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Fig. 1 Safety evaluation index of subway station operation
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Fig. 2 Second-order CFA model
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Table 2 Index weights
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Table 3 Limits of grade evaluation indexes
Eisn G4 s | —RER fak St G4 heEs | —RER fEk
¢, |(0.00,1.00] | (1.00,2.00] | (2.00,4.00] | (4.00,6.00] | €, | (0.00,0.10] | (0.10,0.20] | (0.20,0.40] | (0.40,1.00]
¢, | (1.00,1.20] | (1.20,1.35] | (1.35,1.50] | (1.50,1.80] | ¢, | (0.05,1.00] | (0.03,0.05] | (0.01,0.03] | (0.00,0.01]
¢, | (0.00,4.00] | (4.00,6.00] | (6.00,8.00] | (8.00,10.00] | €, | (0.80,1.00] | (0.60,0.80] | (0.40,0.60] | (0.00,0.40]
¢, |(1.00,1.20] | (1.20,1.40] | (1.40,1.60] | (1.60,2.00] | €, | (0.80,1.00] | (0.60,0.80] | (0.40,0.60] | (0.00,0.40]
Cs | (0.00,2.00] | (2.00,4.00] | (4.00,6.00] | (6.00,8.00] | C,, | (0.80,1.00] | (0.60,0.80] | (0.40,0.60] | (0.00,0.40]
¢, | (0.90,1.00] | (0.80,0.90] | (0.70,0.80] | (0.00,0.70] | €,; | (0.80,1.00] | (0.60,0.80] | (0.40,0.60] | (0.00,0.40]
C,, | (0.00,0.40] | (0.40,0.60] | (0.60,0.80] | (0.80,1.00] | €, | (0.90,1.00] | (0.80,0.90] | (0.70,0.80] | (0.00,0.70]
C,, | (0.80,1.00] | (0.60,0.80] | (0.40,0.60] | (0.00,0.40] | ¢,, | (0.90,1.00] | (0.80,0.90] | (0.70,0.80] | (0.00,0.70]
C, | (0.95,1.00] | (0.85,0.95] | (0.75,0.85] | (0.00,0.75] | C,; | (0.80,1.00] | (0.60,0.80] | (0.40,0.60] | (0.00,0.40]
F4 FEAFE
Table 4 Index values

EfsE c, c, C, c, C, C, c, Cq c,

e 4.30 1.48 4.56 1.56 5.40 0.13 0.65 0.76 0.94

EfEL ) Cy c, c, C, C, Cs Che c, Cys

EELT i 0.96 0.91 0.30 0.64 0.86 0.94 0.74 0.52 0.45
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Table 5 Cloud model of grade evaluation standard
5t YA M2 A — B SER o
C, (0.500,0.166 7,0.010 0) (1.500,0.166 7,0.010 0) (3.000,0.3333,0.010 0) (5.000,0.3333,0.010 0)
C, (1.100,0.033 3,0.001 0) (1.275,0.025 0,0.001 0) (1.425,0.0250,0.0100) (1.650,0.050 0,0.010 0)
C, (2.000,0.666 7,0.010 0) (5.000,0.333 3,0.010 0) (7.000,0.333 3,0.0100) (9.000,0.3333,0.0100)
C, (1.100,0.033 3,0.010 0) (1.300,0.033 3,0.010 0) (1.500,0.033 3,0.0100) (1.800,0.066 7,0.010 0)
C (1.000,0.3333,0.0100) (3.000,0.333 3,0.0100) (5.000,0.3333,0.0100) (7.000,0.3333,0.0100)
Ce (0.500,0.016 7,0.000 1) (0.150,0.016 7,0.000 1) (0.300,0.033 3,0.000 1) (0.700,0.100 0,0.000 1)
C, (0.525,0.158 3,0.000 1) (0.040,0.003 3,0.000 1) (0.020,0.003 3,0.000 1) (0.005,0.001 7,0.000 1)
Cq (0.900,0.033 3,0.001 0) (0.700,0.033 3,0.001 0) (0.500,0.033 3,0.001 0) (0.200,0.066 7,0.001 0)
C, (0.900,0.033 3,0.001 0) (0.700,0.033 3,0.001 0) (0.500,0.033 3,0.001 0) (0.200,0.066 7,0.001 0)
C (0.900,0.033 3,0.001 0) (0.700,0.033 3,0.001 0) (0.500,0.033 3,0.001 0) (0.200,0.066 7,0.001 0)
Cc, (0.950,0.016 7,0.001 0) (0.850,0.016 7,0.001 0) (0.750,0.016 7,0.001 0) (0.350,0.116 7,0.001 0)
C, (0.200,0.066 7,0.010 0) (0.500,0.033 3,0.0100) (0.700,0.033 3,0.010 0) (0.900,0.033 3,0.010 0)
C (0.900,0.033 3,0.001 0) (0.700,0.033 3,0.001 0) (0.500,0.033 3,0.001 0) (0.200,0.066 7,0.001 0)
C, (0.975,0.008 3,0.001 0) (0.900,0.016 7,0.001 0) (0.800,0.016 7,0.001 0) (0.375,0.125 0,0.001 0)
Cis (0.900,0.033 3,0.001 0) (0.700,0.033 3,0.001 0) (0.500,0.033 3,0.001 0) (0.200,0.066 7,0.001 0)
Ci (0.950,0.016 7,0.001 0) (0.850,0.016 7,0.001 0) (0.750,0.016 7,0.001 0) (0.350,0.116 7,0.001 0)
C, (0.950,0.016 7,0.001 0) (0.850,0.016 7,0.001 0) (0.750,0.016 7,0.001 0) (0.350,0.116 7,0.001 0)
C (0.900,0.033 3,0.001 0) (0.700,0.033 3,0.001 0) (0.500,0.033 3,0.001 0) (0.200,0.066 7,0.001 0)

