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/ Abstract \

The identity of a raga in a performance is exposed through the occurrence of characteristic
melodic phrases or “catch phrases” of the raga. While a phrase is represented as a simple
sequence of notes in written notation, the interpretation of the notation by a performer
invokes his knowledge of raga grammar and thus the characteristic continuous pitch
movement that represents the particular phrase intonation. A performer's skill is closely
linked with his ability to render creatively and unambiguously the distinctive aspects of a
raga including its phrases or melodic motifs. Similarly, listeners identify the raga by the
characteristic melodic shape of the phrase. We present a study to validate implicit musical
knowledge that raga-characteristic phrases are relatively invariant across concerts and
artistes by means of a time series similarity measure applied to melodic pitch contours
extracted from audio recordings of Hindustani classical vocal concerts. The measure, which
can discriminate phrases, even with the same svara sequence, corresponding to different
ragas, has applications in music retrieval. Further, it has potential in the objective
evaluation of raga phrases rendered by a music learner.

\. J

1.Introduction

Along with the svaras that define the raga in Hindustani and Carnatic music,
the identity of a raga in a performance is exposed through the occurrence of
characteristic melodic phrases or pakads of the raga. For a given raga, there are
pre-defined characteristic phrases which recur in both pre-composed as well as
purely improvised sections of the raga performance [1,2]. Indian classical
music, as is well known, is transferred through the oral-aural mode. Written
notation is typically a sparse form, not unlike basic Western staff notation with
pitch class and duration in terms of rhythmic beats specified for each note.
When used for transmission, the notation plays a purely “prescriptive” role
considering the actual melodic sophistication of the tradition. Thus the audio
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version, or sound, of the written notation is actually the performer's
interpretation, and invokes his background knowledge including a complete
awareness of raga-specified constraints. It may be noted that the interpretation
involves not only supplying the volume and timbre dynamics but also the
pitches “between notes” [3]. An important dimension of a raga's grammar is its
phraseology, a set of phrases that provide the building blocks for melodic
improvisation by collectively embodying its melodic grammar and thus
defining a raga's “personality” [4]. The melodic phrases of a raga are typically
associated with prescriptive notation which can comprise of as few as 2 or 3
notes, but often several notes. The recurrences of a raga-characteristic phrase in
a concert can therefore be viewed as aesthetically controlled interpretations
marked by an inherent variability that makes them interesting (i.e. not
sounding unnecessarily repetitious) but still strongly recognizable. The
sequencing of phrases is embedded in the rhythmic accompaniment provided
by the percussion but only loosely connected with the underlying beats except
for the [00(fast tempo) sections in the case of the widely performed Hindustani
000000 genre [4]. The sequence of phrases comprises a “musical statement” and
spans a rhythmic cycle sometimes crossing over to the next. Boundaries
between such phrase sequences are typically marked by the I00[{first beat) of
the rhythmic cycle supplied by the 00IL.

In view of the central role played by raga-characteristic phrases in the
performance of both the Indian classical traditions, computational methods to
detect specific phrases in audio recordings can have important applications.
Raga-based retrieval of music from audio archives can benefit from automatic
phrase detection where the phrases are selected from a dictionary of phrases
corresponding to each raga [5]. The same methods can potentially be extended
to automatic music transcription of Indian classical music, which is a
notoriously difficult task due to its interpretive nature. Widdess [6] describes
the significant collaborative effort he needed with the performer of a 0000000
improvisation to achieve its transcription into Western notation. He mentions
how the performer included certain notes in the transcription that were either
short or otherwise not explicit because they were important to the raga
(presumably belonging in the prescriptive notation of the phrase). The phrase-
level labeling of audio, or simply its alignment with available symbolic
notation, can be valuable in musicological research apart from providing for an
enriched listening experience for music students. Finally, a robust measure for
melodic distance between phrases can usefully serve in the objective evaluation
of music learners' skills.

