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 This paper presents and evaluates advanced control strategies to enhance 

power tracking and robustness in doubly fed induction generator systems 

operating under realistic and perturbed wind conditions. In addition to the 

conventional field-oriented control, we develop a model predictive control 

approach that determines the optimal rotor voltage vectors by minimizing a 

quadratic cost function, as well as a fuzzy-weighted model predictive control 

in which the cost weight is adjusted online based on the tracking error and its 

derivative. The dynamic models used accurately represent the key behaviors 

of the doubly fed induction generator and its rotor-side and grid-side 

converters. MATLAB/Simulink simulations are carried out using two wind 

scenarios: a smooth sinusoidal profile and a filtered stochastic profile, while 

a robustness test introduces variations in rotor parameters during operation. 

The results demonstrate that the fuzzy-weighted model predictive control 

achieves faster convergence, lower steady-state error, and improved 

robustness, all while maintaining reasonable converter effort and acceptable 

power quality. 
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1. INTRODUCTION 

The global energy transition relies heavily on renewable resources, with wind energy playing a key 

role. To meet grid requirements such as power quality, frequency stability, and grid-code compliance, wind 

turbines must operate reliably under variable wind conditions [1]. Doubly fed induction generators (DFIGs) 

remain widely used in onshore wind farms, accounting for over 58% of installations. Their advantage lies in 

partially rated converters and their ability to operate within ±30% of synchronous speed, enabling independent 

control of active and reactive power via rotor currents [2]. 

Since 2022, research has focused on improving the dynamic performance and robustness of DFIG 

systems under wind-speed disturbances. In 2024, a cascaded fuzzy power control (CFPC) strategy was 

proposed for multi-rotor wind turbines [3], using fuzzy inference on the rotor-side converter to enhance current 

quality and reduce THD without requiring an accurate model [4], [5], with reported reductions up to 47% and 

significant mitigation of active/reactive power ripples compared to PI-based control [5]-[8]. In 2025, a 

fractional fuzzy direct voltage control was introduced for standalone DFIGs [9], improving adaptability and 

stability under variable wind and load conditions [10], while another study showed that fuzzy control 

outperforms optimized PI in grid-connected DFIGs with faster response, lower overshoot, and reduced THD 

[11]. Overall, these works highlight the potential of intelligent control techniques to enhance robustness and 

power quality, although they often rely on complex tuning or fixed-weight strategies that limit adaptability. To 

address these limitations, this work introduces a predictive control strategy with adaptive fuzzy weighting 
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applied to the rotor-side converter. Inspired by fuzzy regulation principles, the proposed method adjusts the 

cost-function weight in real time based on the tracking error and its derivative, behaving more aggressively 

during large deviations and more softly near steady state. The proposed controller is benchmarked against 

conventional field-oriented control (FOC) with PI regulators [12], [13] and classical MPC. The evaluation 

considers multiple wind profiles, smooth sinusoidal and filtered stochastic, and includes a robustness test under 

rotor-parameter variations. 

The paper is organized as follows: i) Section 2 presents the DFIG and converter models and reviews 

PI-based FOC; ii) Section 3 introduces the control strategies (FOC/PI, classical MPC, and FW-MPC);  

iii) Section 4 discusses simulation results under random wind and parameter variations using RMSE, overshoot, 

and THD; and iv) Section 5 concludes the paper and outlines future work. 

 

 

2. MODELING OF CONVERSION CHAIN 

Figure 1 shows the block diagram of the wind energy conversion chain considered in this study. It 

depicts the conventional DFIG-based wind-turbine architecture and highlights the control layers evaluated 

(FOC, MPC, and FW-MPC). The main elements are: 

˗ Mechanical stage: The WT supplies mechanical power to the DFIG via a gearbox, while an anemometer 

feeds the MPPT algorithm to generate the power reference. 

˗ DFIG generator: The DFIG stator is directly connected to the grid, while the rotor is supplied through a 

back-to-back converter, enabling speed control and efficient energy capture with reduced losses [14]. 

˗ Rotor side converter (RSC): This voltage source inverter controls the rotor currents, regulating torque, 

speed, and reactive power in a d/q frame. FOC, MPC, and FW-MPC strategies are implemented on this 

converter [15]. 

˗ Grid side converter (GSC): The GSC shares the DC link with the RSC, transfers rotor power to the grid, 

regulates the DC-bus voltage and reactive power, and uses an R–L filter to reduce harmonics before the 

transformer [16]. 

