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_____________________________________________________________________________________

Abstract-This ipaperpresents ian iANFIS ibased iadaptive isliding imode icontrol i(ASMC) iof ia istandalone isingle iphase 

imicrogrid isystem. iThe iproposed imicrogrid isystem iintegrates ia imicro-hydro iturbine idriven isingle-phase itwo iwinding iself-

excited iinduction igenerator i(SEIG) iwith ia iwind idriven ipermanent imagnet ibrushless iDC i(PMBLDC) igenerator, isolar iphoto-

voltaic i(PV) iarray iand ia ibattery ienergy istorage isystem i(BESS). iThese irenewable ienergy isources iare iintegrated iusing ia 

isingle-phase ivoltage isource iconverter i(VSC). iThe iASMC ibased icontrol ialgorithm iis iused ito iestimate ithe ireference isource 

icurrent iwhich icontrols ithe isingle-phase iVSC iand iregulates ithe ivoltage iand ifrequency iof ithe imicrogrid iin iaddition ito 

iharmonics icurrent imitigation. iThe iadaptive isliding imode icontrol iwith iANFIS iis iused ito imaintain ithe ienergy ibalance iamong 

iwind, imicro-hydro, isolar iPV ipower iand iBESS, iwhich icontrols ithe ifrequency iof istandalone imicrogrid. iSimulation iresults 

ifrom iMATLAB/SIMULINK iof ithe iproposed imicrogrid ishows ithat ithe igrid ivoltage iand ifrequency iare imaintained iconstant 

iwhile ithe isystem iis ifollowing ivarious ichanges iin idynamic istate isuch ias isudden ichange iin iwind ispeed, ichanges iin isolar 

iinsolation ilevel iand ichanges iin iloads. 

Index iterms—Adaptive iNeuro iFuzzy iinterface iSystem, iBattery iEnergy iStorage iSystem(BESS), iRenewable iEnergy iSources, 

isingle-phase iSEIG. 

____________________________________________________________________________________________________ 
 

I. Introduction 

The idemand ifor ipower iis iever-increasing. iUse iof ifossil ifuels ii.e. igas, icoal, ioil ietc. iin iproducing ipower iis ialso 

iincreasing. iStill, ithere iare iover i1.5 ibillion ipeople iover ithe iworld ideprived iof iaccess iof ielectricity iliving imostly iin iremote 

iareas. iThe isource iof ielectricity iin ithose iremote iislands iand ivillages iis idiesel igenerator. iThis iis iboth icostly iand ihazardous ifor 

ithe ienvironment idue ito ithe iglobal iwarming. iRenewable ienergy iresources ilike iwind iand isolar ienergy iare igetting ipopularity 

ifor ithese ireasons. iTwo ior imore irenewable ienergy iresources ican ibe iutilized iin ia ihybrid irenewable ienergy isystem i(HRES) 

iwhich ican iwork ias ia istandalone ior igrid iconnected isystem. iA ihybrid irenewable ienergy isystem ioffers ibetter iquality iin iterms 

iof ireliability icompared ito isingle isource ibased isystem. iThis iis idue ito ithe ifact ithat ione ipower isource ican isupply ipower ito ithe 

iload iwhen iother isources iare ieither igenerating ilow ior ino ipower. iThe iselection iof irenewable iresources iin iHRES idepends ion 

ithe iparticular ilocation. iIn ithis ipaper ia iwind-solar iHRES iis iconsidered. iWind iand isolar icombination iis imost ipromising isource 

iof igenerating ienergy iprimarily idue ito itheir icomplementary inature iadvantage. iWind ipower igeneration icould ibe ilow iin itime 

iwhen isolar ipower igeneration iis iin iits ipeak. iOn ithe iother ihand, ithe iwind iis ioften istronger iin iseasons iwhen ithere iis iless isolar 

iirradiance. iWind iand isolar ienergy iare iunpredictable iin inature, ias ithey idepend ion iclimate icondition. iTo iimprove ithe 

ireliability iof ia iwind-solar ihybrid isystem iother isources ilike ibattery istorage, isingle-phase iSEIG ican ialso ibe iintegrated i[1]. 

