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Abstract of Thesis

This thesis examines the potential of forecasting future waves and non-measured responses based on
measured responses. The proposed idea is projected to be implemented as a part of the digital twin (DT) of a
windfarm. DT of a windfarm can be built upon two components: the windfarm itself, comprising out of hundreds
of wind turbines, and software for monitoring and optimizing the operability and power generation efficiency.
Typically, the spacing between two adjacent wind turbines is taken 10D where D is the rotor diameter, to avoid
wake-loss effect. An algorithm capable of identifying environmental conditions, particularly the incident wave,
and future responses plays a vital role. The predictions need to be performed in real-time and should be both
reliable and efficient. Hence, a system utilizing Kalman filter algorithm is proposed, incorporating the spatial
distance.

In Chapter 1, the background, motivation, and problem statements of the study are elaborated.

In Chapter 2, the theory of the Kalman filter algorithm and its modelling for the wave prediction adopted
in this study is given. The wave is assumed to be linear, hence, the wave is decomposable into many elementary
waves within the range of the spectrum. The Kalman filter is prescribed to predict the Fourier coefficients of
the elementary waves. Measured structural response is incorporated as the inputs and transfer functions (TFs)
are used to relate the input and output of the filter.

In Chapter 3, wave predictions based on the aforementioned Kalman filter algorithm is undertaken. In this
chapter, floating offshore wind turbine (FOWT) is adopted as the subject structure. Since this study projects
that the wave predictions should be incorporated as part of the digital twin of a windfarm, it is important to
first investigate the employability of the Kalman filter itself for wave predictions surrounding an FOWT. In this
case, the semisubmersible type of FOWT is adopted. Two different designs of the semisubmersible FOWT are
taken into account. These designs are referred as Semisub-A and Semisub-B, where the main difference lies on
the corresponding TFs, with Semisub-B having a less pronounced resonance peak in the considered wave
frequency domain compared to Semisub-A. The resonance peak is most notably caused by the viscous damping
that induces nonlinear effect. Filter dependencies towards TFs and nonlinear effects from combined wind and
wave loads on the prediction accuracy are further uncovered.

In Chapter 4, causality limitation that dictates the experiment set-up in 2D tank using multiple floating
bodies is explained. The basis of the algorithm extension to obtain future predictions is discussed here as well.
This extension is prescribed centering around the spatial distance of multiple floating bodies.

In Chapter 5, the future prediction results based on the experiment in 2D flume tank are presented. The
experiment accounts for multiple floating bodies intended to replicate a row of multiple FOWTSs in a windfarm.
The TFs retrieved from the experiment is compared with simulated TFs from a numerical tool developed based
on the boundary element method. After the TFs are confirmed, the wave prediction on the first point is
undertaken. Next, the future wave predictions at two other points away from the first point are carried out.
Lastly, since the future waves are known, it is shown that the future responses at the two points away from the
first point then can be estimated as well. These future prediction results are important, especially in the context
of maintenance and blade pitch control optimization purposes. By adopting a scaling factor of 1/100, the
experimental result translates to a future prediction of response occurring 50-120s ahead for the second FOWT,
under the considered condition.

In Chapter 6, the conclusion of the current study is discussed, as well as the suggestions for future work.
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