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Abstract – This paper proposes a Simplified Finite-Set
Model Predictive Power Controller (MPPC) to improve
the performance of the Doubly-Fed Induction Generator
(DFIG). The MPPC is implemented to regulate the stator
active and reactive powers of DFIG, minimizing the error
between them and their references, with an optimized nullFinite-Set Model Predictive Direct Power Control for DFIG with Reduced Numberbetween them and their references, with an optimized nullFinite-Set Model Predictive Direct Power Control for DFIG with Reduced Numbervector selection and a reduced number of active vectors,Finite-Set Model Predictive Direct Power Control for DFIG with Reduced Numbervector selection and a reduced number of active vectors,Finite-Set Model Predictive Direct Power Control for DFIG with Reduced Number

of Voltage Vectors
vector selection and a reduced number of active vectors,

of Voltage Vectorsto decrease the computational burden. This reduction isof Voltage Vectorsto decrease the computational burden. This reduction isof Voltage Vectors
applied in a two-level converter, reducing the test to 4 or
2 active vectors. Simulations and laboratory experiments
were performed, showing results for a 0.56 kW DFIG.
Finally, it was verified that the proposed system can
maintain the stator powers at a reference.

Keywords – Direct Power Control (DPC), Doubly-
Fed Induction Generator (DFIG), Finite Control Set
Model-Based Predictive Control (FCS-MPC), Rotor Side
Converter (RSC).

I. INTRODUCTION

Doubly-Fed Induction Generator (DFIG) based on wind
turbines has some advantages due to the variable speed
operation and four-quadrant active/reactive power controlFelipe S. Guedes, Nady Rocha, Alvaro M. Maciel, Alfeu J. Sguarezi Filhooperation and four-quadrant active/reactive power controlFelipe S. Guedes, Nady Rocha, Alvaro M. Maciel, Alfeu J. Sguarezi Filho
capabilities compared with fixed-speed induction generators

Felipe S. Guedes, Nady Rocha, Alvaro M. Maciel, Alfeu J. Sguarezi Filho
capabilities compared with fixed-speed induction generators

Felipe S. Guedes, Nady Rocha, Alvaro M. Maciel, Alfeu J. Sguarezi Filho

and synchronous generators [1]. Usually, the DFIG has stator
terminals connected directly to the grid, while the rotor is
powered by a back-to-back converter. This power converter is
employed on the rotor circuit to process the slip power, which
is approximately 30% of the rated generator power [2]. A
schematic diagram of a DFIG-based wind power generation
system is shown in Figure 1.

Ordinarily, DFIGs are controlled by vector control (VC),
which decouples the rotor currents into active and reactive
components, on either stator-flux-oriented or stator-voltage-
oriented [3]. VC can achieve good steady-state performance
due to its precise current control. However, the main
disadvantage is its linear nature that does not consider
the discrete operation of voltage source converters (VSCs)
[4]. Furthermore, constraints and nonlinearities of the
machine/power converter can not be easily included in the
controller design [5].
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Fig. 1. Schematic of a grid-connected DFIG system.

As an alternative control strategy, the direct power control
(DPC) has been proposed for the DFIG [6]. DPC scheme
includes a power hysteresis control based on a lookup-table.
In general, this control shows the advantages of fast dynamic
response and simple structure. However, a large power ripple
and a variable switching frequency are obtained.

Model Predictive Control (MPC) is a method that uses
the system models to perform an optimization procedure to
calculate optimal control actions at each sampling time [7].
The optimization is based on a cost function that minimizes
the error between the control variable and its reference.
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Since the power converters have a finite number of switching
states, the MPC can be simplified and reduced to a Finite
Control Set MPC (FCS-MPC) [8].

The FSC-MPC seems to be an efficient method to
regulate many applications with static converters. Moreover,
FCS-MPC has many characteristics such as fast response,
robustness against parameters uncertainty, and external
disturbance [9], [10]. This technique is an alternative that was
applied in inverters [11]–[14], active power filters [15], [16]
and induction machines control [17]–[19]. The predictive
functional control and model predictive were applied to DFIG
power control by using rotor currents in [20]. The DPC
concept was also applied to MPC in [1] and [21], the Model
Predictive Power Control, where the control law is derived
by optimization of an objective function that considers the
control effort and the difference between the predicted active
and reactive power, and the specific references.

