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Urban Rail Transit Signaling System Design
Based on System Resilience Theory

GAO Xiang, ZHANG Lingxiang

Abstract 'Fail-operational’ is the highest requirement for ur-
ban rail transit signaling system, and also an understanding of
system safety from the high-level operation. With the trend of
automatic systems expanding their function boundaries, human
intervention is no longer considered a safe and reliable means,
and the system itself should be capable of treating more anoma-
lies. Concepts such as fault tolerance, safety integrity level and
resilience related to system reliability are analyzed. System re-
silience theory is introduced into the design of urban rail transit
signaling system, and system resilience is quantitatively calcu-
lated using system ability loss. A design model of the resilience
system is established, and is then applied to the design of intel-
ligent scheduling system with resilience measurement as the op-
timal control target. Simulation verification proves that the sys-
tem resilience theory and method are effective in urban rail
transit signaling system design.

Key words urban rail transit; signaling system; system de-
sign; fault tolerance;

resilience; safety integrity; fail-

operational ; intelligent scheduling

First-author’'s address Thales SEC Transport System

Co., Ltd., 201206, Shanghai, China

ZENTCAE MORE T RO AS Y BRI, B AR
AT REMAEE FIR . FERS)Z M b, X T 5
PRV T S L BRZESR Y, T L i T A B A R
JEFTEEPERR PR R . BRBRAT ML A — R 5 Y AT HE
Pl i i AR AR X R PR AT IRAL R R
GOk R AR AR . MTBF (SF- 227 e 8] B 1 1] )
JERCH BT SRR R 2 — . #%1 EN 50126 F5
ME', MTBF $E SUR RS0 15 TARR S R B2
Zrmpla], HABT b J2 4 MTBSF (i35 ik 55 111
HRCBE ] B R 1)) o 38 ) TC AR 1B T, T PR e B i il e
AFEM RGN S5 (D SEBS PR 225 ) , RGORFFRr4L
JIi 55 LAt /& MTBSF,,

XJ 42 4 () A% e e S B TR AR 2 1R
&, A4S SIL( Safety Integrity Level ) /&5
A REPEA G — S, i R AR R RGAE
ST v W 432 AT S v T BRI R s R B PN Y 2R A
T R AR RE S . s Rk
FRIRT 5 P 2 0 I T A A 3 (AR fR AR I
Fo REMMRTERRE R, BT %450 B R AA]
SEPERY RGBT A A R AT A, X R
TP AR BT Z W WA B 2 S, M 3 5 2 PR e
B, 2 RE DA R, TEIBLZE P th & B 3 iz 47 19
HFisfrRED B F o REC AR e E S
] SEMEEER

RIS R RS T AR RGN
BRI Y o RGEIVEERIE ST T 3B 1 A R
X RGeS AT IS, 5T A RAM (A 58
PE AT IPE AT 4G ) 48 bR TR (B 3R T A R RE
TIARTR], RGEEME IS 2R RGN A BT K
BT , R RGeS R e Bl L XU A 5 i
BT MR A R B A SR BCRA VG E 1 25 8 T iy - AR

- 139 -



SO R GERIE BRI 5 R it P a
PEATRIRSE, IF AR RE A J3E % 48 Dy 28 91 A i B 3
— I LA

1 REFEER

)M (Resilience , Hh SCRFSE 3 Rk HI < PR ) —
TR S5 T 5 Bl resilire ( §#[0] ) | 38 YIRLE B BF
FE & AEAETE S, PR 3 HOE 3 X F FE IR 14 BE
HEP TR e 78 32 B B 5 R A OE R R RE Y . oF
REMX —NFMESHE LTI AESRS, Gk
2 TR £ AT 20 T AT 22 A TR A
— AN B ATR A B S SR s — AN SR (B
LHAN A X M X ) B RE T, BE TSI LR W e L
X 3g N AN F AR B TG s bR &2 . X e
SREABIVER RGN % H 4% 3 FhaE A7 . il R
WS PR A e 7 ( FARER IR ), IR ik 52
(O RE F7 (IMEBIOMET L ) | 38 I 3T 14 A8 Ak 1 45 12
(R B as SR A AE) B BE 1) . AR SCIA R, 38 B
HAGEE 4 ANBE ST GE F7, BT & A i BiR 4t
Shaft A7 W R, I T H R Y i

TEAZ AN R, SCHR LS 1480 T80 TR
WSl RGP E RS R G % 4, IF vk
TE S - RGBS A R S i/ i
FEEHIIREM B A BE T, th L R GRS 7 T Y 4%
PEREEBU A 4508 B RE R s 47> . BEA Y%
AU AR AN 2 5 K LR B R ME R, TR E T
TR 22 4 WL IUPRE 22 4 T4 (4 s 8 4% g 6L 12 344
INARGEIEH TAE M HESR, 13X AE B R8O 4 4, LRk
TR GBI, SEI R G824 SRR R FI

ARG LS R T8 7 S IR R R G
ALl ST LR E SIREIRE 10 . AR AR Bk
FIRIE R E & LB & 1 s o

P28 1 ] DL 3P A i 1 31 PRl e R, Lk 2
A B/ N A e B v . ] DLGE o B M el A
BT 2 58 2 S8 B 2ok . FI M S H bR 2
PRI IS N B AR A AR BE A TR R B BR A
UIRERIRE T , A 3 W IR 2% A4 A2 Ak 1 7= A 8 8 2
BERYRE T, T AEE S S PR B BB BE T, &4
SEREME AT 3R 58 % 2 Th . W T8 1T 4 fF
5PN B A T BUH S A BUN 0 A
B4 SERE P IR AE BT WY B 932 47 PR BT RN T HY A Y
BT BE N, B PR IE 2R 0 2 Al 22 4= e 1z, 17 E 3
Jit Ef B A3 A5 BRE (CIETIUN 049 4508 ) PR R BEARHIE

- 140 -

F1 AR TETEEMEESRSLER

Tab.1 Concept comparison of fault tolerance, safety in-
tegrity level and resilience
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Fig.1 Diagram of quantitatively estimated system resilience
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Fig.2 Resilience system design model
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Fig.3 Schematic diagram of the intelligent scheduling system

test platform
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Fig.4  Screenshot of train diagrams under manual scheduling

and intelligent scheduling
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Tab.2 Calculation results of service quality loss after train

failure
N TR R A
KR w
Bs o Bs o
s15 0.81 0.81 1.00 0.80 0.07
sl6 0.50 0.71 0.44 0.61 0.09
s17 0.42 0.64 0.33 0.56 0.09
s18 0.48 0.59 0.36 0.59 0.07
s19 0.46 0.54 0.16 0.51 0.09
s20 0.45 0.49 0.06 0.48 0.08
s21 0.52 0.49 0.06 0.48 0.08
s22 0.56 0.46 0.10 0.48 0.08
s23 0.69 0.54 0.26 0.54 0.08
s24 0.71 0.55 0.28 0.55 0.08
s25 0.71 0.58 0.28 0.50 0.06
s26 0.34 0.50 0.46 0.50 0.05
s27 0.34 0.50 0.45 0.50 0.04
s28 0.22 0.56 0.32 0.56 0.04
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