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An Efficient Multi-Vector-Based Model Predictive 
Current Control for PMSM Drive

Jun SUN, Yong YANG, Rong CHEN, Xinan ZHANG, Chee Shen LIM, and Jose RODRIGUEZ

Abstract—To address the problems of high current harmonics, 
large torque ripples, and heavy computational burden in the fi-
nite control set model predictive control (FCS-MPC), this paper 
proposes an efficient multi-vector model predictive current con-
trol (MPCC) scheme for permanent magnet synchronous motor 
(PMSM) drive. Firstly, a simple pre-selection method based on the 
trace of the stator current increment is proposed to obtain the can-
didate optimal voltage vectors. This pre-selection method avoids 
the heavy computational burden of evaluating all voltage vectors 
and is easy to implement. Then, to further reduce the torque rip-
ples and current harmonics, the dwelling time of each voltage vec-
tor is achieved in inverse proportion to its cost function. Compared 
to the standard means, the proposed scheme is able to obtain great 
performance while greatly decreasing the computational burden 
and complexity. And its effectiveness is experimentally validated 
through comparative assessments.

Index Terms—Finite control set model predictive control (FCS-
MPC), low complexity, multi-vector control, pre-selection, perma-
nent magnet synchronous motor (PMSM).

I. Introduction

PERMANENT magnet synchronous motor (PMSM) has 
been widely applied in electric vehicles and robot industries 

due to its high torque-to-inertia ratio, structural compactness, 
and high power density [1], [2]. Especially for high-power 
traction system, the application of PMSM drives can obtain the 
benefits of energy saving, comfort, and safety [2]. However, 
with the increasing requirements on the performance of PMSM 
drives, traditional control schemes like field-oriented control 
(FOC) and direct torque control (DTC) have shown limitations 
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in addressing new challenges [3], [4]. Therefore, researches 
into new technologies of electric drives have been making 
significant strides recently [5].

Among various control schemes, model predictive control 
(MPC) schemes have been paid significant attention because 
of the superiority of simple structure, strong capacity of 
rejecting disturbance, and fast dynamic response [6], [7]. 
In general, MPC schemes can be briefly categorized as 
continuous control set MPC (CCS-MPC) and finite control 
set MPC (FCS-MPC) [8]. The FCS-MPC, in contrast to 
CCS-MPC, utilizes online enumeration to identify the 
optimal voltage vector which handles the certain control 
problem defined through the cost function [9], [10]. Earlier 
FCS-MPC variants usually do not consider pulse width 
modulation (PWM), leading to simpler microprocessor-based 
implementation, and a fast dynamic response similar to most 
direct control schemes, such as DTC [11]. 

For the traditional FCS-MPC, the utilization of only one 
voltage vector in the entire control cycle brings about large 
torque ripples and high harmonics [13]. Over the past years, 
a substantial number of improvement works have been 
reported to overcome these problems. A common way is 
to raise the quantity of the available voltage vectors based 
on the 8 basic voltage vectors [12]-[18]. For instance, the 
scheme of synthesizing virtual voltage vectors is introduced 
in [12] to expand the quantity of available voltage vectors. 
These virtual voltage vectors are contained into the control 
set that will be evaluated to minimize the cost function. [13] 
extends the quantity of virtual voltage vectors to 38. And due 
to the more voltage vectors are available, the selected optimal 
voltage vector can better fit the reference value. Furthermore, 
[14] applies the virtual voltage vectors scheme on the basis 
of 32 basic voltage vectors, which can obtain better system 
performance in a five-phase two-level inverter. Nevertheless, 
the above ways typically lead to an increased computational 
burden to the real-time control system [15]. 

Hence, several works have attempted to achieve a tradeoff 
between system performance and computing efforts when 
increasing the quantity of virtual voltage vectors [16]–[18]. In 
[16], the enumeration times is reduced from 37 to 13 through 
an optimal selection strategy while well maintaining the steady-
state and transient system performance. In [17] and [18], the 
region of the optimal voltage vector can be identified through 
introducing the deadbeat control principle, which decreases the 
quantity of candidate voltage vectors. Unfortunately, there is 
still some problems such as imperfect matching of the optimal 
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voltage vector and complicated calculation process [18].
Another effective solution to address the shortcomings of 

conventional FCS-MPC is through using multiple voltage 
vectors to synthesize optimal output voltage vector within each 
control period. [19]–[23] integrate the duty cycle mechanism 
into FCS-MPC to extend the magnitude of the output voltage 
vector. In [19], the optimal voltage vector and dwelling time 
are determined by considering the projection relationship of 
the stator current error vector, resulting improved performance. 
Based on the conventional predictive torque control (PTC), 
[22] introduces the deadbeat principle to calculate the dwelling 
time, thus reducing the torque ripples. However, the application 
of deadbeat principle is usually sensitive to the system 
parameters, thereby resulting in poor robustness. Furthermore, 
the phase of the synthesized voltage vector in the above 
schemes is restricted due to the exclusive use of zero voltage 
vector [24].

