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Abstract— This paper study the robust nonlinear sensor-less 

sliding mode control (SMC) of the wind turbine chain associated 

with doubly fed induction generator (DFIG), the energy transfer 

between the grid and stator of DFIG is done by acting on the 

rotor via a reversible signal converter. The extended Kalman 

filter (EKF) is used the error between the estimated and 

measured voltages/currents to the production of estimation 

speed and position values. The simulations of results confirmed 

the performance of the control (SMC) of a DFIG sensor-less 

speed based on extended Kalman filter and validate a good 

dynamic performance. 

Keywords— DFIG, Sensor-less sliding mode control (SMC), 
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I. INTRODUCTION

The wind energy considered among renewable energies 
and deserved solution to classical energy sources that pollute 
the climate, the wind is free availability in all world [1], [2]. 
The majority of wind turbines systems are fixed speed, when 
we use speed variable in turbines chain is augmenting due to 
many advantages. Doubly fed induction generators (DFIG) 
widely applied in variable speed wind of wind turbine chain. 
There are many advantages to using of DFIG in a wind energy 
chain [1], [2]. 

The robust sensor-less control of the DFIG necessary the 
information of position/speed rotor. That can be obtained by 
using the encoders (mechanical sensors). But these encoders 
increase the global price and the size of the DFIG, decrease 
the performance, the system to be sensitive to disturbances [2]. 
From this point of view, the sensor-less techniques draw the 
attention the researchers. Therefore, many strategies used for 
observed the mechanical parameters (speed/position) in the 
literature [3]. 

In this paper, we have illustrated the modeling of the wind 
turbine system (mechanical part) and the DFIG (electrical 
part). In the next section, we have presented the robust sliding 
mode control (SMC) of wind energy system based on DFIG. 
In the second part, the extended Kalman filter (EKF) 
technique used for estimating the position and speed of the 
rotor, by using the error between the measured and reference 
currents and voltages.  

Finally, the results of simulation and conclusion are 
confirmed the performance of the sensor-less SMC of a DFIG 
provide with EKF and validate a good dynamic performance. 

II. WIND CONVERSION CHAIN MODEL

Fig.1 show the wind power chain provide with DFIG [5], 
[6]: 

Fig. 1. Wind turbine power chain provide with DFIG. 

A. Turbine Model

The expression of the mechanical power extracted from 
the wind energy [6], [7]:  

𝑃𝑚 = 
1

2
ρ 𝑆 𝑣3 𝐶𝑝  (1) 

where 𝜌 the density of air;  𝑣  speed of wind (m.s-1); 𝑆 =
𝜋 𝑅2 Sweep space for turbo blade (m2); 𝐶𝑝   coefficient of

power based on 𝜆, 𝛽 is presented by: 

𝐶𝑝 (𝜆, 𝛽) =
1

2
(
116

𝜆𝑖
− 0.4 𝛽 − 5) 𝑒

− (
21

𝜆𝑖
)

     (2) 

𝜆𝑖 =  (
1

𝜆+0.08 𝛽 
– 

0.035

𝛽3 + 1 
)  (3) 

The speed ratio is the coefficient between the speeds of 
turbine and wind and can be expressed as [7], [8]: 

𝜆 =  
𝑅 Ω𝑡

𝑣
 (4) 

with; Ω𝑡  speed of mechanical turbine (rad/s); 

B. DFIG Model

By using the electrical/mechanical equations we give the 
model of the DFIG in Park reference (d-q) [7], [8], [9]: 
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 𝑣𝑑𝑠 = 𝑅𝑠𝑖𝑑𝑠 + 

𝑑𝜑𝑑𝑠

𝑑𝑡
− 𝜔𝑠  𝜑𝑞𝑠              

𝑣𝑞𝑠 = 𝑅𝑠𝑖𝑞𝑠 + 
𝑑𝜑𝑞𝑠

𝑑𝑡
+ 𝜔𝑠  𝜑𝑑𝑠              

𝑣𝑑𝑟 = 𝑅𝑟𝑖𝑑𝑟 + 
𝑑𝜑𝑑𝑟

𝑑𝑡
− (𝜔𝑠 −𝜔𝑟)  𝜑𝑞𝑟

𝑣𝑞𝑟 = 𝑅𝑟𝑖𝑞𝑟 + 
𝑑𝜑𝑞𝑟

𝑑𝑡
− (𝜔𝑠 −𝜔𝑟)  𝜑𝑑𝑟

                         (5) 

 

with; 𝜑𝑑𝑟 = 𝑙𝑠𝑖𝑑𝑠 + 𝑙𝑚𝑖𝑑𝑟 , 𝜑𝑞𝑠 = 𝑙𝑠𝑖𝑞𝑠 + 𝑙𝑚𝑖𝑞𝑟 , 𝜑𝑑𝑟 =
𝑙𝑟𝑖𝑑𝑟 + 𝑙𝑚𝑖𝑑𝑠, 𝜑𝑞𝑟 = 𝑙𝑟𝑖𝑞𝑟 + 𝑙𝑚𝑖𝑞𝑠. 

