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ABSTRACT
The conversion system for wind energy has no restriction on the number of output phases. K
numbers of output phases can be converted into standard grid-connected three-phase supply
using a quasi-Z source directmatrix converter (QZSDMC). The obtained input supplymay be five
phases from the wind energy conversion system with continuously variable frequency as well
as variable terminal voltages. Using the proposed QZSDMC converter with maximum constant
boost current control modulation technique constant three-phase voltages as well as frequency
can be maintained at the grid side. Additionally, the energy conversion system has high output
voltage gain. The proposed converter as well as the modulation technique produces the maxi-
mum voltage transfer ratio of 1.05. The output voltage gain reached nearly 1.99 compared with
the traditional power converters. The voltage THD and current THD are maintained within the
acceptable limit of 5.3 and 3.6 respectively. The power factor have beenmaintained nearly unity
throughout the all mode of operations. To stabilize the grid frequencies and grid voltages addi-
tional control blocks are used. This research article presents simulation results for the proposed
QZSDMCconverterwith amaximumconstant boost current controlmodulation technique. Also,
the proposed scheme has been validated with suitable experimental results.
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1. Introduction

Wind Energy is the amount of kinetic energy that exists
in the moving air. The available kinetic energy from
the wind is converted into electrical power with the
help of a wind turbine coupled to an electrical gen-
erator. In a classic wind turbine, the Kinetic Energy
of Wind is converted into rotational motion by rotor
assemblies with three blades at the front of thewind tur-
bine. After the conversion of mechanical energy from
thewind into electrical energy by the generator, the pro-
duced AC power is supplied to standalone AC loads or
the grid with the help of an integrated power converter
[1]. Owing to the variation in wind speed, the output
parameters of the generator also fluctuate. But mostly
all the electrical loads operate at fixed voltage and fre-
quency. By utilizing power converters in WECS, the
performance of the wind turbine can be enhanced, and
the desired output can also be delivered. Hence, vari-
ous power converter topologies for PMG-based WECS
have been explored to provide low-cost and highly effi-
cient power conversion [2].

Power converters play a predominant role in the
variable speed Wind Energy Conversion System since
it serves as the conditioning interference between the
generator and load. A simple low-cost arrangement

consisting of a diode rectifier, a boost chopper, and a
voltage source inverter has been proposed in [3]. Two
level back-to-back power converters are also presented
in [4]. The introduction of a two-stage conversion with
a diode rectifier coupled with a Z-Source Inverter has
been proposed in [5]. Later, a three-level back-to-back
Neutral Point Converter (NPC) has also been discussed
by [6]. A power converter integrating a diode recti-
fier, a three-level boost converter, and an NPC inverter
for interfacing the generator output to the grid have
been proposed in[7]. In recent years, the utilization of
Matrix Converter as the grid interface between PMSG
and WECS has gained more attention as presented
by [8].

Quasi Z-Source Inverters (qZSI) have emerged as
a promising solution for addressing the limitations
of traditional inverters in power conversion applica-
tions. This literature review provides a comprehensive
overview of the theory, applications, recent advance-
ments, and future prospects of qZSI technology. The
qZSI concept originated from the traditional Z-Source
Inverter (ZSI), which utilizes an impedance network to
boost voltage levels and provide buck–boost capabili-
ties [2]. Unlike conventional inverters, qZSI employs
a quasi-Z network with additional features, such as
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reduced component count, improved efficiency, and
enhanced reliability. The unique topology of qZSI
allows bidirectional power flow, reduced electromag-
netic interference, and increased flexibility in voltage
regulation [3].

The qZSI technology finds applications across var-
ious industries, including renewable energy systems,
electric vehicles, grid-tied inverters, and uninterrupt-
ible power supplies. In renewable energy systems, qZSI
enables integrationwith solar panels andwind turbines,
offering improved efficiency and grid stability [4]. Elec-
tric vehicles benefit from qZSI’s compact design, high
power density, and regenerative braking capabilities,
enhancing overall performance and range. Grid-tied
inverters equipped with qZSI support grid stabiliza-
tion, voltage regulation, and power quality improve-
ment, facilitating the integration of renewable energy
sources into the electrical grid. Additionally, qZSI-
based uninterruptible power supplies provide reliable
backup power solutions for critical infrastructure, data
centres, and industrial applications [5].

Recent research efforts have focused on enhanc-
ing the performance, efficiency, and reliability of qZSI
technology. Advanced control algorithms, such as pre-
dictive control, model predictive control, and artificial
intelligence-based techniques, have been proposed to
optimize qZSI operation under varying load conditions
and grid disturbances. Moreover, innovative modula-
tion strategies, such as space vector modulation, pulse
width modulation, and hybrid modulation techniques,
have been investigated to minimize harmonic distor-
tion, improve transient response, and reduce switching
losses in qZSI-based systems. Furthermore, advance-
ments in semiconductor devices, passive components,
and thermal management techniques have contributed
to the miniaturization, cost reduction, and reliability
enhancement of qZSI implementations [6].

Despite significant progress, several challenges remain
to be addressed in the development and deployment
of qZSI technology. These include the optimization of
control strategies for multi-level qZSI topologies, the
integration of energy storage systems for grid support
applications, and the standardization of testing proce-
dures and performance metrics. Future research direc-
tions may focus on addressing these challenges while
exploring emerging applications, such as microgrids,
smart cities, and electrified transportation systems.
Additionally, efforts to improve the manufacturabil-
ity, scalability, and cost-effectiveness of qZSI solutions
will be critical for widespread adoption in real-world
applications [7].

