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 
ABSTRACT 
 
This article deals with the problem of controlling a wind 
energy conversion system (WECS) based on the doubly fed 
induction generator (DFIG). The purposed control is to 
maximize the extraction of wind energy while letting the wind 
turbine rotor operate in variable speed mode. This work 
highlights the achievement of the above energy objective 
without using any wind speed sensor. The control strategy 
uses a non-linear regulator designed by the backstepping 
technique and based on the use of a high gain observer; fitted 
with a sensor less online reference speed optimizer designed 
using the power characteristic of the turbine to ensure 
maximum power point tracking (MPPT). The proposed 
controller achieves the desired performance and this is 
confirmed by several simulations.  
 

Key words: DFIG, High gain observer, Backstepping, 
MPPT, Sensor less, Wind energy conversion 
 
1. INTRODUCTION 
 
   Currently large wind turbines operate at variable speed. The 
most suitable generator is the doubly-fed asynchronous motor 
called DFIG. This generator is characterized by only 20% to 
30% of the power must pass by frequency conversion from 
100% for the variable speed synchronous generator [1]. This 
gives a reduction of the cost of the converters involved. The 
design of a nonlinear output backstepping control with 
suitable nonlinear observers allow to obtain interesting 
results.  Observers were designed in return output control by 
Lipschitz.The quadratic function of Lyapunov [3] can be used 
to design this observer. This observer is based on the high 
gain.  
The design of the observer and the DFIG control presented in 
this work offers a sensor less controller avoiding the 
measurement of mechanical variables and flux and supporting 
a wide variation of all system state variables guarantee one 
flow control to ensure linear behavior of the DFIG magnetic 
circuit and a DC bus control voltage to protect the inverter in 
question and rectifier in addition the power factor correction 
for injecting clean energy as a goal of MPPT [4]. The results 
are validated by simulation in the MATLAB / SIMULINK 
environment. 
 

 

 
2. SYSTEM MODELING 
2.1 Control structure 

The configuration of DFIG wind turbine selected for this 
work is that of the following structure (Figure 1), which 
allows full control using rotor signals. This structure uses two 
static converters, one on the rotor CCR rectifier side the other 
side of the inverter GCR network based on insulated gate 
bipolar transistors (IGBT) and controlled by pulse width 
modulation (PWM).Control MPPT is used to calculate the 
machine rotation online speed reference ߱ref, to ensure 
extraction of the maximum power of the wind turbine[5]. 

A high gain observer delivers an estimate at the exit of this 
block value of mechanical torque TG and rotation speed ߱. 
We use electrical quantities measurable to avoid mechanical 
quantities not measurable, in our study the speed of the rotor, 
the mechanics torque TG and wind speed v.  

The system must ensure maximum power extraction of the 
turbine and the electrical energy supplied to the network while 
ensuring the requirements imposed by the electrical network. 
The control consists of the following blocks [6]: 

 A rotor speed controller ߱ to follow the reference 
speed ߱ref emitted by the MPPT block. 

 A reactive power regulator QN supplied to network 
equal to a QNref=0 reactive power reference. 

 A stator flow controller ߶s ensuring its maintenance 
at its nominal value ߶sN. 

 A voltage regulator Vdc across capacitor C which 
must follow a reference Vdcref value to protect the 
power switches. 

 
                              Figure 1: Connection of converters with the             

                               DFIG machine 
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2.2 The DFIG modeling 
The DFIG model of stator flux and rotor variables used for 

this control are detailed in equations [1,2]. Since the stator is 
directly connected to the electrical network, we conclude: 

vsd = ENd and vsq = ENq. The equations connecting the PWM 
control rectifier with the electrical quantities conveyed are 
written: id = u1

T.ir   and vr = u1.vdc, with u1 = [u1d, u1q] T, then 
we can write the model of systems involving the rectifier 
PWM control (u1d, u1q) [7]: 
ẋଵ = p	୑౩౨

୎୐౩
	(xଷxସ − xଶxହ)− ୘ృ

୎
− ୤౬

୎
xଵ                               (1) 

ẋଶ = − ଵ
த౩

xଶ +ωୱxଷ + ୑౩౨
த౩

xସ + E୒ୢ                                   (2) 

ẋଷ = − ଵ
த౩

xଷ −ωୱxଶ + ୑౩౨
த౩

xହ + E୒୯                                   (3) 

ẋସ = −γଵxସ + (ωୱ − pxଵ)xହ + ஓమ
த౩

xଶ − pγଶxଵxଷ − γଶE୒ୢ +
γଷuଵୢvୢୡ                                                                               (4) 
ẋହ = −γଵxହ + (ωୱ − pxଵ)xସ + ஓమ

