Iranian Journal of Electrical and Electronic Engineering 03. (2024) 3180

IUeST

Iran University of
Science and Technology

Iranian Journal of Electrical and Electronic Engineering

Journal Homepage: ijeee.iust.ac.ir

Multivariable Prediction Control for Direct Vector Control
of a DF1G-based Wind Turbine using a Fuzzy Space Vector

Modulation Converter

Azzedine khati*©A)

Abstract: In this research paper, a multivariable prediction control method based on
direct vector control is applied to command the active power and reactive power of a
doubly-fed induction generator used into a wind turbine system. To obtain high energy
performance, the space vector modulation inverter based on fuzzy logic technique (fuzzy
space vector modulation) is used to reduce stator currents harmonics and active power
and reactive power ripples. Also the direct vector control model of the doubly-fed
induction generator is required to ensure a decoupled control. Then its classic
proportional integral regulators are replaced by the multivariable prediction controller in
order to adjust the active and reactive power. So, in this work, we implement a new
method of control for the doubly-fed induction generator energy. This method is carried
out for the first time by combining the MPC strategy with artificial intelligence
represented by Fuzzy SVM-based converter in order to overcome the drawbacks of other
controllers used in renewable energies. The given simulation results using Matlab
software show a good performance of the used strategy, particularly with regard to the

quality of the energy supplied.

Keywords: Doubly-fed induction generator (DFIG), fuzzy logic, multivariable
prediction control (MPC), space vector modulation (SVM), direct vector control (DVC),

artificial intelligent (Al).

1 Introduction

ESPITE the DFIG has the drawback of the presence

of collector-brushes which makes it less robust and
requires regular maintenance, its use continues to
increase in renewable energies taking into account its
operating principle which allows to adjust the power on
the rotor in order to manage the power provided to grid
thanks to the connection between the rotor and the grid
[1-2]. This broad interest is evident in the large number
of research and publications that treat the use of DFIG in
Wind Turbine System (WTS) [3-4]. On the other hand,
several kinds of control were used for the speed, torque
and power control of DFIG such as Neural Network
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Control (NNC) [5], Sliding Mode Control (SMC) [6-7],
Field Oriented Control (FOC) [8], Backstepping Control
(BC) [9-10]...etc. However, these methods give high
Total Harmonic Distortion (THD) of currents of stator
and important power ripples [2-11], especially when
they employed with Pulse Width Modulation (PWM)
inverters. These latter are often used in electrical
machines control. Nevertheless, they also give more
harmonics in terms of flux, power and torque. To
compensate for this disadvantage, [12] proposed a new
method to control the converter. It’s SVM. Its advantage
is that it gives a minimal THD where the principle is
detailed in [13]. On the other hand, this method also has
drawbacks including variable switching frequency and
high ripples due to hysteresis regulators.

To improve the performances of active and reactive
powers control of DFIG, in this article, we propose a
new control strategy. That of replacing the hysteresis
controllers and DVC with fuzzy logic controllers based
MPC.

The idea of choosing a MPC is to compensate for
multiple controllers when there are more variables to
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control, with a single controller in order to reduce
calculations and minimize the control system size. On
the other hand, the predictive control is simple to design
and implement compared to the conventional control
method and highly developed in terms of dynamic
response, execution time and flexibility [14]. It has also
proven its effectiveness in industrial applications [15]. In
addition, the Al is also used in this article, represented
by fuzzy SVM controllers, to generate the control pulses
of inverter. The fuzzy logic rules are written by
absorbing the performances of the hysteresis controller
and the variable to be adjusted.

This article is organized according to the following
strategy: we presented the DFIG in the d-q reference
model. Then the DVC of DFIG with inverter fuzzy SVM
are detailed. And we have given a brief description of
MPC before synthetizing the scheme of the control of
the DFIG active and reactive power. This work is closed
with a conclusion and perspectives for future work.

2 DFIG Park model

The DFIG is given in the Park (d-q) model by the
following equations [2]:

dYsq

Vsa = Rs.lsa + =7 — ws.WP5q
Vig = Ro.Iog + 220 1 w1y,
wr = w5 —p.Q )
Via = Ry-lg + 7254 — 0,1,
Vig = Ry + 228 + 0,31

Ysqa = LgLsqg + M. Ly
'L/)Sq =L Isq + M. 14

2
Yra = Ly Lrg + M. Isq @)
Yrg = Ly Lrg + M. Igq
Where,

R, R,, L, L, and M : Rotor and stator parameters of the
generator.

