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ABSTRACT Model predictive control (MPC) is a well-known control methodology in power electronics
systems, due to its ability to deal with the system’s nonlinearities and superior dynamic response. MPC is
able to handle multiple variables by adjusting the cost function, but this leads to high computational costs,
especially for systems having a big number of switches. This problem increases when not only performance
efficiency is required but also minimizing the power losses of these systems. In this paper, a modified MPC
algorithm is presented for controlling a three-phase quasi Z-source inverter (qZSI), i.e., providing switching
states to be applied for qZSI control, so that, within less computation time, total harmonic distortion (THD)
of the output currents is maintained at the minimum level with concurrent minimization of inverter switch
power losses. The computational burden is reduced by using calculation loop optimization, reducing the
number of switching states in the loop and unrolling the calculation loop. To highlight the effectiveness of
the proposed control methodology, a numerical simulation was carried out using MATLAB software. The
obtained results have been discussed and compared with those of a recent previous study.

INDEX TERMS Model predictive control (MPC), quasi Z-source inverter (qZSI), switching losses,
conduction losses, total harmonic distortion (THD).

I. INTRODUCTION
Given the global energy crisis, many countries have planned
to benefit from renewable energies, especially wind and
photovoltaic energy. Statistics show that the consumption of
renewable energy increased by 2.9 EJ, with an annual growth
rate of 9.7% over 10 years, reaching a peak in 2020 [1].
However, connecting these sources to the electrical grid or
different loads poses several challenges. Some researchers
proposed solutions such as using a large transformer to inter-
face the AC voltage after the inverter and the grid or AC loads
[2], [3]. This system has drawbacks such as the high cost and
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size of the transformer, and the limitations of the voltage level
and power rating of the inverter. Another solution is to use
a two-stage converter [4], [5], where the first stage steps up
the DC voltage and the second stage inverts it to AC voltage.
But this also increases the cost and complexity of the control
circuit and components. To overcome these problems, some
researchers suggested using single-stage converters without
transformers, based on new topologies called multi-level
inverters [6], [7], [8], [9], [10]. These inverters use many
power devices connected by passive and active switches,
which require complex control circuits. A different approach
is to use a single-stage converter without a transformer and
without any extra active switch., this new topology is called
Z-Source Inverter (ZSI) shown in Fig. 1. The theory of
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FIGURE 1. Classical Z-source inverter (ZSI) topology.

operation is based on introducing the nine-state, to be added
to the eight cases that existed before by making two switches
turn on at the same moment for one leg [11], [12].

ZSI has some advantages, but it also has some problems.
For example, it puts stress on the capacitors and switches, and
it works inDiscontinuous ConductionMode (DCM). To solve
these problems, the quazi Z-Source inverter (qZSI) shown
in Fig. 2 was introduced. The qZSI works in Continuous
ConductionMode (CCM) and reduces the stress on the relays
and switches [13], [14], [15].

FIGURE 2. Structure of quasi ZSI topology.

The qZSI has attracted a lot of research interest in improv-
ing its performance, both in terms of the power circuit
[16], [17] and the control strategies [18], [19]. The develop-
ment of the power circuit led to an increase in the boost factor.
On the control side, the use of the model predictive controller
(MPC) led to an increase in the dynamic response perfor-
mance for qZSI. For the qZSI operation, the switch states can
be selected by an optimized control based on MPC, which
can overcome many problems of the qZSI inverter. This is
what we will focus on in this paper. In recent years, several
works have proposed the use of Finite Control Set Model
Predictive Control (FCS-MPC) to control various types of
power converters and electrical drives [20]. The main advan-
tages of this control technique are its conceptual simplicity,
its easy implementation, its ability to handle non-linearities,
and its ability to control multiple variables with a single
structure and fast dynamic response. FCS-MPC explicitly
considers the power switches as a constraint in the optimal
problem, therefore it is necessary to consider all possible
states of the converter in the implementation of the algorithm.
FCS-MPC requires that the optimization problem be solved

