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ABSTRACT 
This paper deals with the design and analysis of performance metrics of various controllers for pitch controlled variable speed 

wind turbine in matlab/simulink. Variable Speed Wind Turbine (VSWT) is used for the generation of electricity from wind power. 

In VSWT there is a degradation of the electrical energy delivered into grid due to wind speed variability and intermittence. By 

choosing proper control systems we can rectify these problems. Performance of VSWT can be concerned with variables such as 

wind speed, wind turbulence, tip speed ratio and pitch angle. Pitch control ensures the best performance of VSWT. Pitch control 

acts by regulating the blade pitch angle of the turbine, thus regulating the energy captured by the blades. Control architecture is 

proposed by the inclusion of distinct controller approaches at the execution level. The control architecture is implemented in 

order to achieve acceptable closed loop system performance. In this paper a simulink model for  pitch controller is proposed by 

using P, PI, PD, PID , Fuzzy P+I, Fuzzy PD, Fuzzy PD+I and adaptive LQR controllers. The control simulations are implemented by 

Matlab/Simulink toolbox. Performance metrics such as rise time, settling time, overshoot, IAE, ISE, ITSE, ITAE have been calculated 

for these controllers and comparison  between these proposed controllers have been reported. Finally fuzzy controller produces 

better response by means of error performance metrics than other controllers. 

 

KEYWORDS:   
 

INTRODUCTION 
 

Wind energy conversion system (WECS) deployment, whether onshore or offshore, has achieved a 
substantial exploitation contributing to a sustainable energy police of power production.WECS deployment is 
still seen as a good investment despite a slight decrease. WECS operating at variable speed due to new 
requirement and equipped with doubly fed induction generators (DFIGs) is in usage nowadays [6]. 

Architecture of control systems [1] are needed to prevent possibledegradation on the quality of electrical 
energy delivered into the electric grid (EG). For instance: a pitch control [5] is needed to ensurethe best 
performance during the capturing of energy under alloperational wind scenarios .This control acts by regulating 
the blade pitch angle of the turbine, thus regulating the energy captured bythe bladesis carried out as closed-loop 
in order to have a correct feasibleoperation. Otherwise, the conversion of energy is not as efficientor excess of 
powering is expected and outage is most certain tooccur. Control strategies have to deal with the actions over 
theWECS affecting the performance, such as wind speed variabilityand intermittence, to achieve the goal of an 
overall acceptableperformance. 

This goal has been and is a motivation for researchers to considerthe architecture of control strategies using 
for instances: classicaltechnique, fuzzy proportional integral[8] and adaptive linearquadratic control[11]. This 
paper concerns with the control architecture inorder to achieve acceptable closed loop system performance 
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whileensuring safety conditions required injecting the energy into the electric grid. In the existing system 
classical controller such as P, PI PID and LQ has been used. But it produces steady state error, 
oscillatoryresponseand high integral square error. In the proposed controller these problems have been rectified 
for pitch controlled variable speed wind turbine. The control simulations are implemented by Matlab/Simulink 
language and comparisons between the proposedcontrollers and existing controllers are reported. 

The paper is organized as follows: Section 2 presents the WECSmodelling. Section 3 presents the control 
strategyusing P, PI, PD, PID, fuzzy PI, discrete adaptive LQ[2]controllers. Section 4 presents the simulations of 
proposed controllers. Finally, comparison and conclusions areprovided in Section 5. 

 
2. Modelling: 

The wind turbine is characterized by dimensional curves of the power coefficient (Cp) as a function of both 
the tip speed ratio (λ) and the blade pitch angle(Β). In order to fully utilize the available wind energy, the value 
of (λ) shouldbe maintained at its optimum value. Therefore, the power coefficient corresponding to that value 
will become maximum also. The tip speed ratio (λ) can be defined as the ratio of the angular rotor speed of the 
wind turbine to the linear wind speed at the tip of the blades. It can be expressed as follows: 
 
λ = ωtR/Vw                                      (2.1) 

 
Where R is the wind turbine rotor radius(m), Vw is the windspeed (m/s) and ωt is the mechanical angular 

rotor speed of thewind turbine. 
The output power of the wind turbine, can be calculatedfrom the following equation 

 
Pm=1/2 ρ AC pV

3
w(2.2) 