 

The iarchitecture iof ielectric ipower isystems iand itheir ienergy ior ipower imanagement iare idesigned iand iadapted iin irealistic 

iconditions ito ioptimally iprovide ielectric ipower ito iconsumers iin iall imodes iof iproduction iand iconsumption. iOriginally 

idesigned ito isupply ielectricity ito iconsumers ifrom inuclear, ithermal, ior ihydraulic ipower iplants, ithe iarchitecture iof iclassical 

ielectric ipower isystems iwill iundergo imajor ichanges iin ithe ifuture, iincluding ithe iarrival iof inumerous ieconomic iactors iand 

ilow-power igeneration iunits i(co-generation iunits, igenerators ibased ion irenewable ior inon-conventional ienergy isources) inot 

iinterfaced iwith ia isupervisory iposition, ileading ito iprofound ichanges iin ithe imanagement iof ithe icurrent ielectric ipower isystems 

iincluding itechnical, ienvironmental, iand ifinancial ivariables. iAn ievolution itowards inew iarchitectures iwell iadapted ito ithese 
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irecent imodes iof idispersed iproduction ihas ithen ito ibe iimagined ifor ifuture itimes i[14]. iThe idefinition iof iMicrogrids, isuch ias 

ithose ialready ipresent iin iislands ior iisolated iareas, icould ibe ia iresponse ito ithis idevelopment. 

 Microgrids ihave itwo iessential iintrinsic icharacteristics iwhich imake ithem ia imajor iinterest ifor ithe idevelopment iof ithe 

ielectric ipower isystems iof ithe ifuture: 

• The iproximity ibetween ilocal ielectricity iproduction iand idifferent iconsumers ileads ito ian iimmediate iminimization iof 

itransportation ilosses; 

• The idistinctive iautonomous ioperational icapability iof imicrogrids ihas ibrought iin ihigher ireliability imeasures iin 

isupplying ipower idemands iwhen ithe iutility igrid iis inot iavailable. 

 

 i i i i i i i i i i iThe iconcept iof imicrogrid iis imost iinteresting ifor isuccessful idealing iwith ithe ichallenges iin ithe iintegration iof irenewable 

ienergy isources i[2]-[4]. iA imicrogrid iis ihaving icapability ito ioperate iin iboth istandalone iand igrid itied imodes ioperation 

idepending iupon ithe idesign iof isuitable icontrol ischeme i[5]. iThe ivarious iderived iforms iof ithe imicrogrid isuch ithat ivirtual 

ipower iplant, icognitive imicrogrid iand iactive idistribution isystem ican ibe istudied ias ia imain iconstituent iof ismart igrid i[7], i[8], 

i[10]. iIn igrid itied imicrogrid, ithe imain igrid isupplies ithe ideficit ipower iand iabsorbs ithe isurplus ipower iin iorder ito imaintain 

ipower ibalance iwhich iin iturn iregulates ithe isystem ifrequency. 
 The ifuture ipower igrids iwill ithus ibe imulti-converter iand imulti-source isystems, iparticularly iwith ithe imassive 

iinsertion iof iRenewable ienergy isources iand istorage idevices iinterfaced iwith ipower-electronic iconverters, iand ithe icurrent 

itrend ifavoring ielectricity ias ienergy ivector i[6]. iThis iconcerns iespecially imicrogrids iand ifuture ismart igrids i(at idistribution 

ilevel iand ieven iat itransportation ilevel). iElectric ipower isystems, iintegrating imicrogrids, imust itherefore ibe ipartially ior 

icompletely ire-designed iin iorder ito iintegrate ithese inew iintermittent isources ithat icould inegatively iaffect iquality iof ipower 

isupplied idue ito itheir ivery ilow ishort-circuit ipower i[11]-[13]. iMoreover, ithe idevelopment iof ipower-electronic iinterfaces ican 

ipotentially iinduce iunstable ioperation idue ito idynamic iand iharmonic iinteractions igenerated iby ithe iconverters[15]. 

iUncertainties iassociated iwith iweather iconditions ior iparametric isizing iplay ialso ia imajor irole iin ithe ilack iof imicrogrids 

ireliability, iwhich iinduces ioversizing iof idifferent icomponents iwithin ithe imicrogrids isuch ias istorage idevices i[9]. iResearch 

iproblems iassociated iwith imicrogrids iconcern iconsequently ithe idevelopment iof ioptimal icontrol istrategies iallowing 

imaximizing ipower iquality, isecuring isupply, imaximizing iefficiency, iperformance, ireliability, iand icosts iassociated iwith ithe 

isystem i[12]. 

