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 Selective Harmonic Elimination in a Multi Level Converter is done in many ways. In 

this paper optimization Algorithms like Genetic Algorithm and Differential Evolution 

Algorithms are proposed for SHE. To form a look up table using different switching 

angles obtained from optimization algorithms like GA and DE to obtain Selective 
Harmonic Elimination.The optimum Switching angles obtained are used to generate the 

switching pattern for the H bridge Inverter.Selective Harmonic Elimination in an 11 

Level H bridge inverter is performed using atmega 16 RISC processor and the results 
are compared with hardware implemented results. 
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INTRODUCTION 

 

 Ever increasing power demand and 

exponentially decreasing rate of fossil fuels there is 

always a need for an alternative energy sources for 

electrical power generation. Renewable energy such 

as solar and wind are naturally available in 

abundance with free of cost. Harnessing renewable 

energy sources require the state of the art converter 

topologies for energy efficient operation.In recent 

days multilevel converters are good solutions for 

power applications thanks to mature medium 

semiconductor technology. Improved quality (M. 

Malinowski et al., 2010) of waveform with reduced 

THD with increasing level, high modularity, fault 

tolerant operation (Pablo Lezana et al., 2010) are 

some of the few attractive characteristic of the multi 

level converter which invites the exploitation of 

multi level converter for applications. 

 The major research focus on multi level 

converters are control simplification,reducing the 

THD with improved algorithm, balancing dc  

capacitor voltages and ripple of the current, and 

harmonic elimination of the pre calculated switching 

angles. Neutral Point clamped converter (NPC)(Jose 

Rodriguez et al., 2002; LG Franquelo et al., 

2008)Flying capacitor Converter (FC) and Cascaded 

H Bridge converter (CHB) is important converter 

topologies.High power applications are divided into 

medium power applications and high power 

applications.NPC, FC and CHB are better suited for 

medium power applications thanks to the mature 

semi conductor technology. Classic two level 

converters are better suited for high power 

applications. 

 In recent years with proliferation of research in 

multilevel converter as a mature power system in the 

electric energy scenario.NPC has invaded the 

industrial application(Samir Kouro et al., 2010; 

Haitham Abu-Rub 2010) in pumps, conveyor, oil and 

gas rigs, marine, mining etc,.  High bandwidth- high 

switching frequency applications flying capacitor 

converters are used.The unique features of series 

expansion, power sharing, reduced THD and 

improved power quality, modularity makes the 

cascaded H bridge converters in reactive power 

compensation, shunt active filter and hybrid electric 

vehicles. The modulation schemes are mainly 

devised for state space and time domain approach. In 

modulation scheme low switching frequencies(J. 

Rodriguez et al., 2004) are adapted for high power 

application in order to reduce the switching losses. 

High dynamic applications with higher bandwidth 

with improved power quality high switching 

frequency modulation schemes are adapted.  

 Voltage level based algorithm includes multi 

carrier PWM, hybrid modulation, selective harmonic 

elimination (SHE), nearest level control, level shifted 

PWM. Space vector modulation schemes have 2D 

algorithms, 3D algorithms(J. Rodriguez et al., 2004). 
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LS-PWM (Level Shift) (LG Franquelo et al., 2008) 

can be applied for any multilevel converter however 

they are more suited for NPC and they are not 

recommended for CHB. Hybrid modulation schemes 

are very attractive to CHB applications. Space vector 

modulation techniques involve more trigonometric 

function calculation, look up tables or coordinated 

system transformation which increases 

computational burden. Mostly multi carrier PWM 

and SVMare widely used modulation technique. 

 Even though SHE modulation technique have 

the limitation of open loop or low band width 

applications since the switching angles are computed 

off-line  and stored in tables which are then 

interpolated according to the operations. But it has 

unique features of specific elimination of harmonics 

and reduced switching losses and reduced THD.The 

output voltage of the SHE-PWM can be expressed as 

a Fourier series.This forms a non-linear 

transcendental equation containing trigonometric 

terms, solving which provide multiple sets of 

solutions (H.Taghizadeh, M.TarafdarHagh 2010; 

A.k.Al-Othman, Tamer H.Abdelhamid 2009). Two 

types of algorithm sets are proposed in technical 

literature(Jose Rodriguez e al., 2002; M. Malinowski 

et al., 2010; L. G. Franquelo 2008).  

