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Abstract—This work presents a proposed power 

system with a diesel generator (DG), wind energy 

conversion system and solar photo voltaic (PV) 

system. The proposed power system with its control 

techniques, regulates the loading of DG to achieve a 

low specific fuel consumption with the help of wind 

energy conversion systems (WECS) and SPV system. 

The doubly fed induction generator (DFIG) is used in 

WECS system. The WECS system consists of two 

voltage source converters (VSCs) for the system 

control. One converter is FUZZY based RSC Control 

Strategy(RSC), which helps in achieving maximum 

power point tracking of the wind turbine. Another 

one is the generator side converter (GSC), which 

helps in regulating DG generation while maintaining 

WECS generator as well as Diesel generator currents 

balanced, unbalanced and harmonics within the 

requirement of the IEEE-519 standard at different 

load conditions. The system envisages energy storage 

by connecting a battery bank at the DC bus of DFIG. 

The battery bank provides buffer storage. To increase 

optimal operation, solar PV system with MPPT 

technique also integrated with DG system, and SPV 

system with MPPT algorithm maintain DC link 

voltage. The proposed power system is modelled 

using MATLAB Sim-power-system tool box and 

proposed system performance results are presented 

under variation of linear loads, nonlinear loads, 

unbalanced loads.  

iIndexiTerms— 

WindiTurbine,idoublyifediinductionigeneratori( 

DFIG),idieseligenerator,isolariphotovoltaiciarra 

y,ibidirectionalibuck/boostiDC- 

DCiconverter,ibatteryienergyistorage,ipoweriqu 

ality.  

1.iINTRODUCTION  

Dieseligeneratorsi(DGs)iareiveryipopulariforitheid 

ecentralizedipowerigenerationiasiwelliasibackupipo 

weriinitheiurbanihousingisocietyiforitheifollowingi 

reasonsi[1]-[3].i  

 •
  DGsiareiportableiandidispatchable.i  

  

• Theyiareiofilowericapitalicost.i  

• DGsimaintenanceiisieasier.i  

• Theyihaveihighericonversioniefficiencyias 

icompareditoiotherisourcesiofienergyiresu 

ltingiinilowispecificigreenhouseigasiemiss 

ion.i  

  

Foritheiaboveireasons,itheyiareiwidelyiusediforithe 

ipoweridistributioniofiislands,icommercialiandimili 

taryishipsietci[4].iHowever,iDGsisufferifromitheihi 

gherirunningicostialongiwithinoiseiandiairipollutio 

n.iTheirunningicostiisidependent 

ioniamountiofifueliconsumptionibased 

ionitheipowerigeneration.iThisicostiisiminimizedib 

yiinstallingirenewableienergyi(RE)isourcesisuchias 

iwind,isolariandibiomassietc.iMoreover,iREibasedi 

powerisourcesiareipollutionifreeiandiabundantiinin 

ature.iAmongiREisources,iwindiandisolariareiconsi 

dereditoibeimoreipopularibecauseiofitheirireducedi 

costianditechnologicaliadvancementsi[5],i[6].iWin 

diturbinesiareimainlyicategorizediasifixedispeedian 

divariableispeeditype.iFixedispeediwinditurbinesih 

aveibeeniusediearlieridueitoitheirisimpleioperatingi 

features.iHowever,itheyisufferiwithimoreipowerilo 

ss.iVariableispeediwinditurbinesiwithidoublyifedii 

nductionigeneratori(DFIG),iareidominantlyiusedifo 

riwindienergyiextractionidueitoiitsiadvantagesisuch 

iasireducediconverterirating,ilessiacousticinoise,ihi 

ghlyienergyiefficientiandilowipowerilossi[7].iSubst 

antialiliterature 

ioniDFIGibasediwindienergyiconversionisystemi( 

WECS)ibothiinistandalonei[8]iandigridiconnectedi 

modes,iisiavailablei[9]- 

[11].iIni[8],itheiauthorsihaveipresentediDFIGibase 

diWECSioperatingiinistandaloneiwithiaibatteryiene 

rgyistoragei(BES)iconnectedidirectlyiatitheiDCilin 

k.iMoreover,itheicomparativeiperformanceiwithian 

diwithoutiBESiisidiscussed.iIni[9],itheiauthorsihav 

eidescribedianiextendediactiveipoweritheoryiforieff 

ectiveioperationiofiwinditurbineicouplediDFIGibot 

hiinibalancediandiunbalancedigridiconditions.iMor 

eover,itheiDFIGiisicontrollediwithionlyirotorisidei 

converteri(RSC).iTherefore,itheitopologyisuffersifr 

omitheipoweriqualityiissuesiespeciallyiduringiharm 

oniciloads.iLiuietial.i[10]ihaveiinvestigateditheiinfl 

uenceiofiphaseilockediloopiparametersiandigridistr 

ength 

ionitheistabilityiofiDFIGiwindifarmiinigridiconnect 

edimode.iHowever,ianiexperimentalivalidationihasi 
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notibeeniperformed.iIni[11],itheiauthorsihaveidiscu 

ssediaisynchronizationicontrolimethodiforismoothi 

connectioniofiDFIGitoitheigrid.iMoreover,iitihasib 

eeniimplemented  ioniaimodifiediIEEE 

i39ibusisystemiusingirealitimeisimulationiplatform. 

