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Abstract: In this work, a robust nonlinear control technique of a doubly fed induction 

generator (DFIG) intended for wind energy systems has been proposed. The principal idea 

in this article is to decouple the active and reactive power of the DFIG with high robustness 

using the backstepping strategy. The principle of this control method is based on the 

Lyapunov function, in order to guarantee the global asymptotic stability of the system. 

Finally, we present some simulation results in order to verify the efficiency and robustness 

of the proposed control technique. 
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1 Introduction1 

IND energy is one of the largest and most 

promising sources of renewable energy in the 

world in terms of development, because it is non-

polluting and economically viable. Institutional and 

government support, together with the high wind energy 

potential and the development of energy conversion 

technologies, has enabled a fast development of wind 

energy with an increment rate of 30% worldwide [1]. 

   Currently, the wind turbine generators market with 

variable speed has turned to powers greater than 1MW 

in particular to make the most of the wind farm on the 

site of implantation. These generators often use the 

doubly fed induction machine as a generator because of 

its advantages. In fact, the most typical connection 

diagram of this machine is to connect the stator directly 

to the grid, while the rotor is fed through two static 

converters in back-to-back mode (one RSC at the rotor 

side and the other at the grid side GSC). This last 

configuration allows the variable speed operation of 

wind turbine, which gives the possibility of producing 

the maximum possible power over a wide range of 

speed variation (±30% near the synchronous speed). In 
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addition, the static converters used for the control of this 

machine can be sized to pass only a fraction of the total 

power (which represents the power of the slip). This 

implies fewer commutative losses, a lower conversion 

cost of the converter and a reduction in the size of the 

passive filter, thus reducing costs and additional 

losses [2, 3]. 

   Traditionally, vector control based on conventional 

Proportional-Integral (PI) controllers is introduced to 

the power control of the DFIG, which decouples DFIG 

active and reactive powers, and reaches good 

performances in the wind energy systems [4]. However, 

the classical PI controller may not give satisfactory 

performances against parameters variations of the 

system [4, 5]. 

   Recently, several nonlinear control laws based a DFIG 

are presented in literature such as feedback linearizing 

control technique [6], sliding mode control method [7]  

 

 
Fig. 1 WES-based a DFIG configuration. 
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and backstepping control strategy [8], etc. This paper 

discusses synthesis of a backstepping algorithm for the 

control of a DFIG associated with a wind turbine. This 

control strategy is applied to the rotor side converter 

(RSC) in the wide range of speed variation of DFIG; it 

allows a direct power control without inner current 

control loops contrary to [8]. This technique is based on 

the use of the Lyapunov function, which facilitates the 

study of stability [9]. 

 

2 Wind Turbine Model 

   In this study, we have represented the evolution of the 

wind speed, by a scalar function that evolves over time, 

modeled in deterministic form by a sum of several 

harmonics as follows: 
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(1) 

 

where ω = 2π/10. 

The wind speed profile modeled by (1) is illustrated in 

Fig. 2. 

   The aerodynamic power of the wind turbine can be 

given as follows: 
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The power coefficient can be expressed by the 

following expression: 
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where 
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The expression of the aerodynamic torque of the turbine 

can be determined as follows: 
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The torque coefficient Ct is defined by: 
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Fig. 3 shows power coefficient Cp curves as a function 

of the tip-speed ratio λ for different pitch angles β. 

 

3 Maximum Power Point Tracking Technique 

Design 

   In order to realize the MPPT control, it is necessary to 

estimate the reference speed of the generator [10]. To do 

that, we use the Eq.3, the speed reference Ωg* can be 

given by: 
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   This estimated speed is compared with the real DFIG 

speed in order to generate the reference DFIG torque via 

a PI controller. Fig. 4 shows the closed-loop speed for 

the MPPT technique. 

   By using poles placement method, the two PI 

controller adjustment gains (Kp and Ki) are given by: 
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where ξ is the damping ratio, ωn is the undamped 

natural frequency, and for ξ = 1 and ωn = 100 rad/s, the 

values of Kp and Ki are given in the Appendix. 

   The MPPT technique based PI controller has, as 

shown in Fig. 5, kept the power coefficient Cp at its  
 

 
Fig. 3 Power coefficient curves. 
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Fig. 4 Block diagram of the speed control loop for the MPPT 

algorithm. 
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Fig. 5 Maximum power coefficient achieved by MPPT control 

technique. 