 Newton–Raphson (N–R) an iterative approach 

comes under the first category (H.Taghizadeh, 

M.TarafdarHagh 2010).This method needs on an 

initial guess to find an appropriate solution, time 

consuming and tedious for large numbers of inverter 

levels and also, they will provide only one set of 

solutions.Elimination theory, Walsh functions, 

optimization techniques such as particle swarm 

optimization (PSO) and genetic algorithms (GA) 

(H.Taghizadeh, M.TarafdarHagh 2010; Khaled El-

Naggar, Tamer H. Abdelhamid 2008)come under the 

second category. They are free from derivation.  

 This paper is organized as follows: Materials 

and methods, results, discussion and conclusion. In 

material and methods the entire problem is 

formulated and GA/DE algorithms are explained and 

the requirement for the hardware is explained. 

Simulation as well as hardware results are providedin 

the results section. The detailed explanation for the 

results is given in the discussion section and final 

section concludes the proposed work.  

  

MATERIALS AND METHODS 

 

 
Fig. 1: Cascaded Multilevel Converter.        

 

 
 

Fig. 2: Voltage waveform of Multilevel Converter. 

 

 The number of output phase voltage levels„s‟ in 

a cascade inverter is defined by s = 2p+1, where „p‟ 

is the number of separate dc sources. The phase 

voltage waveform for an 11-level cascaded H-bridge 

inverter requires five separate dc sources (SDCs) and 

five full bridges as shown in Fig.1 and its 

corresponding waveform in Fig.2.  

 By applying Fourier series analysis, the staircase 

output voltage of multilevel inverters with unequal 

sources can be described as follows: 
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Switching angles Φ1–Φp must satisfy the following 

condition: 
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 The equation (1) is non linear transcendental 

equation. Solving the equation for optimum 

switching angles Φ1, Φ2. . . . Φp for each H bridge in 

such way that the total harmonic distortion is 

minimum for a desired sinusoidal voltage waveform 

as well as predominant low frequency harmonics, 

5th, 7th, 11th, and 13th, are eliminated. „p-1‟ number 

of harmonics can be eliminated from the output 

voltage of the inverter. To eliminate the fifth-order 

harmonic for a five-level inverter, the expression 

given below must be satisfied. The switching angles 

should satisfy the constraint as given in equation (2). 
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 where, „M‟ is Modulation index defined as M = 

V1/ pVdc and V1 is the fundamental voltage. The THD 

is calculated using the following formula 
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 Obtaining the solution of equation (1) to 

equation (3) is not a simple task. To avoid the 

computational complexity of solving the non linear 

transcendental equations evolutionary based 

algorithms such as GA/DE is proposed in this work. 

 

Genetic algorithm: 
 Genetic Algorithms (GAs) are simple, powerful, 

general purpose, derivative free, stochastic global 

search algorithm. Genetic algorithms are gradient 

free, so they do not need functional derivative 

information to search for a set of solutions that 

minimize (or maximize) a given objective function. 

The GA‟s important properties such as reproduction, 

cross over, mutation, reduce the computational 

burden and search time and also enable them to solve 

complex objective functions.This paper presents 

genetic algorithms based selective harmonic 

elimination for an eleven level inverter. The cost 

function given in equation (1) in the form Fourier 

series expansion is nonlinear. Solving optimum 

switching angle for this equation by conventional 

method is tedious and time consuming. GA with 

inherent evolutionary features effectively solves this 

transcendental equation and obtains the optimum 

switching angles which eliminate the selective 

harmonics in the output of the inverter. 

 

SHE using GA Algorithm: 
1) Generate a population of initial solution of Φ1, Φ2, 

. . . ,Φp. Initialize population size and range of firing 

angles.  

Check the constraint
2
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  p

, prior to 

use. 

2) Evaluation of Objective Function: 

 Substitute the initial values of Φ1, Φ2, . ,Φp to 

evaluate harmonic components using equation (1) 

and (3) together with average output voltage for 

initial population. 

