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Abstract— The electrical subsystem of a wind energy 

conversion system is the main subject of this research. A 

thorough mathematical model of the Doubly-Fed Induction 

Generator (DFIG) is created in the first section, accounting 

for its dynamic behaviour in different wind situations. In 

order to achieve independent regulation of active and reactive 

power—a crucial component of grid stability and effective 

energy transfer—a control strategy is suggested based on this 

model. A Sliding Mode Controller (SMC) and a Proportional-

Integral (PI) controller are the two controller kinds that are 

designed and put into use. The effectiveness of both control 

schemes is assessed through MATLAB/Simulink simulation. 

The outcomes show how well each technique works to 

guarantee dynamic stability and precise power control. 
Keywords—Control strategy,  Proportional-Integral (PI), Sliding 

Mode Controller (SMC), Doubly-Fed Induction Generator (DFIG), 

Wind energy conversion. 

I. INTRODUCTION  

Renewable energy existed for centuries—hundreds of years 
back. These ancient civilizations utilized nature's energy 
through technologies such as windmills, wood burning, water 
mills, animal transport, and sail ships. These systems were very 
important in socioeconomic development, particularly in rural 
communities, and were as much a part of living as farming itself 
[1]. 
The global energy consumption is increasing with increasing 
domestic and global energy demand. The fossil fuels, i.e., oil, 
natural gas, and coal, continue to occupy the lion's share in the 

existing energy mix. Utilization of these finite energy resources 
is still causing worry about their exhaustibility and enormous 
environment effect. Air pollution and global warming are the 
main issues and are chiefly triggered by the emission of 
greenhouse gases [2]. 
With all these problems, renewable energy sources are gaining 
attention, i.e., wind power, one of the finest substitutes [3]. The 
capacity of power generation by wind turbine systems (WTS) 
has increased dramatically since their first installation in the 
1980s, whose capacity was just tens of kilowatts. Wind turbines, 
apart from being installed more often, are also becoming more 
powerful and bigger [4]. 
Most wind turbines installed today use doubly-fed induction 
generators (DFIG) as their power conversion technology. 
Using this, power extraction will always be optimized at any 
operating condition for efficient performance for a larger 
range of wind speeds. On this operating mode, power 
converter supplies the rotor circuit and the stator circuit is 
supplied directly to the grid. The size and cost of the power 
converter will be much smaller than in full capacity converters 
used for variable-speed turbines with stator-side control due 
to the fact that little energy is transferred across it [5]. One of 
the major causes of repeated over production of DFIG-based 
system power output is this ability. Also, overall system 
performance is enhanced and flexibility is provided by the 
provision to adjust the voltage point of connection to the grid 
[6]. 
Thus, the present study investigates the robust control of a 
Doubly-Fed Induction Generator (DFIG) based wind energy 



 

 

conversion system (WECS) in order to maximize its overall 
capacity. Two most controversial constraints of techniques in 
literature [7] addressing control of WECS technology have been 
low damping and inadequate dynamic response. Consequently, 
there was an increasing concern over adopting advanced control 
schemes to address these limitations. Some of the earlier 
research in the literature had explored improving dynamic 
performance by means of techniques such as fuzzy logic control 
(FLC) [9], backstepping control [8], and sliding mode control 
in Permanent Magnet Synchronous Generator (PMSG) 
machines [10]. 
Comparative studies on controllers for DFIG wind turbines 
have explored both conventional and modern approaches: PI, 
FLC, SMC, and FSMC. With respect to the robustness, and 
efficiency, particularly steady-state precision as well as optimal 
power decoupling, Bouguerra et al. (2023)[17] claimed FSMC 
to be superior to other control techniques. Feddaoui and Lotfi 
(2023)[18] pointed out that while SMC is comparable to PI in 
terms of response time, it is PI that is quicker; SMC also lowers 
static error and response time, which contributes to system 
efficiency as a whole, and additionally, system efficiency in the 
work of Dekhane et al. (2024)[19] is claimed. PI is 
uncomplicated, and while SMC and FLC, which deals with 
nonlinear control issues, SMC, has design problems. U 2025, it 
is claimed by Itouchene et al.[20] that control strategy of 
VGSTA SMC is the most robust technique for MPPT, and it is 
claimed superior to conventional PI and SMC controllers due to 
improved energy extraction, reduced chattering, and stability 
with variable wind in the SMC. 
The main concern of this paper is modeling the electrical 
component of a wind power conversion system. First, the 
doubly-fed induction generator (DFIG) model is introduced. 
Second, there is a control scheme developed through which it is 
possible to control active and reactive power independently. 
The control scheme contains two controllers, proportional-
integral controller (PI) and sliding mode controller (SM). We 
provide simulation results for both control schemes. 
 