 

II. System iConfiguration iOf iThe iSingle-Phase iMicrogrid 
The iASMC ialgorithm iprovides ia irobust iand iadaptive icontrol iof isystem ifrequency iand ivoltage iwith igood idynamic 

iand isteady istate iresponse, iwhich iis ithe imain irequirement iof ia igood istandalone imicrogrid ias ireported iby iIEEE-PES iTask 

iForce ion imicrogrid icontrol. iThe ireported isingle-phase iSEIG iis iinvestigated iby imany iresearchers ifor ibio ienergy iand ismall 

ihydro idriven isystems ibut ithe ibenefits iof ithis imachine iare inot ifully iexploited ifor imicrogrid isystem i(fearing ithe icomplications 

iof inonlinear irelationship iin ifrequency, imagnetizing ireactance iand ispeed iof isingle iphase iSEIG). iSEIGs ihave imany 

iadvantages iover iother igenerators, ilike isimple, ibrushless, ilow iunit icost, ilow imaintenance, ihigh ipower/weight iratio, iabsence 

iof iDC iexcitation ietc. iIn ithe iproposed isystem ithe igovernor-less icontrol iof ismall ihydro iuncontrolled iturbine idriven iSEIG iand 

iwind idriven iPMBLDC igenerators, ireduces ithe ioverall icost iand isize iof ithe igenerators isignificantly. iIt ialso imakes ithe isystem 

ifrequency iindependent iof ithe imechanical iinertia iof iturbine igenerator. i 

 

 i i i i i i i i i i i iThe iblock idiagram iof iproposed isingle-phase imicrogrid iis idepicted iin iFig..1. iThis imicrogrid iconsists iof ian 

iunregulated imicro-hydro iturbine idriven isingle-phase itwo iwinding iSEIG i(Self-Excited iInduction iGenerator), ia iwind iturbine 

idriven iPMBLDC i(Permanent iMagnet iBrushless iDC) igenerator, isolar iPV i(Photovoltaic) iarray iand ia iBESS. iConceptually, ithe 

isingle-phase iSEIG iis ionly ithe iAC igenerating isource iin ithis imicrogrid, iwhich idirectly icaters ithe iload iwhereas iremaining itwo 

igenerating isources iare iconnected ito ithe iload ithrough ia ivoltage isource iconverter i(VSC). iIt iconverts ithe iDC ipower igenerated 

iby iPMBLDC igenerator iand isolar iPV iarray iinto iAC ipower iwhen ithe ipower igenerated ifrom iSEIG iis iless ithan ithe iload. iThe 

isolar iPV-array, iwind iturbine idriven iPMBLDC igenerator iand iBESS iare iconnected iat ithe iDC ibus iof ithe iVSC. 

 

 i i i i i i i i i i i i iAll ithese ithree ienergy isources isupply ionly ithe ireal ipower ito ithe isystem. iThey ido inot iparticipate iin iany ireactive 

ipower itransaction iwith ithe isystem. iWhen ithe itotal ireal ipower igenerated iby ithe iSEIG, iPMBLDC igenerator iand isolar iPV-

array iis iless ithan ithe iload, ithen ithe iBESS icompensates ithe iadditional ireal ipower idemand iof ithe iload. iThe iVSC iconverts ithe 

iDC ipower isupplied iby ithe iBESS iinto ithe iAC ipower ito imake iit isuitable ifor isingle-phase iload iconnected iat iAC iside iof 

imicrogrid. 
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Fig.1. iSystem iConfiguraion iof ithe isingle iphase imicrogrid 

 

III. Control iAlgorithm iFor i iANFIS iBased iASMC iof iThe iMicrogrid 
 

The iblock idiagram iof iproposed iASMC ialgorithm iis ishown iin iFig. i2. iIt iis iwell iknown ithat ithe iSEIG isystem irequires ian 

iadjustable ireactive ipower iunder ivarying iload iconditions ito imaintain ithe iPCC ivoltage iat ireference ivalue. iThe iquadrature 

iconstituent iof imicrogrid iAC ivoltage iis iestimated iand igenerated iusing ifrequency iestimation iand iphase ishifting i(FEPS) iblock. 

