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Abstract: Since there are few reliability analysis of Communication Based Train Control System (CBTC)
system, this paper presented a comprehensive evaluation method for reliability evaluation of the CBTC
system based on the cloud model and the combination weighting method. Firstly, according to the structure
and function of CBTC system, the functional hierarchical model of the system was established, and the
subjective and objective weights of the underlying equipment were determined by the combination
weighting method. The integrated weight value of the system was obtained according to the additive

synthesis method. Secondly, the cloud model was used to represent the reliability of the underlying device
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of the CBTC system. Finally, the similarity between the CBTC system reliability comprehensive index new
cloud and the reliability evaluation set cloud model of virtual cloud computing was compared to obtain the
final evaluation result. The results show that the CBTC system reliability evaluation method based on cloud
model and combination weighting method can correctly and objectively describe the ability of CBTC system
to complete the specified functions, which can be used for the research and development and evaluation of
CBTC system.
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Fig. 1 Cloud map and digital features
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Table 1 9 Scale method description
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Fig. 2 Structure of the interface adapter
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Fig. 3 CBTC system function hierarchy model
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Table 2 Evaluation set cloud representation

Ber Rk AR (IR IRIIRE PRI IR R R E I RIF A I6E
Ex 1.000 0.830 0.690 0.490 0.000
En 0.020 0.040 0.053 0.060 0.143

He 0.002 0.004 0.005 0.006 0.014
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Table 3 CBTC system unit importance

HEE C, C, Cs C, C; Cs C;
P 0.998 776 0.998 776 0.998 776 2.00X107°  2.00X107°  0.999 986 0.999 976
C  3.64X10° "  4.26X10 "  3.36X10° 1.45X107%  2.74X10°*  0.324 577  5.47X10° "
S 0.000 6 0.000 091 0.000 6 0.000 091 0.000 091 0.000 091 0.000 091
EEE Cs Cy Cio Cu (OFF; Cis Cu Cis
P

0.998 776 0.998 776 0.998 780 1.5X107°  2.00X107° 2.00X1077  0.998 900 0.998 776
C  3.44X10°"% 4.32X10°°% 0.037 462 7.62X10 7 1.55X10 " 5.19X10° 7 2.56X10 ' 0.34X10 "

S 0.000 091 0.000 091 0.000 091 0.000 091 0.000 091 0.000 091 0.000 091 0.000 091

i Fl MATLAB B AEFER (7) L (8) . (9) . (1O F WAL E [ X, -
X, =[0.047 0 0.047 0 0.047 0 0.102 0 0.102 0 0.060 2 0.047 0 0.047 0 0.047 0 0.049 2
0.106 0 0.102 0 0.102 0 0.047 0 0.047 0],
34 HEMBUEMENE
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Table 4 CBTC system combination weighting method basic unit weight

VAN T C, C, C, C, C; Cs Cy
FEMm 0.147 2 0.106 0 0.098 0 0.017 5 0.044 7 0.100 7 0.027 9
SV 0.047 0 0.047 0 0.047 0 0.102 0 0.102 0 0.060 2 0.047 0
HE 0.097 1 0.076 5 0.072 5 0.059 8 0.073 4 0.080 5 0.037 5

VAN T i Cs C, Cuo Cn Ci, Cis Cyy Cis
FW 0.141 4 0.050 4 0.046 5 0.077 8 0.057 7 0.043 8 0.022 8 0.017 5
W 0.047 0 0.047 0 0.049 2 0.106 0 0.102 0 0.102 4 0.047 0 0.047 0
HE 0.094 2 0.048 7 0.047 9 0.091 9 0.079 9 0.073 1 0.034 9 0.032 3

4 CBTC RE A EHEFMER

4.1 CBIC Z4GEAXBRTAEXR

i FEARLITI A fm ¢ =5 10" h, 5 8 R G0 04 45 14 RN 3 K2R 800k 3 48 vl SE PR 9 52 e, ] sk 7% CBTC
F G U BE MR AR BT i AT HE DS 2 CBTC 2R 45 2 80 B vh & R R B 5 PR35 6 28 495 W) 3 1 1 5%
M, AR 45 CBTC £ 4t Uy e M 55 780 5 A B0 50 2K A% 238 1) JBCAA 3 1, ] 7 280 40 g JBCA 3 1R, AR 9 =X (1) . 45 3] CBTC
RGN REMERIRL & B AR BT = s W3R 5 .

x5 CBICEZEABTARMERIRT

Table 5 CBTC system basic unit reliability cloud representation

B ARE C, C, C, C, Cs Cs C,
Ex 0.915 0 0.888 9 0.899 2 0.710 2 0.911 5 0.972 6 0.866 7
En 0.024 3 0.005 2 0.000 67 0.003 2 0.018 3 0.003 4 0.021 3
He 0.001 0 0.001 0 0.001 0 0.002 0 0.001 0 0.001 0 0.001 0

7 FRE Cs Cy Co Cy Ch Cis C Cis
Ex 0.684 5 0.723 3 0.606 0 0.797 9 0.905 4 0.620 1 0.804 0.602 5
En 0.017 6 0.049 6 0.113 4 0.011 5 0.009 7 0.016 7 0.032 6 0.033 5
He 0.002 0 0.001 0 0.002 0 0.001 0 0.002 0 0.001 0 0.001 0 0.001 0

4.2 CBIC R A EHITMER

R (315 CBTC R ITM 45 A BB A8 = . i1 53 Ex =0.810 5,En=0.017 5, He =0.001 3,
mE 4 iR, R B A& RR CBTC REVHEHNLGEA ZHA, CBTC RALA o il S R AR5
ARIFE” LSRR E B IRE TP = A5, AT AR B CBTC R G M 5EME = 28 A3 bn 5 47 £ 2 I 6E " 1
BRUARMRL, BT CBTC RG] SEMELE AR &5 B b PR35 EZ O aE 7. B R Gtk g B 4f, ol DASE
M CBTC &G ELIRE, B9 4217 L 41817,
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Fig. 4 Evaluation cloud and comprehensive indicator cloud
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