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Abstract: The pitch angle control is the most common means for adjusting the aerodynamic torque of the wind 

Turbine .When we rate wind speed, controlling various variables could be chosen, as generator power, generator 

speed and wind. As conventional pitch control customarily use PI controller, the mathematical model of the system 

should be well known. The controller design by the artificial intelligence is developed in this paper. The artificial 

intelligence strategy may have the potential when the system contains strong non-linearity, such as wind turbulence 

is strong. The design of controller strategies at is minimum will address the following elements: Optimization of 

power production with simultaneous load reduction of the main horizontal axis wind turbine components, Adapt 

control with respect to real operational conditions .In my research I found out that the artificial intelligence can 

achieve better control performances than conventional pitch angle control strategies. 
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1. INTRODUCTION 

Wind power is one of the most efficient energy sources 

for sustainable development and is the fastest growing 

energy technology in the world. Wind energy is a 

commercial technology. Wind turbines can operate with 

either fixed speed (actually within a speed range about 1 

%) or variable speed, Pitch-adjusting variable-speed 

wind turbines have become the dominating type of 

yearly installed wind turbines in recent years, Several 

reasons, such as the reduction of both the mechanical 

structure stresses and the acoustic noise and the 

possibility to control active and reactive power, have 

driven the choice for variable speed operation of wind 

turbines. . Variable-speed wind turbines and their 

advantages are documented in the literature [1], [2]. 

There are usually two controllers for the variable-

speed wind turbines which are cross-coupled each 

other, shown as in Fig. 1. In low wind speed below 

rated value, the speed controller can continuously adjust 

the speed of the rotor to maintain the tip speed ratio 

constant at the level which gives the maximum power 

coefficient, and then the efficiency of the turbine will 

be significantly increased Pitch angle regulation is 

required in conditions above the rated wind speed when 

the rotational speed is kept constant. Small changes in 

pitch angle can have a dramatic effect on the power 

output. The purpose of the pitch angle control might be 

expressed as follows [1-3]: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Optimizing the power output of the wind 

turbine.Below rated wind speed, the pitch setting 

should be at its optimum value to give maximum 

power. 

 Preventing input mechanical power to exceed the 

design limits. Above rated wind speed, pitch angle 

control provides a very effective means of 

regulating the aerodynamic power and loads 

produced by the rotor. 

 Minimizing fatigue loads of the turbine mechanical 

component. It is clear that the action of the control 

system can have a  

 Major impact on the loads experienced by the 

turbine. The design of the controller must take into 

account the effect on loads, and the controller 

should ensure that excessive loads will not result 

from the control action. It is possible to go further 

than this, and explicitly design the controller with 
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the reduction of certain fatigue loads as an 

additional objective. 

The rain-flow counting method is widely used in the 

analysis of fatigue data which can assess the fatigue life 

of a structure subject to complex loading. From the 

view of the cycle counting method during a given time 

history, simple comparisons of the fatigue life for the 

turbine components can be carried out. 

In this paper control systems for variable speed 

wind turbines should continue to evolve towards more 

and more effective and innovative solutions, also 

based on soft-computing methodologies, such as 

artificial intelligence and genetic algorithms 

 

2. WIND TURBINE AERODYNAMICS 

Kinetic energy in wind can be captured by wind 

turbines and converted to mechanical energy. 

Generators produce electricity from the mechanical 

energy. Simply, wind turbines work like a fan operating 

backwards. Instead of electricity making the blades turn 

to blow wind from a fan, wind turns the blades in a 

turbine to create electricity. Wind turbines range in size 

from a few hundred watts to as large as several 

megawatts. The amount of power produced from a 

wind turbine depends on the length of the blades (or the 

term of swept area) and the speed of the wind. The 

power in the wind is proportional to the cube of the 

wind speed; the general formula for power in the wind 

is: 

 

P = 1/2 * ρ * A * V 
3                                                                        

(1) 

