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Abstract: In this paper, we propose a new control strategy called linear active disturbance rejection control (ADRC) 

used to control the wind energy conversion system (WECS) based on doubly-fed induction generator (DFIG). This 

recent control strategy is compared with the conventional RST polynomial control method considered better and 

more efficient than the classical PI method according to different works. By the extended state observer ESO of the 

ADRC controller, the internal and the external disturbances on the system are estimated and compensated as a total 

disturbance in real time. Moreover, the proposed ADRC method is easy to tune and more practical which has only 

one tuning parameter. The RST controller has three polynomials chosen in order to reduce the effect of disturbance. 

These controllers have been used to control the stator powers of DFIG in order to extracting the maximum energy 

produced by the wind by using a maximum power point tracking (MPPT), to regulate the dc-link voltage in order to 

maintain DC bus voltage at constant value and to regulate the reactive power to ensure a unitary power factor. Then, 

these both control strategies are designed and their performances are compared in order to deduce the most efficient 

in terms of reference tracking and robustness. The simulation results prove that the proposed ADRC control 

technique is more robust and have better performance than the RST control.  

Keywords: Wind energy conversion system (WECS), Active disturbance rejection control (ADRC), RST controller, 

DFIG, Extended state observer (ESO), Maximum power point tracking (MPPT).  

 

 

1. Introduction 

Today, the global wind power generation 

capacity has increased enormously and has 

developed rapidly compared to other renewable 

energy sources [1]. 

The doubly fed induction generator (DFIG) is 

the most widely used in larges wind turbines 

systems because this generator can operate at 

variable speed in order to extract maximum power 

from wind energy [2]; the rotor of the DFIG is 

connected to the grid by a back-to-back converter 

with a power about 30% of the DFIG capacity 

which ensures a compensation of the reactive power 

[2,3]. 

However, the DFIG is subject to the effects of 

parametric uncertainties (due to saturation, 

overheating ...) and the effect of disturbance due to 

the speed variation, which could deflect the system 

from its optimal operate. This is why the control 

should be concerned with robustness and 

performance [4]. To do this, we referred to the use 

of the robust control. 

Owing to the limitations posed by the 

conventional PI regulator and in order to have a 

more efficient and robust control of the wind chain; 

a new control strategy has been adopted. In order to 
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prove its efficiency, the performances of the 

proposed controller (ADRC) have been compared to 

those of the robust polynomial RST controller. The 

RST controller is based on three polynomials R, S 

and T chosen in order to reduce the effect of 

disturbance in reference signal tracking [5,6]. 

The recent robust approach called ADRC control, 

proposed by Han in 1998 and evolved from PID, 

consists of the extended state observer (ESO). This 

observer can get the system status information in 

real time and it can obtain the real time actuating 

quantity of the internal and external disturbance 

which exists in object model [7]. Therefore, the 

ADRC achieves the functions of estimating and 

compensating the internal and external disturbances 

of systems [8]. This controller has many advantages 

such as good performance in case of dynamic 

system control, the high accuracy, good dynamic 

response, the system stability is guaranteed and the 

simplicity of the linear active disturbance reject 

controller implementation, whose the tuning 

parameters are reduced [7]. 

In this paper, These both ADRC and RST 

controllers are applied to control the rotor side 

converter in order to regulate the active and reactive 

powers exchanged between the stator of DFIG and 

the grid through controlling the rotor currents, and 

to control the grid-side converter in order to 

maintain DC bus voltage at constant value and 

ensure zero reactive power thus unitary power factor. 

Then the performances of these controllers are 

compared in term of reference tracking and in term 

of robustness against parameters variations of the 

system. 

The rest of this paper is organized as follows.  In 

Section 2, we begin with modeling of the different 

components of the wind energy conversion system 

as the turbine, the DFIG, back to back converter, 

grid filter and a DC link voltage.  In Section 3, the 

Maximum Power Point Tracking (MPPT) technique 

is presented and applied to the turbine in order to 

extract the maximum power from the wind. Then 

the structure of both the RST and ADRC controllers 

are described. In Section 4 to 6, these both 

controllers are applied to the wind energy 

conversion system in order to control of the DFIG, 

DC link voltage and grid filter. In the latest section, 

we present the results of simulation by 

MATLAB/Simulink environment using a 1.5 MW 

DFIG wind turbine; these results are compared and 

discussed. 

2. Modeling of the wind energy conversion 

system 

 
Figure.1 Model of the variable speed wind turbine 

conversion system based on DFIG 

 

The Fig. 1 depicts the wind energy conversion 

system, which consists of a wind turbine coupled to 

the DFIG by gearbox, back-to-back converter and a 

grid filter [1,9,13]. 