Vsa, Vsq, Viq and V.4 © Stator and rotor voltages.
Isq, Isq, Irqand L., - Stator and rotor currents,

Ysaqand Y44 : Stator and rotor flux.
wg and w,- : Stator and rotor pulsation.
Q: Mechanical speed.

p: Number of pair of poles

The mechanical equation of the system is given by:

T, =T, +] 5+ f0 ®)
Where:

T,: Electromagnetic torque

T,: Load torque

J: Inertia

f: Viscous friction coefficient

Moreover, the electromagnetic torque can be written as:
T, = p. M(Ird- Isq = Irq-Isd) 4)

As well as the active power and the reactive power of
the stator are expressed as follows:

Py =2 (Vea-Isq + Vsg-Isq)

3
Qs = E(Vsq-lsd - Vsd-lsq)

Where:

P;: Stator’s active power, QJs: Stator’s reactive power

®)

3 DVC command strategy

The principle of this command is to align the stator
flux vector on the “d” axis in order to eliminate it along
the “q” axis [5] (fig. 1).

Fig. 1 stator flux oriented along the “d” axis

Y5 = Pgq and l/qu =0
With negligible R from (1), we can write:

Vsd = 0
6
{Vsq = Ws. Psq ©)
M P
lyg = _L_Slrd + L_:
M @)
Isq = _L_squ
And (5) becomes:
P, = _Zwsll}sM Iq
3 (wsPsM wsPd ®)
0 = =3 (% ha = 57)
Also (4) becomes:
3 M
T, = _;p-L_S-Irq-lps ©)

The fig. 2 shows the principle of DVC technique with
SVM inverter for controlling the DFIG. On the other
hand, the DVC structure without current loop is shown
in fig. 3.

This method is also known as Field-Oriented Control
(FOC).
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Fig. 3 DVC structure without current loop

4 Fuzzy SVM

The inverter can be controlled by several methods.
Many research used PWM. Others use other methods as
Discrete Pulse Width Modulation (DPWM) which is
applied in [16]. Also [17] proposed SVM technic. This
latter is too employed to modulate the inverters. Its
principle is based on the calculation of angles and
parameters of sectors. But [11] propose a new SVM
inverter without calculating sectors and angles. The
principle of which is to compute the maximum and the
minimum of balanced voltages (Fig. 4). This SVM has
some advantages because it needs no sector
identifications, angle information is not needed and no
lookup table is used to calculate switching times.
Moreover, it has high performance in real-time control
systems [18].

2 uh2hd)

Va

P o uzye)

P e az)
Link Matrix

Fig. 4 SVM inverter command
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In this section, we propose to replace the hysteresis
blocks in SVM with fuzzy logic controllers to enhance
performances of the control. This strategy is called
Fuzzy SVM (Fig. 5). On other hand, Fuzzy logic
technology does not have a complex mathematical
model [19]. Furthermore, the Fuzzy SVM gives
minimum harmonic distortion of stator currents.

Fig. 5 Fuzzy SVM inverter

Fig. 6 shows the Fuzzy logic main structure. The
proposed Fuzzy Logic controller is based on hysteresis
controllers. The most popular fuzzy controller is the e-
Ae controller. It is a two-input fuzzy controller and a
command output.

e = error; Ae = error variation
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Fig. 6 Internal Structure of Fuzzy Rules

For the synthesis of a fuzzy command, it is necessary
to choose the linguistic information model, the inference
process, the aggregation process and also the
defuzzification process.

Fuzzy controller design is based on intuition and
simulation experience. Often, the number of sets is based
on domain knowledge. In this work, we have realized for
the input variables and the output variable a 7 set fuzzy
controller, with the aim of finding the desired good
performances for the adjustment taking into account the
balance between precision and computational cost. This
is a reasonable choice, as it allows for a good balance
between granularity and complexity. Also, 7 sets is often
considered a good choice because it allows for fine
granularity while remaining manageable. And are
generally easy to understand and work with. In addition,
7 linguistic terms are commonly used in fuzzy logic
literature and applications. With 2 inputs and 7 sets each,
we'll have 49 possible rules. This is complex enough to
capture many  scenarios  without  becoming
unmanageable.

The linguistic values are defined for the linguistic
variables e and 4e as follows:

Negative Big (N.B), Negative Middle (N.M), Negative
Small (N.S), Positive Small (P.S), Positive Big (P.B),
Positive Middle (P.M), Equal Zero (E.Z).