online. This involves a large number of calculations, becom-
ing a drawback for its implementation in standard control
hardware platforms [21], [22], [23], [24], [25], [26], [27],
[28], [29], [30]. In [21] a delay compensation strategy is
designed to compensate for the time delay between the sam-
pling time and switching time. Also, a Kalman observer
is established to compensate for the current reference and
modify the predictive model. In addition, a disturbance sup-
pressionmethod is proposed. Themain challenge is the heavy
computation that results from the objective function opti-
mization at each switching time.Moreover, the random selec-
tion of the switching states may cause undesirable effects
such as high switching frequency and harmonic distortion,
on the other hand, this control is not suitable for power factor
correction [22]. In [23] the proposed control used only FCS-
MPC, which achieved three control objectives with only one
cost function: the dc-link voltage regulation, and the active
and reactive power injected into the main grid. Using this
algorithm led to an increase in the switching frequency of
the inverter based on variable switching frequency (VSF),
hence the losses increased due to the higher switching fre-
quency [24]. In [25] a dual active bridge was used based on
MPC. Moreover, the control considered the large signal sta-
bility and all calculations were done under the assumption of
a large-scale system, which added to the cost function. In [26]
the current stress was optimized based on MPC with triple
phase shift (TPS) modulation. However, this method required
a lot of time-consuming work with complicated computa-
tion [27]. The computational cost of FCS-MPC depended
on the algorithm used to solve the optimization problem.
Additionally, FCS-MPC had a high computational cost when
it was implemented in an advanced multilevel topology like
the Flying Capacitor Converter (FCC) [28]. In [28], a fast
FCS-MPC imitator was proposed based on two shallow
artificial neural networks (SANNs) that were implemented
sequentially. The proposed control method was implemented
for a grid-tied three-level neutral point clamped power con-
verter. Compared to the existing ANN-based approaches, this
control technique allowed much reduction in the number
of neurons in hidden layers.. This indicates that the com-
putational complexity is much lower than both FCS-MPC
and ANN-MPCwhile achieving similar control performance.
In this article, simultaneous THD reduction and switching
power loss minimization are targeted within less computa-
tion time based on loop optimization. This means increas-
ing execution speed and reducing the overheads associated
with loops. This has been done via the loop unrolling tech-
nique, in which the iterations of the optimization process are
reduced. The studies [29], and [30] introducedmethodologies
for controlling power electronics aiming to improve MPC
performance using artificial neural network (ANN). In [29],
a control method for a two-level converter was introduced that
combined MPC and ANN to produce a high-quality voltage
with low total harmonic distortion (THD). However, to reduce
the MPC calculation time during solving the optimization
problem, the authors first used MPC to generate the required
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data for training an ANN off-line. Then, this ANN was used
online for voltage tracking purposes instead of using theMPC
strategy.

In order to reduce the impact of parameter uncertainties
while controlling power electronics such as a three-phase
four-level flying capacitor inverter, an ANN-based model-
free control strategy was introduced in [30]. The designed
control scheme provided better inverter performance and
improved the system’s robustness against parametric uncer-
tainties, in comparison with the traditional MPC approach.
The authors of [31] proposed an ANN-MPC technique to
avoid the computational complexity of the conventional
MPC. First, they designed a virtualMPC controller to provide
a database that was used to train an ANN offline. Then, they
designed an actual FPGA-based MPC controller that utilized
the trained ANN to control the real-time operation of the
power converter instead of using a heavy-duty mathematical
computation MPC scheme. The designed ANN-MPC suc-
cessfully reduced the FPGA resource requirements. In [32],
the authors introduced an ANN-based FCS-MPC imitator
(ANN-MPC) that took advantage of the parallel comput-
ing feature of the ANN to control a neutral point clamped
converter. The designed controller provided better control
performance and a significant reduction in the computation
resource requirement.

