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ABSTRACT

Thispaperdescribesthedevelopmentof apolyphonicmu-
sic retrieval systemwith the n-gramapproach.Musical
n-gramsareconstructedfrom polyphonicmusicalperfor-
mancesin MIDI usingthepitchandrhythmdimensionsof
music. Theseareencodedusingtext charactersenabling
the musicalwordsgeneratedto be indexedwith existing
text searchengines.The Lemur Toolkit wasadaptedfor
thedevelopmentof ademonstratorsystemona collection
of around10,000polyphonicMIDI performances.Thein-
dexing,searchandretrievalwith musicaln-gramsandthis
toolkit have beenextensively evaluatedthrougha series
of experimentalwork over thepastthreeyears,published
elsewhere. We discusshow the systemworks internally
anddescribeour proposalfor enhancementsto Lemurto-
wardsthe indexing of `overlaying' asopposedto index-
ing a `bagof terms'. This includesenhancementsto the
parserfor a`polyphonicmusicalwordindexer' to incorpo-
ratewithin documentpositioninformationwhenindexing
adjacentandconcurrentmusicalwords. For retrieval of
thesè overlaying' musicalwords,a new proximity-based
operatoranda rankingfunctionis proposed.

1. INTRODUCTION

N -gramshave beenwidely usedin text retrieval, wherea
sequenceof symbolsis dividedinto overlappingconstant-
lengthsubsequences.A characterstring formed from n
adjacentcharacterswithin agiventext iscalledann-gram.
N -gramminghasrecentlybeenadoptedas an approach
for indexing sound-relateddata.An experimentalsystem
by [4] whichusedadatabaseof folksongs,allowedindex-
ing of the entiremusicalwork. Using this approachfor
full music indexing of monophonicdata,eachfolksong
of the databasewas convertedinto a sequenceof pitch
intervals ignoring individual durations. Using a gliding
window, this sequencewas fragmentedinto overlapping
length-n subsections.Thesen-gramswerethenencoded
as`text' wordsor `musicalwords', a term coinedby [4]
that we have continuedto adopt. Theseare basicallya
string of characterswith no semanticcontent.As a con-
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sequence,eachfolksongcould be representedas a `text
document',andregulartext searchenginescanbeused.

Several studieshave investigatedthe useof n-grams
and information retrieval (IR) approachesfor music in-
formation retrieval (MIR) [4, 9, 7]. However, the con-
structionof n-gramshasbeenconfinedto monophonic
sequences.We introduceda methodto obtain n-grams
from polyphonicmusicusingthepitchandrhythmdimen-
sionsof music,andthrougha seriesof experimentation,
therobustnessof musicaln-gramswith polyphonicmusic
retrieval wasshown [2].

TheIR processcanbebrie�y describedbasedonagen-
eral IR model. Informationitemsin a collectionarepre-
processedand indexed. During information retrieval, a
user'squeryis processedandformulatedto theformatre-
quirementsof the indexed collection. Information items
thataremostsimilar to thequerywould beretrievedand
presentedto the userbasedon a similarity computation.
Developmentson this basicmodelhasresultedin rather
diverseIR models,but with thecommongeneralempha-
sis of retrieving informationrelevant to a request,rather
thandirect specificationof a document.ModernIR sys-
temsincludesophisticatedindexing, searching,retrieving
technologies,similarity computationalgorithmsanduser-
interfaces.We utilise thesefor ourMIR system.

This paperis structuredas follows: The approachto
constructingn-gramsfrom polyphonicmusicdatausing
the pitch andrhythm dimensionof musicis presentedin
Section2. Section3 presentsour polyphonicmusic re-
trieval systemdesign. The userinterfaceof our system
demonstratoris shown in Section4.

