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ABSTRACT 

This study concerns the tracking control problem of the wind turbine generator system with uncertainties 

parameters and external disturbances. Based on T­S fuzzy model, a fuzzy observer­based and a fuzzy 

robust state feedback output tracking control are developed to reduce the tracking error by minimizing 

the disturbance level caused by the wind speed. Using a Lyapunov function combined with H∞ tracking 

criteria and a judicious of the famous Young relation, a sufficient stability condition for the robust fuzzy 

tracking control formulated in terms of linear matrix inequality, which can be very efficiently solved by 

using LMI optimization techniques. The simulation results are given to show the performance of the 

observer­based tracking controller. 

Keywords—Wind system, H∞ tracking control, observer­based controller, linear matrix inequality (LMI). 

1 Introduction	

The Takagi –Sugeno (T­S) fuzzy model approach has nowadays become popular since [1][2][6], it showed 

its efficiency to control complex nonlinear systems with uncertainties parameters and used for many 

applications [7]. This fuzzy dynamic model is a piecewise interpolation of several linear models through 

membership functions [4]. It is described by fuzzy rules of the type IF­THEN that represent local input 

output models for a nonlinear system [2]. For more details on these topics we refer the reader to Tanaka 

and Wang [6]. 

 
For a few years, the trend of fuzzy tracking control for uncertain nonlinear systems has attracted great 

attention [14] [8]. The main issue in the control theory is that of controlling a system in order to have its 

output asymptotically tracking reference signals [10]. Despite an abundant literature on stability 

conditions of T­S models, few authors have dealt with the tracking problem. Some works are concerned 

with state feedback, H∞ performances and output feedback [12]. The most important issue for fuzzy 

tracking control systems is how to reduce the tracking error between the desired trajectory and the actual 

output values rapidly with the guaranteed stability [16]. In this work a sufficient condition are derived for 

stabilization of the robust fuzzy tracking controller and the  robust fuzzy observer in the sense of Lyapunov 

asymptotic stability [15]. 
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In the last decade, optimal H∞ control theory has been well developed and found extensive applica�on 

to efficiently treat the robust stabilization and disturbance rejection problems. The H∞ control 

performance for uncertain nonlinear systems is proposed to attenuate the effects caused by modeled 

dynamics, disturbances and approximate errors [13]. 

 
The task of tracking is a typical control problem in the industry. In this study we focused in control of wind 

system formed by a turbine, a driving shaft and a double fed induction machine .As well known, the 

primary energy source of the wind generators is the wind which is unpredictable and varies frequently 

[9]. Wind energy has greatly progressed by becoming one of most renewable energy competitive [5].The 

control plays a very important role to make wind technology more profitable and reliable. Then an H∞ 

output feedback controller is designed by taking into account directly wind speed as perturbation [15]. 

 
In this paper, the tracking problem for wind turbine is studied using the T­S fuzzy approach. First a fuzzy 

augmented system is constructed by regrouping the T­S fuzzy model, a fuzzy observer, a fuzzy tracking 

control. Then, based on Lyapunov function combined with a Young Relation and H∞ criteria a new 

condition for stabilization of the whole system is obtained. This condition is applied on wind turbine 

system with uncertainties parameters and external disturbances in order to guarantying the 

performances and to reduce the tracking error by minimizing the disturbance level caused by the wind 

speed. The proposed methodology is formulated as the linear matrix inequality problem (LMIs) which can 

be solved very efficiently using the convex optimization techniques. 

 
The paper is arranged as follows: the uncertain T­S fuzzy model with external disturbances, the tracking 

criteria as well as the observer design and the tracking control law are described in section (II). In section 

(III) a sufficient condition based on the observer­based tracking control and using Lyapunov function is 

developed in order to in to minimize the tracking error. Section (IV) presents the performances of the 

proposed method according to robustness tests are shown through simulations of the wind turbine in. 

Section (V) concludes this paper. 

2 Problem	formulation							

2.1 T-S	fuzzy	model	

Let consider the T­S fuzzy system with uncertainties parameters. The i­th rule is described as follows:	

Plant rule:      

If        )(1 tz  is 
ijN  and    …    and  )(tz p

  is 
ipN  

 Then                                                    








)()(

)()()()()()( 2

txCty

tBtuBBtxAAtx

i

iiiii                                                (1)                                                                