This study has modified a model predictive control (MPC)
algorithm [33], that was used to control a three-phase quasi
Z-source inverter (qZSI) by providing the switching states of
the inverter. The original MPC algorithm aimed to minimize
the total harmonic distortion (THD) of the output currents
without considering the inverter power losses. The modified
MPC (MMPC) algorithm has been proposed to simultane-
ously minimize the THD of the inverter output current and
the switching and conduction losses of the inverter switches
within a shorter computation time. Usually, an optimization
technique can be applied to achieve the control objectives.
In this research, the best candidate optimization algorithm
has been used to find a set of qZSI switching states that
can optimize the objective function by minimizing a specific
cost function. Moreover, to reduce the computation time
to obtain the optimal solution, the authors have replaced
the cost function with two functions: the main cost func-
tion and the sub-cost function. The main cost function is
based on the MPC methodology that minimizes the THD
for improving the performance efficiency, while the sub-
cost function tests the zero and shoot-through states for
selecting a candidate solution among their alternatives that
can reduce the qZSI power losses. Therefore, an optimized
operation strategy based on the best candidate optimization
algorithm has been proposed to adjust the qZSI switches
and ensure concurrent minimization of THD and qZSI power
losses within a reasonable computation time. The paper is
organized as follows: Section II presents the modified model
predictive control, Section III presents the proposed model
predictive control, and Section IV presents the simulation
results.

II. MODIFIED MODEL PREDICTIVE CONTROL (MMPC)
The three-phase voltage source inverter (VSI) can connect
the three-phase load to the positive or negative terminals of
the DC link (Vdc) by using different combinations of their
switches. However, qZSI has an extra state in addition to the
eight states, which is a shoot-through state [33]. This study
proposes a modified model predictive controller (MMPC) as
shown in Fig. 3 to achieve its control objectives by expanding
the switching states of qZSI. Therefore, 15 possible switching
states are suggested for qZSI as shown in Table 1 instead of
9 states in [33]. These states include two zero states (V1 : V2),
six active states (V3 : V8) and seven shoot-through states
(V9 : V15). As shown in Table 1, each active state has only
one option among (V3 : V8) (the active states are not inter-
changeable). However, there are multiple switching options
for the zero and shoot-through states. For the zero states,
one can choose between (V1 : V2) and for the shoot-through
states, one can choose among (V9 : V15) To compromise
between getting the two objectives of the MMPC, the first
objective (which is the reduction of the output current THD)
can be obtained via selecting the switching case i.e. active,
zero, or shoot-through case. However, the second objective
(which is qZSI power losses minimization) can be obtained
through selecting the best state among the alternatives of each
switching case. This methodology is discussed in details in
Section III.
Commonly, for a predictive controller, the prediction hori-

zon which is the number of future control intervals in the
controller should be chosen. Practical studies have proven
that it is better to choose the prediction horizon early in the
design of the predictive controller and to keep it constant.
Moreover, the trend is to adjust the other elements in the cost
function. Therefore, in this article, the prediction horizon in
the MPC has been chosen from the first degree to speed up
the tuning process.

Finally, the modeling methodology of qZSI under the pro-
posed MMPC has been obtained in three stages; the first one
predicts the space vector of the output voltage across the load,
the second stage creates themodel of output load, whereas the
prediction equations of the capacitor and inductor in different
operation modes of the qZSI have been given in the final
stage. The following subsections discuss the three stages of
the qZSI modeling.

A. THE SPACE VECTOR OF THE OUTPUT VOLTAGE ACROSS
THE LOAD
The space vector of the output voltage across the load
Vi(k + 1) for the iteration i where i = [0:7], are estimated
using the switching states and the peak value of the DC link
voltage (Vdc) as follows:

Vi(k + 1) =
2.Vdc
3

(Sa + a.Sb + a2.Sc) (1)

where Sa, Sb and Sc are the switching states for phases a, b,
and c; respectively, (either 0 or 1). The space vector for all
possible switching sates is shown in Fig. 4.
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FIGURE 3. Schematic diagram of the modified MPC-based control
methodology.

