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The purpose of this paper is to investigate a wind power system utilizing a doubly fed 

induction generator (DFIG). In this configuration, the stator is directly connected to the 

grid, while the rotor is linked to the grid via a back-to-back converter. The primary aim is 

to develop a decoupled control system for the DFIG to improve power quality. To achieve 

this goal, we introduce a robust control technique as a means to control the reactive and 

active power of DFIG. This technique is known as sliding mode control. Furthermore, we 

propose a model-reference adaptive system estimator based on proportional and integral 

controllers (PI-MRAS) for sensor-less control of DFIG. This estimator is designed to 

accurately approximate the rotor resistance. The proposed control strategies enhance the 

performance of the wind energy conversion system, particularly considering variations in 

the machine's parameters. Simulation results demonstrate the high performance and 

robustness of control strategies. 
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1. INTRODUCTION

Currently, electric energy stands as one of the most 

extensively utilized forms of energy, taking a leading role in 

the renaissance of modern technologies [1, 2]. Its significance 

lies in its rapid growth as an industry, driven by diverse energy 

sources like petroleum, natural gas, biomass energy, solar 

energy, and wind energy. These sources are broadly 

categorized into two main families: conventional energy 

sources and renewable energy sources. However, the pressing 

concerns of fossil fuel depletion, greenhouse gas emissions, 

pollution, and escalating energy prices are the primary issues 

that have sparked significant research efforts throughout the 

world to investigate methods for harnessing renewable energy 

supplies [3-6]. 

Among the various applications of renewable-energy 

generation, wind energy has gained a great deal of attention 

and emerged as the most promising source of energy. Its 

renewable nature, well-established infrastructure, abundant 

availability, and relatively competitive cost contribute to its 

prominence [7-10]. As a result, wind energy can be 

distinguished as the optimal choice, playing a key role in 

promoting power conservation and environmental cleanliness 

[11]. 

Currently, DFIGs are widely considered for wind power 

generation. There are a number of advantages that justify the 

use of DFIGs, including their flexibility to operate at variable 

speed and constant frequency, size, cost, efficiency, and wide 

operating range (hypersynchronous and hyposynchronous) in 

their four quadrants [12-14]. 

Figure 1. Configuration of WECS-DFIG 

The main topology of wind energy generation system is 

illustrated in Figure 1. In this structure, the rotor is linked to 

the grid by means of a back-to-back converter, while the stator 

is directly connected to the grid, sharing the DC bus [15, 16]. 

The back-to-back converter comprises two key components: 

the grid-side converter (GSC) and the rotor-side converter 

(RSC) [17-19]. The RSC is crucial for supplying magnetizing 

current to the rotor windings, enabling control over the stator’s 

reactive and active power. Additionally, the RSC is 

responsible for regulating the stator's active power to extract 

maximum energy from the wind and improve the quality of 

power by filtering harmonic currents. It also aids in achieving 
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smooth synchronization with the grid. On the other hand, 

GSC's main role is to ensure that the DC bus voltage remains 

unchanged [19-21]. 

Numerous studies in the literature have focused on 

controlling DFIG-based wind turbines. The dominant 

approach employed is field-oriented control (direct or indirect) 

based on proportional-integral controllers (PI) [22]. FOC aims 

to decouple the two components (d, q) of the rotor currents in 

order to separately regulate active and reactive powers [23]. 

However, FOC requires precise machine parameters and stays 

susceptible to external disturbances and changes in driving 

parameters. 

To address the non-linearity in the DFIG model, various 

methods involvie non-linear control laws, like sliding mode 

control (SMC). This method’s major benefits are its high 

robustness and ease of implementation [24]. In this context, 

there is a great deal of work on the application of SMC in wind 

power systems. Martinez et al. [25] described two coordinated 

control algorithms based on SMC for RSC and GSC. These 

algorithms are effective under unbalanced and harmonically 

distorted grid voltage conditions. The control signals depend 

only on the states of selected switching variables, making the 

solution robust against system parameter variations. The use 

of SMC allows for control in the stationary reference frame, 

enhancing tracking ability. Mousavi et al. [26] examined the 

existing literature on conventional SMCs and their 

modifications to address various control design issues for 

WECS. The parameter’s optimization of sliding mode surface 

function and the maximization of a low-power wind energy 

conversion system are achieved by employing particle swarm 

optimization-based sliding mode control (PSO-SMC) [27]. In 

the study [28], the SMC method is used to regulate both the 

rotational speed on the rotor side and the DC bus voltage on 

the grid side of the WECS. Xiong et al. [29] proposed a 

fractional order sliding mode control (FOSMC) strategy. The 

aim is to directly control the active (reactive) power of DFIG, 

which has never been used to control DFIG before. FOSMC 

with disturbance is introduced, and the Caputo derivative is 

used for the design of the sliding mode surface. At the same 

time, an improved exponential grasping law is used to reduce 

the flutter phenomenon in the sliding stage and speed up the 

grasping progress. Zamzoum et al. [30] proposed an advanced 

adaptive sliding mode controller (ASMC) to effectively 

manage the power flow of the DFIG-based wind turbine, 

especially under varying wind speeds. Xiong et al. [31] 