த౩
xଷ + pγଶxଵxଶ − γଶE୒୯ +

γଷuଵୢvୢୡ                                                                               (5) 
 
With ߪ ,3ߛ ,2ߛ ,1ߛ and ߬s : 

γଵ =
R୰Lୱଶ + RୱMୱ୰

ଶ

σL୰Lୱଶ
					,					γଶ =

Mୱ୰

σLୱL୰
		 

γଷ =
1
σL୰

				 ,σ = 1 −
Mୱ୰

ଶ

LୱL୰
							 , τୱ =

Lୱ
Rୱ
									 

 
The differential equation governing the voltages vdc and 

currents iid and iiq: 
ୢ(୴ౚౙమ)

ୢ୲
= − ଶ

େ
൫E୒ୢi୧ୢ + E୒୯i୧୯൯ −

ଶ
େ

vୢୡiୢ                            (6) 
ୢ୧౟ౚ
ୢ୲

= ୉ొౚ
୐బ

+ ωୱi୧୯ + ୴ౚౙ
୐బ

uଶୢ                                                 (7) 
ୢ୧౟౧
ୢ୲

= ୉ొ౧
୐బ

− ωୱi୧ୢ + ୴ౚౙ
୐బ

uଶ୯                                                 (8) 

Tem as measurable state variable,and knowing that : 
Tem = p.MsriT.T0.i                                                                   (9) 

  

With:   T଴ = ൤Oଶ
Oଶ
	 Jଶ
Oଶ
൨ 		Oଶ = ቂ00

0
0ቃ    		Jଶ = ቂ01

	−1
			0 ቃ           

 
Ṫୣ ୫ = Sଵ(i, ν)− Sଶ	(i)ω                                                  (10) 
With     Sଵ(i, ν) = 2pMୱ୰i୘T଴	(γMଵν+ Mଶଷi 
															Sଶ(i) = 2pଶγMୱ୰i୘T଴	Mସi  
 
We deduce the equations of system [8]: 

൞
Ṫୣ ୫ = Sଵ(i, ν) − Sଶ	(i)ω
ω̇ = ଵ

୎
(Tୣ ୫ − Tୋ − f୴ω)

Ṫୋୀε(t)																														

                                             (11) 

 
2.3 High gain observer 
If we use this transformation, we can write the system ender 

normalized form [8]: 

ξ = ϕ(x) = ቬ

x଴ଵ
−Sଶ(i)x଴ଶ
ୗమ(୧)
୎

x଴ଷ
ቭ                                             

൜ξ̇ = Aξ + ψ(ξ) + ϵ(t)
yଵ = xଵ

                                                 (12) 

 
The Jacobian is given by[8]: 

ʌ = ୢஞ
ୢ୲

= ቎
1												0														0
0								 − Sଶ(i)					0
0													0												 ୗమ

୎

቏                                     (13) 

Consider the system (12), then the high gain observer 
can be used to estimate online system state variables: 

ξመ = Aξመ + ψ൫ξመ൯+ θΔ஘ିଵSିଵC୘(ξመ − ξ)                                (14) 
Where ߠ is the observer gain, Δߠ = diag[1, 1/2ߠ/1 ,ߠ ], and S is 
a symmetric positive definite matrix, it is the unique solution 
of the following Lyapunov equation:  
S+ ATS +SA − CTC = 0. 
This observer is globally exponentially stable. 
The observation Errol is written:	ݔ෕ = ොݔ −    ݔ
The convergence of the following Lyapunov function [9]:    
 V= ்̅ݔ S ̅ݔ .We can assume φ is considered Lipchitzian. 
For > 0> 0, we can establish the following inequality: 
Tෙୟ = 		T	෢ ୟ − Tୟ   
In terms of trajectory tracking, we make the following error: 

܂܍ = ܜܘܗ܂ −   )                     ܉܂
Where Ta is deduced from the observer. We are getting:                                                       
܂܍̇ = ૛	ܜܘܗܓ	૑	(܉܂ − ૑	ܜ۹ − −(܏܂                                      ()                       	܉܂̇

The super twisting algorithm allows writing:[10] 
The super twisting algorithm allows writing:[10] 

ቊTg = y + B1. e୘
భ
మ	sgn(e୘)

ẏ = B2	sgn(e୘)																
                                               (17) 

So we can say that there is a finite time tc, ௔ܶconverges to 
T୭୮୲	such that: Tୟ = T୭୮୲ when t >tc 
2.4 Design of backstepping control 

The objective is to seek a reference speed ߱opt, to reach the 
optimal working speed conditions of the wind turbine and 
thus capture the maximum energy the wind. Wind energy 
captured by the turbine is a function of area A, air density ߩ 
and the wind speed v. The transmitted power P of wind energy 
is written as a function of power coefficient Cp [1]: 

Pwind= ଵ
ଶ

.ρ. AV୵୧୬ୢ	ଷ
Fig.2 shows the optimum mechanical power, recovered by 

the turbine, as a function of the angular speed of the rotor. 
 