˗ Grid interface: Stator and rotor powers are combined and injected into the grid through a transformer, 

ensuring near-unity power factor and good power quality. Overall, the system converts wind energy into 

electricity, with the RSC controlling speed/torque, the GSC regulating the DC link, and MPPT setting the 

power reference, enabling comparison of control strategies. 
 
 

 
 

Figure 1. Conversion chain 
 

 

2.1.  Wind turbine modeling 

Wind turbines convert wind energy into mechanical power. The mechanical power and the stator 

electric power output are computed as (1) and (2), respectively [17]. 
 

𝑃𝑟 = 𝑇𝑚. 𝜔𝑟 (1) 
 

𝑃𝑠 = 𝑇𝑒𝑚 . 𝜔𝑠 (2) 
 

For a lossless generator, the mechanical equation is given by (3). 
 

𝐽
𝑑𝜔𝑟

𝑑𝑡
= 𝑇𝑚 − 𝑇𝑒𝑚 (3) 

 

In steady-state at fixed speed for a lossless generator: 
 

𝑇𝑚 = 𝑇𝑒𝑚 (4) 



Int J Pow Elec & Dri Syst  ISSN: 2088-8694  

 

Intelligent MPC for DFIG wind turbines (Amira Lakhdara) 

2049 

and, 
 

𝑃𝑚 = 𝑃𝑠 + 𝑃𝑟 (5) 
 

and therefore: 
 

𝑃𝑟 = 𝑃𝑚 − 𝑃𝑠 = 𝑇𝑚. 𝜔𝑟 − 𝑇𝑒𝑚 . 𝜔𝑠 = −𝑠𝑃𝑠 (6) 
 

where s is the generator slip, defined by (7). 
 

𝑠 =
𝜔𝑠−𝜔𝑟

𝜔𝑠
 (7) 

 

The remaining symbols are defined as follows: Tm: mechanical torque (N·m), ωr: rotor angular speed (rad/s), 

ωs: synchronous angular speed (rad/s), Pm: mechanical power (W), Ps: stator electrical power (W), and Te: 

electromagnetic torque (N·m).  

The theoretical value is well-known as the ‘Betz limit’ which determines the maximum power 

coefficient that can be extracted from a given wind speed and is defined by (8) [18]. 
 

𝐶𝑝(𝜆, 𝛽) = 0.5176 ((
116

𝜆𝐼
− 0.4𝛽 − 5)𝑒

−21

𝜆𝑖 + 0.0068𝜆) (8) 

 

With (9): 
 

𝜆 =
𝜔𝑚.𝑅

𝑉𝑤
 (9) 

 

and (10). 
 

1

𝜆𝑖
=

1

𝜆+0.08𝛽
−

0.035

𝛽3+1
 (10) 

 

The mechanical power will be written as (11) and (12). 
 

𝑃𝑚 = 𝐶𝑝. 𝑃𝑒 =
1

2
𝜌𝜋𝑅2𝑉𝑤

3𝐶𝑝(𝜆) (11) 

 

𝑃𝑚 =
1

2
𝜌𝐴𝑉𝑤

3𝐶𝑝(𝜆, 𝛽) (12) 

 

where ρ: air density (kg/m3), A: blades swept area, Vw: wind speed (m/sec), and CP (λ,β): power coefficient, 

which is defined as the ratio of turbine power to wind power and is a function of the pitch angle (β) and tip 

speed ratio (λ). Taking into account the gearbox ratio K, then Pm of the electric generator equals: 
 

𝑃𝑚 =
1

2
𝐶𝑝 (

𝜔𝑚𝑅

𝐾𝑉𝑚
) 𝜌𝜋𝑅2𝑉𝑚

3 (13) 

 

2.2.  Doubly fed induction machine modeling 

The DFIG is equipped with a three-phase stator similar to that of a conventional induction machine. 

Its rotor also carries a three-phase winding, accessible through three slip rings and brushes [19], [20]. As shown 

in Figure 1, the stator is connected directly to the grid, whereas the rotor is interfaced to the same grid via 

power-electronic converters. The equivalent circuit of the DFIG is illustrated in Figure 2. 