iHowever,ihardwareirealizationihasinotibeenidone.i 

Iniotheriside,ithereihasibeeniincreasingipowerigene 

rationithroughisolariphotovoltaici(PV)iarrayiworld 

wide.iTheisolarienergyiconversionisystemi(SECS)i 

canibeisingleistageioridoubleistage.iSomeiofitheilit 

eratureiregardingisolariPVisystemiisireportediini[1 

2],i[13].iShahietial.i[12]ihaveidemonstrateditheisin 

gleistageiSECSiconnecteditoitheiutilityigrid.iMore 

over,iaifundamentalicurrentiextractionitechniqueib 

ased  ionisecond- 

orderigeneralizediintegratoriwithifrequencylockedilo

opihasibeeniimplementediforivoltageisour 

ceiconverteri(VSC).iIni[13],itheiauthorsihaveiprese 

nteditheidoubleistageiSECSiinteractingitoitheigrid.i 

Iniaddition,ianiadaptiveialgorithmiofifastizeroiattra 

ctinginormalizedileastimeanifourthihasibeeniimple 

mentediforiVSCitoiimproveitheipoweriqualityiissu 

es.i  

TheioperationiofiWECSiandiSECSisepara 

tely,iisinotieconomicaliandireliableibecauseiofithei 

riintermittency.iTherefore,itheiintegrationiofibothi 

windiandisolarisources,iimprovesireliabilityiofipow 

erigenerationi[14],i[15].iMorshedietial.i[14]ihaveip 

resentediwind- 

PVisystemiwithifaultirideithroughicapabilities.iIniit 

sitopology,itheisolariPViarrayiisiconnectediatithei 

DCilinkiofiDFIGibasediWECSithroughiaiboostico 

nverteriandiaiDC- 

DCiconverter.iHowever,iitiincreasesitheiswitchingi 

lossesiandicost,ibecauseiofiadditionaliDC- 

DCiconverterialongiwithigridisideiconverter.iIni[1 

5],itheiauthorsihaveidemonstrateditheiwindsolariPVisyste

miwithiBESiinistandaloneimode.iInii 

tsiconfiguration,itheisolariPViarrayiisiconnectediati 

theiDCilinkiofiwinditurbineidriveniDFIGithroughia 

iboosticonverter.iHowever,itheicurrentithroughiBE 

Siisinoticontrolled,ibecauseiitiisidirectlyiconnected 

iatitheiDCilink.iFurther,itheimicrogridsibased 

ioniDG,iwindiandisolarisourcesihaveibeenidevelop 

ediandireportediinitheiliteraturei[16]- 

[18].iIni[16],itheiauthorsihaveidiscusseditheicapaci 

tyiplFuzzyingiofiBESiforiaimicrogridibased 

ioniwind,isolariandidieselisourcesithatiareilocatedii 

niisland.iHowever,ioptimalifuelioperationiofiDGih 

asinotibeenidiscussed.iIni[17],itheiauthorsihaveide 

monstratediaiwinddieselimicrogridiforifueliefficientizonei

withiBES.i 

However,itheiBESicurrentiisinoticontrolledidueito 

lers.iInianyimicrogrid,itheiBESiplaysivitaliroleiduri 

ngitheimismatchiofigenerationiandidemand.iMoreo 

ver,iitihelpsiiniextractioniofimaximumipoweribothi 

fromiwindiandisolar,iespeciallyiwhenitheigeneratio 

niisimoreithanitheidemand.iThereiareimanyimaxim 

umipoweripointitrackingi(MPPT)itechniquesidiscu 

ssediinitheiliterature,ibothiforiwindiandisolaritoiext 

ractimaximumipowericorrespondingitoiparticulariw 

indispeediandiinsolation,irespectivelyi[12],i[13],i[1 

5],i[19],i[20].i  

Thisiworkipresentsiaimicrogridibased 

ioniwinditurbineidriveniDFIG,iDGiandisolariPViar 

rayiwithiBES,iiniorderitoiminimizeitheifueliconsu 

mptioniofiDG.iInithis,itheiDGiisidesigneditoidelive 

ritheibaseiloadirequirementiofiaiparticularihouseho 

ldilocality.iTheimainicontributionsiofithisistudyiare 

ionitheicontroliaspectsiofitheischeme,iwhichiareias 

ifollows.i  

•  

•  

•  

•  

•  

•  

•  

•  

Ainoveligeneralizediconceptiisiuseditoico 

mputeitheireferenceiDGipowerioutputifori 

theiDGitoiremainioperatingiinioptimalifue 

liconsumptionimode.i  

Theiloadisideiconvertericontroli(LSC)iisid 

esigneditoicontroliDGialongiwithitheipow 

eriqualityiissuesisuchiasiloadiunbalanceic 

ompensation,iharmonicsicompensationian 

direactiveipowericompensation.i  

TheiRSCicontroliisidesigneditoiextractima 

ximumipowerifromitheiwinditurbine.i  

TheiBESiisiconnecteditoitheicommoniDC 

ibusiofiback- 

backiconnectediVSCsithroughiaibidirectio 

nalibuck/boostiDC- 

DCiconverter.iItiaimsitoiprovideipathifori 

excessistatoripoweriofiDFIG.iMoreover,ia 

isolariPViarrayiisidirectlyiconnectediatiD 

Cibus.i  

Theibidirectionalibuck/boostiDC- 

DCiconvertericontroliisidesignediiniaiway 

itoiextractimaximumipowerifromitheisolar 

iPViarrayianditoicontrolitheicurrentithrou 

ghiBES.i  

Aimodifiediperturbiandiobservei(P&O)iM 

PPTialgorithmiisipresenteditoiobtainimaxi 

mumipowerifromiaisolariPViarray.i  

Thisimicrogridiconfigurationiisiimplement 

ediwithiminimuminumberioficonverters,it 

herebyireducingitheitotalisystemicostiandi 

switchingilosses.i  

TheiDFIGistatoricurrentsiandiDGicurrents 

iareimaintainedibalancediandisinusoidal,ia 

siperitheiIEEE i519istandard.i  
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itsidirecticonnectioniatitheiDCilink.iMoreover,ithei 