2.1 Wind turbine modeling 

The following equation Eq. (1) represents the 

mechanical power captured by the wind turbine [9]. 

 

𝑃𝑡 =
1

2
𝐶𝑝(𝜆, 𝛽)𝜌𝜋𝑅

2𝑉3                          (1) 

 

Where: 

 

R:  The turbine blade radius (m) 

ρ: The air density (kg/m3) 

V: The wind speed (m/s) 

β: the blade pitch angle (degree)  

Cp: The power coefficient, it is given by the 

following equation [3,4,10]:  

 

𝐶𝑝 = 0.5176 (
116

𝜆𝑖
− 0.4𝛽 − 5) 𝑒

(−
21

𝜆𝑖
)
+ 0.0068𝜆      (2) 

 

Where the tip speed ratio λ and λi are given by: 

 

𝜆 =
 𝛺𝑡𝑅

 𝑉
                                                             (3)  

    

             
1

𝜆𝑖
=

1

𝜆+0.08𝛽 
−

0.035

1+𝛽3 
                                          (4) 

 

The mechanical energy conversion process is 

given by the fundamental principle of the dynamics 

[4,10]: 
 

𝐽
𝑑𝛺𝑔

𝑑𝑡
= 𝑇𝑔 − 𝑇𝑒𝑚 − 𝑓𝑣𝛺𝑔                                         (5) 

 

Where Tem and Tg are the electromagnetic and 

the mechanical torque of generator, J is the total 

moment of inertia, fv is the viscous friction 

coefficient and Ωg is the mechanical speed of DFIG. 
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Figure.2 Model of the wind turbine converter 

2.2 DFIG modeling 

The Park model of the DFIG is presented by the 

following equations [4,11,13-14]. 

The stator and rotor voltages of DFIG:  

 

{
  
 

  
 𝑉𝑠𝑑 = 𝑅𝑠𝐼𝑠𝑑 +

𝑑𝜙𝑠𝑑

𝑑𝑡
− 𝜔𝑠𝜙𝑠𝑞

𝑉𝑠𝑞 = 𝑅𝑠𝐼𝑠𝑞 +
𝑑𝜙𝑠𝑞

𝑑𝑡
+ 𝜔𝑠𝜙𝑠𝑑

𝑉𝑟𝑑 = 𝑅𝑟𝐼𝑟𝑑 +
𝑑𝜙𝑟𝑑

𝑑𝑡
−𝜔𝑟𝜙𝑟𝑞

𝑉𝑟𝑞 = 𝑅𝑟𝐼𝑟𝑞 +
𝑑𝜙𝑟𝑞

𝑑𝑡
+ 𝜔𝑟𝜙𝑟𝑑

                                   (6) 

 

The stator and rotor flux linkages: 
 

{
 

 
𝜙𝑠𝑑 = 𝐿𝑠𝐼𝑠𝑑 + 𝐿𝑚𝐼𝑟𝑑
𝜙𝑠𝑞 = 𝐿𝑠𝐼𝑠𝑞 + 𝐿𝑚𝐼𝑟𝑞
𝜙𝑟𝑑 = 𝐿𝑟𝐼𝑟𝑑 + 𝐿𝑚𝐼𝑠𝑑
 𝜙𝑟𝑞 = 𝐿𝑟𝐼𝑟𝑞 + 𝐿𝑚𝐼𝑠𝑞

                                                 (7) 

 
The electromagnetic torque is given by: 

 

𝑇𝑒𝑚 = 𝑝
𝑀

𝐿𝑠
(𝜙𝑠𝑑𝐼𝑟𝑞 − 𝜙𝑠𝑞𝐼𝑟𝑞)                                   (8) 

 
The active and reactive powers: 

 

{
𝑃𝑠 = 𝑉𝑠𝑑𝐼𝑠𝑑 + 𝑉𝑠𝑞𝐼𝑠𝑞
𝑄𝑠 = 𝑉𝑠𝑞𝐼𝑠𝑑 − 𝑉𝑠𝑑𝐼𝑠𝑞  

                                               (9) 

 
In order to simplify the equations of the DFIG, 

we have chosen a stator flux constant and aligned 

along the d-axis of the Park reference [11]. By 

adopting the hypothesis of a stator resistance Rs 

neglected [4,12], the electrical equations of the 

DFIG model will become as follow: 

 

𝜙𝑠𝑑 = 𝜙𝑠             𝜙𝑠𝑞 = 0                                (10) 

Thus 

𝑉𝑠𝑑 = 0             𝑉𝑠𝑞 = 𝑉𝑠 =  𝜙𝑠𝜔𝑠                  (11) 

