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 The objective of this paper is to study the dynamic response of the wind 

energy conversion system (WECS) based on the Doubly Fed Induction 

Generator (DFIG). The DFIG rotor is connected to the grid via a converter. 

The active and reactive power control is realized by the DFIG rotor variables 

control, using the field oriented control (FOC). The vector control of DFIG is 

applied by the use of tow regulators PI and the neural network regulator 

(NN). The generator mathematical model is implemented in Matlab/ 

Simulink software to simulate a DFIG of 1.5 MW in order to show the 

efficiency of the performances and robustness of the studied control systems. 

The simulation obtained results shows that the robustness and response time 

of the neural network regulator is better than those obtained by the PI 

classical regulator. 
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1. INTRODUCTION 

Wind power is one of the renewable energies which has a use growth in the world due to clean and 

non-polluting nature of this technology [1] [2]. Several machines were used in WECS, but the range of wind 

speed was limited in classical machines, the advanced technology created DFIG which solves this problem 

and makes these systems more powerful. Several control methods of the DFIG are appeared, among them, 

the vector control [3]. The principle of this control is to make DFIG similar to separate excitation DC 

machine.  

Zerzouri et al. [4]have tried to improve the performance of a DFIG wind energy conversion system, 

they have proposed the vector control with the PI controller to decouple the active and reactive power of the 

stator. They have used a single PI in each control loop, but this control has oscillations, exceedances, and the 

decoupling is not fully maintained. Poitiers et al. [5] have used the RST polynomial controller, they have 

found that the RST control is more robust than the PI control compared to the rotor resistance variation, but 

the oscillations remain apparent. 

Hamane et al. [6] have investigated the decoupling control of active and reactive DFIG powers by 

the Sliding Mode (SM) regulator which shows superiority over PI during robustness testing, but this method 

had a slow response time. Viswanadha et al. [7] have commanded the DFIG by two methods; the DPC 

command and the power transfer matrix model, they have concluded that the power transfer matrix method 

has a better result than the DPC command. Giannakis et al. [8] have presented a study of the decoupled 
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control of P-Q without mechanical sensor for DFIG-based WECS with intelligent controllers. They are 

focused on the implementation of fuzzy logic controllers combined with conventional PI for the adjustment 

of active and reactive power. 

In these last years, a big interest is given to the use of neural network in identification and control of 

the nonlinear systems [9] [10]; this is mainly due to their capacities of training and generalization. Mishra et 

al [9] have developed an indirect vector control by implementing intelligent controllers (Fuzzy and Neural 

netwerk) to control the speed of an induction motor (IM), they have concluded that the controller based on 

the neural network has a more robust than the PI and fuzzy logic controllers. 

This paper presents a comparison between the WECS performance using PI and NN controllers. The 

PI regulator is simple and easy in implementation and gives acceptable performances, but it hasn't robustness 

in case of parameter variations.The neural network controller is proved to be an interesting method for the 

design of controllers and applied in many fields because of its excellent properties, such as insensitivity to 

external disturbances and parameter variations, It can present also fast dynamic responses if the switching 

devices support a high frequency. The studied system is presented in (Figure 1). 

 

 

 
 

Figure 1. Diagram of the studied system 

 

 

2. MODELING AND CONTROL OF DFIG 

2.1.  DFIG modeling 

The Park transformation of the DFIG electrical equations gives the following equations [11]-[14]: 
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The electromagnetic torque is given by:  
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2.2.  Power control 

To easily control the electrical power produced by the DFIG, an independent control of the active 

and reactive powers is applied by FOC of stator. The principle of this method consists in aligning stator field 

along the d axis of Park reference frame in order to eliminate the coupling between the powers. (Figure 2)  

[3] [15]. We have a quadratic stator flux null ( 0sq ), then the direct stator flux is given by ssd  . The 

equation systems (1) and (2) can be simplified as the following form: 
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For the high power machines, the resistance of the stator windings are neglected. Equation 6. 

