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ABSTRACT The Conventional model predictive control (C-MPC) uses only a single voltage vector in
each control period, resulting in poor control performance. In addition, the computational burden in discrete
space state generated by three-level inverter cannot be ignored. To improve the control performance, this
paper proposes a variable coefficient virtual vector MPC (VC-VV-MPC) method, a five-level virtual space
voltage vector is constructed to improve the control performance, and a scaling coefficient is used to
further improve the control performance. In addition, a voltage vector pre-selection method is used to
reduce the computational burden. The simulation and experiment results shown that, compare with C-MPC
and adjacent vector MPC (AV-MPC), the proposed VC-VV-MPC can achieve the improvement of control
performance under lower computational burden.

INDEX TERMS Model predictive control (MPC), variable coefficient, virtual vector, computational burden,
three-level NPC inverter.

I. INTRODUCTION

IN RECENT years, with the development of renewable
energy, the capacity and voltage level of renewable energy

equipment are gradually increased, related inverters with
capacity reaching several MW have been developed rapidly.
Among these multi-megawatt converters, the three-level neu-
tral point clamped topology is a promising solution which
has been widely adopted in many product lines [1] in renew-
able energy due to its ability to operate at medium voltage
and with multi-level voltage characteristics leading to high
power quality compare to two-level converters [2].
Most power converters in renewable energy require a con-

trol unit which is traditionally implemented using propor-
tional integral regulator both inner and outer loops. However,
such approach requires a proper method for tuning control
parameters and difficulties to include non-linearity of the
plant in the control design. Therefore, it is challenging is

to control converter applied in renewable energy guaranty
stability in wide operating points [3]. To solve these prob-
lems, advanced control algorithms have been proposed in the
literature [4], [5]. Among them, finite-set model predictive
control (MPC) has gained many attentions because of sim-
plicity and possibility to include non-linear and multiple
control objectives [6]. In the conventional MPC (C-MPC),
the core idea is to use the discrete current prediction math-
ematical model and voltage vector (VV) to predict the
output current of the next sample, then choose the optimal
VV [7], [8], [9], [10]. C-MPC has been found suitable for
two-level converter where the number of vectors is lim-
ited to 7. But its main drawbacks related with the short
sampling time requirements as well as variable switch-
ing frequency and computation time has limited its wide
acceptance for multilevel converters [19], [20], [21]. For
the three-level inverter, it was found that, C-MPC needs
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to evaluate 27 VVs per control period, result to poor output
THD performance and large current ripple [11], [12], [13].
Moreover, its large amount of computation, makes it difficult
to implement in a DSP/FPGA control hardware. Recently,
improved C-MPC methods suitable for three-level converters
have been proposed in [14], [15], [16].
To solve the computation problem of C-MPC, the research

work in [14] has proposed a computationally efficient direct
MPC with hexagon control region and triangle control region
method (CE-MPC with HCR and CE-MPC with TCR).
In this approach, the computation is optimized by using
the method of reference control VV and the optimization
algorithm of different sub-regions. This work was evalu-
ated through experiments which show that CE-MPC with
TCR has the best performance in terms of computation
optimization and THD performance [14]. The literature [15]
has proposed an improved method based on look up table to
reduce the calculation time for the matrix converter. For the
purpose of reducing the amount of computation brought by
C-MPC method, this paper divides the whole space vector
graph into six sectors, and selects 10 candidate vectors based
on look up table to calculate the cost function. The exper-
imental results show that the computational complexity of
the proposed method is much lower than that of the C-MPC
method [15]. Research work in [16] proposed a Generalized
Adjacent Vectors (AV-MPC) method to reduce the computa-
tion, it provides three subsets for a given number of converter
level, then choose the adjacent vector of best vector at last
moment, to participate in calculation [16]. Experiment have
proved the feasibility of this proposed method.
For the purpose of improving the steady-state and THD