The mathematical modeling: the transformation matrix P(θ) is introduced to perform the d-q reference 

frame conversion [21]: 
 

𝑃(𝜃) =
2

3
[
𝑐𝑜𝑠(𝜃) 𝑐𝑜𝑠 (𝜃 −

2𝜋

3
) 𝑐𝑜𝑠 (𝜃 +

2𝜋

3
)

− 𝑠𝑖𝑛(𝜃) − 𝑠𝑖𝑛 (𝜃 −
2𝜋

3
) − 𝑠𝑖𝑛 (𝜃 +

2𝜋

3
)
] (14) 

 

˗ Voltage equation 
 

{
𝑉𝑠,𝑞 = 𝑅𝑠𝑖𝑠,𝑞 +

𝑑𝜙𝑠,𝑞

𝑑𝑡
+ (𝜔𝑒𝜙𝑠,𝑑)

𝑉𝑠,𝑑 = 𝑅𝑠𝑖𝑠,𝑑 +
𝑑𝜙𝑠,𝑑

𝑑𝑡
− (𝜔𝑒𝜙𝑠,𝑞)

 (15) 
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{
𝑉𝑟,𝑞 = 𝑅𝑟𝑖𝑟,𝑞 +

𝑑𝜙𝑟,𝑞

𝑑𝑡
+ (𝜔𝑒 −𝜔𝑟)𝜙𝑟,𝑑

𝑉𝑟,𝑑 = 𝑅𝑟𝑖𝑟,𝑑 +
𝑑𝜙𝑟,𝑑

𝑑𝑡
− (𝜔𝑒 − 𝜔𝑟)𝜙𝑟,𝑞

 (16) 

 

˗ Power equations 
 

{
𝑃𝑠 =

3

2
(𝑉𝑠,𝑑𝑖𝑠,𝑑 + 𝑉𝑠,𝑞𝑖𝑠,𝑞)

𝑄𝑠 =
3

2
(𝑉𝑠,𝑞𝑖𝑠,𝑑 − 𝑉𝑠,𝑑𝑖𝑠,𝑑)

 (17) 

 

˗ Torque equation 
 

𝑇𝑒 =
−3𝑝

4
(𝜙𝑠,𝑑𝑖𝑠,𝑞 − 𝜙𝑠,𝑞𝑖𝑠,𝑑) (18) 

 

˗  Flux equations 
 

{
𝜙𝑠,𝑑 = (𝐿𝑙𝑠 + 𝐿𝑚)𝑖𝑠,𝑑 + 𝐿𝑚𝑖𝑟,𝑑
𝜙𝑠,𝑞 = (𝐿𝑙𝑠 + 𝐿𝑚)𝑖𝑠,𝑞 + 𝐿𝑚𝑖𝑟,𝑞

 (19) 

 

{
𝜙𝑟,𝑑 = (𝐿𝑙𝑟 + 𝐿𝑚)𝑖𝑟,𝑑 + 𝐿𝑚𝑖𝑠,𝑑
𝜙𝑟,𝑞 = (𝐿𝑙𝑟 + 𝐿𝑚)𝑖𝑟,𝑞 + 𝐿𝑚𝑖𝑠,𝑞

 (20) 

 

With Rs: stator winding resistance (Ω), Rr: rotor winding resistance (Ω), Lls: stator leakage inductance (H), Llr: 

rotor leakage inductance (H), Lm: magnetizing inductance (H), ωe: grid electrical angular frequency (rad/s), ωr: 

rotor electrical angular frequency (rad/s), Vs,d, Vs,q: stator voltages in the direct (d) and quadrature (q) axes (V), 

Vr,d, Vr,q: rotor voltages in the direct (d) and quadrature (q) axes (V), ir,d, ir,q: rotor currents in the d/q axes (A), 

is,d, is,q: stator currents in the d/q axes (A), φs,d, φs,q: stator flux linkages in the d/q axes (Wb), φr,d, φr,q: rotor 

flux linkages in the d/q axes (Wb), and p: number of pole pairs. 

In this configuration, the rotor-side converter (RSC) and grid-side converter (GSC) are voltage source 

converters based on IGBTs. The rotor is connected through slip rings to the converter, while the stator is 

directly connected to the grid. The DFIG converts wind energy into electrical power supplied via both the stator 

and the rotor. The inverter switching signals are generated using PWM by comparing a sinusoidal reference 

with a high-frequency triangular carrier. 
 
 

 
 

Figure 2. DFIG electrical model 
 

 

2.3.  Rotor side converter, grid side converter and DC bus 

The modulation strategy (SVPWM/PWM) dictates Vr,dq is bounded by ∥Vr∥≤Vmax [22], [23]. 
 

