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Abstract— Using a Deep Neural Networks’ 
architecture, a novel wind turbine controller 
addon element is presented.   The aim is to 
optimize wind power generation and at the same 
time minimize power losses, operational costs 
and structural fatigue thus extending wind 
turbines operational lifetime.  The scheme was 
based on data collected from the field using a 
50kW small scale wind turbine.    
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I. INTRODUCTION  

According to United Nations in order to prevent the 
severe effects of climate change, emissions must be 
cut by nearly half by 2030 and reach net-zero by 
2050. Renewable energy sources are, accessible, 
sustainable, and dependable alternative sources and 
reduce  world’s dependency on fossil fuels [1]. Wind 
power is one of the least expensive and fastest-
growing electricity sources, and it is expected to 
continue increasing quickly. In 2022, wind-generated 
power demonstrated the second-highest growth with 
more than 2100 TWh, an all-time high rise of 265 TWh 
(up 14%) [2,3].  Although there are tremendous 
technological advances in the wind power generation 
industry in recent years, there is always the drive for 
production optimization. Research is currently 
concentrating its efforts on ways to increase wind 
energy capture efficiency and wind turbine reliability.  
Both of these elements are influenced by the 
stochastic nature of the wind flow, which directly 
affects the performance of the Wind Turbine (WT), the 
mechanical loads it receives (thus its maintenance 
costs and lifetime) and the quality of the generated 
energy supplied to the grid [4]. 

Wind speed and direction demonstrate spatial and 
more importantly temporal changes during the day 
and the seasons. A turbine's output is determined by 
the cube of wind speed, a nonlinear relationship that 
magnifies the impact of even tiny variations in wind 
speed [5]. Yaw misalignment is a phenomenon that 
occurs when the inflow wind direction and the turbine 
nacelle orientation are not aligned, resulting in a 
deviation of the yaw angle from the optimal position 
(see Fig. 1).  For the best possible power output, the 
WT blades must be perpendicular to the incoming 
wind, and so the yaw error is 0 degrees. Wind turbine 
yaw system aims to keep the nacelle aligned with the 
direction of the wind when the wind direction changes.  

Power production variation is proportional to the 
square of cosine of the angle φ of misalignment [6,7] 
thus making yaw controller very crucial for WT power 
generating efficiency and overall performance. Both 
static and dynamic yaw misalignment can negatively 
impact the power output of a WT. Published research 

report that over 50% of turbines operate with more 
than 6° of static yaw misalignment [8].   
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Fig. 1. Yaw Misalignment
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Fig. 2: Refer
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