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Abstract- In practice, speed erroneous measurements in the wind or in the rotor turbine generator, necessarily lead to non-

optimal power transmission. This paper presents optimal power control of DWECS (DFIG-based wind energy conversion 

system), without mechanical speed sensor. In this context, we are interested to develop a speed FSMO (fuzzy sliding mode 

observer), in order to estimate the DFIG speed. The proposed method linked an indirect power control (IPC) and MPPT 

without speed subservience and FSMO to assess the rotor speed, for the wind turbine generator Power Control. The results 

presented are, a comparative study between SMO and FSMO, with robustness test using Matlab/Simulink software. 

Keywords- DFIG, Indirect power control (IPC), MPPT, speed observer, fuzzy sliding mode. 

 

1. Introduction 

wind has been among the renewable energies the highest 

progression , in the course of the past ten years. For WTS 

(wind turbine systems), the input source is variable which 

makes VSWTS (variable-speed wind turbine systems) more 

appealing than stated speed systems [1]. The DFIG has been 

one of the most popular machine for VSWTS applications. 

The DWECS result in a converter cost and power losses are 

lowermost with regard to a system based on a synchronous 

generator [2]. Moreover, we'll be able to control the statoric 

powers independently [3]. 

To optimize the sensed energy, several  power control 

strategies have been proposed in the literature. In most of 

these works, the wind and rotor speeds were assumed to be 

available from a mechanical sensors. However, mechanical 

sensors increase the cost of the system and give rise to 

several practical problems associated with their durability, 

maintenance and accuracy[4]. 

SEC (Sensorless control) of DWECS has been obtained 

increasing interest in the recent years [3, 5]. The first work in 

speed estimation method was proposed in [6]. In [3] and [7], 

the authors proposed a PLL (phase lock loop) to estimate the 

speed and rotor position for sensorless MPPT with IPC.  

Artificial intelligent techniques have proposed in a many 

SEC . In [2] and [8], a FLC (fuzzy logic controller) was 

designed to extract the maximum aerodynamic power 

"fuzzy-MPPT", and in [9] a neural network estimate the wind 

speed, for a sensorless MPPT algorithm. In[10], MRAS 

(model reference adaptive system) is used for speed 

estimation, with a HOSMC (high-order SMC) , for extracting 

the maximum power. In [11], a MPPT based on mechanical 

torque estimation with Kalman observer associated with 

back-stepping control is presented. The control scheme 

proposed in [5] combines an HOSMO established in MPPT 

and a HOSMC for DFIG control. Finally, there have been 

two works based on FSMO, which is the approach used in 

this paper. In [12], the FSMO is established for an attitude 

heading reference system in ground vehicles, to accurately 

estimate the orientation even for accelerated maneuverings 

and magnetic disturbances. In [13], the FSMO is applied to 

the induction machine speed control. 

In this paper, a sensorless power control strategy for a 

DWECS is proposed [3]. The control strategy combines a 

IPC and MPPT without speed subservience and FSMO for 

rotor flux estimation associated with rotor speed observer. 

The simple flux SMO proposed in [14] presents some 

interesting features such as robustness against modeling 

uncertainty, measurement noise and insensitive to parametric 

variations. Moreover, the discontinuous function "sign", 

make the sliding mode system suffer from chattering. The 

proposed FLC overcomes the problems of discontinuous 

term in the SMO and hence leads to substantial reduction of 
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chattering [15]. In this work, the MPPT without speed 

subservience is applied; the latter does not need an additional 

anemometer for the measurement of the wind speed [10]. 

This paper is divided as follows: The modeling and the 

control scheme of DWECS is presented in section 2. Section 

3 provides the simple speed SMO. In section 4, speed FSMO 

is introduced. In section 5, the proposed control scheme is 

examined by simulation. Finally, conclusions and 

perspectives are given in section 6.  

2. DWECS Modeling and Control Scheme 

The proposed system is described in Fig. 1. It consisting 

of a WT, a gearbox, a DFIG, and two PWM converters. The 

DFIG is largely used for variable speed generations  

especially for WECS [1] , and PWM converters between the 

rotor side and the grid side allow the power circulation in 

both directions. 

Fig. 1. DFIG based Wind conversion chain.

2.1. MPPT control 

The objective of the MPPT strategy is to control the 

electromagnetic torque by adjusting the mechanical speed in 

order to maximize the generated power. In this work, the 

proposed MPPT control strategy does not need the wind 

speed measurement as shown in Fig. 2. To extract the 

maximum generated power, we must set the optimum speed 

ratio opt
 

and the maximum power 

coefficient maxpC ( max 0.5, 9.2p optC   ) [16]. 

 

 

 

The estimate wind speed obtained from: 
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The reference electromagnetic torque can be expressed 

as follows: 
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Fig. 2. MPPT without speed subservience. 