Several works present predictive control strategies for
adverse situations. In [22] proposes a control for unbalanced
grid voltages. In [23] simulation results show the FCS-MPC
acting in conditions of voltage dip and variable speed. In
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[24]–[27] strategies to reduce the power ripple with the multi-
vector predictive direct power control, applying more than
one vector in a sampling time. In [28] some simplifications
to reduce the voltage vectors (VVs) available from a power
converter for prediction and actuation, therefore, reducing the
computational burden of the MPC, were implemented to a
torque control for induction motor drive. In this work, this
technique was extended to the MPPC.

This current paper version brings all content of the
RSC control previously presented in [37] besides that, new
analyses and results are added, among them: optimized
zero vector selection; simplifications, and reduction in the
numbers of active vectors tested by the control to reduce
the computational burden, reducing the test to 4 or 2 active
vectors; new simulation and experimental results for a 0.56
kW DFIG. In this way, this paper is organized as follows:
the main equations are presented in Section II; the system
discretization is presented in Section III; the control strategy
structure is presented in Section IV; analysis, simplification,
and reductions on active vector are discussed in Section V;
simulation and experimental results are presented in Section
VI and VII, respectively. Finally, overall conclusions are
summarized in Section VIII.

II. SYSTEM MODELING

Making the d axis synchronous with the grid voltage angle,
the vv

sq = 0 and vv
sd = vs, the doubly-fed induction machine

model in voltage reference frame is given by [3] as follows

�vv�v�s = rsrsr�iv�v�
s +

d�λ v
sλsλ

dt
+ jωvωvω �λ v

sλsλ (1)

�vv�v�r = rr�iv�v�
r +

d�λ v
r

dt
+ j(ωvωvω −Pωr)�λ v

r (2)

�λ v
sλsλ = ls�iv�v�

s + lm�iv�v�
r (3)

�λ v
r = lr�iv�v�

r + lm�iv�v�
s (4)

PsPsP = vv
sivsd (5)

Qs =−vv
sivsq (6)

ce = 2Plm(ivrdivsq − ivrqivsd). (7)

The subscripts s and r represent the stator and rotor
parameters, respectively, ωr is the machine speed, rsrsr and
rr are the stator and rotor resistance, respectively, ls and lr
are the proper inductances of the stator and rotor windings,
respectively, lm is mutual inductance, �v is the voltage vector,
�i is the current vector, �λ is the flux vector, PsPsP and Qs
are the stator active and reactive power, respectively, v
index represents the grid-voltage reference frame, ce is the
electromagnetic torque and P is the machine number of pair
of poles.

From (1) to (4) the following relationship is found

d�ivr
dt

=
�vv�v�r−rr�ivr−lm

ls
(�vv�v�s−rsrsr �ivs− jωr

�λ v
sλsλ )− j(ωvωvω −Pωr)σ lr�ivr

σ lr
, (8)

where σ is the magnetic leakage factor, i.e., σ = 1− l2
m/lslr.

III. SYSTEM DISCRETIZATION

A. Rotor Side Converter
The forward Euler method is a well-known first-

order numerical procedure for solving ordinary differential
equations with a given initial value. Substituting (3), in (5)
and (6). After that, applying the differential equation of the
rotor current (8), it follows that

PsPsP [k+1] =
vv

sd [k+1]
ls

{
λ v

sdλsdλ [k+1]− lmTsTsT
σ lr

[
κdκdκ [k]+

ωslipωslipω [k]σ lrivrq[k]
]
− lmivrd [k]

}
(9)

Qs[k+1] =
−vv

sd [k+1]
ls

{
λ v

sqλsqλ [k+1]− lmTsTsT
σ lr

[
κqκqκ [k]−

ωslipωslipω [k]σ lrivrd [k]
]
− lmivrq[k]

}
, (10)

where ωslipωslipω = ωvωvω − Pωr, �κ[k] = �vv�v�r [k]− rr�ivr [k]− lm
ls

(
�vv�v�s [k]−

rsrsr�ivs [k]− jωr[k]�λ v
sλsλ [k]

)
, and TsTsT is the sampling time.