developed an innovative control approach, utilizing high-order 

sliding mode for the DPC of DFIG operating in unbalanced 

grid voltage situations. In the study [32], two types of 

nonlinear sliding mode controllers are used to regulate the 

active (reactive) power in DFIG: one is a first-order SMC, 

while another utilizes a super twisting algorithm. Karboua et 

al. [33] proposed a hybrid control approach. This approach 

combines a terminal sliding mode control based on a high-

order super twisting algorithm for the speed loop and a sliding 

mode control with an exponential reaching law for the current 

loop. However, the efficacy of control depends on knowledge 

of generator parameters, in particular the rotor resistance, 

which can vary from its nominal value by as much as 100% 

due to rotor heating [34]. On the other side, the complicated 

online calculations have hindered the practical implementation 

of the SMC. Consequently, resorting to a thermal model or 

temperature sensor to obtain this information is deemed 

undesirable. Benbouhenni et al. [35] proposed a super twisting 

sliding mode control based on an adaptive-network-based 

fuzzy inference system (STSMC-ANFIS) to enhence direct 

power control. 

Numerous techniques for online rotor resistance estimation 

have been developed, including signal injection methods [36], 

observer methods (Kalman filter, Luenberger observer, 

sliding-mode observer, adaptive observer,etc), and the model 

reference adaptive system (MRAS) [37, 38]. The MRAS 

approach is made up of a reference model and an adaptive 

model with a shared output quantity. Notably, the reference 

model remains independent of the rotor resistance, while an 

adaptive mechanism uses the error signal between outputs to 

continuously adapt the rotor resistance. 

In this study, the effectiveness and reliability of the two side 

converter of the DFIG are improved using the sliding mode 

control strategy. To achieve sensor-less control, a novel PI-

MRAS estimator is proposed. The proposed PI-MRAS 

estimator employs active power as the output for both the 

reference and adaptive models, which grants it immunity to 

machine parameter variations and enhances its robustness 

against disturbances. 

According to its structure, this research paper comprises the 

following parts: The second section introduces the concept of 

modeling a double-fed induction generator, converter, and R-

L filter. Section three presents the synthesis of SMC in order 

to control power injected into the grid, while the proposed PI-

MRAS is developed in the fourth section. Section five 

discusses the simulation results obtained using the 

MATLAB/SIMULINK environment. Lastly, Section 6 

provides a conclusion summarizing the findings. 

 

 

2. SYSTEM MODELING 

 

2.1 Dynamic model of DFIG 

 

Recently, DFIG has become the most commonly used in 

wind turbines. However, its structure is complicated. For this 

reason, the development of the mathematical model needs to 

consider some simplifying assumptions, such as the non-

saturation of the magnetic circuit; the loss caused by the 

hysteresis current is negligible; the structure of the whole 

machine is symmetrical; the constant air gap; and the 

sinusoidal distribution of the magnetomotive force in the air 

gap [39]. 

Due to the complexity of the three-phase plane equations, 

we turn to the two-phase system. Thus, the transition from a 

fixed reference point (a, b, c) to another inflection point (d-q) 

is achieved by the application of the PARK transformation. As 

a result, the mathematical model of DFIG is as follows [40, 

41]: 

 

-Rotor and stator voltages 

 

𝑉𝑑𝑠 = 𝑅𝑠. 𝐼𝑑𝑠 +
𝑑Ø𝑑𝑠

𝑑𝑡
− 𝜔𝑠. Ø𝑞𝑠 (1) 

 

𝑉𝑞𝑠 = 𝑅𝑠. 𝐼𝑞𝑠 +
𝑑Ø𝑞𝑠

𝑑𝑡
+ 𝜔𝑠. Ø𝑑𝑠 (2) 

 

𝑉𝑑𝑟 = 𝑅𝑟 . 𝐼𝑑𝑟 +
𝑑Ø𝑑𝑟

𝑑𝑡
− 𝜔𝑟 . Ø𝑞𝑟 (3) 

 