             
Under this assumption, the expressions of the 

rotor voltages as function of the rotor currents and 

the stator power can be expressed by [4]: 

 

{
𝑉𝑟𝑑 = 𝑅𝑟𝐼𝑟𝑑 + 𝐿𝑟𝜎

𝑑𝐼𝑑𝑟

𝑑𝑡
− 𝑔𝜔𝑠𝐿𝑟𝜎𝐼𝑟𝑞                 

𝑉𝑟𝑞 = 𝑅𝑟𝐼𝑟𝑞 + 𝐿𝑟𝜎
𝑑𝐼𝑟𝑞

𝑑𝑡
− 𝑔𝜔𝑠𝐿𝑟𝜎𝐼𝑟𝑑 + 𝑔

𝑉𝑠𝑀

𝐿𝑠

       (12) 

 

Where:            𝜎 = 1 −
𝑀2

𝐿𝑠𝐿𝑟
                                      (13) 

And:  

{
 
 

 
 𝑃𝑠   = −𝑉𝑠

𝑀

𝐿𝑠
𝐼𝑟𝑞               

𝑄𝑠  = −𝑉𝑠
𝑀

𝐿𝑠
𝐼𝑟𝑑 +

𝑉𝑠
2

𝐿𝑠𝜔𝑠
 

𝑇𝑒𝑚 = −𝑝
𝑀

𝐿𝑠
𝜙𝑠𝐼𝑟𝑞            
  

                                (14) 

 

2.3 Modeling of the PWM converters 

The back to back converter model, controlled by 

the PWM control, is expressed as follow [10]: 

 

[

𝑣𝑟𝑎
𝑣𝑟𝑏
𝑣𝑟𝑐
] =

𝑉𝑑𝑐

3
[
   2 −1 −1
−1    2 −1
−1 −1    2

] [

𝑆𝑎
𝑆𝑏
𝑆𝑐

]               (15) 

 

Where (vra, vrb, vrc) and (Sa, Sb, Sc) are 

respectively the output voltages and the switch 

states of the inverter. 

The output current in the rotor side converter 

RSC side DC link is given by: 

 
𝐼𝑟𝑚 = 𝑆𝑎𝐼𝑟1 + 𝑆𝑏𝐼𝑟2 + 𝑆𝑐𝐼𝑟3                          (16)   

2.4 Grid filter model 

The electrical voltages of the grid filter are given 

by the following equations [15]: 

 

{
𝑉𝑚𝑑 = 𝑅𝑓𝑖𝑓𝑑 + 𝐿𝑓

𝑑𝑖𝑓𝑑

𝑑𝑡
+ 𝜔𝑠𝐿𝑓𝑖𝑓𝑞 + 𝑉𝑔𝑑   

 𝑉𝑚𝑞 = 𝑅𝑓𝑖𝑓𝑞 + 𝐿𝑓
𝑑𝑖𝑓𝑞

𝑑𝑡
− 𝜔𝑠𝐿𝑓𝑖𝑓𝑑 + 𝑉𝑔𝑞   

          (17) 

 

By aligning grid voltage along q-axis position, 

the active and reactive power flow between the grid 

and the grid side converter GSC is given by [14]: 

 

𝑉𝑔𝑑 = 0                      𝑉𝑔𝑞 = 𝑉𝑔 = 𝑉𝑠                  (18) 

 

{
𝑃𝑔 = 𝑉𝑠𝐼𝑔𝑞               

𝑄𝑔 = −𝑉𝑠𝐼𝑔𝑑            
                                          (19) 

2.5 Modeling of  DC link 

By neglecting the losses in the converters, the 

DC link voltage model is given as [15]: 

 

𝑃𝑑𝑐 = 𝐶𝑉𝑑𝑐
𝑑𝑉𝑑𝑐

𝑑𝑡
= 𝑃𝑟 − 𝑃𝑔                                   (20) 

  

Turbine 

  RΩt 
V 

Ωt 

Cp 

       
V 

β 

2Ωt 
1  Cp(λ,β)ρπR  

2
V  

3 

  

1/G 

1/G 

  

Tt 
Tg 

  
+ 

-   
1 

J s + fv 

Gearbox Generator Shaft 

Ωg 

Cp=f (λ,β)   
λ 

Tem 
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Thus: 

 

{

𝑃𝑟 = 𝑉𝑑𝑐𝐼𝑟𝑚                       
𝑃𝑔 = 𝑃𝑓 = 𝑉𝑠𝐼𝑓𝑞                

𝑄𝑔 = 𝑄𝑓 = −𝑉𝑠𝐼𝑓𝑑            
                                    (21) 

3. Design of control  strategies 

3.1 Design of MPPT control strategy 

The Maximum Power Point Tracking control 

(MPPT)  impose a reference electromagnetic torque 

so as to allow the DFIG tracks the optimal wind 

turbine speed for maximum energy capture from the 

wind (Fig. 3). Therefore, the speed ratio of the wind 

turbine λ is maintained at its optimum value λopt and 

the power coefficient at its maximum value Cpmax. 