 

 

 
 

Figure 2. Position of the stator flux [16] [17]. 
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The active and reactive stator power in the Park reference, are written as: 
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According to FOC, the equation systems (9) can be simplified as: 
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2.3.  Control of active and reactive powers of DFIG 

The decoupling of the active and reactive powers is due to voltages and currents which are evaluated 

using transient equations of the machine [18]. This method is favored with microprocessors, but it is very 

sensitive to parameter variations of the machine. The voltages are calculated using the power equation. 
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In this used method, the power is controlled using two cascade controllers, the first is the power 

controller and the second is the current controller. Figure 3. 

 

 

 
 

Figure 3. Control diagram of DFIG. 
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3. NEURAL NETWORK CONTROL 

The use of an analogical controller leads to the performance degradation in nonlinear and several 

processes [19], [10]. Many intelligent control methods have been applied on DFIG as fuzzy control, neural 

networks [20], [10].   

The use of neural networks is a technique for controlling complex systems can be justified by its 

simplicity of implementation (preliminary mathematical analysis) [21], [10]. In this work, we consider the 

process as a black box that has the ability to control the minimum of process informations. The idea is to 

replace the four PI regulators of FOC by neural regulators (NN) simple. For the training of the neural weights 

from PI regulators, we use an algorithm of back-propagation called the algorithm of Levenberg-Marquardt 

(LM) [22] [23]. 

Each neural network has a function that is well defined depending on selected architecture (hidden 

layers number and neural number in each hidden layer). The problem is to find the NN regulator that gives 

the better results. In our case, we take a structure of neural network with only one hidden layer that 

containing three neurons using the sigmoid transfer function (Figure 4). 

 

 

 
 

Figure 4. Configuration of the multilevel perceptrons: (1-3-1). 

 

 

The global diagram of FOC control with neural network regulators is presented in (Figure 5). 

 

 

 
 

Figure 5. Global diagram of FOC control with neural network regulators 

 

 

4. SIMULATION RESULTS 

To prove the robustness and effectiveness of proposed control system, we apply the previous 

proposed controller to control of the deoubly-fed induction generator with wind energy conversion system. 

The generator and conversion system parameters are given in appendix.  The configuration of the overall 

control system is shown in Fig.05. It mainly consists of a doubly-fed induction generator, a ramp comparison 

current-controlled pulse width modulated (PWM) inverter, an inverse park, a field oriented control and an 

outer power feedback control loops. Two different operating conditions are simulated, reference tracking and 
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robustness against DFIG parameters variation, to illustrate the operation of the PI controller, RST controller 

and the proposed NN regulators.  

 

4.1.  The reference tracking 

In this test, the simulation has been done with the rated parameters of the DFIM. This test consists 

of step changes in active and reactive powers in order to observe the system behavior with the proposed 

controller.  The active and reactive power changes are made at 0.35sec and 0.45sec, respectively. 

The performance of wind energy conversion system with DFIG under this operating points test is 

shown in figure 6. This figure shows the active and reactive power responses for the PI, RST and NN 

controllers. The obtained results that are shown in figure 6 prove that the proposed controller has good 

performances in active and reactive power tracking. It is clearly observed that the oscillations decrease and 

the proposed NN controller present minimal rising time, no overshoot and negligible steady-state error 

compared to PI and RST regulators. 

 

 

 
 

Figure 6. Simulation results for reference tracking using PI, RST and NN regulators. 