B. Converter Voltage Representation
The instantaneous converter voltage in the voltage

reference frame is obtained with the switching state of the
converter and the DC-link voltage. So, the voltage in the Rotor
Side Converter (RSC) is

vv
rd [k]=

√
2
3

VdcVdcV [k]
[

cos(θvr[k])qr1 + cos(θvr[k]−
2π
3
)qr2

+ cos(θvr[k]+
2π
3
)qr3

]
(11)

vv
rq[k]=

√
2
3

VdcVdcV [k]
[
−sin(θvr[k])qr1 − sin(θvr[k]−

2π
3
)qr2

− sin(θvr[k]+
2π
3
)qr3

]
, (12)

where VdcVdcV is the DC-link voltage, θvr = θv − θr, θv and θr
are the voltage and rotor angles, respectively, and qr123 are
switching state of the rotor converter.

IV. PREDICTIVE CONTROL

The control uses measurements of variables into dynamic
equations of the system to predict its behavior. Thus, tests
are carried out with all possible switching states in the model.
The test that obtains the best optimization in the cost function
is selected to be applied in the next sampling time. The
predictive power control diagram of the RSC is shown in
Figure 2. A flowchart of the control algorithm is shown in
Figure 3, where FnFnF ,RSC is the evaluated cost function when a
determined voltage vector �vrn is applied, where the subindex
n means that it is produced by the converter voltage �vn, with
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n = 0...7.

Fig. 2. Predictive power control diagram.

Fig. 3. Flowchart of the implemented control algorithm.

A. Time-Delay Compensation
To take into account the time delay due to calculations in

real-time applications, the algorithm requires two-step-ahead
prediction power at (k+2)th instant. The two-step prediction
power are calculated using the methodology presented in [30].
Thus, the RSC power, based on equations (9) and (10), can be
expressed as

PsPsP [k+2] =
vv

sd [k+2]
ls

{
λ v

sdλsdλ [k+2]− lmTsTsT
σ lr

[
κdκdκ [k+1]+

ωslipωslipω [k+1]σ lrivrq[k+1]
]
− lmivrd [k+1]

}
(13)

Qs[k+2] =
−vv

sd [k+2]
ls

{
λ v

sqλsqλ [k+2]− lmTsTsT
σ lr

[
κqκqκ [k+1]−

ωslipωslipω [k+1]σ lrivrd [k+1]
]
− lmivrq[k+1]

}
. (14)

B. Cost Function
The instantaneous switching state of the RSC generates a

rotor voltage vector�vr that is applied to the rotor terminals by
a two-level voltage source inverter. Only one voltage vector
is applied during a sampling time, thus, allows predicting the
effect that each voltage vector (�v0...�v...�v...�7...�7...� ) would have on the
stator power.

The active and reactive power control is obtained by the
minimization of a cost function FnFnF for which the inputs are
the powers references P∗

sPsP and Q∗
s , and the predictions of the

powers PsnPsnP [k+2] and Qsn[k+2].

FnFnF ,RSC =

(
P∗

sPsP −PsnPsnP [k+2]
)2

+

(
Q∗

s −Qsn[k+2]
)2

. (15)

For each rotor voltage vector�vr available, this cost function
is evaluated, and the rotor voltage producing the minimum cost
function is selected to be applied on rotor terminals.

V. SIMPLIFIED FINITE-SET MODEL PREDICTIVE
POWER CONTROL

The structure of the proposed Simplified MPPC (S-MPPC)
is almost similar to the conventional MPPC. The differences
are the selection of prediction vectors v j and the cost function
design, where j can be three or five values among j = {0...7}.
In the conventional case, all VVs of a 2L-VSI are employed for
prediction and actuation. In the proposed S-MPPC, only three
– one zero and two active vectors – or five – one zero and four
active vectors – of the possible eight VVs are evaluated for
prediction and actuation. Therefore, is expected a reduction in
the computational burden.

