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Abstract— This paper aims to extend knowledge about the 

performance of Multicarrier Based Level Shifted Pulse 

Width Modulation Using Symmetrical Cascaded H-Bridge 

Multilevel Inverter. Multilevel Inverters are having more 
importance in renewable energy applications. Multilevel 

inverter utilization has been increased since the last decade 

due to the drastic improvement in the harmonic profile and 

increased power rating of MLI made them highly popular 

and high-power applications. Due to the abilities to 

synthesize waveforms with better harmonic spectrum these 

inverters are suitable various High-Voltage and High-Power 

Applications. Asymmetrical type Multilevel Inverter is used 

for reducing the number of DC sources, Gate Drive Circuits 

and Bridges. Among the carrier-based pulse width 

modulation (PWM) techniques, phase-shifted PWM(PS-
PWM) is preferred for cascaded H-Bridge (CHB) Multilevel 

inverters. 
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I. INTRODUCTION 

In this modern era there is a huge power requirement in 
industries and other areas. Multilevel inverters (MLI) has 

become very popular to fulfill power requirement [1] due to 

the advantage of high-power quality waveforms, low 

electromagnetic combability.  Also, multilevel conversion 

reduces the output variables harmonic distortion and 

sometimes, despite the devices count increment, the 

conduction losses can also be decreased by increasing the 

number of levels [2].  

The main conception of multilevel inverter (MLI) 

is to achieve higher power by using the number of power 

switches with several low voltage dc sources. It can produce 
output voltage waveform in steps which are closer to a sine 

wave and reduces total harmonic distortion. Important 

points regarding the topological structure of multilevel 

inverter [3] are:  

 It should have fewer switching devices as far as 

possible.  

 It should be capable of enduring very high input voltage 

such as HVDC transmission for high power 

applications.  

 Each switching device should have a lower switching 

frequency owing to the multilevel approach.  

Recently multilevel inverters have been used in 
various industrial applications like distributed generation, 

adjustable speed drives, flexible ac transmission system, 

HVDC, electrical vehicles, etc. due to noticeable advantages 

like high-quality output voltage using low switching 

frequency, low harmonic contents, low electromagnetic 

interference, less voltage stress on power switches, more 

efficiency and low dv/ dt stress on load [4] – [9]. 

Improvement in these advantages is possible by increasing 

the number of levels of output voltage waveform but it 

requires a large number of switches that make the circuit 
complex. It also raises the cost and size of the circuit [3]. 

The multilevel inverter has three types [10]: 

 Diode clamped multilevel inverter 

 Flying capacitor multilevel inverter 

 Cascaded H-Bridge multilevel inverter  

The most commonly efficient inverter is a cascaded 

multilevel inverter. It provides higher output voltage and 

power levels. It is one of the methods used for drive 

applications that meet the requirements such as high-power 

rating with reduced THD and switching losses [10].  The 

advantages of CHB inverters over other multi-level inverters 
are 

1) It doesn’t require diodes or capacitors for clamping. 

2) It doesn’t need any filter since the output waveform is 

nearly a sine wave. 

There are so many techniques available namely 

Sine PWM (SPWM), Space Vector PWM (SVPWM) [11] to 

generate pulses to the switches in these multilevel inverters 

so that the output voltage is nearly sinusoidal and contains 

less number of harmonics. The SPWM technique can be 

extended to multilevel inverters by using multiple carrier 

signals so it is called a Multi-Carrier PWM technique. 

There are two types of DC sources which are Asymmetrical 
DC source and Symmetrical DC source. Asymmetrical DC 

source has an unequal magnitude of voltage and 

Symmetrical DC source has an equal magnitude of voltage. 

Asymmetrical cascaded MLI has less number of DC source 

voltage and switches as compared to symmetrical cascaded 

MLI. 

II. CASCADED H-BRIDGE MULTILEVEL INVERTER 

Cascaded H-Bridge Multilevel Inverter consists of series-

connected H-Bridges and each H-Bridge is supplied by an 

isolated DC source of identical value on its DC side and 

connected in series on their AC side [12]. 

 
Fig. 1: Single Phase Cascaded H-Bridge (5 – level MLI) 
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Fig – 1 presents the total output voltage is the 

addition of voltage produced by each H-Bridge connected to 

from circuit. There are three voltage levels state as a positive 
voltage level, zero voltage level and negative voltage level. 

These voltage levels can be achieved by various 

arrangements four switches of H-Bridge. 

If ‘m’ number of H-bridges are joined in series then 

total voltage across the load is, 

(Van) = (V0)1 + (V0)2 + ......... + (V0) m 

(Van) = ∑ (V0) m
𝑚

𝑘=1
         (1) 

III. SYMMETRICAL CASCADED MULTILEVEL INVERTER 

In cascaded H-Bridge Multilevel Inverter, each cell supplied 

by the same magnitude of DC source is called symmetrical 
cascaded H-Bridge multilevel inverter. 