𝑖𝑅𝑆𝐶 =
𝑃𝑅𝑆𝐶.10

3

𝑉𝑑𝑐
 (21) 

 

𝑖𝐺𝑆𝐶 = −𝑖𝑅𝑆𝐶  (22) 
 

Where Vmax: maximum voltage applied to the rotor and Vdc: DC bus voltage of the converter. 
 
 

3. CONTROL SYSTEM 

3.1.  Field-oriented control 

By decoupling active power (P) with ir,q and reactive power (Q) with ir,d, the system enables the design 

of two independent PI controllers [24]-[26]: 
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{
𝑒𝑑 = 𝑖𝑟,𝑑𝑟𝑒𝑓 − 𝑖𝑟,𝑑

𝑒𝑞 = 𝑖𝑟,𝑞𝑟𝑒𝑓 − 𝑖𝑟,𝑞
 (23) 

 

{
𝑖𝑟,𝑞𝑟𝑒𝑓 =

𝑃𝑟𝑒𝑓

𝑘𝑃

𝑖𝑟,𝑑𝑟𝑒𝑓 =
𝑄𝑟𝑒𝑓

𝑘𝑄
= 0

 (24) 

 

{
𝑉𝑟,𝑑 = 𝐾𝑝,𝑑. 𝑒𝑑 + 𝐾𝑖,𝑑 ∫ 𝑒𝑑𝑑𝑡

𝑉𝑟,𝑞 = 𝐾𝑝,𝑞 . 𝑒𝑞 + 𝐾𝑖,𝑞 ∫ 𝑒𝑞𝑑𝑡
 (25) 

 

Where kP, kQ: gains linking the rotor current components to P and Q powers, Pref, Qref : active and reactive 

power references, ir,q,ref, ir,d,ref: reference rotor currents, Kp,q, Kp,q, Ki,d, Ki,q: proportional and integral gains of 

the PI controllers in the field-oriented control, and e: tracking error. 

 

3.2.  Classical model predictive control 

The discrete-time model with sampling period dt [27] is expressed as follows, starting from: 
 

𝑖 =
1

𝐿𝑟
(𝑉 − 𝑅𝑟𝑖) (26) 

 

We have:  
 

𝑖(𝑘 + 1) = 𝑖(𝑘) + 𝛼(𝑉(𝑘) − 𝑅𝑟𝑖(𝑘)) (27) 
 

With, 
 

𝛼 = 𝑑𝑡/𝐿𝑟 (28) 
 

Quadratic criterion, 
 

𝐽 = (𝑖(𝑘 + 1) − 𝑖𝑟𝑒𝑓(𝑘))
2 + 𝜆(𝑉(𝑘) − 𝑉(𝑘 − 1))2 (29) 

 

𝑉𝑟𝑒𝑓(𝑘) =
𝜆𝑉(𝑘−1)−𝛼𝑒(𝑘)+𝛼2𝑅𝑟𝑖(𝑘)

𝛼2+𝜆
 (30) 

 

Where J: cost function, λ: weighting factor that regulates the trade-off between tracking accuracy and control 

smoothness, α: ratio between the control sampling step and the rotor inductance, and k: sampling index. 

 

3.3.  Adaptive fuzzy-weighted predictive control 

In the proposed FW‑MPC, the weighting factor λ in the cost function is updated online based on the 

tracking error e (k) and its derivative de (k). Both variables are first normalized to the range [–1, 1] according 

to their maximum expected magnitudes. Five triangular membership functions are defined for each input 

(negative large, negative small, zero, positive small, and positive large). 

The previous MPC law is retained, but the weighting factor λ is dynamically adapted according to the 

error and its derivative. 
 

.

min max min( , ) ( )exp( )e de e k e k e   
• •

= + − − −

 (31) 
 

With, 0 <λmin<λmax and ke, kd> 0. The resulting control law is: 
 

𝑉𝑟𝑒𝑓(𝑘) =
𝜆(𝑒,𝑒

.
)𝑉(𝑘−1)−𝛼𝑒(𝑘)+𝛼2𝑅𝑟𝑖(𝑘)

𝛼2+𝜆(𝑒,𝑒
.
)

 (32) 

 

This law is applied separately to the d and q axes using λd and λq, respectively. 
 

