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ABSTRACT 
Facial expression recognition is a very active research topic due to its potential applications in the many fields 

such as human-robot interaction, human-machine interfaces, driving safety, and health-care. Despite of the 

significant improvements, facial expression recognition is still a challenging problem that wait for more and 

more accurate algorithms. This article presents a new model that is capable of recognizing facial expression by 

using deep Convolutional Neural Network (CNN). The CNN model is generated by using Caffe in Digits 

environment. Moreover, it is trained and tested on NVIDIA Tegra TX1 embedded development platform 

including a 250 Graphics Processing Unit (GPU) CUDA cores and Quadcore ARM Cortex A57 processor. The 

proposed model is applied to address the facial expression problem on the publicly available two expression 

databases, the JAFFE database and the Cohn-Kanade database.  
 

Keywords: Convolutional Neural Networks; Deep Learning, Embedded Developlement Platform with GPU. 

 

 

I. INTRODUCTION 
Facialii expressionii recognitionii hasii attractedii considerableii attentionii inii theii pastii tenii yearsii dueii toii 

theirii potentialii applications,ii suchii asii human-robotii interactionii [1],ii human-machineii interfaceii [2]ii 

surveillanceii [3],ii drivingii safetyii [4]ii andii health-careii [5].ii Thereii areii manyii worksii forii recognizingii 

theii emotions,ii suchii asii sadness,ii surprise,ii anger,ii happiness,ii fear,ii disgust,ii andii neutralityii [6-12].ii 

However,ii eachii personii givesii sameii emotionii inii aii differentii wayii andii evenii theii imagingii 

conditionsii changesii facialii expressionii appearance.ii Henceii facialii expressionii recognitionii isii stillii 

challengingii problem.ii Toii getii ridii ofii theii challengeii andii toii achieveii moreii accurateii results,ii itii isii 

lookedii atii robustii features. 

 

Facialii expressionii recognitionii methodsii areii separatedii intoii twoii categories:ii geometric-basedii 

methodsii [13-17]ii andii appearance-basedii methodsii [18-23]. 

 

Geometric-basedii methodsii concernii aboutii theii featureii vectorsii encodingii someii facialii geometricii 

propertiesii suchii asii distance,ii angle,ii andii positionii toii determineii theii shapesii andii locationsii ofii theii 

invarianceii pointsii ofii face.ii Forii instance,ii inii [16],ii 34ii invarianceii pointsii belongii toii aii faceii 

imageii wereii extractedii forii facialii expressionii recognition.ii 20ii invarianceii pointsii wereii derivedii 

fromii 74ii separateii landmarksii inii [17].ii Successii ofii theii methodsii dependsii onii powerfulii faceii 

componentii detection methodsii toii setii facialii invarianceii points,ii whichii providesii aii fewii difficultii atii 

realii lifeii applications. 

 

Appearance-basedii methodsii useii theii featuresii extractedii directlyii fromii theii imagesii butii doesii notii 

includeii anii informationii relatingii toii theii facialii points.ii Thereii areii aii lotii ofii Appearance-basedii 

methods.ii Theii mostii importantii onesii areii Localii Binaryii Patternii (LBP)ii [18],ii Gaborii Waveletsii 

[19],ii Localii Gaborii Binaryii Patternsii (LGBP)ii [20-21],ii Scaleii Invariantii Featureii Transformii (SIFT)ii 

[22],ii Histogramii ofii Orientedii Gradientii (HOG)ii [23],ii andii Curveletii Transformii [23].ii Facialii 
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expressionsii makeii theii certainii regionsii ofii faceii change,ii whichii causesii interestii inii justii theii 

specialii regions.ii Inii [24-26],ii theii salientii featuresii wereii extractedii fromii localii patches. 

 

Facialii expressionii recognitionii problemii constructsii aii classificationii algorithmii toii separateii emotionsii 

intoii theii classesii suchii asii sadness,ii surprise,ii anger,ii happiness,ii fear,ii disgust,ii andii neutralityii byii 

usingii theii extractedii features.ii Inii theii literature,ii itii wasii obtainedii promisingii resultsii byii usingii 

Artificialii Neuralii Networksii (ANNs)ii [27],ii Supportii Vectorii Machines,ii (SVMs)ii [28],ii Sphericalii 

Classifiersii [29],ii Hiddenii Markovii Modelsii (HMMs)ii [30],ii K-Nearestii Neighborsii (KNNs)ii [31],ii andii 

compressiveii sensingii basedii sparseii classifiersii [32]ii forii recognizingii facialii expressions. 

 

Classifiersii receivesii descriptiveii featuresii obtainedii fromii aboveii methodsii asii itsii inputs.ii Henceii theii 

classifierii performanceii dependii onii theii qualityii ofii featureii vectors.ii Moreoverii theii methodsii extractii 

low-levelii featuresii belongii toii facialii expressionii butii don’tii extractii high-levelii feature.ii Howeverii 

recentlyii theii methodsii asii calledii asii deepii learningii haveii appearedii asii aii promisingii oneii toii 

performii facialii expressionii recognition.ii Deepii learningii methodsii extractii bothii low-levelii andii highii 

levelii featuresii withoutii aii method.ii Thanksii toii theii capability,ii deepii learningii methodsii hasii appliedii 

successfullyii inii bothii signalii processingii andii imageii processingii [33-36]. 

