GEHUE TR A SR 1, I
RS W 790 % R R G0 R R M HLE SR, X T
e B R AR IE A5 5 2R S8 R2 W 1) R AR S T
FITEAR. FrRl2, 5 FE5 2GS 51
FI 290 1 P 5 4 s AT e S FLAE R 2R R A8
FE 3% 1) B, B BF T IR AR AS B3, HH 2 20 B g e
J5 AR R T i 2 TR o, SCRR [37-39) 1
e — 2R B X ()@ I B ST ER A R RSB T,
WFFC T AR R 3 5% A S i e 47 R I () 2 24
R B8 38 47 S i IR B I FE AR AR . SCik [40—-42)
W T T LR BRI 4R A 1R 18] 20 9 4238 AT TP
TEOL N ISR AT R A Sl i X 4 4 31k
I 2] 538 47 U 8 8 oK i /MK FIE R B[], AT SE R
FI 2 B I T A

BIRKEE S R G EIDEARTTE

e R K B A S B G R 2 IR TT B4y D R
Bl — R I T Pl R BORH RS T A e 8 T
I W BTG 5 RS I MR, — R e
BT R HIORH PR 91 A5 20 i D 2 75
W B — P LT IR RS W AR X ELRCR 5, AE
BEAVERA M. 58 MG DUAE S b ey R BR 15 5
Es kb s N R A e i iR B N T
RG2S 2 A R B AL 1A% S, AR AEE
Tod A BT R A T R DAV R B DRI T A T B
S DT B T 0 A A A S 2 LE B TR BRI, AR SN
Gy A RIS 10 58 TR0 B0 LA R PRl 1 B B T T
% (WK 5).

KEME T ZERGF MR LW, % ERFEA B ITE
FRGHKG S RA ST RA T RAFTE N 7 FF
M e, B A SRR & TE S Rl
WNPRHERI 6] R G ARG, 22T R R G W P
AR B R ISEE S, FIAE S 4%
w0 A A BLS, BEAR & 5 5 Rg iRk
MR E R R, EHREE T RGN AT SHURE.
IS, AR I S i Tl R ORI DR T AR Y
FIWT RIS 5 R G 2 75 I .

IR = RGBRIS W, 25 R T 4 P 51 421
SO, BT B 4 [AAH BAE R DR &, 43 B BTG 41

4.2



134 PRIGEE: kG 5 RGB 45 2 A BT
B e —  Merema] | [EBEER]
| : B2R% | | sy || || EHXEE | !%ig¢ﬁ | RG]
Dy A BRGNH 1| e Atk |
boORRES 2 NEemsR | SR 0e | w1 L
| TRE [EEEG 0| Gfdonls |1 S R VA
=3 mERG || | wEERL% | N S e b
: = E:::::::::::::’:>i i|:'>i @ |:>' @ |::>: RS
g XBES | 0| b (1| P! R ML
! i ERteynys : : : I
L g L IEEER a0 e |10 S
Tz L W s [V g 1 BRGRE ||| SR |
b REES | 0| e |1 | HEEEXER | mlam | SERG |
L FR% || L L L | s |
! . — S e ! e ! e ! Lo - I
L I
T itttk N I T — N ETTmi
: . . . T =W
R g | e [ e pickans |
e EN A ] I . v || 1 peERE | 1 st I
| gm0 | MEIER L) sEEXaE L | AR
! i 7 . | KA . | X35 | | @ . Nﬁ%ﬂa | |
| | | , ! . | , P! A |
: ' : : | . : " : | :
| | —! ST b 4R |
B {l = {l - {l sz ol immy {} x
| !Wﬁ%@@j: s | b | L D e y
| I| BITRES : L FIEBATIR | O BERES | I . : ZGIETI |
[ | e | s | ERERER ! e |
[ ' [ ' : | | | ! |
| : . : . : |
L oTiTTotToTDiTIo ST ittt R kel
K5 midekER(E S RGBS W LTk