The power prediction on both zero vectors (v0 and v7)
produces the same cost value. Thus, only a zero vector (v0)
is tested in the predictive control. If this vector generates
the lowest cost value, the algorithm select between v0 or v7
in order to minimize the number of switching state changes.
Therefore, v0 is selected when the vector in instant k is v0, v1,
v3 or v5. Otherwise, v7 is applied.

A. Simplification for the RSC – 4 active vectors
The proposed control uses the DPC concept proposed in

[6]. As shown in [6], the active power depends on angle
between rotor and stator flux and reactive power depends
on magnitude of rotor flux. From Figure 4, the following
conclusions are obtained. Effect of vectors on Active Power:
assuming that the rotor flux is located in Sector 1 and
counterclockwise rotation, the vectors�v2 and�v3 accelerate the
rotor flux vector, increasing the angle between the rotor and
stator flux by that means there is an increase on the active
power. On other hand, the vectors �v5 and �v6 decrease angle
between them and there is a reduction on the active power.

Effect of vectors on Reactive Power: when the rotor flux
vector is localized in sector 1, the vectors �v1, �v2 and �v6 is
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responsible to increase the magnitude of rotor flux vector
thereby there is a reduction on the stator reactive power and
the vectors�v3,�v4 and�v5 is responsible to reduce it, because the
rotor flux magnitude is reduced. The impact of active vectors
in active and reactive power is summarized in Table I.

Based on a switching Table I, the control has four optimized
options to regulate the DFIG power for each rotor flux sector.
Hence, knowing the position of the rotor flux in the rotor
reference frame, the S-MPPC can use only four active and
one zero vectors in the prediction model to evaluate the cost
function, reducing the number of the test for each sampling
time. The position of the rotor flux in the rotor reference frame
(θ r

λr
) is estimated as

θ r
λr
= tan−1(λ s

rq/λ s
rdλrdλ )−θr, (16)

where λr is the rotor flux, superscript s represents the
stationary reference frame and θr is the rotor position.

The active VVs change periodically by an angle π/3 rad
steps, as shown in Figure 4. Accordingly, the d – q plane in
stationary reference frame is divided into six sectors to identify
the direction of rotation as

(2NrscNrscN −3)π/6 ≤ θNθNθ rscNrscN ≤ (2NrscNrscN −1)π/6, (17)

where θNθNθ rscNrscN is the sector and NrscNrscN = 1, ...,6.
In order to choose the active vectors, the present sector of

the rotor flux has to be identified. The voltage vectors that will
be tested correspond to four active vectors shown in Table I of
the corresponding sector plus a zero vector. As an example, if
the rotor flux vector is in Sector 1, the tested voltage vectors
are�v3,�v2,�v5,�v6 and�v0.

In this method, it is possible to reduce the test in two
vectors. However, this control requires the estimates of the
rotor flux and its sector, increasing the computational burden.

Fig. 4. Six-sector division method in the d −q plane.

B. Simplification for the RSC – 2 active vectors
For a greater simplification in the number of vectors that

will be tested, one of the power magnitudes can already have
its change predetermined. Therefore, there are two options to
simplify the vectors:
1. previously check the active power error conditions, PsPsP ,e

TABLE I
Optimized Switching Table for DPC-DFIG

Conditions Sector ��λ r
r

1 2 3 4 5 6

PsPsP ,e ≤ 0 Qs,e > 0 �v3 �v4 �v5 �v6 �v1 �v2
Qs,e ≤ 0 �v2 �v3 �v4 �v5 �v6 �v1

PsPsP ,e > 0 Qs,e > 0 �v5 �v6 �v1 �v2 �v3 �v4
Qs,e ≤ 0 �v6 �v1 �v2 �v3 �v4 �v5

in Table I; or
2. check the error in reactive power conditions, Qs,e in

Table I.
In each scenario, and with a certain error of the selected

power, only two lines from Table I can be used.
The control checks whether this selected power needs to

increase or decrease. With this predetermined direction, the
control manages to reduce the number of vectors that will be
tested in the model, restricting only the two active vectors that
cause different impacts on the power that was not pre-selected
and the null vector.