𝑉𝑞𝑟 = 𝑅𝑟 . 𝐼𝑞𝑟 +
𝑑Ø𝑞𝑟

𝑑𝑡
+ 𝜔𝑟Ø𝑑𝑟 (4) 
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𝜔𝑟 = 𝜔𝑠 − 𝑝. 𝛺 (5) 

 

-Rotor and stator flux 

 

Ø𝑑𝑠 = 𝐿𝑠. 𝐼𝑑𝑠 + 𝑀. 𝐼𝑑𝑟  (6) 

 

Ø𝑞𝑠 = 𝐿𝑠 . 𝐼𝑞𝑠 + 𝑀. 𝐼𝑞𝑟  (7) 

 

Ø𝑑𝑟 = 𝐿𝑟 . 𝐼𝑑𝑟 + 𝑀. 𝐼𝑑𝑠 (8) 

 

Ø𝑞𝑟 = 𝐿𝑟 . 𝐼𝑞𝑟 + 𝑀. 𝐼𝑞𝑠 (9) 

 

-Electromagnetic torque 

 

𝑇𝑒𝑚 = 𝑝. (Ø𝑑𝑠 . 𝐼𝑞𝑠 − Ø𝑞𝑠 . 𝐼𝑑𝑠) (10) 

 

-Active and reactive stator power 

 

𝑃𝑠 = 𝑉𝑑𝑠. 𝐼𝑑𝑠 + 𝑉𝑞𝑠 . 𝐼𝑞𝑠 (11) 

 

𝑄𝑠 = 𝑉𝑞𝑠 . 𝐼𝑑𝑠 − 𝑉𝑑𝑠. 𝐼𝑞𝑠 (12) 

 

where, 

(𝑉𝑑𝑠, 𝑉𝑞𝑠 , 𝑉𝑑𝑟 , 𝑉𝑞𝑟), (𝐼𝑑𝑠, 𝐼𝑞𝑠 , 𝐼𝑑𝑟 , 𝐼𝑞𝑟), (Ø𝑑𝑠 , Ø𝑞𝑠, Ø𝑑𝑟 , Ø𝑞𝑟) are 

the dq components of stator and rotor voltages, currents, and 

flux, respectively; ( 𝑅𝑠, 𝑅𝑟 ) refer to the stator and rotor 

resistances; (𝐿𝑠, 𝐿𝑟 , 𝑀) are the stator, rotor and magnetizing 

inductances; 𝜔𝑠 represents the synchronous speed; 𝑝 denotes 

the number of pole peers. 

Additionally, to make it easier to control the generator, we 

choose a dual-phase reference (d-q) related to the rotating field 

and the stator flux vector Ø𝑠
⃗⃗⃗⃗  is aligned on the direct axis’d’, 

which allows us to write [42]: 

 

Ø𝑑𝑠 = Ø𝑠 (13) 

 

Ø𝑞𝑠 = 0 (14) 

 

If we neglect the resistance of the stator windings 𝑅𝑠, Eq. (1) 

and Eq. (2) of the stator voltages reduce to these equations: 

 

𝑉𝑑𝑠 = 0 (15) 

 

𝑉𝑞𝑠 = 𝑉𝑠 = 𝜔𝑠. Ø𝑠 (16) 

 

By using Eq. (13), Eq. (14), Eq. (15) and Eq. (16) in Eq. (1), 

Eq. (2), Eq. (3), Eq. (4), Eq. (6), Eq. (7), Eq. (8) and Eq. (9), 

one may get a new equation for the rotor voltages (Eq. (17) 

and Eq. (18)). Additionally, it is possible to create the initial 

formulae for stator powers in a different way, as illustrated in 

Eq. (19) and Eq. (20): 

 

𝑉𝑑𝑟 = 𝑅𝑟 . 𝐼𝑑𝑟 + (𝐿𝑟 −
𝑀2

𝐿𝑠

) .
𝑑𝐼𝑑𝑟

𝑑𝑡

− 𝑆. 𝜔𝑠. (𝐿𝑟 −
𝑀2

𝐿𝑠

) . 𝐼𝑞𝑟  

(17) 

 

𝑉𝑞𝑟 = 𝑅𝑟 . 𝐼𝑞𝑟 + (𝐿𝑟 −
𝑀2

𝐿𝑠

) .
𝑑𝐼𝑞𝑟

𝑑𝑡

+ 𝑆. 𝜔𝑠. (𝐿𝑟 −
𝑀2

𝐿𝑠

) . 𝐼𝑑𝑟 + 𝑆.
𝑀. 𝑉𝑠
𝐿𝑠

 

(18) 

 

𝑃𝑠 = −𝑉𝑠 .
𝑀

𝐿𝑠

. 𝐼𝑞𝑟 (19) 

 

𝑄𝑠 =
𝑉𝑠

2

𝜔𝑠. 𝐿𝑠

−
𝑉𝑠. 𝑀

𝐿𝑠

. 𝐼𝑑𝑟  (20) 

 

𝑇𝑒𝑚 = −𝑝.
𝑀

𝜔𝑠. 𝐿𝑠

. 𝑉𝑠 . 𝐼𝑞𝑟  (21) 

 

With: 𝑆: Slip ratio; 𝑉𝑠: Stator voltage; Ø𝑠: Stator flux. 

