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ABSTRACT

Automaticrecognitionofinstrumenttypesfromanaudiosignalisachallengingandapromising
researchtopic.Itischallengingastherehasbeenworkperformedinthisdomainandbecauseofits
applicationsinthemusicindustry.Differentbroadcategoriesofinstrumentslikestrings,woodwinds,
etc.,havealreadybeen identified.Very fewworkshavebeendone for the sub-categorizationof
differentcategoriesofinstruments.MelFrequencyCepstralCoefficients(MFCC)isafrequently
usedacousticfeature.Inthiswork,ahierarchicalschemeisproposedtoclassifystringinstruments
withoutusingMFCC-basedfeatures.Chromareflects thestrengthofnotes inaWestern12-note
scale.Chroma-basedfeaturesareabletodifferentiatefromthedifferentbroadcategoriesofstring
instrumentsinthefirstlevel.Theidentityofaninstrumentcanbetracedthroughthesoundenvelope
producedbyanotewhichbearsacertainpitch.Pitch-basedfeatureshavebeenconsideredtofurther
sub-classifystringinstrumentsinthesecondlevel.Toclassify,aneuralnetwork,k-NN,NaïveBayes’
andSupportVectorMachinehavebeenused.

KeyWoRdS
Chroma, Classification, Co-Occurrence Matrix, Instrument Classification, Note, Pitch

INTRodUCTIoN

InIndiaseveralkindsofstringtypeinstrumentsarebeingemployedsinceancienttimes.Thiswork
takescareofcomplexityofclassificationofstringinstruments.Todevelopapplicationsrelatedto
musicandinstrumentclassification,audioindexing,audioretrievalagoodqualityaudioclassification
isessential.Inrecentpastsomeadvancementinthefieldofaudioretrieval,audioclassificationis
observedbecauseofimprovementofresearchinareaofdataminingaswellassignalprocessing.

Theoldest identified instrument classification systemwas identified asChinese in the time
periodofthe4thcenturyB.C.Thesystemhasdiscriminateddifferentinstrumentaldevicesbasedon
materialstheyarecreated.Aftermath,researchersaretryingtoproposefineinstrumentdiscrimination
system.Theyhavesuggestedseveralmodelsbutunfortunatelynoneofthoseisacceptedworldwide
asastandardbenchmarktofulfilltherequirementsofdifferentapplications.Hence,classification
of instrument isanopenresearcharea.Researchershavesuccessfullyclassified instruments into
string,woodwind,percussion,keyboard,etc.,butlessworkhasbeendoneforsub-classificationof
instruments.Inthiswork,stringinstrumentshavebeensub-classifiedwithoutusingMelFrequency
CepstralCoefficients(MFCC)whichisafirst-rateauralfeaturebutexcessivelyused.Ahierarchical
approachisadoptedheretoclassifystringinstruments.Initiallystringinstrumentsarecategorizedinto
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plucking,bowingandstrikingfollowedbyfurthersubclassificationofplucking,bowingandstriking
typestringinstruments.Theworkisorganizedinthefollowingway:previousworksdonerelatedto
classificationofinstrumentsisdescribedinafterintroductionsection.Proposedschemeisdescribed
innextsection.Thenextsectionreflectsinvestigationaloutcomesalongwithcomparativeanalysis.