TABLE 1. Possible switching states of qZSI and its space output voltage.

B. LOAD CURRENT
The predictive value of load current io(k + 1), can be calcu-
lated from the value of output voltage as:

io(k + 1) =
Ts.V i(k + 1) + L.io(k)

L + R.Ts
(2)

FIGURE 4. Space vectors of output load voltage based on switching states.

where: io(k) load current at (k) instant, Ts,R and L are the
sampling period, the resistance, and the inductance of the RL
load respectively.

C. THE INDUCTOR CURRENT AND CAPACITOR VOLTAGE
To simplify the analysis, we consider that the inductors and
capacitors have the same value. We also assume that the sys-
tem operates in CCM and neglect the ESR of both capacitors
since it is very small. The qZSI has two operating modes,
which are described below:

1) NON SHOOT-THROUGH MODE
The action of this mode can be applied when any of the six
active switchings occurs. the equivalent circuit in this mode
is shown in Fig. 5

FIGURE 5. Equivalent circuit of qZSI at the non-shoot-through case.

The relations between both inductor current IL1 and capac-
itor voltage VC1 can be expressed as:

L1.
diL1(k)
dt

= vC1(k) − vg(k) + Rind .iL1(k) (3)

C1.
dvC1(k)
dt

= iL1 (k) − iinv(k) (4)

where,C1,L1 are the capacitance and inductance for the qZSI
passive network Rind is the internal resistance of the inductor
for qZSI, vg(k) is the input voltage, iinv(k) is the inverter
output current. vC1(k) is the capacitor voltage, and iL1 (k) is
the inductor current at (k) instant.
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The predictive inductor current iL1 (k+1) and the predictive
capacitor voltage vC1 (k + 1) can be driven from (3), (4) as:

iL1 (k + 1) =
Ts.(vg(k) − vC1 (k)) + L1.iL1 (k)

L1 + Rind .Ts
(5)

vC1 (k + 1) = vC1 (k) +
Ts
C1

(iL1 (k + 1) − iinv(k + 1) (6)

2) SHOOT-THROUGH CASE
During this mode, the capacitorsC1,C2 are discharged across
the two inductors L1, L2 as shown in Fig. 6

L1.
diL1(k)
dt

= vC1(k) − vg(k) + Rind .iL1(k) (7)

C1.
dvC1(k)
dt

= iL1 (k) − iinv(k) (8)

In the same way, the predicted values in (7), (8) can express
as:

iL1 (k + 1) =
Ts.vC1 (k) + L1.iL1 (k)

L1 + Rind .Ts
(9)

vC1 (k + 1) = vC1 (k) −
Ts
C1
iL1 (k + 1) (10) (10)

FIGURE 6. Equivalent circuit of qZSI at the shoot-through case.

III. PROPOSED OPTIMIZATION METHODOLOGY
As the effectiveness of the MPC scheme depends mainly on
the computation time, therefore to achieve minimum compu-
tational effort of the MPC algorithm, a modified methodol-
ogy of [27] has been applied i.e. the authors have utilized
a modified algorithm in which, to avoid passing through
excessive calculation loop, zero and shoot-through cases are
represented by only one predefined state for each case while
neglecting the other states that represents zero and shoot-
through cases, accordingly, although the original set of candi-
dates includes 15 states representing all the applicable states
for qZSI switching, only 8 states have been used in this
stage as a reduced set of candidates, from which the optimal
solution of THD problem is generated. That set includes six
states for representing the active case, one states for repre-
senting the zero state case, and one state for representing
the shoot-through case. On the other hand, for solving the
qZSI power losses issue, when the zero or shoot-through
state provides a minimum value of the main cost function,
the algorithm must pass through another iterative process