 

Thisii articleii proposesii aii newii architectureii ofii Deepii Convolutionalii Neuralii Networksii (CNNs)ii forii 

recognizingii facialii expression.ii Inii addition,ii theii proposedii systemii isii trainedii andii testedii onii 

NVIDIAii Tegraii TX1ii embeddedii developmentii platformii includingii aii 250ii Graphicsii Processingii 

Unitii (GPU)ii CUDAii coresii andii Quadcoreii ARMii Cortexii A57ii processorii inii orderii toii provideii 

thatii theii proposedii modelii isii usableii ateii realii lifeii applications.ii Thanksii toii theii salientii featuresii 

andii structureii of proposedii CNNii model,ii itii isii obtainedii bothii highii accuracyii inii aii fastii wayii forii 

facialii expressionii recognition 

 

Inii theii restii ofii thisii articleii isii organizedii asii follows.ii Inii Sectionii II,ii theii CNNsii areii shortlyii 

reviewed.ii Inii Sectionii III,ii theii proposedii CNNii modelii isii introduced.ii Theii experimentalii resultsii 

areii shownii inii Sectionii IV.ii Finally,ii theii articleii isii concludedii inii Sectionii V. 

 

II. DEEPii CONVOLUTIONALii NEURALii NETWORKS 
CNNii isii anii updatedii versionii ofii multi-layerii neuralii networks 

[33-35].ii CNNsii receiveii asii theii inputii theii imagesii unlikeii conventionalii neuralii networks.ii Theii 

basicii layersii ofii CNNsii areii calledii asii convolutional,ii pooling,ii rectifiedii linearii units,ii fullyii 

connectedii andii lossii layer.ii Anii exampleii CNNii structureii isii shownii inii Fig.1.ii Theii inputii sizeii isii 

reducedii toii theii endii layers.ii Inii theii sequentialii layers,ii theii propertiesii fromii low-levelii andii highii 

levelii featuresii areii extracted. 

 

Inii convolutionalii layerii ofii CNNs,ii eachii inputii imageii isii convolutedii withii kernels.ii Theii obtainedii 

outputii imageii areii importedii toii theii secondii layer. 

 

Inii theii poolingii layerii ofii CNNs,ii itii isii selectedii theii salientii featuresii inii theii previouslyii 

determinedii regions.ii Inii otherii way,ii eachii regionii isii down–sampledii byii aii non-linearii down-

samplingii operationsii suchii asii maximum,ii minimumii orii average. 

 

Inii theii Rectifiedii Linearii Unitsii Layerii ofii CNNs,ii itii isii employedii theii rectifier,ii f(x)=max(0,x)ii inii 

theii neuralii networksii literature. 

 

Theii fullyii connectedii layerii ofii CNNsii isii locatedii afterii theii aboveii definedii layers.ii Allii neuronsii 

atii theii layerii areii fullyii connectedii toii allii activationsii inii theii previousii layer. 

 

Inii theii lossii layerii ofii CNN,ii differentii lossii functionii isii applied.ii Forii instance,ii softmaxii lossii 

functionii isii usedii forii multiii classii classificationii problems. 
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Fig.ii 1.ii Anii exampleii processii stepsii ofii Convolutionalii Neuralii Networks 

 

III. THE PROPOSED ALGORTIHM 
Theii graphicalii pipelineii ofii theii proposedii CNNii isii givenii in 

 

Fig.ii 2.ii Theii modelii architectureii isii appliedii atii nineii layers: 

 Inputii imagesii areii given. 

 Convolutionalii layerii isii applied.ii Kernelii sizeii isii 5x5,ii strideii isii 1,ii andii padii isii 2. 

 Maximumii poolingii layerii isii applied.ii Kernelii sizeii isii 3x3,ii strideii isii 2,ii andii padii isii 1. 

 Convolutionalii layerii isii applied.ii Kernelii sizeii isii 5x5,ii strideii isii 1ii andii padii isii 2. 

 Maximumii poolingii layerii isii applied.ii Kernelii sizeii isii 3x3,ii strideii isii 1,ii andii padii isii 1. 

 Convolutionalii layerii isii applied.ii Kernelii sizeii isii 5x5,ii strideii isii 1ii andii padii isii 2. 

 Maximumii poolingii layerii isii applied.ii Kernelii sizeii isii 3x3,ii strideii isii 2,ii andii padii isii 1. 

 Convolutionalii layerii isii applied.ii Kernelii sizeii isii 2x2,ii strideii isii 1ii andii padii isii 0. 

 Convolutionalii layerii isii applied.ii Kernelii sizeii isii 1x1,ii strideii isii 1ii andii padii isii 0. 