The Fig. 4 shows that the power coefficient Cp 

reaches its maximum value Cpmax=0.4728 for a speed 

ratio λopt =8.376 and β =0°.   

 

 
Figure.3 Wind turbine characteristic with MPPT 

 

 
Figure.4 Power coefficient (Cp) in function of speed ratio 

(λ) and pitch angle (β) 

 

 
Figure.5 Model with the MPPT without speed control 

 

 
Figure.6 The general Structure of RST controller 

 

We are interested in MPPT strategy without 

control of the mechanical speed (Fig. 5) because it is 

difficult to have an exact measurement of the wind 

speed [10]. 

3.2 Design of RST controller 

The RST regulator is a linear control device 

composed of three polynomials R(s), S(s) and T(s) 

to be determined in order to obtain an effective 

control, in the single-variable context, it is the 

regulators which offer the greatest flexibility of use. 

The general structure of the RST controller is 

depicted in Fig. 6 [3,4,6]. 

Where B/A is the system transfer function, r is 

the reference input and d is the total disturbance. 

The RST controller is based on the pole 

placement theory which consists in specifying an 

arbitrary stability polynomial D(s). To determine the 

polynomials R(s) and S(s), we have to solve the 

following equation called Bezout equation [4,16,17]. 

 

{
𝐷(𝑠) = 𝐴(𝑠). 𝑆(𝑠) + 𝐵(𝑠). 𝑅(𝑠) = 𝐶(𝑠). 𝐹(𝑠)         

𝐷(𝑠) = s3 − (sc + 2sf)s
2 + (sf

2 + 2s𝑐sf)s − scsf
2  (22) 

 

Where: 

{
 
 
 
 

 
 
 
 
𝐴(𝑠) = 𝑎1𝑠 + 𝑎0                                 

𝐵(𝑠) = 𝑏0                                             

𝑅(𝑠) = 𝑟1𝑠 + 𝑟0                                  

𝑆(𝑠) = 𝑠2𝑠
2 + 𝑠1𝑠 + 𝑠0                   

𝐷(𝑠) = 𝑑3𝑠
3 + 𝑑2𝑠

2 + 𝑑1𝑠 + 𝑑0    

𝐶(𝑠) = (𝑠 − 𝑠𝑐)                                  

𝐹(𝑠) = (𝑠 − 𝑠𝑓)
2
                                 

𝑇(𝑠) = 𝑇0                                              

               (23) 

 

Where, sc and sf are respectively the pole of the 

control polynomial C(s) and the double pole of the 

filtering polynomial F(s).  

The control pole allows accelerating the system, 

it is chosen greater than the pole sA of the 

polynomial A, and in order to enhance the regulator 

robustness, the pole sf is chosen greater than sc [4,6]. 

Generally we chose: 

 

             𝑠𝑐 = 5 𝑠𝐴 = −5
𝑎0

𝑎1
                           (24) 
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And:          𝑠𝑓 = 3 𝑠𝑐 = 15 𝑠𝐴 = −15
𝑎0

𝑎1
              (25) 

 
The coefficients of the polynomials R(s) and   

S(s) can be calculated by the following matrix called 

Sylvester matrix [4]: 

 

[

𝑑3
𝑑2
𝑑1
𝑑0

] = [

𝑎1 0 0 0
0 𝑎1 0 0
0 𝑎0 𝑏0 0
0 0 0 𝑏0

] [

𝑠2
𝑠1
𝑟1
𝑟0

]                  (26) 

 

From the Eq. (22), Eq. (23) and Eq. (26) we 

deduce the RST controller parameters: 

 

{
 
 

 
 
𝑑3 = 1 = 𝑎1𝑠2                                                        
𝑑2 = −𝑠𝑐 − 2𝑠𝑓  = 𝑎1𝑠1                                       

𝑑1 = 𝑠𝑓
2 + 2𝑠𝑐𝑠𝑓  = 𝑎0𝑠1 + 𝑏0𝑟1                      

𝑑0 = −𝑠𝑐𝑠𝑓
2  = 𝑏0𝑟0                                            

(27) 

 
Thus, the parameters of RST controller [4,6] are: 

 

{
 
 
 

 
 
 𝑠2 =

1

𝑎1
                                  

𝑠1 =  
35 𝑎0

𝑎1
2                             

𝑠0 = 0                                   

𝑟1 = 
340 𝑎0

2

𝑏0 𝑎1
2                          

𝑟0 = 𝑇0 = 
1125  𝑎0

3

𝑏0 𝑎1
3              

                                    (28) 

3.3 Design of ADRC controller 

Active disturbance rejection control (ADRC) is a 

new robust command based on the state observer 

called extended state observer (ESO) allows 

estimating any unexpected disturbance.  

