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Abstract- This paper describes the models of wind power 
system, such as the turbine, the generator, the power electronics 
converters and the controllers, with the aim to control the 
generation of wind power in order to maximize the power 
generated with the lowest possible impact in the voltage and the 
frequency of the grid during normal operation and under the 
occurrence of faults. The present work considers a wind power 
system equipped with the Doubly Fed Induction Generator 
(DFIG) and a converter connected between the rotor and the 
grid. This system allows independent control of active and 
reactive power using neural networks based controllers. 

 

I. INTRODUCTION 

The aim of the control system of a wind turbine is to obtain 
a secure and automatic operation of the turbine using an 
optimized flow of the generated power. This will reduce 
operation costs, producing a consistent dynamic response and 
improving the quality of power. Also, it helps in the assurance 
of the safety for the maximization of the energy captured due 
to the decrease of the turbine load. 

The present development in the wind power domain 
production is strong on the development of methods and 
technologies capable of providing the production of energy 
based in systems using the asynchronous induction generator. 
This development is only possible with the association of the 
electric machine with power electronics converters capable of 
imposing to this type of machine conditions of variable speed 
for the actual unit power levels of produced energy [1]. 

In this scene of integrated production, based in variable 
speed asynchronous machines, there are needed methods 
capable of controlling the system imposing an optimal power 
flow in the electric machine according to certain conditions of 
the rotor speed, [2]-[4].  

The application of artificial intelligence techniques in the 
fields of the power electronics and control systems has been 
growing. These techniques, based on intelligent systems such 
as fuzzy logic and neural networks (NN), need a large database 
and knowledge that together will describe the functioning with 
a logical analysis, instead of a mathematical analysis to control 

systems and to make possible the taking of decisions. Actually, 
NNs tend to be applied in the field of power electronics and 
control systems. This tendency takes us to substitute some 
parts of the common vector control systems by a NN based 
control system [5]. 

In this research work it is presented an application of NNs in 
vector control systems for a DFIG used in a wind power 
system. This technology, relatively new in this type of 
application, will be used to efficiently substitute conventional 
controllers. 

For the vector control system it is used a feed forward back 
propagation neural network [6] in order to substitute some 
parts of the vector control system. They are used to estimate 
and provide the reference currents to control the system 
variables. Each neural network is designed, trained and tested 
as a part of the control system with the aim of optimization the 
production of energy, having in account the quality of the 
power delivered to the electric grid. 

It is shown that the feed forward back propagation NN type 
can be used to generate the reference control voltages for the 
rotor-side and grid-side converters, decoupling the machine 
active and reactive powers.  

Thus, an interactive approach is made supported in an 
integrated model developed in the Matlab/Simulink 
environment in order to complete the study of the wind power 
production system. 

It is verified that the use of control techniques with NNs has 
not been widely used in this field. Reference [7] presents a 
control system based on NNs to generate a value for the 
aerodynamic power coefficient, pC . A similar work was 
presented in [8]. It is in this context that this work gives its 
contribution, presenting a control strategy using NNs to 
generate the reference parameters to control the generator: the 
operating point changes during the normal functioning or, in 
the case of using turbines of variable speed or in situation of 
fault occurrence, PI controllers can’t supply an enough 
damping or an acceptable performance. To avoid this 
drawback voltage and power regulators based on NNs are 
introduced, since neural networks offer more advantages than 



non-linear adaptive controllers in terms of robustness, 
performance, learning capability and greater flexibility. Thus, 
it is demonstrate that NNs can be implemented and used in the 
control of real time wind energy conversion systems. Behalf 
that, the implemented system revealed to be more robust and 
with a superior performance than systems that use traditional 
control methods like PI ones. 

