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Abstract 
 Wind energy is recognized worldwide as cost-effective and environmentally friendly and is among the 

world's fastest-growing sources of electrical energy. Despite the amazing growth in global wind power installations in 

recent years, science and engineering challenges still exist. Megawatt wind turbines are large, flexible structures that 

operate in uncertain, time-varying wind and weather conditions and lend themselves nicely to advanced control solu-

tions. Advanced controllers can help achieve the overall goal of decreasing the cost of wind energy by increasing the 

efficiency, and thus the energy capture, or by reducing structural loading and increasing the lifetimes of the compo-

nents and turbine structures. In this talk, we will first provide an overview of wind energy systems by introducing the 

main structural components and operating regions of wind turbines. We will then discuss our recent work in develop-

ing combined feedforward and feedback controllers for wind turbines using novel wind inflow sensing technologies. 

In the second part of this talk, we will address concerns that the variability of wind is a major obstacle to integrating 

wind energy on the utility grid. We will discuss how systems and control techniques can be used to actively control 
the power generated by wind turbines and wind farms to help regulate the utility grid frequency. We shall close by 

highlighting a number of continuing challenges and topics of growing interest, including coordinated control of arrays 

of turbines on wind farms, modeling and control of floating offshore wind turbines, and direct ice sensing and active 

de-icing control of wind turbine blades in cold climates. 
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