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Abstract- Conventional controller’s methods, based on PI regulators, used as a direct power control (DPC) of the double feed 

induction generator (DFIG) are not robust enough in the face of parametric uncertainties and strong ripple of the powers. From 

the best evoked control techniques presented in this field to overcome these drawbacks, we will study some improvement 

variants such as the use of the second order sliding mode control (SOSMC) developed on the basis of the super twisting torsion 

algorithm (STA) associated with the fuzzy logic control to obtain (FSOSMC) in order to obtain acceptable performance. 

Finally, the effectiveness of the planned control system is studied using Matlab/Simulink. The proposed method reduces power 

ripples, improves driving dynamics by making it less sensitive to parameter uncertainty. 

Keywords DFIG, DPC, SOSMC, FSOSMC, STA, Parametric Variations.  

 

1. Introduction 

The structures of wind power systems are more and 

more efficient. In addition to the mechanical characteristics 

of the wind turbine, the efficiency of converting mechanical 

energy into electrical energy is very important, [1]. Again, 

many devices exist and, for the most part, use synchronous 

and DFIG machines. The latter represents a new solution in 

the field of high power drives, in particular those requiring a 

wide range of operation at constant power, [2-3]. 

The DFIG, thanks to its dual power supply, offers 

several possibilities for reconfiguring the operating mode. 

Thus, it has good performance, either in over speed operation 

or in low speed operation. The converter-machine-control 

unit now allows flexibility, precision and reliability to be 

combined with today's energy saving imperatives. Joint 

advances in power electronics and digital electronics have 

made it possible to develop several controls approaches to 

control the operation of electrical machines in real time, [3]. 

Vector control (VC) by the stator flux orientation is the 

most widely used control technique in conjunction with the 

use of a general reference rotating frame. Since DFIG is used 

at the high power scale, the resistance of the stator becomes 

relatively very small, so it can be neglected. Therefore, the 

orientation of the stator flux can be replaced by an 

orientation of the stator voltage. This vector control 

technique is always an entry point for the design and for the 

analysis of the different modes of operation. In a 

synchronous frame of reference, the decoupling of the rotor 

currents leads to a decoupling of the active and reactive 

powers. Indeed, in the case of an orientation of the stator flux 

of the DFIG, the quadrature component of the current 

controls the active power and the direct component control 

the reactive power, [4]. This dependence is the opposite in 

the case of an orientation of the stator voltage. However, the 

performance of regulation which uses proportional-integral 

(PI) type correctors relies heavily on precise knowledge of 

machine parameters. However, the dependence on the 

parametric variation degrades the performance of the control 

when the electrical and mechanical parameters of the DFIG 

are varied, [5]. 

The second families of controls are relatively recent 

under the name of Direct Torque Control (DTC), [6]. This 

type of control is able to control both the torque of the 

machine as well as its flux in an even more precise, faster 

and more robust way, compared to the vector control, and 

thus, with a simplified control algorithm and less dependent 

on machine parameters. Direct Power Control (DPC) follows 

the same philosophy as DTC, [7-9]. It has the merit of being 

more advantageous for the control of the powers of the 

DFIG, having a low computational complexity, a fast 

transient response and a low dependence on the model of the 
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machine. However, unlike vector control, the states of the 

power switches are determined instantly by comparing 

references with measurements without resorting to pulse 

width modulation. Thus, although this control is less 

dependent on the parameters of the system, it lacks the 

flexibility which characterizes vector control.  

Along with the various types of control which have 

experienced considerable growth in recent decades, the so-

called sliding mode control (SMC) finds a good place in the 

literature, [10-12]. Since then, the spectrum of its use has 

been broadened to a larger class of systems including linear, 

nonlinear, discrete, multivariate and imprecise model 

systems. Thus, it has gained great popularity due to its 

simplicity and efficiency. This is because it is a non-linear 

control based on the switching of a function of the state 

variables. Therefore, the commutations are used to create a 

sliding hypersurface, the purpose of which is to force the 

dynamics of the system to correspond with that defined by 

the hypersurface equation. 