The membership function definition for the input and
output is given by Fig. 7:

Input set

NB NMNSEZPSPM PB
1

05! :

0|
106 4 -2 0 2 4 6 10

Fig. 7.a Membership function for the inputs

Output set
NB NMNSEZPSPM PB
1 .
;
o ;

-10-6 -4 -2 0 2 4 6 10

Fig. 7.b Membership function for the output
The fuzzy rules governing this system thus take the
following form:
{IFeisN.Band Aeis N.BTHEN sis N.B

(IFeis N.Band Aeis N.M THEN sis N.B

{IFeisP.Band Aeis P.M THEN sis P.B

The rules were formulated using analysis data obtained
from the simulation of the system using different values
of rotor voltages. The 7 fuzzy sets, defined by their
membership functions, for each of e and Ae respectively,
make it possible to construct 49 rules. These rules are
given in table 1[20].

Table 1 Inference matrix

N.B | NNM | NS E.Z PS | P.M | P.B
A.e

N.B | NNB | NB | NB | NNB [ NM | NS | EZ
N.M | NNB | NNB | NB | NM | N.S EZ P.S
N.S | NB | NB | NM | NS E.Z PS | P.M
EZ | NB | NM | N.S E.Z PS | PM | PB
P.S | NNM | N.S E.Z PS | PM | PB | P.B
P.M | N.S E.Z PS | PM | PB | PB | PB
P.B E.Z PS | PM | P.B PB | PB | P.B

Fig.8 shows Fuzzy controller parameters, (Just type
">> fuzzy" in the MATLAB workspace window, and the
following figure appears).
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The synthesized fuzzy SVM will be used to control the
rotor side inverter of the DFIG with the control strategy
cited below (Fig. 9).

5 Multivariable Predictive Control

The Predictive Control technique relies on the dynamic
model of the system in real time to anticipate the future
behavior of the system. It’s used to control complex
systems [14]. On the other hand, its applications in
digital control domains have given good results in terms
of response time and precision [21]. The description of
the method is detailed in [15]. In this work, we use the
MIMO (multi-inputs/multi-outputs) prediction strategy
in accordance with our process model of which it has
two inputs and two outputs to control the DFIG. The two
PI regulators of active and reactive powers and the rotor
currents in the DVC will be replaced by a MPC (fig. 9).

Is.abc
Vs,abc
Grid

)
/

EX
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ssC

=
—
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]
v

Fig. 9 MPC based on fuzzy SVM for the DFIG

Active and reactive power
estimation according to eq (5).

are given by state

5.1 Determination of System Matrix

The multivariable system in Z-transformation is given
by [22].

{Z_I'X(Z_l) —x =AX(Z)+B.U(z™) (10)

Yz H)=CX(zY)+D.U(z™)
Where:
X(2) = Z[x(K)], U(2) = Z[u(k)] and Y (z) = Z[y(k)]

The transfer matrix linking the inputs to the outputs is
given by:

Y(z V) = [C(z.1 — A)"L.B+D].UZY) (11)
Y(z ) = G(zD).U(z™Y) (12)
G(z™Y) =[C(z7.1 - A)".B + D] (13)

Where: G(z71) e cV™
With: n: Input number and m: Output number.

The process model can take different representations
(by transfer function, by state space, impulse response,
etc.). For our formulation, the system is represented in

the CARIMA form (Controlled Auto-Regressive
Integrated Moving Average) whose expression is [13]
[23]:

Az Ny (k) = 27 Bz Du(k) + SELE®

A(z™1) (14)

With:

A(z™1) : input matrix,B(z~1): output matrix,

&(k): white noise centered, z~!:the delay operator,
A(z™Y) =1 — z71:integral action in the corrector

C(z™Y): disturbance matrix and wu(k): control
matrix.
Where:
Az =1+az7+...... Apgz ™
B(z™Y) = by + byz 4 ..... bz " (15)
CzH)=1+cz+...... Cpez "¢

However, the determination of matrix A(z™!) and
B(z™1) is not like the case of a monovariable system,
whose the polynominal are determined from the transfer
matrix G(z~1).On the other hand, in the multivariable
system, to determinate A(z™!) and B(z™1) we have:

GzH= A"V 1B(z Yz (16)

Iranian Journal of Electrical & Electronic Engineering, Vol. XX, No. X, December YYYY 5



