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ABSTRACT This paper proposes a model predictive control with space vector modulation (MPC-SVM)
method that is based on using a voltage angle to reduce ripple components in open-end winding interior
permanent magnet synchronous motor (OEW-IPMSM). Conventional model predictive control (CMPC)
provides fast transient states by applying an actual voltage vector each switching period. However, due to
the limited magnitude of voltage vectors, the CMPC causes large torque ripple and low current quality.
The MPC-SVM method proposed herein generates virtual voltage vectors based on the voltage angle and
surrounding area. Virtual voltage vectors provide various magnitudes and positions except for areas that are
not in use. The optimal reference voltage vector is derived as the result of the cost function operation applied
through the space vectormodulation (SVM)method, and it improves the steady-state compared to the CMPC.
Therefore, torque ripple is reduced and current quality is improved by using fewer virtual voltage vectors, and
this results in superior steady-state characteristics. The validity of the proposed MPC-SVM method based
on the voltage angle for driving OEW-IPMSM is affirmed through simulation and experimental results in
comparison to the CMPC.

INDEX TERMS Open-end winding (OEW), interior permanent magnet synchronous motor (PMSM), model
predictive control (MPC), space vector modulation (SVM), voltage angle, torque ripple, calculation burden.

I. INTRODUCTION
Interior permanent magnet synchronous motor (IPMSM) has
been actively used in various industries through the specific
means of high torque, efficiency, and power density [1], [2].
To drive an IPMSM, various voltage source inverters are used
to apply the appropriate voltage at each phase of stators.
In recent years, a dual inverter has come to be widely used,
as it offers a higher voltage usage ratio than a single inverter.
A DC-DC converter is typically used at the DC-link voltage
stage to boost the voltage of an inverter, but this causes the
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system to experience an increase in weight or volume as
well as higher costs [3], [4], [5]. Therefore, applying the
dual inverter improves upon disadvantages of the DC-DC
converter and reduces the complexity of the system. To drive
an IPMSM fed by a dual inverter, it is necessary to use an
open-end winding interior permanent magnet synchronous
motor (OEW-IPMSM), with the stator windings having an
open connection structure [6], [7].
Among the available strategies for controlling the torque

of OEW-IPMSM, PI controllers are widely used due to
their high performance in steady-state responses. Meanwhile,
various methods such as direct torque control (DTC), and
model predictive control (MPC) are also being applied as
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alternatives to improve transient state responses [8], [9]. In the
voltage source inverter, MPC selects the optimal voltage
vector that has the smallest error between the reference and
estimated value through the model equation of loads. MPC
provides fast responsiveness with a simple algorithmic struc-
ture by directly applying the voltage vector without requiring
additional controllers. To drive the IPMSM using MPC, the
stator flux, torque, or current for the next control period are
predicted through the discrete currentmodel of themotor. The
optimal voltage vector is applied by utilizing a cost function
that stores the error between the reference and predicted
values [10], [11].

The conventional model predictive control (CMPC)
method applies only one voltage vector that has real switching
states of the inverter within the control period [12], [13].
Therefore, a control parameter promptly follows the refer-
ence, thus providing a fast transient response. However, for
the same reason, the switching frequency is not constant,
which causes high ripple components in the steady-state.
Applying the CMPC method to IPMSM results in high
torque ripple in the steady-state and deteriorates the currents
quality. It also leads to significant mechanical noise and
vibration [14], [15].

The model predictive control with space vector modula-
tion (MPC-SVM) method was proposed to improve upon
the steady-state characteristics of the CMPC method. The
MPC-SVM method generates not only voltage vectors that
have real switching states, but also virtual voltage vectors
that have various magnitudes and phases. A collection of
virtual voltage vectors enhances the steady-state by selecting
the voltage vector that closely follows the reference value,
and it maintains a constant switching frequency through
space vector modulation [16], [17]. However, virtual voltage
vectors impose a calculation burden on the microprocessor
due to the increased number of cost function calculations.
Therefore, deadbeat methods have been actively researched
in attempts to limit or select the specific region where vir-
tual voltage vectors are generated. By using an appropriate
number of virtual voltage vectors as candidates through a
specific region, control performance is maintained while the
calculation burden is minimized [18], [19].
This paper proposes the MPC-SVM method based on a

voltage angle to improve the steady-state characteristics for
driving OEW-IPMSM. The proposed method includes the
deadbeat strategy, which generates virtual voltage vectors in
the specified positions to select the optimal voltage vector
and reduce the number of calculations in the cost function.
In addition, the compensation method is applied to improve
the timing error of voltage application as well as the rising
or falling time errors of switching devices in the actual sys-
tem. The proposed method improves the quality of current
and torque more efficiently compared to several existing
MPC-SVM methods by constraining generation region of
the virtual voltage vector. This offers advantages in terms
of computational burden by achieving the required quality