II. MODELING OF DOUBLY FED INDUCTION GENERATOR DFIG 

The Doubly Fed Induction Generator (DFIG) optimizes wind 
power by enabling efficient and cost-effective energy 
conversion, regardless of wind speed. Its ability to absorb 
voltage fluctuations makes it ideal for large-scale wind power 
generation.11], [12], [13], [14]. 
The DFIG, modeled as an input-output system using transfer 
functions or state-space representation in paper [15], facilitates 
control design and transient behavior analysis. The Park 
transformation, used in [16], is applied to obtain the electrical 
equations of the machine, providing a simple representation of 
the windings in matrix form.  
[uabc] = Rs [iabc] + ��� φabc                                                                          

[uABC] = Rr [iABC] + ��� φABC                                                                               

Where: Rs is the resistance of a stator phase; 
      The  rotor vectors: Rr is the resistance of a rotor phase; 
• [uABC] = [uA  uB  uC ]t : the rotor voltage vector; 

• [iABC] = [iA  iB  iC]t : the rotor current vector; 
• [φABC] = [φA  φB  φC]t : the rotor flux vector.The rotor 
vectors are defined in the same way  
with [Rs] = �R� 0 00 R� 00 0  R�

	 ;    [Rr] = �R
 0 00 R
 00 0 Rr

	          

  
 [Rs],[Rr]  are the matrices of the stator and rotor resistances. 
 The totalized flux equations coupled with the stator and rotor 
phases are given by the following expressions: 
For the stator and rotor: 
   [φabc] = [Ls] [iabc] + [Lsr] [iABC]               (1)                                                    
   [φABC] = [Lr] [iABC] + [Lrs] [iabc]             (2)                                                 
With:   [Ls], [Lr]    stator and rotor inductance matrices  by: 
 [Lsr] = LaA = 

⎣⎢⎢
⎢⎡ cos θ cos( θ + ���  ) cos( θ − ���  )
cos( θ − ���  ) cos θ cos( θ + ���  )
cos( θ + ���  ) cos( θ − ���  ) cos θ ⎦⎥⎥

⎥⎤           

  
[uabc] = Rs [iabc] + [Ls] ��� [iabc] + [Lsr] ��� [iABC]     (3)                                                                                                        

[uABC] = Rs [iABC] + [Lr] ��� [iABC] + [Lsr] ���  [iabc]    (4)                                          

Applications of Park transformation at MADA 
Park's transformation converts a three-phase system into a two-
phase system while maintaining the same magnetomotive force, 
with the zero-sequence component balancing the system 
without affecting this force and generating a rotating 
electromagnetic field with equal electromotive forces. 
The general form of the electromagnetic torque of a three-phase 
asynchronous machine modeled in Park's reference frame is 
given by the following relationship: 
  Cém = � ��
  (φdr iqs – φqr ids) = P (φds iqs – φqs ids)   (5)                                    

The stator active and reactive powers are given by: 
                         Ps = Uds ids + Uqs iqs            (6)                                                                     
                          Qs = Uqs ids – Uds iqs 

The charts illustrate the outcomes from simulating a 1.5Kw 
power Doubly-Fed Induction Generator (DFIG) model. Key 
plots detail speed development, torque, flux components, 
current components, and power metrics. The system operates 
steadily at a constant speed of 1450 rpm, powered by two pure 
three-phase voltage sources—one supplying the stator at 220 V, 
50 Hz, and the other supplying the rotor at 12 V at the stator 
frequency. 