3.2 ZFHXBENHE

Lo
LI . —
A ﬂ | {\ D Bhus Gifr 424425 B (7) JE I MATLAB 447201
A — R fE K
"t - TEFEAR)Z A5 AR b 9 SCHR JEE , 45 2R ik 6 T3l
el R6 AT EEARATH) RIRL
1% ' Table 6 The degree of relevance of metrics
*KO at the metric layer
4t
Ei=tan LA iz | Rk fE
0.2 1 C, 0.000 00 0.000 00 0.000 42 0.116 40
J c, 0.000 00 0.000 00 0.108 40 0.002 12
i . . '
-1 0 1 2 3 4 5 6 7
3 f AR C, 0.000 00 0.392 40 0.000 69 0.000 00
C, 0.000 00 0.000 00 0.143 70 0.002 15
B3 sh&iafe ERATEN =
. . 7 48 . R C, 0.000 00 0.000 00 0.477 40 0.000 00
Fig. 3 Evaluation cloud of platform saturation rate index
Cs 0.000 00 0.484 80 0.000 00 0.000 00
c, 0.731 30 0.000 00 0.000 00 0.000 00
Cq 0.108 70 0.190 20 0.000 00 0.000 00
C, 0.485 70 0.000 00 0.000 00 0.000 00
Cho 0.214 40 0.000 00 0.000 00 0.000 00
C, 0.041 76 0.001 18 0.000 00 0.000 00
C, 0.338 20 0.000 00 0.000 00 0.000 00
C 0.000 00 0.000 23 0.193 10 0.000 00
C, 0.000 00 0.090 42 0.002 34 0.000 00
Cis 0.483 50 0.000 00 0.000 00 0.000 00
b R e A Cis 0.000 00 0.000 00 0.804 90 0.003 75
. C, 0.000 00 0.000 00 0.000 00 0.349 60
4 AR R EARRAREN &
. . . NS C 0.000 00 0.000 00 0.001 18 0.307 30
Fig. 4 Cloud evaluation of device use security indicators
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Operation safety evaluation of subway stations based on
SEM-matter element-cloud model

LU Yi, HU Qiwei, XU Jiayu
(School of Traffic and Transportation Engineering, Changsha University of Science & Technology, Changsha 410114, China)

Abstract: [ Purposes ] Explore the evaluation of subway station operation safety levels to better protect the life
safety of passengers. [Methods] From the perspective of passenger flow, equipment, environment and
management, establish a subway station operation safety evaluation system; Firstly, the structural equation
model (SEM) is used to conduct confirmatory factor analysis (CFA) on the evaluation system by means of
questionnaire survey, so as to calculate the index weight. Then, a subway station operation safety evaluation
model based on the combination of matter element theory and cloud model is constructed, and the evaluation
level is determined according to the principle of maximum comprehensive correlation. [Findings] The
evaluation level of the subway station is safety, which is consistent with the actual situation, and the influencing
factors are ranked from large to small as passenger flow factors (general danger) , environmental factors
(safety) , equipment factors (safety) , and management factors (general danger). Among them, the correlation
evaluation vector of the saturation rate of the index platform at the index layer is (0, 0,0.000 42,0.116 40),
which is in the danger level and is the key to improving the safety level of subway station operation. In addition,
the correlation evaluation vector of the implementation of the safety system is (0,0,0.804 90,0.003 75) , which
is in the general risk level and has a trend towards the risk level , which cannot be ignored. [ Conclusions ] The
interaction between the energy indexes of the model can better determine the index weight, which is suitable for
solving the complex problems with fuzziness and uncertainty.

Key words: subway station; operation safety ; matter element theory; cloud model; degree of relevanc
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