2. MUSICAL N -GRAMS

2.1. Pattern extraction

With polyphonicmusic data, the approachdescribedin
Section1 for generatingn-gramsfrom monophonicse-
quenceswould not be applicable,since more than one
notemaybesoundedat onepoint in time. Theapproach
proposedby usfor n-gramconstructionfrom polyphonic
datais discussedbrie�y in this section. Polyphonicmu-
sic piecesare encodedas an orderedpair of onsettime
(in milliseconds)andpitch (in MIDI semitonenumbers)
andthesearesortedbasedon theonsettimes.Theremay
possiblybe a few differentpitchescorrespondingto one
particularonsettime with polyphonicmusicdata.Pitches
with the sameor similar onsettime togetherasmusical
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Figure1. Excerptfrom Mozart's`Alla Turca'andthefirst
few eventswith onsettimesandpitches

eventsaregroupedtogether. Usingtheglidingwindow ap-
proachasillustratedin Figure1, thissequenceof eventsis
dividedinto overlappingsubsequencesof n differentadja-
centevents,eachcharacterisedbyauniqueonsettime. For
eachwindow, we extract all possiblemonophonicpitch
sequencesandconstructthecorrespondingmusicalwords.
Thesewordswould be usedfor indexing, searchingand
retrieving from apolyphonicmusiccollection.

Interval representationof pitches,i.e., thedifferenceof
adjacentpitchvalues,areusedratherthanthepitchvalues
themselves,owing to their transposition-invariance. For
a sequenceof n pitches,we definea sequenceof n � 1
intervalsby

Intervali = Pitchi +1 � Pitchi : (1)

Figure 1 illustratesthe patternextraction mechanism
for polyphonicmusic: The performancedataof the first
few notesof a performanceof Mozart's `Alla Turca' was
extractedfrom a MIDI file andconvertedinto a text for-
mat,asshown at thebottomof Figure1. Theleft column
containsthe onsettimes sortedin ascendingorder, and
thecorrespondingnotes(MIDI semitonenumbers)arein
the right column. Whenusinga window sizeof 3 onset
times,we get oneinterval sequencefor the first window
[� 2 � 1], onefor the secondwindow [� 1 1] andtwo for
thethird window, [1 � 12] and[1 3]. Thepolyphonicdata
in thefourthwindow givesriseto 4 monophonicpitchse-
quenceswithin this window.

Ratio i =
Onseti +2 � Onseti +1

Onseti +1 � Onseti
: (2)

AlthoughMIDI files encodethedurationof notes,we
do not take theactualor perceiveddurationof notesinto
consideration,as this is nearly impossibleto determine
from actualperformancesor raw audiosources.By con-
trast,onsettimescanbeidentifiedmorereadilywith sig-
nalprocessingtechniques.

For a sequenceof n onsettimeswe obtainn � 2 ra-
tios usingEqn 2 andn � 1 interval valuesusingEqn 1.

An n-gramrepresentationwhich incorporatesboth pitch
andrhythminformationusingintervals(I ) andratios(R)
would beconstructedin theform of

[I 1 R1 : : : I n � 2 Rn � 2 I n � 1]: (3)

Using theexampleof Figure1, thecombinedinterval
andratio sequencesfrom the first 3 windows of length3
are[� 2 1 � 1], [� 1 1 1], [1 1 � 12] and[1 1 3]. Notethat
thefirst andlastnumberof eachtupleareintervalswhile
themiddlenumberis a ratio.

2.2. Pattern encoding

In orderto beableto usetext searchengines,then-gram
patternshave to be encodedwith text characters. One
challengethat arisesis to find an encodingmechanism
that re�ects the patternswe find in musicaldata. With
largenumbersof possibleinterval valuesandratiosto be
encoded,andalimited numberof possibletext representa-
tions,classesof intervalsandratiosthatclearlyrepresenta
particularrangeof intervalsandratioswithout ambiguity
hadto be identified. For this, the frequency distribution
for thedirectionsanddistancesof pitch intervalsandra-
tiosof onsettimedifferencesthatoccurwithin thedataset
wereobtained.Thefrequency distributionof all occurring
intervals(in unitsof semitones)of 3096polyphonicMIDI
files wasanalysed.Accordingto thedistribution, thevast
bulk of pitch changesoccurswithin oneoctave (i.e.,with
semitonedifferencesbetween� 12 and+12), anda good
encodingshouldbe moresensitive in this areathanout-
side it. We chosethe codeto be the integral part of a
differentiablecontinuouslychangingfunction,thederiva-
tiveof whichcloselymatchestheempiricaldistributionof
intervals.

