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Abstract—In the present scenario of increasing power
demand and depletion of fossil fuel results in the research
advancements in the field of renewable energy sources. Among
various types of renewable energy sources, photovoltaic related
applications are gaining importance. DC-AC converters play a
very prominent role in photovoltaic system in efficient power
delivering for various applications. This paper proposed a 7-level
inverter with reduced number of switches for photovoltaic
applications. Unipolar Single Reference Multicarrier Sinusoidal
Pulse Width Modulation (U-SR-MC-SPWM) technique is used
for the purpose of gate pulse generation for the proposed
multilevel inverter. A comparative study of seven-level cascaded
multilevel inverter and a proposed multilevel inverter is carried
out. Simulation and power quality analyses of both multilevel
inverters are performed in MATLAB/Simulink platform version
2016(a). It is noticed that the total harmonic distortion is slightly
more of the proposed multilevel inverter when compared with
cascaded h-bridge inverter. But, with the reduction in the
number of power semiconductor switches in proposed multilevel
inverter overall switching power losses, circuit complexity, gate
driver requirements and cost of the system can be reduced. The
simulation results always show a good agreement with the
proposed approach.

Keywords— Unipolar Single Reference Multicarrier SPWM,
Cascaded Multilevel Inverter; Power Semiconductor devices,
Renewable Energy, Total Harmonic Distortion (THD).

I. INTRODUCTION

Power generation using renewable energy sources is
increasing in this present world due to the high demand of
electrical power which plays a vital role in all the areas.
Renewable energy-based power generation finds application
in almost all sectors like industries, commercial areas,
agricultural areas, etc. [1]-[2]. Due to the high rate of pollution
and depletion threat on the fossil fuel, renewable energy
sources are found as an alternative to the fossil fuels. All
renewable energy sources are clean and sustainable energy
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sources. Solar photovoltaic, wind energy, biomass, ocean
energy and geothermal are the important renewable energy
sources. Among all the renewable energy sources the solar
photovoltaic system [1]-[3] is having wide range of
applications. Solar energy which is almost always available all
time in a year can be effectively used for electrical power
generation.

At present, various notable researches and developments
are increasing in the field of solar photovoltaics [4]. Earlier
days the high expense and low efficiency of photovoltaic
systems made the public to stand away from this, but now due
to excellent and fruitful researches in the area of material
science have reduced the cost of solar modules and also
improved the efficiency to a large extent. Power electronics
are used anywhere where there is a need to process and
conversion of electrical energy. Renewable power and power
electronics are highly interlinked [1]-[4]. Power electronic
interfaces are used in photovoltaic system for efficient power
conversion processes. Various dc-dc and dc-ac power
converters are basically used in photovoltaic systems [5]. As
the photovoltaic systems are generating dc power, inverters
are to be used for converting dc power to ac power. For single
phase of grid photovoltaic application basically single phase
full bridge inverters are being used. But for high power
application multilevel multiphase inverters are preferred
which is another recent trend in power electronics [6]-[10].
The output from full bridge inverters contain more harmonics
are present.

The photovoltaic related applications are increasing at a
fast rate in every sector where power demand is crucial [11].
Solar cells form the basic building element in all photovoltaic
systems. Group of cells connected in series parallel
combination results in the formation of solar modules and
series parallel combination of modules has made solar panel.
Solar photovoltaic systems are basically used in two ways as a
standalone system and grid connected system [1]. It is well
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Fig. 2. Power Circuit of 7-Level Proposed Multilevel with Reduced Number of Switches

known that low dc voltage is generated from photovoltaic
systems [1]. Since most of our present electrical systems deal
with ac power and for this it is required for dc-ac inverter
circuit for efficient power transferring in photovoltaic systems.
In order to reduce the harmonic content of the output of the
full bridge inverter, various harmonic reduction techniques
have to adopt like using passive filters, active filters, SHE
PWM, Third Harmonic Elimination etc.

In the scenario, multilevel inverters [12]-[13] can be used
which will be able to generate output with reduced harmonic
content which can be easily filtered out. In multilevel
inverters, numerous power semiconductor switching devices
like IGBT, MOSFET etc. is being used which will increase the
overall cost and also result in more switching power loss.
Basic multilevel inverter topologies like diode-clamped, flying
capacitor and cascaded H-bridge [13]-[16] uses more
switching devices and other circuit elements. So, with the use
of new topologies of multilevel inverter with reduced number
of semiconductor switching devices will reduce the cost and
overall switching power losses to a great extent. This paper
deals with the simulation analysis of a 7-level cascaded H-
bridge multilevel inverter and proposed 7-level multilevel
inverter topology with reduced number of switches for solar
photovoltaic systems.