performances of the C-MPC method, the usual method is
increasing the control frequency or filter size. However,
due to the large computation of C-MPC, it is not easy to
increase the control frequency, and if the filter is increased,
the volume of the whole system will increase. Therefore, the
modulated MPC (M-MPC) to improve the steady-state out-
put performances was proposed in [17]. In this method the
reference control VV is calculated, then find the best of three
adjacent vectors [17]. According to the vector composition
principle, the time of each vector, t1, t2 and t3, is calcu-
lated then transformed to gate signals and output voltage of
converter. This method can effectively improve the output
THD performance, but its online calculation of the switching
duration increases the complexity of the control algorithm.
MPC based on a double vector method is proposed in [18] to
improve the comprehensive performance of the C-MPC. The
method in [18] of double vector synthesis is used to deter-
mine the size sector of the optimal voltage switching vector.
After the small triangle region of the optimal vector is
determined, two adjacent vectors are used to synthesize the
control. In order to reduce the computational burden of dual
vector synthesis, this method make the two vectors work
for half of each period but this also limit the improve-
ment of the output performance. Experimental results and
comparisons analysis with discussion in [18] show that

the double vector method can improve the output THD
performance greatly and reduce the common-mode voltage
effectively.
Aiming to select the best control algorithm among various

approach existed in the literature, this paper evaluates three
strategies including the newly proposed algorithm named
variable coefficient virtual vector model predictive control
(VC-VV-MPC). This method combines the concept of equiv-
alent action time of the PWM modulation strategy, making
the output voltage level of the MPC non-integer. In this
way, the output current ripple of the MPC can be effectively
reduced, and the THD performance can also be improved
after the introduction of the virtual vector. The other methods
selected for comparison are C-MPC and AV-MPC method.
Comparative analysis is mainly aimed at THD performance,
capacitance balance and calculation time.
The contributions made by this article mainly include the

following three aspects:
(1) This paper introduces the concept of equivalent action

time, then introduce five-level space vector into three-level
inverter control. Through the coefficient, three level space
vector can be transformed to five level space vector. It also
can extend to higher level in reverse. However, increased
virtual voltage state vector will increase calculation time
of per control period. This paper adopts the ideal volt-
age vector calculation and sub-sector method to reduce
the calculation of conventional model predictive control
method.
(2) This paper introduces a variable coefficient to the VV

to be selected, it aims to solve the difference between high
and low reference current.
(3) Verification of three control algorithms through sim-

ulation and experimental platform consisting of a 1 kW
three-level NPC inverter driven by a TMS320F28379D con-
trol unit. The results have shown that, the proposed method
provide superior performances in terms of reduced THD and
computation.
The rest of this paper is organized as follows: C-MPC

is present in Section II. Section III discusses on the
proposed virtual vector algorithm based on variable coef-
ficient. Simulation and experimental results are discussed
in Section IV. After that, finally conclusion is given in
Section V.

II. C-MPC METHOD OF THREE-LEVEL NPC INVERTER
Fig. 1 shows the structure of neutral point clamped (NPC)
three-level three-phase off-grid inverter
The three-level NPC off-grid inverter is composed of a DC

voltage source Vdc on the DC side, two DC capacitor Cdc,
three-level NPC converter, L-type filters L, line resistance
RL and load resistance Ro. For a three-level NPC inverter,
each phase has three switching states. For example, when
Sa1 and Sa2 are turned on, the output voltage is Vdc/2, the
switching state is 1. When Sa1 is turned off and Sa2 is turned
on, the output voltage is 0, the switching state is 0. When
Sa1 and Sa2 are both in the off state, the output voltage is
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FIGURE 1. The structure of NPC off-grid inverter.

FIGURE 2. Three-level space vector diagram.

−Vdc/2, the switching state is −1. Therefore, the three-level
space vector of NPC inverter is shown in Fig. 2.