 

where P is the power available in watts, ρis the density 

of air (which is approximately 1.2kg/m
3
 at sea level), A 

is the cross-section (or swept area of a windmill rotor) 

of air flow of interest and V is the instantaneous free-

stream wind velocity. The relation between mechanical 

power input and wind speed passing a turbine rotor 

plane can be written according to the following 

expression 

  

P mec= 0.5ρπR 
2
 υ

3
 C p(λ,β )                         (2) 

 

Where Pmec is the mechanical power input, ρ is the air 

density, R is the rotor bladeradius,υis the wind speed 

and Cpis the co -efficient of performance of the turbine 

rotorwhich is a function of pitch angleβ and tip speed 

ratio λ. The tip speed ratio is 

obtainedfromλ= (ωtR)/υ,whereωtis the rotational speed 

of the turbine. 

Thus any change in the rotor speed or the wind speed 

induces change in the tip speed ratio leading to power 

coefficient variation. In this way, the generated power 

is affected. Fig. 2 shows a group of typical Cp-λ curves 

where optimum values of tip speed ratio, λ correspond 

to themaximum power coefficient, Cp Fig. 3 shows that 

the mechanical power converted from the turbine blade 

is a function of the rotational speed, and the converted 

power is maximized at the particular rotational speed 

for various wind speed 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: coefficient of power depends on tip speed 

ratio and pitch angle 

 

 
 

Figure 3: Mechanical power input as a function of 

wind speed for typical 2 MW l fixed speed wind 

turbine: passive stall (grey solid) and active stall 

(black dash-dotted). 
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2.1 Wind Speed Estimation via the Generated 

Voltage or Frequency of the WTG 

The wind speed sensing technique used in this paper is 

differentfrom the common approach of using standard 

measuringinstruments such as wind anemometers. 

These standardinstruments are bulky, high energy 

consuming, and costly to beimplemented on the 

miniaturized wireless sensor nodes whichhave the 

constraints of limited space and onboard energy 

supply.Although the instruments provide very precise 

and accuratemeasurements, it may not be well 

appreciated by the targetapplication which requires 

simple and adequate estimation ofthe wind speed for 

the remote sensing of the wildfire spread condition. 

To overcome the limitations of using an external 

measuringinstrument, the same WTG used for WEH is 

also utilized forwind speed sensing. The incoming wind 

speed is estimated bymeasuring the electrical output 

variables of the miniaturizedsingle-phase ac electric 

generator with a volumetric size of1 cm3, which is 

directly coupled to the wind turbine with ablade radius 

of 3 cm (either the equivalent electrical voltage orthe 

equivalent electrical frequency). A simple signal 

conditioningcircuit is then used to condition the 

measured voltage orfrequency signal for the 

microcontroller to compute the readingof the wind 

speed. Several experimental tests are carried out, 

asillustrated in the following, to investigate whether 

there exists alinear relationship between the wind speed 

v and the electricaloutput voltage Vac or the electrical 

frequency f of the generator.The experimental results 

are shown in Figs. 4 and 5 to illustratehow the 

rotational speed of the wind turbine shaft is related 

tothe wind speed, which, in turn, is correlated to the 

two electricaloutput variables of the wind turbine. 

 

 

Figure 4: Relationship between the incoming wind 

speed and the rotationalspeed of the wind turbine 

shaft 

 

 

 

 

 

 

 

 

 

 

 

 

 

is a dimensionless ratio of the unperturbed wind speed 

v and theouter blade tip speed rωwt, the equation is 

expressed as follows:λ = rωwtv(2)where r is the outer 

blade radius and ωwt is the rotational speedof the wind 

turbine rotor shaft. 

 

3. GENETIC ALGORITHM PROCESSOR 

A genetic algorithm (GA) is a robust optimization 

technique based on natural selection. The basic goal of 

GA is to optimize functions called fitness functions. 

GA-based approaches differ from conventional 

problem- solving methods in several ways. GA 

concepts could be adapted into the form that is suitable 

for computer implementation. 

 

 The Initialization generates an initial random 

population consisting of individuals whose 

characteristics are coded by the string of zeros and 

ones. 