There is limited previous work on the audio based detection of melodic
phrases in Hindustani music. Pitch class distributions and N-gram
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distributibrmsnthesequenafadetecterdotesobtaindgheuristic
methodfiutomasegmentaditdmpitchontobaveeemseichraga
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templaf®@dlnbothheabovelassDdW(dynamtianevarpingl]s
showtobeeffectimmeasuringer-phrasdlarvigheon-uniform
timevarpintgpatepresemeésmittpdrasmeariabilatyosenditions.
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2.Ragand®hraseology

ThdhotessthectaveHindustanisicrelenotadSrRgGmM P
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dDnN.Agivenagascharacterbzedebfsvara-ascendiamd
descendioghendtpaka(rharactepistasedgpresetihteelevant
musicologicate ptisheferenadeagahosénthpresestiudy,
namelMhaiya-bilawKlafiThdormeéesthenosgrominaagafthe
BilawataleorrespontbthgVestemmjosrcaléd)sshowimTab Ik,
inadditidather notesftheBilawataleag#&lhaiya-Bilavakles
context-depemsl@nfn (flaty7Asindicatimdhesebfcharacteristic
phrasessoccudurindgescetotwardsandalwaywsetweéwoD [2].
Rag&afiwhosdescriptadsappeairsTablg,isusednthisork
primaridgan anti-corpusgtoprovidcexamplefaoteeque ntlest
matctheprescripnioeatiofachosemaracterpftricodAlhaiya-
Bilawbluinadifferamagaontefantienceremoexpecttodcatcim
melodsbhape@rntonation).

Raga

Chara stiers Alhaiya Bilawal Kafi

Tone Matefial S R G InrPN SRgmPDn
G~R G/P (GRGP) RgR-mmP

Characteristic D~nD'P (DnDP) g-mPmP
Phrases D\G DmnPgR

GmRGPmG SniPgR

Comments 'n' is used only in the descent, and always in Movements are flexible and allow for
between the two 'D'-s as Dn D P melodic elaboration

Tablke.Ragdescriptimhasptddonml2]Theharacterphitriacsase
providemtheefereneenhancreatatiomcludiagnamentafiloa.
prescripnogetatidarthephrasesedorthepresestudgappeairs
parantheses.

Aparftromhepecifeeduerdevaraasharactembtixcsatisfies
raga-dependent comstirimdnrtserimtfonationtifhhreg, duration
andinkimgthemotes)Jheontinu@utchariatiwinhimeyithithe
phrasemaybeviewedsarisinffomthesequeneaksvara{aotes)
represerbgtheirespectdueatioarsdyamakattsgitstheapproach
andnovemewithithespacefthecorrespondvregdhisphrase
intonatioomnbeconsideresthedescriptie@resentadnaman
elaboratodhheprescriptioéatiamdetheconstraimftsheraga
gramm&tO] Theconteafthephrasi¢se(pbrecedamgsucceeding
phrasaestermimesitisextendedeitheside,ndrovidadurther
definitimmhephrasaetheconteatthespecificgalLhesamphrase
intonéwdifferenmadaysamsuggeditiffereaagpllHenctdhdlexibility
availabidthenterpretafitmhravaridsomagbtoraganghrase
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tophrasdrivebytheneedoretaiinsdistinctiveaedminimize
confusiwinthsimilaharacterpbricse®theragasomethithga
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Figlshowsomeepresentpaitc@ontouirsomputesiescribad
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spannifrgnD-ons(etrathegdromheffsefthe@recedmpoP-onset
(théinaRisarestimgtandherefofenpredictdbtatiotselfe
observdesimilariity melodishapacrosrealisatidro.minent
differenxresbviotesuchsheoresemoabsenacfaeasatoucmote
(kannpthdinabPtransitaoraryirextend®scillatoatthdirsd.
Thesmaybeattributtedheflexibilatycordeydtheragaramm am
improvisatComsistwnttmusicologilcead oynkhayaiusiatsiow
andnediutempo(@}Yherisnoobservabdpendeafpdhragairation
upon beat duration, (ii) relative note durmtiorisaimed not
acrogempoand(iii)henot@nsetionotnecessaaiigmwithbeat
instaretscefpathenyasvaragnsideadadnportarottentheaga.
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FigurzPitcbontougstractfedmhekKafconcedéscribeydnDP
notation.

