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Synthesis of Linear, Planar, and 
Concentric Circular Antenna 
Arrays Using Rao Algorithms
Jaya Lakshmi Ravipudi, University of Trento, Italy

ABSTRACT

Theaimofthispaperistodisplaytheefficacyofthreenewlyproposedoptimizationalgorithms
namedasRao-1,Rao-2,andRao-3insynthesizingantennaarrays.Thealgorithmsareappliedto
threedifferentantennaarrayconfigurations.Thinnedarrayswithisotropicradiatorsareconsidered
andthemainobjectiveistofindtheoptimalconfigurationofON/OFFelementsthatproducelow
side lobe levels.TheresultsofRao-1,Rao-2,andRao-3algorithmsarecomparedwith thoseof
improvedgeneticalgorithm(IGA),hybridTaguchibinaryparticleswarmoptimization(HTBPSO),
teaching-learning-basedoptimization(TLBO),thefireflyalgorithm(FA),andbiogeography-based
optimization(BBO).TheRao-1,Rao-2,andRao-3algorithmswereabletorealizeantennaarrays
havinglowersidelobelevels(SLL)whencomparedtotheotheroptimizationalgorithms.
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1. INTRodUCTIoN

Antennaarraysarecommonlyusedincommunicationsystemsandarepreferredoversingle-antenna
systemswhenthereisaneedtoimprovethegain,directivity,haveelectronicbeamsteeringatdifferent
directions,cancelinterferenceandtohavediversity(MIMO).Theperformanceofacommunication
systemisdependentalsoontheantennasystemithasandhenceaproperandefficaciousantenna
designisanimportanttask.Anantennaarray’sradiationpatternhasamainlobedirectedtowards
theuserandsidelobesandnullsintheotherdirections.Forefficientoperation,theradiationpattern
shouldhavehighdirectivityandlowsidelobelevel(SLL).However,thesetwoareconflictingfeatures
ofanantennapatternandonecannotbeimprovedwithoutdegradingtheother.Sincesidelobescause
wastageofpowerandcancreateinterferencewithneighbouringsystemsitbecomesnecessaryto
suppressitandthereforethelowSLLcriterionisusuallyfulfilledatthecostofsacrificinggainand
beamwidth.Thearraystructure,theinter-elementdistance,individualamplitudeandphaseexcitations,
thenumberofexcited(ON)elements,etc.affecttheradiationpattern.

Literatureshowsthatvariousresearchershaveapplieddifferenttypesofevolutionaryalgorithms
toantennaproblemstoachievecertainsynthesisgoals.FewamongthemareMothFlameOptimization
(Das,Mandal,Ghoshal&Kar,2018),comprehensivelearningparticleswarmoptimizer(Ismaielet
al.,2018),Cuckoosearchalgorithm(Nora,Oudira&Dumond,2019),probability-basedcoevolving
particleswarmoptimization(Pan,Wang,Guo&Wu,2019),improvedfruit-flyoptimizationalgorithm
(Darvish&Ebrahimzadeh,2018),geneticalgorithm(GA)(Cen,Yu,Ser&Cen,2012;Chen,He&
Han,2006),differentialevolution(DE)(Lin,Qing&Feng,2010;Zhang,Jia,&Yao,2013),particle
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swarmoptimization(PSO)(Bhattacharya,Bhattacharyya&Garg,2012;Khodier&Al-Aqeel,2009),
antcolonyoptimization(ACO)(Rajo-lglesias&Quevedo-Teruel,2007),invasiveweedoptimization
(IWO)(Karimkashi&Kishk,2010),bacteriaforagingalgorithm(BFA)(Guney&Basbug,2008),
fireflyalgorithm(FA)(Zaman&Abdul,2012),biogeographybasedoptimization(BBO)(Singh,
2010),antlionoptimization(ALO)(Saxena&Kothari,2016),catswarmoptimization(CSO)(Pappula
&Ghosh,2014;Pappula&Ghosh,2017),etc.AllthesealgorithmstrytosuppresstheSLLorachieve
atargetSLLbyoptimizingtheinter-elementspacing,positionoftheantennaelements,weightsof
amplitudes and phases of complex feeding currents, ON-OFF element combinations (thinning),
time-modulatedpulsewidthfortime-modulatedarrays,orplacingnullsinthedesiredinterference
directions.Fewmorerecentoptimizationworksonantennaarraysarementionedinsection3.

