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Urban rail transit line operation safety evaluation

based on combined weighting-extension cloud method
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Abstract; In order to solve the problems of lack of timeliness in the evaluation indicators of urban rail
transit operation safety and some safety evaluation models ignoring the fuzzy boundaries of evaluation
levels, a new evaluation index system for the operation safety of urban rail transit lines was reconstructed ,
including new indicators such as the implementation of infectious disease prevention and control measures
by employees, the degree of cooperation between relevant units, and the completeness of prevention and

control equipment. Secondly, the combination weighting of various indicators was carried out using the
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Best Worst Method ( BWM) based on the minimization of dispersion and the anti-entropy weighting
method. Then, the extension cloud was applied to determine the safety evaluation level of urban rail transit
line operation. Finally, take Shanghai Metro Line 17 as an example for analysis. The results indicate that
the comprehensive cloud correlation degrees of various indicators for the operational safety assessment of
Shanghai Metro Line 17 are below 0.5, with a confidence level exceeding 0.99, among which the
confidence levels for personnel factors, line factors, and management factors are all 1. This suggests that
the employed indicator system and evaluation model are closely aligned with the current operational
conditions of urban rail transit, accurately reflecting the safety levels of urban rail transit operations.
Further analysis of the sensitivity of indicator values reveals that the reliability of station operational
equipment has the most significant impact on the actual operational safety of the line. In practical
operations, the degree of passenger cooperation in preventing and controlling infectious diseases at stations

has the greatest potential to improve the indicator. It can help subway companies establish a more scientific

and effective safety evaluation system to ensure the safety of daily line operations.
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Fig.1 A safety evaluation index system for urban rail transit line operation in emergency

response plans for acute infectious diseases
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Fig.2 Evaluation process for operational safety of
urban rail transit lines regarding emergency plans

for acute infectious diseases
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Tab.2 Characteristic parameters of safety evaluation indicators for urban rail transit operation in

emergency response plans for acute infectious diseases

R LD I % I 4 113 V% V&
B, (0.40,1.133,0.05) | (1.20,1.133,0.05) | (2.00,1.133,0.05) | (2.80,1.133,0.05) | (3.60,1.133,0.05)
B,  |(30.00,10.000,0.05) | (65.00,1.167,0.05) | (75.00,1.167,0.05) | (85.00,1.167,0.05) |(95.00,1. 167,0.05)
B, (0.40,1.133,0.05) | (1.20,1.133,0.05) | (2.00,1.133,0.05) | (2.80,1.133,0.05) | (3.60,1.133,0.05)
B, (0.40,1.133,0.05) | (1.20,1.133,0.05) | (2.00,1.133,0.05) | (2.80,1.133,0.05) | (3.60,1.133,0.05)
B, (0.40,1.133,0.05) | (1.20,1.133,0.05) | (2.00,1.133,0.05) | (2.80,1.133,0.05) | (3.60,1.133,0.05)
By |(40.00,13.333,0.05) | (82.50,0.833,0.05) | (87.50,0.833,0.05) | (92.50,0.833,0.05) |(97.50,0.833,0.05)
B, |(40.00,13.333,0.05) | (82.50,0.833,0.05) | (87.50,0.833,0.05) | (92.50,0.833,0.05) |(97.50,0.833,0.05)
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By |(40.00,13.333,0.05) | (82.50,0.833,0.05) | (87.50,0.833,0.05) | (92.50,0.833,0.05) |(97.50,0.833,0.05)
B,  |(40.00,13.333,0.05) | (82.50,0.833,0.05) | (87.50,0.833,0.05) | (92.50,0.833,0.05) |(97.50,0.833,0.05)
B, (1.50,0.033,0.05) | (1.35,0.017,0.05) | (1.25,0.017,0.05) | (1.15,0.017,0.05) | (1.05,0.017,0.05)
B, (10.00,0. 667,0.05) | (6.50,0.500,0.05) | (4.00,0.333,0.05) | (2.00,0.333,0.05) | (0.50,0.167,0.05)
B,  |(30.00,10.000,0.05) | (65.00,1.167,0.05) | (75.00,1.167,0.05) | (85.00,1.167,0.05) |(95.00,1.167,0.05)
B, (0.40,1.133,0.05) | (1.20,1.133,0.05) | (2.00,1.133,0.05) | (2.80,1.133,0.05) | (3.60,1.133,0.05)
B, (10.00,3.333,0.05) | (30.00,3.333,0.05) | (50.00,3.333,0.05) | (70.00,3.333,0.05) |(90.00,3.333,0.05)
B, (0.40,1.133,0.05) | (1.20,1.133,0.05) | (2.00,1.133,0.05) | (2.80,1.133,0.05) | (3.60,1.133,0.05)
B (0.40,1.133,0.05) | (1.20,1.133,0.05) | (2.00,1.133,0.05) | (2.80,1.133,0.05) | (3.60,1.133,0.05)
B, (0.40,1.133,0.05) | (1.20,1.133,0.05) | (2.00,1.133,0.05) | (2.80,1.133,0.05) | (3.60,1.133,0.05)
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Tab.3 Weight values of safety evaluation index

—% | E Y% | BWM | BT LA
B(hr | RE | Br R HBAE | BE
B, 0. 097 0.070 | 0.081
B, 0.024 0.048 | 0.038

A, 0.248
B, 0.113 0.062 | 0.084
B, 0. 027 0.058 | 0.045
B, 0.038 0. 055 0.048
B, 0. 205 0.054 | 0.117
A, 0. 364 B, 0. 087 0.066 | 0.075
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Tab.4 Cloud correlation degree and confidence degree of

operation safety evaluation of Shanghai Metro Line 17
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Fig.3 Sensitivity value of operation safety
evaluation index of Shanghai Metro Line 17
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