The diagram of simplified DFIG model is illustrated in 

Figure 2. 

 

 
 

Figure 2. Diagram of DFIG model 

 

2.2 Model of converters 

 

The converters can be represented mathematically in the 

following matrix: 

 

[

𝑉𝑎
𝑉𝑏

𝑉𝑐

] =
𝑉𝑑𝑐

3
. [

2 −1 −1
−1 2 −1
−1 −1 2

] . [

𝑆𝑎

𝑆𝑏

𝑆𝑐

] (22) 

 

The converter provides straightforward voltages derived 

directly from the states of control quantities 𝑆𝑎 , 𝑆𝑏  and 𝑆𝑐 , 

representing the control signals. The pulse width modulation 

(PWM) control strategy determines the state of these 

quantities. 

Since the power configuration remains consistent for both 

inverter and rectifier operations, the mathematical model 

remains applicable to both modes. 

 

2.3 Model of R-L filter 

 

The coils making up the filter impose the current flowing 

between the grid and the filter. The filter voltage in the 

𝑑𝑞 frame is given by the study [43]: 

 

𝑉𝑑𝑓 = 𝑅𝑓 . 𝐼𝑑𝑓 + 𝐿𝑓 .
𝑑𝐼𝑑𝑓

𝑑𝑡
−𝐿𝑓𝜔𝑠𝐼𝑞𝑓 + 𝑉𝑑𝑔 (23) 

 

𝑉𝑞𝑓 = 𝑅𝑓 . 𝐼𝑞𝑓 + 𝐿𝑓 .
𝑑𝐼𝑞𝑓

𝑑𝑡
+𝐿𝑓𝜔𝑠𝐼𝑑𝑓 + 𝑉𝑞𝑔 (24) 
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where, 𝑉𝑑𝑓, 𝑉𝑞𝑓, 𝑉𝑑𝑔 and 𝑉𝑞𝑔 present the voltages of the filter 

and the grid respectively; 𝐼𝑑𝑓 and 𝐼𝑞𝑓  are the filter currents; 𝑅𝑓 

and 𝐿𝑓 are the filter resistance and inductance respectively. 

 

 

3. SLIDING MODE CONTROL 

 

The SMC approach is a nonlinear control method; this 

technique demonstrates exceptional robustness, effectively 

dealing with uncertainties, external disturbances, and 

exhibiting a rapid response [24]. 

The purpose of implementing this control rule is to confine 

the paths of the system's states, ensuring they reach and 

consistently maintain the sliding surface, even when 

uncertainties are present [44]. The design primarily involves 

the determination of three key steps [32]: 

 

1) Choice of sliding surface 

The below equation represents a non-linear system: 

 

�̇� = 𝑣(𝑋, 𝑡) + 𝑤(𝑋, 𝑡) ∗ 𝑧(𝑋, 𝑡); 𝑋 ∈ 𝑅𝑛 , 𝑧 ∈ 𝑅 (25) 

 

𝑣, 𝑤: Continuous nonlinear functions. 

The sliding surface can be calculated using the general 

equation below proposed by J.J. Slotine [4, 32, 45]: 

 

𝑆(𝑋) = (
𝑑

𝑑𝑡
+ 𝛿)

𝑚−1

. 𝑒(𝑋) (26) 

 

𝑚 : The system order; 𝑒(𝑋) = 𝑋𝑟 − 𝑋 : The difference 

between the reference variable and the state one; 𝛿: positive 

constant. 