for selecting the optimized states among the zero or shoot-
through alternatives. The power losses minimization can be
obtained as the switches are only switched when it is needed
to the state of minimum switching and conduction losses.
This process includes a little repetition of the calculation
which is one repetition in case of zero case and six repetitions
in the case of shoot-through case. The key feature of the
proposed methodology is that qZSI has been optimally con-
trolled based on an iterative scenario within a restricted time
horizon through reducing the computation time of the main
and sub-cost functions, which are responsible for optimiz-
ing the THD ratio (performance efficiency) and qZSI power
losses, respectively. The calculation time of the main cost
function can be saved by 46.67%. However, the computation
time of the sub-cost function can be reduced for active case,
zero case, and shoot-through case by 100%, 93.33%, and
60%, consecutively.

This study is meant to minimize the THD of the output cur-
rent and the qZSI power losses, i.e. switching and conduction
losses, when using an MPC algorithm. The procedure of the
proposed optimization-based MPC methodology for solving
this problem is described in Algorithm 1 as a pseudo-code
form. The following procedure is repeated at each sample
time in the MPC program implementation: As illustrated in
the pseudo-code algorithm the proposed control methodology
is an iterative optimization process that has been done through
three stages as follows: the 1st stage includes preparation
(definition and/or prediction) of the required data (system
parameters and variables) for the second stage, i.e. the peak
value of the DC link voltage, the reference of the load current,
the capacitor voltages, load currents, drain-source voltages,
and the drain currents are defined, where switches currents
and voltages are estimated based on (5) & (6). As a modified
optimization strategy, the switches states are defined in Fig. 3
and Table 1 in three sets, the first set is called (AZSset)
which expresses the active, zero, and shoot-through states
as defined by [20] while the optimal switching state was
selected among eight states i.e. one zero state, six active
states, and one shoot-through state. In this study, the elements
of AZSset have been set as {state #1, states #3-8, state #15}
which have indices from 1 to 8. The second and third sets of
switching states are called (ZSset) and (SSset) which express
all possible alternatives of the zero, and shoot-through states,
respectively. In order to improve computing efficiency within
less computation time, this research divides the optimization
into two sub-problems in terms of THD and qZSI power
losses which are implemented through the 2nd and the 3rd

stages. The 2nd stage has been designed to optimize the total
harmonic distortion (THD) of the output current based on a
modified version of the MPC technique introduced by [20].
Throughout this stage one qZSI switching state xopt should
be chosen (called THD optimal state) among the states of
AZSset relying on minimizing cost function g (x), where:

g (x) = α ·
(∣∣Re (

ikref − ik1
)∣∣ +

∣∣Im (
ikref − ik1

)∣∣)
+ β · |Vdc − Vc1|) + γ ·

∣∣IL_ref − IL1
∣∣ (11)
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where ikref is the reference current for the output load, and
ik1 is the predictive current for the output load Vcref is the
reference value of the capacitor voltage and its average value
equals the Vdc, It is worth noting that, β, and γ are weighting
factors, and these values are themeans of tuning the algorithm
of the MPC, and they depend primarily on choosing values
so that the largest value gives priority to the variable to be
controlled. From another point of view, weighting factors
are an indirect way to achieve normalization between the
variable to be controlled. The values of α, β, and γ have
been chosen as 1.8, 1.75, and 40.0, respectively by try and
error way. IL_ref is the reference inductor current for qZSI
network and IL1 is the predictive value of the inductor current
for qZSI network The functions Re(·) and Im(·) are used to
calculate the real and imaginary components, respectively.
Minimization of g (i) can be achieved in an online manner
by designing the optimization algorithm to generate the qZSI
switching set each sampling period. Moreover, as the total
switches power losses (Ploss) in any component operating in
the switch mode can be obtained as the sum of the switching
losses (Psw) and conduction losses (PC ) of that component,
therefore, Ploss of qZSI when applying the selected state can
be calculated using the following equations:

Ploss = Psw + PC (12)