Therefore, the combination of the two active voltage vectors 
is added into the selection strategy in [25]–[28] to further 
extend the synthesized range of the optimal voltage vector. In 
[24], the number of traversals is reduced to 25 by considering 
the similarity of voltage vector combinations while maintaining 
low torque ripples. [27] applies a pre-defined look-up table to 
reconstruct the three-phase duty cycle based on the deadbeat 
principle, and achieves a fixed switching frequency. 

In addition, some studies consider the combination of 
three voltage vectors to further reduce the steady-state error. 
In [29], a three-vector scheme is proposed around the power 
error to completely eliminate the steady-state error. However, 
the calculation of dwelling time is very tedious. [30] obtains 
the candidate optimal voltage vector by using the deadbeat 
principle and cost function, respectively, to improve the 
performance and suppress the zero-sequence current (ZSC). In 
[31], the virtual voltage vectors are constructed to expand the 
selection of candidate voltage vector sequence. Meanwhile, 
through a hierarchical optimization, the accuracy of the optimal 
output voltage vector is improved. Furthermore, [32] and [33] 
complete pre-selection based on the stator flux error to reduce 
the computational burden, but the calculation of dwelling time 
is not easy.

In this paper, an efficient model predictive current control 
(MPCC) scheme based on multi-vector is proposed to overcome 
the shortcomings of the afore-mentioned aspects. The major 
contributions are listed as follows:

a) The proposed scheme employs an effective pre-selection 
method to determine the candidate voltage vectors. 
Through tracking the increment of the stator current, 
the approach avoids the evaluation process of redundant 
voltage vectors. Hence, compared with the existing 
schemes, the proposed scheme has lower computational 
burden and complexity. 

b) The dwelling time for each candidate voltage vector 
in the proposed scheme is obtained on the basis of the 
cost function, which not only reduces the algorithm 
complexity, but also enhances the parameter robustness. 
Moreover, the proposed scheme can achieve a fixed 
switching frequency through rearranging the switching 
sequence.

c) The effectiveness of the proposed scheme is verified 
through the experimental comparison with the existing 
MPCC schemes. 

The remaining parts of this paper are organized as follows: 
The mathematical model of inverter and PMSM are described 
in Section II. After that, the principles of single-voltage-vector 
and multi-voltage-vector MPCC (MVV-MPCC) are introduced 
in Section III. In Section IV, an efficient multi-vector MPCC 
scheme is proposed. Then, the comparative experimental 
results of different schemes are presented to verify the 
proposed scheme in Section V. Finally, conclusions are drawn 
in Section VI.

II. Mathematical Models of Inverter and PMSM
The topology of three-phase two-level PMSM drives is 

shown in Fig. 1, and the basic output voltage vectors of the 
inverter can be defined as

dc

i2π/3
                        (1)

where Vi(i = 0,...,7) represents the output voltage vector; Udc 
represents the dc bus voltage; Wi(i = 1,2,3) represents the 
switching state of the inverter.

A surface-mounted PMSM (SPMSM) is applied in this 
paper. Under the premise of ignoring the hysteresis losses 
and rotor eddy current. The dynamic mathematical model of 
SPMSM in the d-q reference frame can be described as
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where ud,uq represent the stator d- and q-axis voltages; id,iq 

represent the stator d- and q-axis currents; Ls represent the 
stator inductances; ωe represents the electrical angular velocity;   
ψf represents the rotor flux; Rs represents the stator winding 
resistance; Te represents the electromagnetic torque; p is the 
number of pole pairs. 

Fig. 1.  Three-phase two-level PMSM drives.

Udc
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When the sampling period is set short enough in a discrete 
system, the electrical angular velocity ωe can be considered 
constant during each sampling period. Then, the discretization 
of the PMSM's current prediction formula can be obtained by 
adopting the forward Euler scheme in the d-q reference frame, 
approximately, which can be derived as

s s
+                                (3)
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k
q are the stator d- and q-axis currents at discrete time 

instant k; uk
d, u

k
q are the stator d- and q-axis voltages at time 

instant k; id
k+1, iq

k+1 are the predicted stator d- and q-axis currents 
at time instant k+1; Ts is the sampling period.

