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INDIRECT ACTIVE AND REACTIVE POWERS CONTROL OF DOUBLY FED 
INDUCTION GENERATOR FED BY THREE-LEVEL ADAPTIVE-NETWORK-BASED 
FUZZY INFERENCE SYSTEM – PULSE WIDTH MODULATION CONVERTER 
WITH A ROBUST METHOD BASED ON SUPER TWISTING ALGORITHMS 
 
Aim. This paper presents the minimization of reactive and active power ripples of doubly fed induction generators using super 
twisting algorithms and pulse width modulation based on neuro-fuzzy algorithms. Method. The main role of the indirect active and 
reactive power control is to regulate and control the reactive and active powers of doubly fed induction generators for variable 
speed dual-rotor wind power systems. The indirect field-oriented control is a classical control scheme and simple structure. Pulse 
width modulation based on an adaptive-network-based fuzzy inference system is a new modulation technique; characterized by a 
simple algorithm, which gives a good harmonic distortion compared to other techniques. Novelty. adaptive-network-based fuzzy 
inference system-pulse width modulation is proposed. Proposed modulation technique construction is based on traditional pulse 
width modulation and adaptive-network-based fuzzy inference system to obtain a robust modulation technique and reduces the 
harmonic distortion of stator current. We use in our study a 1.5 MW doubly-fed induction generator integrated into a dual-rotor 
wind power system to reduce the torque, current, active power, and reactive power ripples. Results. As shown in the results figures 
using adaptive-network-based fuzzy inference system-pulse width modulation technique ameliorate effectiveness especially reduces 
the reactive power, torque, stator current, active power ripples, and minimizes harmonic distortion of current (0.08 %) compared to 
classical control. References 22, tables 4, figures 30. 
Key words: doubly fed induction generators, pulse width modulation, neuro-fuzzy algorithms, indirect field-oriented control. 
 
Мета У статті представлено мінімізацію пульсацій реактивної та активної потужності асинхронних генераторів 
подвійного живлення з використанням алгоритмів суперскрутки та широтно-імпульсної модуляції на основі нейро-
нечітких алгоритмів. Метод. Основна роль непрямого управління активною та реактивною потужністю полягає у 
керуванні та регулюванні реактивної та активної потужностей асинхронних генераторів з подвійним живленням для 
вітроенергетичних систем з подвійним ротором змінної швидкості. Непряме керування, орієнтоване на поле, - це класична 
схема керування та проста структура. Широтно-імпульсна модуляція, заснована на системі нечітких висновків на основі 
адаптивної мережі, є новим методом модуляції; характеризується простим алгоритмом, який дає гарні гармонічні 
спотворення порівняно з іншими методами. Новизна. Пропонується адаптивна мережа на основі нечіткого висновку із 
широтно-імпульсною модуляцією. Запропонована побудова методу модуляції базується на традиційній широтно-
імпульсній модуляції та системі нечітких висновків на основі адаптивних мереж для отримання надійного методу 
модуляції та зменшення гармонічних спотворень струму статора. У нашому дослідженні ми використовуємо асинхронний 
генератор з подвійним живленням потужністю 1,5 МВт, інтегрований у вітроенергетичну систему з подвійним ротором, 
щоб зменшити пульсації крутного моменту, струму, активної потужності та реактивної потужності. Результати. Як 
показано на рисунках з результатами, використання методу широтно-імпульсної модуляції на основі нечітких висновків 
системи адаптивних мереж покращує ефективність, особливо зменшує реактивну потужність, крутний момент, струм 
статора, пульсації активної потужності, та мінімізує гармонійне спотворення струму (0,08 %) порівняно з класичним 
керуванням. Бібл. 22, табл. 4, рис. 30. 
Ключові слова: асинхронні генератори з подвійним живленням, широтно-імпульсна модуляція, нейро-нечіткі 
алгоритми, непряме керування, орієнтоване на поле. 
 

