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ABSTRACT

Usinganovelbio-inspiredoptimizationalgorithmbasedonthenavigationstrategyofmothsina
universe called transverseorientation, called theMoth-FlameOptimizationAlgorithm (MFOA),
hasbeenappliedtosolvetheloadflowproblemforpowersystemsundercriticalconditions.This
mechanismishighlyeffectivefortraversingcoveringexpandedradiusinstraightdirection.Asamatter
offact,mothsfollowadeadlyspiralpathastheygetconfusedbyartificiallights.Forthetuningof
parameters,bothexplorationandexploitationprocessesplayanimportantrole.MFOAisexercised
forloadflowanalysisofsmall,medium,andlargeill-conditionedpowersystems.Thethreedifferent
standardill-conditionedcasesconsideredinordertoverifytherobustnessofthealgorithmareIEEE
14-bus,IEEE30-busandIEEE57-bustestsystems.TheresultsobtainedbytheapplicationofMFOA
showsthatthealgorithmisabletoprovidebetterresultsthantheresultsobtainedbytheapplication
ofabiogeographyinspiredoptimizationalgorithm,namelybiogeography-basedoptimization(BBO)
andanature-inspiredoptimizationalgorithm,namelythewhaleoptimizationalgorithm(WOA).This
approvesthesuperiorityoftheproposedalgorithm.Simulationandnumericalresultsdemonstrate
thattheMFOisapotentalternativeapproachforloadflowanalysisunderbothnormalandcritical
conditionsinpracticalpowersystemsespeciallyincaseoffailureofconventionalmethods,thereby
provingtherobustnessofthemethod.Tothebestoftheauthors’awareness,itisthefirstreporton
applicationofMFOAloadflowanalysis.
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INTROdUCTION

Theloadflow(LF)problem,incurrentpowersystemoutlook,hasbecomequiteaseriousissue.
Researchersareincontinuousquestofimprovingthepowerflowanalysisasitishighlyessential
fordesiredpowersystemschedulingandoperation(Duman,Güvenç,Sönmez,&Yörükeren,2012).
TheLFcanbeconsideredasanelementarytoolthathelpsinidentifyingthesecurestateswithinthe
systemforeconomicaloperation.TheimportanceofLFliesinthefactthatitformsthebackbone
intheassessmentoftheoptimumstateofoperationofanelectricnetworkwhichcanbeachieved
bytheoptimizationofafitnessfunctionrepresentingtheloadflowobjectivemaintainingtheviable
constraints.SomeoutofthenumerousapproachesareNewtonRaphson(NR),GaussSeidel(GS),
andFastDecoupledLoadflowmethod(FDLF),etc.(Scott,1974),thatarefrequentlyusedtosolve
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nonlinearequations.Duetorobustnessandfastconvergencecharacteristic,NRisthemostpopular
amongstalltheaforesaidtechniques.Hencetheloadflowanalysiscanbedescribedasaneminently
non-extensiveandmulti-conditionaloptimizationissue(Abou,Abido,&Spea,2010).

Mostoftheclassicalapproachesimpliedforsolvingthementionedproblemsufferfromafew
limitations.Someofthelimitationsarelocaloptimaconvergence,unsuitableforintegerandbinary
problems,differentiabilityalongwithcontinuity,andinprovidingsolution tosystemswith large
R/Xratios(Stott&Alsac,1974;Frank,Steponavice&Rebennack,2012;AlRashidi&El-Hawary,
2009;Bijwe&Kelapure,2003;Amerongan,1989).Basedonclassicalavenues,loadflowalgorithms
for critical or ill-conditioned power systems have been further developed (Iwamoto & Tamura,
1981;Ajjarapu&Christy,1992).Theprobleminvolvedintheconventionalapproachesisthattheir
performanceishighlysusceptibletotheR/Xratioandtheirperformancegetsdeterioratedwithan
increaseofR/Xratio,systemloadability,complexityandnonlinearity.

