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 In this paper we are interested in optimizing the wind power capture, using 

the Doubly Fed Induction Generator (DFIG). This machine is preferred  

to other types of variable speed generator because of their advantages  

in economic terms and control. The Artificial Neural Network (ANN) based 

on Direct Torque Control (DTC) which is used to control the electromagnetic 

torque in order to extract the maximum power. The main objective of this 

intelligent technique is to replace the conventional switching table by  

a voltage selector based on (ANN) to reduce torque and flux ripples. 

Moreover, the fuzzy logic controller is used to grid side converter to keep 

DC link voltage constant, and also to achieve unity power factor operation. 

The main advantage of the two control strategies proposed in this paper 

is that they are not influenced by the variation of the machine parameter.  

The pitch control is also presented to limit the generator power at its rated 

value. Simulation results of 1,5 MW, for (DFIG) based Wind Energy 

Conversion System (WECS) confirm the effectiveness and the performance 

of the global proposed approaches. 
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1. INTRODUCTION 

In recent years, renewable energy and cutting carbon emissions have become on the top of the 

global environmental agenda, many buildings are able to use alternative energy sources to meet a substantial 

portion of their energy demands and to reduce dependence on imported fossil fuels in order to make energy 

production more sustainable. Renewable energy can be produced from a wide variety of sources including 

wind, solar, hydro, tidal andgeothermal.The main goal is to conserve the environment through generating 

clean, it alsodrives technological innovation and employment across the world. The wind turbine generator 

system is one of the fastest growing energy technologies in the world which is a clean source of energy that 

produces no air or water pollution. 

Doubly feed induction generator (DFIG) is a very popular machine whichused for variable-speed 

systems where the speed range requirements are small,for example ±30% of synchronous speed, due to the 

many advantages offer over other types of generators, such as reduced inverter cost, because inverter rating is 

typically 25% of total system power, reduced cost of the converterandfilters, becuase filters are rated for  

0.25 p.u. total system power,and converter harmonics represent a smaller fraction of total system harmonics 

thatimproves system efficiency [1] [2], therefore operates in both sub-and super-synchronous modes with  

a rotor speed range around the synchronous speed.The most configuration used in wind energy conversion 

that the stator circuit isdirectlyconnected to the grid while the rotor winding is connected via slip-rings  

to a three-phase converter [3]. In order to get a satisfactory power output of wind turbines, control strategies 

are also needed to bedeveloped on the basis of control strategies that have been previously obtained. 
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The power converter is comprised of the rotor-side converter (RSC) and the grid-side converter 

(GSC) in which the rotor side converter (RSC) is controlled in the aim to follow the optimal electromagnetic  

torque in order to extract the maximal wind power available, while the grid side converter controls  

the DC-link voltage and regulate the power factor at unit  [4]. 

Firstly direct torque control (DTC) has been considered as a solution to many challenges of classical 

methods, such as field oriented control (FOC) and vector control (VC), these classic methods require precise 

information of the machine parameters, such as rotor, stator,  the resistance of the inductance and the mutual 

inductance [5, 6, 7]. Thus the performance is assigned when the real machine parameters differ from those 

used values in the control system because the gains of the PI controllers are constant .Using hysteresis 

controllers instead of conventional PI controllers in the  DTC control leads to good performance despite  

the machine parameters variation. The major problem which associated with the basic DTC scheme lies in 

the high flux and torque ripples due to the variable switching frequency. The direct power control (DPC) is 

proposed in [89 10]this technique is based on the principles of DTC, the optimal voltage vectors is selected 

from a pre-defined switching table which depends on errors value between the reference and estimated values 

of active and reactive power, and the angular position. These classical methods focuses on the use of PI 

regulations (FOC, VC) their robustness is affected with the machine parameter variations and the major 

problem of direct controls (DTC, DPC) is the variable switching frequency that will affect the quality  

of power injected into the network. 

However, this paper proposes an intelligent  and advanced control which is based on a combination 

of Artificial Neural Network (ANN), it also based on Direct Torque Control (DTC) technique applied in RSC 

and fuzzy logic control to control the GSC, this approch of control significantly reduces the ripples  

of eletromanetique  torque and the flux, improve the quality of the power and also gives high performance  

in presence of variations in parameters of the machine . 