Introduction. In recent years, the traditional pulse 
width modulation (PWM) technique has drawn much 
attention from industry and research groups. The main 
advantages of the traditional PWM technique are its ease 
of implementation and simple algorithm compared to 
space vector modulation (SVM). But, this strategy gives 
more harmonic distortion of voltage and electromagnetic 
torque ripples. To overcome the drawbacks of the 
traditional PWM technique, a fuzzy PWM strategy has 
been presented [1, 2]. In the fuzzy PWM strategy, the 
hysteresis comparators are replaced by the fuzzy 
controllers. This proposed strategy minimized the 
harmonic distortion of voltage compared to the classical 
PWM technique. In [3], the authors proposed the use of a 
PWM technique with a neural algorithm applied to the 
doubly fed induction generators (DFIG) drive, where the 
hysteresis comparators are replaced by neural algorithms. 
The simulation results show that the neural PWM 
technique is better than the classical PWM strategy in 
terms of reducing the harmonic distortion of voltage and 
torque ripples. In [4, 5], the fuzzy PWM strategy reduced 

the harmonic distortion of voltage compared to SVM and 
neural SVM techniques. 

Recently, the Indirect Active and Reactive Powers 
Control (IARPC) method has been widely used for the 
control of AC machines. IARPC, based on classical PI 
controllers, has attracted a lot of research control 
machines for the last two decades. The IARPC method is 
one of the most used control techniques for wind power. 
This technique is simple algorithms. This technique is 
similar to field-oriented control (FOC). In [6], the authors 
proposed the use of an IARPC method with the neural 
SVM technique. In [7], an IARPC command based on a 
two-level fuzzy SVM technique has been proposed. The 
simulation results show that the IARPC control with 
fuzzy SVM strategy is better than traditional IARPC with 
classical SVM strategy in terms of minimizing the torque 
and active power ripples. In [8], a modified IARPC 
control scheme was proposed based on neuro-fuzzy 
algorithms with SVM strategy, where PI regulators were 
replaced by four controllers based on neuro-fuzzy 
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algorithms. In [9], the IARPC control is the robust control 
compared to the direct active and reactive powers control 
(DARPC) of DFIG. IARPC control and three-level fuzzy 
SVM techniques are combined to reduce the torque, 
active and reactive power ripples of the DFIG [10]. 

The aim of this paper is the reduces the active and 
reactive power ripples and improve the effectiveness of the 
indirect active and reactive powers control using the 
proposed pulse width modulation technique and super 
twisting algorithms (STA) for doubly fed induction 
generators based dual-rotor wind turbine (DRWT) system 
under variable speed wind and also to minimize fluctuations 
in current, active power, torque, and reactive power. 

In this work, the IARPC with STA controllers and 
three-level Adaptive-Network-based Fuzzy Inference 
System – Pulse Width Modulation (ANFIS-PWM) 
technique has been considered. The original contribution of 
this work is the application of the STA controllers and 
three-level ANFIS-PWM technique in the IARPC method 
with a DFIG-based DRWT system. The proposed method 
is compared with a classical IARPC control. The 
simulation results validate that the STA-IARPC with 
ANFIS-PWM technique reduced the torque, active and 
reactive powers ripples of the DFIG-based DRWT systems. 

Three-level ANFIS-PWM technique. The classical 
PWM technique goal is to control the three-level inverter. 
In the three-level PWM technique, six hysteresis 
comparators were used. The PWM technique, which is 
designed to control the classical three-level converter, is 
shown in Fig. 1. PWM techniques are widely used as 
front-end converters in electronic drives. The advantage 
of a classical three-level PWM technique is a simple 
modulation scheme and easy to implement compared to 
the SVM strategy. Its application has been in electronic 
drives and controls. But this technique gives more 
harmonic distortion of voltage and electromagnetic torque 
of AC machine drive. 
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Fig. 1. The classical three-level PWM strategy 

 

In order to improve the classical three-level PWM 
performances, complimentary use of the ANFIS algorithm 
is proposed. The principle of the three-level ANFIS-PWM 
technique is similar to the classical three-level PWM 
technique. The difference is using the ANFIS algorithm to 
replace the classical hysteresis comparators. Figure 2 
shows the principle of the ANFIS-PWM strategy of a 
three-level inverter. Major advantages of proposed PWM 
techniques are as follows: minimized active and reactive 
powers ripples, a simple algorithm, and robust strategy. On 
the other hand, voltage space vectors generated by the 

three-level inverter in the coordinate system α-β are shown 
in Fig. 3, there are a totally of 27 vectors: 25 active vectors 
and three zero vectors in α-β coordinate systems. In this 
work, the modulation method with the use of 6 controllers 
from the same technique has been applied. 
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Fig. 2. The three-level ANFIS-PWM strategy 
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Fig. 3. Voltage space vectors generated by three-level inverter 