 Finallyii fullyii connectedii layerii isii added. 
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Fig. 2. Thi graphical pipeline of the proposed CNN model 

 

IV. EXPERIMENTS 
Inii thisii section,ii theii effectivenessii ofii proposedii CNNii modelii isii evaluatedii onii twoii datasets:ii 

JAFFEii databaseii [36]ii andii theii Cohn-Kanadeii databaseii [37].ii Theii experimentsii wereii carriedii outii 

byii usingii Caffeii softwareii developedii byii Universityii ofii California,ii Berkeleyii inii Digitsii 

environmentii [38-39]. 

 
Inii theii secondii evaluation,ii Cohn-Kanadeii databaseii wasii employedii [36].ii Theii databaseii includesii ofii 

2,105ii imagesii relatingii toii 182ii studentsii fromii 18ii toii 30ii years,ii 15ii %ii ofii whichii isii African-

American,ii 15ii %ii areii female,ii andii 3ii %ii isii Asianii orii Latino.ii Imagesii haveii theii resolutionii pixelii 

ofii 640ii xii 480ii orii 640ii xii 490 

 

Allii imageii sequencesii includesii aii neutralii andii apexii expressions.ii Especiallyii theii lastii framesii 

coverii theii mostii discriminativeii image.ii Thisii articleii evaluateii sixii classii classificationsii problemii theii 

imagesii ofii theii databases.ii Fig.ii 4ii showsii someii samplesii ofii sixii basicii facialii expressionsii fromii 

theii Cohn-Kanadeii database 
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Inii theii experiments,ii theii imageii sizeii wasii resizedii into16x16.ii Theii proposedii modelii wasii trainedii forii 30ii epochs.ii Theii 

learningii rateii wasii selectedii asii 0.001ii forii firstii elevenii epochsii andii 0.002ii forii epochsii 13-29ii andii 0.00001ii forii theii endii 

epoch.ii Batchii sizeii isii selectedii asii 40.ii Anii exampleii visualizationii ofii theii proposedii CNNii modelii isii illustratedii inii Fig.ii 5 
 

 
Fig. 3. Some examples from JAFFE dataset [36] 

 

 
Fig. 4.iSomeiexamplesifromCohn-Kanadeidataset [37] 
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Fig. 5. An example visualization of the proposed model in digit environment 
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Tableii Iii tabulatesii comparativelyii classificationii performancesii withii artii ofii stateii algorithmsii inii theii 

literatureii forii JAFFEii database.ii Forii JAFFEii databases,ii topii 1ii andii top5ii errorsii wereii obtainedii asii 

96.10ii andii 100,ii respectively. 

 

Tableii IIii tabulatesii comparativelyii classificationii performancesii withii artii ofii stateii algorithmsii inii theii 

literatureii forii Cohn-Kanadeii database.ii Topii 1ii andii top5ii errorsii wereii obtainedii asii 98.70ii andii 

99.10,ii respectively.ii Asii canii beii seenii fromii Tableii Iii andii II,ii theii obtainedii resultsii areii theii bestii 

oneii andii theii proposedii modelii outperformii theii others 

 

TABLEii I.ii PERFORMANCEii COMPARISONii ONii JAFFEii DATASET 

Study Method Recognition 

  (%) 

   

Theii proposed CNNii model Top1:96.10 

  Topii 5:100 

[23],ii 2016 Localii curveletii transform 94.65 

[46],ii 2015 Deepii beliefii network 90.95 

[20],ii 2012 Radialii encodedii Gabor 89.67 

 jets  

[40],ii 2011 Patch-based-Gabor 91.00 

[41],ii 2010 Salientii featureii vectors 85.92 

[42],ii 2008 WMMC 65.77 

[43],ii 2007 KCCA 67.00 

[44],ii 2008 DCT 79.30 

[45],ii 2010 FEETSii +ii PRNN 83.84 

 
TABLEii II.ii PERFORMANCEii COMPARISONii ONii COHN-KANADEii DATASET 

Study Method Recognition 

  (%) 

   

Theii proposed CNNii model Topii 1:ii 98.70 

  Topii 5:ii 99.10 

[23],ii 2016 Localii curveletii transform 95.17 

[46],ii 2015 Deepii beliefii network 98.57 

[19],ii 2009 Boostedii LBP 95.15 

[19],ii 2009 LBP 92.60 

[37],ii 2011 Patch-based-Gabor 91.00 

 

V. CONCLUSIONS 
Inii thisii article,ii aii newii facialii expressionii recognitionii algorithmii isii proposedii basedii onii CNN.ii Anii 

appropriateii CNNii architectureii wasii selected.ii Convolutionalii layerii numbers,ii kernelii andii strideii 

sizes,ii andii poolingii structuresii wereii determined.ii Experimentalii wereii constructedii onii JAFFEii 

databaseii andii theii Cohn-Kanadeii database.ii Theii obtainedii resultsii showedii thatii theii proposedii 

systemii outperformsii theii geometricii andii appearanceii abedii methodsii approachesii inii theii literature. 

 

Theii proposedii systemii canii beii appliedii atii realii lifeii applications.ii Inii orderii toii proveii theii 

capability,ii theii proposed systemii wasii trainedii andii testedii onii NVIDIAii Tegraii TX1ii embeddedii 

developmentii platform. 
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