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Reduction and Performance Improvement 
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Abstract: Multilevel inverter (MLI) becomes more popular in 

high voltage DC (HVDC) applications, power electronic 

converters and drives. This paper describes the simulation of 

single phase multilevel cascaded H-bridge inverter. Simulation of 

three level, five level, thirteen level, fifteen, twenty-one, thirty-one 

level inverters are done in MATLAB/ Simulink. The switching 

schemes, and topologies are discussed in detail here up to 

thirty-one levels.  This paper discusses the voltage level to achieve 

sinusoidal waveform & compare different voltage level by 

increasing the level through simulation. The closed loop 

space-vector based pulse width modulation technique is adopted 

for effective controlling and lower harmonic voltage conversion. 

The comparative results are presented for multilevel inverter up-to 

thirty-one level which shows the total harmonic distortion (THD) 

is decreased as the number of voltage level rises. 

Keywords: Multi-level Inverters, Sinusoidal pulse width 

modulation, cascaded H-bridge inverter, total harmonic 

distortion, selective harmonic reduction 

I. INTRODUCTION 

The output voltage is obtained in various levels of 

steps so called as multi-level inverter (MLI). These MLI are 

used mainly in medium and high-power applications like 

motor drives, power electronic load control and high voltage 

applications [1]. These MLI will produce sinusoidal voltage in 

steps for levels starting from three level making it more 

sinusoidal than is produced with a general converter switches. 

Beyond this, the blocking voltage capability of two-level 

inverters is poor to handle medium voltage and power 

applications. Also, dv/dt rating is poor, total harmonic 

distortion (THD) is very high, meeting of modern grid codes 

during abnormal grid conditions is poor for the two-level 

conventional inverter. Also, stress on these switching devices 

is high, power dissipation is more and efficiency is lesser for 

two level inverters compared to higher level inverter and also 

results in higher electromagnetic and other interferences [2 

and 3]. There are three major classes of MLI, neutral-point 

based multi-level inverter, cascaded and flying capacitor kind 

and among cascaded H-bridge modular multi-level inverters 

are more prominent [4 and 5]. The modern-day application of 

MLI includes High-Voltage Direct-Current (HVDC) [6-7], 

motor drives [8, 9], industrial applications like hoists, 

conveyors [10, 11]. 
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 The renewable energy resources like wind and solar are using 

this MLI topologies for micro-grid applications [12-14]. Also, 

the FACTS devices are widely using this technology for 

voltage, current compensation, loss reduction, stability 

improvement and overall performance improvement [15-18].   

The single source converters are neutral-point converter and 

flying capacitor type converters [19-22]. The multi-source 

inverters are cascaded H-bridge inverter and topologies with 

and without H-bridge symmetric and asymmetric inverter 

[23-28].  The H-bridge inverter topologies include T-type, 

Nilkar, cris-cross, reversing voltage, series connected 

switched sources, two switched enabled level generation, 

modular multi-level are recent and more popular type 

symmetrical MLI [5]. Among symmetrical without H-bridge 

topology, Mokhberdoran, Babaei, Packed U-Cell, Cascaded 

Bipolar Switched Cells and Cross Connected Sources MLI are 

recently developed configurations for medium voltage and 

advanced control applications [29, 4].  

The MLI control schemes are classified mainly based of two 

classes, fundamental frequency and high switching frequency 

MLI [30-34]. Among fundamental frequency MLI control 

scheme, selective harmonic elimination (SHE), space vector 

pulse width modulation (SVPWM) and Staircase with Fixed 

Time Step Modulation using Fourier schemes and other 

techniques [35 and 36]. The Hybrid Modulation Techniques, 

SVPWM, MCPWM, LSPWM and PDPWM are most famous 

control schemes for high frequency switching schemes [37, 42, 

43].  

The paper mainly discusses the multilevel inverter (MLI) 

configurations and respective control schemes based on the 

existing literature and new applications. A complete study is 

done for generalized and hybrid multilevel inverters (MLI). 