The Unipolar Single Reference Multicarrier SPWM (U-
SR-MC-SPWM) Technique is explained for the proposed
inverter. The paper is organized in such a way that section-II
gives a general detail about cascaded H-bridge inverter and
section-III describes the proposed multilevel inverter topology
with reduced number of switches. Simulation results and
comparison of Cascaded H-Bridge (using Bipolar-SR-MC-
SPWM) and Proposed Inverter (using U-SR-MC-SPWM) are
provided in section-IV. Finally, conclusion in provided in
section-V.

II. 7-LEVEL CASCADED H-BRIDGE INVERTER

Inverters are power electronic converters for efficient
conversion of dc-ac power. There are numerous inverter
topologies are being developed. For single phase power
handling, full bridge inverters are having a more important
role. Multilevel inverters [13]-[15] are very important power
electronic interface used in photovoltaic systems. Among
various multilevel inverters cascaded H-bridge multilevel
inverter finds more applications because of its modular
structure and absence of capacitors and diode which were
present in flying capacitor and diode clamped multilevel
inverters. A back to back arrangement of several single phase
full bridge inverters results in the formation a cascaded H-

1046



bridge multilevel inverter [13]. In [3], it is mainly discussing
about a 7-level cascaded H-bridge multilevel inverter. To form
an inverter, which is able generate a 7-level as ac output it is
required to connect three single phase full bridge inverters
back to back. So, in this total arrangement of the circuit for
seven-levels, it requires twelve switching devices like IGBT.
If there are ‘K’ numbers of sources connected to a cascaded
multilevel inverter, then the total number of possible phase
voltage level is ‘n’ at the output terminals. The relation of K
and n is given by equation (1).

n=2K+1 e

For a 7-level cascaded multilevel inverter [16], three full
bridge inverters will be arranged in back to back. The circuit
diagram for seven-level cascaded H-bridge multilevel inverter
is shown in Fig. 1. From the circuit, it will be clear that there
will be three sources and twelve switching devices for this 7-
level topology. By properly giving the gate pulses to the three
full bridges it is possible to obtain voltage levels, +Vdc,
+2Vde, +3Vde, 0, -Vdc, -2Vdc and -3Vdc for the 7-level
cascaded multilevel inverter. In this paper, the gate pulses for
the twelve power electronic switches are generated by using
Bipolar Single Reference Multicarrier Sinusoidal Pulse Width
Modulation (B-SR-MC-SPWM) technique.

III. SEVEN-LEVEL PROPOSED MULTILEVEL INVERTER WITH
REDUCED NUMBER OF SWITCHES

Other than the basic multilevel inverter topologies like
diode-clamped multilevel inverter, flying-capacitor multilevel
inverter [6] and cascaded H-bridge inverter, there are others
topologies are also being developed and used in many high-
power applications [12]-[16]. As in the earlier section it was
discussed that 7-level cascaded H-bridge multilevel inverter
requires twelve switching devices for generating seven-level
ac output, but by using a proposed multilevel inverter
topology it is able to generate seven-level ac output voltage
with only nine switching devices. By this reduction of this
power semiconductor switching devices, it is able to reduce
the cost of the system, reduce the firing circuit requirements
and mainly overall switching power losses can be minimized
[4]. The circuit topology of multilevel inverter with reduced
number of switches is shown in Fig. 2. In this topology, with
proper gate pulse generation it is possible to generate seven
output voltage levels, +Vdc, +2Vdc, +3Vde, 0, -Vde, -2Vdc
and -3Vdc. The switching states in the generation of different
voltage levels are given in the Table I.

TABLE-1 7-LEVEL MULTILEVEL INVERTER SWITCHING PATTERN.

Output Voltage Power Semiconductor Switches
a 8 ST [s2[5S3[sS4][S5]5S6]sS7[S8]s9
+Vde 1 0 0 1 1 0 1 0 1
+2Vdce 1 0 0 1 1 0 0 1
+3Vdc 1 0 0 1 1 1 0 1 0
-Vdc 0 1 1 0 1 0 1 0 1
-2Vdce 0 1 1 0 1 1 0 0 1
-3Vdce 0 1 1 0 1 1 0 1 0

TABLE Il NUMERICAL SIMULATION PARAMETERS FOR CASCADED AND
PROPOSED MULTILEVEL INVERTER.

