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Introduction 

 Wave Energy Converters (WECs) require knowledge of 

future incident wave elevation. 

 Two types of spectrums : Pierson-Moskowitz (P-M) and 

Joint North Sea Wave Project (JONSWAP) spectrums. 

 Previous works done by other researchers: ocean wave 

forecasting using auto-regressive and neural network 

methods. 

 My work: ocean wave forecasting using Kalman filter and 

Kalman Predictor. 
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Pierson-Moskowitz Wave Spectrum 
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Linear Prediction Model and Model Reduction 

 Assume irregular sea waves made by a superposition of many regular 

harmonic waves with different frequencies :  

 
𝑎𝑖,𝑘+1
𝑏𝑖,𝑘+1

: =
cos 𝜔𝑖𝑇𝑠 sin 𝜔𝑖𝑇𝑠
−sin 𝜔𝑖𝑇𝑠 cos 𝜔𝑖𝑇𝑠

𝐹𝑖

𝑎𝑖,𝑘
𝑏𝑖,𝑘

𝜂 𝑖,𝑘: = 1 0
𝐻𝑖

𝑎𝑖,𝑘
𝑏𝑖,𝑘

 

 

 The system model is (ignoring the observation noise):  

 

𝑥𝑘: = 𝐹𝑥𝑘−1 + 𝐺𝑑𝑘−1
 𝜂𝑘: = 𝐻𝑥𝑘

 

𝐹: =

𝐹1 0 0 0
0 𝐹2 0 0
0 0 ⋱ 0
0 0 0 𝐹𝑛

, 𝐻: = 𝐻1 𝐻2 ⋯ 𝐻𝑛 . 
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Methodologies 

 Stationary ocean status --- Linear Model 

 Constant frequency components 𝝎𝒊 are determined by 

looking at the power spectral density of historical 

waveforms. 

 State noise covariance is determined by the auto-covariance 

least square method. [Odelson, Rajamani and Rawlings, 2006] 

 𝐅𝐢𝐭%:= 𝟏𝟎𝟎% −
𝜼𝒕𝒓𝒖𝒆−𝜼 𝓵𝟐

𝜼𝒕𝒓𝒖𝒆 𝓵𝟐
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Simulation Results 
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Simulation Results 
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Simulation Results 
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Future Work 

 Non-stationary ocean status --- Non-Linear Model 

 Nonlinear Covariance Estimation Problems 

 Efficient Computing 

 