ASSoCIATed ReSeARCH ACTIVITIeS

Canvassershavepaid efforts on several aural traits todiscriminate instruments.Haralick (1992)
hassuggestedamethodforextractionofstatisticalfeaturesinthemeadowofprocessingofimages.
Thesestatisticalfeaturesareveryusefulandtheymaybeutilizedinotherdomainstoo.Mostof
theseworkshaveusedMFCC.Aspectraltraitformusicalgadgetcategorizationhasbeenusedby
Agostinietal.(2003).Centroidbandwidth,pitch,skewnessaswellaszerocrossingrateshavebeen
usedbythem.Peeters(2003)hasproposedhisownalgorithmnamedIRMFSPforlargedatabase
of musical database. Spectral features were also been explored by some researchers like Zhu et
al.(2004).Theyhaveusedspectrumofinstruments.Theirworkwaslimitedtojazz,popandrock
instrumentalsonly.KaminskyjandCzaszejko(2005)havebeenabletoclassifymonotypemusical
instrumentalsoundswiththehelpof6traits-cepstralcoefficients,constantQtransformfrequency
spectrum,multidimensionalscalinganalysistrajectories,RMSamplitudeenvelope,spectralcentroid
andvibrato.Algorithmsforautomaticallycategorizationofmusicalinstrumentalsoundshavebeen
proposedbyBenetos,KottiandKotropoulos(2006).HierarchicalschemewasventuredbyEssidet
al.(2006).SupportVectorMachineorSVMhasbeenusedthere.Theyhaveusedspectralfeatures
likeMPEG-7audio features, cepstral traits for exampleMelFrequencyCepstralCoefficientsor
MFCC,temporaltraitslikeautocorrelationcoefficientsandZCR,wavelettraits,perceptualtraitsfor
examplesharpnessandloudness.

HiddenMarkovModel(HMM)hasbeenemployedbySinithandRajeev(2007)whiledealing
withclassicalmusicofSouthIndia.Instrumentsaredividedintowide-rangingtypesforexample
brass,string,percussionandwoodwindbyapplyingMPEG-7audiofeatures,perceptualfeaturesand
MelFrequencyCepstralCoefficientsbyDeng(2008).GunasekaranandRevathy(2008)haveworked
withfusionofmultipleclassifiers.Theyhaveworkedwithtemporal,perceptual,spectral,statistical
andharmonicfeatures.A37-dimensionalfeaturesetbasedonMFCCaswellasperception-based
featureshasbeenusedbySenanetal.(2009)whileworkingwithMalaymusicalinstruments.Western
andChinesemusicalinstrumentswereclassifiedinto3wide-ranginggroups–percussion,windas
wellasstringusingSVMbasedapproachbyLiuandXie(2010).Kumarietal.(2010)haveworked
withmusical instruments ofNorth India for example: flute, dholak, sitar,mandar andbhapang.
TheyhaveusedacombinationofMFCCandspectralfeaturestodesigntheirfeatureset.Polyphonic
instrumentalsignalsweredealtwithBarbedoandTzanetakis(2010,2011).

WaveletandMFCCbasedhierarchicalschemeweresuggestedbyGhosaletal.(2011)tocategorize
instrumentaldevicesinwide-ranginggroupslikeString,Woodwind,PercussionandKeyboard.But
theyhavenotexploredfurthersub-classificationofinstruments.GrindlayandEllis(2011)havedealt
withmusichavingpolyphonicinnature.MüllerandEwert(2011)haveemployedChromaToolboxof
Matlab.Impactofselectionoftraitsandclassifiersonclassificationaccuracyhasbeenobservedby
ChandwadkarandSutaone(2012)aimingtorecognitionofmusicalinstrumentaldevices.Chandwadkar
andSutaonehaveappliedanamalgamationofspectraltraitsandMelFrequencyCepstralCoefficients
intheirfeatureset.NadgirandJoshi(2014)haveworkedwithspectral,temporalandMFCCbased
features.Gaikwadetal.(2014)hasappliedPrincipalComponentAnalysis(PCA)onthecombination
ofspectraltraitsandcepstrumfeaturestoclassifyIndianclassicalinstruments.Todesignspectral
traitstheauthorshaveusedspectralrangeandamplitudetogetherwithMFCC.ProbabilisticLatent
ComponentAnalysis(PLCA)hasbeenusedbyAroraandBehera(2014)torecognizeinstruments.
Dandawateetal.(2015)haveclassifiedIndianinstrumentalmusic-basedRagalikeBhairavi,Bhairav,
YamanandTodiRaga.Theydesignedtheirfeaturesetusingtemporalfeatures.AbeberandWeib
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