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ABSTRACT

Mostofthesystemsintheindustrycontainextremenon-linearityanduncertainties,whicharehard
todesignandcontrolutilizinggeneralnonlinearsystems.Toconquerthissortoftroubles,different
planshavebeenproducedinthemostrecenttwodecades,amongwhichapopularmethodologyis
Takagi-Sugenofuzzycontrol.Inthisarticle,wepresentrobuststabilizationandcontrolofTakagi-
Sugeno (T-S) fuzzy systemswithparameteruncertaintiesanddisturbances. Initially,Takagiand
Sugeno(TS)fuzzymodelisusedtorepresentanonlinearsystem.BasedonthisT-Sfuzzymodel,
fuzzycontrollerdesignschemesforstate feedbackandoutput feedback isalsodeveloped.Then,
necessaryconditionsarederivedforrobuststabilizationintheintelligenceofLyapunovasymptotic
stabilityandareexpressedinthearrangementoflinearmatrixinequalities(LMIs).Theproposed
systemisimplementedintheworkingplatformofMATLABandthesimulationresultsareprovided
toillustratetheeffectivenessoftheproposedmethods.
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1. INTRODUCTION

Inpractice,mostplantsarenonlinearandcompriseuncertainties.Duringthepastdecades,several
peoplehavededicatedalotofeffort toboththeoreticalresearchandimplementationmethodsto
handlenonlinearcontrolproblems.Basedonthis,variouscontrolschemeshavebeendeveloped,one
ofthemostimportantofwhichisfuzzylogictheory.Sincethenthisfieldhasbeenexploredfurther,
both theoreticallyandpractically, amongwhichapopularusagemethod is fuzzycontrol (Chen,
(2011)).Inconventionalmodelingasinglesystemismodeledtodefinetheentirecharacteristicsof
theglobalnon-linearsystem.Afuzzycontrollerormodelusesfuzzyrules,whicharelinguisticif-
thenstatementsinvolvingfuzzysets,fuzzylogic,andfuzzyinference(Pereira,NunesdeAlmeida
etal.,2015).Fuzzyrulesplayakeyroleinrepresentingexpertcontrolknowledgeandexperience
inlinkingtheinputvariablesoffuzzycontrollerstooutputvariable.Twomajortypesoffuzzyrules
exist,namely,Mamdanifuzzyrules(Davood&Khooban,2015)andTakagi-Sugeno(TS)fuzzyrules.
Theconstructionsofafuzzymodelrepresentanimportantandbasicprocedureinthisapproach.In
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general,therearetwoapproachesforconstructingfuzzymodels,fuzzymodelingusinginput-output
dataandderivationfromgivennonlinearsystemequations(Morente-Molinera,Perez,etal.,2015).

TodesignaT-Sfuzzycontroller,weneedaT-Sfuzzymodelforanonlinearsystem.TSfuzzy
model iswidely accepted as a powerful modeling tool for describing complex nonlinear plants,
whichhasbeensuccessfullyappliedintoindustrialcontrol.T-Sfuzzymodeldefinethenon-linear
systemintosimplesub-linearmodulesanddefinetheglobalcharacteristicsofthenonlinearsystem.
(Tao,Tauretal.,2010).TSfuzzysystemsinceitisapowerfulsolutionthatbridgesthegapbetween
linearandnonlinearcontrolsystems(Qiu,Fengetal.,2010).TheimportantadvantageoftheT–S
fuzzysystemisitsuniversalapproximationofanysmoothnonlinearfunctionbya“blending”of
somelocallinearsystemmodels,whichgreatlyfacilitatestheanalysisandsynthesisofthecomplex
nonlinearsystem(Jiang,Gaoetal.,2011;NianandZheng,2012).Thecomplexnon-linearplantcan
bedescribedasaweightedsumoflinearstateequations(Lai,Wuetal.,2015;Xie,Yueetal.,2016).
Inordertomeetcontrolobjectives,conceptually,thereexisttwodistinctapproachestodesignafuzzy
adaptivecontrolsystem:directandindirectschemes.Inthedirectmethod,afuzzysystemisusedto
describethecontrolactionandtheparametersofthefuzzysystemareadjusteddirectlytomeetthe
controlobjective(Dong&Wang,2009).