 

3) Evaluation of fitness function:  

 Each particle is evaluated using the fitness 

function of the harmonic minimization problem. The 

switching angles Φ1, Φ2,. . .Φp is minimized using the 

cost function: 
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4) Generation of offspring: 

 To produce NP offspring from parents use 

selection, crossover, and mutation. In this work 

roulette wheel selection is used. The crossover and 

mutation is then performed on the remaining 

chromosomes. 

5) Current populations are replaced by new 

populations. 

6) Go to step2. 

 
Table 1: Switching angles with different modulation for GA. 

Sl.no M 
Angle 

Bestfitnessvalue 
Φ1 Φ2 Φ3 Φ4 Φ5 

1 0.47 37.6770 52.9404 67.9967 87.2381 88.4476 2.6361 

2 0.7 27.7364 45.1437 52.7554 67.0311 73.9256 1.8798 

3 1.075 4.5004 12.0497 21.3627 29.8443 44.9095 1.3775 

 

 The above GA algorithm effectively solved the 

switching angles Φ1, Φ2,.. . ,Φ5 and thus obtained 

angles satisfies constraints given in equation (2) are 

tabulated in Table no.1.The opposite arm of the H 

bridge are provided with an angle of Φ+180. Hence 

the switch S1, S2 are switched with angle Φ1and S3, 

S4 are switched with angle Φ1+180. 

 

Differential Evolution (DE) algorithm: 

 Differential Evolution (DE) algorithm was 

introduced by Storn and Price in 1995. It is similar to 

the structure of Evolutionary Algorithms (EAs), but 

its generation of new candidate solutions and its use 

of a greedy selection scheme differ from 

conventional EAs. The good convergence properties 

and its simplicity made DE algorithm more popular 

for many practical problems. The experimental 

results show that DE was far more efficient and 

robust (with respect to reproducing the results in 

several runs) compared to PSO and the EA.  

 

DE Algorithm: 

1) Generate randomly a population of NP vectors, 

each of n dimensions:  



606                                                     Gokul Kumar G. and Suresh Manic K., 2015 

Australian Journal of Basic and Applied Sciences, 9(7) April 2015, Pages: 603-612 

)(*)1,0( minmaxmin0,

jjjj

i xxrandxx  xj ,...2,1          
(6) 

where, rand(0,1)represents a uniformly distributed 

random variable within the range[0,1]. 

2) Calculate the objective function value )( jxf   for 

all 
jx  

3) Select three points from population and generate 

perturbed individual Vi. 

)(, 32,
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Gi XrXrFGXrV   Npi ,...2,1      
(7) 

4) Recombine the each target vector Xi with 

perturbed individual generated in step 3 to generate 

a trial vector  

Ui. 

5) Check whether each variable of the trial vector is 

within range. If yes, then go to step 6 else make it 

within  

range using 
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and go to step 6. 

6) Calculate the objective function value for vector 

Ui. 

7) Choose better of the two for next generation.  

8) Check whether convergence criterion is met. if yes 

then stop; otherwise go to step 3.    

 
Table 2: Switching angles with different modulation for DE 

Sl.no M 
Angle 

Best fitness value 
Φ1 Φ2 Φ3 Φ4 Φ5 

1 0.47 37.7136 52.8114 68.1956 86.2504 89.3960 2.5298 

2 0.7 29.3655 49.2390 49.2436 66.8150 72.4167 0.7940 

3 1.075 6.9998 8.3367 21.9034 27.9978 42.9525 0.9428 

 

Table 3: Set of k values and corresponding voltage levels 

K 

values 

k1 k2 k3 k4 k5 

1.08 0.98 0.96 0.95 0.93 

Voltage in V 14.04 12.74 12.48 12.35 12.09 

 

 The Table 2 provides the optimum switching 

angles for the 11 levelconverter. It is obvious from 

the Table 1 and Table 2, the convergence of DE 

algorithm is fast. The nominal voltage of the 

multilevel converter is 13V dc.  The different 

level of unequal voltages areVdc1= 14.04 V,   

Vdc2=12.74V, Vdc3=12.48V, Vdc4=12.35V, 

Vdc5=12.09V.The different value of k is given in 

Table 3. 