in the coordinate system α–β 
 

The schematic diagram of the ANFIS regulator is 
given in Fig. 4. Membership functions in triangular shape 
are shown in Fig. 5. The rule base of the ANFIS is shown 
in Table 1. 
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Fig. 4. Block diagram of the ANFIS algorithm 
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Table 1 
ANFIS rules of the hysteresis comparators 
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ANFIS algorithms were originally introduced in 1993 
[11], the advantage of an ANFIS algorithm is a simple 
method and robust. This regulator has combined the 
advantages of the fuzzy and neural controllers. In order to 
make the ANFIS algorithm, we used the conventional 
neural network with Conjugate Gradiant with Beale-Powell 
Restarts algorithm. In MATLAB software, traincgb is the 
word we use to accomplish this algorithm. 

The schematic diagram of the neural regulator of the 
ANFIS algorithm is shown in Fig. 6. 

 
Fig. 6. Schematic diagram of the neural regulator 

 

The neural controllers consist of an input layer, two 
hidden layers, and an output layer. The parameters of the 
neural regulator for the ANFIS algorithms are shown in 
Table 2.  

Table 2 
Parameters of the neural regulator 

Parameters Values 

Training  
Conjugate Gradiant with Beale-

Powell Restarts (traincgb) 
TrainParam.Lr 0.05 
TrainParam.goal 0 
Performances Mean Squard Error (mse) 

TrainParam.mu 0.8 

Number of input layer 1 

Number of neurons for input 
layer 

2 

TrainParam.eposh 300 
Number of output layer 1 
Number of neurons for output 
layer 

1 

TrainParam.show 50 
derivative Default (default deriv) 
Number of hidden layer 1 
Number of neurons for 
hidden layer 

5 

Coeff of acceleration of 
convergence (mc) 

0.8 

Functions of activation Tensing, Purling, traincgb 
 

Figure 7 shows the neural network training 
performance of the ANFIS algorithm of the PWM 
technique by using the conjugate gradiant with the Beale-
Powell restarts algorithm. 

IARPC strategy. The IARPC algorithm was 
originally introduced in the 1970s [12]. The IARPC 
strategy goal is to control the reactive and active powers 
of the DFIG-based DRWT systems (Fig. 8) 
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Fig. 7. Training performance 

 
The expression of the rotor voltages are: 
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The expression of the rotor fluxes and powers 
becomes: 
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Fig. 8. Structure of the IARPC strategy 

 
The IARPC strategy of a three-phase DFIG-based 

DRWT system with PWM technique is shown in Fig. 9. 
STA-IARPC method with ANFIS-PWM 

technique. The main objective of using the STA- IARPC 
method is to develop a robust control of active and 
reactive powers of the DFIG-based DRWT system. In our  
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Fig. 9. IARPC strategy of the DFIG 

 
system, the reactive and active powers are respectively 
controlled by Vdr and Vqr. 

In the aim to design an advanced IARPC method 
with very small active and reactive powers undulations 
and without harmonic distortion of current, in our work, 
we suggest employing a new IARPC method based on a 
three-level ANFIS-PWM technique and STA algorithms 
for a DFIG-based DRWT system. This is for essential 
objects, including minimizing torque ripple and 
improving active and reactive power quality provided to 
the grid. 

Since the STA algorithm generalizes the basic 
second-order sliding mode control design by integrating 
second-order derivatives of the sliding variable. This 
strategy is proposed by Levant in 1993 [13]. The STA 
algorithms have gained importance in the recent past due 
to their fast response and superior control characteristics. 
The STA algorithm maintains the advantages of the 
classical sliding mode control. This algorithm eliminated 
the phenomena of chattering compared to the classical 
sliding mode control strategy. In [14], the authors 
suggest the use of a direct torque and flux control 
(DTFC) with the STA algorithm employed to DFIG 
drive. A neural STA regulator was designed to improve 
the DTFC control of DFIG [15]. Fuzzy controller and 
STA algorithm are combined to reduce the torque ripple 
of DFIG controlled by DTFC control [16]. ANFIS-STA 
algorithm is proposed to reduce the harmonic distortion 
and electromagnetic torque ripple of DFIG [17]. In [18], 
direct field-oriented control (DFOC) was proposed based 
on the STA algorithm with the SVM strategy. The 
experimental results show that the DFOC with the STA 
algorithm is the robust control compared to the classical 
DFOC strategy. In [19], direct reactive and active power 
control (DRAPC) strategy based on the STA algorithm 
has been proposed. In [20], a modified DRAPC strategy 
was proposed based on the neural STA algorithm with a 
two-level SVM technique, where the PI regulators are 
replaced by the neural STA algorithms. However, active 
and reactive power ripples are considered the main 
drawback of the conventional DRAPC method. In [21], 
the authors proposed the use of a DRAPC with an 
ANFIS-STA algorithm applied to the DFIG-based wind 
turbine. 

