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ABSTRACT 
In this paper, a genetic algorithm (GA) optimization technique is 

applied to cascaded multilevel photo voltaic inverter to remove 

pre specified order of harmonics and to reduce THD. Genetic 

Algorithm is developed as the preferred solution algorithm of 

specific harmonic elimination (PWM-SHE) switching pattern. 

This paper describes an efficient genetic algorithm that reduces 

significantly the computational burden resulting in fast 

convergence. An 11-level and 7-level inverter is preferred as a 

case study, and optimum switching angles are determined to 

eliminate low order harmonics and to reduce THD. Comparison 

has been done between the 7-level and 11-level with respect to 

the consideration of THD. Simulation results validate purpose 

method. 
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1. INTRODUCTION 
In recent years, multilevel inverters have been paying attention 

on and preferred as high power and high voltage ones. These 

multilevel inverters can increase the power by (n-1) times than 

that of two-level inverter through the series connection of power 

semiconductor devices. Use of multilevel inverters is becoming 

popular for high power applications [1]-[5], especially in the 

distributed generation where a number of batteries, fuel cells, 

solar cell, and micro-turbines can be connected through a 

multilevel inverter to feed a load or the ac grid without voltage 

balancing problems. Another major advantage of multilevel 

inverters is that their switching frequency is lower than a 

traditional two-level inverter, which leads to reduced switching 

losses [1], [3], [6]. The topologies for high photo voltaic 

inverters are classified into three types [2], [6]-[11]: the diode 

clamped inverter, the flying capacitor inverter and the cascaded 

inverter. Among these inverters, the cascaded inverter has the 

advantages that the DC-link voltage is balanced, circuit layout 

flexibility, and it has the least components per phase but require 

many separated dc sources in motor drive applications. The 

cascaded inverter has been largely studied and used in fields of 

SVCs (static VAR compensators), stabilizers, HVDC 

transmissions and so on [12]-[16]. Many switching strategies are 

applied to multilevel inverter to reduce harmonics, but 

SHEPWM is most well-known strategy. SHE-based methods 

have been proposed for both two-level [17]–[19] and multilevel 

inverters. This paper is focusing on the SHE-based methods for 

multilevel inverters. The general function of this multilevel 

inverter is to synthesize a staircase waveform from several 

separate dc sources (SDCSs), which may be obtained from solar 

cells, fuel cells, batteries, ultra capacitors, etc. For output 

staircase waveform, it is necessary to obtain the switching timing 

angles or the conducting angles of switching devices. The 

conventional method has the merit that the predominant low-

order harmonics can be eliminated. However, it has to solve 

simultaneous equations, which are the set of nonlinear 

transcendental equations for the fundamental component and the 

harmonic ones. It is difficult to obtain the conducting angles 

because the conventional method needs an iterative method such 

as the Newton–Raphson one. Additionally, the switching angles 

are obtained by means of an off-line calculation to minimize the 

harmonics for each modulation index, which leads to increased 

use of look-up tables. Therefore, Genetic Algorithm (GA) [20]-

[23] is adopted here to replace numerical algorithms to overcome 

this difficulty, because of its intrinsic ability to begin searching 

randomly, handle large amount data simultaneously and "jump" 

out of local optimum automatically. GA is kind of artificial 

intelligence approaches, and origins from optimizing problems. It 

has entirely different operation mechanism, comparing with 

numerical methods based on mathematical differential operation, 

which needs on some extent restrict requirements on objectives. 

1.1 Structure of cascaded multi level inverter 
The cascaded multilevel inverter is one of several multilevel 

configurations. It is formed by connecting several single-phase 

H-bridge inverters in series as shown in Fig. 1 for 11-level 

inverter Each H-bridge has its own isolated DC source. Each 

separated DC sources is connected to H-bridge inverter and can 

produce voltages of 0, +Vdc and –Vdc, by different combination 

of the four switches, S1, S2, S3 and S4,where Vdc is the voltage 

of its DC bus. 
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Fig. 1 Structure of cascaded multilevel Inverter 

 

Each inverter generates quasi-square wave voltage waveform 

with different duty cycle ratios, which together form the staircase 

output voltage waveform as shown in Fig. 2The synthesized 

voltage waveform is, therefore, the sum of the inverter outputs. 

The number of output phase voltage levels in a cascade 

multilevel inverter is then 2s+1, where s is the number of isolated 

dc sources. 

