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Abstract- The work presented in this paper aims to highlight new solutions that improve the performance and reliability of wind
turbine systems based on a DFIG. Direct power control using hysteresis regulators in power control laws has many disadvantages,
for example, variable frequency and ripple in control variable. To overcome these problems, the trend of current research has
been carried out in the field of controls of robust nonlinear systems which give acceptable results in large operating domains.
We present backstepping using SVM. A comparative study based on the simulation results is presented, thus making it possible
to judge the robustness of the control in each case and for the different operating regimes of the DFIG; these results reflect the
good performance of this method and which can be improved the system performance.
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1. Introduction

Renewable energies designate a set of means of producing
energy from theoretically unlimited sources or resources,
available without time limit or replenishable more quickly
than they are consumed. We generally speak of renewable
energies as opposed to energies derived from fossil fuels
whose stocks are limited and non-renewable on a human time
scale: coal, oil, natural gas... On the contrary, renewable
energies are produced from sources such as the rays of the sun,
or the wind, which are theoretically unlimited on a human
scale. [1].

A large part of the wind turbines installed today is
equipped with double-fed asynchronous machines (DFIG).
This generator allows electricity production at variable speed,
which then makes it possible to better exploit wind resources
for different wind conditions. In addition, if we manage to
ensure that wind turbines can provide system services to the
network, such as the supply of reactive power for power factor
correction and the improvement of energy quality by the
filtering of current harmonics then its insertion in the networks
will surely be simpler. [2-4].

Recently, new advanced control techniques are grouped
under the name of direct torque control (DTC and Direct

Power Control (DPC) [5]. The concept of DTC was proposed
in 1986 by [6] and then applied to other problems.

The goal is to cancel the PWM control by replacing them
with a switch table. It allows the DFIG to have a rapid power
response. Recent research works have been developed for the
application of this control technique to DFIG [7-9]. Next,
another technique applied to DPC. In the DPC, the control of
the inverter switches via a selection table based on hysteresis
comparators in order to obtain a unity power factor. This
technique has several drawbacks such as the presence of
fluctuations in the control performance [10].

Several control methods have been proposed; in [11] DPC
using voltage control (V-DPC): references and establishes the
configurations of the DPC according to the position of the
voltage vector in the stationary frame (a-f). The article [12]
illustrates to combine the principle of DPC with (SVM) to
obtain acceptable performances without the use of a classical
command. Other tracers based on predictive approaches have
been treated in [13]. In [14] proposes a method (DPC) based
on second-order fuzzy logic control in sliding mode
(FSOSMC).

The backstepping method has been implemented in
several works [15-20]. In Ref. [21], the improved adaptive
backstepping control parameters of PMSM using DTCs,
which show the advantage of force and torque response.
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2. DFIG-Based Wind Turbine Description

Fig. 1. Shows proposed methods for WECS based on
DFIG. The RSC is controlled by the PWM technique, the
instructions of which come from a DPC command. It is used
to control the powers. The wind energy conversion chain
consists of the wind turbine, and the DFIG associated with a
voltage inverter to supply the rotor. We introduced a second
power converter to connect the rotor to the power grid. [11]..
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Fig. 1. DPC for a grid-connected DFIG system.

3. Principle of Backstepping Method

The Backstepping technique is a relatively recent control
method for nonlinear systems. It allows, in a sequential and
systematic way, by the choice of a Lyapunov function, to
determine the control law of the system. Its principle is to
establish in a constructive way the control law of the nonlinear
system by considering some state variables as being virtual
controls and designing intermediate control laws for them. [22-
25].

The rotor voltage expression becomes:
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A. Stepl: Backstepping active power controller
The error of active power is:
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B. Step2: Backstepping reactive power controller
The reactive power tracking error is:
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Fig. 2. Backstep
3.1. Simulation Results Under Normal Condition

The simulation results shown in Figures 3, 4 illustrate the
active and reactive powers with strong coupling at high
performance. The magnitudes of the powers follow their
reference trajectory well without overshoot and fast response
time, the remarkable chattering effect in the classic DPC
control due to the use of hysteresis regulators, on the other
hand, is reduced with the proposed bachstepping technique.
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Fig. 3. Active power simulated results of C-DPC with
Backstepping-DPC.
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Fig. 4. Reactive power simulated results of C-DPC with
Backstepping-DPC

The stator currents for both DPC and Backstepping
techniques are present in Figures 5, 6, we notice that the
backstepping technique has a reducible fluctuation compared
to that of the Classic DPC.
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Fig. 5. Voltage and stator current simulated results of C-DPC
with Backstepping-DPC

Rotor Current DPC and Backstepping
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Fig. 6. Rotor current simulated results of C-DPC with
Backstepping-DPC

3.2. Simulation Results Under Parametric Variation On Rr

The parametric variation test simulated for the two types
of regulation: classic DPC based on hysteresis regulator and
DPC based on the backstepping method are shown in figure 7,
the rotor resistance is increased by 150% at time t=6 s, it was
noticed that the backstepping throttle technique was not
influenced by the increase in rotor resistance
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Fig. 7. Active and Reactive power of C-DPC with
Backstepping-DPC

The results of the spectral analysis for the stator phase
current shown in Figure 8 shows that the backstepping
command guarantees a better waveform quality of the stator
current.
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Fig. 8. Stator current FFT analysis, (a) Backstepping-
DPC, (b) C-DPC.

The comparison of static and dynamic performance of the
two power control methods of DFIG is shown in Table 1. It
can be noted that the suggested technique gives much less
chatter with fast transient response compared to the classical
DPC technique.
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Table 1. Performance analysis of simulation results

Approach Classical DPC Backstepping
DPC

Robustness to Larg Small

parameters mismatch

Chattering Considerable Small

chattering chattering

Transient performance | Relatively fast with Fast with low

of the powers medium settling time | settling time

Harmonic of stator High Low

current

Rising time of the 6e4ds 3e4ds

active power

4, Conclusion

The backstepping control model has been developed in
this article with the aim of analyzing its dynamic behavior in
order to present generalities on the principle of the technique;
namely: the method of analysis of Lyapunov which is the
essential element of the backstepping technique. The
numerical validation of the global system studied was carried
out by a simulation under the MATLAB/SIMULINK
environment. The results of the various simulations carried out
were commented on and made it possible to validate the
mathematical models of the proposed system. The strategy of
the backstepping control allowing to improve the classical
DPC control performance and to control the output power,
according to a chosen energy conversion structure consisting
of a double-fed generator. The modeling was developed of the
different elements of the wind chain. The simulation results
carried out during the application of this technique to the
system show good monitoring of the powers generated at the
corresponding reference values. Also, we have observed that
the tracking error is low and that the decoupling between the
powers is always maintained as well as the reduced
"chattering" effect which is the objective of this control with
great robustness with respect to the parametric variations.
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