 
Where (ρ) is the air density, and (A) is the swept area by the blades 
The torque available from the wind turbine can be expressed as: 

 
Tm=1/2 ρ RAC TV2

w(2.3) 
 
Where CTis the torque coefficient which is given by CT=CP/ λ 
 

 
 

Fig. 2.1: Turbine output power characteristics 
 
3. Control Strategy: 

A broad review ofliterature on onshore VSWT gives as a conclusion that the powermaximization occurs 
when the power is within Region II andRegion III.The startup of the turbine occurs in the Region I. The power 
optimization occurs in Region II and the control objective, regarding pitch angle of the blade, is to maintain its 
value at zero degrees, capturing all wind power available. Region III can be denoted as power generation and 
the control objective is to regulate the pitch angle in order to maintain the power produced by the generator at 
the rated power.  
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Fig. 3.1: Power regions of the onshore wind turbine 

 
3.1. Proportional controller: 

The beta_refis received as input which is passed through a saturation filter. The purpose of the saturation 
filter is to limit the pitch input within the range of -3 degrees to 90 degrees which is the range of valid pitch 
angle values. Next comes the gain block defining the proportional gain of the system. The block named RL2 is 
also a saturation filter which is defines the limiting values of pitching speed. If the gain chosen is kept low, then 
the system response is slow and there will exist a steady state error. Also, if the gain is made too high, the 
system would become oscillatory. Thus, an integral component is required for satisfactory performance of the 
system. 

 
3.2 Proportional integral controller: 

In the same model described above an integral component is added. The drawback it faces is that when the 
response needs to be faster, the system cannot deliver. The system also faces the problem of sudden stops in the 
turning of the blades when the reference pitch angle is reached. Lack of a smooth stop may result in the wear 
and tear of the actuator. 

 
3.3 Proportional Derivative controller (PD): 

In the same model described above a derivative component is added.It has drawback such as adjustment 
inconvenience, large overshoot, great inertia and non-linearity provided by wind turbine. So both derivative and 
integral component gets added and implemented. 

 
Fig. 3.2: Block Diagram of Proportional Control based Pitch Actuator System 

 
3.4 Proportional Integral and Derivative controller (PID): 

In the same model described above both integral and derivative component is added.The PID controller 
boasts of its rugged performance statistics in industrial environments and has thus, been the most favorable 
choice for a controller. But, fine tuning of the controller parameters online is usually necessary to obtain 
acceptable control performance. 
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C(s)= kp+ ki/s+ kds                                      (3.1) 

 
3.5 Linear quadratic controller: 

 It is simple in structure but provides good robustness and balanced system performance by adjusting its 
weighting matrices for full state feedback. It is designed on the basis of optimal control theory to minimize 
quadratic cost function. LQR is full state feedback optimization problem with quadratic cost function. It is 
desired to minimize a performance index that represents optimal performance of a plant. In LQR optimal control 
problem our objective is to minimize the performance index as 

 
J =min ʃ0

∞ (x TQx + u TRu)dt          (3.2) 
 
The performance of controller shows improvement in overshoot, rise time anddisturbance rejection (plant 

noise and measurement noise) ascompared with PID controller with same wind variation. 
 

3.6  Fuzzy PD+I controller: 
The fuzzy proportional derivative plus integral inference is based on Mamdanitype inference, the controller 

output u(k),is based on the centroid defuzzification technique and the input variables are the error between 
reference and output, efuzz(k), and the error variation, ∆efuzz(k). The inference fuzzy system consists of four 
steps, fuzzification, knowledge base, inference engine and defuzzification step. In the fuzzification step, the 
input variables which are crisp numbers are transformed into fuzzy sets accordingto a membership function. 
Two types of membership functions are defined, trapezoidal function is defined for the fuzzy sets located at the 
end of universe of discourse and triangular function is defined for the rest of the fuzzy sets.The description of 
input and output variables based on the IF-THEN rules provided by experts is stored in the knowledge base. The 
rule base format is implemented by seven fuzzy sets defined by the normalized variables, error efuzz and ∆efuzz. 
Negative Big and Positive Big {−3, 3}; Negative Medium and Positive Medium{−2, 2}; Negative Small and 
Positive Small {−1, 1} and Zero {0} are assigned to those normalized variables given the total of forty-nine 
rules. The rule base format is presented in Table 1. 