According to KVL, the mathematical model of three-level
NPC inverter output side is as follows

⎧
⎪⎪⎨

⎪⎪⎩

Vsa = LdIadt + RLIa + RoIa

Vsb = LdIbdt + RLIb + RoIb

Vsc = LdIcdt + RLIc + RoIc

(1)

where

Vsa, Vsb, Vsc The output voltages of three phase NPC
converter

Ia, Ib, Ic The output currents of three phase NPC
converter

L Line inductance
RL Line resistance
Ro Load resistance

First, list the KVL equation of the three-phase NPC
inverter, as shown in equation (1). Then discrete the KVL
equation of three-level inverter, and then use 3-2 transfor-
mation to get the following current prediction equation.

⎧
⎪⎪⎪⎨

⎪⎪⎪⎩

Ik+1
α = (1 − (RO + RL)Ts/L)Ikα

+Ts
(
Vα − Ikα(RO + RL)

)
/L

Ik+1
β = (1 − (RO + RL)Ts/L)Ikβ

+Ts
(
Vβ − Ikβ(RO + RL)

)
/L

(2)

where
Ikα, Ikβ α-β axis converter current at k moment;

Ik+1
α , Ik+1

β α-β axis converter current at k + 1 moment;
Vkα,Vkβ α-β axis converter voltage at k moment;
Ts Control period;
In order to obtain the predicted current Ik+1

α and Ik+1
β , it

is necessary to sample current value Ikα and Ikβ , then use the
switch state vector Vkα and Vkβ to calculate predicted cur-
rent. Apart from the current tracking control, the three-level
NPC inverter also needs to solve capacitor voltage unbal-
anced problem between upper and lower capacitor of DC
side. The voltage fluctuation is determined by the current
IO flowing through the neutral point. Among the three-level
space vectors in Fig. 2, only small vectors will affect the neu-
tral point voltage balance. The specific calculation equation
is as follow.

� Vdc=Vdc−upper − Vdc−lower = 1

2Cdc

∫

(SaIa + SbIb + ScIc)dt

(3)

where
Vdc−upper,Vdc−lower Voltage of upper and lower capacitors.
Sa, Sb, Sc Converter output level.
Cdc DC bus capacitance.
�Vdc Capacitance voltage difference

between upper and lower capacitance.
To get the optimal VV, it is need to calculate the cost

function of each voltage vector to find the optimal switching
vector. It is not only calculated the current tracking error,
but also need consider the voltage balanced. So, the cost
function normally is like equation (4).

G = |Ik+1
α−ref − Ik+1

α | + |Ik+1
β−ref − Ik+1

β | + λ|� Vk+1
dc | (4)

where,
Ik+1
α−ref , I

k+1
β−ref α-β axis reference current at k + 1 moment.

�Vdc Voltage difference between upper and lower
capacitance at k + 1 moment;

λ Weighting factor of voltage balanced.
Based on above equations, the C-MPC method can be

implemented in three-level inverter. Due to its simple algo-
rithm and quickly dynamic response, it is widely used in
power electronic field [25]. To the computation burden, this
paper uses the PI control to replace the voltage balance con-
trol. So, the control scheme of C-MPC method in DSP is
listed as follow.
However, C-MPC have some shortcoming, such as large

output ripple [26], long computation time [11]. Compared
with PWM modulation, C-MPC has worse steady state THD
performance. Meanwhile, C-MPC has a big difference about
output THD performance in different output current [26].

III. PROPOSED METHOD BASE ON VIRTUAL VECTOR
WITH VARIABLE COEFFICIENT
To solve those problem of C-MPC, this paper proposed
a MPC method based on virtual vector with variable coeffi-
cient (VC-VV-MPC method). It aims to improve the steady
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FIGURE 3. Control scheme of C-MPC method in DSP.

