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Abstract – Many countries have focused on the study of the electrical energy production using wind generators. These studies include 
maintaining the production under disturbed conditions at the grid connection point of wind farms, and maintaining production 
during voltage dips. Electrical grid operators have established different requirements for connecting renewable energy production 
systems to electrical grids. In this research paper, we are interested in the study of the wind power system based on the Doubly Fed 
Induction Generator during a voltage dip. We are also developing a control approach based on Active Disturbance Rejection Control 
and Genetic Algorithms, which aims to control the stator flux variations which should be taken into account during the current 
controllers computing. This control strategy will allow the wind power system to remain connected to the grid under voltage dips, 
and to resume the normal operation after the fault disappearance. The model of the wind power system and the proposed control 
strategy, are tested in the MATLAB-Simulink software.
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1. INTRODUCTION

In wind turbine-based power generation stations, 
the Doubly-fed Induction Generator (DFIG) is the most 
adopted and installed configuration by leaders in wind 
turbine construction around the world. Indeed, it has 
many advantages due to its ability to supply energy 
at constant voltage and frequency for a variable rotor 
speed, which allows maximum power extraction re-
gardless of the wind speed [1], [2].
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The configuration of wind power system based on 
DFIG is presented in figure 1. As shown in this struc-
ture, the stator is directly connected to the grid and the 
rotor is connected by means of two converters, a grid 
filter and a transformer [2,3,4]. 

The electrical energy produced must correspond to 
the expectations of consumers, producers and grid 
managers. Among the main criteria for measuring the 
level of the energy produced quality, we find the sen-
sitivity to voltage dips and the quality of the injected 
signal (harmonic distortion rate). 
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Fig. 1. Variable speed wind turbine structure

The DFIG presents many difficulties with regard to 
compliance with the conditions for connection to the 
electricity grid imposed by the electrical grid manag-
ers. Indeed, it is very sensitive to electrical faults, in par-
ticular voltage dips in the grid [5]. During voltage faults, 
the wind power system is destabilized and the internal 
protection system intervenes to its disconnection from 
the grid. This disconnection reinforces the imbalance 
in voltage and frequency. However, wind turbines are 
forced to remain connected after voltage dips [3,4].

The use of the DFIG is based on the power converters 
as an interface with the grid, this interface generates 
harmonic currents liable to induce harmonic voltages 
in the grid, which requires the limitation of these har-
monic currents.

For the problem related to voltage dips, some re-
search [6,7,8] has proposed an approach which is 
based on PI controllers for the command adaptation in 
the voltage dips event. However, this solution does not 
present the robustness against the internal parameters 
change of the DFIG. Especially since the synthesis of 
these regulators is based on these parameters.

Other authors, in other works [9,10], has proposed 
to use synchronous static compensators to participate 
in voltage setting during voltage dips. The problem of 
this solution is that it presents a very high implementa-
tion cost.

The authors in [11] propose a method for better at-
tenuation of switching harmonics. This method is 
based on linear Active Disturbances Rejection Control 
ADRC while providing compensation of resonant poles 
in the LCL filter via zero pole cancellation [11]. This strat-
egy is effective under the grid impedance uncertainty, 
and ensures the filtering of the parameter’s uncertain-
ties without adjustment of control. This approach has 
shown good performance compared to control by con-
ventional PI regulators.

In [12] and [13], the work is focused on the use of 
an LCL filter and the problem of interactive resonance 
which is triggered by the interaction between invert-
ers, this causes a mutual current in the grid. For this 
disturbance, considered as external, the authors pro-
pose a control approach to estimate and then cancel 
these disturbances by using ADRC technique [12]. This 

technique is introduced first for an L filter and then for 
an LCL. The results of this approach showed that the 
resonance and antiresonance peaks present in the LCL 
filter, with the current on the inverter side, are damped 
using the pole-zero cancellation technique [13].

In this paper, the work is focused on the study and 
the analysis of the DFIG behavior in the case of the first 
criterion relating to the electrical energy quality, men-
tioned above, which is the sensitivity to voltage dips. In 
effect, the drop in stator voltage leads to:

•	 A decrease in the electromagnetic torque which 
causes an increase in the speed of rotation.