Parameter | Value
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Fig. 4. Simulation Results (a) Output voltage harmonic spectrum of cascaded multilevel inverter (b) Output current harmonic spectrum of cascaded multilevel
inverter

Output Voltage from each Photovoltaic Panel 21V
Number of Levels 7

Output Frequency 50 Hz

Power 40W

IV. SIMULATION RESULTS

Simulation of a seven-level cascaded multilevel inverter
and multilevel inverter with reduced number of switches is
done in MATLAB/Simulink environment. The parameters
used for simulation is given in Table II.

TABLE IIT COMPARISON OF CASCADED AND PROPOSED INVERTER

Inverte.r Voltage THD | Current THD Number ol
Topologies switches
7-Level Cascaded o N
T 18.08 % 0.75 % 12
Tohevel Proposed | 153505 218% 09
verter

A. Seven-level Cascaded H-Bridge Multilevel Inverter

7-level cascaded multilevel inverter is simulated in the
MATLAB/Simulink environment and the results are discussed
in this section. The pulses for the cascaded multilevel inverter
are generated using Bipolar Single Reference Multicarrier
Sinusoidal Pulse Width Modulation (B-SR-MC-SPWM)
technique. The Fig. 3(a) shows the B-SR-MC-SPWM scheme
used for the cascaded multilevel inverter and the gate pulses
for all the switches which are generated by B-SR-SC-SPWM
are shown in Fig. 3(b). The output voltage and current of
cascaded multilevel inverter fed from the photovoltaic panel is
shown in Fig. 3(c) and Fig. 3(d) respectively. Each
photovoltaic panel is supplying a voltage of 21V to the
multilevel inverter. The peak value of the output voltage of the
multilevel inverter is about 63V and the peak value of the
output current is about 1.331A. To analyze the harmonic
content in the output voltage and current of cascaded
multilevel inverter, FFT analysis is carried out. The harmonic
spectrum of output voltage and current is given in the Fig. 4(a)
and Fig. 4(b) respectively. The total harmonic distortion of the
output voltage of multilevel inverter is about 18.08%. The
output current of the cascaded multilevel inverter with the RL
load has 0.75% Total Harmonic Distortion.
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B. Proposed 7-Level Cascaded Multilevel Inverter with
Reduced Number of switches.

Proposed 7-level multilevel inverter is simulated is
MATLAB/Simulink environment and the results are discussed
in this section. The pulses for the multilevel inverter are
generated using Unipolar Single Reference Multicarrier
Sinusoidal Pulse Width Modulation (U-SR-MC-SPWM)
technique. The Fig. 5 shows the U-SR-MC-SPWM concept
used for the multilevel inverter with reduced number of
switches. The gate pulses for all the switches which are
generated by USR-MC-SPWM are shown in Fig. 6(a) and Fig.
6(b). The output voltage and current of the proposed
multilevel inverter with reduced number of switches fed from
the photovoltaic panel is shown in Fig. 6(c) and Fig. 6(d).
Each photovoltaic panel is supplying a voltage of 21V to the
multilevel inverter. The peak value of the output voltage of the
multilevel inverter is about 63V and the peak value of the
output current is about 1.329A. To analyze the harmonic
content in the output voltage and current of multilevel
inverter, FFT analysis is carried out. The harmonic spectrum
of output voltage and current is given in the Fig. 6(e) and Fig.
6(f). The total harmonic distortion of the output voltage of
multilevel inverter is about 18.35%. The output current of
multilevel inverter with reduced number of switches with RL
load has 2.18 % total harmonic distortion. The comparison of
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cascaded and proposed inverter in terms of voltage, current

THD is shown in Table III.

The paper

V. CONCLUSION

deals

with Unipolar Single Reference

Multicarrier Sinusoidal Pulse Width Modulation (U-SR-MC-
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PWM) for 7-level Inverter with reduced number of power
semiconductor switches. The simulation analysis with
comparative study of cascaded and proposed multilevel
inverters was done in MATLAB/Simulink environment. The
harmonic content in both multilevel inverters was analyzed
using FFT analysis. The harmonic content in proposed
multilevel inverter is slightly greater than that of the



traditional cascaded multilevel inverter. But, in cascaded H-
bridge multilevel inverter twelve switching devices are used
and in proposed inverter topology only nine switching devices
are used for generating seven-level output. This reduction in
the semiconductor switching devices, reduces overall system
complexity, expenses and switching power losses.
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