chancesiofigettingiawayifromifueliefficientizoneiisi 

moreidueitoiconnectioniofionlyioneiREisource.iVe 

nkatramanietial.i[18]ihaveipresentediaiwind-

solardieselimicrogridiwithiBESiforicertainiremoteiarea.i 

However,itheioptimalioperationiofiDGihasibeeniig 

norediwhileidevelopingitheisourceiandiloadicontrol 

Theiwind-

dieselsolarimicrogridiwithiBESiisimodellediandisimulat

e diusingiSimPowerSystemsitooliboxiofiMATLAB.i 

Theisystemiperformanceiisianalysediforivariableiw 

indispeeds,ivariableiinsolation,ieffect 

ionibuckiboosticonverteriativaryingiloadsiandiunba 

lancedinonlineariloadiconnectediatipointioficommo 

--nicouplingi(PCC).iToivalidateitheimicrogridioperat 

ion,itestsiareiperformed 

ioniaidevelopediprototypeiinitheilaboratory.  

II.iCONFIGURATIONiOFMICROGRID  

Theischematiciconfigurationiofitheimicro 

gridiisidepictediiniFig.  

i1.iIticonsistsiofiwinditurbine,iDFIG,iDG,isolariPV 

iarray,iBES,ibidirectionalibuck/boostiDC- 

DCiconverter,iRSC,iLSC,iinterfacingiinductors,iΔ/ 

Yitransformer,ilineariandinonlineariloads,icircuitib 

reakersi(CB1i& 

iCB2),iDCilinkicapacitoriandirippleifiltersietc.iThi 

simicrogridiisidesigneditoideliveriaipeakiloadiof  

nnectedithroughibidirectionalibuck/boostiDCDCiconver

ter.iTheiDGiisicomprisingiofiaisynchron 

ousigeneratoriof  

i4ipole,iinternalicombustioniengineiof  

i4istrokeireciprocatingitypeialongiwithiautomaticiv 

oltageiregulatori(AVR).iA 

i7.5ikVAiDGiisiselectediinilineiwithiratedicapacity 

iofitheiwinditurbineigenerator.iTheidesigniofiaiwin 

diturbineigenerator,isolariPViarray,iDG,iBESiandi 

othericomponents,iisicarriedioutibased 

ionitheiliteratureireportediini[12],i[15],i[17].iMore 

over,itheidesigniparametersiofimicrogrid,iareigiven 

iiniAppendices.  

i7.5ikWiforiaiparticularilocality.iTheiwinditurbinei 

generatoriandisolariPViarray,iareidesigneditoideliv eriaipoweriof 

i7.5ikWieach.iInithisischeme,itheisolariPViarrayiis 

idirectlyiconnecteditoiDCilink,iwhereasiBESiisico 
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nnectedithroughibidirectionalibuck/boostiDCDCiconverter.iTheiDGiisicomprisingiofiaisyn

chron ousigeneratoriof i4ipole,iinternalicombustioniengineiof 

i4istrokeireciprocatingitypeialongiwithiautomaticiv 

oltageiregulatori(AVR).iA   

i2.iTheiRSCiisiuseditoisupplyitheireactiveipowerir 

equirementiofiDFIGi  

  

   

i7.5ikVAiDGiisiselectediinilineiwithiratedicapacity 

iofitheiwinditurbineigenerator.iTheidesigniofiaiwin 

diturbineigenerator,isolariPViarray,iDG,iBESiandi 

othericomponents,iisicarriedioutibased  

ionitheiliteratureireportediini[12],i[15],i[17].iMore 

over,itheidesigniparametersiofimicrogrid,iareigiven 

iiniAppendices.  

  

Fig.2.iDFIGibasedimicrogrid.  

Theicompleteidescriptionioficontrolialgorithmsiofi 

RSCiandiLSC,iMPPTialgorithmiofisolariPViarray,i 

bidirectionalibuck/boostiDC- 

DCiconverter,iareigiveniinifollowingisubsections.i  

A. iControliAlgorithmiforiRSCi  

TheicontrolialgorithmiofiRSC,iisidepictediiniFig.  

Fig. i1.iDFIGibasedimicrogrid.   

IIIiDeveloping iControliforitheiNewiScheme.  

Theischematiciconfigurationiofitheimicro 

gridiisidepictediiniFig.  

i4.8.iIticonsistsiofiwinditurbine,iDFIG,iDG,isolariP 

Viarray,iBES,ibidirectionalibuck/boostiDCDCiconverter,iRS

C,iLSC,iinterfacingiinductors,iΔ/ 

Yitransformer,ilineariandinonlineariloads,icircuitib 

reakersi(CB1i& 

iCB2),iDCilinkicapacitoriandirippleifiltersietc.iThi 

simicrogridiisidesigneditoideliveriaipeakiloadiof 

i7.5ikWiforiaiparticularilocality.iTheiwinditurbinei 

Fig.3.iRSCicontrolialgorithm.  

andialso,itoiregulateitheispeediforiachievingiMPPT 

ifromitheiwinditurbine.iTheifieldorientedivectoricontro

li(FOVC)iisiusediforiRSCitoi 

generateitheiswitchingipulses,iasishowniiniFig. 

i4.9.iIniiFOVC,idirectiaxisiandiquadratureiaxisico 

mponentsiofirotoricurrentsi(I*dr,iI*qr)irepresentire 

activeiandiactiveicomponents,irespectively.iTheiI* 

driisicorrespondingitoinoiloadimagnetizingicurrenti 

(Ims0)iofiDFIG,iwhichiisicomputediasi[21],i  
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generatoriandisolariPViarray,iareidesigneditoideliv eriaipoweriof  

i7.5ikWieach.iInithisischeme,itheisolariPViarrayiis(1) 

idirectlyiconnecteditoiDCilink,iwhereasiBESiisico 

Aimodifiediindirectivectoricontrolibased ionivoltage-

orientedireference  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(2)  

whereiKpωiandiKiωirepresentiproportionaliandiint 

egraliconstantsiofiPIispeedicontroller,irespectively. 