The paper is arranged as follows: section-2 the modeling of all systemis presented. Section-3 and 4 

describes the proposed system and the control scheme. In section-5 simulation results and discussion are 

given. Finally a conclusion is presented. 

 

 

2. WECS MODELLING 

2.1. Wind Turbine Model 

Thanks to the turbine, the kinetic energy of wind is converted into mechanical power, the 

mechanical torque developed by the wind turbine is expressed by [11] [12]: 
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where ),( pC is the power coefficient, 
wV  is the wind speed (m/s), R is the radius of the turbine disk, 

 is the air density, t is the turbine speed , is the tip speed ratio and   is the pitch angle. The power 

coefficient of pC  is expressed by (1), it depends of the turbine characteristics (   tip speed ratio and   

blade pitch angle) [13]. The Figure 1 illustrates the curves of the power coefficient versus  for different 

values of  , for each pitch angle, there is one specific optimal tip-speed-ratio opt  at which pC  takes a 

maximum value and  the wind turbine is most efficient. 
 

  

  

 

 

 

 

 

 

 

 

 

Figure 1. The power coefficient variation pC against tip speed ratio and pitch angle   
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where  and i are given by: 
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2.2. Transmission Elements Model 

The fundamental principle of the dynamics is applied to know the evolution of the mechanical 

speed. 
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where J   and f  are the system moment of inertia and the friction coefficient respectively. Figure 2 shows 

wind generator power curves at various,  and Figure 3 shows the mathematical model of the mechanical part 

of the wind turbine with MPPT algorithm. 

 

 

 
 

Figure 2. Wind generator power curves at various 

 

 
 

Figure 3. Wind turbine model with the wind speed 

MPPT algorithm 

 
 

2.3. Maximum Power Point Tracking (MPPT) and Pitch Control 

In order to capture the maximum power of the incident wind, we  must adjust the rotational speed of 

the turbine permanently to the winds. The optimum operation speed of the generator is estimated by the 

following equation: 
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are the tip speed ratio and the rotor speed optimal respectively. The Figure 2 

shows the MPPT curve where the power extracted is maximized. The MPPT operation mode aims to 

maximize power extraction for medium and low wind speeds by following the maximum power point curve (

maxpC ) as depicted in Figure 2.We have to maintain the tip speed ratio at its optimal value, 48.0pC  and 
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  should be equal to 0, to extract the maximum power, to achieve these objectives; the speed ofthe DFIG 

is controlled using the electromagnetic torque, to follow the optimum rotational speed. 

For the high wind speeds, the wind power captured by the wind turbine which exceeds rated value 

allowed, for safety and efficiency reasons, the wind turbines are subject to operating limits this limitation 

is typically achieved by using pitch angle control. The purpose of pitch control is to maintain the optimum 

blade angle to limit the power produced at its rated value in order to protect the wind turbine. For low  

and medium wind speed, the pitch control is inactivated and the output of PI controller equal to 0 which 

means that 0 , where the switch is in position 1, in the opposite case the switch is moved to position 

2 (the pitch control is activated). 

The block diagram of pitch angle system is shown in Figure 4 where ratedP
 
and gP

 
are the rated 

power and the generator power respectively. 

 

 
 

Figure 4. The Block of pitch angle 

 

 

2.4. Modeling of the DFIG 

The DFIG is described in the Park d–q frame by the  following set of equations [14] [11]. 
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where sd , sq , sd , rq , sdi , sqi , rdi , rqi  are the fluxes and currents of the stator and rotor in (dq) axes, 

rR  and sR  are the resistances of the rotor  and stator windings, rs LL ,  and mL  are the stator, rotor, and 

mutual inductances respectively. 

 

2.5. Model of the Converters 

The converter model is expressed by the two following equations: 
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(Sa, Sb, Sc) are logic variables which represent the switch states obtained by the application of the 

proposed control. idc and Vdc are the current and direct bus voltage respectively. 