 

 
 

Fig. 2 Structure of cascaded multilevel Inverter 

 
In this paper, a multilevel inverter based on the cascaded 

converter topology with 5 equal dc sources is studied. The key 

purpose of this paper is to commence a minimization technique 

assisted with Genetic Algorithm (GA) in order to decrease the 

computational burden associated with the solution of the 

nonlinear transcendental equations of the selective harmonic 

elimination method to reduce low order harmonics and to reduce 

THD. 

1.2 Selective harmonic elimination method 
The Selective Harmonic Eliminated PWM (SHE PWM) 

technique is used to find appropriate switching angles 

namely  ,     ,…,    so that the (N-1) odd harmonics can be 

eliminated and control of the fundamental voltage is also 

achieved. The Fourier series expansion for the quarter-wave 

symmetric staircase waveform as shown in Figure .1 is written as 

follows: 

Vout(ωt) =    
    

  
          

 
     

              (1)    

Where,    is the switching angles, which must satisfy the 

following condition:   ,   ,   ,………,   < π/2 and s  is the 

number of H-bridge cells.  

n is odd harmonic order And, V is the amplitude of dc voltage 

The harmonic components in the waveform can be describes as 

follows: 

 the amplitude of dc component equals zero 

 the amplitude of the fundamental component, n = 1, and odd 

harmonic component are given by: 

      
    

π
         

 
    , and 

      
    

  
          

 
             

(2)                                                                                                     

 The amplitude of all even harmonics equals zero 

Thus, only the odd harmonics in the quarter-wave symmetric 

multilevel waveform need to be eliminated. The switching angles 

of the waveform will be adjusted to get the lowest output voltage 

THD. The total harmonics distortion (THD) is mathematically 

given by: 

THD = √Σhn²∕ h1       (3) 

In order control the fundamental amplitude and to eliminate the 

5th, 7th, 11th, & 13th lower order harmonics, the nonlinear 

transcendental equations set (4) must be solved and the five 

switching angles  1,  2,  3,  4 and  5 are calculated offline to 

minimize the harmonics for each modulation index in order to 

have a total output voltage with a harmonic minimal distortion 

rate. 

       +       +       +       +       = 3πM/4 

 

        +        +        +        +         = 0  

 

        +        +        +        +         = 0 

 

         +         +         +         +

          = 0 

 

         +         +         +         +

         = 0     
      (4) the modulation index for the multilevel 

waveform is given as: 

M = 
  

  
          (5) 

θ1 θ2 θ3 θ4 
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Where, h1 is the amplitude of the fundamental component. From 

equation, varying the modulation index value can control the 

amplitude of the fundamental component and the other s-1 

nonlinear equations, which are the undesirable harmonic 

components, can be eliminated. These equations are solved by 

Newton-Raphson method [11]. In the natural sinusoidal PWM 

strategy, a large number of switching is required, with the 

consequent increase of switching losses. With the method of 

Selective Harmonic Elimination, only selected harmonics are 

eliminated with the smallest number of switching. This technique 

is very suitable for inverters control. By employing this 

technique, the low THD output waveform without any filter 

circuit is possible. Another approach uses genetic algorithm to 

optimize switching angle to reduce THD. 

2. GENETIC ALGORITHM 
Genetic algorithm is a computational model that solves 

optimization problems by imitating genetic processes and the 

theory of evolution by using genetic operators like reproduction, 

crossover, mutation etc. Amounts of applications have benefited 

from the utilization of genetic algorithm. Genetic algorithm is 

still a novel technique for PWM-SHE technique.  
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       Fig. 3 Flowchart of Genetic Algorithm 

This algorithm is usually used to accomplish a near global 

optimum solution. Each iteration of the GA is a new set of 

strings, which are called chromosomes, with improved fitness, is 

produced using genetic operators. 

2.1 Chromosome representation 
In GA, each chromosome is used as a feasible solution for the 

problem, where each chromosome is developed based on single 

dimensional arrays with a length of S, where S is the number of 

angles. 

2.2 Initialize population 
Set a population size, N, i.e. the number of chromosomes in a 

population. Then initialize the chromosome values randomly. If 

known, the range of the genes should be considered for 

initialization. Population size depends only on the nature of the 

problem and it must achieve a balance between the time 

complexity and the search space measure. The narrower the 

range, the faster GA converges. In this paper, population size is 

considered as 100. 