The extended Z-Source concept to explore a fam-
ily of Z-Source Matrix Converters (ZSMC) have been
developed by [8]. The principle, features, and boost
control of voltage fed ZSMC has been analyzed. A new
improvedmodulation for intermediate ZSMC has been

proposed by [9]. A Z-Source impedance network has
been inserted to the fictitious dc link of indirect MC.
Later on, a three phase indirect matrix converter with
two ZS networks have been proposed. This paper rec-
ommends a novel arrangement of two ZS networks
with a MC to achieve a very high voltage gain for
integrating renewable energy sources to grid. How-
ever, the disadvantages of Z-Source Inverter include
limited voltage boost ratio and associated phase shift
that makes the control inaccurate [10]. The compara-
tive evaluation of three phase ZS/QZS IMC have been
investigated. ZS and QZS circuits of current DMCs are
employed for an IMC topology to increase voltage gain
and simplify commutation but they still require addi-
tional input filter [11]. Omar et al. have compared con-
ventional matrix converter with new Quasi Z-Source
Direct Matrix Converter, which provides buck boost
function by introducing a Z-Source concept. Mojtaba
Alizadeh et al. have proposed a quasi-Z source matrix
converter which consists of three phase quasi ZS net-
work followedby aMC, as grid interface of PMSGbased
WECS [12].

The wind’s erratic behaviour means that the PMG
output voltage and frequency will fluctuate over time.
Power conditioning circuits are necessary to enable
the regulation of the DDWECS’s terminal voltage and
frequency. Conventional three-stage conversion results
in higher THD, decreased efficiency, and significant
switching stress. In addition, the matrix converter’s
low voltage transfer ratio of 0.866, higher control com-
plexity, intricate commutation techniques, and sensi-
tivity to input voltage perturbations are issues in sin-
gle stage conversion. Recently, ZSDMC has been pro-
posed to allow short circuits and facilitate commuta-
tion. However, ZSDMC’s drawbacks include a low volt-
age transfer ratio, imprecise control, and irregular input
current [13].

To improve the voltage transfer ratio, new contin-
uous QZSDMC and QZSIMC have been proposed in
this study. Without compromising the converter’s effi-
ciency, the duty ratio of the quasi-Z source network
can be raised by adjusting the shoot through distribu-
tion in space vector modulation. This raises the boost
factor of QZSMC. Higher voltage gain, less switching
voltage and current stress, and constant input current
are thus offered by the suggested QZSMC [14]. This
research article has been organized as; Section II repre-
sents a detailed explanation of thematrix converter and
its evoluation. Section III represents a detailed expla-
nation of the maximum constant boost current control
modulation practice followed by Section IV denotes the
concept evaluation by doing the MATLAB simulation.
Section V consists of experimental validation followed
by an assessment of the proposed modulation scheme
and topologywith previous topologies. SectionVI gives
the proper conclusion to this research article.
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2. Matrix converter topologies

AMatrix Converter as shown in Figure 1 is an advanced
power electronic device used for the direct conversion
of electrical energy between alternating current (AC)
systems, typically without the prerequisite for inter-
mediate energy storage or additional apparatuses like
DC-link capacitors [15]. Unlike traditional converters
which use rectifiers and inverters separately, a matrix
converter can directly convert AC to AC with vari-
able voltage and frequency, offering greater efficiency
and flexibility [16]. Matrix converters are acknowl-
edged for their ability to precisely control AC power
and have applications in various industries, including
motor drives, renewable energy systems, and aerospace
[17]. They are highly regarded for their compact size,
improved power quality, and reduced energy losses,
making them a valuable asset in modern power elec-
tronics [18].

Figure 1. Traditional direct matrix converter.

Figure 2. Impedance-source direct matrix converter.

The Impedance-Source Direct Matrix Converter
(ISDMC) as revealed in Figure 2 is a novel and
sophisticated power electronics system that combines
the principles of impedance-source inverters with
matrix converters. This innovative technology provides
a versatile solution for electrical energy transfigura-
tion [19]. Unlike traditional voltage source or current
source inverters, the ISMC offers inherent impedance-
adaptability, bidirectional power flow, and minimized
harmonic distortions. These features make it highly
suitable for various solicitations, including renewable
energy assimilation, motor drives, and power dissem-
ination systems. The ISMC’s unique design and control
capabilities make it a promising solution for enhancing
energy conversion efficiency and grid compatibility in
modern electrical systems [20].

The QZSDMC as shown in Figure 3 is an innovative
power electronic system designed for efficient and flex-
ible energy conversion. Combining the advantages of
quasi-Z-source and direct matrix converter technolo-
gies, it enables bidirectional energy flow with mini-
mal harmonic distortion, making it suitable for various
solicitations, including renewable energy assimilation,
electric vehicle charging, and industrial processes. The
QZSDMC’s unique topology offers superior control
and power quality, making it a promising solution for
the evolving energy landscape [21].

This exploration article introduces the Voltage-Fed
QZSDMC, depicted in Figure 4. It is designed for the
conversion of five-phase to three-phase power, employ-
ing the Maximum Constant Boost Current Control
Modulation technique. To enhance efficiency and mit-
igate switching losses, a novel PWM approach is
proposed, governing both the rectifier and inverter
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Figure 3. Quasi-Z-source direct matrix converter.

sides of the matrix converter’s equivalent circuit. In
comparison to the Z Source Dual Matrix Converter
(ZSDMC), the Voltage-Fed QZSDMC offers advan-
tages such as reduced component count, compactness,
heightened efficiency, and a broad operational range
for buck–boost conversion [22]. The newly suggested
modulation technique yields several benefits, including
reduced output harmonic content, diminished switch-
ing current stresses, maximum voltage gain, and lower
switching voltages within the given modulation index
range. This article conducts an in-depth exploration
of the interplay between voltage gain and modulation
index, as well as the correlation between switching volt-
age stresses and voltage gain. The proposed modula-
tion technique’s efficacy is validated through simulation
using MATLAB and experimentation, demonstrating
its practical utility.