Fig.5

s IR BRI s L ok 5
2 A e ) X DX 3, 7 14 BB A A R 45 5
A4 HTREESRBE T RAGM IS, F5)
RPN EISATIRE RS B R, RIS S
ARG = 520 25 22 (38 AT B s R 2 mf%
1, G R RGBT iR, R RGN
AT R, R R I AR DR AF 5 AR G N i
BEORMEDL. B el ok = R G A2 = 1),
BIF Ut B AE 22 2 X L (0 A% Rl L AR AT RE i Y B, O
T 4 2 5 22 (R AT a3 SR 31 51 22 k0 20 H
BN A VA B BRI U FIUE R, 45 & AR 2 2
BRI e IR AR G o0 A 4% ) 2R AR B AR AL T
%, MIERHERE S RGN, SR A R EETT
BRI RAG S RE M IRIE R IE, kR zE
A7 R

5 Z5RiE

FRBR (ST RGUS4EELIR AT IA M R
R B R SO SE bR . — 5T, AR]
NSRRI R B R R AR L SR A U SZEE, T HL
RN BB AT ) AT 250 P 5 SE B 8 e s 4 R 4t
It 70 B BAR LAl 53— 5 i, R kRS T AR

The fault diagnosis of high-speed railway signaling system

Gic e BRI TR T 2 RIS XTI, W KB 2K
2R SR P IS AT AR BEATUBER . XURS T
HU RS W S5 A2 SRR, USRI TSR
IR R Gt WL R GE 56 RGN TR (1 2 5 i
S, KA 1 e 3R A 4% R R SR IR .
NIE, ASCE LT RIS S R4, =2 T 2 #alsh
AVl AL, W T RIR. R IR E ) §
Xy R AR R R E SRS 5 2, Bl E
PPl A RS TR R 12 W = 5 T BEAT 1
T T SRR, A BASSCTR Y OB 7T T VA E A
AR R RIS 5 ROV REIS 4E 1R S R AL
TARRM—EMH I E S

References

1 Lin Zhong-Hong, Yang Ying, Tian Ya-Ming. Research on the
eonomic function of high-speed railway: A case study of Beijing-
Shanghai high-speed railway. Railway FEconomics Research,
2017, 135(1): 1-9
(PRARt, P BE, HEH]. A SOF R BRE MR ADF R Z AR . BRIE
ZFIE AT, 2017, 135(1): 1-9)

2 Wang Feng. Development of China’s intelligent HSR building
technology and its future. Chinese Railways, 2019, 04: 1-7
(F 0. JRIE e s Bk s R R @I R R R SR S R 8. b [ Bk K,
2019, 04: 1-7)

3 He Tian-Xiang, Huang Lin-Ya. Impact of high-speed rail net-
work on regional economic coordinated development in Hunan
province based on empirical analysis. Scientia Geographica Sin-
ica, 2020, 40(09): 1439-1449


https://doi.org/10.3969/j.issn.1004-9746.2017.01.001
https://doi.org/10.3969/j.issn.1004-9746.2017.01.001

160

H Zlj

S 48 %

10

11

12

13

14

15

16

17

18

19

(fATRAE, BIRAE. ok 0 22 %l v X Sk &2 55 B[R] & e sl 1 3
22020, 40(09): 1439-1449)

Li Ying-Hong. High-speed Railway Signaling System. Chengdu:
Southwest Jiaotong University Press, 2009.
(FURAL. RIS 5 R0 I VU RS R L, 2009.)

Jiang Nan. Discussion on improvement of high-speed railway
signaling system safety. Railway Signalling & Communication
Engineering, 2018, 15(1): 59-64

(ZhE. MR T RA RSO RR . BB G LR
R, 2018, 15(1): 59-64)

Guo Jin, Zhang Ya-Dong. Study and consideration on Chinese
high-speed railway signaling system. Journal of Beijing Jiaotong
University, 2012, 36(5): 90-94

(503t SRR, P E @Bk E S R i 5B % b atsgim K
224, 2012, 36(5): 90—-94)

Ning Bin, Mo Zhi-Song, Li Kai-Cheng. Application and develop-
ment of intelligent technologies for high-speed railway signaling
system. Journal of the China Railway Society, 2019, 41(03): 1-9
(T, SER, ZIFRL. Ml E S RAEE AR R R
BRIE 24, 2019, 41(03): 1-9)

Ning Bin, Dong Hai-Rong, Zheng Wei, Xun Jing, Gao Shi-Gen,
Wang Hong-Wei, et al. Integration of train control and online
rescheduling for high-speed railways: Challenges and future.
Acta Automatica Sinica, 2019, 45(12): 2208-2217