iThe iin-phase ipart iof ireference isource icurrent iis iresponsible ifor ifrequency icontrol iof ithe isystem iand ipower ibalance iamong 

iSEIG, iPMBLDC igenerator, isolar iPV-array, ibattery iand ithe iload. iIn iproposed iASMC icontrol ialgorithm, ian iadaptive ifilter iis 

iused ito iextract ithe iamplitude iof ifundamental iactive iand ireactive ipower iconstituents iof iload icurrent. 

 

 

 

Fig:2. iControl ialgorithm ifor iANFIS ibased iadaptive isliding imode icontrol i(ASMC). 



Journal iof iScience iand iTechnology i 

ISSN: i2456-5660 iVolume i4, iIssue i4, iJuly-August i2019, iPP i09-18 

www.jst.org.in 

 

 i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i iwww.jst.org.in i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i i12 i| iPage 

 

The iproposed icontrol ialgorithm iis ia icombination iof itwo icontrol iloops. iFirst iloop icontrols iits ivoltage iby iinjecting ian 

iadjustable ireactive ipower iand iother iloop imaintains iactive ipower ibalance iamong ivarious ienergy ielements iin ithe imicrogrid. 

iThe iPerturb iand iObserve i(P i& iO) icontrol ialgorithm iis iused ifor isensor iless icontrol ifor iMPPT iof iPMBLDC igenerator ibased 

iwind ienergy iconversion isystem. iA iboost iconverter iis iconnected iat ithe ioutput iof idiode ibridge irectifier. iThis iconverter iis 

icontrolled iusing iP i& iO ialgorithm ito iextract imaximum ipower ifrom ithe iwind igenerating isystem. iAn iincremental iconductance 

ibased icontrol ialgorithm iis iused ito iextract imaximum ipower igenerated ifrom isolar iPV iarray. 

 

IV. Results iand iDiscussion 
 

The ieffect iof ichange iin iinsolation ilevel iand istep ichange iin iwind ispeed iand iload iare itaken iinto iconsideration ito iverify ithe 

idynamic iperformance iof ithe iproposed icontrol. iAll ithe iMATLAB isimulation iresults iof ithe idynamic iperformance iof ithe 

isystem iare ipresented iin ithis ichapter. 

 

CASE-1: iDYNAMIC iPERFORMANCE iOF iPROPOSED iMICROGRID iAT iA iSTEP iCHANGE iIN iSOLAR 

iINSOLATION iLEVEL 

 

 The iresponse iof imicrogrid ifollowing ia istep ichange iin isolar iinsolation ilevel iis idemonstrated iin iFigs. i3.1(a), i3.1(b) 

iand i3.1(c). iA istep iincrease iin isolar iPV-array ioutput icurrent i(channel i1 iof iresult ishown iin iFig. i3.1(b)) ihas ibeen iobserved 

iwhile ithe isystem iis ifollowing ia istep iincrease iin iinsolation ilevel iat i0.2 isec ifrom i1000 ito i5000 iw/m2. i 

 

 i i i i i i i i i iThe idynamic iperformance iof iSEIG icurrent iis ishown iin iFig. i3.1(a), iwhile ithe isystem iis ifollowing ia istep iincrease iin 

iinsolation ilevel. iFig. i3.1(a) ishows ithat ithe istep ichange iin isolar iinsolation ilevel idoes inot icause iany ichange ior idisturbance iin 

ithe isystem ivoltage iand iSEIG icurrent. iIt iproves ithat iproposed icontroller imaintains ithe ipower ibalance iunder ia idynamic 

isituation iarose idue ito istep iincrease iin isolar iinsolation ilevel iwhich iin iturn iincreases ithe isolar iPV-array ioutput icurrent. iThe 

itotal igenerated ipower ifrom iall ithree irenewable isources i(micro-hydro, iwind iand isolar iPV iarray) ibecomes imore ithan iload. 

