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Time-frequency inversion of multi-directional random waves
based on ship motion information
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Abstract: Real-time inversion of wave parameters in actual oceans using ship motion sensor data holds
significant value for ship performance research. Compared to direct measurement methods, this indirect
inversion approach offers advantages in real-time capability, cost efficiency, and ease of installation. Based
on potential flow theory, this paper derives the wave-induced hull motion transfer function (response
amplitude operator, RAO) using the principle of linear superposition. Combined with Kalman filtering (KF)
technology, a time-frequency inversion model for wave parameters is proposed. The objective is to inversely
determine the wave height time history and directional spectrum of random multi-directional waves based on
the ship's multi-degree-of-freedom motion. Testing and validation were conducted using simulated multi-
degree-of-freedom ship motion signals with noise as input. Results demonstrate that the KF model can

effectively inverts directional spectra and wave height time histories for each principal wave direction and sea
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state level, with a maximum significant wave height inversion error of 10.08%. This indicates the KF model's
potential for inverting wave directional spectra in real ocean environments.

Key words: Kalman filter; wave inversion; ship motion; wave-induced hull motion RAO
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Tab.2 Calculation cases of multi-degree-of-freedom motion signal as input
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Tab.3 Statistics on calculation errors for various operating conditions
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Fig.9 Convergence process of the model under different initial state vectors
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Tab.5 Calculation of operational condition errors for three distinct main wave directions

T EJrmm /e SR /° hy /m SR 2% Ty /s SR 2%
Case5 0 0.009 1.8280 8.60% 7.9293 0.88%
Case9 60 2.280 1.9106 4.47% 7.8980 1.28%
Casel0 120 4.213 1.8498 7.51% 7.6687 4.14%
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