(T, EOMESR, KA, HAE, m LR, B, & Bk E T
H 53N~ BUIR S R E. B3R, 2019, 45(12):
2208-2217)

Delorme X, Gandibleux X, Rodriguez J. Stability evaluation of a
railway timetable at station level. European Journal of Opera-
tional Research, 2009, 195(3): 780—790

Sapori E, Sciutto M, Sciutto G. A quantitative approach to risk
management in critical infrastructures. Transportation Rese-
arch Procedia, 2014, 3: 740749

Liu C, Yang S, Cui Y, Yang Y X. An improved risk assessment
method based on a comprehensive weighting algorithm in rail-
way signaling safety analysis. Safety Science, 2020, 128: Article
No. 104768

Dong S K, Dong H B, Wan C Y. Development and evaluation of
a computer-aided system for analyzing human error in railway
operations. Reliability Engineering & System Safety, 2010, 95:
87-98

Ding Y, Lin Y, Peng R, Zuo M. Approximate reliability evalu-
ation of large-scale multistate series-parallel systems. IEEE Tran-
sactions on Reliability, 2019, 68(2): 539-553

Song Tong, Zhou Yan. Automatic synthesis of fault tree for con-
trol systems based on system analysis. Systems Engineering-
Theory Methodology Applications, 2005, 14(6): 514-518, 526
(R, R BT RG0HT RS R G R B3I, R L
R IR, 2005, 14(6): 514-518, 526)

Kyriakidis M, Majumdar A, Ochieng W Y. The human perform-
ance railway operational index —— A novel approach to assess
human performance for railway operations. Reliability Engineer-
ing & System Safety, 2018, 170: 226—243

Wang R, Work D B. Data driven approaches for passenger train
delay estimation. In: Proceedings of the 18th IEEE Internation-
al Conference on Intelligent Transportation Systems. Gran Ca-
naria, Spain: IEEE, 2015. 535-540

Liu Hao-Yu, He Shi-Bo, Chen Ji-Ming. Data-driven adaptive ad-
justment strategy for strong wind alarm in high-speed railway.
Acta Automatica Sinica, 2019, 45(12): 2242—-2250

(ORI SAR, BRRERE, BRAR . 503 B Sl 1) o Tk B A L 2 1 A
BriEms. BEEEIR, 2019, 45(12): 2242-2250)

Zhang Qi, Chen Feng, Zhang Tao, Yuan Zhi-Ming. Intelligent
prediction and characteristic recognition for joint delay of high
speed railway trains. Acta Automatica Sinica, 2019, 45(12):
2251-2259

(T3, BRide, 5KV, 35 W1, sk iR 410 40 e G 00 R A TR K
FHERG. B3R, 2019, 45(12): 2251-2259)

Podofillini L, Zio E, Vatn J. Risk-informed optimisation of rail-

way tracks inspection and maintenance procedures. Reliability
Engineering & System Safety, 2006, 91(1): 20—35

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

Wang W. A model for maintenance service contract design, ne-
gotiation and optimization. European Journal of Operational
Research, 2010, 201(1): 239-246

Wang W. An inspection model based on a three-stage failure
process. Reliability Engineering & System Safety, 2011, 96(7):
838—848

Wang W. Maintenance models based on the np control charts
with respect to the sampling interval. Journal of the Operational
Research Society, 2011, 62(1): 124-133

Wang W. An overview of the recent advances in delay-time-
based maintenance modelling. Reliability Engineering & System
Safety, 2012, 106: 165178

Andrews J, Prescott D, De Roziéres F. A stochastic model for
railway track asset management. Reliability Engineering & Sys-
tem Safety, 2014, 130: 76-84

Leighton C L, Dennis C R. Risk assessment of a new high-speed
railway. Quality & Reliability Engineering International, 2010,
11(6): 445-455

An M, Chen Y, Baker C J. A fuzzy reasoning and fuzzy-analyt-
ical hierarchy process based approach to the process of railway
risk information: A railway risk management system. Informa-
tion Sciences, 2011, 181(18): 3946-3966

An M, Qin Y, Jia L M, Chen Y. Aggregation of group fuzzy risk
information in the railway risk decision making process. Safety
Science, 2016, 82: 18—28