The magnitude of the DC source can be given by 

Vk = Vdc        k = 1,2,....m.                                    (2) 

V1 = V2 = ......... = Vm = Vdc 

The total number of output voltage levels ‘n’ in 

symmetrical multilevel inverter is given by 

n = 2m + 1                                                              (3) 

where ‘n’ is the number of power cells used for 

cascaded structure the maximum voltage generated by this 

arrangement is  

VM =  m * Vdc                                                       (4) 
For example, if m = 2 as shown in Fig. 1 it 

generates 5 level voltage with maximum voltage 2Vdc. 

IV. CONTROL SCHEME 

Pulse width modulation technique helps in maintaining a 

constant voltage and to get information about the train of 

pulses, the information is encoded in the width of each pulse 

[13]. 

A popular approach to control the CHBMLI is to 
employ a carrier-based PWM technique where the high-

frequency carrier signals are compared with reference wave 

(usually sinusoidal wave) of the fundamental frequency. 

Carrier-based modulation schemes are mainly divided into 

two categories: level-shifted (LSPWM) and phase-shifted 

(PSPWM) methods. Both of these have several variations, 

which differ by the allocation of module carriers concerning 

each other [14]. 

In carrier-based modulation of multilevel, each 

level in phase requires its carrier. An m-level cascaded h-

bridge inverter using level-shifted multicarrier modulation 
scheme requires (m-1) triangular carriers and they are in 

same frequency and magnitude 

There are three kinds of level shifted multicarrier 

modulation techniques,  

 Phase Disposition 

 Phase Opposition Disposition 

 Alternative Phase Opposition Disposition 

In Phase Disposition (PD), all the carriers are in 

phase across all the bands. This gives rise to the lowest 

harmonic in the higher modulation indices as compared to 

the other disposition methods. In Phase Opposition 
Disposition (POD) the carriers above the reference point, are 

out of phase with those below zero, by 180 degrees. In the 

Alternative Phase Opposition Disposition (APOD), the 

carrier of adjacent bands is phase shifted by 180 degrees. 

Fig. 2, Fig. 3 and Fig. 4 show the arrangement of the carrier 

waveform concerning the reference waveforms for PD, POD 
and APOD techniques, respectively [15]. 

 
Fig. 2: Carrier Arrangement of PD [15] 

 
Fig. 3: Carrier Arrangement of POD [15] 

 
Fig. 4: Carrier Arrangement of APOD [15] 

V. SIMULATION RESULT  

All the three multicarrier techniques are applied to 5 – level 

cascaded h-bridge multilevel inverter. Simulation is carried 

out in PSIM simulation software by using the following 
parameters. 

Parameter Value 

DC Voltage 120v 

R1 220ohm 

L1 0.25H 

Reference freq. (fr) 50Hz 

Carrier Freq. (fc) 1000Hz 

Modulation Index (m) 1 

Frequency Modulation Ratio ( mf ) 20 

Number of DC source 2 

Number of switches 8 

Number of H-Bridge 2 

Voltage level 5 

Table 1: Parameter used in Simulation 

When the reference waveform is more than the 

carrier wave, a pulse is produced. The pulses produced by 

the comparison of a reference sine wave with upper and 

lower carriers, are given to the H-bridge 1 and the pulses 
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produced by the comparison of a reference sine wave with 

the middle two carrier waves, are given to H-bridge 2. The 

simulation circuit is shown in fig. 5 and the circuit for the 
three-phase is constructed by taking the reference sine wave 

with a phase shift of 120 and 240 degrees for the other two 

phases. 

 
Fig. 5: Simulation Diagram of CHB-MLI for PWM 

technique 

The output voltage and corresponding Harmonic 

pattern are taken. Fig. 6 to fig. 11 shows voltage and 

corresponding harmonic pattern also shows PD-PWM, 

POD-PWM and APOD-PWM applied to 5-level cascaded h-
bridge multilevel inverter when modulation index is one.  

 
Fig. 6: Phase voltage for PD-PWM technique applied to 5-

level CHB when m=1 

 
Fig. 7: Harmonic order for PD-PWM technique applied to 5-

level CHB when m=1 

 
Fig. 8: Phase voltage for POD-PWM technique applied to 5-

level CHB when m=1 

 
Fig. 9: Harmonic order for POD-PWM technique applied to 

5-level CHB when m=1 

 
Fig. 10: Phase voltage for APOD-PWM technique applied to 

5-level CHB when m=1 

 
Fig. 11: Harmonic order for APOD-PWM technique applied 

to 5-level CHB when m=1 

 Modulation index m=1 

PWM 

Technique 

Peak of 

fundamental 

voltage 

Fundamental 

Frequency 
%THD 

PD-PWM 235.44v 50Hz 26.81% 

POD-PWM 235.32v 50Hz 26.31% 

APOD-

PWM 
235.44v 50Hz 28.07% 

Table 2: Output voltage and Percentage Harmonic for 
modulation index m=1 
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VI. CONCLUSION 

The paper deals with the three types of multicarrier PWM 

techniques (PD-PWM, POD-PWM and APOD-PWM) that 

have been applied to the cascaded H-Bridge multilevel 

inverter. The phase and corresponding harmonic order are 

shown for the modulation index m=1. Cascaded H-Bridge 

multilevel inverter is best based on FFT analysis observed 

from simulation results. Based on cost and switching losses 

with single DC source, Cascaded H-Bridge Multilevel 

inverter is better than another multilevel inverter. 
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