state performance and reduce the computation burden. To
improve the steady state performance, this paper introduces
five-level virtual vector into three-level converters through
the principle of area equivalence. To further improve the
closed-loop performance of the three-level NPC inverter,
a variable coefficient is introduced so that the VV is dis-
tributed within the range of the three-level NPC inverter.
After this, this paper uses the reference control voltage and
VV pre-selection to reduce the computation time.
To expand the three-level space vector into a five-level

space vector, the virtual level needs to be added, as shown
in Fig. 4(a). When the virtual levels of Vdc/2 and -Vdc/2 are
increased, the five-level space vector is shown in Fig. 4(b),
and each red dot represents a real VV, and a black dot
represents a virtual VV [24]. The control pulses of virtual
and real levels are shown in Fig. 4(a), when Sa = 0.5, the
Sa1 control signal is at a high level for half of the control
period and the Sa2 is at a high level for the entire control
period. For example, the initial VV is Vs = {1, 1,−1} when
a new VV Vnew_s = {0.5, 0.5,−0.5} is needed, the transform
coefficient is 0.5. This paper can use a coefficient to time
the initial vector. Through the transformation step, all space
vector of five-level can be calculated by three-level VVs.
The expression is given by
{
Snew_a, Snew_b, Snew_c

}5L = {da, db, dc} ∗ {Sa, Sb, Sc}3L (5)

where,

{Snew_a, Snew_b, Snew_c}5L Switching state of five-level
voltage vector.

{da, db, dc}3L Transform coefficient.
{Sa, Sb, Sc}3L Switching state of inverter.

The mathematical model of three-level NPC inverter out-
put side in two-phase stationary reference frame is as
follows

{
Vsα = Iα(Ro + RL) + LdIαdt
Vsβ = Iβ(Ro + RL) + L

dIβ
dt

(6)

To apply the control algorithm to a discrete control system,
it is necessary to discretize (6), where a first-order for-
ward Euler discretization is used. The expression after the
discretization is as follows

{
Vk+1
ref_α = L

Ts
Ik+1
α−ref − L

Ts
Ik+1
α (1 − (Ro + RL)Ts/L)

Vk+1
ref_β = L

Ts
Ik+1
β−ref − L

Ts
Ik+1
β (1 − (Ro + RL)Ts/L)

(7)

FIGURE 4. Diagram of virtual five-level space vector. (a) control pulse. (b) virtual
five-level space vector.

FIGURE 5. Vector distribution diagram at different reference current.

where

Ik+1
α−ref , I

k+1
β−ref α-β axis reference current at k + 1 moment.

Vk+1
ref_α,Vk+1

ref_β α-β axis reference control VV at
k + 1 moment.

According to (7), when the system parameter is settled,
with the changing the current reference, the selection of
space vector changes. When the reference current Ik+1

αβ−ref is
very small, the reference control voltage Vk+1

ref (Vk+1
ref_α,Vk+1

ref_β)

is also small, so it is hard to find a suitable vector. Then the
cost function will have a large deviation, make the converter
have bad THD performance which is worse than 5%. This
problem can be solved by sharing the same VV distribution
between the high current reference and low current reference.
As shown in the Fig. 6, to make different modulation index
have the same THD performance, a variable coefficient is
imported to make the two different modulations have the
same VV distribution. When the current reference value is
low, as shown by the blue line, while the red line indicates the
higher current reference value. Where, Kcoef = L2/L1,L2 and
L1 are the maximum magnitudes of the two space vectors,
respectively.
Based on the vector diagram of the maximum output

range, when the output voltage is small, the reference control
VV is calculated, and the coefficient of 125 vector Vg125 is
reduced to the new 125 vector Vg125

new in equal proportion,
so that it can meet the control situation of low modulation
output, as shown in Fig. 5. The transformation is listed as
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FIGURE 6. Schematic diagram of VV transformation.

follow, and the kcoef can be calculated by (9).
{
Vnewg1 , . . . ,Vnewg125

}
= {

Vg1, . . . ,Vg125
}
Kcoef (8)

kcoef = |Vk+1
ref−αβ |/Vdc (9)

where,
{Vg1, . . . ,Vg125} Five-level VV;
{Vnewg1 , . . . ,Vnewg125} Variable coefficient five-level VV

Vk+1
ref−αβ α-β axis converter voltage at k moment
Kcoef Coefficient
Vdc DC bus voltage
This paper introduced the five-level space vector to three-

level inverter, and the number of space vectors changes from
27 to 125. To reduce the computational burden, this paper
deleted the redundant VV, and the reference control VV is
calculated by (7). The sub-sector is determined by the angle
of reference control VV. Therefore, the number of candidate
VVs can be reduced to 15 at each control period.
The candidate vector selection process is shown in Fig. 6.