C(I ) = int (X tanh(I =Y)) ; (4)

whereX and Y are constantsandC(I ) is the codeas-
signedto the interval I . Thefunctionint returnstheinte-
ger portion of its argument. X hasthe effect of limiting
thenumberof codes,andwith 26 letters(a-z)adoptedfor
the study, it is accordinglyset to 27 in our experiments.
Y is set to 24 for this achievesa 1:1 mappingof semi-
tonedifferencesin therangef� 13; � 12; : : : ; 13g. In ac-
cordancewith theempiricalfrequency distribution of in-
tervals in this data-set,lessfrequentsemitonedifferences
(which arebiggerin size)aresquashedandhave to share
codes.Thecodesobtainedarethenmappedto theASCII
charactervaluesfor letters. In encodingthe interval di-
rection,positive intervalsareencodedasuppercaseletters
A� Z andnegativedifferencesareencodedwith lowercase
lettersa� z, thecodefor no differencebeingthenumeric
character0.

The frequency of the logarithmof all occurringratios
of the data collection in the senseof Eqn 2 was anal-
ysed.Peaksclearlydiscriminatedratiosthatarefrequent.
Mid-points betweenthesepeakratioswere thenusedas
the bin boundarieswhich provide appropriatequantisa-
tion ranges. Ratio 1 hasthe highestpeak,as expected,



andotherpeaksoccurin asymmetricalfashionwhere,for
every peakratio r , thereis a symmetricalpeakvalueof
1=r. Fromourdataanalysis,thepeaksidentifiedasratios
greaterthan1 are6/5,5/4,4/3,3/2,5/3,2, 5/2,3, 4 and5.
Theratio1 is encodedasZ. Thebinsfor ratiosabove1, as
listedabove,areencodedwith uppercaselettersA� I and
any ratio above 4.5 is encodedasY. The corresponding
bins for ratiossmallerthan1 aslistedabove areencoded
with lowercaselettersa� i andy, respectively.

Musical words obtainedfrom encodingthe n-grams
generatedfrom polyphonicmusicpieceswith text letters
areusedin theconstructionof index files. Queries,either
monophonicor polyphonicareprocessedsimilarly. The
queryn-gramsareusedassearchwordsin a text search
engine.

2.3. N -gramming strategies

Severalproblemshadbeenidentifiedin theuseof n-grams
with polyphonicmusicretrieval. Theseproblemsandso-
lutionsweretested.We carriedout evaluationswith sev-
eralpossibleindexing mechanisms[2, 3]. In this subsec-
tion we summariseour conclusionsfrom the evaluations
thatinformedin oursystemdesign.

2.3.1. Path restrictions

Whenthewindow sizen is largeor whentoomany notes
couldbesoundedsimultaneously, thenumberof all mono-
phoniccombinationswithin awindow becomeslarge.Con-
sider, for example, the caseof n = 5, with ten differ-
ent notesplayedat eachof the 5 onsettimes. As a re-
sult therewouldbe105 = 100; 000differentmonophonic
pathsthroughthis window: this appearsto beanimprac-
tical way of indexing a tiny bit of music! In this case,we
suggestrestrictingthepossiblecombinationsto variations
of upperandlowerenvelopesof thewindow, i.e.,we only
allow monophonicsequenceswhichrunthroughthehigh-
esttwo notesper event (variationof the upperenvelope)
or whichrunthroughthelowesttwo notesperevent(vari-
ationof the lower envelope). In theabove examplethere
would only be 2 � 25 = 64 differentmonophonicpaths
throughthis highly polyphonicpassageof music.