The most accurate control techniques and its applications are 

discussed in the next sections based on their configurations. 

The key features of our work are as follows: 

 With the output voltage and power ratings can be 

increased as number of levels increases. Therefore, the 

voltage level increasing involves few switching 

elements to each phase. 

 With increase in levels of voltage, harmonic content 

decreases and hence THD decreases. So, filters 

required is decreased which will further reduce the cost, 

maintenance and other factors. 

 More free switching angles are observed when 

additional voltage level increases, hence reselected for 

harmonic elimination. 

 The switching losses will be minimized when adopting 

advanced PWM techniques like SVPWM, MCPWM 

and PDPWM etc. 

techniques.  
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 The output inverter voltage with fundamental frequency 

is set fixed by the dc link bus voltage Vdc, and is 

controllable by controlling the variable dc link voltage. 
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Fig.1: Multilevel Modulation Methods 

II. MODULATION STRATEGIES 

The fundamental and high frequency based MLI are two types 

of modulation strategies. In the fundamental frequency based 

MLI, more inverting units are simply added to generate the 

switching signals and hence staircase voltages are produced. 

The selective harmonic elimination (SHE) technique 

proposed in 1973 produces switching angles to form a 

fundamental output waveform signal and will eliminate the 

lower order harmonics. The SHE is mostly used in open loop 

operation and is one of the most famous techniques for MLI 

operation for industrial application. In high frequency 

switching frequency multi-carrier PWM (MCPWM) is 

classified in terms of phase shifted pulse width modulation 

(PWM) and level shifted carrier disposition carrier PWM. 

Similarly, another high frequency switching frequency 

technique are Hybrid Modulation Techniques (H-PWM), 

Improved PDPWM with lower and higher carrier cells with 

phase opposition and alternate hybrid PWM are used for 

FACTS and industrial load applications. 

Different modulation methods are present that are mainly 

classified as fundamental frequency PWM based and other is 

higher switching frequency based PWM, later they have their 

sub-classification. Multilevel modulation is one which is most 

commonly used for multilevel inverters, as it is easily 

implemented to low voltage modules. 

A reference sinusoidal signal is compared with a reference 

sinusoidal signal using medium or higher frequency triangular 

signal to generate multilevel modulation method. The instant 

was reference greater than carrier the output is ‘1’ and a 

positive pulse is generated and if reference signal is lower 

than carrier the output becomes ‘0’ and a negative pulse is 

generated. This multilevel modulation is further divided into 

space vector-based pulse width modulation (PWM) and 

voltage level based PWM. The space vector PWM (SVPWM) 

is better than sinusoidal PWM because of better bus 

utilization is provided. However, this method will not provide 

alternative to capacitor imbalance as this will use narrow 

pulse width modulation approach. Hence, voltage-based 

algorithms are widely used with multiple carrier PWM 

technique as this is providing better output voltage waveforms 

to meet the desired output power ratings. The literature states 

that multiple carrier PWM (MCPWM) method will offer 

78.5% linear modulation range for achieving maximum 

output rms voltage. Multiple carrier method has two types in 

it. 1) Phase Shifted PWM, 2) Level Shifted PWM 

2.1 Phase shifted PWM: 

In this method carrier signals having phase shift is provided 

for every pair of switches. The (m-1) levels triangular carriers 

are necessary for a MLI of ‘m’ level. The frequency and peak 

to peak amplitude are fixed for all the carrier triangular waves 

and any two adjacent carrier triangular signals have a phase 

shift (φcr) between them is given by φcr= 360/(m-1).   

The phase shifted technique is depicted in below Fig.2. 