 

Fig. 1. Electromagnetic speed and torque. 
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Fig. 2. The components of the stator flux of axis dq. 

                  

Fig. 3. The components of the rotor flux of axis dq. 

 

Fig. 4. The components of the dq axis stator current. 
 

Fig. 5. The components of the rotor current of axis dq. 

 

 
Fig. 6. Active and reactive stator powers. 

The model output suggests that the electromagnetic torque is 
maximum at -50 N·m during startup and is negative during 
dynamic.  Furthermore, the stator current and rotor currents are 
at their highest during startup, and the currents reach their 
steady state after 0.5 seconds. 

A. Active and reactive power control of the Doubly-Fed 
Induction Generator: 

Medium and high power machines are the common machines 
used to generate wind turbine power. By this, we can safely 
omit stator resistance. Assume stator flux to be constant: 
The active and reactive power formulae are as follows: 

                          Ps  V�� i��   + V#� i#�        (7)                                                                       

                   Q�  V#� i��  − V�� i#�                                                                           

  Using the Laplace transform on the rotor voltage equations, 
we obtain: 
 
   V�
(s)  R
 I�
 (s) +( L
  − �'

�(  ) s I�
(s) − gω� (L
 − �'
�( ) I#
(s)     

     V#
(s)   R
 I#
(s) +( L
 − �'
�(

 ) s I#
(s)                                         (8) 

+ gω�  +L
 − �'
�( , I�
(s) +  gω�  + �-(.(�(,         

 We can create a block diagram of the electrical system that 
needs to be controlled using the following formulas (Fig. 7).                          P� =  − V� ��(    -01(�)23 ω( 4�125'6( 7 891(�)23 ω( + 5 :(;(  6(,        

<1=4�125'6( 7 �
     

             
                Q� =  -(>(�( − -( � �(   -91(�)=3 ω( (�125'6( ) 801(�) 

<1=  ( �1 25'6(  ) �                    (9)                       

 

Fig. 7. Block diagram of the system to be regulated. 
 

Direct control : 

Controlling the machine's active and reactive powers is the goal. 
 
In this study, two regulators are used for PI and MG power 
control. 
PI: Proportional-Integral regulator; 
MG: Sliding-Mode regulator. 

 

Fig. 8.  Block diagram of the direct control. 

Control of Doubly-Fed Induction Generator by PI 
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Fig. 9.  PI regulated system.. 

    FTBF    =    ?@ABC=?@AB  =   DE 5 :(6(  (61 F   5'6(  )
�= DE 5 :(6( (61 F   5'6(  )

             (10)                               

      FTBF =  CC=  �.H1
         with : τ
 =  CDE . �( (�12 5'6( )�-(                                 

With :       τ
 : is the actual time constant of the system, which will be 
chosen throughout the simulation to provide the optimum 
performance compromise, particularly as incorrectly value 
would lead to inappropriate overshoot and instability, and 
disturbance during the transient regimes [14]. 
                       Kp  CH1  . �( (�12  5'6( )� -(

                                                                                

 And                                                           (11) 

                       KK  = CH1  . <1 �(�-(
                                                                              

Control of the DFIG using Sliding Mode Control: 
We extract the derivatives of the rotor currents   we obtain the 
following state model: 

    xM  NxM CxM �O  P − <1�1Q 0
0 − <1�1Q

R SxCx�T + P − �-(�(�1Q 0
0 − �-(�(�1Q

R SuCu�T + S 1 00 1T SP₁P₂T 

            y  S1       00       1T SxCx�T                                                       (12)                                              