For a better understanding, an example can be used. In
this example, the selected power is Qs. In this way, from
the measurement and reference of this quantity, the error is
obtained. So, to reduce this error, which can be Qs,e ≤ 0
or Qs,e > 0, the Table I offers only two active vectors as a
solution, which change according to the sector of the rotor
flux. So, only these two active vectors and one null vector are
tested in predictive control. Therefore, if Qs,e ≤ 0 and the rotor
flux is in sector 1, only the vectors�v0,�v2 and�v6 will be tested
in the model by the control, and the vector selected is that one,
among the three, which best minimize the cost function. If
Qs,e > 0 and the rotor flux is the same, the selected vectors
would be�v0,�v3 and�v5.

VI. SIMULATION RESULTS

The overall proposed control scheme for a DFIG-based on
wind generation has been tested through simulation using the
software PSIM� 2020a. The simulation parameters are shown
in Table II. The DC-link voltage is 311 V, the sampling time
(TsTsT ) is 100 µs and grid voltage (vs) is 127 V (RMS).

TABLE II
Machine Parameters

Parameter Value Parameter Value
PnPnP 560 (W) ls 563.7 (mH)
VnVnV 220 (V) lr 543.7 (mH)
rsrsr 15.1 (Ω) lm 523.8 (mH)
rr 6.22 (Ω) J 0.013 (Kg/m2)
VrVrV 200 V (RMS)

Four cases will be analyzed where the RSC controls are
tested in the same simplification scenario.

• Case 1: Conventional control;
• Case 2: Four active vectors;
• Case 3: Two active vectors PsPsP ,e;
• Case 4: Two active vectors Qs,e.

Initially, the stator active and reactive power references
were 0, and then, the active power reference was set to -500W
at t = 1.5s. The reactive power reference was maintained at 0
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TABLE III
RSC comparison result

Cases P̄sPsP [W] Q̄s [var] SSE fsfsf [Hz] Rising Time Settling Time THD is
1 -498,60 0,02 0,54 2028,5 1.11 ms 0.133 s 3.23%
2 -497,85 3,37 0,80 2031,0 1.06 ms 0.160 s 3.29%
3 -496,55 6,47 1,47 1897,7 1.06 ms 0.171 s 3.36%
4 -495,65 4,49 1,25 2048,5 1.05 ms 0.167 s 3.28%
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Fig. 5. Conventional FS-MPPC simulation results: (a) Stator active (PsPsP ) and reactive (Qs) power. (b) Rotor currents (ir1, ir2 and ir3). (c)
Electromagnetic torque (ce).
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Fig. 6. Four vectors S-MPPC simulation results: (a) Stator active (PsPsP ) and reactive (Qs) power. (b) Rotor currents (ir1, ir2 and ir3). (c)
Electromagnetic torque (ce).
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Fig. 7. Two vectors PsPsP pre-selected S-MPPC simulation results: (a) Stator active (PsPsP ) and reactive (Qs) power. (b) Rotor currents (ir1, ir2 and
ir3). (c) Electromagnetic torque (ce).
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Fig. 8. Two vectors Qs pre-selected S-MPPC simulation results: (a) Stator active (PsPsP ) and reactive (Qs) power. (b) Rotor currents (ir1, ir2 and
ir3). (c) Electromagnetic torque (ce).

var. The grid-side converter control is based on [29] and [37].
The speed and rotor position estimations is based on [31].

Figures 5 to 8 show the simulation results for the four
cases on the RSC. Comparative results between the methods
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are shown in Table III. Generating these results, the metrics
and concepts seen in [36] are used. This table presents,
respectively, the average of steady-state powers, the Steady-
State Error (SSE), the average frequency of switching ( fsfsf )
in steady-state, the Rising Time, and the Settling time. The
results in steady-state were obtained with active power equal
to 500 W, while the rising time and the settling time were
obtained considering a step from 0 to 500W (generator
nominal value) in active power.