II. SYSTEM MODELS 

A. Turbine and Drive-train 

For the determination of the aerodynamic power and torque 
( )βλ ,CP  curves for each turbine are used. Each curve can be 

understood as a set of the turbine ( )λPC curve for different 
values of the pitch angle β. Each operation point ( )λPC  with a 
particular β represents one situation of equilibrium. Thus, the 
representation of the ( )βλ ,CP  curves is used considering that 
the turbine is in equilibrium in each point of its operation. In 
those conditions, the aerodynamic power is given by the 
following expression [9]: 

 ( )βλρπ ,CvRP Pae
32

2
1

=  (1) 

with R being the radius of the turbine and v the wind speed. 
The drive-train mechanical model is described by its space-

state equations [10]:  
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with the input variable [ ]Tmr Tu ω= , output variables 

[ ]TmmavvTy ωθ= and state variables [ ]Tmmkx ωθθ= . 

B. Doubly Fed Induction Generator 

The model of the asynchronous machine uses the Park 
equations [11], expressing the variables in the dq reference 
system, rotating with the speed of the stator voltage 
(synchronous frame). An approach of the coupling circuit and 
the notation of the machine used is the same used by Ong [12]. 
The voltage equations of the stator circuit and of the rotor can 
be written of the following form: 
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The developed torque is given by:  

 ( ) ( )dsqrqsdrmqrdrdrqrem iiiiLpiipT ′−′≈′′−′′=
22

3
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3 λλ  (6) 

The rotor rotating movement equation is obtained equating 
the accelerating torque to the inertia torque and friction:  
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C. Back-to-Back Converter 

The model used for the converters is show in Fig. 1 and uses 
the average converer model in the qd reference frame [13].  

The grid angular position tωθ =  is obtained by means of the 
use of a Phase Locked Loop (PLL) available in the 
Matlab/Simulink Toolbox. The operation of the grid-side 
converter is described by the equations:  

 
 
Fig.1. Back-to-back converter for the grid connection of the DFIG. 
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being the dd and dq the converter duty cycles and R the 
resistance equivalent to the power flow in the DC bus.  

The operation of the rotor-side converter is described 
similarly as the previous converter. 
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D. Control Strategies 

Generally, the main goals of the control strategies for wind 
turbines are [14]: 

1. to maximize the production of energy;  
2. to guarantee a secure functioning of the turbine;  
3. to minimize the operation and maintenance costs 

through the load reduction and increase of the life 
time use. 

It is intended to control the power delivered by each 
generator in a way to optimize the operation of the wind park 
with propose to deliver the maximum active power to the grid 
in conditions of quality of service and safety. Also it intends to 
control the reactive power flow according to specified needs 
and due to the limitation of normative laws and dispatch. 

Thus, an adequate control strategy cans [15]: 
• control the active power supplied by the turbine in 

order to optimize the operating point; 
• limit the active power in the case of high wind speed; 
• control the reactive power interchange between the 

generator and the grid, especially in the case of weak 
grids, where voltage fluctuations can occur; 

• guarantee the quality of service of the wind park, 
namely the grid voltage; 

• minimize the wind park exploration and maintenance 
costs. 

The conversion system contains two control modules, one 
for the rotor-side and another for the grid-side converter. The 
aim of the rotor-side converter is the independent control of 
the active power and reactive power which are controlled, not 
directly, but through the control of the rotor current. The aim 
of the grid-side converter is to keep the DC voltage constant in 
the intermediate capacitor in order to guarantee an operation of 
the converter with unity power factor, guaranteeing only the 
exchange of reactive power through the stator. The rotor-side 
converterr is controlled from the diagram presented in Fig. 2, 
[16].  

 
Fig. 2. Generic control block diagram for the rotor-side converter. 

 
In Fig. 2, PS is the active power and QS is the reactive power 

measured in the stator of the generator, Pref is the reference 
value for the active power and is obtained from the turbine 
characteristic for the actual rotor speed and pitch angle. The 
value of Qref is defined in a way to keep constant the voltage at 
the grid connection. 

