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Resilience Evaluation and Failure Recovery Strategy of
Metro Network Considering Bus Connection Scenario

CUI Xin, LU Qingchang, XU Biao, LI Jing
(School of Electronics and Control Engineering, Chang’an University, Xi’an 710064)

Abstract: Bus connections are typically used to evacuate stranded passengers in the case of sudden failure of metro networks.
A network efficiency accessibility index was proposed to measure network performance considering the emergency evacuation
effect of bus connections on passengers after metro station failures. Based on the network efficiency accessibility index, a
resilience evaluation model was constructed, and an optimal repair strategy aimed at maximizing resilience under multiple
station failures was proposed. An example of a Shanghai metro network is studied. The results show that starting bus
connections after a single-station failure can reduce the network performance loss by 5.1%. Starting bus connections after the
failures of multiple stations, accounting for 2.14% of the total number of network stations, can reduce the network performance
loss by 13.48%. In the case of multiple station failures, compared to repair sequences based on degree, betweenness, and
vulnerability, the repair sequence based on resilience evaluation can reduce the cumulative loss of network performance by
2.86%. In addition, the study found that in the bus connection scenario, when multiple stations in the metro network fail, the
stations with large passenger flow, sparse lines around the stations, large impact after failure, and short repair time should be
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repaired first, which will help reduce the cumulative loss of network performance.

Keywords: urban rail transit; resilience evaluation; recovery strategy; bus connection; network performance; vulnerability
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Figure 1 Changes in network performance
under emergencies
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Figure 2 Shanghai Metro Network
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Figure 3 Volume of passengers at different stations

during morning peak hours
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Figure 6 Impact of bus connection on network performance
recovery under multiple stations failures
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under different recovery strategies
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