The simplest is to take A(z™1) as a diagonal matrix, and
their diagonal elements are the smallest common
multiples of the denominators of the corresponding lines
of G(2) [15]. Therefore, B(z™1) is computed by:

B(z )= AzYG6(=zYz a7

5.2 J-step MIMO system system predictions

The prediction equation of MIMO system is given
[24]:

gk +1) =H(z Dduk+j—-d)+ E(k+j) (18)
Where:

(z—1 (z—1 —
ECk +j) =2 Ty () o response (19)

Am(z~1)Cc(z™Y)
Hi(z"HAu(k +j —d)
With: H;(z™1), J;(z™") : matrix™™
E(k + 1): vector™?
( yk+1D)=HEDAauk+1-d)+Ek+1)
Jk+1) =H,(z DAutk+1—d)+ E(k + 2)
Pk +1) =Hy;(z DAu(k + 1 —d) + E(k + 3) (21)

forced response (20)

9(k +1) = Hy, (z)bulk + 1 — d) + E(k + Ny)

The matrix expression of (18) is:
Y=HU+E (22)

5.3 The optimal predictor

As in the case of a monovariable, in order to calculate
an optimal sequence of the command signal, we apply a
quadratic cost function to the prediction values of (23)
[14-15]:

, [P0+ D) = wop e+ D) +

=y 23
Jore = 22, AN [Aulk +j — d)? )

Where:

N; : Minimum prediction horizon, N, :Maximum
prediction horizon, N, : Command horizon and
A :Weighting factor.

By substituting (22) into (23), multidimensional cost
function is given:
J=HU+E-W)T(HU+E-W)+AUTU (24)

To minimize (24), it is first developed in distinct terms
[25]:
Jopc = UT(HTH + ADU + UTHT(E — W) +

(E-W)THU + (E - W)T(E - W) (25)
Because:
UTHT(E - W) = (E —W)THU (26)

] can be simplified:
Jepe = UT(HTH + ADU + 2UTHT(E — W) +
(E-W)'(E-W) @7)

Finally, the optimal sequence of future commands is
obtained by analytical minimization of the criterion in

matrix form % = 0 [26]:
U= (HTH + Aly,) 'H'(W — E) (28)

We used matrix calculus to enable to obtain the MPC
program for DFIG.

5.4 MPC laws for DFIG

The objective of this part of paper is the synthesis of a
MPC in order to replace the two Pl regulators of active
and reactive power. These regulators were used in
section 3 for DVC. Thus, we leave the classical DVC
towards DVC based on MPC taking advantage of the
performances and ease of implementation of MPC.

For our strategy, the outputs and inputs matrix are:

r=[g] 7 =3 ana <]y

N

And, the prediction of the outputs is given by:

ey~ 9ol
AV (k) AV k= 1)
Hz™ [AV;‘Z(k + j—1)]+]j(z R [AV;Z(k—l)] (29)

With: G;(z™), H;j(z™"),and J;(z™") are matrix**?

The next step is to find the model linking the inputs
(Viq» Vra) to the outputs (P , Q). According to (8), the
expression of reference active powers and reactive
power as function of the reference rotor currents is:

P* = 3 wslps I*
S 2 Lg (30)
Q ((Usll’s I wslpg)
s Lg rd Lg
L—w . Imposed by the Grid.
N

As well as, we can obtain the link between rotor
voltages and rotor currents by substituting (7) and (2)
into (1). Thus, the equation of the rotor voltages

becomes:
M2\ dI, M?
Via = Re-lra + (Lr —L—s)d—t“ — g0 (L - L—) Iq
2
g -z ) Ird t9——

Vg = Rp-lq + (Lr —L—S) 10— g.wy (L
(31)

M? .
- L—): Coupling term between
S

Mwsll)s

We assume; g = (LT

the two axes. It will be compensated by a delicate
synthesis of the regulators in the control loop, and
Mwss

LS
of multivariable predictive control is presented by Fig.
10.

