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Abstract- The present research paper deals with a study of a variable speed wind energy conversion system (VSWECS) based
on a Doubly Fed Induction Generator (DFIG), the stator is directly connected to the grid and driven by climbed back-to-back
converters. Direct control of DFIG with a variable structure based on an artificial neural network is presented. Artificial
Neuronal Network ANN is proposed to improve performances and to substitute the classical PI regulators in the direct control
of active and reactive powers of the DFIG. The performance of the approach has been tested and validated by simulation for
different operating conditions. Simulation results and improvement of the behavior of the DFIG are presented, using

Matlab/Simulink software.
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1. Introduction

The doubly-fed induction generator has a very
important role in the field of electric power generation in
wind farms [1]. This type of machine can operate in motor
mode as it can operate in generator mode without requiring
specific constraints on the value of the speed. This
advantage allows the DFIG to operate for a large speed
range unlike the synchronous generator that requires a well
determined synchronism speed.

The speed variation of DFIG operation requires the
use of two frequency converters, one for the stator side and
the other for the rotor side to adapt the energy flow
exchanged between the DFIG and the electric grid. For this
purpose, effective control laws are necessary to control the
operation of the DFIG, in particular, when we add the very
complicated dynamic behavior of this machine [1], [2].

Since it used in the wind systems, many techniques
have been proposed to control the active and reactive
power of the DFIG. The most important techniques are
only modified versions of those developed for the control
of the torque and flux in motor operation of the DFIG. So,
we find the vector control of the power and the direct
control of power

The use of these control schemes improves the
performance of the DFIG in wind systems. However, these
techniques have certain constraints such as the complexity
of the control algorithms, the sensitivity to the parametric
variations of the system, the important processing time [3].

To remedy these constraints, in the present work we
propose to use artificial neural networks to simplify and
improve the direct vector control scheme of the active and
reactive powers of the DFIG. Indeed, a simple ANN is
used to replace the two PI regulators used in the scheme of
the vector control. The learning of the ANN is performed
using the back propagation algorithm and a database has
obtained from the performances completed by the standard
PI regulators.

The proposed control scheme has been tested and
validated for different operating conditions. In addition to
the simplicity of this control scheme, the results obtained
are satisfactory and even improved compared to those
obtained by the standard vector control.

2. Vector Control Strategy

The structure of the DFIG is peculiar because it has
two channels of power exchange with the power grid. The
variable speed operation of the wind systems requires the
DFIG to be equipped with two frequency converters to
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link it with the electrical network on the stator and rotor
sides (Fig.1) [4]. For this purpose, the control scheme of a
DFIG is quite complicated. The first control attempts were
inspired by the diagrams developed for the motor
operation of this machine such as vector control [5].
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Fig. 1. DFIG based Model

It should be noted that vector control has been
proposed for asynchronous induction motors in order to
find a decoupling between the torque and the flux so that
they are regulated separately by the direct and indirect
components of the stator or rotor currents of the motor.
Inspired by this principle, modified versions of the vector
control have been proposed to separately control the active
and reactive powers of a DFIG [5], [6].

By considering the model of the DFIG in the reference
frame related to the rotating field, the principle of the
vector control consists to orient the stator flux vector to the
direct axis of the rotating reference frame (Fig.2) [7].

®s = Qas, Pqs =10 (1)

Fig. 2. Flux orientation

This gives for the voltages on the stator side:

Vas =0 rVqs =V, (2)

And for rotor side voltages, they are given by:

Under these conditions, the active and reactive powers
can be expressed by:

Qs = - la,
L
WsLs s (4)

Considering the equations (3) and (4), the model of the
DFIG can be arranged under the structure shown in the
Figure. 3.
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Fig. 3. Block diagram of the DFIG model to be regulated

From the block diagram of the DFIG (Fig. 3), two PI
regulators are used to separately control the active and
reactive powers according to the principle of direct vector
control. This method is called direct method because the
regulators directly control the powers. The diagram of the
resulting command is given in the Figure. 4.
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Fig. 4. Control of the powers with the PI regulator
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3. Artificial Neural Network Strategy From The DFIG

Inspired by the structure of the human brain system,
an artificial neural network is a set of neurons linked
together by weighted connections and has a set of
activation functions to assign it a certain dynamic behavior
that is generally non-linear. The neural procedure allows
identification between the inputs and outputs of a non-
linear system while performing two simple arithmetic
operations, the weighted sum of its inputs and the
application of a non-linear activation function on the result
of this sum [8], [9].

output layer
input layer
hidden layer

Figure 5. The proposed ANN

ANN has particulars characteristics, such as parallel
operation, learning ability, and generalization capability.
These characteristics have enabled ANNs to be, during the
last decades, one of the most powerful means of estimation
for control systems in different fields of application [8],
[10].

The operation of the neural network is represented by
the following functions:

n V4
y=2w,fg Ew,;g0j+b,i +b° (5)
= =

With:

@ : ANN inputs

W,lg. et b,i : The weights and the bias of the hidden layer
2 N ,
g (x) = ——— —1: The sigmoid function

2 2
w; etb : The weights and biases of the output neuron

To take advantage of its advantages, an ANN is
proposed in this article to simplify and improve the vector
control scheme of the DFIG. The proposed ANN is used to
replace the two PI regulators in Fig. 4. For the learning of
the ANN, it is done offline using a database obtained from
the standard vector control diagram. To do this, the inputs
and outputs of the PI controllers are read during the

simulation of the vector control for different operating
conditions. Then, these data are processed to select a
learning base of an appropriate size to ensure a
compromise between the sought accuracy and the learning
and computing time [4], [11]. Learning is done using the
famous retro-propagation algorithm.
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Fig. 6. Control of the powers with the ANN regulator

4. Simulation Results

To check the performance of the proposed neural
network regulator, it has been introduced into the control
circuit and tested for different operating conditions.

The results obtained clearly show, despite the size
reduced of the used learning base, with its ability to
generalize, the ANN can faithfully imitate the performance
of the two regulators. In addition, there is important
improvement in the performance of the DFIG, particularly
in transient regimes.

Fig. 7 shows the results for the active and reactive
powers obtained by the PIs and by the proposed ANN. In
all operating conditions, both powers follow their
reference with slight disturbances due to commutations in
the converter. Peaks in the transient regimes are not
important in the case of the ANN unlike the PI controllers.
The same conclusions are observed for the rotor currents

(Fig 9).

Figure 7.Active and Reactive powers
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Fig. 8. Direct and Quadrature rotor current
(a) ANN control; (b) PIs control
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Figure 9. Three phases rotor current (a) obtained with PIs
control; (b) obtained with ANN control
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Fig. 10. Stator flux (a) direct stator flux; (b) quadrator
stator flux

5. Conclusion

In this paper, a neural regulator to simplify the vector
control scheme of a DFIG was proposed. After appropriate
learning, the proposed regulator has provided satisfactory
performance for different operating conditions. The results
obtained make it possible to extend the perspectives
towards an experimental validation of the proposed neural
regulator and towards a wider use of the ANN in the
control scheme of the DFIG, in particular, with an online
learning.
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