iTherefore, isurplus ipower iis idiverted ito ithe ibattery iin iorder ito icontrol ithe isystem ifrequency. i iThe idynamic iperformance iof 

ithe isystem ivoltage, iSEIG icurrent, isolar iPV-array icurrent iand ibattery icurrent iwhile ithe isystem iis ifollowing ia istep idecrease iin 

iinsolation ilevel iat i0.4 isec ifrom i5000 ito i1000 iw/m2, iare idemonstrated iin iFig. i3.1(b). iIt iis iobserved ifrom itest iresults ishown iin 

iFig. i3.1(b) ithat ithe istep idecrease iin iinsolation ilevel icauses ia idecrease ithe isolar iPV-array icurrent iwith ithe isame islope iand iit 

isubsequently idecreases ithe ibattery icurrent ibut iit idoes inot idisturb ithe isystem iAC ivoltage, iload icurrent ior isystem ifrequency. 

iThe ibattery icurrent igoes ifrom icharging ito idischarging imode iin iorder ito iregain ithe ipower ibalance iin ithe isystem ias ishown iin 

iFig. i3.1(b). iSimulation iresults ishow ithat ithe isystem ifrequency iand ivoltage iare imaintained iconstant iduring ithis idynamic 

icondition. 

 

Fig. i3.1(b) idemonstrates ithe idirectional ichange iof ithe ibattery icurrent ifrom idischarging ito icharging imode iin 

iresponse ito ia istep iincrease iin isolar iPV-array ioutput icurrent. iThis ibalance iof ipower iamong ithe ivarious ienergy isources iis 

iachieved iusing ifrequency icontrol iloop iof ithe iproposed iASMC ialgorithm. 

 

 

X-axis: itime iin isec; iY-axis: ivoltage i(v) iin ivolts 
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X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

Fig.3.1 i(a): iDynamic iperformance iof ithe iVs, iIs iwhile ithe isystem iis ifollowing ia istep ichange iin iinsolation ilevel. 

 

 

 

X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

 

X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

Fig.3.1 i(b): iDynamic iperformance iof ithe iIpvandIbattery, iwhile ithe isystem iis ifollowing ia istep iincrease iin iinsolation ilevel. 

 

  

 

 
X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 
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X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

 

Fig.3.1(c): iDynamic iperformance iof ithe iIL, iIVSC iwhile ithe isystem iis ifollowing ia istep ichange iin iinsolation ilevel. 

 

  

 i i i i i i i i i iThe iabove ifig. ishows ithat iload icurrent iand iVSC icurrent iare inot idisturbed iby ithe ichanges iin iinsolation ilevel. 

iSimulation iresults i(Figs. i3.1(a) ito i3.1(c)) ishow ithat iin iresponse ito ithis istep ichange iin isolar iPV-array ioutput icurrent, ithe 

icontroller iincreases ithe icharging icurrent iof ithe ibattery ito idivert ithe isurplus igenerated ipower ito iBESS iin iorder ito icontrol ithe 

isystem ifrequency 

 

CASE-2: iDYNAMIC iPERFORMANCE iOF iMICROGRID, iUNDER iA iSTEP iCHANGE iIN iWIND iSPEED 

 

 The ieffect iof ia istep ichange iin ithe iwind ispeed iand iconsumer iload ion ivarious iother ipower iquality iparameters ilike 

isystem ivoltage, iVSC icurrent iand iload icurrent, iis iconsidered ito ievaluate ithe idynamic iperformance iof iproposed imicrogrid. 

 i i i i i i i i i i iThe idynamic iresponse iof iload icurrent, iVSC icurrent iare ishown iin iFig. i3.2(a) iwhile ithe isystem iis ifollowing ia istep 

ichange iin iwind ispeed i(i.e. iat i0.2 isec iit iincreases ifrom i7 im/s ito i12 im/s) i. iA istep iincrease iin iPMBLDC igenerator icurrent iis 

iobserved iin iFig. i3.2(b) iwhile imicrogrid iis ifollowing ia istep iincrease iin iwind ispeed. iTest iresults ishown iin iFig. i3.2(a) ito iFig. 

