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One of the major engineering challenges is the design of a wind turbine
controller by adjusting the blade pitch angle of the wind turbine. This controller
affects the reliability and safety of a wind turbine and maximizes its output
power. In this research, a proportional-integral-derivative (PID) controller has
been designed and optimized for a 5 MW renewable wind turbine. Given the
complexity. and nonlinearity of the problem and the high amount of time
required. to analyze it, an urgent need was felt to apply a robust optimization
method with fast convergence. For this purpose, imperialist competitive ant
colony optimization (ICACO), which is a hybrid metaheuristic optimization
algorithm, was used to find the optimal controller coefficients to achieve the
minimum deviation of the turbine's power output and maximum efficiency. In
this study, the design variables are the controller coefficients and the control
parameters of the turbine, and the blade pitch angles. All steps of the problem
analysis, including the creation and modeling of three-dimensional wind in real
conditions, turbine analysis under the mentioned wind conditions, applying the
controller and the hybrid metaheuristic optimization algorithm, and the link
between them, have been coded and performed in the MATLAB and Simulink
software environments. The presented results indicate the power of the
optimization method in finding the optimal coefficients and increasing the
operational efficiency of the turbine. The proposed method has been able to
reduce the deviation of the generated power from the initial generated power by
about 85 percent.
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