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Introduction: This article introduces a novel circuit architecture designed to synthesize 

accurate variable stepped waveforms using a dual leg structure in each phase. Stepped 

waveforms have become crucial in power electronics drives due to their numerous advantages. 

Existing literature highlights the effectiveness of stepped waveforms generated through various 

algorithms and inverter topologies. However, conventional equal-height steps do not accurately 

emulate the nature of a sine wave, which has a varying rate of change at different intervals. 

Objectives: The main objective of this study is to develop a circuit architecture that can 

generate stepped waveforms with variable heights at the sides and peak, closely approximating 

a sine wave. The study aims to improve the harmonic profile and reduce Total Harmonic 

Distortion (THD) by implementing a novel dual leg structure in a three-phase cascaded H-

bridge Multilevel Inverter (MLI).  

Methods: The proposed architecture employs a dual leg structure per phase in a three-phase 

CHB-MLI simulated using MATLAB-SIMULINK. The circuit is designed to minimize 

redundant control points, thereby simplifying the hardware and lowering cost. To optimize the 

waveform quality, firing angles are calculated using a Genetic Algorithm (GA) and applied at 

the gate terminals of the inverter switches. 

Results: Simulation results demonstrate that the proposed dual leg circuit architecture 

significantly enhances harmonic performance. By applying GA-optimized firing angles to the 

inverter, the system achieves a notable reduction in harmonics. Specifically, the THD is 

reduced by 12.6% compared to conventional approaches with fixed step heights. 

Conclusions: The study confirms that integrating a dual leg architecture with variable 

stepped waveform synthesis and optimized firing angles effectively minimizes THD. This novel 

approach not only enhances waveform fidelity but also enables a cost-effective and hardware-

efficient solution for power electronic applications. 

Keywords: Multi level inverter, THD, Genetic Algorithm. 

 

INTRODUCTION 

Inverters have been the energy suppliers for decades, and many researchers are working on these devices to 

improve the output voltage profile and managing THD profile so that the lower order harmonics remain low and do 

not create unwanted phenomena such as cogging and crawling at the end connected inductive load [1][2].  

Researchers have given attention to various modulation techniques to maintain harmonic profile such as selective 

harmonic elimination, sine triangle pulse width modulation, space vector modulation, and many more to mention 
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as all these main techniques have their sub-methods for fine tuning in harmonic profile as required by the load 

[3],[4],[5]. 

In this article for synthesizing stepped waveform cascaded H-bridge inverter is taken into consideration as a 7-level 

inverter. Furthermore to help synthesize the waveform such that it eliminates lower-order harmonics, selective 

harmonic elimination is taken into consideration. The said method also helps limiting the electromagnetic 

interference in the vicinity. Due to the low-frequency operation of the selective harmonic elimination at gate 

terminals of the switches, the control circuit requirements are simple, robust and low-cost [3] [6]. In this article the 

use of combination of SHE PWM technique with cascaded H-bridge inverter fulfills requirement of eliminating 

cogging and crowling phenomena at end connected induction motor load with low cost control circuit.   

Figure 1. depicts a 7-level stepped waveform overlapped with a sine waveform in order to show the relative 

difference between the shape [7]. It can be seen that the steps are progressing at a particular angles [8], [9]. 

 

Figure 1. 7-level Stepped Voltage output at phase terminals with overlapping Sinusoidal waveform. 

Many researchers have used various methods to find these firing angles [10], [11], [12], [13], [14] in the above said 

combination of CHB-MLI and SHE-PWM. In reference [14]the authors have used Genetic algorithm to find the 

optimum firing angles. In article [13] the authors have used hybrid Newton raphson and genetic algorithm 

technique. Bat algorithm is used in article [12] and in article [11] particle swarm optimization technique is used. In 

article [10] teacher learner-based algorithm is used for optimum firing angle calculations.  