 

  



INTERNATIONAL JOURNAL of RENEWABLE ENERGY RESEARCH  
Z. Gadouche et al., Vol.7, No.2, 2017 

615 
 

2.2. Modeling of the DFIG 

The mathematical model of the DFIG, in the (d,q) Park 

reference frame is described by a system of five differential 

equations. 
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And using the equation of the torque 

 
1

em rd sq rq sd
sr

T p
M


    


          (4) 

With: 

s rR ,R : Stator resistance , rotor resistance. 

r sL ,L : Inductance stator, Inductance rotor. 

srM : Mutual inductance. 

2
sr s r1 M / ( L L )   : Dispersion coefficient. 

s r,  : Stator and rotor angular speed. 

r sT ,T : Constant stator and rotor time.  

2.3. Converter control  

The stator FOC has been adopted.  In this work, we 

concentrate only on the DFIG side converter control. In the 

following, it is assumed that the stator flux is oriented along 

d-axis . This choice is not arbitrary, but is justified by the 

fact that the machine is often coupled to the network with a 

voltage and frequency that are constant. The stator voltages 

and fluxes expressions can be presented: 

0
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The stator active and reactive powers defined by 
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From Eq. (7), it can be remarked that decoupling 

between the active and reactive powers is achieved with 

appropriate control of the currents rdi  and rqi
 
.The dynamic 

model of the DFIG is defined [16]: 
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The IPC is applicated on the machine side converter, as 

shown in fig.3 

 

 

 

Fig. 3. DFIG  Indirect power control. 
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3. Speed Sliding Mode Observer 

The estimation technique used in this work is founded on 

SMO Fig. 4 and was proposed in [17], for speed and rotor 

resistance estimations. The flux SMO has been proposed for 

the rotor flux and stator current estimations , this is the DFIG 

duplicate model. 
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With: )/()/( 2
rssrrssr LLMRLM  ;

 
)/( rssr LLMK  ; 

s _e _i , r e  :estimated values. 

m  : angular rotor speed. 

Where 
1  , 2 ,

 3  and
4 are observer gains, with 

][ 21 jjj  for j = 1, 2, 3, 4. 

s is a column vector: 
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The stability of this observer was studied in [14] which 

have led to the following results: 

1 2
11 12

21 22
1 2

m
r

m
r

K
K

T

K
K

T

 
                

 

         (13) 

1 1 2

31 32

41 42

1 2 2

1

1

m
r

m
r

q
T

q
T

  
     

     
              

  

        (14) 

Such as 
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The rotor speed is estimated by the adaptive scheme of 

Eq. (15) which represents a PI controller [17]. 
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Fig. 4. Schema of  Speed SMO 

4. Speed Fuzzy Sliding Mode Observer 

Chattering-free estimations may be attained using 

linguistic variables in place of fixed numerical values. 

Therefore, to improve the speed SMO efficiency, FLC is 

introduced , and speed FSMO is designed. Fig. 5 shows the 

DWECS with the FSMO. The proposed FSMO maintains the 

robustness of the classical SMO and in addition reduces 

significantly the chattering phenomenon [12]. The FLC that 

replaces the "sign" function in Eq.(16).
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Fig. 5. Block diagram of DWECS with the speed FSMO. 
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Where Te is the sampling period. 

The membership functions for the error; error derivative 

and output are the same and are divided into seven fuzzy sets 

(NB, NM, NS, ZE, PS, PM, PB). The inference matrix is 

given in Table 1 and the membership functions are shown in 

Fig. 6. 

Table 1. Inference matrix [18].
 

e 
NG NM NP ZE PP PM PG 

De 

PG ZE PP PM PG PG PG PG 

PM NP ZE PP PG PG PG PG 

PP NM NP ZE PP PM PG PG 

ZE NG NM NP ZE PP PM PG 

NP NG NG NM NP ZE PP PM 

NM NG NG NG NM NP ZE PP 

NG NG NG NG NG NM NP ZE 

 

 
 

 

Fig. 6. Membership functions. 

5. Simulation Results and Discussions 

The proposed system has been simulated using 

Matlab/Simulink. The DFIG and WT parameters are given in 

Table 2. 