III. CONTROL SYSTEM USING NNS 

A. Introduction 

The control system uses NNs to substitute some blocks of 
the system of traditional vector control with PI controllers 
[16]. These NNs was developed in the Matlab/Simulink 
environment and will allow to present comparisons between 
the traditional systems with PI controllers and the NNs 
systems. Thus, it is intended to present a controller based on 
neural networks to be used in the control system alternatively 
to the ones based on PI controllers. 

The NNs are used with the intention of efficiently extracting 
the wind energy; this is, to be able to extract the maximum 
power of the turbine during some situations of functioning 
through the estimation of the two converters control 
parameters.  

B. NNs Controllers Architecture 

For the rotor-side controller was used a 7-15-10-2 neural 
network configuration as is shown in Table I, where the inputs 
are the stator and rotor currents, the rotor-side reference 
currents and the rotor angular speed, and the outputs are the 
reference voltages to control the rotor-side converter. 

For the grid-side controller was used a 7-18-8-2 neural 
network configuration as is shown in Table II, where the inputs 
are the stator currents, the grid-side reference currents, and the 
angular frequency ωs, and the outputs are the reference 
voltages to control the grid-side converter. 

In the NN training, the learning algorithm [17] actualizes the 
values of the weights and bios values according to the 
descendent gradient with momentum factor and adaptive 
learning ratio, also indicated in the table. The sampling 
frequency is of 20 kHz. The numbers of time delays used in 
each layer of the neural networks has been adjusted as a result 
of several simulations. 

The used learning input-output pairs were generated by 
several system simulations and contemplate points with the 
machine operating in three zones: below, near and above the 
synchronism speed. 



TABLE I 
ROTOR-SIDE CONTROLLER NEURAL NETWORK ARCHITECTURE 

 1st Hidden 
Layer  

2nd Hidden 
Layer  

Output 
Layer 

No of inputs  7 inputs 
No of neurons 15 10 2 

Activation function - ϕ Symmetric 
sigmoidal 

Symmetric 
sigmoidal Linear 

Time delays 7 3 2 
Parameter - γ 2,0 2,0 - 
Parameter - a 2,0 2,0 - 
Parameter - c -1,0 -1,0 - 
No input-output training pairs 80.000 
No of iterations 1633 
Error < 9,98E-6 
Learning coefficient - η 0,05 
Momentum - α  0,9 

  
TABLE II 

GRID-SIDE CONTROLLER NEURAL NETWORK ARCHITECTURE 

 1st Hidden 
Layer  

2nd Hidden 
Layer  

Output 
Layer 

No of inputs  7 inputs 
No of neurons 18 8 2 

Activation function - ϕ Symmetric 
sigmoidal 

Symmetric 
sigmoidal Linear 

Time delays 7 3 2 
Parameter - γ 2,0 2,0 - 
Parameter - a 2,0 2,0 - 
Parameter - c -1,0 -1,0 - 
No input-output training pairs 80.000 
No of iterations 1313 
Error < 9,99E-6 
Learning coefficient - η 0,05 
Momentum - α  0,9 
  
1- below the synchronism speed, where active power is 

supplied to the rotor of the machine; 2- in a zone near the 
synchronism speed, where the active power flow in the rotor of 
the machine is practically zero and 3- in a zone above the 
synchronism speed, where the machine supplies active power 
to the grid through the stator and the rotor. 
 

IV. RESULTS 

A. Reactive Power Control 

In this simulation it is intended to vary the value of the 
reactive power in two steps, a first positive one of 0.2 pu, and 
the other, negative, of 0.4 pu. Fig. 3 and 4 show the signals of 
the reference voltages generated by the current regulators for 
the controllers of the grid-side and the rotor-side converters 
with NN (in the blue colour) and PIs (in the green colour) 
while Fig. 5 shows the active and reactive power flow. 

It can be verified that the behaviour of the system with the 
NN is identical to the system with PI controllers. 

The response of the NN, face to the response of PIs 
controllers presents, generally, transients of lower amplitude, 
faster response and no difference in steady state. 
 

  
Fig. 3. Reference grid-side voltages vdq , due to a step change in the reactive 
power. 