2) Convergence condition 

Based on the Lyapunov equation, we can define the 

convergence condition [24, 32, 45, 46]: 

 

𝑆(𝑋). 𝑆(𝑋) 0̇  (27) 

 

3) Control law 

The sliding mode control is composed of two terms: an 

equivalent control that describes the system’s behavior on the 

sliding surface, and a discontinuous control depending on the 

sign of the sliding surface (named also switching control) [46-

48]. The following relationship defines the control law: 

 

𝑢 = 𝑢𝑒𝑞 + 𝑢𝑛 (28) 

 

3.1 Rotor side converter 

 

In this section, we focus on power control; 𝑛 = 0 , the 

surface becomes the error 𝑒, so the sliding surfaces are defined 

by: 

 

𝑆(𝑃) = 𝑃𝑠_𝑟𝑒𝑓 − 𝑃𝑠 (29) 

 

𝑆(𝑄) = 𝑄𝑠_𝑟𝑒𝑓 − 𝑄𝑠 (30) 

 

Based on Eq. (19), Eq. (20), Eq. (29) and Eq. (30), the 

derivative of the sliding surface gives us: 

 

𝑆(𝑃)̇ = 𝑃𝑠_𝑟𝑒𝑓
̇ +𝑉𝑠.

𝑀

𝐿𝑠

. 𝐼𝑞�̇�  (31) 

 

𝑆(𝑄)̇ = 𝑄𝑠_𝑟𝑒𝑓
̇ −

𝑉𝑠. 𝑀

𝐿𝑠

. 𝐼𝑑𝑟
̇  (32) 

 

From Eq. (17), Eq. (18), Eq. (31) and Eq. (32), and 

neglecting the coupling terms, and replacing 𝑉𝑞𝑟  by 𝑉𝑞𝑟
𝑒𝑞

+ 𝑉𝑞𝑟
𝑛  

and 𝑉𝑑𝑟  by𝑉𝑑𝑟
𝑒𝑞

+ 𝑉𝑑𝑟
𝑛 , we get: 

 

𝑆(𝑃)̇ = 𝑃𝑠_𝑟𝑒𝑓
̇ +𝑉𝑠 .

𝑀

𝐿𝑠

. ((𝑉𝑞𝑟
𝑒𝑞

+ 𝑉𝑞𝑟
𝑛) − 𝑅𝑟𝐼𝑞𝑟) (33) 

 

𝑆(𝑄)̇ = 𝑄𝑠_𝑟𝑒𝑓
̇ −

𝑉𝑠 . 𝑀

𝐿𝑠

. ((𝑉𝑑𝑟
𝑒𝑞

+ 𝑉𝑑𝑟
𝑛 ) − 𝑅𝑟𝐼𝑑𝑟) (34) 

 

In a steady state, we have: (𝑃, 𝑄) = 0, 𝑆(𝑃, 𝑄)̇ = 0. 

Consequently, 𝑉𝑞𝑟
𝑒𝑞

 and 𝑉𝑑𝑟
𝑒𝑞

 are defined by the relations 

following: 

 

𝑉𝑞𝑟
𝑒𝑞

= −𝑃𝑠_𝑟𝑒𝑓
̇ . (𝐿𝑟 −

𝑀2

𝐿𝑠

)
𝐿𝑠

𝑀𝑉𝑠
+ 𝑅𝑟𝐼𝑞𝑟 (35) 

 

𝑉𝑑𝑟
𝑒𝑞

= −𝑄𝑠_𝑟𝑒𝑓
̇ . (𝐿𝑟 −

𝑀2

𝐿𝑠

)
𝐿𝑠

𝑀𝑉𝑠
+ 𝑅𝑟𝐼𝑑𝑟  (36) 

 

The switching terms are given by: 

 

𝑉𝑞𝑟
𝑛 = 𝐾𝑃𝑠𝑖𝑛𝑔(𝑆(𝑃)) (37) 

 

𝑉𝑑𝑟
𝑛 = 𝐾𝑄𝑠𝑖𝑛𝑔(𝑆(𝑄)) (38) 

 

where, 𝐾𝑃 and 𝐾𝑄 constant parameters. 

 

3.2 Grid side converter 

 

The aim of GSC is to maintain a constant voltage on the DC 

link and to adjust the power factor at the grid connection point. 

To ensure proper system operation, the intermediate circuit 

voltage must be constant. The control law that guarantees this 

is derived from the expressions for active powers and the 

current flowing through the filter [49]. 

The following equation expresses the current flowing in the 

capacitor: 

 

𝐼𝑐𝑎𝑝 = 𝐶.
𝑑𝑉𝑑𝑐

𝑑𝑡
 (39) 

 

The currents in the capacitor, inverter, and rectifier are 

linked by the following relationship: 

 

𝐼𝑐𝑎𝑝 = 𝐼𝑟𝑒𝑐 − 𝐼𝑖𝑛𝑣  (40) 

 

Which allows us to write: 

 

𝑃𝑐𝑎𝑝 = 𝑃𝑟𝑒𝑐 − 𝑃𝑖𝑛𝑣  (41) 

 

where, 𝑃𝑐𝑎𝑝 ,𝑃𝑟𝑒𝑐  and 𝑃𝑖𝑛𝑣  are the active power in the capacitor, 

the rectifier and the inverter respectively. 