The expansion of space vector is realized through (5). To
improve the control performance, the scaling space vector
Vg

new is obtained through (8). The angle of the reference
control VV is used to select the sub-sector and reduce the
number of VVs to 15. The candidate VVs are obtained by
multiplying the five-level space VV by Kcoef , where the
expression of Kcoef is shown in (9).
After preselection of the candidate VVs, each candidate

vector needs to be evaluated by the cost function. In C-MPC,
the cost function is the tracking of the current reference
value, as shown in (4). In this paper, the reference control
VV is used to track, while eliminating the capacitor voltage
balance term and the design of the weighting factors. The
capacitor voltage balance is achieved by PI control. The
expression of the cost function is given by

G = |Vkref−αβ
+1 − Vnew

g | (10)

where, Vg
new is the candidate VVs.

The control scheme of VC-VV-MPC is showed in Fig. 7.
The control flow is summarized by the following steps.
Step 1) Measurement: sampling iak, ibk, ick, Vdc_lower

k and
Vdc_upper

k.
Step 2) Apply: the optimal VV Vsbest−αβ

k+1 at the
pervious moment is applied to the three-level NPC inverter.
Step 3) Delay compensation: Predict Iαk+1 and Iβ k+1

to overcome the one-step delay caused by digital
implementation.

FIGURE 7. Control scheme of VC-VV-MPC method in DSP.

TABLE 1. Simulation parameter.

Step 4) Reference control VV calculate: candidate refer-
ence control VV at k + 1 moment according to (7).
Step 5) Candidate VV pre-selection: The space vector is

expanded by (5) and the scaled space vector is obtained by
using (8) - (9). 15 VVs in the sub-sector were selected as
candidate vectors according to the angle of the reference
control VV.
Step 6) Cost function evaluation: The candidate VVs are

brought into the cost function (10) for evaluation to obtain
the optimal closed-loop action.

IV. SIMULATION ANALYSIS AND EXPERIMENTAL
DATA ANALYSIS
Completed the introduction of the three methods, simulation
and experiments were performed on the three methods to
analyze their steady-state performance and dynamic response
performance. After completing the simulation and exper-
iment, an experimental platform of the three-level NPC
inverter based on the TMS320F28379D controller was built
to compare and analyze the dynamic response speed, steady-
state output performance, computation and voltage balance
of various methods. Finally, analyze the advantages and
disadvantages of each of these methods.

A. SIMULATION AND DATA ANALYSIS
In this paper, C-MPC, AV-MPC, VC-VV-MPC method are
simulated, analyzed and compared. This paper will compare
with THD performance and the speed of response in sim-
ulation. This paper only will measure the computation in
experiment due to the difficulty of measuring in simulation.
The parameter of simulation is showed as Table 1.
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FIGURE 8. THD of 3A reference with three methods in simulation. (a) C-MPC
method; (b) AV-MPC method; (c) VC-VV-MPC method.

FIGURE 9. THD of 4.5A reference with three methods in simulation. (a) C-MPC
method; (b) AV-MPC method; (c) VC-VV-MPC method.

The simulation results of different condition are showed as
follow. As shown in Fig. 8 and Fig. 9, it is the THD analysis
of three methods under different current output conditions. It
can be seen from the Fig. 9 is that the VC-VV-MPC method
have better THD performance compare with C-MPC and
AV-MPC method under different load condition. Compared
with the high current reference, the THD value of C-MPC
and AV-MPC at the low current reference is larger and the
performance is worse. However, the method of this paper
can get the similar performance with high output current
reference.

FIGURE 10. THD analysis with three methods in simulation.

TABLE 2. THD of multi-data with three control methods.