•	 A drop in the magnetic flux and consequently the 
demagnetization of the machine.

•	 An increase in the stator and rotor current as well as 
the DC link voltage. This increase triggers the pro-
tection circuits and consequently the wind turbine 
disconnection.

The objective is to establish a robust control method 
using ADRC and genetic algorithms, which allows to 
keep the wind turbine connected to the grid. Indeed, 
the ADRC, with the proposed adaptation in this paper, 
makes it possible to resume normal operation after the 
fault disappearance, while ensuring robustness against 
changes in the internal parameters system. The genetic 
algorithm makes it possible to find an optimal adjust-
ment of the different controllers used in this approach.

This article is structured as follows: the first part will be 
devoted to the development of the dynamic model of 
the wind power system, then we will develop the Active 
Disturbance Rejection Control of converters. The second 
part will be entirely devoted to the study of the system 
behavior during the voltage fault, and to the adaptation 
of the DFIG command. The final section of this paper will 
be devoted to presenting and interpreting simulation 
results using the MATLAB / Simulink environment.

2. DYNAMIC MODEL OF WIND POWER SYSTEM

2.1. WIND TuRbINE MoDEl

A wind turbine is characterized by an aerodynamic 
torque, which is given by the following expression [10]:

(1)

Pextr is the maximum power that can be extracted 
which is given by [3,14]:

(2)

Cp is a power coefficient turbine, which depends on 
λ, the velocity ratio, and the pich angle β [3]. It is ex-
pressed by:

(3)
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The mechanical speed is expressed by the following 
expression [3,15]:

(4)

(5)

(6)

2.2. DFIG MoDEllING

The equations of DFIG model in the Park reference dq 
and the electromagnetic torque are given by the fol-
lowing expressions [16]:

(7)

(8)

(9)

The expressions of active and reactive powers are:

(10)

(11)

For a medium and high power DFIG, the stator resis-
tance Rs can be neglected [17]. The previous equations 
can be simplified by directing the stator flux in accor-
dance with d-axis:

(12)

(13)

(14)

2.3. PoWER CoNvERTERS

The connection of the DFIG to the grid is made 
through a converter connected to the rotor, and a con-
verter linked to the grid with a grid filter and transform-
er [14,15,18,19]. This structure is shown in figure 2:

Fig. 2. Bloc diagram of RSC, DC link and GSC

The RSC ensures the active and reactive powers con-
trol so that they follow their references, and the GSC 
controls the DC link voltage [20].

3. ACTIVE DISTURBANCE REJECTION  
CONTROL STRATEGY

The Active disturbances rejection control is a robust 
command based on the extension of the model system 
by a use of a «Extended State Observer (ESO)» to es-
timate and cancels internal and external disturbances 
[3,4,8,21]. Figure 3 and 4 shows the basic structure of 
ADRC controller and the ESO [22]:

Fig. 3. Structure of the first-order ADRC controller

The extended state observer gains are theoretically 
defined by [23] : β1=2ω0 and β1=ω0

2 

Where ω0 is determined as a function of the closed-
loop system poles to ensure both fast observer dynam-
ics and minimal sensitivity to noise.

Fig. 4. Extended State Observer ESO

3.1. RoToR SIDE CoNvERTER CoNTRol RSC

By adopting the assumptions relating to the choice 
of the park reference and to the stator resistance, the 
rotor currents expressions can be rearranged to be in 
the following form [24]:

Where  represent the dispersion coeffi-
cient. We put these expressions in the following form:

(15)

(16)

(17)

(18)
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Where:

fd and fq represent the disturbances impacting respec-
tively affecting the direct and quadratic rotor currents. 
Vrd and Vrq represent the control set points of the cur-
rent’s loops. The gain parameter b0 represent the known 
part of the system parameters [24]. It is opted as:

The reference current irqRef makes it possible to regu-
late the electromagnetic torque to its imposed refer-
ence by the maximum power point tracker (MPPT) bloc 
[24]. Its expression is given by the equation 21:

(19)

(20)

(21)

The reference rotor current irdRef is determined in or-
der to control the reactive power provided or absorbed 
by the DFIG [15,25]. Its expression is given by the equa-
tion 22. The diagram of the RSC is presented in figure 5.