In general, the results in the steady-state are similar,
with small deviations in the averages of the powers to their
reference. Case 4 obtained the worst scenario in the active
power, -495.65 W, and Case 3, in the reactive power with 6.47
var. It is observed an increase in the standard deviation of
the power with the reduction of vectors, in other words, with
the reduction of the number of vectors, the power values are
further from the mean, also presenting occasional spikes.

The average harmonic distortions of the stator currents
around 60 Hz are close, being case 3 the worst case with
3.36%. Case 1, with 3.23%, is the best THD scenario.

The switching frequency remained close, except in Case 3,
where the reduction is almost 10% compared to case 1, this
justifies the small increase in THD in case 3 when compared
to case 1.

As for the rise time, which is the time it takes for the
system to reach 90% of the reference during a transient, the
cases with vector reduction presented a better performance,
obtaining 1.06 ms. Finally, the accommodation time, the time
it takes for the variable to reach the threshold of ±25 [W, var],
of case 1 was lower than the others, with 0.133 s.

Cases 2, 3, and 4 also exhibit good dynamic performance,
with a maximum of 0.17 s of settling-time, during the change
of the active power. However, the active vectors in case
3, shown in Figure 7, were not enough in the transitional
causing an unwanted spike in reactive power. Moreover, case
4 presents some spikes in the powers that can be observed
mainly in the active power, reaching -450 W, illustrated in
Figure 8.a, increasing the standard deviation.

In all scenarios, the ripple of the active and reactive powers
are ± 25 W, the electromagnetic torque shows no permanent
oscillations, and the rotor currents in the stationary reference
frame increase from 0.55 A to 1.29 A, as the active power
injected into the grid increases.

Cases 1, 2, and 4 show similar simulation results. Case
4, therefore, becomes a viable option since the computational
cost is the lowest among these three cases, due to the use of
only two active vectors.

The FS-MPPC and S-MPPC performances in other active
power scenarios are illustrated in Figure 9. Initially, the stator
active and reactive power references were 0, and then, the
active power reference was set to:

• -200W at t = 1.5s to t = 2s;

• -500W at t = 2s to t = 2.5s;

• -100W at t = 2.5s to t = 3s.

It can be seen that the control system works properly, despite
the reduction in the number of active vectors tested in each
sampling time.
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Fig. 9. The MPPC simulation results in others Stator active power
(PsPsP ) reference values. (a) Conventional FS-MPPC. (b) Four vectors
S-MPPC. (c) Two vectors PsPsP pre-selected S-MPPC. (d) Two vectors
Qs pre-selected S-MPPC.

VII. EXPERIMENTAL RESULTS

A. Experimental Setup
In order to validate the FCS-MPC, the system was

implemented in laboratory. In this scheme, the stator of the
machine is connected direct to a 220 V three-phase electrical
grid and the rotor voltages are being fed by the RSC. The DC-
link voltage was adjusted to 311 V, and was fed by a full-
bridge rectifier connected to the three-phase grid instead of
using the GSC, in order to simplify the experiment. As long
the DFIG operates in synchronous or subsynchronous modes,
as the rotor circuit does not provide power to the system, the
unidirectional rectifier is sufficient to perform the tests. The
experimental was based on a digital signal processor (DSP),
model TMS320F28335, with a microcomputer equipped with
appropriate plug-in boards and sensors. The converter use
power switches model SKM50GB123D. Since the system
is three-phase balanced, the values of is3, ir3 and vs3 were
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estimated from the measured values is12, ir12 and vs12. The
results were obtained by a Agilent oscilloscope, model DSO-
X 3014A. The sampling time TsTsT was 1/15000 s.

Fig. 10. Experimental setup, system overview.

The machines used in the experiment are shown in
Figure 10. The mechanical torque was provided by a 0.55 kW
(220 V, 60 Hz) Squirrel Cage Induction Machine (SCIM),
electrically fed directly by an autotransformer. The system
is direct coupled to a 0.56 kW DFIG. Other DFIG parameters
are listed in Table II. A power observer based on [38], was
used to improves the robustness of the system.