i3.2(c) ishow ithe isystem iresponse ito istep iincrease iin iwind ispeed. iThe icontroller iincreases ithe ibattery icharging icurrent ito 

idivert ithe isurplus igenerated ipower ito ithe ibattery iin iorder ito icontrol ithe isystem ifrequency. i 

 i i i i i i i i i i iThe idynamic iresponse iof isystem iAC ivoltage, iSEIG icurrent, iPMBLDC igenerator icurrent iand ibattery icurrent iwhile ithe 

isystem ifollowing ia istep idecrease iin iwind ispeed(i.e. iat i0.4 isec iit idecreases ifrom i12 im/s ito i7 im/s), iis idemonstrated iin 

iFig.3.2(b), i3.2(c). iA istep idecrease iin iPMBLDC igenerator icurrent i(in iresponse ito ithe istep idecrease iin iwind ispeed) idoes inot 

icause iany idisturbance iin ithe iSEIG icurrent iand isystem iAC ivoltage ias ishown iin iFig. i3.2(c). 

Fig. i3.2(b) idemonstrates ithe idirectional ichange iof ibattery icurrent ifrom idischarging ito icharging imode iin iresponse ito ia istep 

iincrease iin iPMBLDC igenerator icurrent. iThis ibalance iof ipower iamong ithe ivarious ienergy isources iis iachieved iusing 

ifrequency iloop iof ithe icontrol ialgorithm. iThe istep iincrease iin iwind ispeed iand iPMBLDC igenerator icurrent idoes inot icause iany 

idisturbance ior ichange iin iload icurrent, ias idemonstrated iin iFig. i3.2(a). iIt ican ibe iobserved ifrom itest iresults ishown iin iFig. 

i3.2(c) ithat ia istep idecrease iin iwind ispeed icauses ia idecrease iin ithe iPMBLDC ioutput icurrent iwith ithe isame islope iand iit 

isubsequently idecreases ithe ibattery icurrent. 

 

 

 
X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 
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X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

Fig.3.2 i(a): iDynamic iresponse iof iIL, iIVSC iwhile ithe isystem iis ifollowing ia istep ichange iin iwind ispeed. 

 

 i i i i i i i i i i i i i i iTest iresults ishown iin iFigs. i3.2(a) ishow ithat itotal igenerated ipower ifrom iall ithree irenewable isources i(micro-hydro, 

iwind iand isolar iPV iarray) ibecomes imore ithan ithat iof iload, iwhile ithe isystem iis ifollowing ia istep iincrease iin iwind ispeed. 

iTherefore, ibattery icharging icurrent iincreases ito idivert isurplus ipower ito ithe ibattery iin iorder ito icontrol ithe isystem ifrequency. 

 

 
 

 
X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

 

Fig.3.2 i(b): iDynamic iresponse iof iIpmbldcand iIbattery iwhile ithe isystem iis ifollowing ia istep iincrease iin iwind ispeed. 

 

  i i i i iAs ishown iin ithe iabove ifig. iwhen ithe iwind ispeed iincreases iat i0.2 isec ifrom i7 im/s ito i12 im/s ithe iPMBLDC icurrent 

iincreases iwhich iin iturn icharges ithe ibattery, iso ibattery icurrent iincreases iwith ithe isame islope ias ishown. iAt i0.4 isec ithe iwind 

ispeed icomes idown ifrom i12 im/s ito i7 im/s, iso ithe iPMBLDC icurrent idecreases iand ithe ibattery ialso idischarges ias ishown. iWhile 

isystem iis ifollowing ia istep idecrease iin iwind ispeed, ithe ibattery ienters idischarging imode ifrom icharging imode iin iorder ito 

iregain ithe ipower ibalance iin ithe isystem ias ishown iin iFig. i3.2(b). 

 

 
X-axis: itime iin isec; iY-axis: ivoltage i(v) iin ivolts 
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X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

 

Fig.3.2 i(c): iDynamic iresponse iof iVs, iIs, iwhile ithe isystem iis ifollowing ia istep iincrease iin iwind ispeed. 

