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Abstract — Multilevel inverters have become more attractive for
researchers due to low total harmonic distortion in the output
voltage and low electromagnetic interference. This paper
proposes a novel single-stage quasi-cascaded H-bridge five-level
boost inverter. The proposed five-level inverter has the
advantages over the cascaded H-bridge quasi-Z-source inverter
in cutting down passive components. Consequently, size, cost,
and weight of the proposed inverter are reduced. Additionally,
the proposed QCHB-FLBI can work in the shoot-though state. A
capacitor with low voltage rating is added to the proposed
topology to remove an offset voltage of the output AC voltage
when the input voltages of two modules are unbalanced. A
simple PID controller is used to control the capacitor voltage of
each module. This paper presents sinusoidal pulse width
modulation technique, circuit analysis, the operating principles,
and simulation results of the proposed QCHB-FLBI. A
prototype was constructed to validate the operating principle of
the proposed inverter.

Index Terms — Multilevel inverter, PID controller, Quasi,
Cascaded, Switched boost, Sinusoidal pulse width modulation.

1. INTRODUCTION

Multilevel inverters have recently received many attentions
from researchers due to their advantages over the
conventional three-level pulse-width modulation (PWM)
inverters. The advantages of the multilevel inverters are as

ISSN: 2454-6410

follows: improved quality output waveforms with lower total
harmonic distortion (THD), smaller filter size and lower
electromagnetic interface (EMI) . Three general multilevel
inverter topologies are: flying capacitors, neutral point
clamped (NPC), and cascaded H-bridge (CHB) inverters.
Among these topologies, the CHB inverter has unigque
advantages in modularity and its contribution of high power.
These advantages make the CHB inverter an attractive option
for many applications such as uninterruptible power supplies
UPS), grid-connected system, Stat Com system, motor drive,
etc.

However, the traditional CHB multilevel inverter is a buck
DC-AC power conversion, where the peak AC output voltage
is limited by the total DC source voltages. An additional DC-
DC boost converter is demanded for each module in the CHB
topology to achieve the high AC output voltage when the DC
input voltages are low. Adding DC-DC boost power converter
results in low efficiency and high cost.

Two capacitors, two boost inductors, two diodes, ten
switches, one filter inductor and a resistive load are utilized in
the conventional CHB-BFLI. The boost DC-DC converter is
used to control the DC-link voltage on each H-bridge circuit.
Both the top and bottom switches in the same leg cannot be
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switched on simultaneously because the DC-link capacitor is
connected to each leg in parallel. And a dead-time between
two switches in the leg must be used to avoid short circuit in
the DC source.

The scope of this project is, proposes a novel single-stage
quasi-cascaded H-bridge five-level boost inverter (QCHB-
FLBI). The proposed five-level inverter has the advantages
over the cascaded H-bridge quasi-Z-source inverter (CHB-
QZSI) in cutting down passive components. Consequently,
size, cost, and weight of the proposed inverter are reduced.
Additionally, the proposed QCHB-FLBI can work in the
shoot-though state. A capacitor with low voltage rating is
added to the proposed topology to remove an offset voltage of
the output AC voltage when the input voltages of two
modules are unbalanced. Besides, a simple PID controller is
used to control the capacitor voltage of each module.

2. RELATED WORK

A literature review discusses published information in a
particular subject area within a certain time period. A
literature review can be just a simple summary of the sources,
but it usually combines both summary and synthesis. It
describes about the literature survey on various journals and
explored mobile communication followed by existing
technique for a digital mobile telephony system to display the
message using wireless networks.

2.1 Recent Advances and Industrial Application of
Multilevel Converters

S. Kouro, (2010) discussed about multilevel converters have
been under research and development for more than three
decades and have found successful industrial application.
However, this is still a technology under development, and
many new contributions and new commercial topologies have
been reported in the last few years. The aim of this paper is to
group and review these recent contributions, in order to
establish the current state of the art and trends of the
technology, to provide readers with a comprehensive and
insightful review of where multilevel converter technology
stands and is heading. This paper first presents a brief
overview of well-established multilevel converters strongly
oriented to their current state in industrial applications to then
center the discussion on the new converters that have made
their way into the industry. In addition, new promising
topologies are discussed. Recent advances made in
modulation of the multilevel converters are also addressed. A
great part of this paper is devoted to show nontraditional
applications powered by multilevel converters and how
multilevel converters are becoming an enabling technology in
many industrial sectors. Finally, some future trends and
challenges in the further development of this technology are
discussed to motivate future contributions that address open
problems and explore new possibilities.
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2.2 A Survey on Cascaded Multilevel Inverters

M. Malinowski (2010), explained Cascaded multilevel
inverters synthesize a medium-voltage output based on a
series connection of power cells which use standard low-
voltage component configurations. This characteristic allows
one to achieve high-quality output voltages and input currents
and also outstanding availability due to their intrinsic
component redundancy. Due to these features, the cascaded
multilevel inverter has been recognized as an important
alternative in the medium-voltage inverter market. This paper
presents a survey of different topologies, control strategies
and modulation techniques used by these inverters.
Regenerative and advanced topologies are also discussed.
Applications where the mentioned features play a key role are
shown. Finally, future developments are addressed.