While keeping in view on such findings, some authors have also published research with variable step heights 

resembling the nature of sinusoidal wave forms. Sinusoidal waveforms are high sloppy at sides and the slop is less 

at the peak area [15]. To resemble the same phenomena the step heights should be high at sides and low at the top 

area. Article [16] represents the use of GA for finding firing angles and the angles are used with variable step wave 

forms. In the article [17] homotopy algorithm is used to solve the non-linear transcendental equations and variable 

step heights are formulated to optimize the harmonic profile. The same procedure as above is followed in reference 

[18] with PSO algorithm. In article [19] harmonic profile is managed by hybrid fuzzy-ABC algorithm with variable 

step heights. In article [20] the authors have used fuzzy -PSO algorithm for the selection of firing angle and variable 

step heights. In article [21] TLBO algorithm is used with alterable DC source for line voltage THD reduction. In [22] 

authors have used a variable DC source with an Imperialist Competitive Algorithm for harmonic profile 

optimization. 

RESEARCH GAP:  

All of the above articles have used alterable DC sources in order to make the output very near to pure sinusoidal 

waveshape and reduce the lower-order harmonics. Some of the articles have used MATLAB Simulink for the 

verification of the idea of using alterable DC sources and some have verified the same using hardware. While 

dealing with this study it is found that the variable DC sources which give altering step heights in positive cycle are 

not able to give the same step height in the negative half cycle due to the obvious reason that while the circuit is in 

working mode supply polarity can’t be changed easily. If an attempt is taken to change the polarity while the circuit 

is working, it may cause serious instability and volatility in the supply system. As a remedial step to the above 

problem a novel dual leg structure is suggested with reduced number of switches to obtain the output with equal 

alterable DC voltage step heights in positive as well as negative cycles.  



Journal of Information Systems Engineering and Management 
2024, 9(2) 

e-ISSN: 2468-4376 

 

https://jisem-journal.com/ Research Article  

 

3 
Copyright © 2024 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons Attribution 

License which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited. 

Article structure: 

This article is structured as follows: section 2 presents brief theory of stepped waveform and the nonlinear 

transcendental equations representing them using MATLAB -SIMULINK. Section 3 represents the use of novel 

dual leg structure for synthesizing actual alterable DC source stepped waveforms. Section 4 presents the result 

discussion followed by conclusion, future scope and references. 

1. CASCADED H-BRIDGE INVERTER AND REQUIREMENT OF ALTERABLE STEPS 

1.1. Stepped waveforms and their mathematical modelling: 

For the sake of study of the present concept a 3-phase, 7-level cascaded H-bridge inverter is taken for 

consideration. The simulation structure for the same is depicted in Figure 2, as such the study is valid for any kind 

of multilevel inverter. The output phase voltage steps can be calculated as Z = 2K+1, where Z is a number of steps 

and K is a number of DC sources in a single leg of a three-phase system as shown in Figure 3 [23].  

 The line voltage steps are dependent on the firing angles of switches, and it should also be noted that the 

phase and line voltage equations are dependent on number of steps. 

 

 

 

Figure 2. 3-Phase Seven-Level Cascaded H-bridge 

Multilevel Inverter 

 

Figure 3. 1-Phase Seven-Level Synthesized Waveform 

at the output of CHB-MLI 

The mathematical modeling of the output stepped voltage can be presented with the help of Fourier series 

representation. Equation 1, represents the basic fourier transform of the stepped waveform shown in Figure2 [24]. 

  

           (1) 

In the present study the load in considered to be balanced in all three phases as well as the supply is considered to 

have quarter wave and half wave symmetry. So the DC component a0 and cosine coefficient an becomes zero. The 

remaining component bn can be shown by equation 2 as, 

 

           (2) 

The final stepped output voltage equations can be given as shown in equation 3. 
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1.2. 3-phase 7-level Cascaded H-bridge inverter harmonic profile improvement with fixed 

DC source using selective harmonic elimination. 

