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ABSTRACT

ABCItheoreticalideaistoconstructanoutputfeatureortaskforauserusingbrainsignals.These
signalsarethentransmittedtothemachinewheretherequiredtaskisperformed.Inthiswork,the
authorspresentamental taskclassificationmodel thatfocusesonthenotionof transfer learning
andaddressestheissuesofdatascarcity,choiceofmodelselection,andlow-performancemeasure.
Todecidetheoptimalnetworkforfeatureextraction,theyusedfivedifferentpre-trainednetworks
includingVGG16,VGG19,ResNet101,ResNet18,andResNet50.Fortheclassification,thesuggested
modelexperimentswith threebaselineclassifiers,namelysupportvectormachine,decisiontree,
andrandomforest.Themodel’sexperimentalevaluationisdoneonthepubliclyavailableKeirnand
Aunondatabases.Fromtheexperiment,itisobservedthatfeaturesextractedfromthetransferlearning
modelshelptoidentifythefivedifferentmentaltasksefficiently.Thehighestaverageaccuracyof
81.25%isattainedonResNet50-basedfeatureswitharandomforestclassifier.
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1. INTRodUCTIoN

ABCIisaninterfaceorconnectionbetweenabrainandacomputer.Thisconnectioncango
bothways:brainactivityusedtocontrolcaninfluenceacomputerortraininginthebrainvia
stimulationofbraintissue.BCIsinhumansaretypicallydividedintoinvasive,non-invasive,and
partiallyinvasive.InvestigativeBCIsaredevicesthatrecordorstimulatethebrainornervous
systemandinteractwithanexternaldevice.Non-invasiveBCIsgenerateoutputsbymeasuring
brainactivity.For instance, theEEGdetectselectricalactivity, theMEGmeasuresmagnetic
fieldchanges,and theMRImeasureschanges inbloodflow.Partially invasiveBCIs include
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ECoG,orElectrocorticography,arelativelyrecentinventioninwhichtherecordingdeviceis
insertedwithintheskullbutabovethebrain.Thatcanremovenoisefromtheskullandskinand
produceshigher-qualitysignalsthannon-invasiveBCI;ithasahigherspatialresolution,awider
signalbandwidth,andalargeramplitude.Invasiveandnon-invasiveBCItechnologiesaimto
extractandusebrainsignals.Bothtechnologieshaveprosandcons;invasiveBCIissurgically
andtechnicallycomplex;itcanbecomeunstableovertimebutcanbeveryrewarding.Atthe
sametime,non-invasiveBCIisrelativelysaferandeasytoimplementbuthaslimitedcapacity
inreplacingorenhancingthelostbodilyfunctions.Thispaperfocusesontheimprovementof
non-invasiveBCItaskclassification.

Deeplearning(DL)isasubsetofthemachinelearningapproachthatenablescomputersto
learnhowpeopledo:throughexample.Deeplearningisacriticalcomponentofautonomous
automobilessinceitenablesthemtoidentifystopsignsanddiscriminatebetweenpedestrians
and lampposts. It allowsvoicecontrol inconsumerelectronics suchas smartphones, tablets,
televisions,andhands-freespeakers.Deeplearninghasgarneredmuchinterestduringthelast
fewdecades.Itisachievingremarkableandsignificantresultscomparedtoconventionallearning
techniques—the popular methods in deep learning in a convolutional neural network. Deep
ConvolutionNeuralNetworkconsistsofasequenceoflayers,andeachlayerconsistsofCNN
translating adifferentiable function fromone activation function to another.There are three
majorlayertypestoconstructaCNN-basedmodel:CompletelyConnectedLayerConvolutional
LayerandPoolingLayer.ConvNetisadeepneuralnetworkoptimizedforimagerecognition.
Deep layer improvement is crucial for information (image)processing.Theexamplecode is
nowcomplete.Whilethesampleusesonlyonepairofconvolutionandpoolinglayers,typical
applicationsusenumerouspairs:thebettertherecognitionperformance,thesmallerimageswith
thenetwork’sprimaryproperties.

• Theconvolutional layer is amechanismusedbyphase andpaddingwindows to extract the
recognitionfunctionfrominputdata—filterandinputdatacalculatedbythedotmethod.Max
poolingisthemostvaluedPhiltreinthePhiltreregion.ThePhiltreismadeinthesamewayas
thefunction.

• Convolutionallayerextraction,thehighestvalueonthePhiltreisaddedtothedata,andthenew
resultispicked.Theneuronsinthecompletelyconnectedlayerhavecompletecontactwithall
activationinthepreviouslayer.Layer,asseenintypicalneuralnetworks.Thenfeedextracted
datafromthislayertotheclassificationlayer.

Figure 1. Convolutional Layer
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