Fromheomputatippaspectinereedmelodiepresentahisotn
captundsessenimariamdthhenelodsbapehildiscountiaga-
permitted variations. From the previous observations, we note that
conventiagualntizatdbmitchndempordimensiownisihotwork.
Rathehepitch-continfocusfthephragealizatsaggeattaime -
serisssmilarmgasur@onsiderthgnon-unifotime-warpihgt
accompampiteraslairatichanga®TWbhasedistanweultdemore
appropri&terasegmentatoemannexploritythmseructuaad
othecuestophrasskoundarlersketotheperceptiodelosutbat
melodpbrasmeducmaishesought.

3.Databasreddnnotation

Theoncerdctioohoséathistudyrebtainednnef{l,and
from commercial CDs. They represent a diversity of well-known
contemporldigdustakhayadrtistep,mpositiaaksandlayas
displayi@eablxlnaltasedd@ccompanyingsgrumeartisheanpura
(dron@dprmonigsmrangineasandablahsectiofeachoncert
correspondob@gndissmdvistaragelaborathbgnmprovisatisn)
extracted.

#Phrases
Song . . Tempo Dur.
D Artiste Tala Laya Band|sftbpm) (min) DnDP mnDP  GRGP
Char. Seq.
R " Kavana
AB Ashwini Bhidretal MadhyaBatariya}J‘zx 8.85 13 2 31 5
MA Manjiri  ginta) vilambit D2INYaass g 12 1 13 6
Asnare Kaahaan
Shruti ) Kavana
SS Sadighr Tintal MadhyaBatariyaéso 4.15 3 0 14 3
Abdul Rashid Kahe Ko
ARK Khan Jhaptal Madhya Garabh 87 119 44 0 0 14
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Dattatreya . - Dainyaa
DV Velankar Tintal Vilambit Kaahaan 35 18.3 14 4 4 9
A Jasraj Ektal  Vilambit Emya“ 13 225 19 18 0 29
aahaan
AK-1  AslamKhan  Jhumra  Vilambit  ong@ 19 8.06 10 0 8 6
Hoon Tere
AK-2  AslamKh Jhaptal  Madh; E Ha 112 5.7 7 0 0 3
- slam Khan aptal adhya Jashoda .
Ajoy . . Jago Man
AC Chakrabarty Jhumra Vilambit Laago 24 303 27 0

Table.Descriptiofrdatabawéthphraseountismnthemusician's
transcriptilmnceatrgnragAlhaiya-bilawadpidinadngAC)
inragafiChar=charactemnfhicagaSeq=noteequence.

Manuahnotatodselecipdhdraswasarriedbyamusici@anef
theauthorahdvalidatkgasecomidusicidoutsitleegroupThe
annotatwabasexdlisteniagdnarkimgthevaveforphrasabels
ard apmXxmake bandaiesusng the PRAT auwio inefae. The
prescriptive notstétin Pehyas penmdisreg imuthie was provided
bythenusicibaseadnhiknowledgfeheagd.heounpsconceorft
frequendtyeurrimdpelptdrasappeamndabl2.GRGBndDnDRre
charactempbBtiecsimsagAlhaiya-BilatwidlnnDIPsparafthehosen
compositidresndismdappeafrequenakyhenukhd&urtheh,e
DnDRccurreniei¢seAlhaiya-Bilawmdéemsereseparabeas ean
whether they captagadideetity wthlke omhyediately preceding
conteXhogdbdadidhotwwereermenn-charactphirsasegustnote
sequenceétwabservedathelAconcerddalargeumberfnon-
charactemdathd®@wingoinfluentreosnaparticusamgimsgylétwas
alsootethatistenessmsomeftherecedinantefqrevionste)
reliabdgtecdga-characienDPitKafconcevasnnotafeall
noteequencerrespondatmgnotatibnDP.