 
Fig. 4. Reference rotor-side voltage vdq , due to a step change in the reactive 
power. 

 
Fig. 5. Active power and reactive power, due to a reactive power change. 

The three figures show that the direct component of the 
reference voltage has a significant level to the control of the 
reactive power of the grid-side controller, having the 
remaining units very low levels, of the order of hundredth of 
pu. 
 



It can be verified that the response with the NN is more 
desirable, not only because in the transition the signal peak is 
lower in the active power and it does not have a peak in the 
reactive power, but also for having a faster response to reach 
the stationary point, namely the value of the active power after 
190 seconds. 

B. Active Power Control 

In a second test it is intended to verify the response of the 
system generator/converter due a variation of the active power 
flow. This variation consisted in applying a negative pulse of 
amplitude equal to 0.2 pu. The reference voltage signals for the 
controllers of the grid-side and rotor-side converters are 
registered in Fig. 6 and 7. Fig. 8 shows the active power and 
reactive power flow. 

Also in this condition, the maximum error verified between 
the two types of control is less than 0.5%, as in the previous 
case. The responses of the NN controllers present, generally, 
lower transient amplitudes and faster evolution to steady state. 
This behaviour is also verified in the main electrical and 
mechanical variables, where it is verified faster responses and 
lower transient effects.  

 

 
Fig. 6. Reference grid-side voltages vdq , due to a step change in the active 
power flow. 

 

 
Fig. 7. Reference rotor-side voltages vdq , due to a step change in the active 
power flow. 

 
Fig. 8. Active power and reactive power, due to a step change in the active 
power flow. 

 

C. Phase-to-Earth Fault 

The following simulation is a phase-to-earth fault in a line of 
the electrical network located near the wind park occurred at 
the instant time t=180 s and with duration of ∆t=180 ms. The 
fault impedance is about 1 mΩ. Thus, Fig. 9 and 10 show 
again the signals of the reference voltages used to control the 
stator-side and rotor-side converters, respectively, with NNs 
(in the blue colour) and PIs (in the green colour). 

During the fault period, it was verified that the NNs 
response presents better results than the system that uses PI 
controllers: beside the peaks already related previously in the 
transitions, it presents a lower oscillation. It is important to 
notice that in the direct component of the stator voltage with PI 
controllers the peaks can reach about 1.7 pu and that can cause 
some unwanted effects in the electronic devices used in the 
converters. 

In Fig. 11 it can be verified that the disturbances caused in 
the active power and reactive power delivered to the grid are 
smoother with the use of the ANNs. 

During such fault it can be noticed the reduction in the 
active power due to a phase loss. 

 
Fig. 9. Reference grid-side voltage vdq , due a phase-to-earth fault. 



 
Fig. 10. Reference rotor-side voltage vdq , due a phase-to-earth fault. 

 
Fig. 11. Active and reactive power, due a phase-to-earth fault. 

 

V. CONCLUSIONS 

The structures of the proposed neural networks had been 
trained as a part of the vector control system to estimate the 
grid-side and rotor-side reference currents (voltages). For a 
good performance of the NNs it is necessary to carefully train 
the neural network; the training must contemplate as many 
operation conditions as possible. 

The control system based on NNs that estimate the control 
parameters of the generator have good characteristics, as it was 
verified in the presented results.  

Comparisons between the traditional systems with PI 
controllers and the systems with NNs showed some differences 
in the voltage of the controllers’ responses in the systems that 
used neural networks. It can be noticed the following positive 
and advantageous aspects: transient regimes present small 
peaks, or absence of them in same cases, what corresponds to 

less severe transitions; faster system responses, this is, the 
system reaches to the steady state condition in shorter time. 

Thus, it was demonstrated that the control voltages and 
currents of the grid-side and rotor-side converters of the DFIG 
can be obtained using NN based controllers, showing that 
these can substitute most of the control system blocks and with 
the designated advantages. 
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