Let us recall the command algorithm which is: 

                       u   ué# + u[                

For the first control law \C : 
 uC    L�L
σMV�  4P₁ − xM C� − R
L
σ xC7 − kCsigne (SC(x)) 

For the second control law \�   : 

                       u�   u�é# + u�[            

 u�    L�L
σMV�  4P₂ − xM �� − R
L
σ x�7 − k�signe (S�(x)) 

 The block diagram for direct control by a sliding mode (MG) 
type regulator is displayed in the accompanying figure: 

 
Fig.  10 . Block diagram of direct control by the MG regulator. 

Setpoint tracking 

Two Controllers will be tested for setpoint tracking 
This test involves performing active and reactive power 
increments while maintaining a constant DFIG drive speed. 
Performance analysis and comparison 
Test Conditions 
Machine driven at 1450 tr/m 
 At t = 1s: active power step (Pref goes from 2000W to -
2000W) and At t = 2s: reactive power step (Qref goes from 
1000VAR to -1000VAR) 

 

Fig 11. Direct control of active and reactive powers for the case of sliding 
mode control SMC (Setpoint tracking).

 

 Fig. 12 Direct control of active and reactive powers for the case of PI 
control(Setpoint tracking). 

Simulations performed on the DFIG model were used to 
evaluate the performance of the two control strategies studied: 
the conventional PI controller and sliding mode control (SMC). 
The performance indicators taken into account were 
stabilization time, maximum overshoot, and total harmonic 
distortion (THD) of the forward voltage (ud). 

Table I. Comparison of Control Methods: Stabilization Time, Maximum 
Overshoot, and THD 

Control 

method 

Stabilization 

time (s)  

Maximum 

overshoot 

(%) 

THD(ud) 

(%) 

PI 

Controler 

2.001 50.26 -3.07 

Sliding 

Mode 

Controler 

4.000 284.47 -1.98 

 
Analysis of the results shows that the PI controller provides a 
rapid response with a reduced stabilization time (2.001 s), but 
at the cost of significant overshoot (50.26%), indicating a slight 



 

 

lack of damping. The THD of -3.07% reflects moderate 
harmonic distortion, which is acceptable for a linear controller. 
On the other hand, the sliding mode control has a longer 
stabilization time (4 s) and very high overshoot (284.47%), a 
consequence of the chattering inherent in this method. 
However, it offers a lower THD (-1.98%), which reflects better 
signal quality and increased robustness against model 
disturbances and uncertainties. 
Thus, the PI corrector stands out for its simplicity of 
implementation and speed, while sliding mode control offers 
greater robustness and superior control quality, but at the cost 
of more oscillatory transient behavior. 
In conclusion, the choice of strategy depends on the objective: 
- if speed is a priority, PI is preferable; 
- if robustness and signal quality are essential, sliding mode is 
more suitable. 
Robustness: The robustness test consists of testing the stability 
of the DFIG model in the face of parameter variations, to verify 
that the control remains compliant with the constraints. This is 
essential because in a real system, these parameters can vary 
due to physical phenomena and inaccuracies in identification. 
Simulations will be performed by modifying the resistances and 
inductances independently to identify the variables where the 
controls are not robust. 
Test conditions: Resistances increased by 50% and inductances 
reduced by 20%, with a constant speed of 1450 tr/m. 
Test:  At t = 2s: Pref goes from 2000W to -2000W. 
At t = 2.5s: Qref changes from 1000 VAR to -1000 VAR. 
Inductances decrease by 20%. 

Results and interpretations 
Figure 13 shows the evolution of power during a 20% variation 
in inductances Ls, Lr, and Msr. It has been observed that direct 
control becomes unstable with a PI controller, particularly at       
t = 2.5s, when the active power (Q) changes from 1000 VAR     
to -1000 VAR, causing an increase in oscillations around the 
reference (Figure 13). In addition, the change in the reactive 
power Q setpoint with the PI controller causes an overshoot of 
500 VAR.  