0 2 4 6 8 10 12 14 16 18 20 0 

0.1 

0.2 

0.3 

0.4 

0.5 

Tip speed ratio 

P
o
w

e
r 

c
o
e
ff

ic
ie

n
t 

C
p
 

  

  
B=0° 
B=5° 
B=10° 
B=15° 
B=20° 
B=25° 



Lyapunov-Based Robust Power Controllers for a Doubly Fed 

 
… Y. Djeriri 

 

Iranian Journal of Electrical and Electronic Engineering, Vol. 16, No. 4, December 2020 553 

 

maximum value (Cpmax=0.48) which corresponds for an 

optimal tip-speed ratio (λopt=8.1). We take note that the 

blades orientation angle is fixed β = 0. 

 

4 Mathematical Model of DFIG 

   We can model the DFIG in the d-q frame linked to the 

rotating field by the following equation system: 

Stator voltage components: 
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Rotor voltage components: 
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Stator flux components: 
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DFIG electromagnetic torque: 
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Mechanical equation: 
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The stator powers are expressed by: 
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   To simplify the DFIG model, the orientation of the 

stator flux on the d-axis of the Park frame was used, as 

shown in Fig. 6. 

   For medium and large power machines, the stator 

resistance can be neglected [11]. Consequently: 
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Fig. 6 Stator field oriented control technique. 

 

   We consider that the wind turbine is connected to a 

powerful and stable grid, and we also neglect the drop 

voltage in the stator resistance [11, 12], the 

mathematical model of the DFIG can be simplified as 

follows: 
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By substituting (20) in (21), the stator active and 

reactive powers are expressed by: 
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The electromagnetic torque is as follows: 
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5 Backstepping Control of DFIG 

5.1 Backstepping Control Principle 

   During the last years, many non-linear control 

techniques have been proposed. The backstepping 

technique is one of the most popular techniques in the 

literature [13-15]. It proposes an essential method of 
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synthesis towards the class of nonlinear systems having 

a triangular form. It is based on the decomposition of 

the entire control system, which is usually 

multivariable (MIMO) and high order into a cascade of 

first-order sub-control systems. The basic idea of the 

backstepping technique is to recursively choose some 

appropriate state functions like virtual control inputs for 

first-order subsystems of the global system [16]. The 

determination of the control laws that follows from this 

approach is based on the use of Control Lyapunov 

Functions (CLF) [8, 17]. In this study, we use only two 

backstepping controllers to control directly the active 

and the reactive power of the DFIG, in contrary 

to [8, 10, 14] and [16-18], who use more than two 

controllers (three or four controllers). 

 

5.2 Backstepping Controllers Design 

   The main objective of using the backstepping 

technique in this paper is to control directly and 

independently the stator powers of the DFIG via the 

RSC of the latter. 

The design of the backstepping controller can be 

attained in two steps [13]: 

 

A) Active Power Control 

   The active power error can be given by: 
 

*
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The derivative of (24) is: 
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Considering V as a Lyapunov candidate function: 
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The derivative of (26) is given by: 
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Replacing (22) in (27), we obtain: 
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Such as the derivative of Iqr is given as follows: 
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Equation (28) becomes: 
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where σ = 1–(Lm
2/LsLr) is the leakage factor, and g is the 

slip of the induction machine. We pose X = LmVs / Ls 

and Y = σLr. 

   Finally, the stabilizing control law for active power is 

defined by: 
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   To ensure the convergence of the Lyapunov candidate 

function, replacing expression (31) in (30) gives: 
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where k1 is a positive constant. 

 

B) Reactive Power Control 

   The reactive power error can be given by: 
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The derivative of (33) is: 
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Such as the derivative of Idr is given by this expression: 
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Equation (37) becomes as follows: 
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   Finally, the stabilizing control law for reactive power 

is defined by: 
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where X = LmVs / Ls and Y = σLr. 

   To ensure the convergence of the Lyapunov candidate 

function, replacing expression (40) in (39) gives: 
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With k2 is a positive constant. 
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5 Simulation Results 

   The backstepping control scheme of the DFIG applied 

to the rotor side converter (RSC) is represented in 

Fig. 7. 

   In this section, the proposed control strategy of 

1.5MW DFIG (see appendix) is tested by simulation by 

using MATLAB/Simulink software. As a result, several 

simulation tests were performed; their goals are the 

control of active and reactive power at the stator side of 

the DFIG through its rotor side converter. 