2.3 A Dc-Side Sensor less Cascaded H-Bridge Multilevel
Converter-Based Photovoltaic System

G. Farivar, (2016) in this paper, a cascaded H-Bridge (CHB)-
multilevel converter (MC)-based photovoltaic (PV) system
with no voltage or current sensors at the dc-side is proposed.
Eliminating the dc-side sensors simplifies the hardware,
leading to lower cost and higher reliability of the PV system.
A novel scheme estimating the capacitors' voltages from the
ac output voltage of the inverter is developed. The scheme
allows replacing all dc-side voltage sensors by a single-
voltage sensor at the ac-side of the converter. Furthermore,
the dc current sensors, conventionally required for the
maximum power point tracking (MPPT), are also eliminated.
Instead, the outputs from the capacitors' voltage control
systems are utilized for the MPPT. The effectiveness of the
proposed dc-side sensorless system is experimentally
demonstrated on a 2-kW single-phase seven-level CHB
converter-based PV system.

2.4 Energy-Balance Control Of PV Cascaded Multilevel
Grid Connected Inverters Under Level-Shifted And Phase
Shifted PWMs

J.Chavarria,(2013), This paper presents an energy-balance
control strategy for a cascaded single-phase grid-connected H-
bridge multilevel inverter linking independent photovoltaic
(PV) arrays to the grid. The control scheme is based on an
energy-sampled data model of the PV system and enables the
design of a voltage loop linear discrete controller for each
array, ensuring the stability of the system for the whole range
of PV array operating conditions.

The control design is adapted to phase-shifted and level-
shifted carrier pulse width modulations to share the control
action among the cascade-connected bridges in order to
concurrently synthesize a multilevel waveform and to keep
each of the PV arrays at its maximum power operating point.
Experimental results carried out on a seven-level inverter are
included to validate the proposed approach.
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2.5 An FPGA-Based Advanced Control Strategy Of A Grid-
Tied PVCHB Inverter leee Trans

M. Coppola, (2016) discussed about an advanced control
strategy for grid-tied photovoltaic (PV) cascaded H-bridge
(CHB) inverter is proposed. The circuit topology consists of a
proper number of power cells (H-bridge configuration)
connected in series and supplied by individual PV modules.
The adopted control method is a mixed staircase-PWM
technique performed by means of a sorting algorithm to
determine cells' switching state. The cells' state is related to
the need of charging or discharging a particular cell much
more than the others by calculating the voltage error at each
dc-link (e.g., by considering the difference between the
maximum power point tracking (MPPT) reference and the
measured quantity). A dedicated P&0O MPPT permits to
control independently the voltage of each dc-link; thus,
increasing the power extraction even in mismatched
conditions. In order to prove the effectiveness and feasibility
of the proposed approach, a set of experiments are performed
on a laboratory prototype of a single-phase five-level PV
CHB. The control section is implemented on FPGA by using
a SPACE real-time hardware platform; thus, obtaining fully
dedicated digital circuits.
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Figure 3.1 Block Diagram

In this paper, AQZS modular cascaded converter is addressed
in for dc integration of high-power PV system. Energy stored
CHB-QZSI based PV power generation system is proposed.
Fault-tolerant CHB inverters using Z-sourced network are
investigated. A cascaded transformer-based multilevel
inverter using single Z-source network is presented. An
active-front-end (AFE) CHB multilevel inverter based on
dual-boost/buck converter is proposed. Like the CHB-QZSI,
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the AFE-CHB inverter also has the shoot-through immunity
and buck/boost voltage. However, the CHB-QZSI in and the
AFE-CHB inverter use a large number of passive elements
with raising the size, cost, and weight of the power cascaded
system.

A quasi-switched boost (QSB) network is used to replace the
QZS network. In comparison to the QZS network, the QSB
network uses one less capacitor, one less inductor, one more
diode and one more switch in front of the main H-bridge
circuit. An isolated high step-up DC-DC converter is
proposed in based on the QSB network. In this paper, a new
single-stage quasi-cascaded H-bridge five-level boost inverter
(QCHB-FLBI) is proposed. In the proposed QCHB-FLBI, the
QSB network as presented is used in each module. The main
features of the proposed QCHB-FLBI are five-level output
voltage with boost voltage ability, reduction in a number of
passive components and shoot-through immunity.