As the name suggests, selective harmonic elimination eliminates selected harmonics. Lower order harmonics that 

cause cogging and crawling effects can be eliminated with the help of this method. Following equations 4 to 9 which 

are derived from equations 1 to 3, are the equations which can be used in a fitness function which is intern to be 

treated with an optimization method such as a genetic algorithm [25]. 

Selective harmonic elimination equation set [reference 101, 102] 

           (4)  

           (5)  

           (6) 

           (7) 

where, 

M = modulation Index 

1 2 3, ,   = firing angles related to each step in the 7-level inverter 

Fitness function [reference 101, 102]:  
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Derivation of the SHE equations and fitness function can be learned from references [1], [3], [26], the same 

is not derived for limiting the size of the article. 
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Optimization of the fitness function and finding optimized firing angles:  

The above fitness function is optimized using genetic algorithm with parameters depicted in table 1 and the 

firing angle findings are found as shown in figure 4. 

Table 1. Simulation parameter for running GA on MATLAB 

Algorithm Simulation Parameters Simulation Parameters values  

 

 

GA 

Number of iterations 80 

Population size 20 

Mutation rate  <0.06 

Upper and lower bound considering quarter-wave symmetry 0º to 90° 

Simulation code running platform MATLAB 

Input DC source fixed value for each H-bridge 12 V 

 

 

Figure 4. Firing angles obtained through Genetic Algorithm 

1.3   Requirements of alterable DC sources for fine tuning the harmonic profile 

The firing angles obtained from optimization process have been fed to the MATLAB-Simmulink model 

(shown in Figure 2) with fixed DC sources is depicted in following figures. 

 

 
Figure 5. Line Voltage Waveform for M = 0.8 

and constant DC source (conventional method)  

Figure 6. FFT window for line voltage 

waveform for M = 0.8 and constant DC source 

(conventional method) 

  

Here these results are deliberately put in this section for the sake of understanding of readers. It can be 

seen here that, with the help of optimization process 5th, 7th and 11th harmonics are almost eliminated. It should 

be kept in notice that the triplen harmonics are automatically eliminated in the three-phase system due to 120-

degree phase shift and balanced nature of supply and load. 

Figure 5 and 6 show line voltage waveform and THD profile. Here in the present study, it can be observed 

that the phase voltage (as shown in Figure 3) is having fixed step size and if the step size could have been alterable 

and if somehow the step heights can be made proportional to the rate of change of sine wave then the phase stepped 

voltage waveform could have been closer to sinusoidal shape.  
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 The study of the closeness of stepped waveform to the sinusoidal waveform using an alterable DC 

source and the architecture of the hardware for the same is discussed in the next section. 

2. 3-phase 7-level Cascaded H-bridge multilevel inverter architecture with alterable DC 

sources. 

2.1 Variable step height requirements and calculation: - 

           Article [17], [18], [19], [20], [21], [22], [23]shows that alterable DC sources are always beneficial and provides 

near sinusoidal waveform. Many such articles have shown their own way of calculating the heights of each step. In 

this article, the study given in reference [15] is taken for consideration and understating of variable step heights. 

 As per article [15], [21] after the rigorous calculation each fixed DC source values are to be multiplied by a 

constant number. In the present study the fixed DC source values are taken to be 30 V, and the proposed hardware 

is having three H-bridges in each leg to produce 7 level phase output waveforms. In the given study the coefficients 

a1, a2 and a3 taken from reference [21] are 0.81, 0.78 and 0.73 to be multiplied with each DC source. The variable 

DC sources obtained from the multiplication process is tabulated below in table 2.  