4 Audi®rocessangExperiments

Vocglitchetectisachieved Omsintervahsoughdbesocal
regiomsftheaudicignaltitha predominandei@ctimrethods
describepg8l2].Amgwmpbntheitchontoofaphrasegmedido
silenoeunvoicsedundgdinearilyterpolaTddpitchsnormalized
withrespetd thetonido obtaibhemelodicontouN.extphrase
segmentaitfccarriedbnthenelodéiontoiuasemi-automatnoer.
Theoarsalynotaterdund-trphhasegmertrsearchfedexact
segmehbundariceosrespondon-onsahdD-onserntheregion
betwednZanddsecondseiotoP-onset(baseldeobserveangef
phrageuratiohfthecasefDnDPthephradeundaraeanarkeals
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Figurégan®showfewepresentptiedontosegmehteneach
rageaithhénDPhrasedicateedtwe emickerticadrke Fsomhe
beat instant mvarkeatse thrratMA coteaepb isrdbative to the
otherdowevdhephrastkturatiodsenotappednbscalimthesame
proportibbwasiotetthadcroslseoncetesmpepaalargreang@s
seeimTabZEwhilehenaximuduratiofih®©nDPhraseanyoncert
variddetweénlo2.8eonlwitltonsideraateatiwinhitheoncert.
Furthemyluratioariatiamemotineanlglatddisobservthdthe
n-duratispracticdlikedhilduratichangaseabsorbleytheD
svaraneithsidd.henasnoobservabdpendeofpdrasetonation
ontheald.parfromhesendthexrbservatfookigl(listenSeR)),
wenotehathdig2KafphrasgiswhichagBnDPsnotacharacteristic
phraseisplagreateariabiliifyhrasetonatwmileonformiog
th@rescriphiotatio®nDP.

DTWisusedirectbmwthesegmenteéme-setieesccouhdrnon-
unifortmmecalinhehrasegmemtrs&eachnearilyterpolatad
constadhuratiofil.3ecavaluarbitrardéjectwidhitheobserved
duratioamngefth@hrastofompuadurationnormdTaAddstance,
aftezero-padddtegpckndioabsodnyboundafyammismatches.
ClassibdlWisusedvithtsmonotoni@ingsinglecremesriep-size
conditiqia8 WeintroduzeonditibobiasheD TWpathhowardhe
diagonmfignoridgfferenlesshamquarteemitoiméehdocealost
functiollowevethedistancemputatidaelincludaebheactual
differenoéslignegdtcheBhiapproawlmsfoundobeeffectiine
limiting pathowagircsalwbtiél accouwotingltch differ@mreces.
presemgxdxperimemphrasemilarotpudatabase.

4 Experiménntra-phrasescrhdsarity

We wish compthree pituive simibariags DnDP phrses
raga-characteldsgithhhadacrosBenon-charact®mbtRchrase
classheDTWdistanmeasuaesdescribaelovisappligdallpairs
creatddomtwodistinBinDPphrasa@sawrfromthesamelas$f
implementekachonceattdidhigoultdelussomethialgo utth e
variabilofytheDnDPhradsathatoncefTocompensfaotetheshorter
duratiomfsomeftheconcehteswevewregrouphe3Alhaiya-Bilawal
conceirhFabl2intdsetg.heaesultidigtributodmair-wigkrase
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AlsshowisthaistantistributipmatedofDnDPhrapairfsom
ragkaf(lwhergsnoacharactempbtacse).
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4. Experim@Pthrasdetection

Inaretriewalenarvewouldikaoidentifheragdaseanthe
detectiofitcharacterpbhtricsemunknowaudibaseanpreviously
storadmplabdthehrasWesimulatesituatimyusinthdirsttwo
conceatidiotosourctemplatfogallotheoccurrenaktheraga-
characterbDetbDcAn Tabl2. Twotemplate®rsschosemcaptutée
variabildfthehraskehesaenanualldentifieywisuahspectodn
thepitchontoagepresendisginnelodsbapérommontheseof
25phraserontheABandMAaudiolsnfutureectguantizatiame
explorfeodtheemplastelectiask.

Inordetmobtasrufficidathomeasurretriewaalcurawegcarrgut
theexperimeneBdistintamplagsetsEachandiddesphrass
comparwdthbothherefereneemplatasdtheminimuunhistanicse
retainaghatorrespontonpgesghrasf Sakoe-Cltidbrastraimnt
appliedthd TWlistancemputattiaiscourpgéhologwaalpings
ofmismatclpdhdaseédsSakoe-Chwibdtimf25%schosdasedanthe
observatibathisncludesospathsebtainenpair-widestance
computatiowolvinlgearueaga-characteniBRbraswesthiAB
andMAaudios.