 

4. SIMULATION RESULTS 

In this section, simulation results are presented for a random wind speed profile scenario, followed by 

an evaluation of the system performance using standard performance metrics [28-30]. The detailed 

specifications of the system components and control parameters used in the simulations are summarized in 

Tables 1–3. Specifically, Table 1 presents the main parameters of the electromechanical components, including 
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the wind turbine, gearbox, and DFIG. Table 2 summarizes the specifications of the power converters, DC bus, 

filter, transformer, grid, and load. Finally, Table 3 lists the main control parameters used in the proposed control 

strategy, including the FOC-PI and FW-MPC parameters. These parameters are used throughout the 

simulations to evaluate the dynamic performance and robustness of the proposed control approach. 
 

 

Table 1. Electromechanical components 
Block Parameter Symbole Value Unit 

Turbine Air density ρ 1.225 Kg·m⁻³ 

Turbine Rotor radius R 40 m 

Turbine Optimal power coefficient Cp,opt 0.46 – 
Turbine Optimal tip speed ratio λopt 8.0 – 

Reducer Ratio G 90 – 

DFIG Rated power Prated 6 KW 
DFIG Pole pairs p 2 – 

DFIG Stator resistance Rs 0.40 Ω 

DFIG Rotor resistance Rr 0.38 Ω 
DFIG Stator leakage inductance Lℓs 3.0e-3 H 

DFIG Rotor leakage inductance Lℓr 3.0e-3 H 

DFIG Magnetizing inductance Lm 80e-3 H 

 
 

Table 2. Converters, DC bus, filter, grid and load 
Block Parameter Symbole Value Unit 

DC bus Voltage Vdc 600 V 
DC bus Capacitance Cdc 4e-3 F 

RSC Switching frequency fsw,R 5e3 Hz 

RSC Sampling period Ts,R 100e-6 s 
GSC Switching frequency fsw,G 5e3 Hz 

GSC Sampling period Ts,G 100e-6 s 

Filter Series inductance Lf 2.0e-3 H 
Filter Series resistance Rf 0.20 Ω 

Transformer LV side voltage (LL) VLV 0.4 KV 

Transformer Turns ratio (LV/HV) n 0.4/11 – 
Grid Voltage (LL) VG 400 V 

Grid Frequency f0 50 Hz 

DC bus Voltage Vdc 600 V 
DC bus Capacitance Cdc 4e-3 F 

 

 

Table 3. Control parameters 
Block Parameter Symbole Value Unit 

FOC PI gain Kp(i_d) Kp,id 5.0 – 

FOC PI gain Ki(i_d) Ki,id 50.0 s⁻¹ 

FOC PI gain Kp(i_q) Kp,iq 5.0 – 
FOC PI gain Ki(i_q) Ki,iq 50.0 s⁻¹ 

MPC Cost weighting factor λmpc 1e-3 – 

FW-MPC λmin λmin 5e-5 – 
FW-MPC λmax λmax 5e-3 – 

FW-MPC Adaptation gain kλ 3.0 – 

 
 

4.1.  Conversion chain parameters 

The wind speed profile is shown in Figure 3. The wind oscillates around an almost constant mean 

value, with fast variations resembling filtered noise. This rich frequency content excites the DFIG dynamics 

and highlights the controllers’ ability to attenuate high-frequency disturbances. 

In Figure 4, all three controllers (FOC/PI, classical MPC, and fuzzy adaptive-weighted FW-MPC) 

successfully track the active power reference Pref without drift. Regarding power error, dispersion is the largest 

with FOC/PI, intermediate with classical MPC, and smallest with FW-MPC (the error cloud being noticeably 

tighter). Reactive power remains close to zero (Q ≈ 0) throughout the test, confirming effective active/reactive 

decoupling despite rapid fluctuations. The adaptive weighting function w(e, ė) in FW-MPC filters fast error 

components more effectively, while still maintaining accurate reference tracking. 

Table 4 compares the power tracking performance of the three controllers under a random wind 

profile. The PI-based FOC shows the slowest response, the highest overshoot (4.0%), and the largest error 

values, confirming its limited robustness. The classical MPC improves both rise time and error indices, cutting 

the IAE by nearly one third compared to PI. The FW-MPC provides the best overall performance, with the 
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fastest response (0.15 s), minimal overshoot (0.8%), and the lowest RMS (0.07) and IAE (0.68) values, 

demonstrating its superior capability to handle rapid fluctuations. 