Figure 4. Proposed voltage-fed quasi-Z-source direct matrix converter.

3. Maximum constant boost current control
modulation technique

This subdivision focuses on the practical application of
the Maximum Constant Boost Current Control Mod-
ulation technique for the conversion of five-phase to
three-phase power using the QZSDMC. When using
this control method [23], the maximum and minimum
appropriate DC link voltages for the matrix converter
serve as the upper and lower envelopes obtained from
the five-phase input waveform, directing the transi-
tion of output phase voltages. The “zero output volt-
age changeover state” refers to the situation where
all three output phase controls are coupled to identi-
cal input phases in the framework of the QZSDMC.
In this condition, the shoot-through voltage used as
a reference must be either greater or lower than the
maximum or lowest carrier voltage since all three out-
comes phase voltages aremore than or below the carrier
voltage [24, 25].

The control method employs two straight lines, one
defining the upper limit and the other the lower limit, to
enclose the maximum and minimum reference voltage
envelope. Although themodulation index remains con-
stant for specific reference voltages, the shoot-through
duty ratio varies over time. Compared to the straight-
forward boost control utilized in the Z-source inverter,
this control technique is rather different [26]. Within
the QZSDMC, two sets of bidirectional switches are at
your disposal. The first set (S0) manages the activa-
tion or deactivation of the impedance source network
connected to the matrix converter, while the second
set (S1–S15) connects the load terminals to the source,
similar to a conventional matrix converter.
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In the shoot-through condition, (S0) is simultane-
ously disabled while all output phase controls in the
typical matrix converter are turned on and connected
to the same input leg switches. The status of switch (S0)
will remain on for a prolonged shoot-through period,
and the other switches are managed similarly to a tra-
ditional matrix converter. The voltage boost ratio value
is determined using the volt-second balance equation
based on the Z-source inductor. The average voltage
across the inductor in the Z-source network approxi-
mates zero over one switching period, with the minor
fundamental voltage drop neglected due to the signifi-
cant difference in switching frequency compared to the
fundamental frequency [27].

To harness the shoot-through states for voltage
boost, PWM control for the traditional matrix con-
verter must undergo modification. An additional
shoot-through reference is required to be designed for
comparison with the carrier waveform, generating an
extra shoot-through signal [28]. This concept can be
adapted from control methods utilized in the Z-source
inverter. Twodistinct approaches are proposed: “Simple
Maximum Boost Control”, which inherits the straight
lines of simple boost control, and “Maximum Con-
stant Boost Current Control”, which maximizes the
utilization of zero states while maintaining a constant
shoot-through duty ratio. The analysis indicates that
for voltage gains below 0.866, no shoot-through state
is required to maintain minimal voltage and current
stress on the devices. However, for voltage gains exceed-
ing 0.866, Maximum Constant Boost Current Control
can significantly reduce output harmonics due to its
time-invariant shoot-through duty ratio [29].

The third harmonic injection is used to get a mod-
ulation index of 0.866. The third harmonic injection
enables themodulation index to reach 0.866 as opposed
to the prior method’s cap of 0.5. As seen by the
dotted line in Figure 5, this involves introducing a

triangular third-harmonic voltage into the recommen-
dations which are analogous to the space vector PWM
approach. The suggested third harmonic injection tech-
nique is shown in Figure 5. MAX and MIN of Figure
5 have been changed to (MX-MN) and 0, respectively,
in this rendering. The three-phase output comparison
voltages are effectively constrained inside this enve-
lope since the carrier signal is encompassed within this
(MX-MN), guaranteeing that they never go above the
carrier voltage. The reference voltages VoA, VoB, and
VoC are the results of the third harmonic injection [30].

Assume that the five-phase input voltages and three-
phase output reference voltages are:

⎡
⎢⎣
VOA

VOB

VOC

⎤
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⎡
⎢⎢⎢⎢⎢⎣

sin(wit)

sin
(
wot − 2π

3

)
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(
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3

)
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⎡
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(
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)

sin
(
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)
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(
wit + α + 4π

5

)

sin
(
wit + α + 2π

5

)

⎤
⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎥⎦

(2)

The maximum modulation index can reach 0.866. The
injected third harmonic expression is:

V0ref _3=(MAX(V∗
0A,V

∗
0B,V

∗
0C)+MIN(V∗

0A,V
∗
0B,V

∗
0C))/2 (3)

Where, V∗
0A,V

∗
0B,V

∗
0C are the original sinusoidal three-

phase output voltage references. Va, Vb, Vc, Vd, and Ve
are the original sinusoidal three-phase output voltage
references [31].