FIGURE 1. System circuit diagram for driving the OEW-IPMSM.

with fewer virtual voltage vectors. The proposed method is
implemented by the dual inverter utilizing isolated voltage
sources. The effectiveness of the proposed MPC-SVM based
on the voltage angle method is demonstrated through simula-
tion and experimental results, and through comparison with
the CMPC method.

II. MATHEMATICAL MODEL OF OEW-IPMSM FED BY THE
DUAL INVERTER
A. VOLTAGE MODEL EQUATION OF THE DUAL INVERTER
Among the various types of voltage source inverters, the dual
inverter is used to drive open-end winding motors wherein
both ends of the stator winding are open. Fig. 1 shows the
system circuit diagram for driving the OEW-IPMSM. Since
independent voltage sources are used, the DC-links of each
inverter is separated. In the dual inverter with isolated voltage
sources, the voltages of each inverter are expressed the same
as they are in a single 2-level inverter, as follows

van(z) = Vdc(z)
(
Sa(z) − 0.5

)
vbn(z) = Vdc(z)

(
Sb(z) − 0.5

)
vcn(z) = Vdc(z)

(
Sc(z) − 0.5

)
va(z) = Vdc(z)

(
2Sa(z) − Sb(z) − Sc(z)

)
/3

vb(z) = Vdc(z)
(
2Sb(z) − Sc(z) − Sa(z)

)
/3

vc(z) = Vdc(z)
(
2Sc(z) − Sa(z) − Sb(z)

)
/3 (1)

where z, Sabc(z), vabcn(z), vabc(z), and Vdc(z) represent inverter 1
or inverter 2, switching states, pole voltages, phase voltages,
and DC-link voltages, respectively. Based on the structure of
the dual inverter, inverter 1 and inverter 2 have a 180◦ phase
difference, and the pole voltages and phase voltages of the
dual inverter are expressed as follows

van = van1 − van2 va = va1 − va2
vbn = van1 − van2 vb = vb1 − vb2
vcn = van1 − van2 vc = vc1 − vc2 (2)

where vabcn and vabc respectively represent the pole voltages
and phase voltages of the dual inverter, which generates and
outputs a greater variety of voltage compositions compared to
the 2-level single inverter. In addition, the output is doubled
when the magnitudes of the DC-link voltages of inverters are
independent and identical.
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B. VOLTAGE MODEL EQUATION OF THE OEW-IPMSM
OEW-IPMSM has the same voltage equations as a general
IPMSM in the d-q axes rotor reference frame due to its
structure in which only the winding ends are open, and it is
represented as

vde = Rside +
dλde

dt
− ωeλqe

vqe = Rsiqe +
dλqe

dt
+ ωeλde (3)

where vdqe, idqe, λdqe, Rs, and ωe represent stator voltages,
currents, fluxes, resistance, and electrical angular frequency,
respectively. The electrical torque and stator flux of the
OEW-IPMSM can also be represented in the d-q axes rotor
reference frame and expressed as follows

Te =
3
2
Pn

[
φf iqe +

(
Ld − Lq

)
ideiqe

]
λde = Ld ide + φf

λqe = Lqiqe (4)

where φf , Te, Pn, and Ldq represent permanent magnet flux,
electrical torque, half the number of poles, and d-q axes
inductances. The difference in inductances along the d-q
axes, represented by Ld − Lq, arising from the permanent
magnet arrangement structure of the OEW-IPMSM not only
generates electrical torque due to the permanent magnets,
but it also introduces a reluctance component. The voltage
model equation is also expressed by substituting (4) into (3)
as follows

vde = Rside + Ld
dide
dt

− ωeLqiqe

vqe = Rsiqe + Lq
diqe
dt

+ ωeLd ide + ωeφf (5)

Equation (5) is expressed in the differential form and used in
MPC through transformation to the current model.