The proposed inverter consists of two separate DC sources,
two quasi-boost inverter (QBI) modules and an inductor filter
connected to the resistive load in series. Each QBI module
contains one capacitor, one boost inductor, four switches and
two diodes. The output voltage of the proposed QCHB-FLBI
has five levels.

™ N
Figure3.2 Proposed QCHB-FLBI topology
3.2 Proposed System Technique

Single-stage quasi-cascaded H-bridge five-level boost inverter
(QCHB-FLBI) is proposed. The proposed inverter consists of
two separate DC sources, two quasi-boost inverter (QBI)
modules and an inductor filter connected to the resistive load
in series. Each QBI module contains one capacitor, one boost
inductor, four switches and two diodes. The output voltage of
the proposed QCHB-FLBI has five levels. In the CHB-QZSI,
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the operating frequency of the inductors is to fold the
switching frequency. Therefore, the high-frequency current
ripple on inductors of the proposed QCHB-FLBI is a half that
of the CHB-QZSI. Capacitor voltages of the proposed inverter
are higher than those of the CHB-QZSI .However, total
capacitor voltage stresses in each module of both inverters are
the same. The voltage stress on diodes and switches of the
proposed inverter equals to that of the CHB-QZSI.

3.3 Operation Of Proposed System

Multilevel inverters have recently received many attentions
from researchers due to their advantages over the
conventional three-level pulse-width modulation (PWM)
inverters. The advantages of the multilevel inverters are as
follows: improved quality output waveforms with lower total
harmonic distortion (THD), smaller filter size and lower
electromagnetic interface (EMI).

Three general multilevel inverter topologies are: flying
capacitors, neutral point clamped (NPC), and cascaded H-
bridge (CHB) inverters.

Among the set topologies, the CHB inverter has unique
advantages in modularity and its contribution of high power.
These advantages make the CHB inverter an attractive option
for many applications such as uninterruptible power supplies
A CHB quasi-Z-source inverter (QZSI) with single-stage
power conversion was proposed .

The CHB five-level QZS network with two capacitors and
two inductors is connected to each H-bridge circuit. In the
CHB-QZSI, a shoot-through (ST) state is used to boost
voltage without any damages in the power circuit. In one
switching period, the number of the ST states in the single-
phase QSBI is two. Therefore, the operating frequency of the
inductors is twofold the switching frequency. In the CHB-
QZSI, the input DC current is continuous with low ripple.
Each module in the CHB QZSI can produce the same DC-link
voltage by control the ST duty cycle.

An effective control method, including system-level control
and PWM for single-phase CHB-QZSI based grid-tie
photovoltaic (PV) power system. Three-phase CHB-QZSI’s
control is proposed and demonstrated for application to PV
power systems. A QZS modular cascaded converter is
addressed for dc integration of high-power PV systems.
Energy stored CHB-QZSI based PV power generation system
is proposed. Fault-tolerant CHB inverters using Z-sourced
network are investigated.

A cascaded transformer-based multilevel inverter uses a
single Z-source network. An active-front-end (AFE) CHB
multilevel inverter based on dual-boost/buck converter is
proposed. Like the CHB-QZSI, the AFE-CHB inverter also
has the shoot-through immunity and buck/boost voltage.
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However, the CHB-QZS and the AFE-CHB inverter use a
large number of passive elements with raising the size, cost,
and weight of the power cascaded system. A quasi-switched
boost (QSB) network in is used to replace the QZS network.
In comparison to the QZS network, the QSB network uses
one less capacitor, one less inductor, one more diode and one
more switch in front of the main H-bridge circuit. An isolated
high step-up DC-DC converter is proposed is based on the
QSB network. In this paper, a new single-stage quasi-
cascaded H-bridge five-level boost inverter (QCHB-FLBI) is
proposed. In the proposed QCHB-FLBI, the QSB network as
presented is used in each module. The main features of the
proposed QCHB-FLBI are five-level output voltage with
boost voltage ability, reduction in a number of passive
components and shoot-through immunity.

3.4 Module Operation

sinusoidal pulse-width modulation (PS-SPWM) strategy for
the proposed QCHB-FLBI, For module 1, two control
voltages, are compared to a high-frequency triangle voltage to
produce control signals for the S1 and S2 switches.

Two DC Voltage, are compared to produce the SOacontrol
signal. Then SOa is added to the control signals of switches S1
and S2 to produce the ST states. Likewise, the voltage control
is shifted in 90° to create another high-frequency triangle
voltage, produce control signals for the S3 and S4switches.
Voltages are compared to produce aSOb control signal. The
SObis then added to the control signals of switches S3 andS4
to produce the ST states.

As a result, the output voltage v of H-bridge module 1 has
three levels. Similar for the second H-bridge module, two
control voltages are shifted in 180° to produce the output
voltage vcb of the H-bridge module 2.