Figure 5. Maximum constant boost current control technique.
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This approach aligns with the Space Vector Pulse
Width Modulation technique. In the case of Simple
Maximum Boost Control, a linear reference line is
used to connect the upper and lower envelopes of
the output reference. All zero states are used by Max-
imum Boost Current Control as the shoot-through
state, which causes its shoot-through reference to over-
lap with both the lower and the upper output voltage
envelopes [32–34]. Even at its highest value, Maxi-
mum Constant Boost Current Regulation maintains
a constant shoot-through duty ratio. To establish the
link between voltage gain and modulation index for
operational parameter design, the shoot-through duty
cycle may be calculated as a function of the modu-
lation index. In each method, the magnitude of the
shoot-through reference is used to calculate the shoot-
through duty cycle. The Instantaneous Duty Ratio
D0(t) in the Maximum Boost Current Management
approach is not a periodic function, in contrast to
the Simple Boost Control technique. This modulation
technique is applied in the QZSDMC, where it man-
ages various input and output three-phase voltages and
currents [35–37].

The inclusion of shoot-through situations in the
quasi-Z source system is shown in Figure 6. The emer-
gence of the shoot-through switching state is achieved
through the comparison of the original carrier signal
with the output standard modulating signals when all
three-phase flipping signals are in either the high or
low states. When the carrier triangle signal exceeds or
deviates from the three-phase baseline outputmodulat-
ing signals, the shoot-through signal is produced. Short
circuits and storage of energy in capacitors and induc-
tors inside a quasi-impedance system are permitted as
a result of using shoot-through states during this time.
This stored energy is subsequently utilized during the
through period, resulting in a significant boost to the
output [38].

The momentary shoot-through duty ratio is deter-
mined using the maximum constant boost current reg-
ulation approach as:

D0(t) =
∫ π

2

π
6

sin(wit) − sin
(
wit − 2π

5

) − √
5M

sin(wit) − sin
(
wit − 2π

5

) dt (4)

D0(t)

= ∫t
0((MAX(t) − MIN0(t) − MAX0(t) − MIN0(t)))dt

∫t
0(MAX(t) − MIN(t))dt

(5)

D0(t) = (MAX(t) − MIN0(t) − Vsh1(t)) + Vsh2(t)
MAX(t) − MIN(t)

(6)

Only under maximal constant control does the duty
cycle remain constant. The others are all time-varying
functions. An average shoot-through duty cycle must
be established in order to construct the voltage gain
equation [39].

D0(t) = 5
4

− 5
√
5M
6

(7)

This control strategy’s boost factor is established as
[36]:

B = 1√
9
4M

2 − 15
√
5

4 M + 31
16

(8)

The voltage conversion ratio, i.e.) the maximal gain of
QZSDMC, is calculated using this approach as [40]:

Gmc = M√
9
4M

2 − 15
√
5

4 M + 31
16

(9)

3.1. Conduction losses

The matrix converter losses are discussed as the
maximum phase, middle phase and minimum phase

Figure 6. Introduction of shoot-through states in the QZS network.
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switches. As the result, it is easy to introduce the con-
duction loss and the switching loss of the matrix con-
verter. The conduction loss and switching loss are cal-
culated from the measurement value (Vce, ic) and loss
data table. In this method, it is easy to analyze the loss
of the converter. However, the simulation time is long.
In addition, the loss data table is obtained from the
datasheet of the switching device or the switching test.

The conduction loss of the maximum phase switch
in the matrix converter Pcon_max is expressed by.

PCon_max = 1
π

∫ π+θ0

θ0

Dmax.Von.i0dw0t (10)

Where, Dmax is on-duty of the maximum phase switch
and Wo is the output angular frequency. In addition,
Von, which is the on-state voltage of the device, is
calculated by

Von = kcon1i0 + kcon2 (11)

Kcon1 and kcon2 are obtained from the on-state volt-
age characteristic in the datasheet. The instantaneous
value of the load current io is expressed by (12) from
the maximum load current Io and the load angle θ0.

i0 = I0sin(w0t − θ0) (12)

Pcon_max can be calculated from (10). However, It
is difficult to derive the loss because Dmax depends
on the input current command and the output volt-
age command. In this paper, the total conduction loss
per the output phase Pcon is derived. Consequently,
the on-duty command per the output single-phase is
expressed as

Dmax + Dmid + Dmin = 1 (13)

where Dmid and Dmin are the on-duties of midium
and minimum phase switches. From (13), it can be
revealed that only one switch is turned on and two
switches are not on-state at same time. Assume that the
switching devices with same characteristics are used.
Thus, Pcon is expressed by.

PCon_max = 1
π

π+θ0∫
θ0

Dmax.Von.i0dw0t

= 1
2kcon1I

2
0 + 2

π kcon2I0
(14)

3.2. Switching losses

In this section, the turn-on loss of the maximum phase
Pton_smax is derived. Consider integral period of each
switching loss of the matrix converter. The integral
period is different among each switching devices owing
to the polar of the output current. The turn-on loss of
the maximum phase switch Pton_smax occurs when
the polar of the output current io is positive. Addi-
tionally, Pton_smax is calculated from the output cur-
rent and the voltage between the maximum phase and

medium phase (Vmax-Vmid). First, the general turn-
on loss is expressed as.

PSW_loss = 1
T

∫ T
2

0

fs
Vs

eonvswdw0t (15)

where T is the cycle of io, fs is the switching frequency,
Vs is the tested voltage when the switching loss was
measured, and Vsw is the drain–source voltage of the
device. In addition, the instantaneous turn-on loss eon
is expressed by (16).

eon = kton1i0 + kton2 (16)

Similarly, ktonl and kton2 are obtained from the turn-
on loss characteristic in the datasheet. The integral
period is used to calculate the switching loss. The inte-
gral period is different among each switching devices
due to the polar of io. In other words, Pton_smax
occurs when the polar of io is positive. Furthermore,
the drain–source voltage Vsw is different among each
switching devices. Assume that the switching pattern
is that the middle phase is certainly gone through.
Accordingly, the drain–source voltage of Smax is dif-
ferential voltage (Vmax – Vmid) between the maxi-
mum phase voltage Vmax and themiddle phase voltage
Vmid. Thus, Pton_smax is expressed by (17).