Unlikethedirectschemes,theindirectadaptiveapproachusesfuzzysystemstoestimatethe
plantdynamicsandthenacontrol lawisdesignedbasedontheseestimates.In indirectadaptive
schemes,thepossiblecontrollersingularityproblemusuallymeets(Shi,Zhangetal.,2011).Also,
variousalgorithmsandschemesaredevelopedforthefuzzyadaptivecontrolsystem.Anobserver-
basedindirectadaptivefuzzyneuraltrackingcontrollercombinedwithavariablestructurescheme
andH∞controlalgorithmsisdevelopedfornonlinearMIMOsystemsinvolvingplantuncertainties
andexternaldisturbances(HuiZhang,YangShi,etal.,(2013))(Li,Liuetal.,2012).Thereliable
fuzzyH∞controllerisdesignedtoguaranteethesystem’sasymptoticStability.Tofurtherovercome
thefuzzyapproximationerrorandexternaldisturbances,theadaptivefuzzycontrollersareenlarged
witharobustcompensator,namelyaslidingmodecontroller(SLM),robustadaptivecontrolleror
withanH∞trackingcontroller(Nekoukar&Erfanian,2011).

Therollingcartsystemwithmultipletimedelayedstateuncertaintiesandexternaldisturbances
canbeanalyzedusingtheobserver-basedadaptivetrackingcontrolschemewithfuzzysystemsand
variablestructuretechnique(Yuan,Tanetal.,2014).Intheobserverdesignprocedure,twoprominent
advantagesarethatitdoesnotrequirethesignofthecontrolgaincoefficienttobeknownandonly
twoparametersneedtobeadjustedon-lineforeachsubsystem(Liu,Tongetal.,2011).So,themethod
usesfuzzydifferentialequationsbasedonthereproducingkerneltheoryunderstronglygeneralized
differentiability.Theanalyticandapproximatesolutionsaregivenwithseriesformintermsoftheir
parametricforminthespaceforthecontrolsystem(Arqub,Mohammed,etal.,2016;Arqub,Abuet
al.,2017;Arqub&Omar,2017).

Instabilityanalysisoffuzzycontrolsystems, thestabilisationofT-Smodelusinganoutput
feedbackcontrollerforbothmeasurableandestimateddecisionvariablescasesareconsidered.In
thecaseofmeasurabledecisionvariablesaT-SobserverandT-Scontrolleraredesignedseparately
tostabilisegloballyexponentiallytheclosedloopT-Smode(Chadli,Mohammedetal.,2002)but
themainapproacheshavebeenbasedonasingleLyapunovfunction(Yeh,Chenetal.,2012).These
methodsbasicallyreducetotheproblemoffindingacommonLyapunovfunctionforasetofstability
conditions(Tong,Lietal.,2013).ByusingLyapunovanalysismethod,itisproventhatallthesignals
intheclosed-loopsystemareguaranteedtobeboundedandthesystemoutputstrackthereference
signalstoaboundedcompactset(Li,Tongetal.,2010).SinceacommonLyapunovfunctionisused
forallsubsystems, theycanbequiteconservative insomesituations(Zhang,Jiangetal.,2010).
Paralleldistributedcompensation(PDC)controlisoneofthefuzzycontrolsthatsharesthesame
fuzzyrulesandsetsastheT-Ssystem.ThisPDCcontrol-basedT-Sfuzzysystembasedonacommon
Lyapunovfunction,whichoftenleadstoveryconservativeresults.Thus,manyinvestigationshavebeen
devotedtolessconservativestabilizationconditionsandmanyotherclassesofLyapunovfunctions
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