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Abstract—Finite control set model predictive control tech-
niques are mainly distinguished by a variable switching fre-
quency which causes noise, large voltage and current ripples
at low sampling frequency. This paper presents a comparative
study of two enhanced predictive current control techniques
with fixed switching frequency applied to an asymmetrical six-
phase induction motor drive. Simulation results are developed to
demonstrate the efficiency of the two current control algorithms
using the mean squared error and total harmonic distortion as
quality performance indices, thus concluding the advantages and
disadvantages of each technique at steady and transient states.

Index Terms—Fixed switching frequency, model predictive
control, multiphase machine.

NOMENCLATURE

ASIMD Asymmetrical six-phase induction motor drive.
FCS-MPC Finite control set model predictive control.
KF Kalman filter.
LO Luenberger observer.
MPC Model predictive control.
MSE Mean squared error.
PCC Predictive current control.
PWM Pulse width modulation.
THD Total harmonic distortion.
VSD Vector space decomposition.
VSI Voltage source inverter.
M1 First enhanced modulation technique.
M2 Second enhanced modulation technique.

I. INTRODUCTION

The interest and attention of the academic and research
community in multiphase machines have risen due to their
advantages such as fault tolerance or better power splitting
over three-phase ones for industry applications [1]. For that
reason, multiphase drives with its additional number of phases
have been recently proposed for wind generation systems as
well as in electric vehicle propulsion, both under variable
speed conditions [2].

The current control of multiphase machines has been re-
cently extended to more sophisticated control techniques such

as nonlinear control strategies [3]. Among the so-called ad-
vanced control techniques, MPC has gained greater interest
thanks to its optimization capabilities [4]. MPC is also a
very intuitive and easy to implement. However, it provides a
variable switching frequency. In particular, MPC has proven to
offer a very simple and effective alternative to classical control
algorithms with PWM for controlling the electrical flow energy
using power converters [5]. Comparing for example to the
space vector technique, MPC obtains the optimal vectors and
duty cycles, as for space vector the modulator is the one
defining the duty cycles.

When the MPC takes advantages of the discrete nature
of the power converter, it is therefore from the FCS-MPC
category. Thus, the main advantage of FCS-MPC is the
limited number of switching states optimizing its algorithm
and avoiding the use of a modulator. However, the problem
is that the control can only be selected from this finite
number of valid switching states, generating distortion and
also large voltage and current ripples at a high sampling time
(low sampling frequency). The variable switching frequency
produces a spread spectrum, decreasing the performance of
the system in terms of power quality [6].

In [7], a FCS-MPC with a suitable modulation scheme (M1)
in the cost function minimization of the predictive algorithm
is proposed. This method is applied to a two-level VSI, where
for a selected number of switching states the duty cycles are
generated by using two active vectors and two zero vectors,
which are applied to the VSI using a given switching pattern
to obtain an efficient dynamic of the system. An alternative
method is proposed in [8], where the predictive fixed switching
method (M2) is applied to a five-phase induction motor drive.
In this case, a PWM scheme is combined with the PCC
technique, and a voltage reference that ensures sinusoidal
output voltage in the linear modulation region is imposed.

The main contribution of this paper is the first comparative
study of two enhanced predictive-fixed switching frequency
techniques for current control applied to an ASIMD. The
efficiency of the predictive-fixed current control techniques are
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analyzed and compared by using the MSE and the THD as a
figure of merit. Both techniques are tested for different current
amplitude and frequency references in steady state condition.
There is also a comparative analysis for the dynamic response
as well as for the cost function minimization behavior.

This paper is organized as follows: the ASIMD and its
mathematical model using state-space representation are pre-
sented in Section II. In Section III, the predictive current con-
troller design is shown. The same section is subdivided with
respect of the design of the PCC: rotor current’s estimation,
cost function selection and the description of the two studied
PCC with fixed switching techniques, namely M1 and M2.
The simulation results, i.e. the steady state and transient states
control performance of both M1 and M2 methods, is shown
in Section IV. This paper is concluded with a summary in
Section V.

II. ASIMD AND VSI MATHEMATICAL MODEL

The analyzed system consists of an ASIMD fed by a six-
phase VSI and a dc-link (Vdc). An electrical scheme of the
drive is provided in Fig. 1. This ASIMD is a continuous system
which can be defined by a group of differential equations.
The model of the system can be simplified through the VSD
described in [9]. By applying this technique, the original six-
dimensional space of the machine, represented by its six-
phases (a, b, c, d, e, f ), is converted into three two-dimensional
orthogonal subspaces in the stationary reference frame, namely
(α−β), (x−y) and (z1−z2), by using a transformation matrix
T [7].
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where an amplitude invariant criterion was used.