 
Figure 2: Variation of captured wind power (Pitch angle β=0o) 

The optimum mechanical power Popt is given by [8]: 

 

. 
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ቊ
Ta = Kω																																									

Kopt = ଵ
ଶ
	ρ. π. Rହ େ୮୫ୟ୶

λ୭୮୲య
										                          ()                                                                                   

  Where opt is the specific speed that allows us to maximize 
the power captured. The goal of the following strategy is that 
Ta converges to Topt while the standard law imposes that 
 TG = Topt. This simplification amounts to neglecting the 
effect of mechanical transmission induces a loss of efficiency. 

The vertices of these curves give the maximum of Popt 
power and therefore represent the optimal points [11]. 

F(P) = h୬P୬ + h୬ିଵP୬ିଵ + ⋯+ hଵP + h଴                   () 
Each of these points is characterized by the optimum speed 

߱opt. Figure 2 easily shows that for any wind speed value vi, 
there is a unique couple (߱i, Pi) which involves the greatest 
extractable power. All of all these optimal couples (߱i, Pi) are 
represented in the figure curve. These couples were 
interpolated to obtain a polynomial function ߱opt = F (Popt).  
The optimal point calculation algorithm is as follows [12]: 

-At the beginning we assume that at t = 0 the wind speed 
 is v0 and the rotor speed is ߱0. 
-We can calculate online from the curve to which 

transmitted wind power P0 corresponds  this couple (v0, ߱0). 
- Given the value of P0, the speed reference optimizer gives 

new rotor speed reference value ߱1 = F (P0). 
a well-defined cruise control  turns the rotor of the machine 

to the new speed reference, ߱ = ߱1. - according to the curve 
wind turbine provides new extractable power value equal to 
P1. And the speed reference optimizer provides to the cruise 
control a new speed reference ߱2. 

 -This block will be repeated until completion from the 
Optimal    point(Popt,߱opt).  

If one uses the following changes of variables: 
 x6 = v2

dc ,x7 = iid and x8 = iiq, and knowing that the rotation 
speed x1 and the mechanical torque TG are delivered by the 
high gain observer mentioned below. 
We can put the system under the following form [13-14]: 
   

⎩
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎨

⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎪
⎧ xොଵ =

T෡ୣ୫
J −

f୴xොଵ
J −

T෡ୋ
J + 3θଶSଶିଵ(i)൭T෡ୣ୫ − p

Mୱ୰

Lୱ
(xଷxସ − xଶxହ	)൱

ẋଶ = −
1
τୱ
	xଶ +ωୱxଷା

Mୱ୰

τୱ
xସ	 + E୒ୢ																																																								

ẋଷ = −
1
τୱ
	xଷ −ωୱxଶା

Mୱ୰

τୱ
xହ	 + E୒୯																																																											

ẋସ = −	γ1xସ + (ωୱ−pxොଵ)xହା
γ2
τୱ

xଶ	 − pγ2xොଵxଷ− γ2ENd+γ3u1dVdc

ẋହ = −	γ1xହ − (ωୱ−pxොଵ)xସା
γ2
τୱ

xଷ	 + pγ2xොଵxଶ − γ2ENq+γ3u1qVdc

ẋ଺ = −
2
C ൫E୒ୢx଻ + E୒୯x଼൯ −

2
C vୢୡiୢ																																																		(21)

ẋ଻ =
E୒ୢ
L଴

+ ωୱx଼ା
vୢୡ
L଴

uଶୢ																																																																								

ẋ଼ =
E୒୯
L଴

−ωୱx଻ା
vୢୡ
L଴

uଶ୯																																																																										

 

Te control of the rotation speed ߱ = x1 and the flux norm 
 ߶ = x2

2 + x3
2 should be noted that if the machine is driven 

at the reference rotation speed ߱ref (delivered by the 
MPPT-bloc), therefore it ensures the extraction of the 

maximum power from the wind turbine. 
The flux reference is set to its nominal value.We will 

design the controller in two steps using the backstepping 
technique and  introduce two errors e1 and e2 : 

ቊ
eଵ = ω୰ୣ୤ − xොଵ																				
eଶ = ϕଶ

୰ୣ୤ − (xଶଶ + xଷଶ)                                            