Wei Yuan-Yuan, Zuo Zhong-Yi, Cheng Wei, Meng Zi-Yue. Ap-
plication of F-ANP method in risk assessment of high-speed rail-
way. China Safety Science Journal, 2020, 30(S1): 165-171
(BRI, 7250830, T2, TP 0. F-ANP JE7E s ki RS A o
HINF. w2 R3], 2020, 30(S1): 165-171)

Zhang You-Peng, Li Yuan-Yuan. Risk assessment of railway sig-
nal system based on cloud model and evidence theory. Journal
of China Railway Society, 2016, 38(1): 75—80

(TG, ZEtit. T = BEAURNESE 20 1Bk B 5 5 R GRS AT
fili. BRIl 24, 2016, 38(1): 75-80)

Sun S, Zhang C, Yu G. A Bayesian network approach to traffic
flow forecasting. IEEE Transactions on Intelligent Transporta-
tion Systems, 2006, 7(1): 124-132

Yang C H, Yang C, Peng T, Yang X Y. A fault-injection
strategy for traction drive control systems. IEEE Transactions
on Industrial Electronics, 2017, 64(7): 5719-5727

Su H, Che Y. Reliability assessment on CTCS-3 train control
system using faults trees and Bayesian networks. International
Journal of Control and Automation, 2013, 6(4): 271-292

Jiang Lei, Wang Xiao-Min, Liu Yi-Liu, Chen Guang-Wu. DBN-
based operational reliability and availability evaluation of CT-
CS3-300T onboard system. Journal of the China Railway Soci-
ety, 2020, 42(03): 8592

(L&, E/NE 0 —3, Bot. 2T 308 I 2% 1) CTCS3-
300T #1448 75 % AR oIS A7 o) 5Lk S ol VR VP Al . Bl 224, 2020,
42(03): 85-92)

Zhang Xi, Du Xu-Sheng, Liu Zhao-Ying. Development of railway
station signaling control equipment fault diagnosis expert sys-
tem. Journal of the China Railway Society, 2009, 31(3): 43—49
(i e, ALJETE, XUBASE. s S mi & RS W= R RS
FE I, BB AR, 2009, 31(3): 43—49)

Zhao Qing-He. Research on System-level Fault Diagnosis of
High-speed Railway Signaling System [Master dissertation],
Beijing Jiaotong University, China, 2014

(BHEFE. @Y(E T RAENRR IS W B (L2
3], AbIASE KR, I, 2014)

Zhou Dong-Hua, Ji Hong-Quan, He Xiao. Fault diagnosis tech-
niques for the information control system of high-speed trains.
Acta Automatica Sinica, 2018, 44(7): 1153-1164

(-4, 20Bbat, 3. ol g 405 B H R G iR B R
H k2R, 2018, 44(7): 1153-1164)

Zhan Shu-Guang, Zhao Jun, Peng Qi-Yuan. Real-time train res-
cheduling on high-speed railway under partial segment block-
ages. Journal of the China Railway Society, 2016, 38(10): 1-13
(BB, R, w2 LN, e kg IX (A e B0 RS 0L R 31 i
A7 SRR 5T PIE AR, 2016, 38(10): 1-13)