Thus,toovercometheseproblemsandhaveabettersolutionofloadflow,numerousmeta-heuristic
optimizationtechniqueshavebeenaddressed.Afewofthetechniquesavailableinresearchliterature
aregeneticalgorithm(GA)byWongetal.,particleswarmoptimization(PSO),differentialevolution
(DE),realcodedgeneticalgorithm(RCGA),hybriddifferentialevolutionalgorithm(HDE)etc(Wong,
Li,&Law,1997;Karami&Mohammadi,2008;Fukuyama&Yoshida,2001;Acharjee&Goswami,
2010;Udatha&Reddy,2014;Lampinen,2002;Rout,Swain&Barisal,2011;Sakr,,EL-Sehiemy
&Azmy,2017).Greywolfoptimization(GWO)introducedbyMirjalilietal.isapowerfulmeta-
heuristicevolutionaryoptimizationtechnique,basedonthesocialhierarchyandhuntingbehavior
ofgreywolves.Thetechniquehasbeenhasbeenabletoprovidesuccessfulresultforseveralpower
systemoptimization issues (Bhattacharya&Chattopadhyay,2010;Herbadji,Slimani&Bouktir,
2013).Thebiogeographybasedoptimization (BBO) technique (Simon,2008) is abiogeography
inspiredevolutionaryapproachandhasprovedtobeasuccessfultechniqueinsolvingtheeconomic
loaddispatch(ELD)(Bhattacharya,A.,Chattopadhyay,2010)andoptimalpowerflow(OPF)problems
(Herbadji,Slimani&Bouktir,2013).BBOoptimizesafunctionbyimprovingcandidatesolutions
stochasticallyanditerativelywithrespecttosomespecifiedmeasureofquality,orfitnessfunction
(Simon,2008).Basedon the fowlinghabitsofhumpbackwhales,whaleoptimizationalgorithm
(WOA)isanewnature-inspiredmeta-heuristicoptimizationalgorithmthathasbeensuccessfully
employedtosolvetheOPF(Bhesdadiya,Parmar,Trivedi,Jangir,Bhoye&Jangir,2016)andELD
(Touma,2016)problems.

Loadflowanalysiscarriedoutbymostoftheproposedalgorithmsaddressedintheliteratureso
far,haveshownimprovedresults.However,mostoftheabove-mentionedpopulation-basedtechniques
suffer fromamuchheavier computationalburden in large-scaleproblems.Also,when structure
intricacyriseswiththeincrementinnumberofnewvariables,mostoftheaforesaidmethodsare
unabletoprobethesearchspaceadequately.

Inthepresentwork,Moth-FlameOptimizationAlgorithm(MFOA)hasbeenappliedforsolving
theLFproblem.MFOAisanewmeta-heuristicoptimizationapproachbasedonthenavigationstrategy
ofmothsinuniverse(transverseorientation)(Mirjalili,2015).Obtainingglobalsolutionconsistently
highlightstheusefulnessofMFOAtechnique.Otherpositivefeaturesofthisalgorithmaretheuseof
roulettewheelselectionforachievingfasterconvergenceandtheabilityofevaluationofbothdiscrete
andcontinuousoptimizationissues.ToverifytheeffectivenessandrobustnessofMFOAinsolving
theLFproblem,itisappliedonIEEE-14bus,IEEE-30busandIEEE-57busstandardtestsystems.
Increasingtheload,changinglinereactanceandchanginglineresistancearethethreeobjectivecases
thathavebeenconsideredforoptimizationusingMFOA.Withanincreaseinlineresistanceorwith
adecreaseinlinereactance,theR/Xratioinlinescanbeincreased(Amerongan,1989).Theresults
confirmthatthecontrolvariablesareoptimallyadjustedsuchthattheyarewithintheirspecifiedlimits.
EventhoughBBOandWOAtechniquesareabletoprovidegoodoptimizationvalues,MFOAgives
evenbetteroptimizationresultswhichprovethestrengthofthesuggestedmethod.Theremaining
articleconsistsofthefollowingsections:TheproblemframeworkisdescribedSection2.InSection
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