III. CONVENTIONAL MPC METHOD FOR DRIVING THE
OEW-IPMSM
A. DISCRETE TIME MODEL OF THE OEW-IPMSM
MPC estimates the output value in the next control period
from the candidates of input value from the model equation
of loads. To predict the electrical torque and stator flux
according to the control period, the stator voltage model
equation represented by (5) needs to be transformed into a
discrete time current model that can be expressed in terms of
the sampling time. To transform the continuous time current
model equation with respect to analog time (t) into a discrete
time current model equation with respect to sampling time
(Tsamp), an approximation is applied to the derivative terms
as follows

didqe
dt

∼=
idqe(k) − idqe(k − 1)

Tsamp
≃
idqe(k + 1) − idqe(k)

Tsamp
(6)

where k-1, k , and k + 1 represent the previous, current, and
next control period values, respectively. After applying the

FIGURE 2. Comparison of computation time. (a) Simulation tools and
(b) actual system.

approximation, (5) can be expressed in terms of the stator
current in the d-q axes rotor reference frame as follows

ide (k + 1) =
(
1 − RsTsamp/Ld

)
ide(k)

+
(
LqTsamp/Ld

)
ωeiqe (k)

+ vde (k + 1)Tsamp/Ld
iqe (k + 1) =

(
1 − RsTsamp/Lq

)
iqe(k)

+
(
LqTsamp/Ld

)
ωeide (k)

+
(
vqe (k + 1) − φf ωe

)
Tsamp/Lq (7)

However, in an actual system, it is necessary to include a
delay compensation method for errors in signal transmission
or the timing of switching signal application to power devices
occurring in hardware. Fig. 2 shows the comparison of com-
putation time between simulation tools and the actual system.
in the simulation tools, the next switching states are computed
immediately, and the voltage vector is applied. However, the
actual system requires some computation time to calculate
the next states, which causes one period delay in the MPC.
Therefore, to estimate the actual current for the next cycle as
the value for the k + 2th cycle, it is necessary to estimate the
current for the k + 1th cycle from a previous applied voltage
vector and use it as the current for the current cycle. As a
result, equation (7) in the actual system is utilized by applying
the delay compensation method as follows

ide (k + 2) =
(
1 − RsTsamp/Ld

)
ide(k + 1)

+
(
LqTsamp/Ld

)
ωeiqe (k + 1)

+ vde (k + 2)Tsamp/Ld
iqe (k + 2) =

(
1 − RsTsamp/Lq

)
iqe(k + 1)

+
(
LqTsamp/Ld

)
ωeide (k + 1)

+
(
vqe (k + 2) − φf ωe

)
Tsamp/Lq (8)

Using equation (8), the continuous time stator flux in (4) can
be derived as a discrete time model and shown as

λs (k + 2) =

√
λ2de (k + 2) + λ2qe (k + 2)

=

√(
Ld ide (k + 2) + φf

)2
+

(
Lqiqe (k + 2)

)2
(9)
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FIGURE 3. Voltage vector diagram of the dual inverter.

where λs represents the magnitude of stator flux. Using the
same approach, the discrete time model for the electrical
torque is as follows

Te (k + 2) =
3
2
Pn

[
λs (k + 2) iqe (k + 2)

+
(
Ld − Lq

)
ide (k + 2) iqe (k + 2)

]
(10)

B. CANDIDATE VOLTAGE VECTORS AND COST FUNCTION
The CMPC method uses voltage vectors with actual switch-
ing states as candidate input voltages for the dual inverter to
estimate the electrical torque and the stator flux in the next
control period. Fig. 3 shows the voltage vector diagram of
the dual inverter. When the DC-link voltages are identical
and independent, 19 voltage vectors in total are used as
candidate voltage vectors. In Fig. 3, each point represents the
voltage vector of the dual inverter depicted in the d-q axes
stationary reference frame. Depending on the switching states
of each inverter, three magnitudes of effective vectors are
synthesized along with a zero voltage vector. The generated
voltage vectors are used as candidates for vdqe(k+2) in (8).
Subsequently, the results of comparing the electrical torque
and stator flux of the next control period with the reference,
which are computed using the stored voltage vectors, are
saved in the cost function (C), which as follows

C = Fλ

∣∣λ∗
s − λs (k + 2)

∣∣ + FT
∣∣T ∗
e − Te (k + 2)

∣∣ (11)

where Fλ, FT , and ∗ represent the weighting factor of stator
flux, electrical torque, and the reference value, respectively.
Weighting factors determine the necessary compensation for
differences in magnitude when computing errors for two
or more parameters, or they prioritize them from a control
perspective. The candidate voltage vector that minimizes the
cost function is selected as the reference voltage of the dual
inverter, the dual inverter, and the switching state correspond-
ing to reference voltage is applied during the next control
period.