III. CONTROL STRATEGY OF DFIG 

 

A. SMC of DFIG 

The technique sliding mode is a nonlinear control (SMC). 
In general, the sliding mode control is divided in three steps 
[7], [8], [9]:  

• Choice of sliding surface; 

• The existence conditions (Stability of Lyapunov 
function);  

• Laws of control (SMC). 

 

B. Control of Stator power (Active/Reactive) 

 
The surface expressions of stator powers we obtain [9], 

[10]: 

{
𝑆(𝑃) = (𝑃𝑠

𝑟𝑒𝑓
− 𝑃𝑠)

𝑆(𝑄) = (𝑄𝑠
𝑟𝑒𝑓

−𝑄𝑠)
                                                        (6) 

The derivative of Eq (6), written: 

 

{
�̇�(𝑃) = (�̇�𝑠

𝑟𝑒𝑓
+ 𝑣𝑠.

𝑙𝑚

𝑙𝑠
. 𝑖̇𝑞𝑟)

�̇�(𝑃) = (�̇�𝑠
𝑟𝑒𝑓

+ 𝑣𝑠.
𝑙𝑚

𝑙𝑠
. 𝑖̇𝑑𝑟)

                                            (7) 

By using the expression of the currents 𝑖𝑞𝑟 , 𝑖𝑑𝑟, we obtain: 

 

{
�̇�(𝑃) = (�̇�𝑠

𝑟𝑒𝑓
+ 𝑣𝑠.

𝑙𝑚

𝑙𝑠.𝑙𝑟.𝜎
. (𝑣𝑞𝑟 − 𝑅𝑟 . 𝑖̇𝑞𝑟)

�̇�(𝑄) = (�̇�𝑠
𝑟𝑒𝑓

+ 𝑣𝑠.
𝑙𝑚

𝑙𝑠.𝑙𝑟.𝜎
. (𝑣𝑑𝑟 − 𝑅𝑟 . 𝑖̇𝑑𝑟)

                      (8) 

 

With replacing 𝑣𝑞𝑟 by  𝑣𝑞𝑟
𝑒𝑞
+ 𝑣𝑞𝑟

𝑛 , and 𝑣𝑑𝑟 by  𝑣𝑑𝑟
𝑒𝑞
+ 𝑣𝑑𝑟

𝑛 : 

 

{
�̇�(𝑃) = (�̇�𝑠
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+ 𝑣𝑠.

𝑙𝑚

𝑙𝑠.𝑙𝑟.𝜎
. ((𝑣𝑞𝑟

𝑒𝑞
+ 𝑣𝑞𝑟

𝑛 ) − 𝑅𝑟 . 𝑖̇𝑞𝑟)          

�̇�(𝑄) = (�̇�𝑠
𝑟𝑒𝑓

+ 𝑣𝑠.
𝑙𝑚

𝑙𝑠.𝑙𝑟.𝜎
. ((𝑣𝑑𝑟

𝑒𝑞
+ 𝑣𝑑𝑟

𝑛 ) − 𝑅𝑟 . 𝑖̇𝑑𝑟)
    

(9) 

By using the sliding mode condition, we found: 𝑆(𝑃) = 0,
�̇�(𝑃) = 0, 𝑣𝑞𝑟

𝑛 = 0  and 𝑆(𝑄) = 0, �̇�(𝑄) = 0,  𝑣𝑑𝑟
𝑛 = 0.  

The equivalent control  𝑣𝑞𝑟
𝑒𝑞

 and 𝑣𝑑𝑟
𝑒𝑞
  are get from the 

following equations [10], [11]: 

 

{
𝑣𝑞𝑟
𝑒𝑞
= − �̇�𝑠

𝑟𝑒𝑓
.
𝑙𝑠.𝑙𝑟.𝜎

𝑣𝑠.𝑙𝑚
+ 𝑅𝑟 . 𝑖̇𝑞𝑟           

𝑣𝑑𝑟
𝑒𝑞
= − �̇�𝑠

𝑟𝑒𝑓
.
𝑙𝑠 .𝑙𝑟.𝜎

𝑣𝑠.𝑙𝑚
+ 𝑅𝑟 . 𝑖̇𝑑𝑟        

                            (10) 

 

The term of commutation of 𝑣𝑞𝑟
𝑛  and 𝑣𝑑𝑟

𝑛  are: 

 

{
𝑣𝑞𝑟
𝑛 = 𝐾𝑣𝑞𝑟  𝑠𝑖𝑔𝑛(𝑆(𝑃))          

𝑣𝑑𝑟
𝑛 = 𝐾𝑣𝑑𝑟  𝑠𝑖𝑔𝑛(𝑆(𝑄))       

                                   (11) 

where; 𝐾𝑣𝑞𝑟 and 𝐾𝑣𝑑𝑟 must be positive.  

