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Infant Cry Recognition System:
A Comparison of System Performance 
based on CDHMM and ANN
Yosra Abdulaziz Mohammed, University of Fallujah, Baghdad, Iraq

ABSTRACT

Criesofinfantscanbeseenasanindicatorofpain.Ithasbeenproventhatcryingcausedbypain,
hunger,fear,stress,etc.,showdifferentcrypatterns.Theworkpresentedhereintroducesacomparative
studybetweentheperformanceoftwodifferentclassificationtechniquesimplementedinanautomatic
classificationsystemforidentifyingtwotypesofinfants’cries,pain,andnon-pain.Thetechniques
arenamely,ContinuousHiddenMarkovModels(CHMM)andArtificialNeuralNetworks(ANN).
Twodifferentsetsofacousticfeatureswereextractedfromthecrysamples,thoseareMFCCand
LPCC,thefeaturevectorsgeneratedbyeachwereeventuallyfedintotheclassificationmoduleforthe
purposeoftrainingandtesting.TheresultsofthisworkshowedthatthesystembasedonCDHMM
havebetterperformancethanthatbasedonANN.CDHMMgivesthebestidentificationrateat96.1%,
whichismuchhigherthan79%ofANNwherebyingeneralthesystembasedonMFCCfeatures
performedbetterthantheonethatutilizesLPCCfeatures.
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INTRoDUCTIoN

For infants, crying is a communication tool, avery limitedone,but similar to thewayanadult
communicates. They use cries to express their physical, emotional and psychological states and
needs(Drummond&McBride,1993).Aninfantmaycryforavarietyofreasons,andmanyscientists
believethattherearedifferenttypesofcrieswhichreflectsdifferentstatesandneedsofinfants,thus
itispossibletoanalyzeandclassifyinfantcriesforclinicaldiagnosispurposes.

Basedontheinformationcarriedbythecryingwave,theinfant’sphysicalstatecanbedetermined,
andthusitcanbedetectediftheinfantissufferingaphysicalpainorjusthungeroranger.Giventhat
theprocessingoftheinformationintheinfantcryisbasicallyakindofpatternrecognition,thetask
wasapproachedbyusingthesametechniquesusedforautomaticspeechrecognition.

HiddenMarkovModelisbasedondoublestochasticprocesses,wherebythefirstprocessproduces
asetofobservationswhich in turnscanbeused indirectly torevealanotherhiddenprocess that
describesthestatesevolution(Rabiner,1989).Thistechniquehasbeenusedextensivelytoanalyze
audio signals suchas forbiomedical signalprocessing (Lederman,Cohen,&Zmora,2002)and
speechrecognition(Al-Alaoui,Al-Kanj,Azar,&Yaacoub,2008).NeuralNetworksaredefinedas
systemswhichhavethecapabilitytomodelhighlycomplexnonlinearproblemsandcomposedof
manysimpleprocessingelements,thatoperateinparallelandwhosefunctionisdeterminedbythe
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network’sstructure,thestrengthofitsconnections,andtheprocessingcarriedoutbytheprocessing
elementsornodes.

Inthiswork,aseriesofanobservablefeaturevectorisusedtorevealthecrymodelhenceassists
initsclassification.First,thepaperdescribestheoverallarchitectureofanautomaticrecognition
systemwhichmaintaskistodifferentiatebetweenaninfant‘pain’criesfrom‘non-pain’cries.The
performanceofbothsystemsiscomparedintermsofrecognitionaccuracy,classificationerrorrate
andF-measureunder theuseof twodifferentacoustic features,namelyMelFrequencyCepstral
Coefficient(MFCC)andLinearPredictionCepstralCoefficients(LPCC).Separatephasesofsystem
trainingandsystemtestingarecarriedoutontwodifferentsamplesetsofinfantcriesrecordedfrom
agroupofbabieswhichrangesfromnewbornsupto12monthsold.

Theprimeobjectiveofthispaperistocomparetheperformanceofanautomaticinfant’scry
classificationsystemapplyingtwodifferentclassificationtechniques,ArtificialNeuralNetworksand
continuousHiddenMarkovModel.

BACKgRoUND

Anumberofresearchworkrelatedtothislinehavebeenreported,wherebymanyofwhicharebased
onArtificialNeuralNetwork (ANN)classification techniques. (Petroni,Malowany, Johnston,&
Stevens,1995)forexample,haveusedthreedifferentvarietiesofsupervisedANNtechniquewhich
includeasimplefeed-forward,arecurrentneuralnetwork(RNN)andatime-delayneuralnetwork
(TDNN)intheirinfantcryclassificationsystem.Intheirstudy,theyhaveattemptedtorecognizeand
classifythreecategoriesofcry,namely‘pain’,‘fear’and‘hunger’andtheresultsdemonstratedthatthe
highestclassificationratewasachievedbyusingfeed-forwardneuralnetwork.Anotherresearchwork
carriedoutby(Cano&Escobedo,1999)usedtheKohonen’sself-organizingmaps(SOM)whichis
basicallyavarietyofunsupervisedANNtechniquetoclassifydifferentinfantcries.(Rosales-Pérez,
Reyes-Garcia,Gonzalez,&Arch-Tirado,2012)usedGeneticSelectionofaFuzzyModel(GSFM)for
classificationofinfantcrywhereGSFMselectsacombinationoffeatureselectionmethods,typeof
fuzzyprocessing,learningalgorithm,anditsassociatedparametersthatbestfittothedataandhave
obtainedupto99.42%inrecognitionaccuracy.(Al-Azzawi,2014)designedanautomaticinfantcry
recognitionsystembasedonthefuzzytransform(F-transform)thatclassifiestwodifferentkindsof
cries,whichcomefromphysiologicalstatusandmedicaldisease,asupervisedMLPscaledconjugate
ANNwasusedandtheclassificationaccuracyobtainedwas96%.

ApartfromthetraditionalANNapproach,anotherinfantcryclassificationtechniquestudiedis
SupportVectorMachine(SVM)whichhasbeenreportedby(Barajas&Reyes,2005).Here,aset
ofMelFrequencyCepstralCoefficients(MFCC)wasextractedfromtheaudiosamplesastheinput
features.Ontheotherhand,(Orozco&Reyes,2003a),usethelinearpredictiontechniquetoextract
theacousticfeaturesfromthecrysamplesofwhicharethenfedintoafeed-forwardneuralnetwork
recognitionmodule.Recently(CY.Chang,CW.Chang,Kathiravan,&Chen,2017)haveproposedan
infantcryclassificationsystemtocategorizethetypesofinfantcryingintohunger;pain;andfeeling
sleepy.Fifteenfeatureswereextractedfromeachcryingframeandthesequentialforwardfloating
selectionwasadoptedtopickouthighdiscriminativefeatures.Thedirectedacyclicgraphsupport
vectormachinewasused toclassify infantcrying.Theproposedsystemshowedaclassification
accuracyof92.17%.

(Orlandi,Reyes-Garcia,Bandini,Donzelli,&Manfredi,2016)studiedthedifferencesbetween
full-termandpreterminfantcrycomparingfourclassifiers:LogisticCurve,MultilayerPerceptron,
SupportVectorMachine,andRandomForest.Theymanagedtoassessdifferencesbetweenpreterm
andfull-termnewbornswithabout87%ofaccuracy.BestresultswereobtainedwiththeRandom
Forestmethod(receiveroperatingcharacteristicarea,0.94).
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