Pton_smax = 3fsVin

2π2Vs
(2kton1I0 + kton2π) (17)

Similarly, the middle phase and minimum phase turn-
on loss are expressed.

Pton_smid = 3fsVin
π2Vs

(2kton1I0 + kton2π)

Pton_smin = 3fsVin
2π2Vs

(2kton1I0 + kton2π)
(18)

Based on these formulas such as (14) and (17), it is
easy to design the matrix converter in terms of effi-
ciency and reduced size. It is noted that the design
method depends on the priority of the high efficiency
or high power density. When the matrix converter is
designed in terms of high power density, the switching
frequency is increased. As the result, the input LC filter
becomes smaller. However, the size of the heat-sink is
large because the switching loss increases. Further, the
switching loss is more dominant than conduction loss.
Thus, the switching device, which has small parameters
kton1, kton2 is selected in reference to the datasheets.

Accordingly, high power density is obtained even if
the switching frequency is increased. This is because
the volume of heat-sink can be reduced owing to lower
switching loss. On the other hand, when the matrix
converter is designed in terms of high efficiency, the
conduction loss is dominated owing to lower switching
frequency. For this reason, the switching device, which
has small parameters kcon1, kcon2 is selected from the
datasheet. As the result, high efficiency can be obtained
because conduction loss is low. Besides, the switching
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device in the matrix converter can be selected from the
efficiency, which is required in an application.

First, the circuit specification such as the rated
power, rated voltage, rated current, and switching fre-
quency is arbitrarily determined. Second, the on-state
voltage parameters kcon1, kcon2 and switching loss
parameters kton1, kton2, that the demanded efficiency
is obtained, are calculated by using (14) and (17).
Next, based on the calculated parameters, the switch-
ing device is selected from the datasheet. Finally, the
efficiency in experiment agrees with that of the design
value when the matrix converter is manufactured by
using the selected device.

4. Modulation scheme validation using
MATLAB/Simulink

Themaximum constant boost current controlled PWM
technique has been implemented in a five to three-
phase QZSDMC. Simulation experiments have been
carried out to explore the converter’s functionality and
behaviour across its complete operational spectrum.
The proposed modulation scheme demonstrates excel-
lent performance in all operating regions. The sim-
ulation was created in the MATLAB/Simulink envi-
ronment with the sim-power-system toolbox block.
The block diagram depiction of the proposed PWM
approach is shown in Figure 7. The goal output volt-
age and input standards maximum, middle, and mini-
mum are inputted into the duty ratio control block to
start the PWM operation. Following that, the resulting
duty cycle was assessed in relation to a high-frequency
TCM. The control algorithm immediately obtains the
output waveform rhythm for regulating the voltage of

Table 1. Parameters used in the simulation system.

Parameters Values assumed

AC input line-to-ground RMS voltage, Vi 100 Volt
AC input voltage frequency, fi 50 Hz
QZS-network inductance, L 100 μH
QZS-network capacitance, C 10 μF
QZSDMC switching frequency, fs 5000 Hz
AC output line-to-ground RMS voltage, Vo 99.89 Volt
AC output line current, Io 4.6 A
AC output voltage frequency, fo 50 Hz
Modulation index, M 0.8
Simulation step size 10 μsec
R-Load connected to the QZSDMC 1 KΩ
L-Load connected to the QZSDMC 10mH

output, and the aforementioned control pulse signals
are then used to operate the power switches. Specific
system characteristics, as stated in Table 1, were used
in the context of simulation, and the correct discrete
filter components were chosen to achieve the desired
simulation results.

Figure 8 illustrates the flowchart detailing the sim-
ulation and experimental validation process for the
control strategy applied to the QZSDMC. The proce-
dure commences with the establishment of fixed five-
phase reference input and three-phase reference output
voltages. Following that, the slope of the carrier wave-
form is computed, as well as the maximum, minimum,
and midway values of the three-phase output baseline
waveforms. To create modulation signals, the Maxi-
mum Constant Boost Current Modulation approach
is chosen. The duty ratio and modulation coefficient
are calculated using Equations 6 and 7. After that,
the control signals for all dual-direction switches are
created. A comparison of the actual output voltages
with the reference output voltages is done. The power

Figure 7. Block Diagram for the Proposed PWMMethod.
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Figure 8. Step-by-step procedure involved in maximum constant boost current control PWM technique implemented to five to
three-phase QZSDMC.

Figure 9. Five-phase input voltages operating at a frequency of 50 Hz.

conversion procedure continues if Vout exceeds Vref.
Otherwise, themodulation indices and offset duty ratio
are adjusted, with or without common mode further-
more, to improve the five-phase output voltages.

Figure 9 illustrates input voltages of 100V (peak)
and input current of 4.5A supplied to the five-phase to
three-phase QZSDMC. The input signals exhibit sta-
bility without fluctuations or harmonic content. Fur-
thermore, the input side consistently maintains a unity
power factor. To facilitate a clear comprehension of the
energy conversion rate, the input voltage is maintained
at a constant 100V in the proposed work.