We illustrate the principle of the linear ADRC 

controller for a first order system with single input u 

and single output y [4,8,18]. 

 
𝑑𝑦

𝑑𝑡
= 𝑓(𝑦, 𝑑, 𝑡) + 𝑏0𝑢                                (29) 

 
Where f is the total disturbance, d is the external 

disturbance and b0 is the known parameter of the 

system. 

By considering two state variables as              

𝑍 = [𝑧1, 𝑧2]
𝑇 = [𝑦, 𝑓]𝑇, the Eq. (29) can be expressed 

by the following state space [7,18,19]: 
 

{

  𝑧1̇ = 𝑧2 + 𝑏0𝑢

   𝑧̇2 = 𝑓̇ = ℎ      
𝑦 = 𝑧1          

                                     (30) 

We put ℎ = 𝑓̇  

 

Eq. (30) can be transformed in matrix equation as: 

{
𝑍̇ = 𝐴𝑍 + 𝐵𝑏0𝑢 + 𝐷ℎ
𝑦 = 𝐶𝑍                           

                                (31) 

 

Where: 

𝐴 = [
0 1
0 0

] ,   𝐵 = [
1
0
] , 𝐶 = [

1
0
]
𝑇

, 𝐷 = [
0
1
] 

 

The total disturbance f is estimated by a linear 

extended state observer (ESO) which it is designed 

as follow: 

 

{
𝑍̇ = 𝐴𝑍 + 𝐵𝑏0𝑢 + 𝐷(𝑦 − 𝑦̂)
𝑦̂ = 𝐶𝑍                                       

                          (32) 

 

Where 𝐷 = [𝛽1, 𝛽2]
𝑇  is the gain of the observer z1 

and z2 are respectively the estimation of y and f which 

represent the output of the ESO. 
Thus, the system of equations of the extended 

state observer is given as follow [4,20].  
 

{
  𝑧̂1̇ = 𝑧̂2 + 𝛽1(𝑦 − 𝑧̂1) + 𝑏0𝑢

  𝑧̂2̇ = 𝛽2(𝑦 − 𝑧̂1)                     
                       (33) 

 

By using the bandwidth parameterization technic, 

the observer gains are choosed in the condition of all 

eigenvalues of the matrix (A − LC) are placed at 

−ω0 [6-7].  

 

{
𝛽1 = −2𝜔0
𝛽2 = 𝜔0

2     
                                            (34) 

 

Where ω0 is the bandwidth of the observer ESO, 

it is defined by the technique of placement of the 

poles. 

The control law in first-order ADRC [19,20] is: 

 

𝑢0 = 𝐾𝑝(𝑟 − 𝑧̂1)                                   (35) 

 

𝑢 =
𝑢0−𝑧̂2

𝑏0
                                             (36) 

 

Where, KP is the control parameter of the linear 

ADRC and r is the reference input signal [4, 20]. 

Generally: 

 

  {
𝐾𝑝 = 𝜔𝑐           

𝜔0 = 3~7 𝜔𝑐
                                (37) 

 

Where ωc is the controller bandwidth. 

Therefore, the linear ADRC can be controlled by 

a single parameter KP. This simplification of this 

control strategy meanwhile highly promotes the 

convenience of application in industrial field. 

Fig. 7 shows the general structure of the linear 

ADRC for a first order system [19, 20]. 
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Figure.7 The general Structure of ADRC controller 

4. Control of DFIG 

4.1 Control of the rotor side converter by using 

RST controller 

The transfer function of our system is: 

 
𝐵(𝑠)

𝐴(𝑠)
=

𝑀𝑉𝑠

𝐿𝑠𝑅𝑟+𝑠𝐿𝑠𝐿𝑟𝜎
                                         (38) 

 

From the Eq. (22), we obtain the control 

parameters: 

 

{
 
 
 

 
 
 𝑠2 = 

1

𝐿𝑠𝐿𝑟𝜎
                                        

𝑠1 =  
35𝑅𝑟

𝐿𝑠(𝐿𝑟𝜎)
2       ;   𝑠0 =  0          

                                     

𝑟1 = 
340𝑅𝑟

2

𝑀𝑉𝑠(𝐿𝑟𝜎)
2                               

𝑟0 = 𝑇0 = 
1125𝑅𝑟

3

𝑀𝑉𝑠(𝐿𝑟𝜎)
3                      

                          (39) 

 

The Fig. 8 depicts the control of the stator active 

and reactive powers produced by the DFIG through 

controlling the RSC using RST control. 