The output voltage vac of the cascaded system is a
subtraction of vab and vcb .Therefore, the output voltage of
the proposed QCHB-FLBI produces Five-level cascaded H-
Bridge Quasi Z-Source Inverter with Quasi Impedance
Network to each DC link of the PV module.

The impedance network consists of two inductors L1, L2 and
two Capacitors C1 and C2 at each stage of the inverter bridge.
This unique LC network connected to the inverter bridge
modifies the operation of the circuit, allowing the shoot-
through states and will effectively protect the circuit from
damage when the short circuit occurs.

By effectively utilizing the shoot-though state, the QZS
network boosts the dc-link voltage. The major advantages of
QZSI compared to other Z-inverters are .1t draws a continuous
constant dc current from the source.

The voltage on capacitor C2 is greatly reduced. The
continuous and constant dc current drawn from the source
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make this topology well suited for PV power conditioning
systems.

3.5 Advantages of Proposed Technique
o High-frequency current ripple is less
e Increase the efficiency
e Reduced number of components
e Reduce in cost
4. RESULTS AND DISCUSSIONS
4.1 Simulation Results

Simulink, developed by Math Works, is a commercial tool for
modeling, simulating and analyzing multi-domain dynamic
systems. Its primary interface is a graphical block
diagramming tool and a customizable set of block libraries.

It offers tight integration with the rest of the MATLAB
environment and can either drive MATLAB or be scripted
from it. Simulink is widely used in control theory and digital
signal processing for multi-domain simulation and Model-
Based Design Simulink is a block diagram environment for
multi-domain simulation and Model-Based Design.

It supports system-level design, simulation, automatic code
generation, and continuous test and verification of embedded
systems. Simulink provides a graphical editor, customizable
block libraries, and solvers for modeling and simulating
dynamic systems.

It is integrated with MATLAB, enabling you to incorporate
MATLAB algorithms into models and export simulation
results to MATLAB for further analysis.

4.2 Building The Model

Simulink provides a set of predefined blocks that you can
combine to create a detailed block diagram of your system.

Tools for hierarchical modeling, data management, and
subsystem customization enable you to represent even the
most complex system concisely and accurately.

4.3 Proposed Circuit

We set Vdcl = Vdc2 = 50 V to confirm the properties of the
proposed inverter under balanced DC-source condition.
Fig.5.3 shows the simulation results for the proposed QCHB-
FLBI when both input voltages are the same. The output
voltage of the proposed inverter has five levels; and the load
voltage is 110 Vrms.

Next, we increase the input voltage of module 2 (Vdc2) to
60V, while Vdcl = 50V to test the properties of the proposed
inverter under unbalanced DC-source condition. Fig.5.5
shows the simulation results for the proposed QCHB-FLBI
when Vdcl =50 V and Vdc2 = 60 V.
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Figure 4.5 The peak-to-peak voltages on capacitor C1 and C2

In the steady state, the measured capacitor C1, C2 and Cd
voltages are 129 V, 129 V and 0 V, respectively. The peak-to-
peak voltages on capacitor C1 and C2 are 8 V.

Figure 4.6 PWM scheme for the proposed system
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It shows a phase-shifted sinusoidal pulse-width modulation
(PS-SPWM) strategy for the proposed QCHB-FLBI. For
module 1, two control voltages -vcontrol and vcontrol are
compared to a high-frequency triangle voltage, Vtril, to
produce control signals for the S1 and S2 switches. Two DC
voltages, VSH and -VSH, are compared to vtril to produce the
SOa control signal. Then S0a is added to the control signals of
switches S1 and S2 to produce the ST states. Likewise, the
Vtril is shifted in 90° to create another high-frequency
triangle voltage, vtri2, vcontrol and -vcontrol are compared to
vtri2 to produce control signals for the S3 and S4 switches.
VSH and -VSH are compared to the Vtri2 to produce a SOb
control signal. The SOb is then added to the control signals of
switches S3 and S4 to produce the ST states. As a result, the
output voltage vab of H-bridge module 1 has three levels.

4.4 Experimental Result

5. CONCLUSION

Simulation of the single-phase single-stage CHB five-level
inverter with boost voltage ability has been verified. The
proposed inverter has the following main features as: five-
level output voltage, reduction in number of passive
components and shoot-through immunity. With the simple
PID controller, a constant capacitor voltage can be achieved
with an excellent transient performance which enhances the
rejection of disturbance, including the input voltage and load
current variations. Also, circuit analysis and PWM control
strategy for the proposed system are shown.

Simulation results and hardware experiments are shown to
verify the validity of the proposed QCHB-FLBI. In the future
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we can use some other control strategy in the proposed
system. That may increases the high voltage gain.
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