III. Single and Double Voltage Vector Based MPCC

A. Single-Voltage-Vector MPCC Scheme

The conventional MPCC scheme utilizes the MPC 
controller to regulate the current and the PI controller to 
regulate the speed. For the single-voltage-vector model 
predictive current control (SVV-MPCC), it selects the single 
voltage vector from the basic control set as the optimal 
voltage vector. The control set contains two zero voltage 
vectors and six non-zero voltage vectors. Among them, it can 
be considered that the two zero voltage vectors are equivalent 
in function. SVV-MPCC substitutes the voltage vectors 
of the control set into (3) to obtain the predicted values of 
d- and q-axis currents. Meanwhile, the error between the 
reference current and the predicted current is evaluated by 
the cost function designed to meet control demand. In real-
time applications, the one cycle digital delay needs to be 
compensated through the prediction of one more step. Then, 
the cost function can be described as

ref ref                           (4)

where id
ref, iq

ref represent the reference stator d- and q-axis 
currents.

After enumeration optimization, the single voltage vector 
that minimizes the cost function will act as the optimal voltage 
vector in the next control period.

B. Conventional MVV-MPCC Scheme

In a single control period, the SVV-MPCC can only apply 
one basic voltage vector, leading to degraded torque and current 
responses. As shown in Fig. 2, compared with the SVV-MPCC, 
the application of MVV-MPCC can reduce the difference 
between the output voltage vector and reference voltage vector, 
consequently enhancing the system performance. According 
to the number of voltage vectors involved in the synthesis, 
the MVV-MPCC can be divided into double-voltage-vector 
MPCC (DVV-MPCC) and three-voltage-vector MPCC (TVV-
MPCC).

Compared with the conventional DVV-MPCC [24], [25], the 
TVV-MPCC [31] employs the deadbeat principle to precisely 
calculate the dwelling time of basic voltage vectors, which are 
used to synthesize the desired output voltage vector, as shown 
in Fig. 2. 

To implement the TVV-MPCC, the first step involves 
deducing the slope of the stator d-q axis current corresponding 
to the action of the zero voltage vector. It leads to
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where Sd0, Sq0 denotes the slope of stator d-q axis current under 
zero vector action.

Similarly, the slope of the stator d-q axis current under the 
action of the active voltage vector can also be obtained as

d
d s

              (6)

where Sdi, qi, i = 1,...,6 represents the slope of stator d-q axis current 
under the active voltage vector. 

After that, on the basis of the deadbeat principle and 
considering one cycle delay, we have is

k+2 = is
ref . So, the current 

increment in each control cycle can be described as

ref

ref

s

                     (7)
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Fig. 2.  Schematic diagram of multi voltage vectors synthesis. (a) DVV-
MPCC and (b) TVV-MPCC.



82 CPSS TRANSACTIONS ON POWER ELECTRONICS AND APPLICATIONS, VOL. 9, NO. 1, MARCH 2024

where Sdj, qj, Sdk, qk are the slopes of the two adjacent voltage 
vectors in a sector; tj, tk are the dwelling time of the two 
adjacent voltage vectors; t0 is the dwelling time of the zero 
voltage vector.

Then, the dwelling time of each voltage vector is obtained, 
respectively, as

S

S

           (8)

It should be noted that the current increment calculated by 
the deadbeat principle may exceed the regulation threshold. 
Therefore, the total dwelling time of the active voltage vectors 
needs to be limited within [0, Ts]. 

Hence, the synthesized voltage vector can be expressed as

syn
s

(                             )                        (9)

where uj, uk represent the adjacent stator voltage vector within 
each sector in the d-q frame.

After substituting (9) into (3), the optimal voltage vectors 
can be obtained through minimizing (4).

Therefore, as shown in Fig. 2, compared with the DVV- 
MPCC, the TVV-MPCC exhibits the capability to adjust 
the phase and amplitude of the synthesized voltage vector 
simultaneously by inserting the zero voltage vector. This 
benefit is also reflected in the ability of tracking the reference 
current. As shown in Fig. 3, due to the limitation of the fixed 
control period, the DVV-MPCC may generate a large error 
between the predicted current and the reference current. In 
contrast, the TVV-MPCC can adjust the action time of each 
voltage vector more flexibly to minimize this error. However, 
despite the conventional TVV-MPCC can effectively improve 
the control performance, it still suffers from having heavy 
computation burden.