(22)

The parameters Kp, β1 and β2 of the ADRC controllers 
are determined so that the rotor currents follow their 
reference irqRef and irdRef [26]. This is obtained using ge-
netic algorithms which make it possible to have an op-
timum response.

Fig. 5. Block diagram of the RSC

3.2. CoNTRol oF GSC

The grid filter currents iqf and idf are given by the 
following expressions [27]:

(23)

(24)

According to the ADRC structure, these expressions 
can be rearranged to be in the following form:

(25)

Where:

(26)

(27)

Where:

(28)

The iqf and idf currents can follow their references by 
making a good adjustment of the ADRC controller pa-
rameters. The gain parameter b0 is opted as:

The block diagram of the GSC is given in figure 6:

Fig. 6. Diagram for the GSC

4. CONTROL STRATEGY OF DFIG DURING A 
VOLTAGE DIP

During a voltage dip, the electromagnetic torque of 
the generator decreases, which leads to an increase in 
the rotation speed. This increase is more important as 
the voltage dip is deeper [20,28]. The stator is directly 
connected to the grid, which causes the stator flux 
decrease. When the fault disappears, the DFIG risks re-
magnetizing itself suddenly, which causes a strong cur-
rent to be drawn in and subsequently a system discon-
nection [25]. However, the dynamics of the stator flux 
should not be neglected during sizing of the current 
controller.

The voltage dip also provokes an increase in stator 
current. This high current passes through the rotor 
and the converters on the rotor side [22,29]. Which 
also leads to an increase in the DC-link voltage and 
consequently the destruction of the power converters 
[30,31].

The concern during the voltage dip is to keep the 
wind turbine connected during the fault and to ensure 
a restart after the disappearance fault. We are also in-
terested to keep the electrical and mechanical quanti-
ties of the system under the threshold values trigger-
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ing the protection systems [4,32]. Without neglecting 
the flux dynamics stator flux.

The proposed method to keep the wind turbine con-
nected, consists in taking into account the stator flux 
variations, during the generation of the command 
voltages Vrd and Vrq, which are necessary for the rotor 
side control. Consequently, the neglected terms in the 
ADRC control equations without voltage dips must be 
taken into account, and the expressions of the control 
quantities must be recalculated, as well as the structure 
of the ADRC control which must be adapted.

The stator currents are given from equation 8:

(29)

(30)

From equation 9, the rotor flux is given by:

(31)

(32)

From the previous equations, the stator voltages can 
be given by the following expressions:

(33)

(34)

So, by replacing the flux expressions in the rotor volt-
ages expressions, we obtain:

Where:

We can so present a DFIG control block by ADRC 
adapted in the voltage dip event (figure 7):

Fig. 7. Block diagram of DFIG control in the voltage dip event

The proposed method, which consists in taking into 
account the dynamics of the stator flux during a volt-
age dip, can be further improved by using an LCL fil-
ter instead of an L filter. Indeed, the results presented 
by the authors in [11-13] show that this higher order 
filter allows a better attenuation and reduction of the 
current harmonics absorbed by the power converters. 

The resonance effect in this filter will be damped using 
zero pole cancellation. This allows to keep preserved 
dynamic performance and a higher stability margins.

5. GENETIC ALGORITHM 
The genetic algorithm GA is an optimization method 

based on theories of natural selection [9]. In the litera-
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ture, this technique is recognized to be very effective 
and efficient in finding optimal solutions to optimiza-
tion problems. It makes it possible to avoid local mini-
ma constituting a major problem in the case of nonlin-
ear systems [33,34].

In this technique, the solutions to an optimization 
problem are represented as chromosomes from an ini-
tial population to evolve to an optimal solution with 
repeated modification [34].

The application of the algorithm is done in three 
stages: selection, crossing and mutation. these three 
steps are applied to create new individuals and subse-
quently assess their performance against the previous 
ones using a fitness function. [34].