 

IV. SENSOR-LESS SPEED CONTROL ASSOCIATED WITH  FILTRE 

KALMAN EXTENDED 

A. Extended Kalman Filter  

Extended Kalman Filter (FKE) (non-linear system), is a 
mathematical tool capable of determining evolving non-
measurable states from measurable physical quantities. This 
filter is based on a number of hypotheses, particularly on the 
noises [14], [15], [16]. Indeed, it assumes that the presence of 
noise on the state and on the output [17], [18], [19].  

The observer of Kalman is one of the stochastic observers 
based on the exit error of the exit and relative to them, he takes 
into account the characteristics of the noises that come to 
corrupt the system, it allows to find the matrix of the gain. K 
optimal in the sense of minimizing the breaks on the measures 
and uncertainty on the states of the system [20], [21], [22]. 

The extended Kalman filter principle is to correct the 
trajectory of the model by combining the observations with 
the information provided by the model so as to minimize the 
error between the true state and the filtered state [23], [24]. 
The FKE algorithm can be executed using a prediction-
correction structure shown in Fig. 5: 

 

 

Fig. 2. Global structure of the EKF. 

EKF is implanted as an "S-Function" and then, it is 
inserted into the global simulation diagram in Simulink as an 
"S-Function" block (Fig. 3) [12], [14]. 



 

Fig. 3. Representation of the EKF in the form of S-Function. 

 

B. Global sensor-less SMC control based on EKF: 

 

 

Fig. 4. Global sensor-less SMC control provide with FKE. 

 

V. SIMULATIONS RESULTS 

 
To test the robustness of sensor-less SMC controller of the 

DFIG used in wind turbine chain, by using Matlab&Simulink. 
The profile of wind is exercised on the wind turbine presents 
in Fig (5). 

 

Fig. 5. Profile of wind speed. 

Fig (6) and Fig (7) shows the response of active and 
reactive stator powers by using the sensor-less SMC controller 
and current in axe d/q and electromagnetic torque.  

 

Fig. 6. Active and reactive power control of DFIG using SMC. 

Fig. 7. The control of DFIG using SMC. 

 

These figures confirm a good tracking, and perfect 
decoupling, and the time of transient state is null, the static 
error neglected, the currents is strictly sinusoidal, therefore 
improvement of the energy quality. 

In this part, the wind turbine chain provides with DFIG, 
this machine will be validated according to an industrial 
Benchmark shown in Fig (8), with speed range [+104 -20] 
(rad/s), to examine the robustness and performance of the 
proposed sensor-less controller (SMC/EKF). 

 

Fig. 8. Industrial Benchmark. 
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Fig (9) illustrates the speed estimated by using Extended 
Kalman Filter (EKF). We note that the response of the 
estimated speed is identical between speed measured with 
speed of reference, the error is almost zero, and confirm the 
robustness of the sensor-less sliding mode provide with EKF. 

 

Fig. 9. The rotational speed (Real, Estimated, Reference) based on EKF. 

Fig (10) presents an observation and the tracking errors 
(Vmes-Vest and Vmes-Vref), the torque of load is applicated at t = 
0.5 s/t = 2 s and cancels in t = 1.5 s/t = 4 s, in steady state, the 
pic in observation speed (± 0.5 rad/s). This figure confirm the 
performance and robustness of the control sensor-less SM 
based on EKF. 

 

Fig. 10. The observation error and the tracking error based on EKF. 

VI. CONCLUSION 

The main purpose of this study is to reduce the cost and 
the size of machine (DFIG) by replace the encoder 
(mechanical sensor), by using state observer (EKF). The 
sensor-less speed sliding mode control of wind turbine system 
based on a DFIG provided with the Extended Kalman filter 
(EKF) is confirmed its performance and robustness, good 
dynamic performance.  

The results present an excellent estimation when we used 
different conditions (low speed, high speed), and low 
sensitivity when we applicate load torque (good disturbance 
rejection). 
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