B. Results
Figure 11 illustrates the powers in a steady-state. The

reactive power reference is zero (Q∗
s =0) and active power

reference is -500 W (P∗
sPsP = -500 W). In this figure, the

instantaneous values of power show a larger ripple and some
eventual spikes compared to the simulation. The average
power values are also indicated, being in the conventional case
-16.9 var for the reactive power and -496.3 W for the active.
Note that the powers oscillate over the reference.

Figure 12 shows the result of the torque with their
respective average values. Case 3 has less ripple and a mean of
-1.27 Nm. Case 4 also had a good result, but with some spikes
that reach up to -2.5 Nm. The average value of the latter was
-1.32 Nm. The speed averages are similar, not exceeding a 2%
difference, and case 1 was from 342.1 rad/s.

The stator voltage and current are illustrated in Figure 13.
The voltages are close to 127 V (RMS). As for the stator
currents, the RMS values are approximately 1.25 A. The
stator currents values are lagged 180◦ from the stator voltages,
indicating that the system is generating power at unit power
factor.

The rotor currents are illustrated in Figure 14. The RMS
values are approximately 1.2 A. It can be noted that the
rotor currents frequencies are very low (6 Hz approximately),
indicating that the system is operating near the synchronous
speed.

Table IV shows the average values of active and reactive
powers and the percentage of control processing time by the
DSP within a sampling cycle. Thus, the value of 60.52% of
case 1 indicates that this control takes 40.34 µs to be executed,
as the sampling time is 66.67 µs. It is observed that Case
2, despite the reduction of the number of vectors tested for
sampling time, increases the processing by 2.2%, compared
to Case 1, due to the addition of the rotor flux estimator to
identify the sector. On the other hand, Cases 3 and 4, reduce

the computational burden by 6.3% and 6.1%, respectively, and
preserve a similar performance to the conventional MPPC.

TABLE IV
Experimental results of vector reduction in RSC control

Cases P̄sPsP [W] Q̄s [var] Computational burden
1 -496,3 -16,9 60,52%
2 -504,1 -11,2 61,87%
3 -491,2 -6,1 56,70%
4 -499,8 -7,9 56,85%
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Fig. 11. Experimental results: stator active (PsPsP ) and Reactive (Qs)
power. (a) Case 1. (b) Case 2. (c) Case 3. (d) Case 4.

VIII. CONCLUSIONS

This paper presents a simplified finite-set model predictive
power control applied to the RSC for a DFIG. The control
law is designed to generate the switching state of the RSC
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Fig. 12. Experimental results: electromagnetic torque (ce). (a) Case
1. (b) Case 2. (c) Case 3. (d) Case 4.

based on the active and reactive power errors. Simulation
and experimental results confirm the effectiveness of the
system, presenting performance comparisons of controls with
a reduced number of active vectors. Considering the Cases 3
and 4, simulation results show the Steady-State Error (SSEs)
for active power are greater than the case 1, however they
are below the 1.5 %. In addition, the control exhibits
fast dynamics despite the smaller number of active vectors.
Experimental steady-state results show that the S-MPPC can
maintain the DFIG at a power reference, and generate power
at unit power factor. From these results, the S-MPPC
has a similar performance than the conventional MPPC. If
the computational burden is the metric, Case 3 is the best
choice, with a reduction of 6.31% in the computational burden
compared with the conventional MPPC. However, Case 4 has
a better dynamic response and smaller steady-state than Case
3, being an interesting choice.

(a)

(b)

(c)

(d)

Fig. 13. Experimental results: stator voltages (vs1 and vs2) and
currents (is1 and is2). Time (10 ms/div). Voltage (200V/div). Current
(5A/div). (a) Case 1. (b) Case 2. (c) Case 3. (d) Case 4.
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Fig. 14. Experimental results: rotor currents (ir1, ir2 and ir3). Time
(100 ms/div). Current (5A/div). (a) Case 1. (b) Case 2. (c) Case 3.
(d) Case 4.
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