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Introduction 
D4.3 is dealing with control of WECs to harvest energy. It is consisting of three papers. 
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Abstract from the paper “Optimal control of nonlinear wave energy point converters", June 
2013: 
In this paper the optimal control law for a single nonlinear point absorber in irregular sea-states is 
derived, and proven to be a closed-loop controller with feedback from measured displacement, 
velocity and acceleration of the floater. However, a non-causal integral control component 
dependent on future velocities appears in the optimal control law, rendering the optimal control law 
less useful for real time implementation. To circumvent this problem a causal closed-loop controller 
with the same feedback information is proposed, based on a slight modification of the optimal 
control law. The basic idea behind the control strategy is to enforce the stationary velocity response 
of the absorber into phase with the wave excitation force at any time. The controller is optimal 
under monochromatic wave excitation. It is demonstrated that the devised causal controller, in plane 
irregular sea states, absorbs almost the same power as the optimal controller. 
 
Abstract from the paper “Constrained Optimal Stochastic Control of Non-Linear Wave 
Energy Point Absorbers ", June 2014: 
The paper deals with the stochastic optimal control of a wave energy point absorber with strong  
Nonlinear buoyancy forces using the reactive force from the electric generator on the absorber as 
control force. The considered point absorber has only one degree of freedom, heave motion, which 
is used to extract energy. Constrains are enforced on the control force to prevent large structural 
stresses in the floater at specific hot spots with the risk of inducing fatigue damage, or because the 
demanded control force cannot be supplied by the actuator system due to saturation. Further, 
constraints are enforced on the motion of the floater to prevent it from hitting the bottom of the sea 
or to make unacceptable jumps out of the water. The applied control law, which is of the feedback 
type with feedback from the displacement, velocity, and acceleration of the floater, contains two 
unprovided gain parameters, which are chosen so the mean (expected value) of the power outtake in 
the stationary state is optimized. In order to ensure accuracy of the results for each configuration of 
the controller Monte Carlo simulations have been carried out for various sea-states and the final 
results have been presented in the paper. The effect of nonlinear buoyancy force – in comparison to 
linear buoyancy force – and constraints of the controller on the power outtake of the device have 
been studied in details and supported by numerical simulations. 



Abstract from the paper “Optimal Control of an Array of Non-Linear Wave Energy Point 
Converters ", June 2014: 
The paper deals with the optimal feedback control and sub-optimal causal feedback control of an   
Array of wave energy point absorbers using the reactive forces from the power take-off systems on 
the point absorbers as control forces. The dynamic coupling of the absorbers via the radiation wave 
forces and control forces are taken into account. Assuming linear wave mechanics the optimal 
control law is shown to be a non-causal feedback controller with feedback from measurement of the 
displacement, velocity, and acceleration of all floaters. i.e no  wave load estimation or prediction is 
assumed. The control law will be optimal for any 2D or 3D irregular sea-state, as well as during the 
transient phase. To circumvent the non-causality problem related to the optimal controller law, a 
causal closed loop controller is suggested based on a slightly modified optimal control law. The 
controller contains an undetermined symmetric positive definite gain matrix. Since, the response of 
the array is narrow-banded at optimal control, this matrix has been chosen as the radiation damping 
matrix at the peak angular frequency. The causal controller is optimal under monochromatic wave 
excitation and close to optimal for irregular sea-states. 