Eq. (41) allows us to calculate the DC voltage 𝑉𝑑𝑐 and then 

regulate it using a PI controller by imposing a reference 

voltage 𝑉𝑑𝑐_𝑟𝑒𝑓 . 

The second objective is to regulate the filter current. The 

current errors are given by: 
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𝑆(𝐼𝑑𝑓) = 𝐼𝑑𝑓_𝑟𝑒𝑓 − 𝐼𝑑𝑓  (42) 

 

𝑆(𝐼𝑞𝑓) = 𝐼𝑞𝑓_𝑟𝑒𝑓 − 𝐼𝑞𝑓 (43) 

 

From Eq. (23), Eq. (24), Eq. (42) and Eq. (43), we get: 

 

𝑆(𝐼𝑑𝑓)̇ = 𝐼𝑑𝑓_𝑟𝑒𝑓
̇ −

1

𝐿𝑓

. (𝑉𝑑𝑓 − 𝑅𝑓 . 𝐼𝑑𝑓 + 𝐿𝑓𝜔𝑠𝐼𝑞𝑓

− 𝑉) 

(44) 

 

𝑆(𝐼𝑞𝑓)̇ = 𝐼𝑞𝑓_𝑟𝑒𝑓
̇ −

1

𝐿𝑓

. (𝑉𝑞𝑓 − 𝑅𝑓 . 𝐼𝑞𝑓 − 𝐿𝑓𝜔𝑠𝐼𝑑𝑓) (45) 

 

In order to ensure the condition: 𝑆(𝑋). 𝑆(𝑋)0̇ , the control 

law is formulated as: 

 

𝑉𝑑𝑓 = 𝑅𝑓 . 𝐼𝑑𝑓 + 𝐿𝑓 .
𝑑𝐼𝑑𝑓

𝑑𝑡
− 𝐿𝑓𝜔𝑠𝐼𝑞𝑓 + 𝑉

+ 𝐾𝐼𝑑𝑓𝑠𝑖𝑛𝑔 (𝑆(𝐼𝑑𝑓)) 

(46) 

 

𝑉𝑞𝑓 = 𝑅𝑓 . 𝐼𝑞𝑓 + 𝐿𝑓 .
𝑑𝐼𝑞𝑓

𝑑𝑡
+ 𝐿𝑓𝜔𝑠𝐼𝑑𝑓

+ 𝐾𝐼𝑞𝑓𝑠𝑖𝑛𝑔 (𝑆(𝐼𝑞𝑓)) 

(47) 

 

where, 𝐾𝐼𝑑𝑓 and 𝐾𝐼𝑞𝑓 constant parameters. 

 

 

4. PI-MRAS ESTIMATOR 

 

The model reference adaptive system method is a versatile 

approach that can be employed for the calculation of nearly 

any parameter or variable of the generator. In this study, the 

focus is on utilizing this method to estimate the rotor 

resistor𝑅𝑟. The proposed control method, referred to as the PI-

MRAS estimator, encompasses a reference model, an adaptive 

model, and a PI adaptation mechanism, as depicted in Figure 

3. Importantly, the reference model is independent of the 

computed resistor value.  𝑅𝑟  is estimated by evaluating the 

error derived from the outputs of these two models. 

Additionally, the output variable of the PI controller is 

simultaneously employed in the adaptive model through a 

closed loop [50-52]. 

 

 
 

Figure 3. Configuration of the PI-MRAS estimator 

 

The active power of the rotor is expressed as: 

 

𝑃𝑟 = 𝑉𝑑𝑟 . 𝐼𝑑𝑟 + 𝑉𝑞𝑟 . 𝐼𝑞𝑟  (48) 

 

Based on Eq. (17), Eq. (18) and Eq. (48), given that the 

derivative terms are equal to zero in steady state, we can write: 

𝑃𝑟_𝑒𝑠𝑡 = 𝑅𝑟(𝐼𝑑𝑟
2 + 𝐼𝑞𝑟

2 ) + 𝑆.
𝑀𝑉𝑠
𝐿𝑠

𝐼𝑞𝑟  (49) 

 

Eqs. (48) and (49) present the reference and adaptive 

models respectively. 

The PI-MRAS estimator is specifically designed for 

sensorless control of DFIG and is capable of estimating the 

rotor resistance without the need for additional sensors. In this 

estimator, a PI controller is employed to adjust the estimated 

rotor resistance based on the error between the measured and 

predicted active power. The proportional term in the controller 

ensures that the estimated resistance closely tracks the actual 

value, while the integral term helps eliminate steady-state 

errors. Additionally, the MRAS part of the estimator provides 

the reference model against which the power quantities are 

compared, facilitating the estimation process. 