2.3.2. PositionInformation

Proximity-basedretrieval hasbeenwidely usedwith text.
In general,proximity informationcanbequiteeffectiveat
improvingprecisionof searches[1]. Adoptingits usewith
musicdatahasbeenvery limited — a preliminarystudy
performedby [7] usingmonophonicmusicalsequences.
Apart from just storingthedocumentid, the locationfor
the occurrenceof a term or within documentposition(s)
canbeaddedto theindex data.With exactpositionswhere
a word appearsin a text, single-word queriescanbe ex-
tendedasa phrase.A morerelaxedversionof thephrase
queryis theproximity query. In this case,a sequenceof
singlewordsorphrasesisgiven,togetherwith amaximum
allowed distancebetweenthem. The wordsandphrases
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Music Documents

Formulated “Musical
Text” Query

“Musical Words”
Indexed Collection

Document Pre-processing and IndexingQuery processing and formulation

Similarity
computation

Ranked List of
Similar Music
Documents

Music-friendly inputs

Music-friendly outputs

Figure2. PolyphonicMusic Retrieval SystemOverview

may or may not be requiredto appearin the sameorder
asthequery. Thefirst word's locationis identifiedandif
all termsarefound within a particulardistance,the term
frequency is incrementedfor thegivenphrasequery[1].

In consideringwithin documentpositionandadjacency
of termsfor polyphonicmusic,not only the`listeningor-
der'/`playingorder' basedon thetimelinethathasto con-
sideredbut alsotheconcurrency of this `order'. Theonly
sequentiallythathasbeenpreservedwith then-gramap-
proachfor musicalwordsgenerationwhenindexing has
beenn contiguousnotes[7]. Polyphonicmusic would
requirea new approachtowardsindexing positioninfor-
mationusing`overlaying' positionsof polyphonicmusi-
cal words. This would take into considerationthe time-
dependentaspectof polyphonicmusicalwordscompared
to indexing a `bag of terms'. In using the n-gram ap-
proachtowardsindexingpolyphonicmusic,apartfrom the
adjacentmusicalwords generatedbasedon a time line,
wordsmaybegeneratedconcurrentlyata particularpoint
in time. Preliminaryinvestigationperformed[3] empha-
sizesthe needfor a `polyphonicmusicalword position
indexer'.

3. POLYPHONIC MUSIC RETRIEVAL SYSTEM

The scopeof our MIR systemis to retrieve all similar
piecesgiveneithera monophonicor polyphonicmusical
queryexcerpt. For musicsimilarity assumptions,evalua-
tion of the approacheshave beenbasedon the relevance
assumptionusedby [9]. The polyphonicmusicretrieval
systemdesignis shown in Figure2 andthefollowing sub-
sectionsdescribetheprocessesshown.

3.1. DocumentPreprocessingand Indexing

The documentcollection usedcontainedalmost10,000
polyphonicMIDI performances.Theseweremostlyclas-
sical musicperformanceswhich hadbeenobtainedfrom
theInternet[http://www.classicalarchives.com].Filesthat
convertedto text formatswith warningmessageson the
validity of the MIDI file such`no matchingoffset' for a
particularonset,by themidi-to-text conversionutility [6],
werenot consideredfor thetestcollection.



Index Pos. Pitch Rhythm n Y #R.Bins
PPR4 yes yes yes 4 24 21
PPR4ENV yes yes yes 4 24 21
PR3 no yes yes 3 24 21
PR4 no yes yes 4 24 21
PR4ENV no yes yes 4 24 21
PR5ENV no yes yes 5 24 21

Table 1. Musicalword formatandindex file variants

Documentsarepreprocessedusingourn-gramapproach
with several variantsof indexesare developedbasedon
the strategies describedin Subsection2.3. Queriesare
usuallysubjectedto the samekind of processing.Index
mechanismsthat combinevariouselementswere evalu-
atedandfollowing arethoserecommendedfrom our in-
vestigation:

PR3,PR4: Thepitchandrhythmdimensionsareusedfor
then-gramconstruction,asdescribedin Subsection
2.1. n = 3 or n = 4 werevaluesof n adopted.For
interval encoding,thevalueof Y in Eqn4 is setto
24. For theratioencoding,all 21bin rangesthathad
beenidentifiedassignificant,aslistedin Subsection
2.2,wereused.

