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Training Performance for the Prediction 
of Chaotic Time Series Patterns
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ABSTRACT

Inthisresearch,artificialneuralnetworks(ANN)withvariousarchitecturesaretrainedtogenerate
thechaotictimeseriespatternsoftheLorenzattractor.TheANNtrainingperformanceisevaluated
basedonthesizeandprecisionofthetrainingdata.ThenonlinearAuto-Regressive(NAR)modelis
trainedinopenloopmodefirst.Thetrainedmodelisthenusedwithclosedloopfeedbacktopredict
thechaotictimeseriesoutputs.TheresearchgoalistousethedesignedNARANNmodelforthe
simulationandanalysisofElectroencephalogram(EEG)signalsinordertostudybrainactivities.A
simpleANNtopologywithasinglehiddenlayerof3to16neuronsand1to4inputdelaysisused.
Thetrainingperformanceismeasuredbyaveragedmeansquareerror.Itisfoundthatthetraining
performancecannotbeimprovedbysolelyincreasingthetrainingdatasize.However,thetraining
performancecanbeimprovedbyincreasingtheprecisionofthetrainingdata.Thisprovidesuseful
knowledgetowardsreducingthenumberofEEGdatasamplesandcorrespondingacquisitiontime
forprediction.
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INTRoDUCTIoN

Intheageofbigdata, itseemsthatbothdatascientistsandmachinelearningexpertshavebeen
unanimouslyadvocatingforinfinitelyincreasingtheamountoftrainingdataandcontributingexcessive
timeandeffortondatacollectionfromallsources(Deng,2009;Wu,2014;Labrinidis,2012).The
trainingoutcomeswithamerefewpercentagepointimprovementinthelearningaccuracycanbe
consideredhugelysatisfying,andsufficientforraisingatoasttothedevelopingofconvolutionalneural
network(CNN)(Simonyan,2014)andtheadvancingofdeeplearning(LeCun,2015).Inthelightof
artificialneuralnetwork(ANN)technologyinspiredbybrainresearch(Schalkoff,1997),withscientific
prudenceandinquisition,thispaperofferssomealternativeperspectivesonimprovingthetraining
efficacybyusingsmallertrainingdatasizewithbetterdataprecisionandemployingoptimizedANN
architecturewithlesscomputationalcost.Ithasbeenreportedthatdeeplearning(Krizhevsky,2017)
hastriumphedhumanbrainintermsofachievingbetteraccuracyinimageclassification.Itishowever
necessarytopointoutthathumanbrainisbyfarthemostenergyefficientdesignofevolution,of
whichtheultimategoalistosaveenergyforsurvivalinsteadofsparingittoachievesomeimpressive
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butimpracticalaccuracy.Althoughthereareapproximatelyabillionneuronsandatrillionneural
connectionsinahumanbrain,theyareonlyactivatedpartiallywhennecessary,inthatspecificbrain
functionsonlyactivatetherelatedbrainregion.Thatisperhapswhypeopleoftenfeelexhaustedafter
tryingtomulti-task,whilecreativityandinnovationcanbebettercultivatedbyallowingthebrainto
focusintensivelyonadedicatedsingletask.Foranormaldailytasksuchasfacerecognition,ahuman
braincaneasilysucceedinfeaturedetectionandclassificationaccuratelyandefficiently,withavery
shortperiodoftimeandanegligibleamountofenergy.Inareal-lifescenario,theambitiousmaybe
willingtospendextraefforttoachieveextraordinaryperformanceinrememberingthousandsoffaces
indetail,whilesomemaybeabletogetbywithmuchlessenergystrategicallybydistinguishinga
smallnumberofkeyfeatures.Inthisresearch,thegoalistoinvestigatethe“getby”solutionforthe
generationandpredictionofchaotictimeseriespatternsusingANNbyimprovingthequalityinstead
ofthequantityofthetrainingdata.ThiscanconsequentlyreducethenumberofElectroencephalogram
(EEG)samplesandcorrespondinglythedataacquisitiontimerequiredforANNtraining(Zouetal.,
2011),meanwhile lower theenergyconsumptionfor thehardwareimplementationofareal-time
predictionsystemforbrainresearch(Wangetal.,2010).

Fromapracticalpointofview,itisdifficulttoacquireEEGsignalswithbigdatasizeasitis
timeconsumingtosetupEEGequipmentwithmulti-channelwetelectrodesandthecollectedEEG
signalsaregenerallynoisyandindividuallydependent.Therefore,itisnecessarytofirstsimulate
theEEGsignalswithANN-basedchaoticsystemgeneratormodelfortheoreticalresearchpurpose;
thentoevaluatethetrainingperformancesusingdatawithvarioussizesandprecisionstodefinethe
optimaltrainingdataforANNtraining;andadditionallytooptimizeANNarchitecturetoimprove
thetrainingefficacywithreducednumberofEEGsignals.Lorenzsystemcanbeusedformodeling
manyreal-worldchaoticphenomenasuchasinweatherprediction.ThisstudyusesLorenzsystemas
theresearchsubject,withthepotentialtoapplytheresearchmethodandoutcomestoothersimilar
chaoticsystemsingeneral.

Therestofthepaperprovidestheresearchbackgroundandexplainstheresearchapproachof
usingANN-basedchaoticsystemgeneratortosimulateandpredictEEGsignalsforbrainresearch;
describesthegenerationofthetrainingdata;demonstratesanddiscussesthegenerationofdifferent
trainingdatasetsandthecorrespondingtrainingresults;andfinallysummarizestheresearchwork.

BACKGRoUND

ANN-Based Chaotic System Generator
ANNcanbetrainedbytrainingdatawithasufficientnumberoftrainingsamplesinordertogenerate
targetedoutputs.ThenetworkinterconnectionsofANNarchitectureareinspiredbyandresemble
thebrainneuralnetworks.Chaoticsystemsarenonlineardynamicsystems, theoutputsofwhich
demonstratechaoticfeaturesandarehighlysensitivetoinitialvalues.Theoutputsofchaoticsystems
canbegeneratedusinganumberofsystemequations.Itisreportedinpreviousresearchthatbrain
activitiesdemonstratechaoticbehaviors (Pereda,2005;Falahian,2015).Recentlyseveral related
researchworkshavesuccessfullygeneratedthechaotictimeseriesoutputsofLorenzsystemsbased
onANNmodel (Zhang,2017a,2017b).The trainingsamplesaregeneratedby threedifferential
equationsoftheLorenzsystem.ThetrainingperformancesforvariousANNarchitectureshavealso
been investigated. The combined knowledge obtained from previous research outcomes offers a
promisingopportunitytosimulatebraindynamicsinordertofullyunderstandbrainfunctionalities
andadvancebrainresearch.AstheacquisitionofbigEEGdatafromlargepopulationisempirically
impractical,andtheavailableEEGsignalsarelimitedandhighlyindividuallydependent,thedeveloped
ANN-basedchaoticsystemmodelcanbeusedtogeneratepseudoEEGchaoticpatternstocompensate
forthelackofempiricallyEEGsignalsandfillthegapsoftheoreticalstudyforbrainresearchand
cognitiveinformatics(Wangetal.,2015).
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