To make THD analysis more convincing, this paper use
multi current reference to do the data analysis. As shown in
the Fig. 10, is the THD performance of multi data with three
different methods. It can be seen from the Fig. 10 is that the
C-MPC method and the AV-MPC method in Fig. 10 a have
extremely poor output THD at low modulation degrees. The
output performance of the high modulation degree section
is better.
The THD of VC-VV-MPC in wide range of times of mod-

ulation degrees have the smallest value. Furthermore, a gentle
trend within 2% is performed in VC-VV-MPC rather than
obvious downward trend from 20% to 3% in C-MPC and AV-
MPC. Therefore, the advantages of the variable coefficients
proposed in this paper are verified in simulation.
All the detailed data are listed in the Table 2. The first row

in Table 2 shows the magnitude of the reference current, and
the second, third and fourth rows respectively correspond to
the THD corresponding to different reference currents of
three different methods.
As shown in Fig. 11, it is the dynamic response

performance of three different methods. It can be seen from
the Fig. 11 is that the three methods all have the simi-
lar dynamic response performance, but the VC-VV-MPC
method is better.
Fig. 12 shows the capacitance balance waveforms of the

three methods. The 0-0.2s stage is the start-up stage,
the capacitance balance control is removed at 0.2-0.5s, and
the capacitance voltage balance control is added at 0.5s −1s.
It can be seen that in the start-up stage, the three methods

can balance the capacitor voltage. When the voltage balance
control is lost, the voltages of C-MPC and AV-MPC have
large deviation, the deviation of AV-MPC is larger, and the
voltage fluctuation of VC-VV-MPC proposed in this paper
is relatively small after losing voltage balance control. After
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FIGURE 11. Dynamic response with three methods in simulation. (a) C-MPC
method; (b) AV-MPC method; (c) VC-VV-MPC method.

FIGURE 12. Voltage balanced waveform with three methods. (a) C-MPC method;
(b) AV-MPC method; (c) VC-VV-MPC method.

adding capacitance balance control after 0.5s, the balance
can be maintained again.
Regardless of the output THD performance or the dynamic

response time, the performance of the control method based
on VC-VV-MPC is better than the C-MPC method and AV-
MPC method. In the case of capacitance voltage balance,
VC-VV-MPC also has better performance. To prove the
optimization of computation, it is necessary to measure the
computation time of control algorithm. However, it is not
convenient to collect the computation time in simulation.

FIGURE 13. The structure of experiment platform.

TABLE 3. Experiment parameter settings.

Thus, this paper just showed the optimization result of
computation in experiment.

B. EXPERIMENTAL DATA ANALYSIS
In order to prove the preliminary conclusion of simulation,
this paper make a set of experiment platform of three-level
NPC inverter based on TMS320F28379D control board. In
this part, the C-MPC method, AV-MPC method and VC-
VV-MPC method at different condition will compare by this
experiment platform.
As showed in the Fig. 13, it is the experimental platform

used in this paper, three-level NPC inverter experimental
platform based on the TMS320F28379D control board. There
are several parts: 1 DC voltage source, 2 three-level NPC
inverter main circuit board plus drive circuit, 3 Computer,
4 TMS320F28379D control board, 5 load resistor box,
6 Oscilloscope, 7 L type filter, 8 Sampling board. The
specific experimental parameters are shown in the Table 3.

In this paper, a passive oscilloscope probe is used to
measure the real current waveform through the current sen-
sor. The measurement ratio of the current sensor is 10 A -
5V. Two isolated probe is used to measure the upper and
lower DC capacitor voltage. Finally, a passive oscilloscope
probe is used to measure the output GPIO port waveform
of the DSP to get calculation time. The parameters of the
experimental platform are given in the Table 2. The test cur-
rent condition is that the peak reference current is 3A and
step to 4.5A after 2s.
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FIGURE 14. THD of 3A reference with three methods in experiment. (a) C-MPC
method; (b) AV-MPC method; (c) VC-VV-MPC method.