IV. Proposed Control Scheme

In this section, an efficient MVV-MPCC scheme is designed 
to overcome the drawbacks of the schemes discussed in 
Section III. The proposed strategy identifies the candidate 
voltage vectors based on a fast pre-selection method, and 
utilizes the cost function to calculate the dwelling time of each 
voltage vector, which results in a low computational burden, 
great control performance and robustness.

A. Control Algorithm of Proposed Scheme

As analyzed in Section III, the schemes using multiple 
voltage vectors synthesis have proven effective in reducing 

the torque ripples and current harmonics compared with 
SVV-MPCC. Moreover, compared to the DVV-MPCC, the 
conventional TVV-MPCC can further expand the range of 
modulation by flexibly adjusting the dwelling time of the 
candidate voltage vectors, leading to better performance. 

However, the generation of the optimal voltage vector 
sequence in the TVV-MPCC still needs iterative evaluation, 
which introduces a large computational burden. Furthermore, 
the computation of dwelling time for each voltage vector is 
reliant on the slope of the stator current. As shown in (5), (6), 
(8), the calculation process is very tedious and exhibits high 
parameter sensitivity. 

Different from the conventional TVV-MPCC, in the 
proposed scheme, the candidate voltage vectors are obtained 
by a simple pre-selection method firstly. Specifically, in the 
stationary reference frame, there are

S S S

d
d S                                    (10)

S S S r
e                                   (11)

where ψs is the stator flux.
The discrete model of (10) is

S S S S S S                               (12)

Since the sampling time is usually very small in the real 
control system, it can be assumed that the change of stator 
flux is linearly related to the stator voltage vector. Meanwhile, 
assuming that the rotor rotation angle is neglected in a single 
control cycle, and using the speed loop output as the reference 
stator current, then according to (11) we can obtain

S S S S                                 (13)

According to (12) and (13), it can be considered that there is 
an approximately linear relationship between the increment of 
stator current and the reference stator voltage vector.

S S S S

S

S

ref                             (14)

In (14), ignoring the effect of scalar coefficients, it can be 
assumed that the same phase information exists between the 

opt1 opt1opt2

ss s s11

opt2opt0

Fig. 3.  Schematic diagrams of the comparison of stator current error. (a) 
DVV-MPCC and (b) the proposed scheme.
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increment of the stator current and the reference stator voltage 
vector. Therefore, the increment of the stator current can be 
used to confirm the position of the reference stator voltage 
vector, thus completing the pre-selection of the candidate 
optimal voltage vectors. 

A simple look-up table can be used to confirm the spatial 
distribution of the reference stator voltage vector. Assuming 
that the active voltage vectors divide the vector space into six 
uniform sectors, the sector in which the increment of stator 
current is located can be uniquely identified by the projection 
on the αβ-axis. Furthermore, according to the basic principle 
of vector synthesis, any voltage vector inside this sector can be 
obtained by combined two boundary active voltage vectors and 
a zero voltage vector. Hence, the proposed scheme defines the 
zero voltage vector and two boundary active voltage vectors in 
the sector where the increment of stator current is located as the 
candidate optimal voltage vectors. As shown in Fig. 4, assuming 
that the calculated increment of stator current is in sector 1, 
then the U1, U2, U0/7 are selected as candidate voltage vectors. A 
more detailed correspondence is presented in Table I.

The dwelling time of each candidate voltage vector is 
adjusted through the value of cost function in the proposed 
scheme to reduce the torque ripples and current harmonics. 
According to (4), the cost function of each candidate voltage 
vector can be obtained as

ref ref           (15)

The deviation of the reference current from the predicted 
current is indirectly reflected through the cost function under 

the action of the voltage vector. In fact, the voltage vector 
component with a large cost function should occupy a smaller 
proportion for maximizing the tracking ability of the predicted 
current to the reference current, which can be described as an 
inversely proportional relationship

                (16)

where γi (i = 0,1,2) are the proportions of dwelling time of 
the three voltage vector components; ji (i = 0,1,2) are the cost 
function value of the three voltage vector components.

