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1.INTRODUCTION
MultilevelInverter(MLI)haslatelyemergedasaverysig-
nificant option in the areas of energy regulation with-
high-intensity medium voltage. Staircase waveform 
can begenerated by synthesizing the terminal voltage 
of the ACoutput from several DC voltages. MLIs have 
been a realisticand effective method for eliminating 
losses from switches.The synthesized output provides 
new steps on the DC sideas the number of voltage 
levels increases, producing theresultthatchallenges-
thesinusoidalwavewiththesmallestnumberofharmonic-
distortion.Thegeneralfunction of MLI is to establish a 
sinusoidal voltage frommanyvoltageratescharacteristi-
callyderivedfromcondenservoltagesources[1].
MLIs are calculated for a growing range of applications 
duetotheirlargepowerefficiencycombinedwithsmall-
erswitchinglossesandharmonicsoflowerperformance.
MLIshavebeenaproficientandrealisticapproachfor
risingstrengthandreducingharmonicsofACloads[2].
Mostdesirable characteristicsofMLIsare as:

•	 MLI can generate exceptionally low dv / dt output-
voltagesanddistortion.

•	 MLI,drawfeedbackcurrent,withverylittledistortion.
•	 MLIgeneratessmallercommon-mode(CM)volt-

age,thusreducingthestressofthemotorbearings.Inad-
dition,CMvoltagesmayberemovedusingadvanced-
modulationtechniques.

•	 MLI can operate at a lower frequency switch-

ingtechnique.
The stepwise output voltage is the key benefit of 
MLIs asopposedtoconventionaltwo-levelvoltage-
sourceinverters.Thisresultsinhigherpowerefficien-
cy,lowerswitchinglosses,improvedelectromagnetic-
stability,higher voltage ability, and a transformer's 
pointlessness atthestageofdistributionvoltage,there-
byreducingtheexpense.
TheMLIhasbeendeployedinnumerousapplications-
varying from medium to high-power stages, such as 
powerconditioning systems, motor drives, as well as 
traditionalandmoderngeneratingcapableelectricity[3].
Thedifferent MLIstructuresare[4]:
1.	 Diode-clamped(neutral-clamped)
2.	 CascadedH-bridgeinverter
3.	 Capacitor-clamped(flyingcapacitors).

Figure1:MLITopologies
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MLI topologies are different ways to reduce the har-
moniccontentwhichkeepsthenumberofswitchessmall.
Inessence, Harmonics are unwanted higher frequen-
cies thatsuperimposedadistortedwavepatternonthe-
fundamentalwaveform.Theycanproduceelectric-
waveforms with greater voltage levels, at the cost of 
higherswitching and control algorithm complexity. The 
harmonicefficiency is further enhanced where the pre-
programmedswitchingschemesdefinedastheSHEandSe-
lectiveHarmonicMitigation(SHM)areused withMLI.

SELECTIVEHARMONICELIMINATION(SHE):
SHE is a method for eliminating certain chosen har-
monicsfromthesquarewavebyaddingextrasquare-
waveswitches. Back in 1973, it was Hasmukh and 
Richard whodeveloped the SHE methodology [5]. In 
SHE, the output isturned on and off many times over 
each half cycle of thesquare wave, and these chang-
es are spread equally overeachhalfcyclewithquar-
ter-wavesymmetry.Theimmediate transition of each 
switching is measured fromthe y-axis is called the 
switching angles but every set ofswitching angles is 
linked through Fourier who developedthe	 t r a n -
scendental	 trigonometric	 equationsmathemati-
cally to reflect the harmonic content of a squarewave.
WhenimplementingtheSHEPWM(pulse-widthmod-
ulation)byproperlyswitchingonandoffatthepreferred 
moment, some odd harmonics, usually a set oflow-
er order harmonics, can be selectively eliminated 
fromtheinverter'soutputvoltageandthemagnitudeofthe-
fundamentalvoltageisregulated[6].Thehigher-orderhar-
monicscanbequicklyextractedthroughlimitedphysicals-
calepassivefiltersandatarelateddecreasedexpense.
There are different solving algorithms and techniques 
forSHEsuchasnumericalapproaches,optimization-
basedapproaches and other approaches. Some of the 
techniquesarereviewedinnextsection:

II. LITERATUREREVIEW
Numerousapproacheshavebeenproposedinordertore-
move the harmonic distortion or selective harmonics 
inthe MLIs. Some of the techniques presented in litera-
turearereviewedwhicharediscussedinthissection:
Improvement of harmonics can be viewed as an ad-
vancedway of reduction of harmonics. The work [7] ap-
plied aninnovativeversionoftheprocessofparticleswar-
moptimization(PSO) to7-level invertersinthisway.
The paper [8] proposed the latest approach for optimiz-
ingharmonicsteppedwaveformbyusingharmonyquestal-
gorithmforMLIs.