Table 2. Simulation parameters 

Parameters Value 

DFIG 

Nominal power (P) 7.5 kW 

rated frequency  50 Hz 

Stator resistance (Rs) 0.455 Ω 

Rotor resistance (Rr) 0.62 Ω 

Stator inductance (Ls) 0.084 H 

Rotor inductance (Lr) 0.081 H 

Mutual inductance (M) 0.078 H 

Inertia (J) 0.3125 Kg.m2 

Viscous coefficient (f) 6.73*10-3 N.m.s-1 

Pairs of pole number (p) 2 
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Wind turbine 

Nominal power 10 kW 

Number of blade 3 

Diameter of a blade 3 m 

Multiplier Gain 5.4 

inertia (Jt) 0.042 Kg.m2 

Viscous coefficient (ft) 0.017 N.m.s-1 

 

Three simulation studies are presented, the first one is a 

comparative study between the two RSE (rotor speed 

estimation) methods "the classical SMO and FSMO" , the 

second is the FSMO application in the WECS control to 

optimize (or maximize) the DFIG active power, the last one 

is related to analysis the control system robustness with 

respect of parameter variations. 

5.1.  Comparative study of the proposed FSMO with the 

classical SMO 

The tracking performance of the two methods is tested 

under various reference speeds and the results are shown in 

Fig. 7.The active power is set to “-5000 W” and the reactive 

power to “0 Var”. The estimated speed from the FSMO has 

better transient response as compared to the classical SMO. 

From the Fig. 7 we see the difference between estimated 

speeds by the two observers. We notice that the chattering  in 

FSMO estimated speed does not exist thanks to the use of the 

FLC. 

 

 

 

Fig. 7. Estimated speeds with SMO and FSMO. 

 

5.2. Performance evaluation of the FSMO with the 

WECS. 

The wind speed is modeled by Eq. (19) and the 

corresponding waveform is shown in  Fig. 8a.  
( ) 6.5 (0.5sin(0.1047 ) 2sin(0.2665 )

sin(1.2930 ) 0.2sin(3.6645 ))

v t t t

t t

  

 
        (19) 

Fig. 8b shows that the power coefficient ,he is around the 

maximum point (Cp max=0.5) which demonstrates the 

effectiveness of the MPPT.  

The estimated speed and real one are showed in Fig. 9a, 

and the estimation error in Fig. 9b with a range of [-0.06 

0.06] rad/s. These results confirm that the proposed method 

for the RSE in real time is effective under variable wind 

speed conditions.  

The effects of wind speed variation in the power 

reference is shown in Fig. 10 (a) and (b).The active and 

reactive power follow their respective references values with 

no steady state errors with fast transient responses 

demonstrating that the IPC is applied With a perfect 

decoupling. 
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Fig. 8. MPPT performance (a) wind waveform (b) power coefficient (Cp) 

  

Fig. 9. RSE performance (a) speed tracking (b) estimation error 

  

Fig. 10. DFIG power tracking (a) active power (b) reactive power 

 

5.3. Robustness tests  

The problem with estimation techniques based on a 

model of the machine is the sensitivity to parameter 

variations. 

5.3.1. Variation of 50% of the stator resistance 

Fig. 11a shows the DFIG speed and its estimation value 

and Fig. 11b shows the corresponding speed tracking error, 

with a fork of [0 0.3] rad/s. With these results we can say that 

the change in the stator resistance does not have a great 

effect on our observer (FSMO) in the RSE. 

Fig. 12a shows the response of the DFIG power and Fig. 

12b represents the error between reference power in the 

normal condition and reference power when the variation of 

stator resistance (+ 50% Rs). From Fig. 12b the error of 

power reference extraction is between [-10 10] W. when 

talking about percentage it has the maximum error is 0.13% 

( %13.08000/10)(/)(  tPtP ref ). 
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Fig. 11. RSE performance. 

 

Fig. 12. DFIG power tracking (a) active power (b) power extraction error “Pref –Pref (+50% Rs)” 

5.3.2. Variation of 50% of the rotor resistance 

Fig. 13a shows the speed estimation with rotor resistance 

variation (+50% Rr), in Fig. 13b we have a maximum speed 

estimation error is 3.7 (rad/s). 

Fig.14 shows power extraction with rotor resistance 

variation (+50% Rr), from Fig. 14b the error of power 

reference extraction is between [0 220] W, for power 

extraction under normal conditions equal to 8000 W, we 

have an error percentage of 2.5 % (220/8000= 2.5%), this 

error remains in the acceptable values. 

 

Fig. 13. RES performance. 

 

Fig. 14. DFIG power tracking (a) active power (b) power extraction error “Pref –Pref (+50% Rr)”. 
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6. Conclusion  

In this paper a sensorless power optimization of DWECS 

using speed FSMO has been presented. The proposed control 

uses the FSMO to estimate the DFIG rotor speed and 

position , the estimated speed is used by the MPPT to extract 

the optimum power. The simulation results demonstrate the 

vantage point of FSMO compared with a classical SMO for 

the RSE and decreasing the chattering . Robustness tests 

against parametric variations developed in this work come to 

confirm the robustness of the our FSMO, This work can be 

improved in the future by employing the rotor resistance 

estimator to erase the error in RSE when there is a variation 

in rotor resistance. 
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