Fig. 1. A general scheme of an ASIMD fed by a six-phase VSI.

The VSI has a discrete nature, actually it has a total
number of 26 = 64 different switching states defined by
six switching functions corresponding to the six VSI legs
S = [Sa, Sb, Sc, Sd, Se, Sf ], where Si ∈ {0, 1}. The
different switching states and the voltage of the Vdc define the
phase voltages, which can in turn be mapped to the (α − β)
and (x−y) subspaces according to the VSD approach [10]. As
shown in Fig. 2 the 64 possibilities lead to only 49 different
vectors (48 vectors + null vector) in the (α− β) and (x− y)
subspaces. The ASIMD can be modeled by using a state-space
representation, based on the VSD approach and the dynamic
reference transformation. This model is given by:

Ẋ(t) = A(t) X(t) +B(t) U(t) +H$(t) (2)

being U(t) the input vector of the state-space system, X(t)

the state vector, Y(t) the output vector and A(t) and B(t) are
matrices related on the electrical parameters of the ASIMD.
The process noise is represented by $(t) and H is the noise
weight matrix.

Assuming the mathematical model expressed by (2) and
using the state-space variables defined by the vector X(t) =

[x1, x2, x3, x4, x5, x6]
T , we can define the following set of

equations:

ẋ1 = −Rsc2x1 + c4 (Lmωrx2 +Rrx5 + Lrωrx6) + c2u1

ẋ2 = −Rsc2x2 + c4 (−Lmωrx1 − Lrωrx5 +Rrx6) + c2u2

ẋ3 = −Rsc3x3 + c3u3

ẋ4 = −Rsc3x4 + c3u4

ẋ5 = −Rsc4x1 + c5 (−Lmωrx2 −Rrx5 − Lrωrx6)− c4u1
ẋ6 = −Rsc4x2 + c5 (Lmωrx1 + Lrωrx5 −Rrx6)− c4u2

(3)
where Rs, Rr, Lr = Llr + Lm, Ls = Lls + Lm, Lr and Lm
are the electrical parameters of the ASIMD.

The coefficients are defined as c1 = LsLr − L2
m, c2 = Lr

c1
,

c3 = 1
Lls

, c4 = Lm

c1
and c5 = Ls

c1
, while the input vector

corresponds to the applied voltages to the stator u1 = vαs,
u2 = vβs, u3 = vxs, u4 = vys and the state vector corresponds
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Fig. 2. Voltage space vectors and switching states in the (α−β) and (x−y)
subspaces for an ASIMD VSI.



to the ASIMD currents x1 = iαs, x2 = iβs, x3 = ixs, x4 = iys,
x5 = iαr and x6 = iβr.

Stator voltages depend on the input control signals through
the VSI model. In this case, the simplest model has been
considered to achieve a good optimization process. Now, if the
gating signals are arranged in the vector S, the stator voltages
can be obtained from the ideal VSI model M[S] [7].

M[S] =
1

3


2 0 −1 0 −1 0
0 2 0 −1 0 −1
−1 0 2 0 −1 0
0 −1 0 2 0 −1
−1 0 −1 0 2 0
0 −1 0 −1 0 2

ST (4)

An ideal VSI converts gating signals into stator voltages
that can be projected to (α − β) and (x − y) subspaces and
gathered in a row vector U(t) = [u1, u2, u3, u4] computed
as:

U(t) = Vdc TM[S] (5)

By combining (3)-(5) a nonlinear set of equations arises that
can be written in state-space form:

Ẋ(t) = f
(
X(t), U(t), ωr(t)

)
(6)

The output vector, Y(t) = [x1, x2, x3, x4]
T , is:

Y(t) = CX(t) + ν(t) (7)

being the vector C = [1, 1, 1, 1] and ν(t) the measurement
noise.

The mechanical expression of the ASIMD is given by:

Te = 3P (ψαsiβs − ψβsiαs) (8)

Jiω̇r +Biωr = P (Te − TL) (9)

being Bi the friction coefficient, Ji the inertia coefficient, Te
defines the generated torque, TL is the load torque, ωr is the
rotor angular speed, ψαs and ψβs are the stator fluxes, and P
is the number of pairs of poles.