IV. PROPOSED MPC-SVM METHOD BASED ON A
VOLTAGE ANGLE
A. VOLTAGE ANGLE ESTIMATION
To apply the proposed MPC-SVM method to drive the
OEW-IPMSM, it is necessary to estimate the angle of volt-
age vector for the next control period. The voltage angle is
estimated through the discrete time voltage model as follows

v̂de =
(
Rs + Ld/Tsamp − Lq/Tsamp

)
ide (k + 1)

− Lqωeiqe (k + 1)

v̂qe =
(
Rs + Lq/Tsamp − Ld/Tsamp

)
iqe (k + 1)

+ Ldωeide (k + 1) + ωeφf (12)

where v̂dqe represents the estimated voltage in the d-q axes
rotor reference frame, which is derived from the addition of
the voltage drop in stator winding, back-EMF, and mutual
interference components. Equation (12) is transformed into
the d-q axes rotor reference frame values, and the estimated
voltage angle is expressed as

θv = tan−1
(
v̂qs
v̂ds

)
(13)

where θv and v̂dqs represent the estimated voltage angle
which is ultimately used in the proposed method and the
estimated voltage in the d-q axes stationary reference frame,
respectively.

B. VIRTUAL VOLTAGE VECTORS GENERATION
A number of candidate voltage vectors require a large amount
of calculation on the microprocessor, thus leading to an
increased calculation burden. Depending on the performance
of the microprocessor used, it may be impossible to per-
form calculations within the control period. Therefore, for
MPCs using the space vector modulation method, various
deadbeat methods have been proposed or applied in attempts
to exclude candidate voltage vectors from the calculation in
regions where the reference value could not be followed.
The proposed MPC-SVM method also applies the deadbeat
method by only restricting the generation of virtual voltage
vectors around the voltage angle. Fig. 4 shows an example
of generating virtual voltage vectors in the proposed MPC-
SVMmethod. The virtual voltage vector generation region is
limited by the voltage angle and its surrounding two angles,
and the number of virtual voltage vectors generated at each
position is the same. Given the difference between the voltage
angle and the surrounding angle (θd ) and the number of
vectors at each position (N ), the number of virtual voltage
vectors generated without applying the deadbeat method is
determined as follows

G(N ) =

∣∣∣∣360θd

∣∣∣∣ (N − 1) + 1 (14)

where G(N ) represents the numerical equation of the number
of candidate voltage vectors without the deadbeat method,
where virtual voltage vectors are generated throughout the
entire region. Applying the deadbeat method to enable the
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FIGURE 4. Example of generating virtual voltage vectors in the proposed
MPC-SVM method.

generation of virtual voltage vectors from the voltage angle
and its surrounding angles results in the following

GDB(N ) = 3 (N − 1) + 1 (15)

whereGDB(N ) represents the numerical equation of the num-
ber of candidate voltage vectors when using the proposed
deadbeat method. For instance, when θd is 10◦ and N is 5,
before applying the deadbeat method, 145 calculations are
required, but after applying the proposed deadbeat method,
only 13 calculations are required. Compared to the CMPC
method, which uses 19 actual voltage vectors, the proposed
method that uses fewer virtual voltage vectors results in a
reduced number of calculations, thus alleviating the calcula-
tion burden on the microprocessor. The proposed MPC-SVM
method uses the discrete-time current model and cost func-
tion of the OEW-IPMSM in a manner identical to the CMPC
method. Therefore, it is necessary to use a formula to derive
the magnitudes of the virtual voltage vectors. When the coor-
dinate number of virtual voltage vector is defined as x, the
formula is as follows

x ∈
a
N

{a = 1, 2, 3, . . . ,N } (16)

The magnitude of the virtual voltage vectors generated using
the coordinate number is as follows

vds(vir) = 0,
Vdc1 + Vdc2

√
3

x cos (θv ± θdev)

vqs(vir) = 0,
Vdc1 + Vdc2

√
3

x sin (θv ± θdev) (17)

where vdqs(vir) represents the magnitude of the virtual voltage
vector. The zero voltage vector is only used once to avoid
duplication.

