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Real-time Risk Assessment and Early Warning of Navigation Safety Based on Multi—source
Information Fusion

Jiang Shijie
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Abstract: The real-time risk assessment and early warning system for navigation safety based on multi-source information
fusion aims to address the challenges of safety management in complex waterway navigation environments. The system
integrates navigation environment information such as meteorology, hydrology, and waterway topography with dynamic
vessel information from AIS, video surveillance, and radar to construct a comprehensive data sensing network. Through
spatiotemporal registration and hierarchical fusion strategies, it solves the problem of heterogeneity among information
sources, providing an accurate data foundation for risk assessment. Based on this, a real-time risk assessment indicator
system covering environmental, vessel, and operational dimensions is established. Risk factors are dynamically identified and
quantitatively analyzed using rule engines and intelligent algorithms, and the comprehensive risk level is calculated through
the weighted summation method to achieve real-time risk determination. According to the risk level, the system sets four-
level early warning thresholds and issues warnings through multiple channels, enabling different departments to carry out
differentiated responses and emergency measures. This closed-loop management system significantly enhances the proactivity,
accuracy, and timeliness of navigation safety management, providing strong technical support for ensuring waterborne traffic
safety.
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