The work done in [9] addressed the removal of sub-
stantiallower order 5th harmonic in five-stage cascaded 
invertersusingsine cosinealgorithm (SCA).
S. Bhalerao, et al., [10] had introduced the design and 
real-timeimplementationoftheBipolarSHE-PWMin-
theSingle-Phase 2-levelInverter for Lower Order Har-
monicSuppressionscheme.
Theresearch[11]describedindepththeimplementation-
of the SHE-PWM technique to thirteen-level cascaded 
subMLI.
ThereductionofunnecessaryharmonicsinaMLIwi-
thequivalentDCsourceswasdescribedinthepaper[12]us-
ing bat evolutionaryoptimizationmethod.
A.Kavousi,etal.[13]introducedtheBeeoptimizationap-
proachinacascadedMLIforharmonicelimination.
The study [14] explored the critical parameter model-
ingmethodologyfor single-phase systemson acascad-
edH-Bridge(CHB)withSHE/SHC.
M. T. Yaqoob [15] providedthe review on MLIsfor 
SHEthat PSO is stronger in terms of time and output 
than theGenetic Algorithm, Imperialist Competitive Al-
gorithm, BeeAlgorithm, andDifferentialAlgorithm.
Application of PSO algorithm to find the optimum solu-
tionof the flipping angles in a 3-ph seven-level Cascad-
ed MLIwith unequal DC sources for the removal of 
lower-orderharmonicswasdescribed inthe paper[16].
In the article [17],the author had suggested a procedure-
forsolvingtheoptimizationbyusingSCAalgorithmtoe-
liminatethe selectiveharmonicsin CHBMLI.
In [18], the optimization based technique had been used 
toeliminate the 5th, 7th and 11th order harmonics of 
nine-levelinverter.Forthis,authorhadpresentedSCAap-
proach.
However, it has been analyzed that SCA comprised of 
someproblems that affect the system’s performance. 
Therefore,the SHE problem cannot be eliminated com-
pletely with theSCA and a novel algorithm should be 
implemented withbetterperformance.

III. PRESENTWORK
ToremoveharmonicdistortioninMLIs,variousoptimiza-
tionalgorithmsbasedapproachesaredesignedand some 
of these are reviewed in above section. One ofthese 
approaches proposed is SCA based approach whichhad 
been considered as effective approach. However,as-
mentionedabove,itisanalysedthatSCAcomprisesofvari-
ous issues. These issues include slow convergence and-
falling into local solutions. Considering these demerits 
ofSCA algorithm, there is a requirement of modifica-
tions intheexistingmodel.
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Thus, a novel approach is designed in which moth fla-
meoptimization (MFO) algorithm is implemented in 
the placeofSCA.MFOalgorithmisinspiredbythenaviga-
tionmethods of the moths. Moths are capable of main-
tainingthe fixed angle with the moon that is helpful in 
making therightanglefor switching pulsesof thediodes.
As 9-level inverter is utilized in the existing technique, 
themain purpose of designing the novel approach is to 
removethe harmonic distortion and selective harmonic 
of 5th, 7thand 11th order in MLIs and achieve better 
results. MFO isresponsible for making the best decision 
about switchingthe pulses and efficient conversion from 
DC to AC. MFOseemstobetterintermsofconvergence-
duetoitsnavigation method. It is also better than SCA-
because itdoesnotfall intothe localsolutions.
Therefore,byproposingMFObasedoptimizationtech-
nique,theproblem of SHEcanbeeradicated.
The schematic diagram of the proposed system is 
shownbelow:

Figure2:Schematicdiagramofproposedsystem 

The figure 2 shows the simulink model of the pro-
posedsystem. In this, the three different levels i.e. level 
1, level 2and level 3 are designed. These three levels 
generate thethree-phaseoutputandreturnthevoltage.
Thelevelhere
 
performanceofthissystemisthenanalyzedfurthertoverify 
that whether the generated output of the proposedsys-
temgivestheefficientresultsintermsofharmonicdistor-
tion.Theresultsoftheperformanceanalysisobtained are-
represented inthe nextsection.

IV. RESULTS AND DISCUSSION
As stated intheabove section, thenewapproachi.e.,MFOi-
susedintheproposedworktoresolvetheproblemofSHEin-
MLIs.Now,thisproposedapproachisimplementedinthe-
MATLABenvironmentandsimulationisperformedinor-
dertoanalyzeitsperformanceintermsofdifferentparame-
ters.Andobtainedresultsofthesimulationarediscussedin 
thissection.