The Integrated MATLAB function block is used to
generate the MATLAB code required for the job. Fig-
ures 9–16 show the generated waveforms for input and

output properties independently. On the data input
side, it’s worth noticing that the unified power factor is
maintained continuously, as seen in Figure 9. The reg-
ulated switching signals provided to the bidirectional
control switches are seen in Figure 11. Figures 12–14
show the output voltages and currents of a Maximum
Constant boost-controlled five-phase to three-phase
QZSDMC running at 50Hz with amodulation index of
0.8. At a frequency of 50Hz, the MATLAB simulation
provides observed values, especially output three-phase
voltages and output load current, measuring 99.89V
and 4.6A.

The voltage Total Harmonic Distortion (THD) and
current THD values are shown in Figures 15 and 16
to be 4.03% and 3.76%, respectively, at the operating
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Figure 10. Five-phase input current operating at a frequency of 50 Hz.

Figure 11. Controlled Gating Signals for Individual Arms.

Figure 12. Output phase voltage in a five to three-phase configuration at a frequency of 50 Hz.
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Figure 13. Output line voltage in a five to three-phase configuration at a frequency of 50 Hz.

Figure 14. Output load current in a five to three-phase configuration at a frequency of 50 Hz.

Figure 15. THD in the output voltages of the five to three-
phase QZSDMC.

frequency of 50Hz. Notably, these THD values are
found to be below the limits set by the IEEE 519-1999
standard. Figures 12–14 underline the maintenance of
a unity power factor on the output side, independent of
the input power factor. Furthermore, Table 2 provides
a comprehensive summary of input and output volt-
ages, input and currents, as well as voltage and current

Figure 16. THD in the output current of the five to three-phase
QZSDMC.

THDs for five-phase to three-phase systems operating
at frequencies of 25, 50, 75, and 100Hz.

5. Verification by hardware implementation
for the proposed QZSDMC

A prototype of the three-to-five-phase QZSDMC
has been constructed, and the proposed modulation
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Table 2. Output characteristics MCBCC PWM-based QZSDMC
at various frequencies.

5ϕ to 3ϕ QZSDMC

Parameters 25 Hz 50 Hz 75 Hz 100 Hz

Input voltage(V) 100 100 100 100
Input current(A) 4.5 4.5 4.5 4.5
Output phase voltage(V) 95.15 99.89 97.77 98.89
Output line voltage(V) 191.14 196.88 194.18 198.88
Load current(A) 4.1 4.6 4.4 4.68
Voltage THD% 4.43 4.03 4.30 4.83
Current THD % 4.76 3.76 3.99 3.56

technique has been effectively applied for energy con-
version. Figure 17 illustrates the schematic block dia-
gram of the suggested system. New experimental out-
comes are utilized to confirm the principles of the
maximum constant boost current controlled PWM
technique for the five-phase to three-phase QZSDMC.
These new experimental findings are instrumental in
scrutinizing and affirming the theoretical principles, as
well as assessing the consistency and feasibility of digital
applications. As a result, the suggested AC-AC con-
verter can be efficiently employed for versatile speed
control in multi-phase drive systems.

Figure 17 illustrates the schematic blocks of the
experimental setup, while Figure 18 provides a visual
representation of the experimental arrangement for the
5ϕ to 3ϕ QZSDMC. To establish the necessary exper-
imental prototype configuration, power modules uti-
lizing IXYS-based FIO50-12BD bidirectional switches
are utilized. These modules belong to the ISOPLUS i4-
PAC series, featuring power diode bridges and power
IGBTs that are interconnected diagonally. The IGBTs
and diode bridges are designed with a voltage-blocking

capacity of 1200V, and each unit can accommodate a
current of 50A.

This module is readily accessible as a solitary inte-
grated chip featuring five output connectors. Across
these five output connectors, four are exclusively allo-
cated for power diode bridges, while one serves the pur-
pose of the IGBT gate drive circuit. A single-chip mod-
ule, operated by a solitary control signal, can effectively
manage the bidirectional current flow. TheQZSDMC is
equippedwith 27 bidirectional power switches, but only
18 of them are effectively utilized. Control signals for
the bidirectional switching components are generated
using a Spartan three-a digital signal process controller
and an Xilinx. The FPGA(XC3SD1800A) board is
equipped with logic gates, analog-to-digital and digital-
to-analog translation processors, a gate driver, and a
core processor. This electronic board canmanage PWM
signals with frequencies of up to 50.

Damping diode circuits are implemented to protect
the entire power module circuit. An autotransformer
is employed to furnish the input power supply, deliver-
ing 100V, 50Hz, 5-phase AC power. The bidirectional
switches within the QZSDMC function at a switching
frequency of 5 KHz. Table 1 provides a comprehensive
overview of the input terminal, filter, and load param-
eters on the output terminal. In Figures 9 and 10, the
input voltage and current provided to the 5ϕ to 3ϕ
QZSDMC are displayed, along with the resulting out-
put voltage and current waveforms at the fundamental
frequency of 50Hz. Figures 19–21 show the resulting
output phase voltage, line voltage, load current, and
all five-phase output voltage waveforms for the same
fundamental frequency of 50Hz.

Figure 17. Schematic block diagram illustrating the proposed system.
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Figure 18. Experimental configuration for the five-phase to three-phase quasi-Z-source direct matrix converter.

Figure 19. (a) Three phase output phase voltages from 5ϕ to 3ϕ QZSDMC. (b) Three phase output phase voltages from 3ϕ to 3ϕ
QZSDMC.
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Figure 20. (a) Three-phase output line voltages from 5ϕ to 3ϕ QZSDMC. (b) Three-phase output line voltages from 3ϕ to 3ϕ
QZSDMC.