Table 2. Variable DC source values  

DC source number Multiplication factor [555] Alterable DC source value 

Vdc1 0.81 24.3 

Vdc2 0.78 23.4 

Vdc3 0.73 21.9 

 

As discussed earlier these variable DC source values are to be put in to the simulation model and 

hardware, so that the improvement in the THD can be observed. As debated earlier in the introduction 

section, many articles have shown the calculation of the variable DC sources but the hardware structure 

which can promise the improvement in THD is not discussed in most articles. In the following section 

hardware architecture, which can be used to peruse the proposed study is explained in detail. 

2.2    3-phase 7-level novel dual leg structure for variable step heights. 

 It is always difficult to produce variable step height, that too in positive as well as negative cycles. It is obvious 

that a circuit can be set to produce variable step height in positive cycle but the same supply hierarchy cannot be 

used in negative cycle. To solve the above problem a dual leg structure is proposed in this article. The architecture 

uses dual leg structure as depicted in figure 7. Here one of the legs works for a positive half cycle and the other 

works in negative half cycle.  
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Figure 7. 3-phase 7-level novel dual leg structure for variable step heights created and simulated with 

MATLAB-SIMULINK (2019-b) 

 It can be clearly seen that in the given structure the control points are reduced such that the 

redundant control points are eliminated. To accommodate the architecture in a printable area and clarity of 

function of the circuit only two phases are shown. The proposed circuit is given firing angles as suggested in article 

[7] and the switching sequence for positive and negative cycles are depicted in the Table 3.The results are discussed 

in the next section.  

Table 3. Switching sequence for positive and negative qurter cycles 

Positive cycle Negative cycle 

Voltage step height Firing Angle Voltage step height Firing Angle 

24.3 5.71 -24.3 180+5.71 

23.4 17.18 -23.4 180+17.18 

21.9 35.91 -21.9 180+35.91 

 

SIMULATION RESULTS AND DISCUSSION 

In this section results are discussed for one of the competent modulation index 0.8. in most of the cases 

with most artificial techniques modulation index 0.8 gives better results. Results are compared for fixed step 

heights and variable step heights for the given modulation index.  

Figure 5 and Figure 6 show the waveform and THD profile for M= 0.8 and fixed step height. Figure 10 and 

11 show the waveform and THD profile for M= 0.8 and variable step height. 

 

 
Figure 8. Line Voltage Waveform for M = 

0.8 and optimized DC source (after application 

of ratio rule)  

Figure 9. FFT window for line voltage 

waveform for M = 0.8 and optimized DC source 

(after application of ratio rule)  
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Table 4, below shows the effect of using duel leg structure in fine tuning of the harmonic profile. 

Table 4. Comparison between simulated and hardware results for M= 0.8. 

Modulation Index Simulation result of line 

voltage THD 

M = 0.8 (Constant DC 

sources) 

7.56 % 

M = 0.8 (Optimized DC 

sources after applying 

ratio rule) 

7.40 % 

 

Above Figures 8, 9 and table 3, show the superiority of dual leg structure for getting extreme reduction and 

fine-tuning of harmonic profile. Maximum reduction is seen in the case of M= 0.7, where the reduction is seen to be 

as good as 12.60 %. 

CONCLUSIONS 

          In the present study 3-phase 7-level inverter is considered for harmonic profile improvement. Two groups of 

researchers have given various methods for harmonic profile improvement using fixed step height and variable step 

height. In most of the study, it is observed that for any modulation index value, the variable step height waveforms 

always give better results. It is also observed that in most of the literature several methods are discussed related to 

finding of variable step heights, and the actual circuit structure which synthesizes the variable step heights is not 

discussed anywhere.  

 In the present study, a dual-leg circuit architecture is discussed in section 3, which is used with pre-defined 

method of finding variable step heights. It is observed that the proposed architecture provides seamless experience 

in getting variable step heights at output terminals of the 3-phase 7-level inverter as depicted in section 4. For each 

modulation index, variable step height waveforms always gave better results than fixed step heights.  

 To limit the size of the article hardware implementation is omitted here and that is to be covered in 

the next part of this research paper in the same journal. 
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