. represents an electromotive force. The scheme
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Fig. 10 scheme of MPC

On other hand, by applying the Laplace transformation P(k+)] _
to reference rotor voltages and substituting into (30), the 0.k + )]
equations linking (P, Qs) to ( V4, Vy'y) are given: 1.9318 + 1.8636 z™* _1] [P (k)] +
. 3VM 1 X 0 19318+ 186362 Qs (k)
== () ~1913 - 1781.6 7 ] AV
0 = _(EM) ( 1 ) . (31) 0 -1913 — 1781 6z avi, 0l F
ST \2 L ) \Rytas/ e [1847.3 ][AVrd(k -1 (36)
The matrix form, (31) is written as: 1847.31|AVyq(k — 1)
PS*] =3 G11(5) G“(S)] Vrf] (32) Where:
Qs 271Gy (5)  Goa ()1 LVY (6,(2-1) = [1.9318+1.8636Z‘1 0 ]
Where: [T )= 0 1.9318 + 1.8636 271
—1y _ [-1913 17816271 0
G(s) =—2. On(s) GlZ(S)]' (33) () = [ 0 ~-1913 — 1781.6 z—l]
2 GZI(‘?])M GZZ(S) —1 1847.3
Gy = ﬁ Iz = [ 1847.3]
sRr+Lgo.s (37)
with: { &12 _ 0 The function of multidimensional cost function is
Gy =0 : .
vom given as:
G2z = [ porisos Jore = UT(HTH + 21U + 2UTHT (E = W) +
The Z-transformation of G(s) for a sampling step Te = E-WyE-w) (38)
0.001s gives: ~From (28), the ana_l;l/tlc minimization gives:
Gy =[mED 0 1. 0= (H"H + Aly,) H"(W = E) (39)
0 Goa(z7h) With:
-1912 0 (Al/;.’zl(k)) (Ps*(k + 1))
4-1 |1+09318271 o1z (34) AV, (k) Q;(k+1)
0 Py TTPY—] U= : W= :
rresaee AV +j = 1) Pk + )
The CARIMA model is given by: (AVr*a(k +j— 1)) (Q;(k .|.j))
L1y _ [140.9318 27 0 N 1
A =| 0 1+0.9318z‘1] By (z™) 0 0
B(z-1) = [—1912(1 +0.93182z71) 0 H(z™) = Hi(z™) 0 :
z= 0 ~1912(1 + 0.9318 1) H(z™1) H,(z™Y)
N [l 0 ;
cem=[, 1 "B (k) AV (k= 1)
E=Gz‘1[ ]+ ‘1[ i
(35) @ ou0l 1% |avz, e - 1)
The equation (29) for j=1 is: [G,(z~Y) JACED)
G(z™) = : JEz™h = I
_Gj(Z_l) ]j(Z_l)_
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Fig. 11 control strategy diagram of DFIG

Fig. 11 shows the scheme of the DFIG control
strategy. These calculations require a very powerful
computer and an adequate step size.

6 Simulation results

To simulate the diagram of the fig. 11, we used the
Matlab/Simulink software. The DFIG parameters are
given in the following table. In the first time, we adjust
the MPC parameters as N1=1, N2=5 and Nu=3. Then,
we change them to N1=1, N2=10 and Nu=3 in order to
improve the response time of the system. To obtain good
energy performances, it needs to keep the reactive power
at zero and consequently, the power factor is unity. But
to test the reference tracking, we increased the reactive
power reference after one second.

Table 2 DFIG parameters

Pn=1.5 (MW)
Vs=398 (V)
fs=50 (Hz)

P=2

Rr=0.021 (Q)
Rs=0.012 (Q)
Lr=0.0136 (H)
Ls=0.0137 (H)
M=0.0135 (H)
f=0.0024 (Nm/s)
J=1000 (Kg.m?)

Note that there is no well-specified rule for adjusting
the MPC parameters, as well as for defining the logic
rules. This is the only difficulty we encountered in this
work. All settings are based on experiences and
simulation repetitions.

6.1 Reference tracking test

The simulation results of reference tracking of stator
currents, torque and active and reactive power are shown
in Figs. 12-15. As shown in Figs 12, for MPC
parameters N1=1, N2=5 and Nu=3, the active power and
reactive power track references with a very acceptable
response time which is approximately 0.03s. In the Fig.
13, the MPC parameters N1=1, N2=10 and Nu=3 give
perfect results with a response time around 0.003s. On
the other hand, it is clearly observed that the active
power ripples, reactive power ripples and torque ripples
are zero. This is undoubtedly thanks to the inverter
Fuzzy SVM. The Figs. 14-15 show that the stator
currents and torque track the reference without any
overshoot.