 
Fig.2: Phase shifted PWM 

2.2 Level Shifted PWM: 

In this method also carrier signal for each pair of switch will 

have (m-1) triangular carrier signals which will be needed for 

a MLI of ‘m’ level. Similar to the above method also, the 

frequency and peak to peak amplitude are fixed for all the 

carrier triangular waves and any two adjacent carrier 

triangular signals. However, these triangular carrier signals 

are vertically inclined so that the bands which will be 

occupied are adjoining. In this level-shifted PWM 

modulation, controller is designed providing an advantage of 

the rotating carrier concept. Hence, this applies the same 

rotating carrier task to every inverter. This level shifted PWM 

has three types in it. They are given as follows  

1) Alternate phase opposition and disposition. 

2) Phase opposition disposition. 

3) Phase disposition. 

2.2.1 Phase Disposition (PD): 

In the phase disposition (PD) based modulation technique 

uses the principle of carriers which uses phase crossways. All 

the carriers will be placed above and below the 

zero-orientation line point for the same phase. PDPWM 

which is the extensively used control scheme for Modular 

MLI as it provides load voltage and current output waveforms 

with lower THD. The phase disposition pattern is shown in 

Fig.3. 
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Fig.3: Phase disposition pattern 

2.2.2 Phase Opposition Disposition (POD): 

Recent advances in multilevel inverters make development of 

various modulation techniques. The PODPWM is popularly 

used control strategy for multilevel converters as it provides 

lower harmonic distortions in load voltage and current. In this 

POD, the carrier signals are placed above the reference 

zero-point signal. This will be 180
o
 out of phase with the 

carrier signals below and above the reference line parameter. 

When refereeing to the Fig. 4, the reference signals above will 

be in phase with different magnitude levels and similarly the 

carrier signals below will be in-phase with each other below 

this reference. Hence, these signals will be in phase 

opposition to the respective levels and hence are 180
o
 phase 

shifted. Each pair of carrier signals above and below the 

reference point will have same frequency and with respective 

equal amplitude levels. The pattern of phase opposition 

disposition is shown Fig.4. 
 
 

 
Fig.4: Phase opposition disposition pattern 

2.2.3 Alternative Phase Opposition Disposition (APOD): 

APOD topology is a level shifted PWM in multi carrier PWM 

technique in which level shifting of pulses are done by 

alternative opposition and disposition of phases is shown in 

Fig.5. It is a voltage-based algorithm in multilevel modulation 

topology. Its design and implementation is easy when 

compared to space vector modulation. APOD gives good 

switching instants with reduced THD level when compared to 

other conventional PWM techniques. The APOD requires 

(n-1) carrier waveform where n is the level of phase 

waveform. The carriers are displaced by 180
0
 phase 

alternatively.
 

 
Fig.5: Alternative phase opposition disposition 

III. MULTI-LEVEL INVERTER TOPOLOGIES 

Wide usage of power electronic inverters with multilevel 

operation extends the generation range. MLI application in 

PV system reduces the harmonic content to appreciable limit. 

As the conventional two-level inverter involves global 

efficiency and higher THD which leads to the development of 

MLI structure. To achieve a reliable and effective multi-level 

inverter output voltage to a medium voltage grid application 

utilization of MLI is the best approach. Apart from this, dc 

link inverter voltage is restricted using the switching power 

electronic devices, voltage ratings for the series connection 

may not be a problematic. The switching devices are needed 

to increase the dc link capacitor and switching blocking 

voltage. Using series link, the maximum permissible 

switching frequency is lowered to a considerable level. So, the 

THD reduction will be more complicated. In the view point 

from THD prospective, harmonic reduction and elevated DC 

link voltage level using MLI approach is found to be the 

mainly capable substitute. Compared to a conventional 

two-level H- bridge inverter of same rating and with same 

switching frequency, the three level and above stepped 

multi-level inverter will have better THD, controllability, 

voltage blocking characteristics and efficiency. A single 

IGBT or MOSFET switch is carrying only an order of fraction 

of the dc-link supply or capacitor voltage., therefore voltage 

stress on these switching devices are decreased effectively. 