III. PROPOSED PREDICTIVE CONTROL METHOD

The mathematical model of the ASIMD (6) and (7) have
to be discretized so it can be applied for the predictive
controller. A forward-Euler method is selected to keep a low
computational cost. So, the resulting equations will have the
necessary digital control form with predicted variables only
depending on past values of the variables and not on present
values. Thus, a prediction of the future next-sample state
X̂[k+1|k] is expressed as:

X̂[k+1|k] = X[k] + f
(
X[k], U[k], Ts, ωr[k]

)
(10)

where Ts is the sampling time and [k] is the current sample.

A. Reduced Order Estimators

In the state-space representation (3), only the stator cur-
rents, voltages and mechanical speed are measured. The stator
voltages are easily predicted from the switching commands
issued to the VSI. However, the rotor currents cannot be
directly measured. This difficulty can be overcome by means
of estimating the rotor current using the concept of reduced
order estimators. The reduced order estimators calculate an
estimation for only the unmeasured part of the state vector.
This is an important issue which has been recently solved
by the use of LO [11], [12] and KF [13], [14] methods,
being KF-based estimator a better choice due to the observer
gains are optimized for the noise input to the ASIMD and
to the sensors. In LO-based estimator, the gains are not so
optimized and the setting is deterministic [13]. Therefore, KF
is implemented in this paper. Taking into account a zero-mean
Gaussian measurement noises and uncorrelated process, so the
system’s equations can be written as:

X̂[k+1|k] = A[k]X[k] +B[k]U[k] +H$[k] (11)

Y[k+1|k] = CX[k+1] + ν[k+1] (12)

where A[k] and B[k] are described by (13)-(16). Notice that
A[k] is also dependable on the present value of ωr[k] and
consequently must be computed at every sampling period.
A detailed explanation of the dynamics of the KF can be
found in [13], [14] and it was not included in this work. The
aforementioned matrices are defined as:

A[k] =


A11 A12 0 0 A15 A16

A21 A22 0 0 A25 A26

0 0 A33 0 0 0
0 0 0 A44 0 0
A51 A52 0 0 A55 A56

A61 A62 0 0 A65 A66

 (13)

where

A11 = A22 = 1− Tsc2Rs
A12 = −A21 = Tsc4Lmωr[k]

A15 = A26 = Tsc4Rr

A16 = −A25 = Tsc4Lrωr[k]

A33 = A44 = 1− Tsc3Rs
A51 = A62 = −Tsc4Rs
A52 = −A61 = −Tsc5Lmωr[k]
A55 = A66 = 1− Tsc5Rr
A56 = −A65 = −c5ωr[k]TsLr

(14)



B[k] =


B11 0 0 0 0 0
0 B22 0 0 0 0
0 0 B33 0 0 0
0 0 0 B44 0 0
0 0 0 0 B55 0
0 0 0 0 0 B66

 (15)

where

B11 = B22 = Tsc2

B33 = B44 = Tsc3

B55 = B66 = −Tsc4
(16)

B. Cost Function

The cost function formulation can allow the optimization
of several important parameters such as VSI switching losses,
machine torque ripple minimization and harmonic content
minimization [8]. In current control the most important figure
of merit is the tracking error in the predicted stator currents
for the next sample. Therefore, the selected cost function is:

J[k+2|k] =‖ i∗αs[k+2] − îαs[k+2|k] ‖2 + ‖ i∗βs[k+2] − îβs[k+2|k] ‖2

+ λxy

(
‖ i∗xs[k+2] − îxs[k+2|k] ‖2 + ‖ i∗ys[k+2] − îys[k+2|k] ‖2

)
(17)

Notice that a second-step ahead prediction of the stator
current îs[k+2|k] is required for the delay compensation and
i∗s[k+2] represents the desired reference trajectory of the stator
currents. The tuning parameter λxy allows to reduce the
ASIMD losses [11]–[14].