ENV assuffix: Thegenerationof n-gramsis restrictedto
the variationsof the upperandlower envelopesof
themusic,asdiscussedin Subsection2.3.1.

PPR4: Incorporationof position information to PR4 as
discussedin Section2.3.4.

Table1 shows a summaryof theusedword andindex
file formatslisted in alphabeticalorder (with Pos. indi-
cating if position informationis includedwith the index
data).

3.2. Query Processingand Formulation

Bothmonophonicandpolyphonicqueriescanbemadeto
theindexedpolyphoniccollection.Themusicalwordsob-
tainedfrom thequerydocumentcanbe queriedasa bag
of termsagainstthe collectionindexed in the sameway.
What is currently being investigatedare queriesformu-
latedasstructuredqueriesto bequeriedagainstthecollec-
tion indexedwith theincludionof positioninformation.

3.2.1. Bag of terms

Queriesareprocessedin thesameapproachto theindexed
collection.Themusicalword formatvariantsarelistedin
Table1. Adjacancy andconcurrency informationof the
musicalwordsarenot considered.

3.2.2. InternalStructuredQueryFormat

Theuseof thevariousproximity-basedandstructuredquery
operatorsavailablewithin [5] arecurrentlybeinginvesti-
gatedfor the inclusion to the system. Query languages

allow a user to combinethe specificationof strings(or
patterns)with the specificationof structuralcomponents
of the document. Apart from the classicIR models,IR
modelsthatcombineinformationon text contentwith in-
formationon thedocumentstructurearecalledstructured
text retrieval models1 [1]. Following areoperatorswithin
Lemurthatweretested:

SumOperator:#sum(T1 : : : Tn ) Thetermsor nodescon-
tainedin thesumoperatoraretreatedashavingequal
in�uence on thefinal result.Thebelief valuespro-
videdby theargumentsof thesumareaveragedto
producethebelief valueof the#sumnode.

OrderedDistanceOperator:#odN(T1 : : : Tn ) Thetermswithin
anODN operatormustbefoundin any orderwithin
a window of N wordsof eachother in the text in
orderto contributeto thedocument'sbelief value.

A few initial testsusing the known item searchwith
the ODN operatorshowed, as expected,a poor perfor-
mance.Retrieval usingmorecomplex queryformulations
werethenlookedinto [3]. A monophonicthemeextracted
from Figure1 wasencodedas:
bZaZAaZAZCAZCIB CIBib BibZabZaZAaZAZD AZ-
DIA DIAia AiaZaaZaZAaZAZGAZGZb GzbZabZaZA
aZAZB AZBZb BzbZabZaZAaZAZC
The querywasthenreformulatedas(This reformulation
wouldbedoneautomaticallyby thesysteminternallyand
would betransparentto theuser):

#SUM( #ODN3(bZaZAaZAZC)
#ODN3(AZCIBCIBib)
...
#ODN3(bZaZAaZAZC))

Basedontheanalysisof ourretrieval results[3], amore
specificoperatorfor musicretrieval is requiredandthein-
troductionof MODN (Musical OrderedDistanceOpera-
tor) is discussedin thefollowing subsection.

3.3. Similarity Computation

Themainaimof thesystemis to retrieveall similarpieces,
given a monophonicor polyphonicmusicalexcerptasa
queryandusingtherelevanceassumptionadoptedby [9].
Currently the systemretrievesbasedon the vector-space
IR model. Ongoingwork in adaptingthe structuredre-
trieval modelfor proximity-basedretrieval is discussedin
thesecondpartof thissubsection.