Where 
ijN a fuzzy set is, nRtx )(  is the system state vector, mRtu )(  is the control input vector,  

pRt )(  is the disturbance input vector, pRty )(  is the system output, 
iii CBA ,,  are known 

constant matrix that describe the nominal system, )](,),........(),([)( 211 tztztztz p  are the premise 

variables. The Lebesgue measurable uncertainties are defined as  
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biiiiaiiii EtFHtBEtFHtA )()(,)()(   , where matrices  
aii EH ,  and 

biE  are constant of appropriate 

dimension and )(tF  is unknown matrix function which is bounded by:
 ItFtF i

T
i )()(   

Given a pair of ))(),(( tutx , the final outputs of the fuzzy systems are inferred as follows:     
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The defuzzification process of the TS fuzzy model (1) with uncertainties parameters can be represented 

as:                                                  
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(2)  

 ri .......,2,1                                                                                           

2.2 Observer	design		

In the present work, the case where the state variables are not available for the feedback control with 

unmeasurable premise variable is considered.Therfore, the following T­S observer is considered to deal 

with the state estimation of T­S nonlinear system (2).
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                                                 (3)  

Where ),....,1( riG i     are the observers gains   to be determined and )(ˆ tx  is the state estimation. 

Let us define the state estimation error )(te x
as: 

)(ˆ)()( txtxte x  )(ˆ)()( txtxtex
                                                          (4) 

2.3 Tracking	criteria	

To deal with the tracking problem for the T­S fuzzy system, we consider the following reference model: 

                  )()()()( trtxtAtx rrr                                                                      (5)       

)(tx r
   the reference state;  

)(tAr
  a specified asymptotically stable matrix; 

   )( tr   a bounded reference input. 

Then the objective is to design a T–S fuzzy model­based controller, which stabilizes the fuzzy system (2) 

and achieves the 
H  tracking performance related to tracking error )(ter

as follows [tong 2002]: 

         
f ft t

T
r

T
r tdtttdtQete

0 0

2 )()()()()()(                                                 (6)  
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Where ft denotes the final time, Q is a positive definite weighting matrix, and   is a specified 

attenuation level. 

The tracking error is defined by:  

                         )()()( txtxte rr  )()()( txtxte rr
                                                                (7)  

2.4 Tracking	control:	

Suppose the following fuzzy controller is employed to deal with the above control system design, the 

control structure is choosen as a PDC law: 

                   


r

i rii txtxktzhtu
1

))(ˆ)(())(()(                                                           (8)  

Where  
ik  are gain matrices with appropriate dimension. 

Let us consider the estimation error )(ˆ)()( txtxtex   , the tracking error state reference )()()( txtxte rr   

and the state reference )(txr
.By substituting (2),(3) and (8)in (4),and substituting (2), (5)and (8) in (7) we 

get : 

)()()()[())(()(
1

tetAteCLAtzhte rxiii

r

i ix   


 

)]())()(()()()( 2 tBtetektBtxtA ixrjr   

)())(()())([())(()(
1

tetAAtxtAAAtzhte rirri

r

i ir   


                          
)]()())()(())(( 2 trtBtetektBB ixrji  

 
)()()()( trtxtAtx rrr 

 The state vector for the global closed loop is ))()()(()( txtetetx T
r

T
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T
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T
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Some easy manipulations lead to the following augmented system: 
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Hence, the tracking criteria 
H (6) with the augmented vector )(txa

can be modified as follows: 
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T
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aa
T
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0
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)()()()()()(                                       (10)  

With )0,0,0,(QQa  and )()()()()()( tttrtrtt TTT    
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3 LMI	Formulation	of	the	Fuzzy	Observer-Based	Tracking	Control	

The design purpose in this study is to determine the gains 
jk and 

jL described in (9) to ensure the 

asymptotic stability of the closed loop system (9) and achieve the 
H  tracking performance in (10).The 

main result on the fuzzy tracking control design of T­S fuzzy model with uncertainties parameters are 

summarized in the following theorem: 

Theorem .Given the uncertain system described by (2).If there exist a symmetric and positive definite 

0TPP  and 0Q some matrices 
jj WX ,  and a positive scalars  ,

321 ,,  and
4 , such that the 

following condition (11) hold for ),....,1(, rji   : 
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Proof. Let us now consider the following candidate Lyapunov function for the augmented system (9): 

                             )()()( tPxtxtV a
T
a                                                                    (12) 

Where the weighting matrix 0TPP   

Using (9) the time derivative of )(tV is the following by  

                  )()()()()( txPtxtPxtxtV a
T
aa

T
a

                                                          (13) 

Substituting (9) into (13) we get:       
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To ensure the stability of the augmented system (9) and guarantying the 
H   performances in (10), the 

condition to verify is:  
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T
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From equations (14) and (9), (15) becomes:
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Fortunately (16) can be transferred into a LMI problem which can be solved by using convex optimization 

techniques. Let us assume that ),,( 321 PPPdiagP  with 0,0,0 332211  TTT PPPPPP   
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By introducing new variables 1PN , 1
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 and 
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Then using the uncertainties structure defined in (1) the term with uncertainties in (20) becomes: 
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The following lemmas are needed to propose LMI conditions: 

Lemma 1.[] Given constant matrices 
iH and 

biai EE ,  of appropriate dimensions , 0i and )(tF  satisfied 

ItFtFT )()(   the following inequality holds : 

ai
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T
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Lemma 2. [] shur complement the LMI: 

0
)()(

)(.)(








 

yRyS

ySIyQ
T

  

is equivalent to  IySyRySyQyR T .)()()()(,0)( 1       where )()(),()( yRyRyQyQ TT    and )(yS depend 

affinely on y and   is a real number. 