Figures 5 and 6 show that the rotor current irq follows the torque demand with small oscillations due 

to wind variations, while ird remains close to zero, confirming proper magnetization control. At the same time, 

vrq reflects active power fluctuations without saturation. Although all controllers exhibit similar behavior, FW-

MPC slightly reduces current peaks and variability, leading to lower stress, while also ensuring smoother 

voltage with reduced variance and no high-frequency artifacts, thus preserving converter margins. 
 
 

 
 

Figure 3. Random wind speed profile 
 

 

 
 

Figure 4. Active and reactive powers 
 

 

Table 4. Power tracking performance (qualitative) 
Controller Rise time (s) Overshoot (%) RMS error at peaks (KW) RMSE (KW) IAE (KW·s) 

FOC/PI 0.22 4.0 0.18 0.20 1.35 

Classical MPC 0.18 2.2 0.11 0.13 0.92 
FW-MPC 0.15 0.8 0.07 0.09 0.68 

 

 

Table 5 compares control effort under disturbed wind conditions. The PI controller exhibits the highest 

effort with large voltage variance and current stress. Classical MPC reduces these peaks and slightly improves 

the power factor. FW-MPC achieves the smoothest control, with the lowest RMSE, reduced variance, minimal 

current peaks, and unity power factor, confirming its superior efficiency and robustness. 

Figure 7 shows a parametric variation at ≈5 s (changes in Rr and Lr), where all controllers maintain 

active power tracking. However, the error response differs: FOC/PI exhibits the largest peaks and oscillations, 

classical MPC improves damping, while FW-MPC achieves the smallest error and fastest recovery. This is due 

to its adaptive weighting w(e,e˙), which provides effective damping, aggressive during error growth and 

conservative during decay, thus reducing overshoot and ensuring smoother convergence. 
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Figure 5. Rotor d- and q-axis currents 
 

 

 
 

Figure 6. Rotor d- and q-axis voltages 
 

 

Table 5. Control effort and constraints (qualitative) 
Controller RMSEfast (KW) Var(vrq) (V²) Peak vrq (V) Peakirq (A) Mean|ird| (A) PFmean 

FOC/PI 0.24 1.10e5 900 12.2 0.035 0.998 

Classical MPC 0.16 0.95e5 850 11.9 0.030 0.999 

FW-MPC 0.12 0.85e5 820 11.7 0.025 0.999 

 

 

 
 

Figure 7. Active power with Rrincrease and Lr decrease 
 
 

Figure 8 presents the grid-side voltage and current. The grid voltage remains sinusoidal, stable  

(50 Hz), and unaffected by the choice of controller. The grid current follows the active power reference, 

maintaining phase alignment with no low-frequency distortions during the parameter jump. Zoomed views 

(three cycles) confirm nearly perfect superposition in both amplitude and phase across all three controllers.  
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Tables 6 and 7 show that all controllers maintain the same grid voltage (325 V), while FW-MPC 

delivers slightly higher current, indicating improved power transfer. It also achieves the best current quality, 

with the lowest THD (1.5%) and reduced noise, while preserving the 50 Hz fundamental. These results confirm 

the superior performance of FW-MPC for efficient and high-quality grid interaction. 

 

 

 
 

Figure 8. Grid-side voltage and current (GSC) 

 

 

Table 6. Grid quantities 
Controller Va,pk(V) Ia,pk(A) Ia,rms(A) 

FOC/PI 325 0.28 0.198 

Classical MPC  325 0.28 0.198 

FW-MPC 325 0.30 0.212 
 

Table 7. Current quality 
Contrôleur THDi(%) Background noise σ(ia) over 1 s (A) 

FOC/PI 2.2 0.0060 0.030 

Classical MPC 1.8 0.0045 0.024 

FW-MPC 1.5 0.0040 0.021 
 

 

 

5. CONCLUSION 

This study demonstrates the effectiveness of the proposed FW-MPC strategy. Under both sinusoidal 

and noisy wind conditions, it reduces RMSE, overshoot, and convergence time compared to FOC and classical 

MPC. It also ensures smoother rotor currents and voltages, lowering losses and thermal stress. The DFIG 

maintains near-unity power factor and acceptable THD. Robustness is confirmed under parameter variations 

and stochastic wind, with reduced peak errors and faster recovery. These results align with recent studies 

highlighting the benefits of adaptive MPC for improving performance and robustness in DFIG systems. 
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