Hence, such MLI configuration is in general used for high 

rating and better performance requirement applications such 

as extra-high voltage AC transmission (EHVAC), medium or 

high voltage ac motor drive systems, HVDC transmission 

systems, or FACTS devices or micro-grid etc.  

3.1 Multilevel Inverter Concept: 

Now considering three phases multi-level inverter system into 

consideration for analysis, with a dc voltage source as input 

power supply and are connected to dc bus capacitors in series 

for the inverter. These offer some nodes such that the 

multi-level inverter is connected and hence each capacitor has 

an equal voltage across each element, which can be 

represented as in equation (1) as [1, 2] 

(n 1)

Vdc
Vc 

    (1)

 

The number of levels is represented with ‘n’ for the MLI 

considered. In this, the term ‘level’ indicates the nodes 

number for the MLI are available. An ‘n-level’ MLI will have 

(n-1) number of capacitors as described in Fig.6. 

 
Fig.6 : DC to AC  inverter power conversion topology 
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The output voltage across output terminals of the MLI for any 

one phase to the ground is denoted by n as depicted in Fig. 7 

below. Further, input node voltages and currents are referred 

to the input voltage terminal of the MLI with reference to the 

phase-ground. This Fig. 7 is for a five-level output phase to 

ground voltage of the MLI. 
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Fig.7: Five Level Output Voltage of The Inverter 

3.2 Types and configuration topologies of Multilevel 

Inverter 

In general, the MLI is classified into three different topologies 

such as diode clamped inverter, flying-capacitor inverter and 

cascade H-bridge inverter. Diode clamped inverter is most 

widely used inverter topology for low level applications, but 

when the level get increases it suffers with voltage balancing 

of dc-link capacitors. Later, flying capacitor multilevel 

topology is developed. This topology is also having capacitor 

voltage balancing problem and it requires a greater number of 

capacitors. Earlier cascade H-bridge topology is developed. 

To extend the generation range and to lessen the level of 

THDs in the PV system output, power electronic inverters are 

used widely.  

3.2.1 Diode Clamp configuration based MLI: 

A diode clamped n-level multi-level inverter will have (n-1) 

number of capacitors on the dc bus link side to generate n 

levels on the phase voltage to ground reference. A three phase 

five-level diode clamped MLI configuration is depicted in 

Fig.8. The DCMLI model is foremost developed model which 

is suitable effectively for PV system utilization.  
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Fig.8 Three Phase Five-Level DCMLI Topology 

For each phase for a three-phase output application for the 

MLI share a common DC bus link voltage which will be 

alienated into five levels by the (5-1=4) four DC bus 

capacitors. The dc bus will have four capacitors named as C1, 

C2, C3, and C4. The first capacitor on the top is specified as 

C1, next below it is C2 and the third one from the top 

capacitors is C3 and the bottom capacitor is C4. The middle 

capacitor C2 and C3 will act like a neutral point of inverter and 

helps in improving the switching ON/OFF characteristics with 

neutral point as base or reference parameter. Hence, a five 

stepped voltage output will be produced with the help of these 

four capacitors. The C2 and C1 will help in producing 

positive voltage with C2 across switches conducts first and 

will develop a step voltage, later these switches will be off and 

capacitor C2 voltage is blocked and immediately C1 and 

switches across it will conduct, but with upper voltage 

threshold values creating another voltage step, but with lesser 

period of operation. Hence, two stepped positive voltage 

steps are produced. In the similar fashion C3 will conduct first 

will produce negative side voltage step and then wit will be 

off and then C4 will be conducted to get negative stepped 

voltage. Hence, five stepped or five level voltage is formed 

with this topology. The conducting characteristics will be 

improved with the help of these unidirectional switches. The 

voltage across each capacitor will be Vdc/4 ideally and the 

switching stress on each switching device like IGBT or 

MOSFET or so is limited to Vdc from end to end of the 

clamping diodes. A major mechanism is that, it will vary with 

this topology from a generalized two-level inverter are 

clamping diodes. 