2.3 Reproduction 
The reproduction operator determines how the parents are chosen 

to create the offspring. This operator is a process in which 

chromosomes are copied according to their objective function 

values i.e. the degree of conformity of each object is calculated 

and an individual is reformed under a flat rule depending on the 

degree of conformity. 

2.4 Crossover 
Crossover is the most significant operation in GA. It creates a 

group of children from the parents by exchanging genes among 

them. The new offspring contain mixed genes from both parents. 

By doing this, the crossover operator not only provides new 

points for further testing within the chromosomes, which are 

already represented in the population, but also introduces 

representation of new chromosomes into the population to allow 

further evaluation on parameter optimization.   

2.5 Mutation 
Mutation is another vital operation. It works after crossover 

operation. In this operation, there is a  probability that each gene 

may become mutated when the genes are being copied from the 

parents to the offspring. This process is repeated, until the 

preferred optimum of the objective function is reached. 

2.6 Evaluation of fitness function 
The most vital item for the GA to evaluate the fitness of each 

chromosome is the cost function. The purpose of this study is to 

minimize specified harmonics; therefore the fitness function has 

to be associated to THD. In this work the fifth, seventh, eleventh, 

and thirteenth harmonics at the output of an eleven-level inverter 

are to be minimized. 

FV = 
   

 

 
          

    
 

           

      
 
   

      (5) 

For each chromosome a multilevel output voltage waveform is 

produced using the switching angles in the chromosome and the 

required harmonic magnitudes are calculated using FFT 

techniques. 

GA is typically set to run for a certain number of iterations (100 

in this case) to get an answer. After the first iteration, FV’s are 

used to determine new offspring. These go through crossover and 

mutation operations and a new population is created which goes 

through the same cycle starting from FV evaluation. Sometimes, 

GA can converge to a solution much before 100 iterations are 

completed. To save time, in this paper, the iterations have been 

stopped when the cost function goes below 1. 

3. SIMULATION RESULTS 
From the simulation results using genetic algorithm, it is clear 

that for 11-Level cascaded multilevel inverter the 5th, 7th, 11th 

and 13th harmonics and for 7-Level inverter 5th, 7th harmonics 

and their magnitudes are negligible relatively to the fundamental 

component. The obtained switching angles for various values of 

modulation index using GA for 11-level inverter and 7-Level 

START 
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inverter is shown in Table1 and Table 2 respectively. Fig.4 

shows the simulation results for the output voltage waveform of 

11-level inverter for M = 0.8. Fig.5, Fig.6 and Fig.7 shows the 

FFT spectrum of THD of an 11- level multilevel inverter, 

Optimal switching angles for various values of M and THD of 

11-level multilevel inverter. Fig.8 shows the simulation results 

for the output voltage waveform of 7-level inverter for M = 0.9, 

Fig.9 shows Optimal switching angles for various value of M. 

Table. 3 shows THD for 7-level and 11- level inverter. 

Table.1 Switching angles generated by GA for 11-level 

 
Table.2 Switching angles generated by GA for 7-level 

 

 

 

 

 

 

 

Table.3 THD for 7-level and 11-level inverter 

 

 

 

 

 

 

 

 

 

     

         

 

       

 

 

Fig. 4 Output Voltage of 11-Level Inverter 

 

Fig. 5 FFT analysis of 11-Level Multilevel inverter 

 

 

Fig. 6 Optimal switching angles Vs M. 
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               Fig.7 THD of an 11- level multilevel inverter 

       

Fig. 8 Output Voltage of 7-Level Inverter 

 

Fig.9 Optimal switching angles Vs M. 

4. CONCLUSION 
In this work, genetic algorithm optimization technique is applied 

to find the switching angles of the cascaded inverter for the 

reduction of harmonics. The use of the GA is proposed to solve 

the selective harmonics elimination problem in PWM inverters. 

The paper successfully demonstrates the validity of genetic 

algorithm for the estimation of optimum switching angles of 

staircase waveform generated by multilevel inverters, and 

Comparison has been done between the 7-level and 11-level with 

respect to the consideration of THD. As number of level 

increases THD decreases; therefore THD of 7-level inverter is 

greater than THD of 11-level.As in this approach, GA can be 

applied to any problem where optimization is required; therefore, 

it can be used in many applications in power electronics. 
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