
Abstract—This paper presents two different sequential switching
hybrid-modulation strategies and implemented for cascaded
multilevel inverters. Hybrid modulation strategies represent the
combinations of Fundamental-frequency pulse width modulation
(FFPWM) and Multilevel sinusoidal-modulation (MSPWM)
strategies, and are designed for performance of the well-known
Alternative Phase opposition disposition (APOD), Phase shifted
carrier (PSC). The main characteristics of these modulations are the
reduction of switching losses with good harmonic performance,
balanced power loss dissipation among the devices with in a cell, and
among the series-connected cells. The feasibility of these
modulations is verified through spectral analysis, power loss analysis
and simulation.

Keywords—Cascaded multilevel inverters, hybrid modulation,
power loss analysis, pulse width modulation.

I. INTRODUCTION

HE multilevel inverters are finding increased attention in
industries as a choice of electronic power conversion for

medium voltage and high-power applications, because
improving the output waveform of the inverter reduces its
respective harmonic content and, hence the size of the filter
used and the level of electromagnetic interference (EMI)
generated by switching operation [1]. Various multilevel
inverter (MLI) structures are reported in the literature, and the
cascaded MLI (CMLI) appears to be superior to other inverter
topologies in application at high power rating due to its
modular nature of modulation, control and protection
requirements of each full bridge inverter (FBI) [2]. The CMLI
synthesizes a medium voltage output based on a series
connection of power cells that use standard low-voltage
component configurations [3].
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Fig. 1 Schematic diagram of the inverter topology used to verify the
proposed hybrid modulations.

II.BASIC ANALYSIS OF MSPWM TECHNIQUES
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Fig. 2 Sinusoidal reference and carriers of MSPWM operation

◦

III. PROPOSED SEQUENTIAL SWITCHING HYBRID

MODULATION

A. Basic Principle of Modulation

B. Base Modulation Design

−Vc

Fig. 3 Scheme of proposed sequential switching hybrid modulation

Fig. 4 Block diagram of five-level base modulator for: (a) HAPOD
and (b) HPSC Scheme

World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering

 Vol:8, No:3, 2014 

584International Scholarly and Scientific Research & Innovation 8(3) 2014 ISNI:0000000091950263

O
pe

n 
Sc

ie
nc

e 
In

de
x,

 E
le

ct
ri

ca
l a

nd
 C

om
pu

te
r 

E
ng

in
ee

ri
ng

 V
ol

:8
, N

o:
3,

 2
01

4 
pu

bl
ic

at
io

ns
.w

as
et

.o
rg

/9
99

79
71

.p
df



C.Base PWM Circulation

Fig. 5 Scheme of base PWM circulation for five-level

IV. SIMULATION RESULTS AND ANALYSIS

A. Hybrid Modulation Controller

BAABC'1S BAABD'1'S
BABC'A2s and BABD'A2's
BAC'BA3s BAD'BA3's

ABBC'A4s ABBD'A4's

Fig. 6 Five-level sequential switching HAPOD pulses and its output
voltage wave form

B. Power loss Analysis
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Psw=1/T (EON + EOFF + Erec)

C.Spectrum Analysis of Output Voltage Waveform
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where V1 is the rms value of the fundamental component
voltage, n is the order of harmonics, and Vn is rms value of the
nth harmonic. It is found that the proposed modulations offer
lower THD compared to the conventional one, thus the
superiority. Furthermore, it is noted that higher the value of
modulation index (M), lower the value of THD. Also, WTHD
values are lower when the modulation index is closer to unity
and when the carrier frequency increases. Throughout its linear
modulation range, hybrid phase shifted carrier (HPSC) has the
least harmonic distortion among SSHM schemes. In order to
show the feasibility of the proposed modulations, the spectral
analysis was performed by using MATLAB/Simulink is shown
in Fig. 8. Fig. 8 Harmonic spectrum of the output voltage waveform
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The load resistance and inductance are 10 Ω and 15mH

V. CONCLUSIONS
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