DC link voltage model is given by [15]: 

 

g
dc

dcr P
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dV
CVP          (16) 

 

where Pr is the active power of rotor-side power converter, Pg is the active power of the grid-side power 

converter and C is the capacitance. 

 

2.6. Filter Model 

The connection of the GSC to the electrical network is realized out via an RL filter in order to 

reduce the harmonics frequency generated from power converter commutations. The model of the filter is 

given by [16]: 
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The Park transformation of equation (17) gives the following equations: 
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where fR  and fL  are the filter resistance and filter inductance respectively, fdi  and fqi  are the currents of d-

axis and q-axis which crossing  the filter respectively, fqV  and fdV  are the filter voltage  of q-axis and d-axis 

respectively, gdV  and gqV  are the grid voltage components of d-axis and q-axis respectively, and e  is the 

grid frequency. 

 

 

3. DTC  PRINCIPLE OF DFIG 

The direct control strategy has many advantages, a simplest structure, the fast dynamic response, 

reliability and lowerparameter dependency [17], but ithas some drawbacks, such as the torque and flux ripple. 

To overcome this kind of problem, we have applied in this work an DTC based on artificial neural network 

(DTC-ANN), it is an improvement of the classical DTC. In the following, we define the equations that will 
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The module and the phase  of the rotor flux  are given by: 

 



























r

r
r

rrr

arctg

22

         

(21) 

 



        ISSN: 2088-8694 

IJPEDS Vol. 7, No. 3, September 2016 : 688 – 700 

693 

The electromagnetic torque equation of the DFIG in stationary reference frame is a function of the 

rotor, the stator fluxes and the angle )( , sr 


[18]: 

 




sin.
2

3
sr

sr

m
em

LL

L
PT 

       

(22) 

 

where
sr

m

LL

L2

1 is the leakage coefficient and is the angle between the space vectors of the statorand 

rotor flux. According to this equation we can notice that the torque depends on the rotor and stator flux 

amplitudes and also the angle   between the space vectors. The stator flux space vector werecreated in the 

machinethat has constant amplitude because the stator of the DFIG is connected to a balanced grid, by 

controlling the angle and the rotor flux amplitude; it is possible to control the electromagnetic torque so that it 

has the desired value which allows us to extract the maximum power. 

When the vector of rotor flux is in zone i, the control of the electromagnetic torque and the rotor flux 

can be obtained by selecting one of the eight vectors following the information presented in Figure 5. 

Depending on the value of the torque error, the output of the hysteresis regulator (3-level), Figure 6 KTem can 

take a value of 1, -1, or 0 which mean increase, decrease, or keep the value of electromagnetic torque. 

Similarly, depending on the flux error, the output of the hysteresis regulator (two-level), Figure 6 can take 

only a value of 0 or 1 which mean increase or decrease of the rotor flux. 

 

 
 

Figure 5. Detection of vector voltage 

 
 

Figure 6. Levels hysteresis regulator for torque and flux 

 

 

The control Table 1 allows choosing the adequate vector according the output value of the hysteresis 
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and analysis in new ways [19] [17]. A feedforward neural network is organized in layers:  an input layer, one 

or more hidden layers and an output layer. The backpropagation algorithm is the best-known learning 

algorithm for multilayer networks. 

In this work, the intelligent technique hasbased on Artificial Neural Network whichwas used to 

replace the classical switching table by the neural network selector inorder to reduce torque ripple and flux. 

The inputs of the ANN selector block are the position of rotor flux vector represented by a number of sectors 

and the outputs of the hysteresis comparator for the torque and rotor flux. The outputs of this block are the 

impulses thatallowing the control of the inverter switches (Sa, Sb, Sc). 

The  control scheme of  the  proposed  DTC  based  on Artificial Neural Network  for  a  DFIG 

system which is  illustrated  in  Figure 7. The Network that hastaken in this application is a 3-5-1 feed 

forward network  Figure 8 where the first layer is from a log sigmoid transfer function, hidden layer is 

hyperbolic tangent sigmoid transfer function and the third layer (output) is of linear transfer function.  