Psw =
(
Eon + Eoff

)
. fsw (13)

PC = RDSon · I2Drms (14)

where Eon and Eoff are the turn-on and turn-off energy losses
in the MOSFET switch, respectively, fsw is the switching
frequency, RDSon is the drain-source on-state resistance, and
IDrms is the rms value of the MOSFET on-state current.
During the 3rd stage as the switches power losses calcula-
tion in case of zero and shoot-through states is considered
an iteration-independent branch of the main optimization
problem, there might be some benefit from unrolling the
switches power losses loop for reducing the iterations of
the optimization process (loop optimization) then this loop
will be conditionally executed. Thus, the alternative sets of
zero and shoot-through states, i.e. ZSset and SSset, will be
tested in a conditional execution loop to guarantee getting
minimum power losses of qZSI depending on minimizing a
sub-cost function Ploss (i) which is defined by (12). The final
optimal state is obtained according to which state has the
least power losses; the THD optimal state or the alternative
one i.e. the transistors are switched to a state that keeps qZSI
switches power losses at the minimum level. The previous
optimization procedure calculation has been done within a
finite time horizon (sampling time) of 15 µsec.

IV. RESULTS AND DISCUSSION
The proposed algorithm has been validated based on MAT-
LAB SIMULINK software and the parameters used have
listed in Table 2.

As discussed in section III, to achieve the losses objec-
tive of qZSI, the proposed optimization methodology of the

Algorithm 1 Modified MPC-Based qZSI Control
Methodology
1 : THD & qZSI power losses minimization based on MPC
2 : Procedure
3 : Measure the current values of VC1, Ia, Ib, IL1
4 : Define system parameters and AZSset
5 : Initialize
6 : the optimal main objective function gopt = ∞

7 : optimal state index inxopt = 0
8 : for all element x of AZSset do
9 : if index of the previous x equal 8 then
10: Use Eqs. (9) & (10) to predict the values of

VC1& IL1
11: else
12: Use Eqs. (5) & (6) to predict the values of

VC1& IL1
13: end if
14: Calculate main objective function g(x) from Eq. 11
15: if g (x) < gopt then
16: gopt = g (x) , inxopt = i, xopt = AZSset(i)
17: end if
18: end for
19: if inxopt = 8 then
20: raise shoot-through case flag
21: elseif inxopt = 1 then
22: raise zero case flag
23: end if
24: Set the THD optimal state is xopt
25: Calculate total power losses (Ploss_opt ) using

Eqs. (12):(14)
26: if shoot-through case flag raised then
27: for all element x of SSset do
28: Calculate sub-cost function (Ploss) using

Eqs. (12):(14)
29: if Ploss < Ploss_opt then
30: Ploss_opt = Ploss, xopt = SSset(i)
31: end if
32: end for
33: elseif zero case flag raised then
34: for all element x of ZSset do
35: Calculate sub-cost function (Ploss) using

Eqs. (12):(14)
36: if Ploss < Ploss_opt then
37: Ploss_opt = Ploss, xopt = ZSset(i)
38: end if
39: end for
40: end if
41: Set the THD & qZSI Power losses final optimal

state is xopt
42: end procedure

MMPC is based on expanding the number of the checked
switching states from 9 states in [33] to 15 states in the
proposed scheme, accordingly, the number of For-Loops
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TABLE 2. The Parameters of the qZSI topology under the proposed
algorithm.

which is used to select the optimal operating switching state
should be increased resulting in increasing the computation
time. However, in this study, the computational burden has
been reduced by utilizing calculation loop optimization by
reducing the number of switching states in the loop and
calculation loop unrolling. The number of switching states
has been reduced in the main optimization loop by selecting
one state among the AZSset this reduces the number opti-
mization loops by 46.67% as the state number is reduced from
15 states to 8 states only. Moreover, the qZSI losses objective
is achieved through testing a sub-cost function via additional
For-Loops in case of zero and shoot-through switching cases,
however, there is no need for testing this sub-cost function in
case of the active switching case. In case of selecting a zero
state in the main THD loop, only one additional state should
be tested whereas 6 states should be tested in case of selecting
a shoot-through state in the main THD loop. A summary of
the time reduction due to the proposed scheme is shown in
Table 3 which indicates that the proposed methodology is
able to reduce the computation time successfully with a total
average time of 56.0% assuming equal probability for the
three switching state cases.