3.2.3 Flying Capacitor Multilevel Inverter: 
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Fig.9: A Three-Phase Five-Level FCMLI Topology 

The flying capacitor clamped multilevel inverter 

(MLI) engage in the use of extra clamped capacitors to these 

power switches like IGBT or MOSFET or so in the phase rail 

to offer the DC voltage level. This structure permits the 

inverter to provide high potential particularly during power 

outages because of the redundancy in switching states 

afforded by the flying clamping capacitor. In this flying 

capacitor type MLI configuration, the inverter in each phase 

leg will have an identical arrangement. The voltage level for 

the flying-capacitors MLI is analogous to that of the diode 

clamped MLI for the same level of output voltage is 

considered. A 3Ф five-level flying capacitor MLI 

configuration is depicted in Fig.9. It shows that eight switches 

in each phase and numbering order is different from the diode 

clamped multi-level inverter. The numbering is of no 

importance providing the switches which are to be turned on 

and off in the accurate sequence to generate the desired output 

voltage. 

3.3.3 Cascaded Multilevel Inverter: 

Another multilevel inverter (MLI) topology for a lower power 

device requirement when contrasted to earlier discussed 

configuration is called as cascaded H-bridge multilevel 

inverter (CHB-MLI). In this configuration, the input dc 

source voltage is from a fixed source such as controlled PV 

cell, battery or capacitor or such dc sources.   
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At one time S1 and S2 will conduct and produce a positive 

voltage and the same direction current. In another half cycle, 

these two switches will be off and S3 and S4 will be turned on 

creating a negative side voltage with this negative side 

current. Hence, ac voltage is produced easily using 

appropriate PWM pulse technique.  
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Fig.10: A Single Cascaded H-Bridge 

 

There will be single dc power sources in each H-bridge leg 

and hence multiple dc input power sources are used for each 

step of voltage. In this three stepped seven level cascaded 

H-bridge configuration, first bottom positive S1 and S3 will 

be on, after some time these two will be off and immediately 

middle S1 and S2 will be at above voltage level of the earlier 

bridge and will operate lesser time than this. Finally, top two 

S1 and S2 switches will be on and the middle two switches’ 

will be off. Hence a three stepped positive seven level voltage 

is produced with s1 and S2. In the similar way, the S3 and S4 

from the bottom to top H-bridges are on to produce negative 

voltage steps. Based on this phenomenon, CHB-MLIs have 

also been anticipated with sources like fuel cell supply or 

photovoltaic arrays so as to attain higher levels. Thus, the 

resultant AC output inverted voltage is produced by the 

adding up of the voltages produced by various H-bridge cells. 

The general structure of a single-phase cascaded H-bridge 

with individual dc supply is shown in Fig. 10.For every 

individual dc supply is connected to the H-Bridge multi-level 

inverter (MLI), the ac terminal output inverted voltage 

obtained from the various level inverters is series connected. 

In the cascaded MLI, it is not necessary to use clamping 

diodes or use of any voltage balancing capacitors such as 

diode clamped or capacitor clamped multi-level inverters and 

the component details based on ‘n’-level is given in Table 1. 

Table 1: Power Components of Inverter Topology 

 

Power Component 

Inverter Topology 

DCMLI FCMLI Cascaded 

H-Bridge 

Main Switching device 2(n-1) 2(n-1) 2(n-1) 

Flying capacitors 0 (n 1)(n 2)

2

 
 

0 

Clamping diodes (n-1)(n-2) 0 0 

DC bus capacitors (n-1) (n-1) (n 1)

2



 

Anti-parallel diodes 2(n-1) 2(n-1) 2(n-1) 

 

 

 

Merits: 

1. Since all these switches are controlled (ON or OFF) at 

fundamental frequency, therefore its efficiency is 

higher than a conventional converter topology.  

2. Practical implementation is not complicated and 

misfiring or fire through type power electronic switch 

failures will also not that influenced as in conventional 

converters.  