C. M1 Control Method

It is feasible to determine each available vector for the VSI
in the (α − β) subspace, as shown in Fig. 2, which defines
64 sectors (48 different), which are given by two adjacent
vectors, being the first sector the one between vector V4−4
and vector V6−4, as shown in Fig. 3. The proposed technique
evaluates the prediction of the null vector and the two active
vectors that conform each sector at every sampling time and
evaluates the cost function separately for each prediction [15].
Each prediction is evaluated based on (3) and the only change
is in respect to the calculation of the input vector U[k] [7]. The
cost function, defined by (17), is evaluated for each case and
is the same as the one considered for the variable frequency
predictive method. The duty cycles, for the null vector d0 and
the two active vectors d1 and d2, are calculated by solving the
following equations:

d0 =
σ

J0[k+2|k]
(18)

d1 =
σ

J1[k+2|k]
(19)

d2 =
σ

J2[k+2|k]
(20)
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Fig. 3. Available sectors for six-phase VSI.

d0 + d1 + d2 = Ts (21)

where d0 corresponds to the duty cycle of a zero vector. By
solving (18)-(21), it is possible to obtain the expression for σ
and the duty cycles for each vector given as:

Jd[k+2|k] = J0[k+2|k]J1[k+2|k] + J1[k+2|k]J2[k+2|k]

+ J0[k+2|k]J2[k+2|k]
(22)

d0 =
TsJ1[k+2|k]J2[k+2|k]

Jd[k+2|k]
(23)

d1 =
TsJ0[k+2|k]J2[k+2|k]

Jd[k+2|k]
(24)

d2 =
TsJ0[k+2|k]J1[k+2|k]

Jd[k+2|k]
(25)

Considering these expressions, the new cost function, which
is evaluated at every sampling time, is defined as:

G[k+2|k] = d1J1[k+2|k] + d2J2[k+2|k] (26)

The two vectors which minimize (26) are applied to the
VSI at the next sampling time. A model of the ASIMD,
is used to predict its output. This prediction is carried out
for each possible sector of the six-phase VSI to determine
which one minimizes a defined cost function represented by
(26). Therefore the model of the real system must be used
considering all possible voltage sectors. Finally, after obtaining
the duty cycles and selecting the optimal two vectors to be
applied, a switching pattern procedure, shown in Fig. 5, is
adopted with the goal of applying the two active vectors
(v1 − v2) and two zero vectors (v0) [16], considering:

T0 = d0 step (27)

T1 = d1 step (28)

T2 = d2 step (29)

where step is the number of steps in a sampling time and the
modulator clock period used is Ts/step.
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Fig. 5. Switching pattern for the selected optimal vectors (M1).

D. M2 Control Method

The PCC technique selects an optimal vector Sopt from the
minimization of the cost function in (17). Instead of applying
the chosen voltage vector to the ASIMD during the whole
switching period, which is the procedure in conventional FCS-
MPC schemes, the M2 method uses an optimal vector in
combination with the VSD theory to calculate the duty cycles
as follows:

τ =
1

2
+

3

4
M[Sopt] (30)

where τ =
[
τa, τb, τc, τd, τe, τf

]T
and M[Sopt] is

the ideal VSI model with the optimal vector selected. The duty
cycles, represented as τ , are associated with the VSI phases
and are normalized between 0 and 1. The computation of the
submodulation period is posed as an optimization problem
aimed to minimize the prediction error. This procedure can
be interpreted as a systematic application in one sampling
period of the optimal combination of more than one vector
in order to minimize the stator current error in (α − β) and
(x − y) subspaces [8]. A detailed block diagram of M1 and
M2 techniques for the ASIMD is provided in Fig. 4.

IV. SIMULATION RESULTS

A MATLAB/Simulink simulation program has been deve-
loped for the VSI connected to the ASIMD, and simula-
tion results have been analyzed to compare both PCC with
modulation techniques. Numerical integration using first order
Euler’s discretization method has been applied to compute
the evolution of the state-space variables in the time domain.
Table I shows the electrical and mechanical parameters for the
ASIMD. The MSE is computed as:

MSE(iφs) =

√√√√ 1

N

N∑
j=1

(iφs − i∗φs)2 (31)

being N the number of samples, iφs the measured stator
current, i∗φs the stator current reference and φ ∈ {α, β, x, y}.
While the THD is computed as:

THD(is) =

√√√√ 1

i2s1

N∑
j=2

(isj)2 (32)

being isj the harmonic stator current and is1 the fundamental
stator current.

The cost function, defined in (17) with λxy = 0.01, was
selected to evaluate the dynamic performance of the proposed
PCC techniques, giving more priority to the (α − β) stator
current tracking. The value of the process noise and the

TABLE I
ELECTRICAL AND MECHANICAL PARAMETERS OF THE ASIMD

PARAMETER VALUE PARAMETER VALUE

Rr (Ω) 0.63 Ls (mH) 206.2
Rs (Ω) 0.62 P 3
Lls (mH) 6.4 Pw (kW) 15
Lm (mH) 199.8 Ji (kg.m2) 0.27
Lr (mH) 203.3 Bi (kg.m2/s) 0.012
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Fig. 6. THD analysis of the measured current iαs. Simulation results for current amplitude of 2 A and a frequency of 50 Hz: (a) M1; (b) M2.