C. SPACE VECTOR MODULATION AND DEAD TIME
COMPENSATION
In voltage source inverters, dead time serves as a cause of
nonlinearity due to errors between command voltage and

FIGURE 5. Example of the effect of dead time in reference voltage.

output voltage. Despite recent advancements in switch device
technology, dead time compensation must be considered
for further enhancement of torque control performance in
motor drive systems. In the proposedMPC-SVMmethod, the
selected voltage vector is applied through the space vector
modulation by two active voltage vectors and zero vectors.
The various magnitudes and phases of the virtual voltage
vectors lead to the production of stable electrical torque and
improved current quality compared to the CMPC method.
The selected reference voltage needs to be separated into a
reference voltage for each inverter, as follows

v∗dqe(z) =
zs · Vdc(z)
Vdc1 + Vdc2

· v∗dqe

{
zs = 1 (z = 1)
zs = −1 (z = 2)

(18)

where v∗dqe, and v
∗
dqe(z) represent the reference voltage and

the reference voltage separated for each inverter, respec-
tively. The separated reference voltages are transformed into
three-phase reference voltages, and the switching states are
determined through comparisons to carrier waves. However,
in an actual system, switching devices include dead time to
prevent shorts from the difference between the rising and
falling times. Fig. 5 shows an example of the effect of dead
time in reference voltage. Including dead time causes the
magnitude of the output voltage to either decrease or increase,
thus leading to errors between the estimated values and the
actual output in the next control period. To compensate for
errors caused by dead time, a dead time compensationmethod
is required for three-phase reference voltages depending on
the direction of the current, as follows

vdead(z) =
Tdead
Tsamp

· Vdc(z)

{
βabc = +1 (iabc > 0)
βabc = −1 (iabc < 0)

×

{
v∗abc1_d = v∗abc1 + βabcvdead1
v∗abc2_d = v∗abc2 + βabcvdead2

(19)

where vdead(z), βabc, iabc, Tdead , v∗abc(z), and v
∗

abc(z)_d respec-
tively represent the compensated voltage, sign of the compen-
sated voltage, abc-phase currents, settled dead time, reference
voltages, and reference voltages after the dead time compen-
sation method is applied [20]. Fig. 6 shows the control block
diagram of the proposed MPC-SVM method for driving the
OEW-IPMSM, which includes the overall processes of the
proposed method.
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FIGURE 6. Control block diagram for the proposed MPC-SVM method for
driving the OEW-IPMSM.

TABLE 1. Parameters of the OEW-IPMSM.

In MPC method based on mathematical modeling of the
system, variations in motor parameters degrade control per-
formance. In the proposed MPC method as well, parameter
variations reduce the accuracy of the modeling equations,
thus deteriorating the estimation performance of the variables
for next period. As an alternative to prevent the decrease in
control performance caused by these parameter variations,
the parameter table is commonly employed.

V. SIMULATION RESULTS
The proposed MPC-SVM based on a voltage angle method
was demonstrated and compared to the CMPC method
through PSIM simulation. Table 1 lists the parameters of
the OEW-IPMSM whereas Table 2 lists the parameters of
the simulation environments. The switching frequency and
control period were set to 20 kHz and 50 µs. The CMPC
method required 19 calculations for real voltage vectors. The
dividing angle (θd ) and the number of virtual voltage vectors
per angle (N ) were set to 10◦ and 5, respectively, so the
number of virtual voltage vectors required in the proposed
MPC-SVM method is 13, which leads to fewer calculations
being required compared to the CMPC method. The DC-link

TABLE 2. Parameters of simulation environments.

voltage of both inverters was 75 V, which were independently
applied. The initial values of each weighting factors were
determined by normalizing them based on the rated value.
Due to the normalization of weighting factors, errors in flux
and torque are compared in the cost function at the same ratio.
The ratio of normalized FT and Fλ based on the rated values
in Table 1 is 1:106, and the final ratio of the weight factors
was determined through experimental adjustment based on
the initial values.

Fig. 7(a) and 7(b) show the simulation results of torque
control at 500 rpm in the CMPC method and the pro-
posed MPC-SVM method. The reference electrical torque
was changed from 2.4 Nm to 6 Nm. The transient times
were 156 µs in the CMPC method and 166 µs in the
proposed MPC-SVM method, and they were little changed
or unchanged in the transient response. The total harmonic
distortion (THD) of the current was improved from 21.31%
to 2.53%.