Demerits: 

3. As the number of levels increases, excessive clamping 

diodes are necessary. 

4. Independent real and reactive power flow control with 

individual converter is complex in a multi-level 

inverter system. 

5. Capacitor voltage unbalance for higher levels. 

IV. SIMULATION RESULTS  

In this section, sinusoidal PWM (SPWM) of 2.0 kHz 

frequency is used as the basic modulation method for cascaded 

H-Bridge inverters from three levels to thirty-one level are 

discussed. Initially, it is studied and compared with three and 

five level inverters. The dc source considered here in the case 

study is 350V and each capacitor rating is 2200µF is used with 

H-Bridge converters. The performance of the three-level to 

thirty-one level multilevel inverters are evaluated constant 

three phase balanced RL load of 1KW and 100KVAR are 

analyzed. The software used for study is MATLAB/ 

SIMULINK. The operation of sinusoidal pulse width 

operation is, the produced sine wave is compared with carrier 

based triangular wave. If the sine wave inverter voltage 

magnitude is more than carrier triangular wave, then pulses 

will be generated, otherwise no pulses are produced and hence 

no switch-on pulse signal is given to the switch. The switching 

pulse signal is given to respective IGBT switch to get 

controlled output voltage waveform. The MATLAB based 

simulation of multilevel inverter up-to thirty-one levels are 

discussed in this section.  

4.1 Case 1: Three and Five level Cascaded H-bridge Multi 

level Inverter 

A 3Ф cascaded H-bridge multi-level inverter (CHBMLI) type 

three levels inverter for a multi carrier having a single 

reference modulation topology is depicted in Fig. 11(a). The 

five-level inverter with cascaded H-bridge configuration is 

shown in Fig.11(b). The rating of capacitor which is placed 

across the load is 2200 micro farads and input dc voltage 

considered in this work is 30V and the expected output AC 

voltage is 60V Ph-N. The Fig. 11(b) describes the model of 

five-level cascade H-bridge inverter for a single A-phase.  

Similar two identical circuits will be for the B and C phases. 

When considering the five-level inverter, during the positive 

half cycle, the top bridge Sa21 and Sa24 will be conducting for 

a period of α seconds and then the bottom second bridge 

positive switches Sa11 and Sa14 will be on without switching 

off Sa21 and Sa24. Here, these two switches will be 

conducting along with Sa11 and Sa14 to get medium and high 

voltage applications,  
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otherwise the top bridge circuit switches can be off.  In the 

same way, the negative waveform is obtained with the negative 

switches as discussed earlier. The sum of these voltages across 

the pair of switches will give the peak to peak voltage of the 

MLI. The number of voltage levels can be given by (2s+1) 

with ‘s’ number of switches. So, 2 sources are in five level, 

hence 5 level voltage and single source for three level, so three 

level voltage is obtained as in Fig. 12(a) and Fig. 12(b).    

 

 
Fig. 11(a) Three-phase 3-level Cascaded H-bridge Multi 

level inverter 

 
Fig.11(b) 5-level Cascaded H-bridge Multi level inverter 

 
 Fig.12(a) 3-level output Phase voltages  

Fig.12(b) 5 level CHB-MLI 

Three phases cascaded H-bridge configuration of a three 

and five level inverter employing various multi carrier single 

reference modulation techniques. The sub-figures for this 

figure are shown similar to the one produced with flying 

capacitor type design. The capacitor rating is 2200 micro 

farads and input DC voltage is 30V and output AC is 62V 

Ph-N. In this figure top part shows, phase to neural voltage and 

is 62Volts peak and middle part of figure is for current which is 

40A peak and the bottom figure shows phase to phase voltage 

nearly 100 Volts. Figure 13(a) depicts MATLAB/ Simulink 

based output model of five-level H-bridge inverter. A discrete 

three phase programmable source gives reference sinusoidal 

voltages based on the prescribed frequency and amplitude. 