iTheiωerr(k)iandiωerr(k- 

1)idenoteispeedierroriatikthiandi(k1)thiinstants,irespectiv

ely.i  

Theiωerr(k),iisiobtainedias,  

(3)  

whereiω*r(k)iandiωr(k)idenoteitheireferenceiandis 

ensedirotorispeediofiDFIGiatikthiinstant,irespectiv 

ely.i  

Theireferenceirotorispeediisiobtainedifromitheitipis 

peediratioiMPPTicontroli[19]ias,  

(4)  

whereiVw λ ∗, ,  

iframe,iisiuseditoigenerateitheireferenceicurrentsias 

ishowniiniFig.  

i3.iInithis,ibothiDGiandiDFIGistatoricurrentsiareia 

ddediandicontrolleditoiextractimaximumipowerifro 

mitheiDFIGianditoiregulateitheiDGipoweriwithinit 

heirangeiforioptimalifueliconsumption.iThe 

 idaxisicomponentiofiLSCiisiobtainedias,ii  

(7)  

whereiI*dd,iI*dwidenoteithe 

 idcomponenticurrentiofiDGiandiDFIG,irespecti

vely.i Itiisinotedithatitheisaturationiblockiisiplacedibefore 

itheiI*ddicomponentitoioperateitheiDGiinioptimali 

fueliefficientizoneiatichangeiiniload,iasidepictediin iFig. 

i3.i  

Inithisiwork,iaigeneralizediconceptiisiuseditoicalcu 

lateitheiDGipoweribased 

ionistateiofitheiBES.iTheireferenceiDGipoweriinip 

ui(P*D)iisicomputedias,  

iandirirepresentiwindispeed,ioptimalitipispeediratio 

,igeariratioiandiradiusiofiwinditurbine,irespectively(8)  

.i    

Theirotoritransformationianglei( 

as,i  

TR)iisicomputedi Hereitheivalueiofiβivariesifrom  i0ito 

i1.iTheiminimumivalueiofiβiisiachievediwheniBES 

iisichargeditoimaximumivoltagei(Vbmax)iwhereasi 

βitakesimaximumivalueiwheniBESivoltageifallsitoi itsiminimumivaluei(Vbmin).iTheiβiisiofitheiformia 

(5) s,  

wherei siisiobtainedifromiphaseilockediloopiandi 

riisicomputedifromitheisensedirotorispeedias,  

(9)  

whereiXmidenotesitheimagnetizingireactanceiofithe 

imachineiandiVLiisitheilineivoltageiatitheimachinei 

terminals.i  

TheiI*qriisiestimatedibyipassingitheispeedierrorith 

roughiproportionaliandiintegrali(PI)icontrolleriasid 

epictediiniFig. i4.9iandiitiisiderivedias,i  
  

•  ItiregulatesitheiDGipoweriwithinitheirang 

eiofiPDminitoiPDmaxitoiachieveioptimali 

fueliconsumption.iWhereiPDminiandiPD 

maxireferitoiminimumiandimaximumiDGi 

powerioutputiinipuiforioptimalifueliconsu 

mption.i  
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 Ini(8)iandi(9),  ik1iand  

(6) ik2irepresenticonstantiparameters.iTheival

ueiof  

TheiLSCicontrolialgorithmiisidepictediiniFig.  

i3.iTheiLSCiisicontrolleditoiachieveitheifollowingi 

objectives. i (10)  

•
  ItimaintainsitheiDGiandiDFIGistatoricurre 

ntsisinusoidaliandibalanced.i 

whereiVLiandiVADGirepresentilineivoltageiatiPCC 

iandiVAiratingiofiDG,iwhichiisichoseniasiaibaseiv alue.i  

TheiI*dwiisicomputedias,i  

(11)  

TheiDGicurrentsi(ida,iidbiandiidc)iareitransformed 

itoiIdiandiIqiusingiangleiofitransformationi(θs),iwh 

ichiisiobtainedifromiPLLiasishowniiniFig.  

i3.iTheiq- 

axisicomponentiofiLSCicurrenti(I*qg)iisinumerical  

nditheniaddeditogetheritoigenerateicurrentireferenc 

esi(i*ga,  ii*gbiand  

ii*gc).iTheiunititemplatesiareiobtainedifromiphasei 

voltagesi(va,ivbiandivc),iasishowniiniFig.  

i3.iUnititemplatesiofiinphaseicomponentsiareiobtainedias,  

  

 (12) 

 Fig.6.iMPPTialgorithmiofisolariPViarray.  

where,iVmidenotesitheipeakiofiphaseivoltageiatiPC 

C,iwhichiisicomputedias,  

(13)  

Theiunititemplatesiofiquadratureicomponents,iarei 

obtainedifromiin-phaseicomponentsias,  

givenitoivariablei‘X’.iItivariesibetweenidigitalibits 

i0iand  i1.iIniFig. 

i4,itheifirstistepiisitoigetitheiinformationiofiDCilin 

kivoltageiorisolariPVivoltagei(Vdc)iandisolariPVic 

urrenti(Ipv)iatikthiinstantiandicomputationiofiinsta 

ntaneousisolaripower.iTheisecondistepiisitheideter 

Finally,ireferenceirotoricurrentsi(i*ra,  ii*rbiand 

ii*rc)iareiderivedifromiI*qriandiI*driusingianiangl 

eiofitransformationiθTR,iasidepictediiniFig.  