The algorithm (SOSMC), overcomes some disadvantage 

of the classical SMC, [13-16]. This reduces undulations, 

known as chattering; it can damage the actuators by too 

frequent oscillations and adversely affect the operation and 

performance of the system, [20-24]. Nevertheless, the 

drawback of the SOSMC algorithm is the difficulty of 

working out the gains of the sign function. Among attention 

has been paid to combining this technique with artificial 

intelligence algorithms, [25-26]. This association links the 

benefit of the uncertainties and disturbances of the SMC with 

those of the speed and the correct trajectory of the intelligent 

control, makes it possible to overcome the problems of 

chattering the sliding mode control low.  

The objective of this article is to propose a robust 

controller, which improves the quality of the energy 

produced and the energy efficiency. A robust FSOSMC of 

the DFIG is proposed; this technique is able to work under 

parametric uncertainty and reduces fluctuations in powers. 

2. DFIG Modelling 

The following system of equations describes the global 

modelling of the DFIG in the Park reference frame. The 

stator and rotor voltage equations are defined by, [2]: 

ds
ds s ds s qs

qs

qs s qs s ds

dr
dr r dr r qr

qr

qr r qr r dr

dφ
V = R I + -ω φ

dt

dφ
V = R I + +ω φ

dt

dφ
V = R I + -ω φ

dt

dφ
V = R I + +ω φ

dt











  

(1) 

 

The stator and rotor fluxes are expressed by: 

ds s ds dr

qs s qs qr

dr r dr ds

qr r qr qs

φ = L I +MI

φ = L I +MI

φ = L I +MI

φ = L I +MI









 
(2) 

The powers are given by: 

s ds ds qs qs

s qs ds ds qs

P = (V I + V I )

Q = (V I - V I )  
(3) 

The active and reactive power is given by: 

s s qr
s

M
P = -(V I )

L  
(4) 

2
s

s s dr
s s s

V M
Q = ( - V I )

L w L
 (5) 

3. Second Order Sliding Mode Approach Modelling 

Despite the effectiveness sliding mode to robustness to 

disturbances and model uncertainties, but there still remains 

a problem present in the sliding mode, Among the solutions 

proposed to problems the appearance of the phenomenon of 

chattering caused by the discontinuous part of the system, 

there is a technique which can eliminate the disadvantage of 

this method which is called the Super-twisting algorithm, [9].  

3.1. Super-twisting algorithm 

We assumed a system with relative degree such as, [15]: 

 
(6) 

It is implied that: 

 

  Are positive constants. 

The STA when applied to the system (6) drives s and   in 

finite time by means of an absolutely continuous control in 

the presence of disturbances having a known limit. Smooth 

control u(t) is a combination of two terms. It is defined by 

the following control law, [14]: 

We will drive s and s  ̇in finite time by mechanism of an 

absolutely continuous control in the bother presence having a 

known limit by applying the STA to the system, we find 

regular control u(t) is a combination of two terms. It is 

defined by the succeeding control law: 

 
(7) 

With:  

 
(8) 
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(9) 

For the convergence in finite time about the sliding 

surface we have the corresponding adequate conditions are, 

[14]: 

  (10) 

 

The two terms of equation (7) are successively the 

integral of a discontinuous function with sliding variable and 

the continuous function with sliding variable. As prescribed 

in the control law (7), the STA does not require to estimate 

the sign derivative surface ( ). If k=1 is used in command 

law (9), a stable exponential SOSMC algorithm emerges. 

The choice of k= 0.5 assured the finite-time convergence of s 

and .    

The elaboration of the STA is given as follows, [14]: 

1/2

st Ω Ω 1

1 Ω

u (t) = - S sign (S ) + u (t)

u (t) = - sign (S )








      

(11) 

Where 𝛼 and 𝛽 are positive limits constants. 

3.2. Stator active power control 

The active power regulation surface has taken term as:  

s-ref sS(P) = P P-  (12) 

The second derivative of equation (12) offer us: 

.. .. . .

s
r

M
(V R i )s

s_ref rqrq r
s

V
S(P )= P -

L L
−


      

(13) 

By replacement the term 

.

irq  in equation (13), we find: 

 

.. .. .

s 1 rq 2 rd 2
r r rr r

(t,x,u(t,x,u) )

M M M M
K i K i V V

T T T

s s s s
s_ref rqrq

s s ss

V V V V
S(P )= P

L L L LL L



− + − +
  

   

(14) 

  

With:  

2

1
r r s s

1 1 M
K ( )

T TL L
= +


,  2 sK gw=
 

Consequently:  

s s s

1

n 2
rq _ P 1 P P 1 PI S sign(S ) sign(S )dt= − −    (15) 

𝛼1 and 𝛽1 are constants.  