 

Figure 13 : Robustness test with 20% reduction in inductance(direct control). 

 
The Chattering Phenomenon 

In practice, the term discontinuousu  − k signe (S)               
with          k > 0                                                                     
This can cause unmodeled high-frequency dynamics, resulting 
in “reluctance” or “chattering” (characterized by strong 
oscillations around the surface). To reduce or eliminate 
chattering, three types of controls are used: 
• Composite control based on Utkin's equivalent vector 
principle; 
•    Higher-order sliding modes; 
•    Boundary layer solution (modified sign function). 

        

         

         Fig. 14 : The different dq axis commands applied to the diagram to be 
regulated (direct control). 

In order to eliminate (or reduce) oscillations (chattering), the 
sign(s) function is replaced by a saturation function Sat(s), or an 
arc tangent function tansig(s) at the discrete control level (Fig. 
15).  

           

Fig. 15 : The different axis commands (dq) applied to the diagram to be 
regulated  with the saturation function (Sat(s)). 

Sensitivity to disturbances 

The test evaluates the impact of sudden speed variations on the 
measured power of the machine. 
Test conditions: 
The machine runs at 1450 tr/m. 
Active power: -2000W, reactive power: +1000VAR. 
At t = 2s, the speed increases from 1450 tr/m to 1550 tr/m. 
Results: 
For direct control: The disturbance has a more pronounced 
effect, with the PI controller unable to cancel out the impact of 
the speed variation. The MG controller remains unaffected by 
this disturbance. 
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  Fig. 16 : Effect on active and reactive power of a sudden change in speed 
(direct control). 

III. CONCLSUION  

This paper illustrates the modeling of DFIG and its control 
applied to two controllers: Sliding Mode Control (SMC) and 
Proportional-Integral (PI). Both of the controllers' objectives 
were designed and tested in independent active and reactive 
power regulation. Simulation results showed that the 
differences between the two controllers are relatively minor in 
terms of setpoint tracking. However, the SMC regulator proved 
to be more suitable in terms of performance. The PI controller 
exhibited lower performance compared to the SMC. The 
Sliding Mode Controller (SMC) is characterized by: 

• Very fast response time; 
• Nearly zero steady-state error; 
• High-frequency oscillations known as “chattering.” 

Finally, due to its simplicity, high robustness, and because it can 
be implemented directly in digital control systems, the SMC 
regulator appears the most suitable for use in wind power 
systems. 
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APPENDIX 
Parameters used for simulations. 
Nominal values: 

• Mechanical power: Pm = 1.5 KW. 
• Nominal speed: Nn = 1450 tr/min. 
• Nominal stator frequency: fsn = 50 Hz. 
• Nominal rotor frequency: frn = 50 Hz. 
• Nominal stator single voltage: Vsn = 220 V. 
• Nominal rotor single voltage: Vrn = 12V. 
• Nominal stator line current: Isn = 4.3 A. 
•  Nominal rotor line current: Irn = 1.5 A. 

  Parameters of DFIG: 
Stator winding resistance: Rs = 1.75 Ω 

• Rotor winding resistance: Rr = 1.68 Ω. 
• Stator cyclic inductance: Ls = 295 mH. 
• Rotor cyclic inductance: Lr = 104 mH. 
• Mutual cyclic inductance: Msr = 165mH. 
• The number of pole pairs: p = 2. 

 . Mechanical constants of the DFIG : 
• Moment of inertia: Jméc = 0.01 Kg.m². 
• Viscous friction coefficient: f = 0.0027 N.m.s/rd. 

PI regulator MG regulator 

Kp = 0.0410 

Ki = 5.8753 

K₁ = 80 

K₂ = 70 
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