The sub-system at the bottom of this Fig. 13(a) will give carrier 

signal waves for all the six bridges. When the sinusoidal 

waveform is compared with the carrier triangular or saw-tooth 

waveform and the former is more in amplitude, pulse is 

produced for the respective switch. As discussed earlier, 

stepped waveform is produced with the delayed waveform 

which is programmed in this sub-system. Hence, this cascaded 

H-bridge converter will give better sinusoidal waveform than 

the earlier methods. This topology also do not require, 

flying-capacitors or diodes, hence elements cost is reduced and 

therefore reliability and efficiency is improved. Natural 3n 

harmonics is cancelled even for a single-phase circuit due to 

(2s+1) characteristics.  

 
 Fig.13(a) Design of modulator block of SPWM controlled 

5-level inverter  

 
Fig.13(b) Sub system of Three-phase five-level cascaded 

H-bridge MLI 

 

4.2 Case 2: 13-level Cascaded H-bridge Multilevel 

Inverter 

The Fig. 14 describes the MATLAB/ Simulink based design of 

thirteen level inverter. Each sub-block consists of one 

H-bridge circuit and hence five sub-blocks are used in each 

phase to get the desired thirteen level inverter. All the H-bridge 

circuits are connected in series and each is supplied with an 

individual voltage source. The open loop control circuit can 

also be seen on the Fig.14 at the right side. In the place of 

programmable voltage source, if the phase-locked loop-based 

voltage at the point of common coupling (PCC) reference 

value gives the closed loop control with reference and actual 

error controller loop block. This closed loop will give better 

controllability, but it increases the control circuit design 

complexity.  

 
Fig.14 Simulink model of thirteen-phase thirteen-level 

cascaded H-bridge MLI 
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Fig. 15(a) Output Phase-ground voltages of 13-level 

CHB-MLI  

 
Fig. 15(b) line voltages of 13-level CHB-MLI 

The phase-ground (phase voltage) of thirteen level voltage 

source inverter are shown in Fig. 15(a) and phase-phase or line 

voltage of the same system is shown in Fig.15 (b). There will 

be increased sinusoidal nature of the waveform with the 

thirteen-level compared to earlier 5-level inverter.  Hence, 

THD, voltage level and performance is increased with this 

thirteen level inverter compared to 5 or three level inverter. 

The THD value is 6.88% with thirteen level inverter, whereas 

with five-level, the THD is 36.1% and with three level is 

42.3% THD. Hence a considerable decrease in THD is 

observed with thirteen-level inverter. The results with the 

thirteen-level inverter with CHBMLI is better than the work 

with [22] 

4.3 Case 3: 15-level Cascaded H-bridge Multilevel 

Inverter 

In the 15-level inverter, there will be an additional one 

sub-block with a H-bridge converter will be present compared 

to thirteen level inverter. Also, there will be two steps in the 

voltage waveform is observed in positive side for a 15-level 

inverter than a 13-level inverter as shown in Fig.16(a) and 

Fig.16(b). The phase and line voltages are shown in these 

figures respectively.  The THD value for the 15-level inverter 

is 5.17%. The 15 or 13-level inverter holds good for renewable 

energy resources grid integration for a micro-grid network or 

for motor drive control applications.  

 Fig.16(a) Output Phase-ground voltages of 

15-levelCHB-MLI  

 
Fig.16(b) phase voltages of 15-level CHB-MLI 

4.4 Case 4: 21-level Cascaded H-bridge Multilevel 

Inverter 

The 21-level output phase voltage waveform is shown in 

Fig.17(a), using level shifted or phase disposition (LS or PD 

PWM) pulse width modulation technique is shown in 

Fig.17(b). There are four critical voltages shown in Fig.17(b) 

is for 5 level inverter and for 21-level, there will be 10 such 

critical voltages with different amplitudes but with same 

frequency of operation. Under such switching scheme, we will 

be getting stair-based steps in the voltage with better waveform 

and THD value of 2.91%.  