In general, Figures 19–21 display the investigational
measurements of the phase output, line voltage, and
load current of the 5ϕ to 3ϕ QZSDMC at an operating
frequency of 50Hz. When compared to the conven-
tional DMC, as shown in Figure 2, the practical results
reveal that the 5ϕ to 3ϕ QZSDMC achieves a supe-
rior voltage gain. The elevated voltage gain is attributed
to the uniform dispersal of shoot-through states while
keeping the active conditions intact. Figures 22 and
23 demonstrate that the phase voltage of output pat-
terns is precisely synchronized with the output load
currents, signifying the preservation of a UPF at the
load end.

Therefore, the experimental outcomes of the QZS-
DMC, utilizing the maximum constant boost current
controlled modulation technique, confirm its superior
performance compared to conventional DMC systems.

Figure 8 presents a flowchart outlining the step-by-
step process for validating the experiment. The appli-
cation of the maximum constant boost current control
method for the 5ϕ to 3ϕ QZSDMC is thoroughly pre-
sented. Table 3 provides a comparative analysis, con-
trasting the simulated outcomes with the experimental
prototype findings. Many of the measured outcomes
closely match the theoretical results derived from the
simulation. However, some discrepancies arise due to
the non-ideal parameters of inductors and capacitors in
the experimental setup. From the result, unanticipated
voltage dissipation takes place to overpower compo-
nents and inductors, resulting in measured QZS net-
work output voltages that are lower than the simulated
values, alongwith observed disparities in current levels.

The experimental findings exhibit a high degree of
correspondence with the simulated results, indicating
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Figure 21. (a) Three phase output load currents from 5ϕ to 3ϕ QZSDMC. (b) Three phase output load currents from 3ϕ to 3ϕ
QZSDMC.

a robust agreement between them. Figures 22 and 23
provide visual representations of the Total Harmonic
Distortions (THDs) for output voltage and output cur-
rent. The 5ϕ to 3ϕ QZSDMC demonstrates Total Har-
monic Distortions (THDs) of 5.3% for voltage wave-
form and 3.6% for current waveform. On the other
hand, the THDs for the five-phase input voltage and
current are 4.03% and 3.76%, respectively. These find-
ings showcase the enhanced presentation of the 5ϕ to
3ϕ QZSDMC when utilizing the suggested maximum
constant boost current control PWM approach. More-
over, on the input terminal, the currentwaveform aligns
with the voltage waveforms, illustrating the converter’s

capability to uphold a unity power factor. The prototype
module employs bidirectional switches, providing the
benefit of requiring a reduced count of IGBT switches
for multi-phase functionality. Nevertheless, it is asso-
ciated with significant drawbacks, including increased
conduction losses, a two-step commutation process, the
necessity for additional line inductance to ensure safe
operation, current during the switching process, and
the requirement for additional circuits to handle dead
time compensation.

The switching losses and efficiency of the existing
traditional AC to AC power converters are 109.4W and
95.4%. Table 4 represents the switching losses, total
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Figure 22. (a) Per phase output voltage THD from 5ϕ to 3ϕ
QZSDMC at the frequency of 50 Hz. (b) Per phase output voltage
THD from 3ϕ to 3ϕ QZSDMC at the frequency of 50 Hz.

losses in the circuit, and efficiency of the proposed con-
verter with various modulation control schemes. The
maximum efficiency of 83.3% and minimum switch-
ing loss of 105W have been achieved by the proposed
QZSDMC using the maximum voltage gain control
technique. The addition of passive components and
the operating switch’s availability in the proposed con-
verter increased as a result of switching losses decreased
and the efficiency reduced.

The testing of developed QZSDMC is done over a
wide range of fundamental frequencies. Table 5 shows
the comparison of ZSDMC, discontinuous, and con-
tinuous QZSDMC AC–AC converter topologies. From
the comparison, it is ensured that the QZSDMC offers
a high voltage boost ratio, good wave-form quality,
lesser capacitor voltage stress, and continuous input
current. The simulation and the investigational results
of the prototype verify the feasibility of the suggested
QZSDMC topology and its control strategy. Compar-
ing the hardware results with the simulation results
that show the proposed modulation scheme for QZS-
DMC provides better results at all the fundamental
frequencies.

Figure 23. (a) Per phase load current THD from 5ϕ to 3ϕ QZS-
DMC at the frequency of 50 Hz. (b) Per phase load current THD
from 3ϕ to 3ϕ QZSDMC at the frequency of 50 Hz.

6. Conclusion

This research paper introduces a novel PWM technique
for the QZSDMC. The proposed PWM scheme is based
on the maximum boost current control PWMmethod,
making it easily implementable in real time. Imple-
menting this modulation scheme in conjunction with
the QZSDMC effectively mitigates the constraints asso-
ciated with conventional DMCs. Conventional DMC
faces limitations due to its restricted voltage trans-
fer ratio, a challenge that is successfully overcome by
the QZSDMC. The QZSDMC enables the generation
of sinusoidal output voltages across a wide range of
frequencies without any frequency limitations, pro-
viding versatility in frequency output. The proposed
control scheme for the QZSDMC enhances the appli-
cability of DMC across various industries, broadening
its potential applications in wind energy conversion
systems. The maximum boost current control-based
QZSDMC efficiently delivers power to a wide range of
industrial loads. The proposed converter as well as the
modulation technique produces the maximum voltage
transfer ratio of 1.05. The output voltage gain reached
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Table 3. comparative analysis between the results obtained
from simulation and experimentation of the 5ϕ to 3ϕ QZSDMC.