https://doi.org/10.3969/j.issn.1673-0291.2012.05.016
https://doi.org/10.3969/j.issn.1673-0291.2012.05.016
https://doi.org/10.1016/j.ejor.2007.06.062
https://doi.org/10.1016/j.ejor.2007.06.062
https://doi.org/10.1016/j.ejor.2007.06.062
https://doi.org/10.1016/j.trpro.2014.10.053
https://doi.org/10.1016/j.trpro.2014.10.053
https://doi.org/10.1016/j.trpro.2014.10.053
https://doi.org/10.1109/TR.2019.2898459
https://doi.org/10.1109/TR.2019.2898459
https://doi.org/10.1109/TR.2019.2898459
https://doi.org/10.1016/j.ejor.2009.02.018
https://doi.org/10.1016/j.ejor.2009.02.018
https://doi.org/10.1057/jors.2009.165
https://doi.org/10.1057/jors.2009.165
https://doi.org/10.1016/j.ins.2011.04.051
https://doi.org/10.1016/j.ins.2011.04.051
https://doi.org/10.1016/j.ssci.2015.08.011
https://doi.org/10.1016/j.ssci.2015.08.011
https://doi.org/10.3969/j.issn.1001-8360.2016.01.012
https://doi.org/10.3969/j.issn.1001-8360.2016.01.012
https://doi.org/10.1109/TITS.2006.869623
https://doi.org/10.1109/TITS.2006.869623
https://doi.org/10.1109/TITS.2006.869623
https://doi.org/10.1109/TIE.2017.2674610
https://doi.org/10.1109/TIE.2017.2674610
https://doi.org/10.3969/j.issn.1001-8360.2020.03.011
https://doi.org/10.3969/j.issn.1001-8360.2020.03.011
https://doi.org/10.3969/j.issn.1001-8360.2020.03.011
https://doi.org/10.3969/j.issn.1001-8360.2009.03.008
https://doi.org/10.3969/j.issn.1001-8360.2016.10.001
https://doi.org/10.3969/j.issn.1673-0291.2012.05.016
https://doi.org/10.3969/j.issn.1673-0291.2012.05.016
https://doi.org/10.1016/j.ejor.2007.06.062
https://doi.org/10.1016/j.ejor.2007.06.062
https://doi.org/10.1016/j.ejor.2007.06.062
https://doi.org/10.1016/j.trpro.2014.10.053
https://doi.org/10.1016/j.trpro.2014.10.053
https://doi.org/10.1016/j.trpro.2014.10.053
https://doi.org/10.1109/TR.2019.2898459
https://doi.org/10.1109/TR.2019.2898459
https://doi.org/10.1109/TR.2019.2898459
https://doi.org/10.1016/j.ejor.2009.02.018
https://doi.org/10.1016/j.ejor.2009.02.018
https://doi.org/10.1057/jors.2009.165
https://doi.org/10.1057/jors.2009.165
https://doi.org/10.1016/j.ins.2011.04.051
https://doi.org/10.1016/j.ins.2011.04.051
https://doi.org/10.1016/j.ssci.2015.08.011
https://doi.org/10.1016/j.ssci.2015.08.011
https://doi.org/10.3969/j.issn.1001-8360.2016.01.012
https://doi.org/10.3969/j.issn.1001-8360.2016.01.012
https://doi.org/10.1109/TITS.2006.869623
https://doi.org/10.1109/TITS.2006.869623
https://doi.org/10.1109/TITS.2006.869623
https://doi.org/10.1109/TIE.2017.2674610
https://doi.org/10.1109/TIE.2017.2674610
https://doi.org/10.3969/j.issn.1001-8360.2020.03.011
https://doi.org/10.3969/j.issn.1001-8360.2020.03.011
https://doi.org/10.3969/j.issn.1001-8360.2020.03.011
https://doi.org/10.3969/j.issn.1001-8360.2009.03.008
https://doi.org/10.3969/j.issn.1001-8360.2016.10.001

134 PRISSE: kIS 5 RS Y5 2 SRR 7L 161

38 Zhan Shu-Guang, Zhao Jun, Peng Qi-Yuan, Xu Pei-Juan, Zhang
Xin-Zhu. Real-time train rescheduling on high-speed railway un-
der complete segment blockages. Journal of the China Railway
Society, 2015, 27(11): 1-9
(B8, BZE, SHN, IRITIE, SRIBYT. s kg X ] 5E )4 R AL
A T AILEE T ST TR 5. BRAEER, 2015, 27(11): 1-9)

39 Louwerse I, Huisman D. Adjusting a railway timetable in case of
partial or complete blockages. European Journal of Operational
Research, 2014, 235(3): 583-593

40 Long Si-Hui, Meng Ling-Yun, Wang Yi-Hui, Luan Xiao-Jie,
Zhang Peng. A bi-objective integrated optimization model of
high-speed train rescheduling and train control. Journal of
Transportation Systems Engineering and Information Techno-
logy, 2020, 20(06): 163-169
(JehB3&, #iom, FIGH, IR0, sk, mHds) 21817 R % 51817
P — AR H AR R 550 AEEM R LIRES5ER,
2020, 20(06): 163-169)

41 Sun Y, Cao C, Wu C. Multi-objective optimization of train
routing problem combined with train scheduling on a high-speed

railway network. Transportation Research Part C: Emerging
Technologies, 2014, 44: 1-20

42 Dollevoet T, Huisman D, Kroon L G, Veelenturf L P, Wagen-
aar J C. Application of an iterative framework for real-time rail-
way rescheduling. Computers & Operations Research, 2017, 78:
203-217

WS R ORs A B R
FEWFIT I N2 B R RS A
RS, kR ] S DL
E-mail: lin_peng@csu.edu.cn

(LIN Peng Professor at the School
of Automation, Central South Uni-

v versity. His research interest covers
distributed control and optimization of multi-agent
system, control and scheduling optimization of high-
speed railway.)