FIGURE 15. THD of 4.5A reference with three methods in experiment. (a) C-MPC
method; (b) AV-MPC method; (c) VC-VV-MPC method.

As shown in Fig. 14 and Fig. 15, the steady-state three-
phase currents at 3A and 4.5A output respectively, and their
THD values are shown in the Fig. 14 and Fig. 15. It can
be seen from the Fig. 14 is that, VC-VV-MPC and M-MPC
method have better THD performance. The THD of low
current reference is higher than the high current reference
as the simulation. Meanwhile, different with the C-MPC

FIGURE 16. Dynamic response with three methods in experiment. (a) C-MPC
method; (b) AV-MPC method; (c) VC-VV-MPC method.

and AV-MPC method, the VC-VV-MPC can keep the similar
THD performance at different current reference. But the AV-
MPC have some distortion due to it cannot output the current
at high modulation range.
When the reference control current is increased from

3 A to 4 A, as shown in Fig. 16. Compare with other
control strategy, the proposed method has faster dynamic
response. In addition, the current THD of AV-MPC method
increases significantly after the reference control current
suddenly changes, because AV-MPC cannot achieve good
control performance under high modulation
Fig. 17 shows the voltage balance waveform of three con-

trol algorithms. Compare with the C-MPC and AV-MPC
methods, the proposed VC-VV-MPC method can effectively
reduce the DC bus voltage fluctuation, which helps to reduce
the current ripple.
Since the computation time is hard to count in the simula-

tion, so this paper collected this data in the actual experiment
platform. The calculation time can be collected by flipping
the GPIO level at the control start point and the control end
point. This GPIO output level is set to 1 when entering the
control program, and it is set to 0 when exit the control
program. As shown in Fig. 18, shows the computation of
four different MPC method. It can be seen from the Fig. 18
is that, VC-VV-MPC have the smallest computation, next is
the AV-MPC, the last one is C-MPC. The C-MPC cannot
finished the control algorithm in one control period, so it let
the control period longer. Other method all can finished the
control algorithm in one control period.
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FIGURE 17. DC capacitor voltage waveform of three methods. (a) C-MPC method;
(b) AV-MPC method; (c) VC-VV-MPC method.

FIGURE 18. Comparison of calculation amount of three methods. (a)C-MPC
method; (b)AV-MPC method; (c)VC-VV-MPC method.

TABLE 4. Comprehensive performance comparison of three methods.

All the experimental data are shown in the Table 4. In the-
ory, the AV-MPC should have the similar THD performance.
However, in low modulation, the AV-MPC have better

THD performance than the C-MPC, because the calcula-
tion amount of the C-MPC method in the actual situation
has exceeded its control period, resulting in calculation over-
flow. And the VC-VV-MPC have best THD performance. In
high modulation, due to the AV-MPC cannot output the cor-
rect current waveform, so the THD and step response is not
useful. The VC-VV-MPC method still can keep best THD
performance. Apart the AV-MPC method, all those methods
can get a fast dynamic response performance, and all meth-
ods can keep voltage balanced. In the aspect of computation,
VC-VV-MPC is the method of smallest computation.

V. CONCLUSION
The C-MPC control strategy applied to three-level NPC
inverter has disadvantages such as high computational burden
and large current ripple. To overcome these shortcomings,
this paper proposes the VC-VV-MPC control strategy. The
virtual five-level space vector is applied to the three-level
NPC inverter, and the Coefficient is introduced to adjust
the amplitude of the candidate vector, which can effectively
improve the control performance in both low and high mod-
ulation range. The reference control voltage is used to select
the appropriate candidate vectors, and the number of can-
didate vectors is reduced from 125 to 15, which greatly
reduces the computational burden of the control algorithm.
At the same time, the proposed DC bus voltage balance
method can effectively reduce the bus voltage fluctuation.
Simulation and experiments show that compared with C-
MPC and AV-MPC control algorithms, the computational
burden and control performance of the proposed algorithm
are improved.
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