i2.iTheseireferenceicurrentsialongiwithisensediroto 

ricurrentsi(ira,iirbiandiirc),iareiapplieditoipulseiwi 

dthimodulationi(PWM)icontrolleritoiproduceiRSCi 

gatingisignals.i  

B. iControliAlgorithmiforiLSCi  

ik1iisiselectedisuchithatiP*Diattainsiitsimaximumil 

imitiofioptimalifueliconsumptioniasiβitendsitoiunit 

y.iMoreover,itheivalueiof  

ik2iisiselectedisuchithatitheiβiattainsiunityiatiVbmi 

n.iInithisiwork,itheichosenivaluesiofiPDmin,iPDm 

ax,iVbmax,iVbmin,  ik1iand  

ik2iareimentionediiniAppendices.i 

Fromi(8),itheiI*ddiisicomputedias,i  

lyisameiasiIqiofiDG.iTheiI*dgiandiI*qgiareimultip  

liediwithiin- 

phaseiandiquadratureiunititemplates,irespectivelyia 

Fig. i5iSamplingipulseigeneration.  
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minationiofirunningiaverageisolaripoweri(Psol),iw 

hichiperformsitheisameifunctioniasifiltering.iInicas 

eitheiabsoluteidifferenceibetweenitheirunningiaver 

agedipoweri(Psol)iandipreviouslyisampledipoweri( 

P’sol)iisilessithan i20iWicombinediwithiminimumitimeidelayiof 

(14)  

Finally,itheigeneratedireferenceicurrentsiandisense 

dicurrentsi(iga,iigbiandiigc)iareiapplieditoiPWMic 

ontrolleritoiproduceipulsesiforiLSC,iasidepictediini Fig. i3.  

C.iSolariPViArrayiMPPTiAlgorithmiandiBidirect 

ionaliBuck/BoostiDC-DCiConverter iControli 

TheibidirectionalibuckioribidirectionaliboostiDCDCiconverteriisiuseditoi

regulateitheiDCilinkivolta 

geibyicontrollingipoweriflowithroughitheiBES.iByi doing  

iso,itheisolariMPPTiisiachieved.iInithis,iaimodified 

iperturbiandiobservei(P&O)ialgorithmiisiused,iwhi 

chiconsistsiofisamplingipulseigenerationi(X)iandisu 

bsequentlyiestimationiofireferenceiDCilinkivoltage 

i(V*dc)iasidepictediiniFigs. i4-5,irespectively.iFig. 

i4iillustratesivariousistepsiinvolvediinitheigeneratio 

niofisamplingipulsei‘X’.iHere,itheisamplingipulseii siainamei  

i0.25 

isifromipreviousisampling,itheicontrol

isensesithatis 

teadyistateihasiarrived.iOnisensingithe

isteadyistate, 

itheioutputiofitheisamplingipulsei‘X’i

becomes 

i‘1’.iTheisamplingipulseidecidesitheii

nstantiofiincr 

ementalichangeiinireferenceiDCilinki

voltagei(V*dc 

)iorisolariPViMPPTivoltage.iTheivalu

eiofiV*dciisi 

updatedionlyiifisamplingipulseibecom

esi‘1’.iThisii 

siclearlyievidentifromiFig. 

i5ithatidepictsitheimodifiediP&OiMP

PTialgorithm. 

iOnceiXibecomesi‘1’,itheiMPPTialgor

ithmichecksi 

foriPsol(k)i>Psol(k-1).iIfiitiis 

iyes,itheniitiagainichecksiforiVdc(k)i>

Vdc(k- 

1).iIfiitiisialso 

iyes,ithen,itheinewireferenceiDCilinki

voltageibeco 

mesiV*dci=iVdc(k)+iΔVdc.iWhereiΔV

dcidenotesith 

eismalliincrementalichangeiiniDCilink

ivoltage.iTh 

eiotheriscenariosiareievidentifromithei

Fig. i5.i 

Theibidirectionalibuck/boostiDC- 

DCiconvertericontrol,iisidemonstrated

iiniFig.  
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i6.iTheiouteriproportionalintegrali(PI)icontrolleriofitheibidirect

ionalibuckiori bidirectionaliDC- 

DCiboosticonvertericontrol,iisiuseditoiregulateithei 

DCilinkivoltage.iMoreover,itheioutputiofitheiouteri 

PIicontrolleriisireferenceibatteryicurrenti(I*b),iasid 

epictediiniFig.  

i6.iTheiinneriPIicontrolleriisiuseditoitrackitheirefer 

enceibatteryicurrent.iMoreover,itheioutputiofitheiin 

neriPIicontrolleriisitheidutyiratioi(R)iofitheibidirect 

ionalibuck/boostiDC-DCiconverter.iFromiFig.  

i6,itheireferenceibatteryicurrenti(I*b)iisiobtainedias 

,  

 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(15)  