 

3.3. Stator reactive power control 

The reactive power regulation surface has taken term as:  

s-ref sS(Q) = Q - Q
 (16) 

The second derivative of equation (16) offer us:  

.. .. . .

s
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M
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V
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.

ird  in equation (17), we find: 
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With: 

2 sK gw=
 

Accordingly: 

s s s

1

n 2
rd _ Q 2 Q Q 2 QI S sign(S ) sign(S )dt= − − 

 

(19

) 

 

𝛼2 and 𝛽2 are constants. 

3.4. Quadrature rotor current control 

The quadrature rotor current error irq is taken term as:    

rq_ref rqe = i - i
 

(20) 

The slide surface of the quadrature rotor current is 
determined as follows: 

Its second derivative provide us: 

2.. .. . . .

rq s
r r s s r

1 1 M 1
i ( ) i gw i V

T T L
rq_ref rq rd rqS(i )=

L L

 
− − + − + 

     

(22) 

By replacement the terms 

.

ird  and 

.

irq
 in equation (22), 

we find: 
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.. .. .
2 2 2
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With:  

2

1
r r s s

1 1 M
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
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Hence: 

rq rq rq

1

n 2
rq _ irq 3 i i 3 iV S sign(S ) sign(S )dt= − −   

 
(24) 

3.5. Direct rotor current control 

The front rotor current error ird is distinct by: 

rd_ref rde = i - i
 

(25) 

The front surface sliding of the rotor current is 
determined as follows:  

rd rd_ref rdS(i )= e = i - i
 

(26) 

Its second derivative provide us:    

.. .. . . .

rd s
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(27) 

By replacement the terms 

.

ird  and 

.

irq  in equation (27), 
we find: 
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With:  

2

1
r r s s

1 1 M
K ( )

T TL L
= +
 , 2 sK gw=

 
As thus we find:   

rd rd rd

1

n 2
rq _ ird 4 i i 4 iV S sign(S ) sign(S )dt= − −   (29) 

4. A Robust Control Scheme Using Fuzzy SOSMC   

The combination of the two “Sliding Mode and Fuzzy 

Logic” methods enables the introduction of high-

performance technology into the system’s dynamic 

performance and improves the reduction of residual vibration 

at high frequencies. The replacement of the "sign" function 

by a fuzzy inference system facilitates the SOSMC control 

procedure. Thus, with the application of this proposed 

strategy, equation (11) becomes: 

1/2

st Ω Ω 1

1 Ω

u (t) = - S fuzzy(S ) + u (t)

u (t) = - fuzzy(S )










    (30) 

5. DFIG Modelling    

In order to confirm the effectiveness of the control 
structure recommended for the DFIG control system 
illustrated in Figure 1. The behaviour of the FSOSMC-SVM 
regulator controller is compared to SOSMC-SVM controller. 
The results of the simulations are granted for the two 
controllers under identical conditions. Separate modes of 
operation of the suggested algorithm were presented, namely 
simulation results with and without parametric uncertainties. 
In each test, the powers, voltage, stator and rotor currents and 
the current harmonic distortion THD are presented. The 
parameters of the DFIG are reported in, [7]. 

The block diagram of the considered FSOSMC is shown 
in Fig.1. 
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 Fig. 1. Diagram of FSOSMC algorithm developed on DFIG.  

5.1. Results of simulation without system uncertainties 

The simulation results obtained in Figures (2-5) show that 

the command developed by FSOSMC achieves good 

decoupling, good power adjustment and good tracking of the 

imposed reference values. In addition, the comparison 

between the results from the SOSMC shows a great 

resemblance with respect to the dynamic behaviour. 

However, the SOSMC has two main advantages, namely the 

robustness and the ease of the numerical implementation of 

the control law. The results obtained give us a good idea of 

the behaviour of the different quantities of the system. The 

contribution of the introduction of the fuzzy controller was 

manifested in a marked decrease in the phenomenon of 

(Chattering)
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Fig. 2. FSOSMC and SOSMC response of active power. 