To have the optimal solution, represented by the best 
individuals, this algorithm must be repeated for many 
generations and finally stops when it reaches these 
chromosomes [34]. In figure 8, we present the genetic 
algorithm optimization diagram to be established to 
have the ADRC controllers’ parameters.

In our case, genetic algorithm is used to optimize the 
DFIG control in the voltage dip event. the procedure 
used is as follows:

For each individual belonging to the real population, 
the objective function is calculated. Therefore, the pa-
rameters of the ADRC controller can be decoded, and 
then the DFIG model is simulated to obtain the objec-
tive function value.

Fig. 8. Genetic Algorithm optimization diagram

In our case, genetic algorithm is used to optimize the 
DFIG control in the voltage dip event. the procedure 
used is as follows:

For each individual belonging to the real population, 
the objective function is calculated. Therefore, the pa-
rameters of the ADRC controller can be decoded, and 
then the DFIG model is simulated to obtain the objec-
tive function value.

The following population is generated based on the 
operators of the genetic algorithm, namely selection, 
crossing and mutation. These two steps are repeated 
from generation to generation until a final population 
with optimal values is obtained.

This algorithm is used in our case to adjust the pa-
rameters Kp, β1 and β2 so as to obtain the optimal per-
formance in terms of dynamics, robustness and distur-
bance rejection. The objective function is chosen so 
that the difference between the reference power and 
the measured power is as small as possible.

The types of the GA operations used in this work, and 
the parameters’ initialization are listed in Table 1 and 2 
below:

Property Type

Selection GA default selection function

Mutation Uniform

Crossover Arithmetic

Table 1. Types of the GA operations used

Table 2. Genetic algorithm parameters

Property
value

backstepping ADRC

Number of variables 2 3

Population size 50 50

Maximum number of generations 500 500

Mutation fraction 0.01 0.01

Crossover fraction 0.08 0.08

Tolerance 500 500

The best score value and mean score versus genera-
tion for the ADRC method are represented in the fol-
lowing figure (figure 13):

Fig. 9. ADRC Fitness value

Using the previous optimization diagram, the Param-
eters’ evolution during the generation is presented in 
figure 10 and their values obtained bay GA  are listed 
in table 3:
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Fig. 10. Parameters’ evolution during the 
generation

Table 3. ADRC controller parameters

Parameter Symbol value

Currents controller gain kp 15320

Extended state observer gains
β1 13930

β 2 3617

6. SIMULATION RESULTS

To study the DFIG behavior in the voltage dip event 
and the performance of the proposed strategy, we 
consider a voltage dip with a depth of 50% that lasts 
600ms.

The duration of the considered voltage dip is rela-
tively short compared to the wind speed variations and 
fluctuations. Therefore, we can study with a constant 
wind speed equal to 12 m.s-1. The DFIG parameters as 
well as the parameters of DC link and filter are summa-
rized in table 4 and table 5 in appendix. Immediately 
after the fault appears at t = 1s, the generator voltage 
drops, as shown in figure 11:

Fig. 11. Stator voltages

In next figures, 12 and 13, we present the stator cur-
rents with the conventional method and the adapted 
control strategy.

Fig. 12. Stator currents with the conventional 
strategy

From these two figures, we notice that by taking into 
account the stator flux dynamics, the modified control 
strategy generates less oscillations compared to the 
classical method which presents large oscillations and 
an unbalance after the fault disappearance. The cur-
rent peak, that occurs when the voltage dip occurs, is 
due to the additional power introduced into the sys-
tem during the drop of the transmitted power to the 
grid. Therefore, the protection circuits responsible for 
disconnecting the wind turbine from the grid will not 
be triggered. the system can therefore resume normal 
operation after the fault disappearance

In figure 14, we present the stator active power trans-
ferred to the grid. When the fault occurs, it can be noted 
that, in the classical method, the active power is com-
pletely cancelled out and shows a very remarkable ad-
ditional overshoot after the fault disappears. This is due 
to the instability in the torque evolution and the rota-
tion speed, which leads to the disconnection of the tur-
bine by the internal protection systems. In the case of 
the modified strategy, this power is non-zero during the 
fault, which shows that the proposed method allows the 
generator magnetization during the voltage dip. The gen-
eration of active power resumes after the fault disappears 
and recapture its initial value, without exhibiting many os-
cillations or a large overshoot of the reference value which 
causes the activation of the protection circuits.