H F Pekasieapebitof
FOAE. BRI TETT 1R R RESCIE R Y,
R B 2 81 A P Rl ] S R R AL
E-mail: Yu Tian@csu.edu.cn

(TTIAN Yu Master student at the
School of Automation, Central

South University. His research in-
terest covers intelligent transportation system, mul-
tiple trains cooperative control and scheduling optimiz-
ation of high-speed railway.)

RS P EGIER A R R
PR RIWFIE . £ FT T M) Ak
BERIE, RIS T IS H MBI e
LGS

E-mail: zhimingyuan@hotmail.com
(YUAN Zhi-Ming Research fellow
at China Academy of Railway Sci-

A

ences Corporation Limited. His research interest cov-
ers railway traffic management, railway signaling con-
trol, and intelligent train operation.)

sk W hEBKERE AR
PR B A A . EEW T IR
BREREAEE S, S E A3 B, 44
BATYE IR 2 51 5 e R B 5 1 [ 4
#il]. E-mail: zhangqi@rails.cn
(ZHANG Qi Chief research fellow
at China Academy of Railway Sci-
ences Corporation Limited. His research interest cov-
ers railway signal and communication, automatic train
operation, train operation control, and intelligent dis-
patching and cooperative control of multiple trains.)

BEiRR  JLRUTE R PUE S
b5 xR 5K SR g EH R R
FIT I B B is 47 8 Re R S AL,
i E P — 4.

E-mail: hrdong@bjtu.edu.cn

v (DONG Hai-Rong Professor at the
~“4 State Key Laboratory of Rail
Traffic Control and Safety, Beijing Jiaotong Uni-

versity. Her research interest covers intelligent control
and optimization of train operation, integration of
scheduling and control.)

REEE AbRCE R TEE TR
TR . BT MO ACE R
57 o (N OB K s ey KT Y R
E-mail: songhf@bjtu.edu.cn

(SONG Hai-Feng Associate pro-
fessor at the School of Electronic
and Information Engineering,
Beijing Jiaotong University. His research interest cov-
ers transportation systems safety evaluation, traffic in-
telligent control and optimization.)

PEELE R K H e B 2%
FERTFTT 10 B Tl iR
Ak, WBE2 A e R, A SCE
{5/E% . E-mail: ychh@csu.edu.cn
(YANG Chun-Hua Professor at
the School of Automation, Central
South University. Her research in-
terest covers complex industrial process modeling and
optimization, fault diagnosis, and intelligent system.
Corresponding author of this paper.)


https://doi.org/10.3969/j.issn.1001-8360.2015.11.001
https://doi.org/10.3969/j.issn.1001-8360.2015.11.001
https://doi.org/10.1016/j.ejor.2013.12.020
https://doi.org/10.1016/j.ejor.2013.12.020
https://doi.org/10.1016/j.trc.2014.02.023
https://doi.org/10.1016/j.trc.2014.02.023
https://doi.org/10.3969/j.issn.1001-8360.2015.11.001
https://doi.org/10.3969/j.issn.1001-8360.2015.11.001
https://doi.org/10.1016/j.ejor.2013.12.020
https://doi.org/10.1016/j.ejor.2013.12.020
https://doi.org/10.1016/j.trc.2014.02.023
https://doi.org/10.1016/j.trc.2014.02.023

	1 高速铁路信号系统分层架构模型
	1.1 面临的挑战
	1.2 高速铁路信号系统分层架构划分
	1.3 决策层分散式动态评估函数

	2 高速铁路信号系统定量评估
	2.1 面临的挑战
	2.2 高速铁路信号系统动态定量评估研究方法

	3 高速铁路信号系统风险预警
	3.1 面临的挑战
	3.2 高速铁路信号系统动态风险预警研究方法

	4 高速铁路信号系统故障诊断
	4.1 面临的挑战
	4.2 高速铁路信号系统故障诊断研究方法

	5 结束语