The output of the controller is obtained according to theIF-THEN rules stored in knowledge base. Last but 
not the least, the defuzzification step transforms the fuzzy set obtained through the inference engine into a crisp 
value. 

The fuzzy PI control error and control action formulas are givenby: 
efuzz(k) = sp(k) − y(k)  

where sp(k) is the set-point, y(k) is the output 
 

Table 1:  Rule base format 
efuzz,∆efuzz -3(NB) -2(NM) -1(NS) 0(ZE) 1(PB) 2(PM) 3(PS) 
 -3(NB) 0 -1 -2 -3 -3 -3 -3 
-2 (NM) 1 0 -1 -2 -3 -3 -3 
-1 (NS) 2 1 0 -1 -2 -3 -3 
0 (ZE) 3 2 1 0 -1 -2 -3 
1 (PS) 3 3 2 1 0 -1 -2 
2 (PM) 3 3 3 2 1 0 -1 
3 (PB) 3 3 3 3 2 1 0 

 
Fuzzy PD controller is one which uses proportional and derivative component along with fuzzy inference 

system. Mamdani fuzzy inference system is used here. Fuzzy PD controller uses a same rule base format and 
membership function as in fuzzy P+I controller. Fuzzy PD controller which can be designed by means of 
providing derivative value to the fuzzy logic controller with rule viewer. 

Fuzzy PD+I controller is one which uses proportional and derivative component along with fuzzy inference 
system. Mamdani fuzzy inference system is used here .Fuzzy PD +I controller uses a same rule base format and 
membership function as in fuzzy P+I controller.  

 
4.  Simulation: 

The simulations for the case studies are performed in Matlab/Simulink environment. According to IAE, 
ISE, ITSE performance metrics PID controller is the best. So among these controllers PID controller is the best 
controller by means of error performance metrics. Among fuzzy controller fuzzy P+I and fuzzy PD controller is 
the best by means of performance metrics such as IAE, ISE and ITSE, rise time and settling time. For these 
controllers there is no overshoot. 
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Fig. 4.1: Comparison of PID, fuzzy logic and adaptive LQR controllers 
 

Table 4.1: Performance metrics of PID, fuzzy logic and adaptive LQR  
PERFORMANCE 
METRICS 

PID FUZZY P+I FUZZY 
PD 

ADAPTIVE               
LQR 

Rise Time(S) 1.74 1.2 1.1 0.9 
Settling time(S) 3.69 1.2 1.2 1.6 
Overshoot (%) 0.805 0 0 0 
Steady state 1.01 1 1 1 
IAE 0.480 0.1184 0.15 0.21 
ISE 0.082 0.0348 0.1333 0.04 
ITAE 1.222 0.2919 0.1617 0.32 
ITSE 0.312 0.0395 0.1425 0.053 

 
Conclusion: 

In this paper the design and analysis of the performance metrics of several controllers for pitch system of 
variable speed wind turbine in Simulink has been proposed. Various controllers such as P, PI, PD, PID, LQR, 
Fuzzy P+I, Fuzzy PD, Fuzzy PD+I has been designed. Analysis can be done by means of taking performance 
metrics such as rise time, settling time, and overshoot, Integral Absolute Error (IAE), Integral Absolute Square 
Error (IASE), Integral Time Absolute Error (ITAE) and Integral Time Square Error (ITSE). According to rise 
time and settling time adaptive LQR controller produces better response when compared to other controllers. 
According to IAE, ISE, ITAE, ITSE performance metrics fuzzy controller produces better response. Adaptive 
LQR produces better response when compared to LQR by means of rise time, settling time, IAE, IASE, ITAE, 
ITSE. Fuzzy controller is best by means of settling time. For fuzzy controller IAE value is 0.1 and for PID 
controller it is 0.4 and for adaptive LQR it is 0.2. For fuzzy controller ISE value 0.1, for PID controller it is 0.08 
and adaptive LQR it is 0.02. Among fuzzy controller fuzzy P+I controller produces better response by means of 
performance metrics such as IAE, ISE and ITSE, rise time and settling time. Finally I have concluded that fuzzy 
controller produces better response for variable speed wind turbine by means of various error performance 
metrics.  
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