 

Hardware Description:  
 The hard ware circuit requires 5 different level 

isolated dc voltages for five H Bridges. The voltage 

levels are tabulated in Table 3. IRF 540 MOSFET 

100V, 23A, is used for constructing the H bridges. 

The driver circuit for the MOSFET is devised using 

the popular IR2110, 14 Lead PDIP with high side 

and low side driver configuration. The optimum 

switching angles using GA/DE is tabulated in Table 

1 and Table 2 is used as a look up table for 

generating switching pulses for the H bridges using 

AVR atmega16RISC architecture with external 

crystal 16 MHz is used to generate 50Hz pulse. Thus 

generated switching pulses are given to the MOSFET 

driver to produce suitable voltage of high side and 

low side pulses for the H bridges.   

 

Results: 

Simulation results: 

 In this section different simulation results are 

provided. The simulation is carried out on genetic 

algorithm as well as differential evolutionary 

algorithm. The optimum switching angles for five H 

bridges are obtained through these algorithms.  

 

 
 

Fig. 3(a) and Fig. 3(b): Voltage waveform and its corresponding FFT for GA with M= 0.7. 
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Fig. 3(c) and Fig. 3(d): Voltage waveform and its corresponding FFT for DE with M=0.7. 

 
 These values are tabulated in Table 1.These 
switching angles are further converted into switching 
pulses and given to 11 level converters in Matlab 
simulink environment. The modulation indexes are 
chosen such that M=0.47, M=0.7, and M=1.075. 
 Similarly DE algorithms are used to find 
optimized switching angles. These switching angles 
are tabulated in Table 2.These switching angles are 
later used to form look up tables for generating pulse 
for the hardware circuits. The graphs for GA/DE are 
provided along sides for the comparison purposes 
and their corresponding FFT are given below their 
respective voltage waveform. Simulation results are 
arranged in such a way that Fig.3 for M=0.7 for both 
GA and DE and Fig.4 for modulation index M=1.075 
for both GA/DE. 
 It is obvious from the two waveforms shown in 
Fig.3 (a) and Fig.3(c) both of them seems to be 
similar, however the FFT of the DE algorithm given 
in Fig.3(d) shows there is a smalldeviation from 
Fig.3(b) of GA algorithm. The fundamental 
component has improved a little better in DE 
compared to GA. Since the average voltage 
waveform for DE is improved a bit. The FFT 
diagram shows that only third harmonics are present 
and are well below the fundamental level. Triplenthat 
is 3

rd
 harmonic and its integer multiples 3, 6, 9…etc 

are cancelled when they are used as a 3 phase supply 
to a transformer. 
 From the above results, it can be inferred that 
average voltage of the DE is little bit improved than 
GA so there is a higher fundamental component 
magnitude of FFT for DE shown in Fig.4(d) 
compared to GA given in Fig.4(b). However the third 
harmonic component magnitude is slightly reduced 
than DE. The other harmonic components are along 
the zero line not up to appreciable level. The third 
harmonics are even though present their level is well 
below the fundamental levels. All the triplen 
harmonics are least bothered since they are 
eliminated when they are 3 phase transformers. 
 The experimental results are given for 
modulation index M=0.47, M=0.7 and M=1.075in 
Fig.5,Fig.6 and Fig.7 respectively.The results 
GA/DE are given along side and their respective FFT 
below them.The switching pulses for the hardware 
circuits are provided by AVR RISC processor and 

look up table for the switching angles are provided 
by both GA  and DE algorithms. 
 The simulation results for the modulation index 
M=0.47 is not given in order to reduce the paper size 
and avoid  too much graphs however their 
experimental result is provided in Fig.5(a) and 
Fig.5(c). The FFT graphs of the experimental 
resultsare taken in db scale as the dependent axis 
instead of volts. The simulation results are well cope 
up with the simulation results. In experimental 
results the independent axis scale is 20V per division 
and the FFT results show only fundamental and third 
harmonics are present which is already shown in 
Matlab simulation results all other harmonic 
component are negligible as shown. 
 
Discussion: 
 Table 4 provides the comparison of results for 
GA/DE for various modulation indexes. The peak to 
peak voltages are same for both the algorithm 
however their fundamental voltage differs. So the 
fundamental component and the third harmonic 
present differ significantly. 