4.2 Control of the rotor side converter by using 

ADRC controller 

The rotor currents in Eq. (12) can be written as:  

 

 
Figure.8 Block Diagram of RST control of DFIG 

 

{

𝑑𝐼𝑟𝑑

𝑑𝑡
= −

𝑅𝑟

𝜎𝐿𝑟
𝐼𝑟𝑑 + 𝜔𝑟𝐼𝑟𝑞 +

1

𝜎𝐿𝑟
𝑉𝑟𝑑                            

𝑑𝐼𝑟𝑞

𝑑𝑡
= −

𝑅𝑟

𝜎𝐿𝑟
𝐼𝑟𝑞 −𝜔𝑟𝐼𝑟𝑑 − 𝜔𝑟

𝑀

𝜎𝐿𝑟𝐿𝑠
𝜙𝑠𝑞 +

1

𝜎𝐿𝑟
𝑉𝑟𝑞

   (40) 

 

This equation can be written as: 

 

{

𝑑𝐼𝑟𝑑

𝑑𝑡
= 𝑓(𝐼𝑟𝑑 , 𝑑, 𝑡) + 𝑏0𝑢(𝑡)

𝑑𝐼𝑟𝑞

𝑑𝑡
= 𝑓(𝐼𝑟𝑞 , 𝑑, 𝑡) + 𝑏0𝑢(𝑡)

                                     (41)  

  

Where: 

{

𝑓(𝐼𝑟𝑑 , 𝑑, 𝑡) = −
𝑅𝑟

𝜎𝐿𝑟
𝐼𝑟𝑑 + 𝜔𝑟𝐼𝑟𝑞      

𝑢(𝑡) = 𝑉𝑟𝑑       and     𝑏0 =
1

𝜎𝐿𝑟
 

               

                          (42)  

 

{

𝑓(𝐼𝑟𝑞 , 𝑑, 𝑡) = −
𝑅𝑟

𝜎𝐿𝑟
𝐼𝑟𝑞 − 𝜔𝑟𝐼𝑟𝑑 − 𝜔𝑟

𝑀

𝜎𝐿𝑟𝐿𝑠
𝜙𝑠𝑞

𝑢(𝑡) = 𝑉𝑟𝑞     and      𝑏0 =
1

𝜎𝐿𝑟
                 

                    

       (43) 

 

The Fig. 9 depicts the control of the stator active 

and reactive powers produced by the DFIG through 

controlling the RSC using the linear ADRC control. 

5. Regulation of DC bus voltage 

5.1 Regulation of DC bus voltage with RST  

The DC bus voltage control allows giving the 

reference quadratic current of the grid filter Ifq-ref. 

The transfer function of DC bus is: 

 
𝐵(𝑠)

𝐴(𝑠)
=

1

𝑠𝐶
                                (44) 

 

From the Eq. (22), the RST control parameters are: 

 

{
𝑠2 = 

1

𝐶
                                           

𝑠1 = 𝑠0 = 𝑟1 = 𝑟0 = 𝑇0 = 0    
                   (45) 

 
The Fig. 10 depicts the control of DC link voltage 

by using RST controller. 

 

 
Figure.9 Block diagram of linear ADRC control of DFIG 
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Figure.10 DC link voltage control with RST controller 

5.2 Regulation of DC bus voltage with ADRC 

The Eq. (20) can be written as follows:  

 
𝑑𝑉𝑑𝑐

2

𝑑𝑡
=

2

𝐶
𝑉𝑑𝑐𝐼𝑟𝑚 −

2

𝐶
𝑉𝑠𝐼𝑓𝑞                           (46) 

 

This equation is given by the canonical form of 

the ADRC as follows: 

 
𝑑𝑉𝑑𝑐

2

𝑑𝑡
= 𝑓(𝑉𝑑𝑐

2, 𝑑, 𝑡) + 𝑏0𝑢(𝑡)                  (47)  

Where: 

 

{
𝑓(𝑉𝑑𝑐

2, 𝑑, 𝑡) =
2

𝐶
𝑉𝑑𝑐𝐼𝑟𝑚               

𝑢(𝑡) = 𝐼𝑓𝑞     and   𝑏0 = −
2

𝐶
𝑉𝑠   

              (48) 

 

The Fig. 11 represents block diagram of the of 

the linear ADRC control of DC link voltage. 

