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Marine traffic interaction modelling is critical for improving situational 
awareness and enhancing safety in maritime operations. This paper pre-
sents an approach that leverages complex network theory and feature 
extraction techniques to model and analyze marine vessel interactions 
in real-time. Using Automatic Identification System (AIS) data, we con-
struct a dynamic maritime network where nodes represent vessels, and 
edges capture interaction factors such as proximity, speed and head-
ing correlation, and route similarity. Key network features, including 
degree centrality, clustering coefficient, and betweenness centrality, are 
extracted to characterize vessel interactions, offering deeper insights 
into patterns such as congestion, cooperative navigation, and risk-prone 
behaviours. Through the application of clustering and network analysis 
algorithms, we identify distinct interaction types and anomalous activi-
ties, enabling real-time predictions of traffic patterns and potential risks. 
The framework is validated using historical AIS data and maritime in-
cident reports, demonstrating its effectiveness in enhancing real-time 
traffic awareness for vessel traffic service (VTS) operators and autono-
mous ship systems. This study offers a solution for modelling marine 
traffic dynamics and  improving decision-making and operational effi-
ciency in increasingly congested and complex maritime environments. 
This research contributes to the development of advanced tools for real-
time maritime traffic management, providing actionable insights that 
enhance navigational safety and optimize marine operations.
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