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ABSTRACT

Inthisarticle,anintervaltype-2fuzzylogiccontroller(IT2FLC)isusedasaMaximumPowerPoint
Tracker(MPPT)tosupplyalargescaleinterconnectedgrid.TheIT2FLChastheadvantageofbeing
abletoregulatetheMPPincaseofseverevariationsoftheweatherconditions.Aphotovoltaicarray
isconnectedtoACgridviaaDC-DCboostconverterandathree-phasethree-levelVoltageSource
Converter(VSC).ThedutycycleoftheboostconverterisswitchedbytheIT2FLC.Athreephase
VSCconvertstheVDClinkvoltagetoACandkeepsunitypowerfactor.TheVSCcontrolsystemuses
twocontrolloops:anexternalcontrolloopwhichregulatesDClinkvoltagetoalternativecurrentand
aninternalcontrolloopwhichregulatestheactiveandthereactivegridcurrents.VdandVqvoltage
outputsofthecurrentcontrollerareconvertedtothreemodulatingsignalsusedbythePWMGenerator.
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INTROdUCTION

Inthelastdecade,duetoseverallimitationsofconventionalsourcesofenergysuchashighcostof
fossilfuels,thecontributionstowardspollutionandenvironmentaldamage,andscarcityinresources,
thereisanurgefortheutilizationofrenewablesourcesofenergy.

Asthesunisaninexhaustiblesourceofenergyandavailableinmostpartsoftheworld,the
photovoltaic (PV) system has become one of the most important sources of renewable energy.
Theenergyobtainedbeingindirectcurrent,itcanbeconvertedintoalternativecurrentbyusing
convertersandthuscanbeusedtopowerloadsortoconnecttotheACdistributionsystem.The
useofphotovoltaicenergyhasbecomeincreasinglycommonasdemandforelectricityintheworld
grows.WhenthePVsystemisconnectedtothepowersupply,itisnecessarytomeetcertaincriteria
suchasthestabilityofthepowersystemandthequalityoftheenergysupplied.Asallphotovoltaic
systemsareinterfacingtheutilitygridthroughavoltagesourceinverter(Jiayietal.,2008)andaboost
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converter,manycontrolstrategiesandcontrollertypes(Alietal.,2016;Liangetal.,2002;Mattavelli
&Marfao,2004)havebeeninvestigated.

Thesignificantadvantageofphotovoltaicsystemistheuseofabundantandfreeenergyfrom
thesun(Jiayietal.,2008).Photovoltaicsystemhasamajorproblem:theamountofelectricpower
generated by solar arrays changes continuously according the weather conditions and day time
(Kataria&Panday,2010).

Inordertoincreasetheefficiencyofphotovoltaicsystems(risingthepowerdeliveredfromthePV
systemtotheload),maximumpowerpointtracking(MPPT)controllersareused.Thesecontrollers
havebecomeindispensableinPVsystems.SeveralMPPTtechniqueshavebeendesigned,suchas
currentandvoltagefeedbacktechniques,orimprovedpowerfeedbacktechniquessuchasincremental
conductancetechniqueorperturbationandobservationtechnique(Hohm&Ropp,2003;Hussein
etal.,1995).

RecentlyintelligentbasedcontrolsMPPTsuchasfuzzylogiccontrollerhasbeenintroduced
(Hannanetal.,2015,Shiauetal.,2015).Fuzzylogiccontroller(FLC)haspaidanincreasingattention
toresearcherssinceithasbeensuccessfullyappliedtocontrolcomplexorill-definedprocesseswhose
mathematicalmodelsaredifficulttoobtain.Theabilityofconvertinglinguisticdescriptionsinto
automaticcontrolstrategyhasmadeitapracticalandpromisingalternativetotheclassicalcontrol
schemeforachievingcontrolofcomplexnonlinearsystems(Naguib&Lopes,2010;Hangetal.,2011;
Rashidetal.,2011;Singh&Chandra,2011;Uddin&Rebeiro,2011;Alajmietal.,2011,Faquiret
al.,2015;Mohammadian,2017).However,somelimitationssuchastheexpressionofuncertainties
andnonlinearitiesarepresentedbyType1FuzzyLogicsystems(T1FLS).

Theconceptof fuzzy logic system type2 (T2FLS)was initiallyproposedbyZadeh, it is a
generalizationofordinaryfuzzysets.Thefootprintofuncertainty(FOU)isthemaincharacteristicof
T2FLS,itallowstodescribetheuncertaintiesandthenonlinearityofthesystems.Manystudieshave
demonstratedthatT2FLSaremuchmoreefficientindealingwithuncertaintiesandnonlinearities
comparedtoT1FLS(ElKhatebetal.,2013;Abbadietal.,2013;Hagras,2004;Suresh&Singh,2016;
Mikkili&Panda,2013,Lazim&Liana,2017,Paul&John,2017).Thisgivesthatthetype-2fuzzy
logic controller based on the T2-fuzzy sets can deal with both the linguistic and the numerical
uncertaintyeffectively.Type-2fuzzylogiccontrollercanobviouslyoutperformitsT1counterpart
underthesituationofhighuncertainty.

Inthisarticle,anintelligentcontroltechniqueusingintervaltype2fuzzylogiccontrolsystem
isassociated toanMPPTcontroller inorder to improveenergyconversionefficiencyofagrid-
connectedPVsystem.

Thisarticle isorganizedas follows. InSectionII, the100-kWgrid-connectedPVsystemis
described.Theintervaltype2fuzzylogiccontrollerdesignispresentedinSectionIII.InsectionIV,
theproposedcontrolisvalidatedbymeansofsimulationanddiscussed.Finally,theconclusionsare
summarizedinSectionV.

POwER SySTEM MOdEL

Figure1showsthedetailedmodelofa100-kWGrid-connectedPVArray.The100-kWPVarray
isconnectedtoa25-kVgrid(Figure2depictsthepowersystemutilitygrid)viaaDC-DCboost
converterandathree-phasethree-levelVoltageSourceConverter(VSC).MaximumPowerPoint
Tracking(MPPT)isimplementedintheboostconverterbymeansofaSimulinkmodelusingthe
fuzzylogiccontroller.

Thedetailedmodelcontainsthefollowingcomponents:

• PVarraydeliveringamaximumof100kWatStandardTestConditions(1000W/m2sunirradiance
and25°Ctemperature).
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