 
Fig.17(a) phase voltages of 21-level CHB-MLI 

  
Fig.17 (b) PDPWM technique 

4.5 Case 5: 31-level Cascaded H-bridge Multilevel 

Inverter 

The 31-level CHBMLI control circuit for three phase system 

using MATLAB/ Simulink is shown in Fig.18In this it is 

observed that 15 carrier voltage references with the same 

frequency, but with different turn-on values and amplitudes 

respectively. These carrier wave signals are compared with the 

reference sinusoidal signal to get the desired pulses and with 

steps type waveform like a stair case. In this there will be four 

different stages of input sources with 24 volts dc, 14V, 96V, 

and 192 volts respectively to achieve this 31-stair stepped 

waveform. The same PDPWM based pulse generation 

technique is also applied for this topology. The voltage and 

phase current for the 31-level inverter is shown in Fig.19. It 

can be observed that the voltage and current are in-phase with 

each other and hence almost unity power factor operation is 

obtained. The THD value with the proposed control scheme 

for the 31-level inverter is 2.57%. The blocking voltage is 

increased and hence load handling capacity is increased. Real 

and reactive independent control is possible with higher 

efficiency and better reliability is possible.  
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It can further be concluded that, the THD value is decreasing 

as the level of voltage steps is increasing.  

 
Fig.18 Simulink model of three-phase thirty-one level 

cascaded H-bridge MLI 

 
Fig.19 Output Phase-ground voltages and current of 

31-level CHB-MLI 

V. RESULTS AND DISCUSSION 

Simulation circuit and results for three level in Figure 11(a) 

and 12(a), five level from Fig.11(b), 12(b), and 13, thirteen 

level in Fig.14 and 15, fifteen level in Fig.16, twenty-one 

level in Fig. 17 and thirty-one level inverters in Fig.18 and 19 

are shown respectively. And the total harmonic distortion for 

each inverter is shown in Table 2.  

TABLE 2 Voltage THD of three, five, thirteen, fifteen, twenty-one and thirty-one level inverters 

Multilevel 

Inverter 

Three  

Level  

Inverter  

Five  

Level  

Inverter  

Thirteen 

Level  

Inverter  

Fifteen 

Level  

Inverter  

Twenty-one 

Level  

Inverter 

Thirty-one 

Level  

Inverter 

THD for 

voltage 

46.3% 36.1% 6.88% 5.17% 2.91% 2.57% 

VI. CONCLUSION 

This paper discusses the design and modeling of various basic 

multilevel inverter circuit configurations with their control 

schemes. Different applications using various inverter 

networks are also shown.  Multilevel inverter (MLI) produced 

more concentration from its evolutions to its present decade 

due to its added merits in high power applications with low 

switching on or off frequency and lower THD. Here, the MLI 

is modeled using three different configurations like, diode 

clamped MLI, flying capacitor based MLI and cascaded 

H-bridge topology. A continuous sinusoidal pulse width 

modulation (CSPWM) strategy is employed to control the 

inverter effectiveness as CSPWM control technique is more 

popular in industrial motor load control applications due to its 

harmonic reducing capability when several phase shifting 

options on carrier signals are applied. The MATLAB based 

simulation is done and is shown that as the number of voltage 

level increases, and hence produces higher voltage with lesser 

THD value. It is simple to conclude that multilevel inverter 

(MLI) research and development action are practiced in an 

explosive growth rate. A trend of having progressively 

multilevel inverters is obvious because of these advantages. 

The total harmonic distortion for each level is calculated and 

compared. 

The simulation of three level, five level, thirteen, fifteen, 

twenty-one and thirty-one level inverters are realized in 

MATLAB SIMILINK where for switching of the ideal diode 

sine pulse width modulation (SPWM) is used for modulation 

purpose Phase opposition disposition (POD) carrier scheme is 

used. From the different levels of simulation, it is clear that 

THD can be decreased by increasing number of levels. 
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