 Table 5 provides the results for both 

fundamental and 3
rd

 harmonic components. Third 

harmonic component for the modulation index 

M=0.47 differs for DE is less compared to GA, for 

M= 0.7 the same values result and for M=1.075 third 

harmonic is much reduced for GA than DE. The 

fundamental component for DE with M=1.075 is 

much better than GA. 

 The harmonic components such as 5, 7, 9, 

11,…etc are well eliminated from the results for both 

algorithm. It is evident from simulation as well as 

hardware results. The performance of DE is similar 

to that of GA. However, the results show faster 

convergence and improved fundamental voltage level 

for DE than GA. 

 The Fig. 8(a) and Fig.8(b) shows the 

performance graph for cost function versus 

modulation index and theta versus modulation index 

respectively for DE.The Fig. 9(a) and Fig.9(b) shows 

the performance graph for cost function versus 

modulation index and theta versus modulation index 

respectively for DE algorithm.The performance 

improves with modulation index for both algorithms. 
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The cost function for DE algorithm is better 

improved than GA. The hardware setup is given in 

Fig.10. 

 

 
 
Fig. 4(a): Output voltage waveform and Fig. 4(b): Its corresponding FFT for GA with M= 0.7. 
 

 
 
Fig. 4(c): Output voltage waveform and Fig. 4(d): Its corresponding FFT for DE with M=0.7. 
 
Experimental results: 
 

 
 
Fig. 5(a) and Fig. 5(b): Voltage waveform and its corresponding FFT for GA with M= 0.47. 
 

 

 
Fig. 5(c) and Fig. 5(d): Voltage waveform and its corresponding FFT for DE with M=0.47. 
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Fig. 6(a) and Fig. 6(b): Voltage waveform and its corresponding FFT for GA with M= 0.7. 
 

 
 

Fig. 6(c) and Fig. 6(d): Voltage waveform and its corresponding FFT for DE with M=0.7. 

 

 
 

Fig. 7(a) and Fig. 7(b): Voltage waveform and its corresponding FFT for GA with M= 1.075. 

 

 
 

Fig. 7(c) and Fig. 7(d): Voltage waveform and its corresponding FFT for DE with M=1.075. 
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Table 4: Voltage Magnitude for various modulation schemes. 

 

M 

GA DE 

Peak to peak 
(V) 

Fundamental harmonic 
magnitude(V) 

Peak to peak (V) 
Fundamental harmonic 

magnitude(V) 

0.47 126 47 126 47 

0.7 126 68 126 70 

1.075 126 102 126 107 

 
Table 5: Fundamental voltage Vs 3rd Harmonic voltage for various modulation schemes. 

 

M 
 

GA DE 

Fundamental (V) 3rd harmonic (V) Fundamental (V) 3rd harmonic (V) 

0.47 47 19.61 47 18 

0.7 70 27 70 27 

1.075 102 10 107 18 

 

 
 

Fig. 8(a): Cost function Vs Modulation index for GA. 

 

 
 

Fig. 8(b): Theta Vs Modulation index for GA 

 

 
 

Fig. 9(a): Cost function Vs Modulation index.  
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Fig. 9(b): Theta Vs Modulation index. 

 

 
 

Fig. 10: Experimental set up. 

 

Conclusion: 

 This proposed work addressed the problem of 

solving the non linear transcendental equation 

formed by output voltage of an eleven level 

multilevel converter using evolutionary based 

GA/DE algorithm. The optimum switching angles 

provided by above algorithms is verified using 

Matlab.R.2010 software in Intel /i3/2.20Ghz speed; 

2GB RAM machine and hardware circuit. The AVR 

atmega16 RISC processor is used to generate the 

switching pulses by off line using look up table 

generated using the switching angles provided by the 

GA/DE algorithm. This software results are verified 

using the hardware results. This unequal 11 level 

converter better suited for the photo voltaic 

application. The inherent nature of different voltage 

level of PV panel is exploited for this application. 

The results of GA/DE are not varied much however 

the convergence of DE algorithm is much faster than 

GA. 
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