All the aforementioned algorithms have shown an efficient performance in finding optimal
solutionstoantennadesignproblemsaswellasforotherelectromagneticoptimizationproblems.
However,theirperformanceisdependentonthetuningoftheiralgorithm-specificparameters.E.g.
selectionoperator,mutationprobability,cross-overprobability,etc. inGA,mixingratio inCSO,
inertiaweightandsocialandcognitiveparameters,etc.inPSOandlikewiseforotheroptimization
algorithms.Theimpropertuningofanyalgorithm’scontrolparametersmayleadtoconvergenceat
alocaloptimumorincreasethetimeforconvergence.Thisparametertuningisinadditiontothatof
thecommoncontrolparameterssuchaspopulationsizeandthenumberofiterations.Theusereffort
increasessincemanytrialrunshavetoberuntogetapropercombinationofthealgorithm-specific
parametersandtheeffortis,obviously,proportionaltothenumberofalgorithm-specificparameters.

Optimizationalgorithmsthatuseonlycommoncontrolparametershavebeenproposedinthe
literature.Rao,Savsani&Vakharia(2011)hadintroducedtheteaching-learning-basedalgorithm
thatisbasedonlyoncommoncontrolparameterssuchaspopulationsizeandnumberofiterations
andhasgainedwideacceptancefromtheresearchcommunityforproducingsignificantoptimization
results.Rao(2016)haddevelopedanotheralgorithm-specificparameter-lessoptimizationalgorithm
knownasJayaalgorithmthathasalsobeengreatlyusedinvariousoptimizationscenarios(Huanget
al.,2018;Rao&More,2017;Rao&More,2017;Ravipudi&Neebha,2018;Singh,Prakash,Singh
&Babu,2017;Rao&Saroj,2017;Wang&Huang,2018;Warid,Hizam,Mariun&Abdul,2018).

Therearemanymeta-heuristicalgorithmsthatarebasedonthemetaphorofanaturalprocess
oranimal,birds,insects,societies,etc.Theauthorsofthesealgorithmsprovetheiralgorithmsto
bebetter than theotherexistingones.However,noteveryalgorithmreceivesenoughsuccessor
receivesalittlebecauseofthelackofresearchesapplyingthealgorithms.Therefore,therecannot
beenoughprogressinthefieldofoptimizationifthebasisofnewoptimizationalgorithmsison
someimitationofanaturalprocessrather thanfocussingonthemain ideaofdevelopingsimple
optimizationtechniquesthatcangiveeffectivesolutions.Keepingthisinview,Rao(2020)andRao
&Pawar(2020)recentlyintroducedthreesimpleyetpowerfulmetaphor-lessoptimizationalgorithms
namedRao-1,Rao-2,andRao-3.

TheRaoalgorithms(threeinnumber)havenotbeenappliedtoanyelectromagneticproblems
yet.Theyareindependentofanyalgorithm-specificparametersthatmakethemeasiertoimplement.
Thesealgorithmshavegoodsearchcapabilityandhaveagoodconvergencerateaswell.Therefore,
themaincontributionofthispaperistoshowtheirefficacybyapplyingthemtotheproblemof
antennaarraysynthesis,for the first time,withtheintentiontomotivateresearcherstoapplythesame
tootheroptimizationproblemsaswell.

Inthispaper,theRao-1,Rao-2,andRao-3algorithmsareusedtofindtheoptimumcombination
of ON-OFF antenna elements of a linear antenna array, a 50*50 planar antenna array, 2-rings
concentric circular antenna array, and 10-rings concentric circular antenna array. The codes are
writteninMATLABR2018bandanIntelCorei3computingplatformwitha2.30GHzprocessor
and4GBRAMisused.

Thisstructureofthepaperisasfollows.Somemorerecentworksinantennaarrayoptimization
arementionedinSection2.Rao-1,Rao-2andRao-3algorithmsarebrieflydescribedinSection3.
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