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Research on safety risk control technology for unattended anchorage shore power system

under large water level fluctuations based on DEMATEL-ISM
XIAO Yuhua, HE Yawen
(Three Gorges Navigation Authority, Yichang 443000, China)

Abstract: Under the “dual carbon” goals, shore power utilization by ships at berth has become a key measure to
advance the green and low-carbon transformation of Yangtze River shipping. However, research on safety risk
control technologies for shore power equipment and facilities remains relatively scarce. To address the challenge
of ensuring the safe and stable operation of unattended anchorage shore power systems under large water level
fluctuations, nine risk factors affecting the operational safety of such systems are analyzed through a combination
of literature review and expert interviews. A safety risk analysis model based on the DEMATEL-ISM model is
established, which identifies the reliability of intelligent perception information as the core influencing factor,
shore power equipment damage and network security as critical transmission factors, the external environment as
the underlying factor, and management and maintenance vulnerabilities as the superficial factors. On this basis,
multi-dimensional safety control technologies covering multi-source information fusion, equipment fault
diagnosis, secure communication, environmental monitoring and system operation and maintenance are proposed,
providing an effective solution for the safe and stable operation of such systems. This has positive significance for

promoting the unmanned and intelligent development of shore power facilities.
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Tab.1 Safety risk factors of unattended shore power facilities under large water level fluctuations
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Tab. 2 Direct impact matrix

WE S1 S2 83 S4 S5 s6 S7 S8 S9

S1 0 3 4 1 2 1 3 1
S2 3 0 2 3 1 1 2 1 1
S3 2 1 0 3 4 3 2 3 2
S4 3 2 1 0 1 2 1 2 1
S5 1 1 3 1 0 2 2 1 3
S6 1 1 1 2 1 0 3 2 1
S7 2 3 2 2 2 3 0 4 3
S8 2 1 2 3 1 2 3 0 2
S9 1 1 2 1 2 1 3 2 0
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Tab.3 Calculated values of influence degree,affected degree,
centrality ,and causal degree

HE A PRI E SRS J P

S1 3.112 2.819 5.931 0.293
S2 2.658 2.300 4.957 0. 358
S3 3.586 2.907 6.493 0. 680
S4 2.420 3.490 5.910 -1. 069
S5 2. 654 2.432 5. 085 0.222
S6 2.318 3. 009 5.328 -0.691
S7 3.766 3.121 6. 886 0. 645
S8 2.999 3.362 6.361 -0.363
S9 2.537 2.610 5. 147 -0.073
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Tab.4 Reachable set,antecedent set,and common set

AEN [IpZN S VisE S ESEES
Al 1,3,4,6,7,8 1,2,3,4,7,8 1,3,4,7,8
A2 1,2,3,4,7 2,7 2,7
A3 1,3,4,56,7,8,9  1,2,3,57,8 1,3,5,7,8
A4 1,4,8 1,2,3,4,6,7,8 8,1,4
A5 3,5,6,7,9 3,5,7 3,5,7
A6 4,6,7 1,3,5,6,7,8 6,7

A7 1,2,3,456,7,8,9 1,2,3,5,6,7,8,9 1,2,3,5,6,7,8,9
A8 1,3,4,6,7,8

995Uy 1,
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9955 15,0,

1,3,4,7,8

A9 7,8,9 3,5,7,9 9,7
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Tab.5 Hierarchical decomposition results
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Fig.1 Hierarchical relationship
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Fig.2 Architecture of a one-to-six intelligent monitoring system
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Fig. 3 Sensor fusion perception system
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Fig.4 Displacement control range of the mobile
power connection platform
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Tab. 6 Partial interface objects and communication methods
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