TABLE II
PERFORMANCE ANALYSIS OF α STATOR CURRENTS, MSE [A], THD [%]

fe (Hz) MSE-M1α MSE-M2α THD-M1α THD-M2α
5 0.0858 0.0900 2.54 3.80
10 0.0856 0.0910 2.57 3.80
15 0.0866 0.0908 2.56 3.82
20 0.0855 0.0899 2.52 3.80
25 0.0864 0.0919 2.50 3.81
30 0.0861 0.0919 2.58 3.80
35 0.0851 0.0887 2.58 3.80
40 0.0868 0.0912 2.55 3.83
45 0.0865 0.0900 2.57 3.80
50 0.0865 0.0916 2.55 3.80

measurement noise can be determined by using the method
proposed in [14], as Q̂w = 0.0022 and R̂v = 0.0022. In all
cases, the efficiency of the M1 and M2 has been evaluated
under a load condition of 2 N·m, Vdc is set to 300 V, the
(x−y) current references are set to zero (i∗xs = i∗ys = 0) and a
sampling frequency of 10 kHz and 100 as the number of steps
per sampling time are used, making to the clock modulator
period equivalent to 1 µs.

The comparison between both methods is first analyzed
under steady state condition and different electrical frequency
(fe) as shown in Tables II and III and Fig. 6, respectively. For
this test, the current reference (i∗αβs) in the (α− β) subspace
is set to 2 A. The obtained THD of the stator current in the
fundamental flux and torque production (α − β) subspace is
reduced in more than 30 % by using M1 in all analyzed cases
compared with M2. The M1 also reduces considerably the

TABLE III
PERFORMANCE ANALYSIS OF (x− y) STATOR CURRENTS, MSE [A]

fe (Hz) MSE-M1x MSE-M2x MSE-M1y MSE-M2y
5 0.2390 0.9985 0.1541 1.0814
10 0.2157 1.0208 0.2144 1.0426
15 0.2271 1.0211 0.2278 0.9914
20 0.2446 1.1093 0.2183 1.1479
25 0.2631 0.9340 0.2184 1.0609
30 0.2729 1.0655 0.2245 1.0736
35 0.2684 0.8996 0.2485 0.9445
40 0.2712 0.8571 0.2543 0.8699
45 0.2817 0.8754 0.2746 0.8682
50 0.3260 0.8332 0.3190 0.8723

electrical losses (see Table III) from 60 % to 87 % in relation
to M2, while both techniques offer almost the same behavior
in the current tracking in (α − β) subspace. Fig. 6 (upper)
shows the switching voltages in the VSI in a period of time,
showing the pattern of the two modulation techniques and the
THD of the measured stator currents, both at fe = 50 Hz.
The harmonic content in the frequency domain of both M1
and M2 techniques are shown in Fig. 6 (lower), where it can
be noticed a more distributed harmonic magnitude in M1 over
M2. In both cases, it highlights the harmonics in the switching
frequency of 10 kHz. Tables IV and V show a MSE and
THD analysis of the stator currents in the (α−β) and (x− y)
subspaces at fe = 50 Hz for both techniques in a small period
of time. Results in β and y axes are virtually the same of α
and x, respectively, and has not been included for the sake
of conciseness. For low values of i∗αβs M1 has a remarkable



[A],

,
[A

]
,

-8

8

-5 50

0

6

4

2

-6

-4

-2

(a)

[A],

,

-8

8

-5 50

[A
]

,

0

6

4

2

-6

-4

-2

(b)

[A],

,
[A

]
,

4

-8

-4

8

6

-6

0

2

-2

50-5

(c)

,,
,

[A
]

,

[A],

-8

8

-5 50

0

6

4

2

-6

-4

-2

(d)

,,
,

[A
]

,

[A],

-8

8

-5 50

0

6

4

2

-6

-4

-2

(e)

,

4

-8

-4

8

6

-6

,

0

50-5

,
[A

]
,

[A],

2

-2

(f)

Fig. 7. Stator currents in (α-β) and (x-y) subspaces for current frequency of 50 Hz: (a) Amplitude of 2 A for M1; (b) Amplitude of 4 A for M1; (c)
Amplitude of 6 A for M1; (d) Amplitude of 2 A for M2; (e) Amplitude of 4 A for M2; (f) Amplitude of 6 A for M2.