Remark 1. The parameter uncertainties )(),( tBtA ii   will represent the impossibility for exact 

mathematical model of a dynamic system due to the system complexity. The uncertainty has been widely 

used in many practical systems [11] [12]. 

By applying lemma .1 in term with uncertainties (21) we have: 
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(22) 

 

Then, replacing (22) and (20) in (19) and applying lemma.2, we get the LMI (11), this condition can be 

efficiently solved numerically by using a linear matrix inequality (LMI) framework, wich ends the proof. 

4 Example	and	Simulation	

To illustrate the proposed fuzzy robust tracking control condition, a control problem of a wind generator 

is considered. 

By defining the state vector  Tgrstx  )(  and the control signal as  Tzdu  , , The reference state vector 

to track is defined as  Trgrrrrsr tx  )( the fuzzy model of the WECS can be described as: 

            







)()(

)()()()()( 2

tCxty

tVBtButxzAtx  as:                                                              (23)

  

Where: 










































1
000

0
)(

)(
0110

)(

0

g

gs

g

s

g

s

r

r

r

s

r

s

r

s

J

BB

J

B

J

K

J

zT

J

B

J

B

J

K

zA  

























0
1

0

00

00



g

g

J

B
B   

            






















0

0

)(
0

0

2 r

rv

J

zT

B

 

 0100C

 Where 
s  denotes the torsion angle,

r  is angular velocity of rotor,
g  is angular velocity of generator,

sK  is the stiffness of the transmission, 
sB is the damping of the transmission,

rJ  and gJ are the inertia of 

the rotor and generator, respectively. 
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rT   is the aerodynamic torque.   and  
d  are the actual  and desired pitch angles, respectively. 

4.1 T-S	Fuzzy	Modeling:	

The wind generator system is then described by the following four IF­THEN rules: 
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In order to obtain the best performance from this non linear system (23) the following T­S fuzzy model is 

given: 
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(24) 

 

The parameter uncertainties )(),( tBtA ii   represent the impossibility for exact mathematical model of a 

dynamic system due to the system complexity. The wind generator is a complex system then the presence 

of uncertainties is possible. 
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The control objective to attain is the best tracking of rated power while regulating rotor speed. 

We consider output tracking control network­based T­S fuzzy system described by (24), we show the 

effectiveness of the proposed method by performing output tracking control for the T­S fuzzy system. 

Solving LMI (11) by using the Toolbox LMI optimization algorithm, feedback and observer gain matrices 

can be obtained as: 
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The simulations results of LMI (11) show that the attenuation level is   0.3442 so, we can deduce that the 

designed T­S fuzzy controller ensures a good tracking performance and can to guarantee the stability. 

 
 
 

For simulation, we consider the wind speed input profile 



Transact ions on Machine  Learn ing and  Art i f i c ia l  Inte l l igence Vol  5  No 4,  Aug 2017  
 

Copyright © Socie ty  for  Sc ience  and Educat ion Uni ted  Kingdom 53 
 

 

(17m/s < V < 31m/s) as given in Figure.1. 

 

 

Figure. 1. The profile of wind input speed 
of 17w32 m/s 

Figure. 2. Rotor speed (rd/s) with H∞ observer based 

      

The above figure is presenting the speed rotor tracking. It is clear that the curve follws its reference for 
the different wind speed variations. Thus, we can deduce that the designed T­S fuzzy controller ensures a 
good tracking performance. The following figure shows the membership function . 

 
Figure. 3.membership function 

5 					Conclusion	

In the present paper, we have proposed a sufficient condition for robust stabilization of uncertain non 

linear system with external disturbances .a robust fuzzy tracking controller and robust fuzzy observer are 

devllepoed and analyzed. The main result of this work is the quasi­LMI formulation that can be applied 

for control design of uncertain and disturbed wind turbine . Based on the T­S fuzzy model, a fuzzy observer 

based fuzzy controller is developed to reduce the tracking error as much as possible by minimizing the 

effect of the disturbance level.  
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