The choice of the PI-MRAS estimator structure is based on 

a careful balance between robustness, performance, and 

simplicity. The PI controller offers robustness and simplicity 

in implementation and tuning, while the MRAS structure 

allows for adaptation to varying operating conditions, 

enhancing the overall performance of the estimator. 

In summary, the PI-MRAS estimator is preferred for sensor-

less control of DFIG systems due to its robustness, simplicity, 

and ability to provide accurate rotor resistance estimation 

across a wide range of operating conditions. 

 

 

5. SIMULATION RESULTS AND DISCUSSION 

 

In this section, we employ both conventional and sliding 

mode control techniques on a 1.5 MW DFIG that is driven by 

two converters, RSC and GSC. To maintain stability, the DC 

link voltage is carefully controlled using a PI regulator. 

Additionally, we apply a PI-MRAS estimator to the proposed 

control methods to accurately estimate the rotor resistance as 

illustrated in Figure 4. The model's performance is evaluated 

through simulation conducted within the 

MATLAB/SIMULINK environment. Table 1 presents the 

parameters of the generator. 

 

 
 

Figure 4. The overall system control scheme 

 

Figures 5 and 6 present, respectively, active and reactive 

power obtained by using both PI and sliding mode controllers. 

Different values are imposed to illustrate the behavior of the 

DFIG. It is clear that the power responses closely track the 

designated references, exhibiting overshoots at the following 

time points: t=1, t=2, and t=3 in the case of reactive power 

when employing the PI controller. Furthermore, it is noted that 
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the variations of the active power have a minor effect on the 

reactive one, indicating that the decoupling of the two powers 

is practically achieved during steady-state operation; however, 

slight fluctuations are noticeable during the transient phase. 

 

Table 1. Generator parameters 

 
Parameter Value Unit 

Rotor resistance 0.03 Ω 

Stator resistance 0.02 Ω 

Rotor inductance 0.0140 H 

Stator inductance 0.0138 H 

Mutual inductance 0.0136 H 

Number of pole pairs 2 / 

Filter resistance 0.1 Ω 

Filter inductance 0.001 H 

Capacitor C 0.01 F 

 

 
(a) 

 
(b) 

 

Figure 5. Active power using: (a) PI Controller (b) SMC 

 

 
(a) 

 
(b) 

 

Figure 6. Reactive power using: (a) PI Controller (b) SMC 

Figures 7 and 8 show the currents in the three-phase 

reference frame, which have sinusoidal forms in a steady state 

and are less disturbed. The rotor current frequency settles at 

5Hz by the time t=3s, while the stator frequency aligns with 

the electrical network's frequency, which is 50Hz. 

 

 
(a) 

 
(b) 

 

Figure 7. (a) Stator currents using SMC (b) Stator currents 

(zoom) 

 

 
 

Figure 8. Rotor currents using SMC 

 

 
(a) 

 
(b) 

 

Figure 9. DC bus voltage using: (a) PI controller (b) SMC 

 

From Figure 9, the voltage of the DC bus attains its 

reference value of 1200 volts at t=0.4s. It is worth highlighting 

that the FOC method, utilizing PI controllers, exhibits 

significant overshooting during transient conditions and slight 
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overshooting during a steady-state operation compared to the 

SMC method. 

Figure 10 presents the estimated rotor resistance obtained 

by PI-MRAS and the real one. In Figure 11, the rotor 

resistance changes with an increase of 30%, 50%, and 100% 

of its nominal value. From these figures, the estimated 

resistance follows the real resistance in a short time (t=0.4s) 

and without error. 

 

 
 

Figure 10. Estimated rotor resistance 

 

 
 

Figure 11. Variable estimated rotor resistance 

 

 
 

Figure 12. Active power (+30%𝑅𝑟 , 𝐿𝑟) 

 

 
 

Figure 13. Reactive power (+30%𝑅𝑟 , 𝐿𝑟) 

 

To evaluate the robustness of the SMC, parameter 

variations were performed. For this purpose, the values of 

𝑅𝑟 and 𝐿𝑟 are increased by 30% of their nominal values. 

As shown in Figures 12 and 13, the active or reactive power 

reaches its reference value without error, and the overshoot is 

negligible compared to conventional controllers. Also, note 

that response times have been improved (25ms when using 

SMC and 35ms when using PI). 

