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ABSTRACT

Indiaisrichincultureandheritagewherevarioustraditionaldancesarepracticed.Bharatanatyam
isanIndianclassicaldance,whichiscomposedofvariousbodyposturesandhandgestures.This
ancientartofdancehastobestudiedunderguidanceofdanceteachers.Inpresentdaysthereisa
scarcityofBharatanatyamdanceteachers.Thereisaneedtoadopttechnologytopopularizethisdance
form.Thisarticlepresentsa3-stagemethodologyfortheclassificationofBharatanatyammudras.
Inthefirststage,acquiredimagesofBharatanatyammudrasarepreprocessedtoobtaincontoursof
mudrasusingcannyedgedetector.Inthesecondstage,Hu-momentsareextractedasfeatures.Inthe
thirdstage,rule-basedclassifiers,artificialneuralnetworks,andk-nearestneighborclassifiersare
usedfortheclassificationofunknownmudras.Thecomparativestudyofclassificationaccuraciesof
classifiersisprovidedattheend.Theworkfindsapplicationine-learningof‘Bharatanatyam’dance
inparticularanddancesingeneralandautomationofcommentaryduringconcerts.
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INTRoDUCTIoN

Recentadvancementsindigitalimageprocessinghaveledtodevelopmentsofvariousapplications
suchashandgesturerecognition(Liu,Yin,&Zhang,2012;Wang,Chen,&Li,2016),signlanguage
identification(Karishma&Jalal,2013;Raut,Mali,Thepade,&Sanas,2014;Zadghorban&Nahvi,
2016;Fagiani,Principi,Squartini,&Piazza,2015;Zaki&Shaheen,2011),bodyposturerecognition
(Dantone,2013),andhumanactionrecognition(Kishoreetal.,2018).Onesuchsignificantapplication
isseeninBharatanatyamdanceandmudraclassification.BharatanatyamdanceisanancientIndian
classicaldanceformwhichiscomposedofvariousbodypostures,facialexpressions,andcoordinated
movementofvarioushandgestureswhichareperformedtotheaccompanimentofdancesyllables.
Thesedancemovementsconveysomeusefulmeaningtotheaudience.Thesemanticmeaningand
feelingsofthesedancesyllablescanonlybeproperlyunderstoodbytheconnoisseur.Thenovice
learnersandgeneralaudiencemayfinditdifficulttounderstandtheinneraswellasouterfeelings
conveyedbythedancers.TheNatyashastra,anearlierrepositoryofIndianclassicaldance,hasdetails
ofdancesyllablesusedinvariousdanceforms.AmudraisthemoststrikingfeatureofthisIndian
classicaldance,whichuseshandgestures.TheNatyashastramentionsasetof108dancepostures
calledKaranas,28Asamyukta mudras,23Samyukta mudrasi,and13Nritya mudrasordecorative
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handgestures.The24thmudraAvahittawasrecentlyaddedtothelistofSamyuktamudras.Themudra
isalsocalledhastaintheliterature.KaranameansdoingintheSanskritlanguage.Natyashastrastates
thatkaranasarethedanceframeworkswhicharesupposedtospirituallyenlightenthespectators,
asopposedtootherdanceformssuchasfolkorpopdance,whichcanonlyentertainthespectators.
Karanas are brief movement phrases describing specific leg, hip, body, and arm movements
accompaniedbymudras.Itisalsostatedthatonewhoperformswellthiskaranadancewillbecome
freefromallthesins.

Thedancegestures,awayofnon-verbalcommunication,areusedtovisuallyconveyouterevents
orthings,aswellasinnerfeelings.HandsignisaritualgestureinHinduismandBuddhism.There
aretwotypesofhandgesturesusedinBharatanatyamdance.Asamyuktamudrasareperformedusing
singlehand,andSamyuktamudrasareperformedusingbothhands.Thedecorativehandgestures
areusedtoincreasethebeautyofdanceduringconcerts.Thesekaranasandmudrasareprominent
partsofthedancer’svocabulary.Figure1showstypicalposturesofsomeofBharatanatyamdance
alongwithsomemudras.

TheAsamyuktamudrasarethekeyelementsofBharatanatyamdanceandplayasignificantrole
inconveyingthefeelingsofthedancertotheaudience.Hence,thecurrentworkproposesdeveloping
asystemforclassificationofAsamyuktamudras.SomesinglehandmudrasareshowninFigure2.
Someofthemudraslooksimilarandhenceconflict,leadingtomisclassificationofmudras.Inthis
work,themostconflictingmudrasaretakenoutandaseparatelistofconflictingAsamyuktamudras
isformed.Non-conflictingmudraslooktotallydissimilar,leadingtoeffectiveclassificationofmudras.
Theexperimentontheseseparategroupsgivesanimprovementintheclassificationaccuraciesof
mudras.Hence,inthiswork,Asamyuktamudrasarebroadlyclassifiedintoconflictingmudrasand
non-conflictingmudras.Figure2showssomeofthenon-conflictingmudras.Figure3showsthat
MrugashirshaandHamsapakshikamudraslooksimilartoeachotherandhenceareconflicting.

InordertostudyBharatanatyamdanceandmudras,ateacher(calledaguru)isessential.Today
theyoungergenerationisattractedbythewesterndancecultureresultinginscarcityofBharatanatyam
danceteachersinthefuture.Itisdifficulttofindteachersinvillages,semi-urbanareasandforeign
countries.Tobridgethisgapatechnologicalinterventionisfelt,andthetaskofidentificationand
classificationofmudrasisattemptedthroughthisresearch.Theworkfindsmanyapplicationssuch
ase-learningofmudrasandproperposturesleadingtoself-learningofBharatanatyamdance,online
commentaryduringconcertsandadoptiontomanyotherformsofdancesprevailinginIndiaand
outside.However,identifyingthemudrasfromthevideooronlineisnotinthescopeofthispaper.

Theshapesofmudrasareimportant intheclassification.Manyshapedescriptorshavebeen
proposedfordifferentapplications.Popularlyusedshapedescriptors,moments,findapplications
invariousareas likecharacter recognition, facerecognition,handgesture recognition,andfacial
expressionrecognition(Devi&Saharia,2018;Fernando&Wijayanayake,2015;Premaratne,Yang,
Zou,&Vial,2013;Solís,Martinez,&Espinoza,2016;Otiniano-Rodríguez,Cámara-Chávez,&
Menotti, 2012; Hu, 1962). It is being attempted to deploy Hu-moments for the recognition and
classificationofBharatanatyammudraimages.Hu-momentsrepresentsuitableshapefeaturesbecause
theyarescale,translation,androtationinvariant.Theseveninvariantmomentsarefitforthedescription
ofoverallshapeofthetarget.Hencemomentsareusedasfeaturesinthiswork.

Theworkinvolvesobtainingcontouroftheinputmudra,calculationofHu-momentsfromthe
contour,useofthesemomentsasfeaturesetsandclassificationofunknownmudrasintooneofthe
28 categories using rule-based, artificial neural network (ANN), and k-nearest neighbor (KNN)
classifiers.Finally,acomparisonofclassificationaccuracieswasmadefortheirsuitability.

LITeRATURe SURVey

Inordertoknowthestateoftheartinmudraclassificationandalliedworks,aliteraturesurveywas
carriedout.SummariesofthecitedpapersaregiveninTable1.
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