The training method used was Levenberg-Marquardt back-propagation 

 

 

 
 

Figure 7. Schematic diagram of the control DTC based 

 

 
 

Figure 8. Feed Forward NN for sector selection 

on ANN for a DFIG 

 

 

4. CONTROL OF THE GRID SIDE CONVERTER (GSC) 

The control system presented in this part is based on fuzzy logic controller (FLC) is selected mainly 

for two reasons: The first one, it does not need any mathematical model of the process under control and the 

second one, is simple and easy for practical implementations, it is able to give a very satisfactory 

performanceto control the grid side converter of DFIG in order to inject the power produced by the rotor into 

the networkwith unit power factor and regulating the DC bus at a desired value. The reactive power Q g  

and active power Pg flows are respectively expressed as follow: 
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The grid voltage space vector is aligned  along  the  D-axis , we obtain 
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The reactive and active power exchanged with an electrical networkwhich can be expressed after 

orientation by equation (25), consequently we can control the active power by the d-axis current and reactive 

power by the q-axis current, and the reference values of quadratic current and direct current components can 

be expressed respectively as follow equations (26): 
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We generate the reference of active power by regulating the direct bus voltage with a fuzzy logique 

controller generating the current reference refci   to the capacity Figure 9. Thus, we can express refp  as: 
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Figure. 9. DC bus control bloc diagram 
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



















comp
fq

comp
fd

V

fdefqfq

V

gfqefdfd

iLeV

ViLeV




        (30) 

 

where 
















dt

di
LiRe

dt

di
LiRe

fq
ffqfq

fd
ffdfd

        (31) 

+ - 

 
refci 

 
dcV

 
refcP 

+ - 

 
dci

 
refP 

refdcV 

 



IJPEDS  ISSN: 2088-8694  

 

Intelligent Control for Doubly Fed Induction Generator Connected to the Electrical … (Anass Bakouri) 

696 

Figure 10 shows the Fuzzy logic controllerwhere pE
 
and qE

 
are the current errors  and (  pE

 

and  qE ) the integration of current  errors are used as inputs to the FLC. We added to the output of the FLC, 

the terms coupling in order to generate the rotor reference voltagesthat applied to the grid side converter. 
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Three independents FLCs are used to control the reactive powersthat exchanged between the DFIG 

and the grid and also to control the dc-link voltage Vdc. The fuzzy logic controller contains three functional 

blocks: fuzzification, fuzzy rule base and defuzzification. There are 49 control rules indicated in Table 2: 

where pqE  and  pqE  as the input signals to the FLC, to compute the output of the FLC, the defuzzification 

uses the center of gravity method for each FLC [20], the overall structure of the fuzzy logic control of grid-

side converter is  shown in Figure 11. 

 

 

 
 

Figure 10. Block diagram of fuzzy controller 

 

 

 
 

Figure 11. Control block diagram of grid-side converter 

 

 

5. SIMULATION RESULTS 

To check the effectiveness of the proposed control strategies under varying wind speed, simulation 

studies were performed for a 1.5 MW DFIG-based WECS using Matlab / Simulink software. Figure 12 (a) 

shows the wind speed profile of DFIG-based WECS. The wind speed varies around the rated wind speed 

which is 12 m/s. The variation of the wind speed provokes the change of way of functioning in the system. 
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(12m/s), thus the  wind turbine can generate  the  maximum  power  according  to  the specific wind speed. 

Case 2: For high wind speeds, the pitch control starts operating. Therefore the pitch angle is increased in 

order to limit the captured wind power to its rated value.   
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Figure 12. (a) wind speed, (b) Coefficient of performance, (c) tip speed ratio and pitch angle,  

and (d) Mechanical speed with Optimum speed of reference, (e) Mechanical power, (f) Active stator  

and rotor power 

 

 

The Figure 12(b) shows the coefficient power which is equal to 48.0pC for MPPT mode  

and 48.0pC  for Pitch control mode. The Figure 12(c) shows the tip speed ratio and pitch angle for 

the MPPT mode 1.8  and 0 , for Pitch controlmode 1.8 and 0 , and also the 

output power is kept at rated value as shown in Figure 12 (e). The Figure 12 (d) shows that the generator 

speed follow the optimum speed very well. The Figure 12 (f) displays the evolution of the active power of the 

stator and rotor. 