Where,ierroriofitheiDCilinkivoltageiatikthiinstantii 

si.iHereiV*dc(k)iandiVdc(k)irepresentitheireference 

iDCilinkivoltageiandisensediDCilinkivoltageiatikth 

iinstant,irespectively.iKpbiandiKibidenoteitheiprop 

ortionaliandi*i()i()i()idekidckidckiViViVi   

windupi(PI+A)icontrollers,ivaluesiofi*idqriIi+i+ica 

nibeiobtainedisuitablyifromierrorsibetweenitheirefe 

renceiandimeasuredisignalsiofitheitwoipowers.iAsi 

aforementioned,itheiNotchifiltersiareiutilizeditoirej 

ectitheinegativeisequenceicomponents.iNonetheles 

s,itheirealiresponseiandiefficacyiofidigitaliNotchifil 

tersiareinotientirelyiflawless;ithusitheiSCC,icontain 

ingitheitwoiPIicontrollers,iisidesignediforicombini 

ngiwithitheiNotchifiltersitoicaniremoveithoroughly 

itheinegativeisequenceicomponentsiofirotoricurrent 

.iIniSFOC,iwithidqriIi−i−i=  i0,iψiqri+i= 

i0iand,itheirotoricurrentinowicanibeidefinedibyiBe 

sides,itheioutputivaluesiofitheiSCCiarei*idqriIi+i−i 

, 

 isoiitialsoihasifunctioniasiaicurrentisubco

ntrolleriforitheiPI-FiandiPI– 

FUZZYicontrollersitoihelpiregulateitheipositiveise 

quenceicomponentsiofirotoricurrent.iMeanwhile,in 

oteithatinegativeisequenceicomponentsiofitheirotor 

icurrentiwilliboostitheipoweriratingiofiRSCiifitheyi 

areiutilizediinistabilizingitheitwoioutputipowersiofi 

DFIG.iFrom,itheioutputiactiveipoweriPsiandireacti 

veipoweriQsiinistatoriareicomputediasifollows:i  

StructureiofitheiPI-FUZZYihybridicontrolleriini  

  

   

ticonverter.  

integraliconstantsiofitheiouteriPIicontroller.iiBesid 

es,itheidutyiratioi(R)iofitheibidirectionaliDCDCiconverter,iisicomputedias,  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(16)  

Where,ierroriofitheibatteryicurrentiatikthiinstantiis 

   
i.iHereiI*b(k)iandiIb(k)irepresentitheireferenceibatt  

Fig. i7. 

iControliofibidirectionalibuckioribidirectionaliboos 

Fig. i8iDesignidiagramiofitheiPI-FUZZYicontroller  
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eryicurrentiandisensedibatteryicurrentiatikthiinstant 

,irespectively.iiTheiobtainedidutyiratioi(R)iisiappli 

editoiPWMigeneratoritoiproduceipulsesiforitheiswi 

tchesiofitheibidirectionalibuckioribidirectionaliboo sticonverter.  

IViTheinewlyiproposediRSCbasedischemeiwithitheiPI- 

FUZZYihybridicontrolleriandiSCC.  

Theireferenceivoltageivaluesi*iVdqri+ifor 

itheiRSCiareicomputedifromitheioutputsiofitwoiPIFUZZYicontrollersiasi

describediiniFig. 

i4.iTheiPIFUZZYicontrollersicanienhanceiremarkablyitheiin 

dependenceiwithiparametricialterationsiofitheipow 

erisystemiinigeneratingitheireferenceisignals.iAlso, 

iusingitheiPIiwithianti- 

Fig.  

i9iDetailedistructureiofitheiFUZZYiwithif

ourilayer s  

TheiproposediFUZZYiinithisistudyiutiliz

i 

ngiRSCicontrolialgorithmiforiperformingi

aniofflin 

eitrainingiprocessitoidetermineisuitableiv

aluesiforit 

heikeyitwoicoefficientsiKPiandiKIiofithei

PIicontro ller.iAsigiveniiniFig.  

i6,itheiFUZZYicomprisesioneiinputilayer,

itwoihidd 

enilayersiandioneioutputilayer.iWherein,it

heiinputil 

ayerihasitwoineuronsiasitheierrorivalueie(

t)iandiitsi derivativeivalue 

ide(t)iofitheicurrentiasishowniiniFig.  

i4,ieachihiddenilayerihasitwoineurons,ian

ditheioutp 

utilayerihasitwoineuronsiasiKPiandiKIi.i

Theitotali 

weightivalueinetqianditheioutputivalueiZqiofitheijthineuroniinithe

iq- 

thihiddenilayeriareicomputedi,irespectivelyi  

(17)  

itheiinputidata 

ix(k)iisitransmittediforwarditoigenerateitheivalue

iy 

(k)iatitheioutput.iThen,itheierrorivalueiE(k)ibetw

ee nitheireferenceivalueiinitheidataiset  

id(k)ianditheiaboveioutputivalueiy(k)iisitransmitt

ed 

ibackitoitheipreviousilayeritoiupdateifittinglyithe

iw 

eightigainsivqj.iTheidataisetiutilizediforitheioffli

ne 
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itrainingiprocessiisiS{x(k),d(k)},ianditheigoaliofith 

isitrainingiprocessiisitoiminimizeitheierroriE(k+1)i 

thineuron,iandiisitheioperationalifunctioniusediforit heiq- 

thihiddenilayer.iThen,itheitotaliweightivalueiofithe 

ii- 

thineuroniinitheioutputilayeriisiexpressed,iwhereiw 

iqiisitheiweightigainiforithe 

 iithineuron.iLastly,itheitwoicoefficientsiKPiandi

KIia reidefinedibyirespectively;iwhere 

ia0(.)iisitheioperationalifunctioniusediforitheioutpu 

tilayer.i  

 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(19)  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(24)  

IViSimulationiResultsiforitheiNewiDFIGiSchem 

e.  

