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Abstract of Thesis

The growing global energy demand has increased interest in ocean renewable energy as a promising source of
enormous amounts of energy. The point absorber wave energy converter (PA-WEC) is particularly noteworthy
for its compact design, adaptability, and suitability for investigating advanced control strategies. Implementing
advanced control strategies in real-time for PA-WECs is essential to enhance power absorption capabilities.
Model Predictive Control (MPC) has emerged as one of the most promising strategies for improving the energy
absorption efficiency of PA-WECs. For the real-time application of MPC, predicting the future wave exciting
force is crucial. The primary issue with MPC in PA-WEC is determining how far in advance predicting the future
wave exciting force is required. In MPC formulation, the prediction horizon length determines how far in
advance the prediction of the wave exciting force is required for real-time control. If the optimal prediction
horizon length is identified, it is straightforward to predict the future wave-exciting force within this time frame,
allowing MPC to optimize the power take-off (PTO) control forces to maximize energy absorption efficiency. This
thesis proposes an optimal prediction horizon length in MPC to maximize energy absorption efficiency by PA-
WEC. Consequently, this thesis comprises the following six chapters.

Chapter 1 provides an overview of the background, literature review, and research objectives. This chapter also
presents a brief outline of the chapters that follow.

Chapter 2 describes the PA-WEC subject model, formulates the problem, and derives the motion equation from
this formulation.

Chapter 3 presents the MPC formulation. A continuous-time state space model is employed to represent the
motion equation of the entire PA-WEC system. To facilitate the implementation of the MPC algorithm, the
state-space model is transformed from continuous time into a discrete version. Subsequently, the MPC
formulation is developed, and the objective function is derived to optimize energy absorption over the prediction
horizon length. After the optimization process, the fourth-order Runge-Kutta method is employed to solve the
motion equation.

Chapter 4 shows the analysis for regular waves. Initially, the numerical condition is described, followed by the
analysis procedure. The responses obtained under both no-control and optimal linear damping control conditions
are validated through frequency and time domain analyses using the boundary element method (BEM). The
responses obtained by MPC are compared with those of optimal linear damping control. The influence of the
prediction horizon length and sampling interval in MPC on energy absorption efficiency is investigated. Three
time horizon lines have been established with respect to frequency, leading to the determination of an empirical
optimal value for the prediction horizon length in MPC to maximize energy absorption efficiency by a PA-WEC.
The limitations of the proposed optimal solution in real-time are explained.

Chapter 5 demonstrates the analysis for irregular wave cases. The spectrum of irregular waves is generated
based on sea state information, and frequency and time domain analyses are employed to validate the spectrum.
The dimensions of the floating body are adjusted according to the sea state to maximize energy absorption
efficiency. The responses of the floating body under no control force are validated through frequency and time
domain analyses. The superposition theorem is used to validate the absorption power obtained by the MPC and
the constant damping control force method, and these results are subsequently compared with each other.
Lastly, the optimal prediction horizon length in MPC is adapted to account for the irregular wave analysis.

Chapter 6 provides a summary of the research findings and presents the overall conclusions.
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