3.3.1. Vector-spacemodel

To index, searchandretrieve, theLemurToolkit wasse-
lectedastheresearchtool asit supporteda numberof IR

1 In usingtheBooleanmodel,a classicIR model,for a query'white
house' to appearnear the term `president', it would be expressedas
[`white house'and`president'].ClassicIR modelsincludetheBoolean,
vector-spaceandprobabilisticmodels[1]. A richer expressionsuchas
`same-page(near(`whitehouse','president')))' wouldrequireastructured
querylanguage.
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Figure 3. Musical text documentwith within document
wordpositions

modelswhichweinvestigatedfor MIR. Modelssupported
includetheuseof languagemodels(basedonaprobabilis-
tic approach)andthevector-spacemodel. Similar to the
findingsfrom thestudyby [7], thelanguagemodellingap-
proachdid notperformaswell with musicaln-gramsand
tehvector-spacemodelwasadopted.Detailsof adapting
this modelin Lemurarediscussedin detail in [10].

3.3.2. Structuredretrieval modelandpolyphonicposition
indexing

For proximity-basedretrieval, the structuredquery lan-
guageprovidedby Lemurwasinvestigatedandin thissec-
tion we discussthe enhancementsbeingtestedfor poly-
phonicmusicretrieval.

Usingthefirst five onsetsof themusicexcerptin Fig-
ure 1, the documentgeneratedfrom our polyphonictext
documentgeneratorwould besimilar asthebagof terms
shown in Subsection3.2.2.Thepolyphonictext document
generatoris thetool wedeveloped(modulesaddedto util-
ities by GN MIDI Solutions[6]) for the conversionof a
polyphonicMIDI file into a polyphonicmusicaltext doc-
ument. This was enhancedto output `overlaying' posi-
tions. Theparserin [5] hadto bemodifiedto parsethese
new positioninformationformat. 'Overlaying' positions
asshown in Figure3 would needto be recordedby the
index.

The existing proximity-basedoperatorODN retrieves
only documentsthat containall querytermsin the simi-
lar orderwithin a givenproximity distanceareretrieved.
Interceptingonsetsfrom a polyphonicdocumentwould
generaten-gramsthataredissimilarto its corresponding
monophonicquery, resultingin non-retrieval of relevant
documents.Erroneosquerieswouldalsogeneratedissim-
ilar n-gramsfrom therelevantdocument.A `musicalor-
dereddistanceoperator'(MODN) shouldenablethis dif-
ferencebetweenn-gramsgeneratedfrom the query and
therelevantpolyphonicdocumentto bere�ectedby asim-
ilarity measure[3], i.e., retrieval that partially satisfies
queryconditionswouldbeneeded.Rankedretrievalshould
be basedon the numberof query termsfound within a
given proximity distanceand not the condition that all
termsmustbe found within a given proximity distance.
Therequirementof MODN thereforewouldbeto retrieve

<DOC q1>

# MODN

3
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2 q

3 r
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3

LPAREN

1 p

2 q

2 r

3 s

RPAREN

Figure4. QueryDocuments

documentsbasedonarankwherebydocumentsthatmatch
thequerywith theTheHighestnumberof queryn-grams
within agivenproximity distancewouldberetrievedwith
thehighestrank,i.e., rank1.

We arecurrently investigatinga simplescoringfunc-
tionbasedonthenotionof `fuzzymatchpoints' for MODN.
Thereforein formulatinga scoringfunction for MODN,
we startat the very beginning and look at the notion of
matchpoints for term or phrasefrequenciesinstead[1].
The term matchpoint definedby [1] refersto the posi-
tion in thetext of a sequenceof wordswhich matches(or
satisfies)the userquery. If a string appearsin threepo-
sitionsin thetext of a documentdj , we saythat thedoc-
umentdj containsthreematchpoints. With MODN, we
continueto look at matchpointsbut thematchpointsfor
polyphonicmusicaldocumentswould be the position in
thetext documentthatmatchesthefirst termavailableof
the querysequence.Apart from assigninga matchpoint
only basedon thefirst termof thequerysequence,any of
thefollowing termsin thequerysequencecanassumethe
first positionif any of theprior termsdo not exist in that
particularsequence.For the scorecalculation,1 point is
givenasascorefor thefirst termfrom thequerysequence
thatis foundin atext documentand1 point for eachof the
following termthatis foundwithin thegivenproximity.

