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Chaotic System Design Based on 
Recurrent Artificial Neural Network for 
the Simulation of EEG Time Series
Lei Zhang, University of Regina, Regina, Canada

ABSTRACT

Electroencephalogram(EEG)signalscapturedfrombrainactivitiesdemonstratechaoticfeatures,and
canbesimulatedbynonlineardynamictimeseriesoutputsofchaoticsystems.Thisarticlepresents
theresearchworkofchaoticsystemgeneratordesignbasedonartificialneuralnetwork(ANN),for
studyingthechaoticfeaturesofhumanbraindynamics.TheANNtrainingperformancesofNonlinear
Auto-Regressive(NAR)modelareevaluatedforthegenerationandpredictionofchaoticsystemtime
seriesoutputs,basedonvaryingtheANNarchitectureandtheprecisionofthegeneratedtraining
data.TheNARmodel is trained inopen loopformwith1,000 trainingsamplesgeneratedusing
LorenzsystemequationsandtheforwardEulermethod.ThecloseloopNARmodelisusedforthe
generationandpredictionofLorenzchaotictimeseriesoutputs.Thetrainingresultsshowthatbetter
trainingperformancecanbeachievedbyincreasingthenumberoffeedbackdelaysandthenumber
ofhiddenneurons,atthecostofincreasingthecomputationalload.
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INTRoDUCTIoN

Recentresearchbasedonbigdataanddeeplearninghaslittleconcernontheextremelylongtraining
timeandconstantlyincreasingpowerconsumption.Artificialneuralnetwork(ANN)isinitiallyinspired
bythebiologicalneuralnetworksofhumanbrain.Ahumanbrainhasapproximately100-billion
neuronsand100-trillionconnections,butisveryenergyefficientandcanfunctionrelativelyfast.
Takingafacerecognitiontaskforinstance,ourbrainscanrememberafaceafterencounteringa
strangerforafewseconds.Peopleareveryconfidentwiththisbraincapabilityandpolicemanoften
askswitnessestoidentifyacriminalbasedonit.Incontrast,thissimpletaskcantakeaconvolutional
neuralnetwork(CNN)manyhoursevendaystotrain,andthesameCNNhastobetrainedagainin
thesamewaywhenevernewdataareadded.Howdoesthebrainachieveitsextraordinaryefficiency?
Whatistheunderlyingneuralnetworkarchitecturethatfacilitatesthisefficiency?CanwebuildANN
thatassemblesthehumanbraintoobtainsimilarefficiencyinadditiontoaccuracy?Thesearethe
questionsthisresearchtriestoaddressandaimstoanswer.
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Inneuroscience,neuroplasticityisreferredtoastheflexibilityforbrainneuralnetworkstolearn
newconceptsandtodealwithnewsituations.AnadaptiveANNcanbetrainedwithnewinputsso
thatthemodelcanadapttochanges.ItisnecessaryforanadaptiveANNtobetrainedquicklyand
effectivelywitharelativelysmalltimeseriessegmentinordertocapturethetrendofacontinuously
changingEEGsignals.HencethecomplexityoftheANNarchitectureandtheassociatedcomputational
costmustberestrainedinordertoachieveefficiency.

InANNtraining,anepochisreferredtoacompletetrainingprocesswiththeentiretrainingdata
provided.Itcanbeconsideredasonelearningprocesstakenbythebrain.Forexample,thehuman
brainusuallyneedstoread/writeawordora telephonenumberrepeatedlyanumberof timesto
rememberittemporarily.Anditoftenrequiresdozensofrepetitionsindifferenceoccasionstoform
long-termmemory.Itholdstrueforbothhumanlearningandmachinelearningthatthelearning
accuracycanbeimprovedtocertaindegreebyincreasingthenumberofrepetitions.Thelearning
resultsofhumanbrainaremainlymeasuredbyaccuracythroughexaminationsystem,butthetime
andefforttakenforlearning,aka.learningspeed,aredisregardedandlefttoeachindividualtojudge.
Similarly,inmachinelearning,theperformanceofANNismeasuredbyaccuracyorerrorratesuch
asthemeansquarederror(MSE).Infact,themajorityofpastandrecentresearchhasmainlyfocused
onimprovingtheaccuracyofANN/CNNtraining,butoverlookedtheconsequencesofincreased
networkcomplexity,computationalcost,powerconsumption,andoverextendedtrainingtime.This
approachisacceptableinmanyapplicationswithfixedsolutionswithouthavingtofrequentlyretrain
theANN,butitwillnotworkforapplicationswithvolatiledataandmanyunknownparameters,such
asbrainsignalscapturedfromEEG.Thisresearchinvestigatesthetrainingperformancebymeasuring
theMSEwithlimitedtrainingepochandevaluatesthetrainingspeedofdifferentANNarchitectures
usingvarioustrainingdata.

BACKGRoUND

ANNisamachinelearningmethod.Itcanbeusedforpatternrecognitionandpredictionofmulti-
varianttimeseries.ThetrainingperformanceofanANNdependsonitsarchitectureandthetraining
data.ANNarchitectureisinspiredbybiologicalneuralnetworkofthehumanbrain.Theclassical
feedforwardANNarchitectureincludesaninputlayer,anumberofhiddenlayersandanoutputlayer.
Eachhiddenlayerincludesanumberofparalleldistributedhiddenneurons.Comparedtoothermachine
learningmethods,theadvantageofANNdesignisthatanANNcanbetrainedwithoutknowing
thefeaturesofthetrainingdatabeforehand.Thedisadvantageisthatitrequiresalargenumberof
trainingdatatoobtaingoodANNtrainingperformance.ForecastingusingANNcanbedatedbackto
twodecadesago(Zhang,1998)andhasbeensuccessfullyadoptedfortimeseriespatternrecognition
andpredictioninmanyapplications.Recentpublicationshaveshownpromisingresearchadvances
inoptimizingANNarchitectureandtrainingalgorithmfortimeseriesprediction(Zhang,2018).

ANNcanbesuccessfullytrainedtogeneratenonlineartimeseriesoutputsforLorenzchaotic
system(Zhang,2017a).TheoptimizationofANNarchitectureandthewellselectionofrepresentative
trainingdata are important for achievingoptimal trainingperformance.A trial and error design
approachhasbeenadoptedformanyapplicationsonacase-by-casebasis,withprevailingtendencyon
selectingcomplexANNarchitectureandbigtrainingdata(Deng,2009;Krizhevsky,2012;Simonyan,
2014;Wang2017).InordertoformgeneralizedtrainingstrategytoimproveANNtrainingefficiency,
thisresearchevaluatestheANNtrainingperformanceforageneralchaoticsystem,usingdifferent
ANNarchitecturesandtrainingdatasets.

ThegoalofthisresearchistoevaluatethetrainingperformancesofANNarchitectureswith
multiplehiddenlayersforchaoticsystemimplementation,tofindtheoptimalANNarchitecturethat
willmeettheresolutionrequiredforchaoticsystemrepresentation,withtheminimumcomputation
optimizedforhardwareacceleration.TheANNarchitectures,trainingconfiguration,andthegeneration
ofthetrainingdataareexplained.Thetrainingresultsareprovidedandanalyzed.
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