TABLE 3. Computation time reduction due to the proposed scheme.

Two cases of studies are considered for comparative pur-
poses, between the proposed technique and the MPC tech-
nique presented in [33] based on change the AC load. In case
study #1, (1� + 10mH) RL load and power change from
150W to 300W are considered with a step change in the

power at t=0.303s. And in case study, #1, (12� + 5mH)
RL load and power change from 150W to 500W are con-
sidered with a step change in the power at t = 0.303s.
Switches power losses of the system under both techniques
are presented in FIGURE 7 and 8. Looking at the switches
power losses of the system under both techniques, it is clear
that the proposed algorithm has much lower switches power
losses. Overall system efficiency of the system has been
improved by 20% in case study #1 and around 22.5% in
case study #2 after implementing the proposed minimum loss
algorithm.

FIGURE 7. Switches power losses comparison for case study #1 using the
MPC technique introduced in [33] and the proposed MMPC.

FIGURE 8. Switches power losses comparison for case study #2 using the
MPC technique introduced in [33] and proposed MMPC.

Though the proposed algorithm focuses on switching loss
minimization, it is designed tomaintain total harmonic distor-
tion (THD) and transient performance within the acceptable
range. Figures 9 and 10, are the system performance for
technique [33] and the proposed technique for case study
#1, respectively. In both cases of study, the two techniques
are able to track the reference current and fix capacitors
voltages at 120V for Vc1 and 50V for Vc2. In addition, in the
proposed technique for case study #1 due to the increase
in the number of calculations, the performance response to
the reference exceeded to be five milliseconds, while [33]
provided a quick response compared to the proposed tech-
nique where it was able to follow the reference in less than
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FIGURE 9. Case study #1 using MPC technique [33]: Output current
(a) and total harmonic distortion (b), and (c) Capacitors C1 and C2
voltages.

2 milliseconds. Besides, the behavior of the actual current at
dynamic load for [33] has large overshoot, however it is small
in the proposed technique.

In case study #1 the proposed technique demonstrated a
THD around 9.11%, while Technique used in [33] demon-
strated 11.7%.

FIGURE 10. Case study #1 using proposed minimum loss MPC technique:
Output current (a) and total harmonic distortion (b) and (c) Capacitors C1
and C2 voltages.

Unbalanced load condition is tested to verify the ability
fo the control system to handle unequal loading conditions,
the results are displayed in Figure.11. The control system
is following the reference and not widely affected by the
unbalanced condition.
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FIGURE 11. Unbalanced loading case of study, with Ra=12ohm,
La=15mH, Rb=10 ohm, Lb=17mH and Ra=12ohm, La=13mH.

V. CONCLUSION
This work presented the control of the grid connected quasi Z-
source converter using a modified model predictive control.
The modified MPC algorithm was designed to eliminate the
power losses of the quasi Z-source converter switches, inject
a sinusoidal current into the grid and keep the balance of
capacitors C1, and C2. The proposed algorithmwas discussed
in detail throughout the paper and to validate its performance
comparative cases of the study were presented in the results
section with similar MPC techniques and the obtained results
showed that the proposed technique reduced the converter
switches power losses by 10-20% based on the operating
condition of each case of study.

FUTURE WORK
The research has several points suitable for future study,
including the prediction horizon of the second or third higher
degrees. In addition α, β, and γ are weighting factors, and
they were chosen by trial and error. it is better to find an
optimizationmethod to choose these values. the trend towards
working in a way that works online is the best.
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