5.Resuldadiscussion

Fig3(aghowthathdntra-phrasedcdassépallAlhaiya-Bilawal
concefexcebV+JMAremarrowdyspersehdouwstmeanaluelost®
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12.0ndicatitmglowvariabiliryhdntonatiofhbheaga-characteristic
phraserosseoncelrncontrahtk afiagdistributiaameamnear
20.@andhighestandadeviatiomplyingreatganriabilinypnDP
intonatifhesebservatiomesonsistenttmusicologknalvliedge
aboutthestrictneélsatppliesthemelodshapefraga-characteristic
phrasasopposeédthadfnon-charactehisasd@h.ddV+JAoncerts
showrelativgigateprealdidothe@resermndron-charact®mBic
(asndicatedabl2)Whenhhegehrasaseliminateadmheomputed
distanceshavehenoreoncentratsdributio®V+JMAFigB(b).
Thuweseehatheneaandpreadthanter-phrhiséandistribution
cleardgptund®agaharacterusititsspdaocthgivemhrase.
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FigureéDistributiofisstanodB-nygphrasérontheDnDRaga-
charactertistiplatBeldraga-characteniBPdeasheallothep -
nyaghrases.

TheesuldfExperimappeanFigdaghaistributa@distanoés
altandidateaas@sde.-nyphrasindablzfromheselectediplate
DnDPphraseBheground-trutlga-charactérndtiPdistribution
appeanboltineVesethathespreasierparronmelatitvothadfthe
remainiplyrasesstandistributiiomndattanistributhagdistinct
modethawvverebservieodorrespdao@RGPmogtistanminDRNd
non-charactbmBteear-overlapphiisggé ndames xplairbgthe
expectgmdeatdissimilabeayweeheGRGRAndDnDRitchontours
wherenlpnesvariacommohromigdweobtainahlit-radf.8f0r
theletectioonaga-characteniBRimfalse-aleamfO. Wwithmost
fals&larmcominfgonmhenon-charact®mdtPthemumberfraga-
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charactepbtatemplanesssimitadtwcher€.onsidettimgariety
ofrealizatiomserviendpracti@mimprovadtectiparformanse
expecteidhlaslightlayrgendebomfphrasemplatbapossitalyso
represemgprecedrcrogtesctpliciflyeodeboniypesystematically
derivdgusingectguantizamenhodsaground-trahbhracteristic
phrasgéastaset.

6.Conclusion

A raga-charactehisdses easilidentifibgdtheknowledgeable
listenacrosencentithesameagacroastisteasdcompositimfns
differetatltaandlayaExperimeonsa limitedorpushowetthathe
continuguschurvearberobustdyscriminateichgsuitahtliene -
series medsame picahvesotdfer phrafséeBame ragd, more
significarnfrlymthoseorrespondoipesame-notapimorasia a
differemaga.haistributoftihanter-phrdis¢aneseshiaselected
phrase-cdasserveeanndicabdrragiedentity.

Considertimgthelexibilamailabhbéheartisterenderimpgaga-
characterpsticdedrivemartilyytheneetloretaimsdistinctiveness
withrespetdotheragastwouldeworthwhiti@elearbhemelodic
representbtioainingalargenrpwsthesammagencludiamanti-
corpwddiffereagasherthesimilphrasecurSuchdiscriminative
trainingoulldelpntheobudetectoddheviatidomsmaggrammir
theobjectewamluatodaingirsdgillAparftronfullpgutomatprhgase
boundadetectidmrtheworkshoulidhcorporabéumandtimbre
dynamicghathexplorattheonstawmdyga-charactehiasies
inviewoftheflexibilayailabtileperformeanstheimprovisatory
framewamrfkdindustahassimalsicahenoreomple$Seiclworkan
benvaluatdreusictudenlistenansiomusicologiktttistpotential
toachieMeempiritastinGheimplikinowledogfexper{d4].
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