Thisscorecalculationis shown usingthefollowing ex-
ample.Two samplequeries,q1(amonophonicquery)and
q2 (a polyphonicquery)aregivenin Figure4. Thequery
documentsareshown in the format requiredby Lemur's
parser. For anexampleof four relevantdocuments,D1: 1
p 2 q 2 r 3 r 4 s 4 t, D2: 1 p 2 q 3 x 4 y, D3: 1 p 2 q 3 p 4
q 5 r andD4: 1 p 2 q 3 a 4 b 5 c 6 d 7 r 8 p 9 q 10 r, the
scoresfor eachof thesedocumentsfor eachof thequeries
would beasfollows:

Therelevancescoresof thedocumentsfor q1 are: D1
= 5 (from sequences(p q r) and(p r)), D2 = 2 (from se-
quence(p q)), D3 = 6 (from two sequences(p q r)), and
D4 = 5 (from sequences(p q) and(p q r)).

Therelevancescoresof thedocumentsfor q2arebased
on two monophonicsequences– (p q s) and(p r s): D1 =
9 (from sequences(p q s), (p r s) and (p r s)) , D2 = 2
(sequence(p,q)),D3 = 4 (2 sequences(p q)), andD4 = 6
(sequences(p q), (p q) and(p r)).



Figure5. Userinterface

Figure6. QBH SystemInterface

4. SYSTEM DEMONSTRATOR

The screenshotsof our early polyphonicmusicretrieval
systemdemonstratoris shown in Figure5. Apart from se-
lectinga poly/monophonicMIDI file from thedialogbox
provided, a query input can also be madevia a `graph-
ical keyboard' enablingmonophonicperformanceinputs
only. MIDI files generatedwill beprocessedby themusi-
cal documentgeneratordiscussedSubsection3.3.2. gen-
eratingquerytermsin thesameformatastheindexeddoc-
umentsasshown in Table1. The screenshotshows re-
trieval resultsasatext file with arankedlist of documents.
For theretrieval shown, themusicaltext documentswere
indexedwith thePR4ENVformatwith Lemurversion1.9.
Thesystemis currentlybeingtestedwith LemurVersion
2.2 beingenhancedfor the inclusionof the new musical
wordsparser, MODN andits scoringmodule.Futurework
includesevaluationof this.

Thisdevelopmentwork ispartof theMultimediaKnowl-
edgementResearchGroup'sframework for content-based
informationretrieval. Figure6 shows theQBH interface
developedwhereone canhum a query which would be
transcribedby apitchtrackerwrittenby [8] andconverted
to PR4ENV. Futureworkalsoincludesintegratingthisand
otherinterfacesto musicinputsthathave beendeveloped
includea text contourinput andpolyphonicaudiofile in-
put [http://km.doc.ic.ac.uk]to thecurrentearlyprototype.

5. CONCLUSION

We haveoutlinedapolyphonicmusicretrieval systemde-
sign anddescribedits developmentin detail. Thesein-
clude detailsof the documentpreprocessingand index-
ing, query processingand formulation and the similar-
ity computationusingmusicaln-gramsfrom polyphonic
musicdata. An early prototypehasbeenshown andwe
are currently investigatingenhancementsfor incorporat-
ing proximity-basedretrieval.

6. ACKNOWLEDGEMENTS

This work is partially supportedby theEPSRC,UK.

7. REFERENCES

[1] Baeza-Yates, R and Ribeiro-Neto, B. Mod-
ern InformationRetrieval. ACM PressAddi-
sonWesley, 1999.

[2] Doraisamy, S and Rüger, S. “Robust Poly-
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