Figure 3: Switching angles in proposed approach wi-
threspecttomodulationindex

Thegraphshowninfigure3illustratesthecalculated-
switchinganglesi.e.α1,α2,α3andα4withrespecttomod-
ulationindex(m).Themodulationindexisdefinedmathe-
maticallyas:

V*s
 
representstheinverteri.e.9levelcascadedH-bridge(CHB)
MLI.Thepulsesthataregiventotheinverterare
generatedbyusingtheMFOoptimizationalgorithm.These
 

M=  f
Vdc    (1)

 
pulses are generated on the basis of switching angle. 
Thesepulsesarethenfedtothe9-levelCHBMLIwhich-
thengenerates the output voltage. The output voltage 
of all thethreelevelsarethencombinedlastlywhichgives-
theoverallgeneratedoutputvoltageofthesystem. TheIn   
which,   s   represents   number   of     dc     sources,-
Vdc represents supply voltage andVfimplies funda-
mentalvoltage.Inthegraph,they-axiscalibratesthevalue-
ofswitching angles that ranges from 0 to 90 degree, and 
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x-axiscalibratesthevaluesofmodulationindexranging-
from 0.2to1.Theswitchingangledarecalculatedinsucha-
waythatthey canresultinreductionofTHD ofthesystem.

Figure4:FFTanalysisofMLI usingproposedMFO

The FFT analysisof theMLIisperformed using pro-
posedMFOapproachasshowninfigure4.Theabo-
vegraphinthe The bargraphshowninfigure5depicts-
theresultsofcomparative analysis performed between 
proposed MFOapproachandconventionalNRand-
SCAapproachesinterms of THD. On analyzing the 
graph, it is clearly depictedthatamongthesethreeap-
proachesNRisthemostinefficientapproachasithasthe-
highestvalueofTHD.Whereas, SCA is quite efficient 
than NR as its THD valuesare lower than NR.However, 
the THD value of proposedMFOapproachisevenlow-
erthanthatofSCA,whichdemonstratesthesuperiority-
oftheproposedapproachover these two conventional 
approaches i.e. SCA and NR,with regardsto THD. fig-
ureshowsthemagnitudeof3rd,5thand7thorderharmonics 
and THD which is 6.7852%. In that graph, the y-ax-
isandx-axiscalibratesthevaluesofmagnitudeandharmon-
icorder,respectively.Inthis,therangeofmagnitude varies 

from 0 to 100 and that of harmonic ordervaries from 
0 to 1000. And the below graph in the figureexempli-
fies the signal magnitude of FFT analysis of MLI. In-
this graph, the signal magnitude of the MLI using pro-
posedapproach is shown with respect to varying time. 
The signalmagnitude varies between range -1000 and 
1000, and thetime varies from 0sec to 0.2 sec. The re-
sults imply thatproposedapproachminimizesthetarget-
edharmonicsefficiently.

Now,thecomparativeanalysisisperformedbetweenpro-
posed MFO approach and conventional approaches 
i.e.NR and SCA approach, in term of THD and the ob-
tainedresultsare represented below:

 
Figure5:Comparativeanalysisintermso fT HD

Thevaluesoftwodifferentparametersi.e.THDan-
dimprovement, for proposed and conventional ap-
proaches,arerecordedintable 1.

Table 1: THD and improvement values of differentap-
proaches

Sr. 
No.

Parameter NR SCA MFO

1 THD(%) 10.27 9.28 6.78
2 Improve-

ment(%)
-- 9.63 26.9397
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The proposed and conventional approaches are com-
paredin terms of their THD and improvement, and 
the obtainedvaluesarerecordedinabovetable.Itisclear-
lydemonstratedfromtheshownvaluesthatNRhasthemax-
imum value of THD i.e. 10.27%, followed by SCA 
i.e.9.28%,whereasproposedMFOapproachhasthem-
inimumvalueofTHDi.e.6.78.,andthusitisthemosteffi-
cienttechnique than other two previous approaches. 
Also, theNR does not shows any improvement, where-
as, thevalueof improvement of SCA is 9.63% and that 
of proposed MFOis26.9397%,whichishighestthanoth-
erapproaches.Thus,thisdemonstratestheefficacyofthe-
proposedapproach.

V. CONCLUSIONANDFUTURESCOPE
The novel approach is designed in the proposed work 
toremove the harmonic distortion and selective har-
monic of5th, 7th and 11th order in MLIs. In this pro-
posed approach,theMFOisusedtoresolvetheproblemof-
SHE.Thesimulation of this proposed approach is then 
carried out inthe MATLAB environment to analyze its 
performance. Forsimulation,differentparametersaretak-
enintoconsiderationsuchasswitchingangle,THDandFF-
Tanalysis.Also,thecomparativeanalysisisperformed-
between proposed approach i.e. MFO-based approach 
andconventional approaches i.e. NR and SCA in terms 
of THD.And obtained results revealed that proposed 
approach ismore efficient than the previous approach-
es in terms ofTHDasithaslowestTHDi.e.6.78thanthe-
otherapproaches. Also, the proposed approach has the 
highestimprovementvaluei.e.26.9397thantheprevioust-
woapproaches.Therefore,fromalltheresults,ithasbeen-
demonstratedthatproposedapproachhashighefficacy-
with regardstoalltheconsideredparameters.

For future work, the fitness function of the system can 
beupdatedand systemperformance canbe then analyzed.
And also, the hybrid optimization technique can beuse-
dinitforeliminationofharmonicdistortionsfromtheMLIs.
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