0 1 2 3 4 5 6 7 8 9 10
-4

-3

-2

-1

0

1

2

3
x 10

5

Time (s)

Q
s 

(V
A

R
)

Stator Reactive Power (HOSM and F-HOSM)

 

 

Qs-Ref

Qs HOSM

Qs F-HOSM

2 2.005
-0.5

0

0.5

1

1.5

2

2.5
x 10

5

 

 

4.2 4.202 4.204
1.95

2

2.05
x 10

5

 

 

5.7 5.8 5.9 6 6.1

1.9

2

2.1

x 10
5

 

 

6.99 7 7.017.02
-4

-2

0

2

x 10
5

 

 

9.3 9.305 9.31

-3.1

-3

-2.9

x 10
5

 

 



INTERNATIONAL JOURNAL of SMART GRID  
F. Mazouz et al., Vol.5, No.4, December, 2021 

 179 

Fig. 3. FSOSMC and SOSMC reactive power response. 
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Fig. 4. FSOSMC and SOSMC stator current response. 
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Fig. 5. FSOSMC and SOSMC rotor current response. 

5.2. Results of simulation in the presence of system 

uncertainties 

In this test, the influence of the parametric variation on 

the decoupling between the active and reactive power is 

studied. For this test, the Rr and Lr of the DFIG is increased 

by + 150% at t = 7.5 s. Figure 6, illustrate the stator   active 

power and Figure 7 presents the stator reactive power. The 

rotor resistance variation has no influence on the decoupling 

between active and reactive powers in FSOSMC algorithm 

compared to the SOSMC algorithm.  
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Fig. 6. Simulation of active power in the presence of system uncertainties; 
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Fig. 7. Simulation of reactive power in the presence of system uncertainties 

There is a great improvement the oscillations which it 

presented in the absence of the fuzzy controller no longer 

exist and the phenomenon of (Chattering) is negligible, this 

highlights the robustness of the contribution of fuzzy logic to 

the sliding mode. 

Figure (8) illustrates the harmonic spectrum of the stator 

current in a phase A. It can be illustrated that the harmonic 

distortion rate of SOSMC is greater than that of FSOSMC. 
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Fig. 8. Stator current: (a) SOSMC, (b) FSOSMC harmonic spectra. 
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Table 1 presents the comparative evaluation of the 

proposed methods. The comparison among the two presented 

techniques for power control guaranty that the proposed (F-

HOSM) scheme gives much less chattering with a clear 

transient response.  

 

Table 1. A comparative evaluation of the proposed methods. 

Approach HOSM F-HOSM 

Robustness to parameters mismatch Medium Low 

Harmonic spectrum of stator current High Low 

Chattering Considerable chattering Small chattering 

Transient performance of the active 

power 

Fast with low settling time Relatively fast with low settling 

time 

Rising time of the active power 0.0009 s 0.003 s 

Transient performance of the reactive 

power 

Fast with low settling time Relatively fast with low settling 

time 

Rising time of the reactive power 0.001 s 0.0045 s 

Implementation 

Complexity 

Low Low 

 

6. Conclusion  

In this work, we are interested in the study and 

simulation of a wind power conversion chain based on 

FSOSMC. The goal being energy optimization, for this 

purpose we have adopted control strategies for the control of 

the DFIG at the different conversion stages. A FSOSMC 

approach was developed for this purpose and a super twisting 

algorithm was the subject of our control strategy. The tool 

used for to achieve this goal is the software Simulink/ Matlab 

it is in this context that this work was carried out. This 

command was used for the regulation of the powers of the 

DFIG. Our control methodology linked to systems with 

variable structures, the aim of which is to overcome the 

drawbacks of conventional controls. Therefore, to conclude 

that the FSOSMC technique used for the desired control of 

the system has led to good performance. The results obtained 

clearly show the validity of the approach followed. They also 

show that the control strategy developed is well suited to the 

problems of tracking trajectories, respecting 

electromechanical constraints and being robust with respect 

to parametric uncertainties. In many cases, the latter offers 

certain advantages:  

 Robustness in relation to variations in system 

parameters. 

 A very efficient dynamic (acceptable response time 

and practically zero stationary error). 

 Simplicity of the implementation of the switching 

law. 
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