(22) 
The errors dynamics e1 and e2 can be represented by : 

⎩
⎪⎪
⎨

⎪⎪
⎧	ėଵ = ω̇୰ୣ୤ −

୘෡౛ౣ
୎

+ ୤౬୶ොభ
୎

+ ୘෡ృ
୎
− 3θଶSଶିଵ(i) ∗

ቆT෡ୣ୫ − p ୑౩౨

୐౩
(xଷxସ − xଶxହ	)ቇ								

ėଶ = 2ϕ୰ୣ୤ϕ̇୰ୣ୤ − 2( ଵ
த౩

(Mୱ୰(xଶxସ + xଷxହ) −

(xଶଶ + xଷଶ))) − 2(xଶE୒ୢ + xଷE୒୯	)

                                (23)                                      

let's consider the following Lyapunov function: 
V1 = 0.5.e1

2 
 and   V̇ଵ = −cଵeଵଶ 

where c1 is a positive control parameter. 
   This proves the global and asymptotic stability of the 
system.The second stage of conception consists in choosing 
the real control signals u1d and u1q, so that any errors (e1, e2, 
e3, e4) converge to zero. To this end, we should explain how 
these errors depend on the real control signals (u1d, u1q). 

eଷ̇ = Fଷ(x, xො) − 3p
Msr

Ls
θ2S2

−1(i)γଷVୢ ୡ൫ݔଷݑଵௗ −  ଵ௤൯ݑଶݔ

	eସ̇ = Gସ(x) − 2 Msr

τs
γଷVୢ ୡ൫ݔଶݑଵௗ + ଵ௤൯ݑଷݔ                       

(24) 
To analyze the system error (45-48), lets consider the 

augmented Lyapunov function [14]: 
Vଶ = ଵ

ଶ
(eଵଶ + eଶଶ + eଷଶ + eସଶ)                                        (25)  

Its derivative in time along the trajectory of the state vector 
(e1, e2, e3, e4) is: 

V̇ଶ = eଵeଵ̇ + eଶeଶ̇ + eଷeଷ̇ + eସeସ̇                                     (26) 
We can choose the controls inputs u1d and u1q to cancel the 

term between parentheses multiplying e3 and e4 in the 
Lyapunov equation derivative .Both controls exist if the 
matrix  X= ൫ ௫ଷ													ି௫ଶ௫ଶ																௫ଷ		൯ is non-singular. 
The determinant of this matrix is equal to  x2

2 + x3
2 which is 

the stator flux in the machine. The flux cannot be zero, 
because the stator is all time connected to the grid. Then the 
controls u1d and u1q can be written as: 

ቀ୳భౚ୳భ౧
ቁ = Xିଵ ൭

ୡయୣయା୊య(୶,୶ො)) ై౩౏మ(౟)
య౦౉౩౨ಐమಋయ౒ౚౙ

ୡరୣరାୋర(୶)) ಜ౩
మ౉౩౨ಋయ౒ౚౙ

൱                         (27) 

The control signals in the Lyapunov function 
derivative which proves the asymptotic stability of the 
considered speed control. 
The system composed by the DFIG, described by the model, 
and nonlinear control laws has the following properties [15]: 

 The closed loop system represented in the coordinates 
(e1, e2, e3, e4), by the following equations: 

൞

	ėଵ = −cଵeଵ − eଷ				
eଶ̇ = −cଶeଶ + eସ
eଷ̇ = −cଷeଷ											
eସ̇ = −cସeସ										

                                                      (28) 

Assume that the control parameters c1 and c2 are large 
enough in the sense that C1 > 12 and C2 > 12 . Then,all errors 

. 
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e1, e2, e3, e4 are asymptotically, regardless of the initial 
conditions.The system  is globally asymptotically 
stable,relating to the Lyapunov equation V2. Consequently, 
the errors (e1, e2, e3, e4) vanish exponentially fast, whatever 
the initial conditions. 
2.5 Controller of the vdc voltage and PFC 
The injected energy, should not pollute the network. So,the 
currents in1, in2 and in3 have to be sinusoidal and in phase 
with the electrical grid voltages eN1, eN2 and eN3  [16]. 
For this, the reactive power must be equal to reactive power 
reference Qn* and the voltage across the capacitor vdc must 
be equal to a voltage reference vdcref. 
let's introduce errors e5 on the voltage control vdc and e6 on 
the reactive power control. 
eହ = vଶୢୡ୰ୣ୤ − x଺  and  e6= ܳே∗ −ܳே                                     
QN = ENd iNq – ENq iNd,                                                          (29) 
The dynamics errors e5 and e6 can be represented by: 
݁̇ହ = ௗ௥௘௙ݒௗ௥௘௙̇ݒ2 + ଶ

