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■■ Design Design andand  implementation ofimplementation of a web- a web-basedbased
digital digital music librarymusic library

■■ ContentContent--basedbased  indexing and retrieval ofindexing and retrieval of
music music in in the the MIDI MIDI formatformat

■■ Tools Tools forfor  analysisanalysis, , editingediting, , and visualizationand visualization

Part 1: Part 1: Indexing and RetrievalIndexing and Retrieval
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Part 2:Part 2:
  Cascaded Lossy Audio CodingCascaded Lossy Audio Coding

■■ Problem: Problem: audible distortionsaudible distortions

■■ PreventionPrevention: : psychoacoustic steganographicpsychoacoustic steganographic
((data embeddingdata embedding) ) technique technique ((�  patentspatents))

■■ 1999 GI Dissertation 1999 GI Dissertation AwardAward: Frank : Frank KurthKurth
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Recent PublicationsRecent Publications (Part 2) (Part 2)

■■ KurthKurth, F: , F: Perceptually Perceptually transparent transparent attachment of contentattachment of content--
based data based data to audio-to audio-visual documentsvisual documents, IEEE ICME 2000,, IEEE ICME 2000,
New YorkNew York

■■ KurthKurth, F. & , F. & HassenrikHassenrik, V.: A , V.: A dynamic embedding codec fordynamic embedding codec for
multiple multiple generations compressiongenerations compression, 109th AES , 109th AES ConventionConvention,,
L. A., 2000L. A., 2000

■■ PackhamPackham, N. & , N. & KurthKurth, F.: Transport , F.: Transport of contentof content--basedbased
information information in digital audio in digital audio datadata, 109th AES, 109th AES Convention Convention,,
L. A., 2000L. A., 2000
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TodayToday´s ´s TopicTopic::

Content-based Indexing and 

Retrieval of Polyphonic Music 

in the MIDI Format
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RelatedRelated  ProjectsProjects

■■ MELDEX (MELDEX (WaikatoWaikato, NZ), NZ)
–– Database of folk songsDatabase of folk songs

■■ ThemefinderThemefinder ( (StanfordStanford, USA), USA)
–– Database of classical musical themesDatabase of classical musical themes

■■ SonodaSonoda--MuraokaMuraoka-System (-System (WasedaWaseda, JP), JP)
–– Database of melodiesDatabase of melodies

These systems allow fault-tolerant search in monophonic pieces of music
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Problem Problem SpecificationSpecification

■■ DatabaseDatabase: : PolyphonicPolyphonic MIDI  MIDI files files DD11, ..., , ..., DDNN

■■  Input: A Input: A polyphonic musical pattern polyphonic musical pattern  QQ

■■ Output: All Output: All occurences ofoccurences of  QQ in  in DD11, ..., , ..., DDNN
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Polyphonic MusicPolyphonic Music
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Example of Example of a Querya Query
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Example of MatchesExample of Matches
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Conventional StrategyConventional Strategy

■■ Polyphonic music asPolyphonic music as a  a collection of melodiescollection of melodies
■■ Extraction of melodic linesExtraction of melodic lines, , themesthemes, , motivesmotives,,

etcetc..
■■ String-String-based representation of melodiesbased representation of melodies
■■ String-String-based search methodsbased search methods

This strategy has proved unsuccessful.
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Polyphonic MusicPolyphonic Music
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The Atomic Point of ViewThe Atomic Point of View::
PROMSPROMS

■■ NotNot string string- - but setbut set--orientedoriented
■■ Basic Basic objectsobjects: : single notes single notes ((tt,,pp,,dd))
■■ Piece of musicPiece of music: a : a finite set finite set MM  of notesof notes
■■ DatabaseDatabase: a : a sequence sequence DD11, ..., , ..., DDNN

               of pieces of music               of pieces of music
■■ Query: aQuery: a finite set finite set  QQ  of notesof notes

■■ OccurenceOccurence: (: (ii,,vv) s.t. ) s.t. QQ + +vv  ⊆⊆⊆⊆   DDii
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PROMSPROMS in a in a nutshell nutshell::

Computer Algebra & Full-Text-Retrieval

Time and space efficient 
Polyphonic Music Information Retrieval
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PROMS PROMS vsvs. . SonodaSonoda
PROMS Sonoda-System

Index Type  polyphonic   monophonic
MIDI data (MB)           327                  100 
Number of notes (million)   33                 10
Index size (MB)             22               531
Index construction time (min)          0.66             1376
Avg. response time (sec)          0.08              0.78

The Sonoda-Muraoka-System (Waseda University, Tokyo) was 
presented at the ICMC 2000, August  2000, Berlin.
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PROMSPROMS: : HighlightsHighlights

■■ Pitch Pitch andand rhythm rhythm
■■ Polyphonic queries supportedPolyphonic queries supported
■■ Processing time depends essentially onProcessing time depends essentially on | |QQ||
■■ Queries may containQueries may contain ´ ´gapsgaps´́
■■ UserUser-- and problem and problem--adapted indexing onadapted indexing on--thethe--flyfly
■■ Fuzzy Queries and Fuzzy SearchFuzzy Queries and Fuzzy Search
■■ kk  mismatches with little additional effortmismatches with little additional effort
■■ RankingRanking
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Publication Publication (Part 1)(Part 1)

■■ M. M. ClausenClausen, R. , R. EngelbrechtEngelbrecht, D. , D. MeyerMeyer,,
J. J. SchmitzSchmitz::

PROMS: a web-PROMS: a web-based tool for searching based tool for searching inin
polyphonic musicpolyphonic music, to , to appear appear in in ProcProc. . of Intof Int..
Symposium Symposium on Music on Music Information Retrieval,Information Retrieval,
PlymouthPlymouth, , MassMass., USA, ., USA, OctOct. 2000. 2000
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Future Future WorkWork

■■ Advanced ranking methodsAdvanced ranking methods

■■ SimilaritySimilarity

■■ Searching Searching in audio in audio datadata
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BeyondBeyond PROMS PROMS

■■ PROMS PROMS search method cansearch method can  bebe  generalizedgeneralized
substantiallysubstantially

■■ ThisThis  isis  subjectsubject  ofof patent  patent applicationsapplications


