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Accurate prediction of ship manoeuvring behaviour is fundamental to ensuring safety and reliability in modern maritime
operations, particularly as the sector advances toward autonomy and intelligent decision-making. This study extends a
data-driven framework based on Dynamic Bayesian Networks (DBN) for modelling ship manoeuvring dynamics by
integrating a physics-informed regression model for improved surge velocity prediction. While DBN effectively capture
the probabilistic and temporal dependencies among key motion variables such as surge, sway, yaw, and rudder angle, the
surge component prediction was found to deviate from experimental results due to weak coupling between rudder angle
and surge motion in purely data-driven learning. To address this limitation, a physics-informed regression model is
formulated using hydrodynamic principles that account for linear and quadratic drag, cross-coupling (Coriolis) effects, and
rudder-induced surge components. The resulting hybrid framework combines the flexibility of data-driven inference with
the interpretability of first-principles physics, achieving a balanced representation of both learned and physical
dependencies. The model is trained on free-running test data and validated through zigzag manoeuvre experiments of a
KCS container ship. Results demonstrate that the hybrid approach significantly enhances the accuracy and physical
consistency of surge motion prediction while maintaining the probabilistic robustness and adaptability of the DBN. This
integrated modelling approach contributes to the reliability and resilience of digital twin development for autonomous
and adaptive maritime navigation systems.

Palavras-chave : Dynamic Bayesian Network, Ship Manoeuvring, Reliability