TABLE IV
PERFORMANCE ANALYSIS OF STATOR CURRENTS, MSE [A]

i∗αβs (A) MSE-M1x MSE-M2x MSE-M1α MSE-M2α

1.0 0.1961 0.8983 0.0812 0.0900
2.0 0.2580 0.9048 0.0865 0.0916
3.0 0.3775 1.0176 0.1490 0.1456
4.0 0.5281 1.0120 0.1791 0.1556
5.0 0.6719 1.0779 0.2252 0.1680
6.0 0.6691 1.0600 0.2682 0.1733
7.0 0.7052 1.0869 0.2934 0.1743
8.0 0.7837 1.1002 0.3294 0.1858

better performance in MSE in x axis over M2 (about 80 %) and
this improvement is reduced as the reference current increases
(lowest improvement about 29 %). The results obtained on
Table V showing an improvement on M1 (about 45 % for low
values of i∗αβs over M2 regarding the THD in the (α − β)
subspace. However, on high values of i∗αβs it can be observed
that M2 has the same performance as M1, even better for some
values. Fig. 7 shows the trajectories of the measured stator
currents in the (α−β) and (x−y) subspaces for fe = 50 Hz,
i∗αβs values of 2, 4 and 6 A, and i∗xs = i∗ys = 0 A. A better
performance of M1 can be seen on this figure regarding the
(x− y) minimization, which represents the energy losses.

TABLE V
PERFORMANCE ANALYSIS OF (α− β) STATOR CURRENTS, THD [%]

i∗αβs (A) THD-M1α THD-M2α THD-M1β THD-M2β

1.0 4.01 7.01 3.88 7.24
2.0 2.55 3.80 2.57 3.81
3.0 2.29 3.36 1.99 3.25
4.0 1.83 2.54 1.78 2.54
5.0 1.64 1.85 1.59 1.71
6.0 1.52 1.63 1.71 1.46
7.0 1.34 1.18 1.38 1.19
8.0 1.09 1.12 1.11 1.12

Then, both techniques are compared under transient condi-
tions as shown in Fig. 8. In this case i∗αβs is varied from 2
to 4 A and a phase shift of π

2 rad at t = 0.1 s. Both tech-
niques have almost the same behavior in transient conditions,
highlighting M2 over M1 in terms of lower current peaks.
Finally, the cost function minimization is analyzed, as depicted
in Fig. 9 for M1 (blue) and M2 (black), showing a slightly
better reduction of the cost function and smaller peaks for M1
over M2. By analyzing the computational cost, it is notorious
the amount of calculation needed for M1 over M2, because
it needs to compute three cost functions in a sampling time,
showing a disadvantage regarding real-time implementation.



2

4

0

-6

-4

-2

[A
]

6

Time [s]

0.08 0.085 0.095 0.120.1 0.110.09 0.105 0.115

M1 M2

Fig. 8. Transient response using M1 and M2 controllers.

Time [s]

0 0.05 0.15

0

0.10

0.20

0.15

0.10

0.05

C
os

t 
 F

un
ct

io
n

Fig. 9. Cost function minimization behavior for M1 and M2 controllers.

V. CONCLUSION

This paper has presented an exhaustive comparative study
between two enhanced PCC with fixed switching frequency. It
has been shown that both techniques, M1 and M2 are powerful
alternatives to current control of conventional and multiphase
induction motor drives (with a properly adaptation of both
methods). While, in transient conditions, both techniques have
very similar dynamics, M2 is a slightly better option, in
steady states, the M1 method provides a huge reduction of
the electrical losses in the ASIMD compared with the M2.
The M1 controller also has a better performance over M2,
analyzing the MSE in the (α − β) subspace (about 5.6 %
of reduction) and THD (about 32.9 % of reduction) obtained
with different current frequency references. On the other hand,
M2 proves to have a good performance with high current
amplitude references, even better than M1 in the (α − β)
current tracking (about 45 % of reduction over M1).

From the computational cost perspective, it is expected that
M2 will have lower computational load than M1 due to this
latter controller needs to compute three cost functions at each
sampling time while M2 only needs to compute one cost
function as a conventional PCC and then apply a PWM.

It is worth mentioning that it is possible to obtain an
equivalent efficiency with a PCC without modulator, but it
will need a significant smaller sampling time (around 5 times
smaller). The experimental validation of both techniques will
be shown in a future work.
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