Fig. 13. The stator currents with the modified strategy
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Fig. 14. Active stator power

Figure 15 shows the evolution of the stator reactive 
power. This power must be normally null to ensure a 
unitary power factor. When the fault occurs, for the pro-
posed strategy, we note that this power presents some 
oscillations during a transient state and returns to its val-
ue after the fault. In the case of the conventional meth-
od, this power is not zero during the fault and presents a 
large overshoot after the fault disappearance.

Fig. 15. Reactive stator power

In Figures 16 and 17, we present the rotor currents 
before, during and after the voltage dip. From these 
figures, we notice that these currents increase after the 
appearance of the fault. A high rotor current can dam-
age the rotor side converter, which can be avoided by 
protecting with an additional circuit called Crowbar. Its 
role is to limit the rotor current and the DC link voltage.

From these figures it can be seen that in the case 
of the conventional control method, the currents are 
completely disturbed after the appearance of the volt-
age dip and present an imbalance after the fault. For 
the modified strategy, the currents return more quick-
ly to their normal values before the fault appearance 
without remarkable overshoot.

It can therefore be noted that the proposed approach 
makes it possible to improve the DFIG behavior during 
a voltage dip, by limiting the stator and rotor currents, 
consequently keeping the wind turbine connected af-
ter the fault disappearance.

Fig. 16. Rotor currents with the conventional strategy

Fig. 17. Rotor currents with the modified strategy

7. CONCLUSION

In this research paper, we have dealt with the dynam-
ic modeling and control of the wind energy conversion 
system based on DFIG, using active disturbance rejec-
tion control. We are interested in evaluating the dy-
namic performances of this system in the voltage dip 
event, and in developing a modified control strategy, 
which makes it possible to keep the DFIG connected to 
the power grid during this fault.

The voltage dip causes the stator flux decrease. To 
ensure the magnetization of the generator during and 
after the voltage dip, the stator flux dynamics must not 
be neglected and must be considered in the controller 
computing.

The simulation results were presented to ensure the 
validity and performance of the proposed control strat-
egy based on ADRC and genetic algorithms, which al-
lowed the production system to stay connected during 
the voltage dip and regain it’s the normal operation 
after the fault has disappeared.
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As a perspective, the quality of the generated power 
can be further improved by integrating a higher order 
link filter, with an eliminating method of the resonance 
effect. This will eliminate harmonic distortion in the 
currents. We can also focus the study on the impact of 
the uncertainty of the grid impedance on the control 
performances.

8. NoMENClATuRE

•	 R turbine radius
•	 ρ Air density
•	 v Wind speed
•	 Ωt Turbine speed
•	 Cp Power coefficient
•	 λ Velocity ratio 
•	 β Pich angle
•	 J Total inertia 
•	 JTurbine Turbine inertia
•	 Jg Generator inertia
•	 f Coefficient of viscous friction
•	 G Gain multiplier
•	 Φsdq dq axis Stator fluxes
•	 Φrdq Rotor fluxes
•	 Vsdq Stator voltages according to dq axis
•	 Vrdq Rotor voltages according to dq axis
•	 isdq Stator currents according to dq axis
•	 irdq  Rotor currents according to dq axis
•	 ωs Rotor angular frequency
•	 ωr Stator angular frequency

9. APPENDIX

Table 4. DFIG Parameters

Parameter Symbol value

Rated power Ps 1.5 M

Stator resistance Rs 8.9 mΩ

Rotor resistance Rr 13.7 mΩ

Stator inductance Ls 13.7 mH

Rotor inductance Lr 13.67 mH

Mutual cyclic inductance Lm 13.5 mH

Number of pole pairs p 2

Optimal tip speed ratio λopt 8.1

Maximal power coefficient Cpmax 0.48

Table 5. Parameters of the RL filter and the DC bus

Parameter Symbol value

Filter resistance Rt 0.25 Ω

Filter inductance Lt 0.005 H

DC link Capacitor C 0.0044 F

DC link voltage Udc 1200 V
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