Fig. 8(a) and 8(b) show the simulation results of torque
control at 800 rpm in the CMPC method and the proposed
MPC-SVM method. In the same manner as described for
Fig. 7, the electrical torque was changed from 2.4 Nm
to 6 Nm. The transient time in the CMPCmethod was 261 µs
whereas that in the proposed method was 288 µs. The THD
of the current was improved from 20.83% to 2.83%.

VI. EXPERIMENTAL RESULTS
The proposed MPC-SVM based on a voltage angle method
was verified experimentally and compared to the CMPC
method. Fig. 9 shows the experimental setup and the
microprocessor (TMS320F28377S) used. The parameters of
OEW-IPMSM and the experimental environments were iden-
tical to those in the simulations described in Table 1 and
Table 2. Fig. 10 (a) and 10(b) show the experimental results
of torque control at 500 rpm in the CMPC method and the
proposedMPC-SVMmethod. The reference electrical torque
was changed from 2.4 Nm to 6 Nm. The ripple components
of stator flux and electrical torque were decreased in the
proposed method. Compared to the reference value, the mag-
nitude of average electrical torque ripple was decreased from
2.53 Nm to 0.76 Nm.

Fig. 11(a) and 11(b) show the experimental results of
torque control at 800 rpm in the CMPC method and the
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FIGURE 7. Simulation results of torque control at 500 rpm. (a) CMPC
method and (b) proposed MPC-SVM method.

proposed MPC-SVM method. In the same manner as
described for Fig. 10, the reference electrical torque was
changed from 2.4 Nm to 6 Nm. The magnitude of average
electrical torque ripple compared to the reference value was
decreased from 3.77 Nm to 0.89 Nm, thus resulting in an
improvement in steady-state.

Fig. 11(a) and 11(b) show the experimental results of
speed control and torque control in the proposed MPC-SVM
method. For the high-speed region, DC-link voltages were
applied at 150 V. In Fig. 11(a), the speed was changed from
900 rpm to 1500 rpm at 2.4 Nm, while in Fig. 11(b), the
reference electrical torque was changed from 2.4 Nm to 6 Nm
at 1300 rpm. The proposed method was confirmed to lead
to an improvement in the high-speed operation, which was
hindered by the high ripple in the CMPC method.

Fig 13(a) and 13(b) show the experimental results of FFT
of b-phase current and theminimum value of the cost function
in the proposed MPC-SVM method compared to the CMPC
method. The speed was 500 rpm and the electrical torque

FIGURE 8. Simulation results of torque control at 800 rpm. (a) CMPC
method and (b) proposed MPC-SVM method.

FIGURE 9. Experimental setup for the proposed method.

was 6 Nm. The minimum value of the cost function was
decreased and the magnitude of ib was decreased in harmonic
frequency. The maximum magnitude of FFT was improved
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FIGURE 10. Experimental results of torque control at 500 rpm. (a) CMPC
method and (b) proposed MPC-SVM method.

FIGURE 11. Experimental results of torque control at 800 rpm. (a) CMPC
method and (b) proposed MPC-SVM method.

from 280 mA to 66 mA. The average execution time for
CMPC and the proposed method was 37.33 µs and 33.64 µs,
respectively. Since the difference in the numbers of the can-
didate voltage vectors was not significant, the improvement

FIGURE 12. Experimental results at the high-speed region in the
proposed method. (a) Speed control and (b) torque control.

FIGURE 13. Experimental results of FFT and minimum value of the cost
function. (a) CMPC method and (b) proposed MPC-SVM method.

in execution time of the proposed method was about
4 µs. However, the proposed method exhibited improved
current quality compared to the CMPC from the results
in Fig. 13.
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VII. CONCLUSION
This paper proposed an MPC-SVM method based on a
voltage angle for driving an OEW-IPMSM to improve the
steady-state characteristics. In the proposed method, the volt-
age angle was estimated and used for the generation of virtual
voltage vectors in the specific region, which is referred to
as the deadbeat method. Under the lower calculation burden
on the microprocessor, the ripple components of stator flux
and electrical torque and THD of current were decreased
compared to those in the CMPC method. Further, a more
optimal voltage vector was selected in the proposed method,
as the magnitude of the currents in harmonic frequency and
the minimum value of the cost function were decreased.
Moreover, the dead time compensationmethodwas applied to
compensate for the effect of the settled dead time of switching
devices. The validity of the proposed MPC-SVM method
was demonstrated through the simulation and experimental
results.
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