B. Pulse Generation With Fixed Switching Frequency

In conventional MPCC, the switching frequency is variable 
because of the utilization of only one voltage vector in 
each control cycle, which results in the increase of current 
harmonics. For the proposed scheme, the type and quantity of 
the voltage vectors that are adopted to synthesize the final output 
voltage vector is fixed in a single control cycle. According to 
the principle of volt-second balance, the vector switching 
sequence is output symmetrically to achieve a fixed switching 
frequency. For example, suppose that the final output voltage 
vector is situated in sector 1, as shown in Fig. 5(a), since zero 
vectors have the same effect, the switching sequence of the 
output voltage vector is 111-110-100-000-100-110-111. Define 
ti (i = 0,1,2) represents the dwelling time of each voltage vector 
component, we have 

S                               (17)

where t0 here refers to the dwelling time of the zero voltage 
vector.

By arranging the output switching sequences in each sector 
in a similar way as shown in Fig. 5, the constant switching 
frequency can be guaranteed.

C. Discussion

In general, the proposed scheme multi-vector MPCC scheme 
is very simple. Firstly, based on the trace of the increment 
of stator current, the proposed scheme applies a simple pre-
selection method to determine the candidate voltage vectors, 
efficiently reducing the computational burden. Secondly, the 
cost function is used to calculate the dwelling time for each 
voltage vector in the proposed scheme, which results in less 
complexity and parameter sensitivity compared with the 
deadbeat method. Moreover, the proposed scheme can obtain 
a fixed switching frequency through rearranging the output 
switching sequence according to a simple look-up table. Fig. 
6 depicts the control block diagram of the whole system, 
which can be summarized as follows: 1) Measure the three-
phase stator current, speed and electrical angle; 2) Add delay 
compensation; 3) Calculate the increment of stator current; 4) 
Confirm the sector and obtain the candidate voltage vector; 5) 
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Fig. 4.  Schematic diagram of the proposed pre-selection method.
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Evaluate the cost function and calculate the dwelling time; 6) 
Rearrange the switching sequence to meet a fixed switching 
frequency.

V. Experimental Results

This section reveals the experimental results of the 
proposed scheme that are obtained using the experimental 
platform shown in Fig. 7. The experimental platform utilizes 
TI TMS320F28335 as the microcontroller. The PMSM 
parameters used in the experiment are presented in the Table II. 
Besides, the sampling frequency is set to 10 kHz. The proposed 
scheme is compared with SVV-MPCC, DVV-MPCC, a three 

voltage vector scheme (TVV-MPCC[31]), an SVPWM based 
deadbeat MPCC (DB-MPCC) to highlight the superiority. 
For all schemes, the PI parameters of the speed regulator are 
consistent and id

ref is zero.

A. Execution Time

Table III shows the detailed execution time of SVV-MPCC, 
DVV-MPCC, TVV-MPCC[31], DB-MPCC and the proposed 

Fig. 7.  Experimental platform.

Fig. 6.  Control block diagram of the proposed scheme.

TABLE II
Parameter of the Experimental System
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TABLE III
Algorithm Execution Time (μs)

Fig. 5.  Schematic diagram of fixed switching frequency sequence.
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scheme. For accurately evaluating the amount of computation 
of three schemes, the measured execution time is averaged 
over multiple tests. The execution time of SVV-MPCC, DVV-
MPCC, TVV-MPCC[31], DB-MPCC and the proposed 
scheme is 14.07, 33.12, 21.8, 13.62 and 12.85 μs, respectively. 
It is observable that the proposed scheme as a fast algorithm 
significantly decreases the computational burden of MPCC and 
is more suitable for real-time applications.

Fig. 8.  Comparative waveforms of d-q axis currents, phase-A stator current, and speed at 450 rpm. (a) SVV-MPCC. (b) DVV-MPCC. (c) TVV-MPCC[31]. (d) 
DB-MPCC. (e) The proposed scheme.

Fig. 9.  Comparative waveforms of d-q axis currents, phase-A stator current, and speed at 3000 rpm. (a) SVV-MPCC. (b) DVV-MPCC. (c) TVV-MPCC[31]. (d) 
DB-MPCC. (e) The proposed scheme.

B. Steady-State Performance

The steady-state performances of all schemes under 450 
rpm and 3000 rpm with a load of about 1.27 N·m are presented 
in Figs. 8 and 9, respectively. These figures include the 
waveforms of speed, phase-A current, and stator d- and q-axis 
currents for different schemes. By observing the waveforms, 
it is evident that the proposed scheme exhibits reduced stator 
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d- and q-axis current ripples and smoother phase-A current 
compared to SVV-MPCC, DVV-MPCC for the given speed 
conditions. Meanwhile, compared with DB-MPCC and TVV-
MPCC[31], it can be seen that the proposed scheme produces 
lower ripples in the stator d-q axis current. 