active power (WY

E e & . [ =
Fig. 12.a Active power for N1=1, N2=5 and Nu=3 (Reference
tracking test)
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w 105 refrence & responce for N1=1, N2=5 and Nu=3
T T T T

ractive power (VAR)

tirme (=)
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tracking test)
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Fig. 14.a Stator currents (Reference tracking test)
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Fig. 14.b Zoom of stator currents
(Reference tracking test)
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Fig. 15 Torque (Reference tracking test)

6.2 Robustness test

The robustness test consists of modifying the electrical
and magnetic parameters of the machine for the purpose
of testing the accuracy and the reliability of the proposed
control method. In this part, the rotor and stator
resistances are increased, and the rotor, stator and mutual
inductances are reduced by 75% of their nominal values
at the 2" second. As a result, we can note that the MPC
method is insensitive to variations of machine
parameters. As shown in Figs. 16-18, active power,
reactive power, torque and stator currents are not
affected by these variations despite the presence of some
ripples which clearly appeared after 2s of simulation.

« 10 reference & response for N1=1,N2=5 and Nu=3

active pawer (W)

tirne (s)
Fig. 16.a Active power for variations of machine parameters at
2s

Iranian Journal of Electrical & Electronic Engineering, Vol. 20, No. 03, September 2024 9



1 US reference & response for N1=1,N2=5 and Nu=2
4

reactive power (VAR)
; n

time (=)
Fig. 16.b Reactive power for variations of machine parameters
at 2s

2000

1500

1000

e
il

staor currents (A)

-1000

-1500

|

|

-2000 -
o 3 35 a a5

05 1 15 2 25
time (s)

Fig. 17.a Stator currents for variations of machine parameters
at 2s

Zoom in stator currents

1000 i " i " W "

AAAAAAS
/ I

IV VYV

stator currents (A)

v

| | | |
' ' ' '

3.25 33 3.35 3.4 3.45 35 3.55 36 3.6
time (s)

|
L
3.7

Fig. 17.b Zoom stator currents for variations of machine
parameters at 2s

N1=1, N2=5 and Nu=3

4000 —__Te
AR
3500
3000
£ 2500
El
S 2000
i=
1500
1000
500 Mmm-w
o 1 |
o 1 2 3 4 5
time (s)

Fig. 18 Torque for variations of machine parameters at 2s

These oscillations are expected to occur, because the
MPC is a model-based control. Discrepancy between the
model and the real system can lead to slightly oscillatory
behavior, especially during robustness testing.
Nolinearity in system also produces oscillatory behavior.
A short Nu (control horizon) can sometimes lead to
aggressive control actions, causing chatter. These ripples
can affect the grid and cause poor voltage regulation,
synchronization problems in equipment relying on line
frequency, increased losses, overheating in transformers
and motors and malfunction of sensitive equipment. May
also lead to fluctuations in the power factor, reduced
efficiency in power transmission and distribution..etc.

To resolve these issues, there are several solutions. The
simplest is add a derivative action to dampen
oscillations. Or Using Adaptive MPC for Real-Time
Adjustment. Other solution, we can use a state
observatory. In our case, we generally modify the MPC
parameters (the prediction and control horizons: N2 and
Nu) to adapt to new DFIG parameters.

In table 3, we give a comparison of performance of the
results obtained for MPC Settings.

Table 3 Performance comparison of the results obtained

MPC N1=1, N2=5 N1=1, N2=10
parametres and Nu=3 and Nu=3
Reference perfect perfect
tracking

Response time acceptable perfect
Ripples none none
Overtaking Little in torqueT, none

7 Conclusion

In conclusion, the MPC is used for nonlinear systems
with multiple inputs and multiple outputs. In this
research, the MPC is employed to control the active and
reactive power of a DFIG based on Fuzzy SVM
technique. The proposed method is easy to implement
taking into account the estimation of different variables
such as the electromagnetic torque, stator active and
reactive powers and stator currents. In addition, the
Fuzzy SVM converter makes it possible to reduce as
much as possible the ripples of the stator currents of the
machine. Moreover, the combination of MPC strategy
and the Fuzzy SVM-based converter enhances the
performances of the machine drive compared to other
classical control methods used with SVM or PWM
inverter. And of course, that allows us to compensate
multiple controllers with a single multivariable
controller. As a result, we obtain a reduced control
system size with less computations.
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This work can be developed to integrate with machine
learning and optimization techniques to significantly
improve the performance, efficiency and reliability of
DFIG systems. And can contribute to the advancement
of renewable energy technologies.
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