 The Elitism given a fitness function based on a 

suitable performance criterion; calculate a fitness 

value for each string within the population.  

 The Reproduction based on a probability basis; 

choose pairs of individuals to bread offspring  

strings, where individuals with a higher fitness 

value will be more Hkely to be selected than those 

with a lower fitness value. 

 The Crossover divides the binary coding of each 

parent into two or more segments and then 

combines to give a new offspring string that has 

inherited part of its coding from each parent. 

 The Mutation inverse bits in coding of the 

offsprings with a low probability. 

 If search goal is achieved, or an allowable 

generation is attained, stop. Otherwise return to 

step 2) A genetic algorithm processor can be 
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constructed to directly execute the operation of a 

genetic algorithm. Such a processor can be used in 

situations where high throughput is required and 

where the logic of the genetic algorithm is 

expressible in simple units which can be 

synthesized in hardware. This is generally the case 

as genetic algorithms are inherently simple and 

contain only a few logic operations. 

 

3.  GENETIC ALGORITHM CONTROLLER FOR 

PITCH ANGLE CONTROL 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6: Power coefficient using generic concept 

 

Genetic algorithms are an optimization technique; they 

seek the highest quality, thus optimizing the objective 

function. If we try instead to minimize a function, it will 

change so that the quality function is maximized.  

In this paper, we use the genetic algorithm as 

Controller; differently such as an optimization 

technique. Fig 6 shows the turbine power for various 

pitch angle related to the optimum tip speed ratio using 

generic concepts. The proposed Genetic algorithm 

controller approach can be better explained. Assuming 

that the wind turbine operates initially at point A, the 

fuzzy control system from measured speed ratio 

λA=ΩtA*R/vwind and βA angle pitch, turbine power Pa 

can derive the corresponding optimum operating point 

B, giving the desired rotor speed reference 

λB=ΩtB*R/vwind and send a control signal for new βB. 

Therefore, the generator speed will be controlled in 

order to reach the speed ΩtA and βallowing the 

extraction of the maximum power Pb from the turbine. 

 

 

4. SIMULATION RESULTS 

Pitch angle control systems of the wind turbine were 

simulated using MATLAB/SIMULINK tool to test the 

control strategy and evaluate the performance of the 

system. 

The speed variation of the random wind studies 

here is shown in Fig. 5, which randomly varies between 

10m/s to 18m/s. 

The variations of torque, active power, and pitch 

angle vary with the wind speed change are shown in 

Fig.7 (b), 7(c), and 7(d), respectively. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7: (b), 7(c), and 7(d) 

Wind Speed Voltage Current Power 

(m/s) (V) (mA) (mW) 

    

3.5 5.77 5.05 28.98 

    

4 5.06 10.54 53.30 

    

5 8.09 16.85 136.34 

6 9.66 26.84 259.32 

7 12.57 34.91 438.79 
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For low wind speeds below 7 m/s the turbine operates at 

a maximum power coefficient. The rotational speed of 

the rotor omega is variable due to power reference 

signal of the torque control. 

For wind speeds of 7.6 m/s to 10.4 m/s the turbine 

operates with a constant speed of 350 rpm and the tip 

speed ratio goes down according to wind speed. 

At this point the power reference signal is at its 

maximum.In both cases, the speed controller is passive, 

keeping the pitch angle constant to the optimal value (-

5°).At 10 m/s rated power is reached and rotor speed is 

controlled by pitch adjustment. 

 

5. CONCLUSION 

In this paper the method of wind turbine controller 

design was presented. Summarizing, the control 

technique of wind turbines would be ideal if the 

extracted energy for each wind speed is maximal. This 

is difficult to achieve, especially when the wind speed 

is lower (or Higher) than rated. 

The approach proposed in this paper used of designing 

a controller based on the use of artificial intelligence 

specifically algorithm genetics. 

The simulation results represent that when the wind 

speed changes, this designed controller can achieve 

constant output power and constant rotation speed of 

wind turbines; it has better dynamic performances. 
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