To further demonstrate the great steady-state performance of 
the proposed scheme, the fast Fourier transform (FFT) analysis 
of phase-A current is carried out, and the standard deviation of 
the stator q-axis current is calculated at different speeds. The 
results are listed in Table IV.

From the Table IV, it can be seen that the standard deviation 
of the stator q-axis current of the proposed scheme is about 
0.0554 A on average, which is significantly smaller than its 
counterparts of SVV-MPCC and DVV-MPCC. Similarly, the 
proposed scheme also has lower total harmonic distortion 
(THD) compared to other schemes, which is 5.67% on 
average. Therefore, it can be proved that the proposed multi-

vector MPCC scheme effectively reduces the torque ripples 
and current harmonics in the steady state.

C. Dynamic Performance

Different dynamic tests are performed to further validate 
the effectiveness of the proposed scheme. Fig. 10 shows the 
waveforms of the reference speed stepping from 750 rpm to 
2250 rpm. It can be seen that all the schemes have similar 
dynamic response process. However, compared with other 
schemes, the proposed scheme is able to maintain lower stator 
d- and q-axis current ripples and smoother phase-A current 
during the process. Fig. 11 shows the response of the reference 
stator q-axis current stepping from 1.5 A to 2.5 A. The dynamic 
test results show that the proposed scheme can maintain great 
dynamic response while requiring less computational burden 
due to the utilization of pre-selection method and dwelling time 
calculation approach.

TABLE IV
Thd of Phase Current and Standard Deviation of Q-Axis Stator Current Under Different Speed
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Fig. 10.  Comparative waveforms in dynamic state. speed 750 rpm → 2250 rpm. (a) SVV-MPCC. (b) DVV-MPCC. (c) TVV-MPCC[31]. (d) DB-MPCC. (e) The 
proposed scheme.
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D. Parameter Robustness

The experimental results of robustness to model parameter 
variations are depicted in Fig. 12. Specifically, Fig. 12(a), (b), 
(c) presents the performance of the proposed scheme, DB-
MPCC and TVV-MPCC[31] when the motor stator resistance 
is 0.5 Rs, Rs, and 1.5 Rs, respectively. As shown in Fig. 12(a), 

(b), (c), it is observable that the proposed scheme is almost 
unaffected by the stator resistance change and has lower 
stator d-q axis current ripples and phase-A current harmonics 
compared with the DB-MPCC, TVV-MPCC[31]. Furthermore, 
Fig. 12(d), (e), (f) presents the system performance when the 
motor stator inductances are 0.5Ls, Ls, and 1.5Ls, respectively. 
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Fig. 11.  Comparative waveforms in dynamic state. iqref: 1.5A →2.5A. (a) SVV-MPCC. (b) DVV-MPCC. (c) TVV-MPCC[31]. (d) DB-MPCC. (e) The proposed 
scheme.

Fig. 12.  Comparative waveforms with variable model parameters. (a) the proposed scheme (change Rs). (b) TVV-MPCC[31] (change Rs). (c). DB-MPCC (change 
Rs). (d) The proposed scheme (change Ls). (e) TVV-MPCC[31] (change Ls). (f) DB-MPCC (change Ls).
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It can be seen that the torque ripples and current harmonics of 
both DB-MPCC and TVV-MPCC[31] increase significantly 
when the stator inductance raises. However, the proposed 
scheme can still maintain great control performance. Therefore, 
it can be proved that the proposed scheme has good robustness 
to parameter variations.

VI. CONCLUSIONS
In this paper, an efficient multi-vector MPCC scheme is 

proposed for PMSM drives. Compared with the conventional 
multi-vector schemes, the proposed scheme significantly 
reduces the computational burden through employing a pre-
selection method based on the increment of stator current. 
Meanwhile, the cost function is applied to adjust the dwelling 
time of the candidate voltage vectors in the proposed scheme, 
which reduces the complexity and parameter sensitivity of 
the algorithm. By combining three voltage vectors within 
a single control period, the proposed scheme decreases the 
torque ripples and current harmonics. And the experimental 
results validate the superior performance of the proposed 
scheme under various operating conditions. Consequently, the 
proposed scheme effectively improves the steady-state and 
dynamic performances of FCS-MPCC with less computational 
burden.
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