 

 

 

4.2.  Robustness test aginst parameter variation 

The effectiveness of the proposed WECS with DFIG for the different controller has been tested 

under DFIG parameters variation. This second test consists of change on rated values of rotor resistance, 

stator inductance, rotor and mutual inductances. The applied variation rotor resistance is 50% of its nominal 

value whereas the stator and rotor inductance has been increased by 10% to their rated values. Finally, a 

decrease of 10% on the mutual inductance has been done.The performances of WECS with DFIG under this 

operating points test are depicted in figure 7-10. Figure 7 shows the simulation results of the system using the 

different controllers for rotor resistance variation. We notice here that the same reference of active and 

reactive power has taken for this test. From the simulation results, it is clearly observed that the system is not 

sensitive to this parameter variation and the NN controller shows good performance compared to another 

controller (PI and RST regulator). The performance of the system in the presence of the rotor and stator 

inductances are depicted in figure 8 and 9. Form the simulation results, it can be seen that the variation in 

rotor or stator inductances has an important effect on the control performance of WECS for the PI and RST 

regulators. However, the NN regulator presents the best performance in active and reactive responses 

compared to classical PI and RST regulators.  

Finally, the dynamic responses of the wind energy conversion system equipped whit DFIG system 

under mutual inductance variation are illustrated in figure 10. The obtained results showed that mutual 

inductance has an important effect on the system responses for the classical regulators. However, the NN 

regulator can keep the same characteristics against this variation with a small effect on the rise time response. 

 

 

 

 

 

 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-20

-15

-10

-5

0

5
x 10

5

Time (s)

A
c

ti
v
e

  
p

o
w

e
r 

(W
)

 

 

0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8
-1

-0.5

0

0.5

1
x 10

6

Time (s)

 R
e

a
c

ti
v
e

 p
o

w
e

r 
(v

a
r)

 

 

P
s
ref

P
s
(PI)

P
s
(NN)

P
s
(RST)

Q
s
 ref

Q
s
(PI)

Q
s
(NN)

Q
S
(RST)



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Artificial Intelligence Control Applied in Wind Energy Conversion System (Arama Fatima Zohra)  

577 

 
 

 

Figure 7. Simulation results for reference tracking 

using PI, RST and NN regulators with rotor 

resistance variation (+50 %) 

Figure 8. Simulation results for reference tracking 

using PI, RST and NN regulators with stator 

inductance variation (+10 %). 

 

 

 
 

 

Figure 9. Simulation results for reference tracking 

using PI, RST and NN regulators with rotor 

inductance variation (+10 %) 

Figure 10. Simulation results for reference tracking 

using PI, RST and NN regulators with mutual 

inductance variation (-10 %) 

 

 

5. CONCLUSION 
This paper presented a WECS based on DFIG. The studied device is composed of a DFIG with the 

rotor connected to the grid via a converter. The FOC of DFIG has been presented to regulate the active and 

reactive powers of the machine. The regulation is made with PI, RST regulators and with neural networks. 

The architecture of the neural network corrector retained is 1-3-1. It enabled us to improve the dynamic and 

static performances of the DFIG. Three different controllers are analyzed and compared. In the case of power 

reference tracking, the performances of the three controllers are almost similar but with a faster response time 

for the regulator neural network. A robustness test has also been investigated where the machine’s parameters 

have been modified, the impact on the active and reactive powers values is important for PI controller 

whereas it is almost negligible for NN regulators. 
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APPENDIX 

Table 1. Parameters of DFIM 
Symbol Value 

Rated Power PN 1.5 MW 
Stator resistance Rs 0.012   

Rotor resistance Rr 0.021   

Stator inductance Ls 0.0137 H 
Rotor inductance Lr 0.0136 H 

Mutual inductance Lm 0 0.0135 H 

The friction coefficient fr 0.0024 N.m.s1 
Slip g 0.03 

Pole Pairs p 2 
 

Table 2. Parameters of Turbine 
Symbol Value 

Radius of the wind 
turbine R 

35.25 m 

Gear box G 90 

inertia J 1000 kg.m ² 
Surface swept by 

rotor S 

π ∙ R² m ² 

Air density   1.22 kg/ m 3 
 

Table 3. Parameters of Feed 
Symbol Value 

Stator rated voltage 
Vs Rated 

398/690V 

Frequency stator f 50 Hz 

Rotor rated voltage Vr 225/389 V 

Rated frequency 

stator f2 

14 Hz 

 

 