The output signal from the STA regulator is 
comparable with the control signal obtained from linear 

PI regulators. The mathematical model of the STA 
regulator can be written as follows [22]: 
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where S is the switching function determined for the STA 
regulator; r is the exponent defined for the STA regulator; 
Ki and Kp are the coefficients of the integral and 
proportional parts of the STA regulator, respectively. 

The schematic diagram of the STA regulator is 
presented in Fig. 10. 
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Fig. 10. Schematic diagram of the STA regulator 

 
Compared with the traditional IARPC strategy, the 

STA-IVC with three-level ANFIS-PWM technique 
ensures diverse advantages such as the reduction of torque 
ripple, harmonic distortion of current/voltage, active 
power ripples. Furthermore, it keeps the robust control, a 
simple method of control with almost no changes in the 
basic structure of the IARPC strategy. The IARPC 
strategy of a three-phase DFIG-based DRWT system with 
the application of the classical STA regulators and 
ANFIS-PWM technique is shown in Fig. 11.  
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Fig. 11. IARPC strategy of the DFIG with the application 

of STA algorithm and ANFIS-PWM technique 
 

In this control strategy, the reactive and active powers 
are controlled by the four STA regulators (Fig. 12). 

Simulation results. The DFIG used in this work is a 
1.5 MW, 380/690 V, 50 Hz, a machine whose nominal 
parameters are reported in Table 3. Both control schemes 
classical IARPC and proposed control are simulated and 
compared in terms of reference tracking, robustness 
against machine parameter variations, and current 
harmonics distortion. The simulations are lead with the 
MATLAB software. 
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Fig. 12. Structure of the STA-IARPC strategy 

 
Table 3 

Parameters of the simulated DFIG 
Pn, MW 1.5  

Vn, V 380  
p 2 

Rs, Ω 0.012  
Rr, Ω 0.021  
Ls, H 0.0137  
Lr, H 0.0136  
Lm, H 0.0135  

J, kgm2 1000  
fr, Nms/rad 0.0024  

f, Hz 50  
 

First test. The objective of this test is to study the 
behavior of both IARPC strategies while the DFIG’s 
speed is considered maintained at its nominal value. 
Figures 15-18 show the obtained simulation results. The 
simulation waveforms of the reference and measured 
active power of the DFIG are shown in Fig. 15. To 
compare the performance of the proposed control with the 
performance of the classical IARPC command with the 
traditional PWM technique. At the load condition, the 
reactive power becomes identified as the load active 
power. On the other hand, these waveforms demonstrate 
that the analyzed STA algorithm allows obtaining control 
signal with the waveforms similar to the output signals 
from linear PI regulators. It can be seen that the active 
power is controlled properly at the given reference value. 

The trajectory of the estimated of reactive power for 
the proposed control schemes is shown in Fig. 16. It can 
be stated that the reactive power is controlled properly at 
the nominal value. 

The simulation waveform of all electromagnetic 
torque of the DFIG for the considered control system is 
shown in Fig. 17. The amplitude of the electromagnetic 
torque depend on the value of the load active power. 

The simulation waveform of all stator phase currents 
of DFIG for the considered control system is shown in 
Fig. 18. The amplitude of the stator currents depends on 
the state of the drive system and the value of the load 
active and reactive powers. On the other hand, Fig. 13, 14 
show the harmonic spectrum of the stator current of the 

DFIG-based DRWT system for the classical IARPC and 
proposed control strategy. It can be observed that the 
THD value is minimized for a proposed control (0.08 %) 
when compared to classical IARPC with a three-level 
PWM strategy (0.47 %). 

The response time of the torque, reactive and active 
powers for both methods are shown in Table 4. It can be 
stated that the proposed control minimized more the 
response time of the electromagnetic torque, reactive and 
active powers compared to classical IARPC with a three-
level PWM strategy. 