Theimicrogridibased  

ioniwinditurbineidriveniDFIG,iDGiandisolariPViar 

rayiwithiBES,iisisimulatediusingiMATLAB.iVario 

usisignalsiuseditoianalyzeitheisystemiperformance, 

iareirmsivalueiofiphaseivoltagei(Vr),isystemifreque 

ncyi(fL),iDFIGirotorispeedi(ωr),iDGipoweri(PD),i 

windipowerifromistatori(Pw),isolariPVipoweri(Pso 

l),iloadipoweri(PL),iLSCipoweri(PLSC),iDCilinkiv 

oltagei(Vdc),ibatteryicurrenti(Ib),ibatteryivoltagei( Vb),iwindispeedi(Vw),iinsolationi(G),irotoripoweri 

phaseiDGicurrenti(ida),iaphaseiPCCivoltagei(vLa),istatoricurrentsi(isabc),iD 

Theiperformanceiofibidirectionalibuckioribidirectio naliboostiDC- 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(22)  

 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiii(23)  

Ifitheinumberiofihiddenilayersiisiincreased,iFUZZ 

Yimayihaveiaibetteriadaptation.iInithisistudy,itoiev 

aluateitheiproposediPI- 

FUZZYialgorithm,itwoihiddenilayersicanibeiusedis 

uchiasitheisimplestistructureiforiimplementingiinisi 

mulation.iWhereitheinumberiofihiddenilayersiisim 

ore,itheitrainingitimeibecomesilonger;iwhichicanile 

aditoicauseinoticeableidelayiinigeneratingitheicontr 

olisignaliatioutputilayer.iSoioptimizationiforitheinu 

mberiofihiddenilayersianditimeidelayiwillibeistudie 

diiniourifutureiwork.iAsishowniiniFigs.  i5iand 

i6,itheiBPialgorithmihasitwoimainistepsiinitransmit 

tingiinformationibetweenilayersiasifollows.iFirstly, 

DCiconverteriatichangeiinitheiload,iisidepictediini 

Figs.  i7i(a- 

b).iTheiwindispeediandiinsolationiareikeptiat 

i7im/siand i700iW/m2,irespectively.iInitiallyia 

i3phaseibalancediloadiof  

i2.5ikWiisiconnectediatiPCC.iTheiDGiisidelivering 

i4.84ikWi(showniiniFig.  

i7i(b)),iwhichicorrespondsitoitheibatteryibankivolta 

geiof  

i125iV.iMoreover,itheiDFIGiandisolariPViarrayipo 

wersiare  i2.013ikWiand 

i4.122ikW,irespectivelyiasidepictediiniFig.  

i7i(b).iSinceitheitotaligenerationiisimoreithanitheil 

ocalidemand,itheiremainingipowerigoesitoiBESithr 

oughiaibidirectionalibuck/boostiDC- 

DCiconverteriasishowniiniFig. i7i(a).iAt iti= i3 

is,ianiadditionaliloadiof  

i2ikWiisiconnectediandiagainiitiisidisconnectediat 

iti=  i5.5  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(18)iiiiiii 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii  

Whereivqjiisitheiweightigainiforitheij- 

asigiven.iNormally,itheiofflineitrainingiprocessiini 

FUZZYiisiperformedisometimesiwithiseveralidatai 

setsitoiachieveiaigoodiresultiasidesired.  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(20)  coefficienti(Cp),ia- 

phaseistatoricurrenti(isa),irotoricurrentsi(irabc),ia- 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(21)  

Whereioperationalifunctionsiinihiddeniandioutputil 

ayersiareibipolarisigmoidiandilinearifunctions,iresp 

ectively:  

Gicurrentsi(idabc),iloadicurrentsi(iLa,iiLbiandiiLc) 

,ineutralicurrenti(iLn)iandiLSCicurrentsi(icabc).iTh 

eiparametersiusediforitheisimulationiareimentioned 

iiniAppendices.i  

A.iPerformanceiofiBidirectionaliBuck/BoostiDC- 

DCiConverteriat iChangeiin iLoadi  
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is.iDuringithisiperiod,iitiisiobservedithatitheipower 

igenerationifromiallisources,iremainsiunchangedia 

nditheiincreasediloadipoweriisimetibyitheiBESithr 

oughiLSC.iThereiisiaiminorisagiandiswelliofiDCili 

nkivoltage,ihowever,itheisolariMPPTiisiunaffectedi 

asiseenifromiPsoliwaveform.iMoreover,itheisystem 

ivoltageiandifrequencyiareimaintainediconstant,iasi 

depictediiniFig. i7i(b).i  

B.iSystemiPerformanceiatiVariableiWindiSpeedsi 

Theiperformanceiofitheisystemiativariableiwindisp 

eedsiareidepictediiniFigs.  i8i(a-c).iInithis,ia 

 i3phaseiloadiof  

i4ikWiisiconnectediatiPCCianditheiinsolationiisike 

ptiat  i700iW/m2.iTheiDGideliversipoweriof 

i5.67ikWibased 

ionitheistateiofitheiBES,iasidepictediiniFig.  

i8i(b).iTheipatterniofiwindispeedivariationiisidepic 

i10.iHowever,ibothivoltagesiandicurrentsiofiDFIGi 

andiDG,iareimaintainedibalancediandifollowitheiI 

EEE  

i519istandard.iTheiLSCihelpsiiniunbalanceiandihar 

monicsicompensationiofitheiconnectediloadiatiPC 

C.iTheiLSCicurrentsiandineutralicurrent,iareialsois 

howniiniFig.  

i10.iMoreover,itheivariationiofipoweriatiunbalance 

dinonlineariload,iisidepictediiniFig.  i11.iFig. 

i11idemonstratesiwaveformsiofiVr,iVdc,iIb,iPsol,i 

Pw,iPD,iPLiandiPLSC.iFromitheseiresults,iitiisiobs 

ervedithatitheiDCilinkivoltageiisiregulatediandimor 

eover,isolariPViandiwindiMPPTioperationiisiunaff 

ected.iTheidecreaseiiniloadipowerigoesitoiBESithr 

oughiLSC,iwhichiisievidentifromiIb,iPLiandiPLSC 

iwaveforms.iMoreover,iVriisimaintainediaticonstan 

tivalue.  

tediiniFig.  

i8i(a).iItiisiobservedithatitheicontrolleriregulatesith 

eiDFIGirotorispeediasiperiwindiMPPTialgorithm,i asidepictediiniFig.  