 

 A istep idecrease iin iwind ispeed idoes inot idisturb ithe ipower iquality iparameters iof ithe imicrogrid isuch ias isystem 

ifrequency iand ivoltage. iIt ialso idoes inot icause iany ivariation iin ithe iSEIG ioutput icurrent iand iload icurrent. iIt ican ibe iclearly 

iobserved ifrom iFig. i3.2(c) ithat ithe iBESS ientering ithe idischarging imode ifrom ithe icharging imode iin iresponse ito ia istep 

idecrease iin iwind ispeed ito icontrol ithe isystem ifrequency iand ito imaintain ithe ibalance iof ipower iamong ivarious igenerators iand 

iBESS. iA istep idecrease iin iwind ispeed idoes inot idisturb ithe ipower iquality iparameters iof ithe imicrogrid isuch ias isystem 

ifrequency, ivoltage. iIt ialso idoes inot icause iany ifluctuation iin ithe iSEIG ivoltage, icurrent iand iload icurrent. iTest iresults ishown 

iin iFigs. i3.2(a) ito i3.2(c) iprove ithe iability iof ithe iproposed icontrol ialgorithm ito ibalance ithe ipower iamong ithe ivarious isections 

iof ithe isystem iwhile ithe iwind ispeed iis ifluctuating. 

 

CASE-3: iDYNAMIC iPERFORMANCE iOF iTHE iMICROGRID, iWHILE iIT iFOLLOWING iA iSTEP iCHANGE iIN 

iLOAD: 

 i i i i i i i i i i i i i i iThe idynamic iresponse iof ithe iload icurrent, iVSC icurrent, iSEIG ioutput ivoltage iand isystem ifrequency iwhile isystem 

iis ifollowing ia istep ichange iin iload iis idemonstrated iin iFig. i3.3a) iand i3.3b) irespectively. i 

 

 
X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

 

 
X-axis: itime iin isec; iY-axis: icurrent i(I) iin iamps 

Fig.3.3 ia): iDynamic iresponse iof i iIload iand iIvsc i i ifollowing ia istep ichange iin iload. 

 

 i i i iIn ithe iSimulink imodel iof ithe iload ithere iare itwo iswitches iS1 iand iS2. iInitially iS1 iis iclosed iand iS2 iis iopen. iAt i0.2 isec iS1 iis 

iopened iand iS2 iis iclosed, ichanges iin ithe iload icurrent iand iVSC icurrent iat ithis iinstant iare ias ishown iin ithe iabove ifig. 
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X-axis: itime iin isec; iY-axis: ivoltage i(v) iin ivolts 

 

 
X-axis: itime iin isec; iY-axis: ifrequency iin ihertz 

 

Fig.3.3 ib): iDynamic iresponse iof iVs iand isystem ifrequency ifollowing ia istep ichange iin iload. 

 

 In ithis idynamic icondition, ithe iproposed icontrol ire-estimates ithe irevised iharmonic iand ifundamental ireactive ipower 

ineed iof ithe iSEIG iand iload ias iwell ias iactive ipower ineed iof ithe iload iwith ian iexcellent idynamic iresponse. iHere ithe icontrol 

irevises ithe iswitching ipattern ifor iVSC ito icompensate ithe inew ireactive iand iactive ipowers ineed iof ithe isystem iin iorder ito 

iregulate isystem ivoltage iand ifrequency, irespectively. iFig. i3.3.b) ishows ithat imicrogrid ivoltage iand ifrequency iare irestored ito 

itheir irated ivalue iimmediately iin iresponse ito isudden ichange iin iload. 

 

 

V. Conclusion 
 

The iproposed iANFIS ibased istandalone imicrogrid ihas iintegrated ithree imain irenewable ienergy isources imicro-hydro iSEIG, 

isolar iPV, iand iwind ienergy. iSimulation iresults ifrom iMATLAB/SIMULINK ihave iproven ithat ithe iANFIS ibased iASMC 

ialgorithm ihas ibeen ieffective iand ihas igood icontrol iof ithe imicrogrid ivoltage iand ifrequency. iThe igrid ivoltage iand ifrequency 

iare imaintained iconstant iwhile ithe isystem iis ifollowing ivarious ichanges iin idynamic istate isuch ias isudden ichange iin iwind 

ispeed, ichange iin isolar iinsolation ilevel iand ichanges iin iload. iThe iproposed icontrol ialgorithm ihas ialso iimproved ithe ipower 

iquality iof ithe imicrogrid iunder inonlinear iloads iand ialso iensures ithe ioptimum iutilization iof iBESS iand irenewable ienergy 

isources. 
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