Table 4 
Comparative analysis of response time 

Response time 
 

Active power Torque Reactive power 
IARPC-PWM 0.135 s 0.135 s 0.122 s 

Proposed control 3 ms 3 ms 3.7 ms 
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Fig. 13. THD of the IARPC control 
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Fig. 14. THD of the STA-IARPC-ANFIS-PWM method 
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Fig. 15. Stator active power Ps 
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Fig. 16. Stator reactive power Qs 
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Fig. 17. Torque Te 
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Fig. 18. Stator current Ias 

 
The zoom of the active power, reactive power, 

torque, and stator current of the DFIG-based DRWT 
system is shown in Fig. 19-22, respectively. As can be 
seen, the proposed control minimized the ripples in 
torque, current, active and reactive powers compared to 
the classical IARPC control. 
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Fig. 19. Zoom in the active power Ps 
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Fig. 20. Zoom in the reactive power Qs 
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Fig. 21. Zoom in the torque Te 
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Fig. 22. Zoom in the current Ias 

Second test. For analyzing the robustness of the used 
proposed strategy, the DFIG parameters have been 
intentionally changed such as the values of the stator and 
the rotor resistances Rs and Rr are doubled and the values 
of inductances Ls, Lr and M are divided by 2. The DFIG is 
running at its nominal speed. Simulation results are 
presented in Fig. 23-27. As shown by these Figures, we 
notice that parameter variations of the DFIG increase 
slightly the time-response of the proposed strategy. On 
the other, hand these results show these variations present 
a clear effect on the torque, reactive power, stator current, 
and active power curves and that the effect appears more 
important for the classical IARPC than that with the 
designed strategy (Fig. 28-30). According to the 
simulation results in Fig. 23, 24, the THD value of the 
output stator current is about 2.06 % and 0.11 % for 
classical IARPC and proposed strategy, respectively. 
Thus it can be concluded that the proposed strategy is 
more robust than the classical IARPC control. 
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Fig. 23. THD of the IARPC control 
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Fig. 24. THD of the STA-IARPC-ANFIS-PWM control 
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Fig. 25. Active power Ps 
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Fig. 26. Reactive power Qs 
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Fig. 27. Torque Te 

 
The zoom of the active power, reactive power, and 

torque of the DFIG-based DRWT system is shown in 
Fig. 28-30, respectively. As can be seen, the designed 
strategy minimized the ripples in torque, active and 
reactive powers compared to the traditional IARPC 
strategy. 

0.289 0.2895 0.29 0.2905 0.291 0.2915 0.292 0.2925 0.293

3.9

4

4.1

4.2
x 10

5

Time (s)

A
ct

iv
e 

po
w

er
 P

s(
W

)

 

 
Ps(IVC-PWM)

Ps (Proposed control)
Psref

 
Fig. 28. Zoom in the active power 
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Fig. 29. Zoom in the reactive power Qs 
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Fig. 30. Zoom in the torque Te 

 

Conclusion.  
In this work, the super-twisting sliding mode called 

super twisting algorithms (STA) is developed and applied 
to three-phase doubly fed induction generators (DFIG) 
based dual-rotor wind turbine (DRWT) systems using 
three-level adaptive-network-based fuzzy inference system 
– pulse width modulation (ANFIS-PWM) techniques. The 
performance of the super twisting algorithms-the indirect 
active and reactive powers control (STA-IARPC) control 
with three-level ANFIS-PWM techniques is evaluated and 
compared with traditional IARPC and the regular STA-
IARPC methods in the context of power control of the 
DFIG for linear loads. Simulation results show that the 
STA-IARPC with three-level ANFIS-PWM technique 
reduced the active and reactive powers ripples compared to 
the traditional IARPC strategy. Moreover, the STA-IARPC 
strategy with three-level ANFIS-PWM techniques has 
faster dynamic responses compared to the traditional 
IARPC strategy. Also, STA-IARPC with three-level 
ANFIS-PWM technique reduced the harmonic distortion of 
stator current compared to the classical IARPC strategy. 
Detailed simulation results using MATLAB software are 
presented. Basing on all these results it can be concluded 

that robust strategy as the STA-IARPC strategy with three-
level ANFIS-PWM technique can be a very attractive 
solution for devices using DFIG such as DRWT systems. 
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