6. Control of grid filter 

6.1 Control of the grid side converter with RST  

The transfer function of the grid filter is: 

 
𝐵(𝑠)

𝐴(𝑠)
=

1

𝑅𝑓+𝑠𝐿𝑓
                                (49) 

From Eq. (22), we deduce the parameters of control: 

 

{
 
 

 
 𝑠2 =

1

𝐿𝑓
      ;    𝑠1 =

 35 𝑅𝑓

𝐿𝑓
2    ;      𝑠0 = 0   

                 

𝑟1 = 
340𝑅𝑓

2

𝐿𝑓
2      ;      𝑟0 = 𝑇0 =  

1125𝑅𝑓
3

𝐿𝑓
3  

   

                (50) 

 

The Fig. 12 depicts the control of the grid filter 

by using RST controller. 

 

 
Figure.11 DC link voltage control with ADRC controller 

 
Figure.12 Block diagram of grid filter control with RST 

6.2 Control of grid side converter with ADRC 

From Eq. (17), the grid currents can be written 

as follows:  

 

{

𝑑𝐼𝑓𝑑

𝑑𝑡
= −

𝑅𝑓

𝐿𝑓
𝐼𝑓𝑑 + 𝜔𝑠𝐼𝑓𝑞 − 

1

𝐿𝑓
𝑉𝑔𝑑 +

1

𝐿𝑓
𝑉𝑚𝑑  

𝑑𝐼𝑓𝑞

𝑑𝑡
= −

𝑅𝑓

𝐿𝑓
𝐼𝑓𝑞 −𝜔𝑠𝐼𝑓𝑑 − 

1

𝐿𝑓
𝑉𝑔𝑞 +

1

𝐿𝑓
𝑉𝑚𝑞

       (51) 

 

These equations can be written as follows: 

 

{

𝑑𝐼𝑓𝑑

𝑑𝑡
= 𝑓(𝐼𝑓𝑑 , 𝑑, 𝑡) + 𝑏0𝑢(𝑡)

𝑑𝐼𝑓𝑞

𝑑𝑡
= 𝑓(𝐼𝑓𝑞 , 𝑑, 𝑡) + 𝑏0𝑢(𝑡)

                             (52) 

 

Where: 

 

{

𝑓(𝐼𝑓𝑑 , 𝑑, 𝑡) = −
𝑅𝑓

𝐿𝑓
𝐼𝑓𝑑 + 𝜔𝑠𝐼𝑓𝑞 − 

1

𝐿𝑓
𝑉𝑔𝑑   

𝑢(𝑡) = 𝑉𝑚𝑑       and       𝑏0 =
1

𝐿𝑓
             

  

           (53) 

 

{

𝑓(𝐼𝑓𝑑 , 𝑑, 𝑡) = −
𝑅𝑓

𝐿𝑓
𝐼𝑓𝑞 − 𝜔𝑠𝐼𝑓𝑑 − 

1

𝐿𝑓
𝑉𝑔𝑞    

𝑢(𝑡) = 𝑉𝑚𝑞         and      𝑏0 =
1

𝐿𝑓
             

  

           (54) 

 

The Fig. 13 represents the block diagram of 

power control of grid filter with ADRC controller. 

7. Results of simulation and discussion 

The simulation has achieved with 

MATLAB/Simulink software and the parameters 

values of the DFIG, the wind turbine, DC bus, the 

grid filter and the both controllers are given in 

Tables 2 and 3. 

Fig. 14 shows the variation of the wind speed 

applied to the wind turbine, which varies between 

5m/s and 12 m/s. 
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Figure.13 Block diagram of grid filter control by ADRC 

 

 
Figure.14 Wind speed profile 

 

 
Figure.15 Mechanical rotor speed of DFIG 

 

From Fig. 14 and Fig. 15, we can observe that 

the turbine has a good adaptation to the wind 

variation thanks to the MPPT strategy. 

7.1 Reference tracking test 

The stator power reference is proportional to the 

speed of the generator obtained thanks to the MPPT. 

And the reactive power reference is chosen equal to 

zero to have a unit power factor. 

The Fig. 16 and Fig. 17 present respectively the 

simulation results corresponding to active and 

reactive powers of stator obtained by using RST and 

linear ADRC controllers. These DFIG output 

powers converge and track exactly their references. 