Figure 13(a) and Figure 13(b) show that the electromagnetic torque and the rotor flux follow their 

reference values respectively. The Figure 13(c) shows that the DC-link voltage is regulated to the reference 

value fixed at 1400 V.It can be seen that the reactive power is kept at zero value to get the unity power factor 

operation, as shown in Figure 13 (d).  

The robustness of the proposed control strategy is testedby using the variation of the rotor resistance 

whichvalue used to estimate the rotor flux as shown in (20) is reduced to 20% of its real value. First case 

(with no variation in parameter of machine): the simulation results are presented in Figure 13 A. 

Second case (with 80% rotor resistance error): Figure 13 B shows the simulation results for the same 

operation conditions as those shown in Figure 13A, but a variation 80% rotor resistance error was applied  

from the time t=3 s to t=6s. By comparing the results of Figure 13A and Figure 13B with and without 
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variation of rotor resistance, we can observe that there is almost no difference in the result even with a large 

change in the rotor resistance, the system maintains excellent performance. 
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Figure 13. Simulated results (A) without rotor resistance error and (B) with 80% rotor resistance error 

applied fromthe time t=3 s to t=6s: (a) Electromagnetic torque and its reference, (b) Rotor flux with its 

reference, (c) Dc-link voltage and (d) Grid reactive power 
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strategiesare combined, the first one is a direct torque control strategywhich is based on ANN and the second 

one is the fuzzy logic control. The MPPT method  and pitch control are proposed and incorporated in the 

0 2 4 6 8 10
-12000

-10000

-8000

-6000

-4000

-2000

0

2000

Time (s)

a
) 

E
le

c
tr

o
m

a
g

n
e
ti

c
 t

o
rq

u
e
  

(N
.m

)

0 2 4 6 8 10
-12000

-10000

-8000

-6000

-4000

-2000

0

2000

Time (s)

a
) 

E
le

ct
ro

m
a

g
n

et
ic

 t
o

rq
u

e 
(N

.m
)

0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

1

1.2

1.4

Time (s)

b
) 

R
o

to
r 

F
lu

x
  

(V
.s

)

0 2 4 6 8 10
0

0.2

0.4

0.6

0.8

1

1.2

1.4

Time (s)

b
) 

R
o

to
r 

fl
u

x
 (

V
.s

)

0 2 4 6 8 10
1390

1395

1400

1405

1410

Time (s)

c)
 D

c-
b

u
s 

v
o

lt
a

g
e 

(V
)

0 2 4 6 8 10
1390

1395

1400

1405

1410

Time (s)

c)
 D

C
 b

u
s 

v
o

lt
a

g
e 

(V
)

0 2 4 6 8 10
-1

-0.5

0

0.5

1
x 10

6

Time (s)

d
) 

R
ea

ct
iv

e 
p

o
w

er
 

0 2 4 6 8 10
-1

-0.5

0

0.5

1
x 10

6

Time (s)

d
) 

R
ea

ct
iv

e 
p

o
w

er



        ISSN: 2088-8694 

IJPEDS Vol. 7, No. 3, September 2016 : 688 – 700 

699 

control circuit of the power converter to extract the maximum power of the DFIG and also to limit the power 

at the nominal value for safety reasons. The simulation results are presented to show the effectiveness of the 

proposed control strategy. It is clear that the fuzzy logic controller gives an excellent performance in terms of 

regulation of the DC bus voltage and reactive power. The DTC based on ANN reduce greatly the ripple of 

the torque and flux. The developed models have been implemented using MATLAB/SIMULINK. 

 

 

APPENDIX 

Parameters of machine: Pn = 1.5 MW, fn = 50 Hz, Un = 690 V (line–line, rms), Number of pole 

pairs =2, Stator resistance Rs = 0.0.0023 Ω, Stator leakage inductance: Ls = 0.00293 H, Rotor resistance: Rr 

= 0.002 Ω, Rotor leakage inductance: Lr =0.00297 H, Magnetizing inductance: Lm = 0.00288H. 
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