   Two types of tests were carried out to the wind system 

illustrated in Fig. 7 to observe the effectiveness of the 

backstepping technique for different operating 

conditions [19]: 

1. References tracking test at variable wind speed 

with MPPT technique and for unity power 

factor. 

2. Robustness test against the variations of the 

parameters of the DFIG at fixed wind speed. 

   The first test is shown in Fig. 8; it was performed with 

a variable wind speed presented in Fig. 2. The stator

active power of DFIG follows its reference perfectly 

(Fig. 8(a)), which corresponding to the variable wind 

turbine power extracted by the MPPT algorithm, while 

the reactive power reference is fixed to zero (Fig. 8(b)) 

to keep a unit power factor at the grid side of the DFIG. 

   The analysis of the simulation results of Fig. 8 shows 

a good reference tracking for the active and reactive 

power with fast response time and without overshoot. 

To test the robustness of the backstepping control 

technique of the DFIG, we also studied the effect of 

parametric changes of the generator on the 

performances of this last control strategy. To realize this 

test we increase the rotor resistance (Rr) by 100% of its 

nominal value (case of warming-up of rotor windings) 

and decrease the mutual inductance (Lm) by 50% of its 

nominal value (case of inductances saturation). Fig. 9 

shows the simulation results of this test, it has shown 

the active power, the reactive power, the rotor current, 

and the stator current response respectively of the 

DFIG. In this test the wind turbine is driven from the 

sub-synchronous to the super-synchronous speed, going 

through the synchronous speed. 
 

 

 
Fig. 7 Schematic diagram of the backstepping control method for DFIG. 
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Fig. 8 Simulation results of the backstepping control of DFIG at variable wind speed; a) active power response and b) reactive power 

response 
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Fig. 9 Simulation results of the robustness test against parameters variations of DFIG for the backstepping control; a) active power 

response, b) reactive power response, c) rotor current response, and d) stator current response. 

 

 

   Simulation results in Fig. 9 show the robustness of the 

backstepping control strategy against parameters 

variations of the DFIG, unlike for the vector control 

strategy (FOC) based PI (Proportional-Integral) 

controllers [4, 5]. 

 

 

7 Conclusion 

   This paper has presented a nonlinear and a robust 

control strategy of the doubly fed induction generator 

(DFIG) applied in a wind energy system (WES) by 

using the backstepping technique. 

   The first part of this article is intended for the 

mathematical modeling of WES chain such as the wind 

speed, the wind turbine, the MPPT technique, and the 

DFIG model. The second part presents the design of the 

backstepping controller, this technique ensures a global 

asymptotic stability via the Lyapunov control function. 

This control is developed by determining the direct and 

quadrature components of the rotor voltage applied by 

the rotor-side converter (RSC). 

   Simulation results of the backstepping control strategy 

show high performances and robustness against 

parameters variations of the DFIG in a wide range of 

speed, which allows operation of the WES at the 

maximum of the electrical power produced to the grid 

with a unit power factor. 

 

Appendix 

Table 1 Wind turbine parameters. 

Parameter Rated Value Unit 

Rated power, Pn 1.5 MW 

Blade radius, R 35.25 m 

Number of blades 3 - 

Gearbox ratio, G 90 - 

Total moment of inertia, J 1000 kg.m2 

Viscous friction coefficient, fr 0.0024 N.m.s-1 

Nominal wind speed, v 12 m/s 

 
Table 2 Doubly fed induction generator parameters. 

Parameter Rated Value Unit 

Stator rated voltage, Vs 398/690 V 

Rotor rated voltage, Vr 225/389 V 

Rated current, In 1900 A 

Stator rated frequency, f 50 Hz 

Stator inductance, Ls 0.0137 H 

Rotor inductance, Lr 0.0136 H 

Mutual inductance, Lm 0.0135 H 

Stator resistance, Rs 0.012 Ω 

Rotor resistance, Rr 0.021 Ω 

Number of pair of poles, p 2 - 

Slip range, g -0.3 to 0.3 - 

 

 
Table 3 Power coefficient Cp parameters. 

C1 C2 C3 C4 C5 C6 

0.5176 116 0.4 5 21 0.0068 
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Table 4 MPPT Proportional-Integral (PI) controller 

parameters. 

Kp Ki 

107 2.105 

 

 
Table 5 Backstepping controller parameters. 

k1 k2 

9.104 9.104 
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