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ABSTRACT

Safe operation of a ship requires accounting for ship motion responses in stochastic ocean waves. Excessive
ship motions can lead to hazardous and unsafe conditions such as pure loss of stability, surf-ride and broaching
(IMO, 2020). Mitigation of these risks can be performed through selection of ship speeds and headings for a
given seaway, and avoiding conditions likely to lead to severe motions. Estimation of wave conditions is
typically based on weather forecast data. However, significant variability can exist between predicted wave
conditions from a general area forecast, and the actual conditions in the local vicinity of the vessel.
Additionally, the fidelity of a given weather forecast degrades as a function of time. Alternatively, local
conditions can be measured off-board by wave buoys, but this requires deployment and retrieval of sensor
hardware as well a transmission and processing of buoy data. By effectively employing the “ship as buoy”,
on-board measurements of ship motion responses to a seaway can potentially help address estimation of local
wave conditions (Nielsen et al., 2023).

A new data-adaptive model is investigated as a prospective capability for estimation of ocean wave height
based on ship motions. Long Short-Term Memory (LSTM) neural networks are trained and tested with
physics-based Large Amplitude Motion Program (LAMP) simulation data. This approach focuses on
prediction of wave height based on simulated 6-DOF ship motion responses. LSTM networks are trained and
tested with simulated wave time-series data as the target and motion time-series as inputs. For training data,
wave-series are generated based on the Longuet-Higgins model. LAMP simulations and LSTM training are
performed over a set of irregular unidirectional wave conditions in Sea States 5 and 6. From initial results,
this machine learning approach has the potential to produce results consistent with a physics-based model.
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