Parameters of QZSDMC
Simulated
results

Experimental
results

Input phase voltage (V) (effec-
tive voltage)

100 100

Input current (Amperes) 4.5 4.2
Output phase voltage (V)
(effective voltage)

99.89 97.3

Output line voltage (V) (effec-
tive voltage)

196.88 192.8

Output current (Amperes) 4.6 4.9
Voltage boost factor 1.99 1.91
Shoot-through duty cycle 0.34 0.34
Output voltage gain 2.01 1.99
Voltage THD 4.03 5.3
Current THD 3.76 3.6

nearly 1.99 compared with the traditional power con-
verters. The voltage THD and current THD are main-
tained within the acceptable limit of 5.3 and 3.6 respec-
tively. The power factor have been maintained nearly
unity throughout the all mode of operations. Addi-
tionally, the suggested converter, along with its control
system, can function effectively under its esteemed load
condition, even when equipped with simple QZS cir-
cuit components. In contrast to traditional DMC, the
QZSDMC based on maximum boost current control
experiences fewer commutation problems because the
QZS network eliminates the necessity for dead time.
Furthermore, the QZSDMCnecessitates fewer switches
and can execute both buck and boost operations effi-
ciently using this streamlined switch configuration. The
proposed QZSDMC circuit offers several key benefits
compared to traditional DMC.

These advantages encompass enhanced reliabil-
ity under abnormal operating conditions, improved
efficiency, stable output regulation, cost-efficiency,

Table 4. Loss and Efficiency comparison of the proposed QZSDMC.

Control techniques Input power (kW) Switching losses (W) Total losses (W) Output power (kW) Efficiency (%)

Simple maximum boost control 1.5 121 185 1.194 79.6
Maximum boost control 1.5 116 179 1.205 80.3
Maximum constant boost control 1.5 110 166 1.224 81.6
Maximum voltage gain control 1.5 105 145 1.250 83.3
Hybrid minimum voltage stress control 1.5 111 157 1.232 82.1

Table 5. Quantitative comparison of direct and in-direct QZSDMC with discontinuous and continuous mode operations.

Parameters ZSDMC
Discontinuous
QZSDMC

Continuous
QZSDMC

Discontinuous
QZSIDMC

Continuous
QZSIDMC

Total number of inductors and capacitors required 09 15 12 27 27
Additional input LC Yes Yes No Yes No
Ripples in Current High Low Low Low Low
Ripples in Voltage Low High Medium High Medium
Stresses in the Inductor current Low High Medium High Medium
Stresses in Capacitor voltage Medium Low High Low High
Gain Low High High High High
THD of input current Medium High Low High Low
THD of output voltage High Medium Low Medium Low
Required current rating of element Low High Medium High Medium
Required voltage rating of the element used Medium Low High Low High
Losses Medium High Low High Low
Efficiency High Low High Low High

diminished commutation effects, and heightened volt-
age gain. Quasi-Z-source direct matrix converters
(qZSDMCs) are a type of power converter that com-
bine the benefits of quasi-Z-source inverters and direct
matrix converters. While they offer several advantages,
such as improved voltage gain, higher efficiency, and
better power quality, they also have some disadvan-
tages. Here are the key disadvantages of quasi-Z-source
direct matrix converters are Complex Control Algo-
rithms: The control strategies for qZSDMCs are more
complex compared to traditional converters. Imple-
menting these control algorithms requires sophisti-
cated digital signal processing and can be challenging,
increasing the development and operational complex-
ity. Increased Component Count: qZSDMCs typically
require more components, including inductors, capac-
itors, and switching devices, compared to conventional
direct matrix converters. This leads to higher costs,
larger size, and increased potential points of failure.
Higher Initial Cost: Due to the increased number of
components and the complexity of the control system,
the initial cost of implementing qZSDMCs is higher.
This can be a significant disadvantage in cost-sensitive
applications. Complex Design and Integration: The
design and integration of quasi-Z-source networks
into the matrix converter topology are more complex.
This complexity can result in longer design cycles and
require more advanced engineering expertise. Electro-
magnetic Interference (EMI): The high switching fre-
quencies and complex switching patterns can lead to
increased electromagnetic interference (EMI), which
necessitates additional filtering and shieldingmeasures,
further adding to the cost and complexity. Thermal
Management Issues: The increased number of active
and passive components generates more heat, which
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poses thermal management challenges. Effective cool-
ing solutions are required to maintain reliable opera-
tion, impacting the overall design and cost. Reliability
Concerns: With more components and a more com-
plex control strategy, the reliability of qZSDMCs can
be a concern. Each additional component is a poten-
tial point of failure, and the increased complexity of
the system can make troubleshooting and maintenance
more difficult. Limited Commercial Availability: As
an emerging technology, quasi-Z-source direct matrix
converters are not as widely available or as mature as
more traditional converter technologies. This can limit
their adoption in industrial applications and make it
harder to find experienced personnel and support. Effi-
ciency at Low Load Conditions: While qZSDMCs can
achieve high efficiency at rated load, their efficiency can
drop significantly at low load conditions. This is due to
the losses in the passive components and the complex
control required to maintain proper operation under
varying loads.

Despite these disadvantages, quasi-Z-source direct
matrix converters are a promising technology for appli-
cations requiring high reliability, compact size, and
improved power quality. However, addressing these
drawbacks is crucial for their broader adoption and
deployment in various industrial and commercial
applications. The suggestedmodulation scheme is veri-
fied through MATLAB simulation, and its implemen-
tation has been further validated through hardware
testing.
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