i8i(a).iMoreover,iitiisiobservedithatitheiDCilinkivo 

ltageiisiregulated.iTheisystemidynamiciresponseid 

uringitheitransitioniofiDFIGispeedifromisuperisync 

hronousitoisubisynchronousispeediregion,iisidepict  

ediiniFig.  

i8i(c).iItiisiobservedithatiwindiMPPTiisiobtainedid 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiii(a)  
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uringitheivariationiofiwindispeed.iMoreover,itheifr 

equencyirotoricurrents,iisichangediaccordingitoithe ispeediofioperationiofiDFIG.i  

C.iSystemiPerformanceiatiVariableiInsolation i  

Theiperformanceiofitheisystemiativaryingisolarirad iation,iisidepictediiniFigs.  i9i(a- 

b).iInithis,itheiwindispeediisikepticonstantiat i7im/s.iMoreover,itheiDGidelivers 

i4.2ikWipoweribased  

  

phaseilinearibalancediloadiofinearly 

i4ikWiisiconnectediatiPCC.iTheiinsolationiofisolar 

iPViarrayiisivariedifrom  i700iW/m2ito i800iW/m2iat 

iti= i3 isiandiagainiitiisireducedito i600iW/m2iat 

 iti=  i5.5  is,iasidepictediiniFig. 

i9i(a).iTheiDCilinkivoltageiisiregulatedibyitheibidi 

rectionaliDC- 

DCiconvertericontroliforiachievingitheisolariMPPT 

.iMoreover,itheisolariMPPTiisimanifestedibyitheiP 

soliwaveform,iasidepictediiniFig. i9i(a).i  

cedinonlineariload,iisidepictediiniFig.  

i10.iInitially,iaibalancediloadiof i6.7ikWiisiconnectediatiPCC.iItiincludesiailinearilo adiof 

i0.5ikWiandiremainingibeitheinonlineariload,iconn ected ionieachiphase.iAt iti= i2.6 

is,iaphaseiofitheiloadiisidisconnectediandisubsequently iphase-b,iisialsoidisconnectediat iti= i2.8 

is,iasidepictediiniFig. iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii  iiiiiiiiiii(d)  

   iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

ionitheibatteryivoltage,iasidepictediiniFig.  

i9i(b).iInithis,ia  i3- 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiii i i(b)  

D.iSystemiPerformanceiatiUnbalancediNonlinear 

iLoadi  

Theidynamiciperformanceiofitheisystemiatiunbalan 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiii(c)   
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iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiiiiii(j) iiiiiiiii(e) 

  

Fig. 

i10.i(a- 

b)iPerformanceiofibidirectionalibuck/boosticonvert 

eriatichangeiiniloadi(a)iPL,iPLSC,iVdc,iIbiandiVbi 

(b)iVr,ifL,iꞷr,iPD,iPwiandiPsol.  

 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiii(g)  

 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(a )  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii  

iiiiiiiiiii(h)  ii(b)  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

(f)  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiii(k)  
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iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiiiiiiiii(i)  iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiii(c)  
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iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iii(h)  

 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiiiiiii(d)  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ii(i)  
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iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiii(e)  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiii(j)  

  

 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iii(f)  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiii(k)  

 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiiiiiiiii(g)  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iii(L)  

    
  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiii(b)  
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iiiii(m)  

  

(c)  

 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii( n)  

 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiii(d)  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii i(o)  

Fig.  

i11.iSystemiperformanceiativariableiwindispeedi(a 

)iVr,ifL,iVw,iꞷriandiPwi(b)iVdc,iIb,iPsol,iPD,iPLi 

andiPLSC.i(c)isystemiperformanceiduringichangeo 

veriofiDFIGispeedifromisupersynchronousitoisubs 

ynchronousispeediregion:iVw,iꞷr,iCp,iisa,iirabcian diida.  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiii(e)  
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iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiii(a) 
 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(f)  

   
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiii(g)  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiiiiiiiiii(b)  

 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii   

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

 iiii(c) iiiiiii(h)  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii ii(d)  

 i i i(i)  

Fig.12.iSystemiperformanceiativariableiinsolationi( 

a)iVr,iꞷr,iG,iPsoliandiVdci(b)iIb,iPD,iPw,iPLiandi 

PLSC.  
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 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiiiii(e)  

 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiiiii(a)  

  

  

iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiiiiiiii(f)  
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i(h)  

 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiii(m)  

 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

iiiiiii(i)  

 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiiiiiii(n)  

 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 
iiiiiiiii(j)  

 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iii(m)  

 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii iiiiii(k)  
 iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii(o )  
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iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii

i iiiiiiiiiiii(g) 
iiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii
i i(L)   
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Fig.13.iSystemiperformanceiatinonlineariunbalanc

e diload:iVr,iVdc,iIb,iPsol,iPw,iPD,iPLiandiPLSC.  

V.iCONCLUSION  

Theiproposedisystemihasipromisingiscop

e iforiislands,iwhichiareitotallyidependent 

ionitheidieselbasedigeneration.iTheiloadiregulatio

nicapabilityiof 

itheidieseligeneratoritoioperateiiniEfficientifuelizo 

neireducesispecificifueliconsumption.iTheiMPPTi

f 

eatureiofiproposedisystemiinicontrol,ihelpsiinimax

i 

mizingigenerationiandifurtherihelpsitoireduceithei

c 

ostiofitheienergy.iTheisystemiisialsoiableitoimaint

a 

iniphaseicurrentsibalancediasiwelliasiandicurrenti

h 

armonicsiwithinianiacceptableilimitiforiallitypesio

f 

iloads.iTheieffectivenessiofitheisystemiisidemonst

r 

atediusingisimulatedianditestiresultsiandiitiisifoun

d 

ithatitheipoweriqualityiisiwithiniacceptableilimitiu 

nderiallipracticaliscenarios.i  
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