But we can observe that there are some differences 

between the results obtained by the both controllers: 

The settling time for the ADRC controller (60 ms) is 

lower than the settling time of the RST controller 

(10 ms) (case of the reactive power). In addition, in 

the steady state regime the responses obtained with 

the ADRC control are more precise and have a very 

less static error and (case of the active power) 

compared to RST control. 

The Fig. 18 and Fig. 19 illustrate respectively 

the simulation results corresponding to reactive 

power of the grid and the DC bus voltage controlled 

through RST and linear ADRC controllers. We can 

observe that the DC bus voltage is maintained to its 

reference by using these both controllers but the 

static error, the response time and the overshoot 

obtained by ADRC still very low compared to the 

RST. In addition, the reactive power is kept at zero 

according to its reference in order to maintain a unit 

power factor but always the response is more 

accurate with ADRC. 

 

 

Figure.16 Stator active power of DFIG 

 

 

Figure.17 Stator reactive power of DFIG 

 

 

Figure.18 Reactive power of the grid 
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Figure.19 DC bus Voltage 

7.2 Robustness test 

Fig. 20 to Fig. 23 illustrate the responses of the 

powers of DFIG with variation, respectively, of the 

value of the rotor resistance by 30% and the value of 

the rotor inductance by 50%. The obtained results 

show that the robustness is ensured by these two 

controllers, but the responses of the ADRC 

controller are better than the RST controller. 

Fig. 24 shows that the response time of DC link 

voltage with RST controller increased with 

increasing the capacitance value of the DC link 

capacitor by 40%. In case of the increase of the grid 

filter resistance value by 40% (Fig. 25), we observe 

that the response of the grid reactive power obtained 

by ADRC presents a neglected static error compared 

to RST. Therefore, from these results, we can 

observe that the performance of the ADRC 

controller is better than the RST controller. 

 

 
Figure.20 Stator active power for 130% 𝑅𝑟 

 
Figure.21 Stator reactive power for 130% 𝑅𝑟 

 

Figure.22 Stator active power for 150% L𝑟  

 

 

Figure.23 Stator reactive power for 150% L𝑟  
 

 

Figure.24 DC link voltage for 140% C  

 

 

Figure.25 Reactive power of the grid for 140% 𝑅f  

8. Conclusion 

In this work, we have presented the modeling 

and control of the wind turbine system based on 

doubly fed induction generator which the stator is 

directly connected to the electrical grid and the rotor 
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also connected through back-to-back converter. The 

aim of the new ADRC control is to improve system 

performance by better tracking the maximum power 

point of the wind turbine chain, maintain DC bus 

voltage at constant value and to ensure a unitary 

power factor whatever the wind speed and with 

significant advantages compared to other strategies 

applied in the literature. 

Considering the simulation results, the active 

disturbance rejection controller (ADRC) achieves 

very good performance and efficiency, in term of 

reference tracking and in term of robustness, higher 

to those obtained with the RST controller, which 

achieve the best maximum power point tracking, In 

addition, The ADRC controller has a single setting 

parameter which makes it easy to implement.  

 
Table 3. Parameters of DFIG 

Parameter Value 

Rated power Pn= 1.5 MW 

Number of pole pairs  p= 2 

Rated stator voltage 398/690 V 

Stator resistance  Rs = 0.012 Ω 

Rotor resistance  Rr = 0.021 Ω 

Stator inductance  Ls = 0.0137 H 

Rotor inductance  Lr = 0.01367 H 

Mutual inductance  M = 0.0135 H 

Nominal frequency  f = 50 Hz 

DC bus voltage  Vdc = 1200V 

 

Table 4. Parameters of turbine 

Parameter Value 

Density of ajir ρ = 1.225 kg/m3 

Damping coefficient  fv = 0.0024 

Moment of inertia  J = 10 kg.m2 

Turbine diameter  D = 70.5 m 

Gain of the multiplier  G = 90 

 

Table 3. Parameters of grid filter 

Parameter Value 

Inductance of the filter Lf = 2 mH 

Resistance of the filter Rf = 5 mH 

DC link capacitor C = 4400 µF 

 

Table 5. Parameters of ADRC Controller 

Parameter 
DFIG 

control 

Grid 

filter 

DC 

link 

Control parameter Kp 400 130 120 

Bandwidth of ESO    

ω0 = 5.ωC 
2000 650 600 

Parameters of ESO β1 

β2 

4000  

4000000 

1300 

422500 

1200  

360000 

 

In our future work, the ADRC control strategy 

will be used to control of the wind turbine based on 

DFIG connected to the grid in primary frequency 

regulation in order to solve the problem of 

imbalance between production and consumption.  
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