େ
൫E୒ୢx଻ + E୒୯x଼൯+ ଶ

େ
vୢୡiୢ          (30)             

e଺ = Q̇୒
∗ − E୒୘Jଶ ቀ

୶̇మయ
୐౩
− ୑౩౨

୐౩
ẋସହቁ − E୒ୢẋ଼ + E୒୯ẋ଼      (31)     

With : E୒ = ቀ୉ొౚ୉ొ౧
ቁ ,	xଶଷ = ቀ୶మ୶యቁ ,	xସହ = ቀ୶ర୶ఱቁ ,	Jଶ = ൫଴								ିଵଵ											଴൯ 

3.RESULTS AND ANALYSIS  
The performances of the controller is been validated by means 
of simulation in MATLAB/Simulink environment. The table 
summarizes the parameters of the controlled system. 

Turbine Power                PN= 1.5 MW 

Turbine Inertia               J=4.4532105 kg m 

GADA: 

Number of pole pairs:  p=2 
Stator Résistance           Rs=0.005   
Stator Inductance           Ls= 0.40744 mH 
Rotor Résistance            Rr=0.0089   
Rotor Inductance            Lr=0.29921 mH 
Mutuel inductance          M=0.0016 mH 
Command:  
B1 = 1.5, B2 = 50, B3= 200 . 
θ = 30 ,C1 = 5000, C2= 100000, Kopt = 161240. 
This simulation, Fig.3 presents, a step of wind speed varying 
between 6.5 m/s and 13 m/s applied to the inlet of the turbine. 

 
Figure 3: Step variation of wind speed 

 

         The fig.4 illustrates a perfect continuation of the 
electromagnetic torque at its reference delivered by the 
observer block in reduce time 2.5 s. We note the convergence 
of the electromagnetic torque Tem towards the optional 
reference torque Topt a variation from 2500 Nm to 12500Nm 
corresponding to the characteristics of a 1.5 MW wind 
turbine. 

 
Figure 4: Variation of electromagnetic torque for step      
                  wind speed 

We note in Fig.5 the variation of the power Ps produced by 
the DFIG to the network from 1Mw to 1.2 Mw according to 
the maximum point of the wind while garanteissant a unit 
cosφ by regulation which guarantees the cancellation of the 
reactive power Qs. 

 
Figure 5: Powers variation for step wind speed 

In this simulation Fig.6, a random of wind speed is applied to 
the inlet of the turbine varying between 6.5 m/s to 12.5 m/s. 

 
Figure 6: Pseudo-random variation of wind speed 

We show in Fig.7 a perfect continuation of the 
electromagnetic torque at its reference delivered by the 
observer block varying between 800Nm and 1200 Nm. We 
note the convergence of the electromagnetic torque Tem 
towards the optional reference torque Topt despite a tolerable 
overshoot. 



Youssef Baala  et al., International Journal of Advanced Trends in Computer Science and Engineering, 9(1.5), 2020, 27 - 31 

31 
 

 

 

 
Figure 7: Variation of electromagnetic torque for        
                  random wind speed 

Fig.8 demonstrated the various active power P supplied to 
the network goes from a production up to nominal production 
1.5 Mw. The stator reactive power Q is kept zero to guarantee 
a unit power factor cosφ= 1.  

  
Figure 8: Powers variation for random wind speed 

    Fig.9 indicates that despite the pseudo-random variation of 
the wind, we obtain a sinusoidal three-phase current output 
with minimal distortion With a THD harmonic distortion rate 
of 0.05. 

 
Figure 9: Stator current 

 The results of the command show that the production of 
electrical energy by the DFIG on the network is done in 
optimal conditions minimizing the losses so a production at 
maximum efficiency quantified around 67%. 

3. CONCLUSION 

 In this paper, we studied a backstepping control without 
speed and torque sensors of the wind turbine system based on 
doubly fed induction generator DFIG connected to the grid 
with a PWM converter AC/DC/AC. The reference of the 
machine rotational speed is issued from the MPPT block 
based on the electric power injected into the grid 
measurement. It has been demonstrated the control laws, and 
the stability by Lyapunov method. A simulation of the control 
law in the MATLAB/SIMULINK environment, demonstrate 
satisfactory dynamic performances of this control. The 

sensor-less control shows a good performance at high and low 
speed of the DFIG without overshoot. The currents and 
voltages on the rotor and stator are sinusoidal, generally, very 
easy to measure. The estimated speed and torque converge 
immediately to their respective optimal values. 
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