Table 2 shows the system performance and robustness 

comparison when applying PI and SMC under variable 

parameters (+30% of the nominal value of 𝑅𝑟 , 𝐿𝑟). 

The response time, overshoot, and steady-state error values 

indicate that SMC has less overshoot, minimal error in steady 

state, and higher robustness. Therefore, these results confirm 

the superiority of SMC over the PI controller. 

 

Table 2. System performance and robustness comparison 

 

Controller 
Overshoot 

(%) 

Error 

(%) 
Response Time(s) Robustness 

PI 0.095 0.05 0.035 Less 

SMC 0.005 0.001 0.025 High 

 

Both the SMC and the PI-MRAS estimator approaches 

demonstrate robustness to real-world challenges in WECS. 

SMC's inherent robustness to disturbances and noise stems 

from its ability to maintain system trajectory proximity to the 

desired path despite noisy measurements. This characteristic 

also extends to its handling of communication delays, as SMC 

focuses on the system's current state. In contrast, the PI-MRAS 

estimator's robustness to measurement noise arises from its 

filtering mechanism, which can mitigate the effects of noise 

through the integral term of the PI controller and the adaptive 

nature of the MRAS mechanism. Furthermore, the PI-MRAS 

estimator can adapt to moderate communication delays by 

maintaining an internal model of the system's dynamics and 

adjusting the estimator parameters accordingly. Both 

approaches also exhibit resilience to modeling errors and 

parameter variations, with SMC relying on its sliding surface 

to correct control actions based on the current system state and 

PI-MRAS adjusting its parameters to account for dynamic 

variations. Despite the effectiveness of SMC, its 

implementation complexity is higher than that of PI-MRAS, 

which combines the familiar PI controller with the MRAS 

mechanism for relatively simpler implementation in practical 

wind energy systems. 

 

 

6. CONCLUSIONS 

 

This research paper presents the application of a nonlinear 

strategy for enhancing the control of two converters (RSC and 

GSC) within a WECS-DFIG. The method involves combining 

sliding mode control with pulse width modulation to achieve 

precise control. The SMC technique is deployed in both RSC, 

regulating active and reactive power, and GSC, managing 

filter current. Additionally, a PI regulator is utilized to 

maintain the DC voltage at the desired levels. 

Another key focus of this study is the estimation of rotor 

resistance using a PI-MRAS estimator. This estimator 

demonstrates notable resilience against fluctuations in 

generator parameters, particularly the rotor resistance. A 

comparative analysis is performed, comparing the proposed 

SMC approach with conventional control methods under 

variations in machine parameters. 

Through comprehensive simulation results, it is 
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demonstrated that the proposed control strategies exhibit high 

performance in terms of reference tracking and robustness. 

Ultimately, the integration of sliding mode control with the PI-

MRAS estimator enhances the performance, effectiveness, 

and reliability of the wind system. 

To summarize, SMC is recognized for its robustness against 

uncertainties and disturbances, simplicity in design and 

implementation, and high dynamic performance and accuracy 

in tracking. However, it suffers from chattering, complexity in 

variable structure design, and sensitivity to modeling errors. 

Future directions for SMC include chattering reduction, 

adaptive designs, and integration with artificial intelligence, 

such as fuzzy logic or neural networks for enhanced 

performance. 

PI-MRAS offers real-time adaptation of control gains, 

improved tracking of reference signals, and easy 

implementation and tuning. Yet, challenges include tuning 

complexity, model dependency, and convergence issues. 

Future directions for PI-MRAS involve advanced adaptive 

algorithms, combination with other control strategies, and 

integration with predictive control mechanisms. 

In conclusion, both SMC and PI-MRAS have unique 

strengths and limitations, necessitating further research. 

Future developments aim to enhance adaptive capabilities, 

integrate with advanced computational methods, and mitigate 

specific issues like chattering and convergence. These efforts 

will advance the efficiency, reliability, and adaptability of 

wind energy conversion systems to meet the dynamic demands 

of wind power generation. 
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NOMENCLATURE 

 

𝑅𝑠, 𝑅𝑟 Stator and rotor resistances W 

𝐿𝑠, 𝐿𝑟 , 𝑀 Stator, rotor and magnetizing inductances H 

𝑃𝑠, 𝑄𝑠 Active and reactive power W, VAR 

𝑑, 𝑞 d-q axis 

𝑝 Number of pole peers 

DFIG Doubly Fed-Induction Generator 

WECS Wind Eergy Conversion System 

SMC Sliding Mode Control 

MRAS Model Rreference Adaptive System 

FOC Field Oriented Control 

RSC Rotor Side Converter 

GSC Gride Side Converter 

PI Proportional-Integral 
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