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Automatic music  information retrieval is an 
important  topic in today’s world due to the 
increasing prevalence of digital media in our daily 
lives.  More and more people are amassing 
countless gigabytes of compressed digital audio on 
their hard drives and portable players. Most listeners 
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1.1. MelMel--bandband spectralspectral energiesenergies areare

extractedextracted inin 2323msms framesframes andand
compressedcompressed usingusing thethe DCTDCT..

2.2. TheThe similaritysimilarity betweenbetween allall nearnear--byby
framesframes isis calculatedcalculated usingusing EuclideanEuclidean
distance,distance, andand thethe resultsresults areare storedstored inin aa
similaritysimilarity matrixmatrix..

3.3. SumsSums alongalong thethe diagonalsdiagonals ofof thethe matrixmatrix
areare computedcomputed toto yieldyield thethe similaritysimilarity forfor aa
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FeatureFeature ComparisonComparison
TheThe modelmodel parametersparameters belongingbelonging toto twotwo songssongs areare thenthen comparedcompared usingusing thethe GoldbergerGoldberger
approximationapproximation [[22]] ofof thethe KLKL--divergencedivergence ofof aa GMMGMM.. InIn thisthis project,project, thethe diagonaldiagonal

RealReal--WorldWorld EffectivenessEffectiveness
••TheThe systemsystem waswas testedtested onon aa smallsmall
samplingsampling ofof popularpopular musicmusic (listed(listed below)below)..
••TheThe GoldbergerGoldberger--SimilaritySimilarity KLKL--DivergenceDivergence
(GSKLD)(GSKLD) waswas calculatedcalculated forfor eacheach pairpair ofof
songssongs..
••TheThe upperupper matrixmatrix showsshows thethe distancedistance
betweenbetween modelsmodels generatedgenerated fromfrom MFCCMFCC
beatbeat spectrumspectrum (MBS)(MBS) featuresfeatures..
•• TheThe lowerlower matrixmatrix waswas calculatedcalculated usingusingare limited to sorting their music by artist, album, 

genre and other types of metadata tagged to their 
music files. This type of organization makes it very 
difficult to find songs that actually sound similar or 
have a common “feel”.  

Music information retrieval attempts to solve this 
problem by providing supplemental information on a 
song that can be used to compare it to others There

ExampleExample SongsSongs
1.1. BobBob MarleyMarley –– IsIs ThisThis LoveLove
22 BobBob MarleyMarley BuffaloBuffalo SoldierSoldier

particularparticular laglag--timetime (the(the beatbeat spectrumspectrum
[[11])])..

4.4. TheThe resultingresulting beatbeat spectraspectra areare clusteredclustered
usingusing EMEM onon aa gaussiangaussian mixturemixture modelmodel
(GMM)(GMM)..

covariancecovariance matrixmatrix inin eacheach modelmodel isis firstfirst transformedtransformed usingusing aa tempotempo--similaritysimilarity matrix,matrix,
whichwhich isis explainedexplained inin thethe followingfollowing sectionsection.. TheThe modificationmodification isis asas followsfollows::

ThisThis resultsresults inin aa distancedistance measuremeasure thatthat isis hopefullyhopefully moremore meaningfulmeaningful toto thethe humanhuman
auditoryauditory systemsystem..
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•• TheThe lowerlower matrixmatrix waswas calculatedcalculated usingusing
thethe modulationmodulation spectralspectral notenote onsetonset
energiesenergies (OMS),(OMS), cfcf.. [[44]]..
••TheThe MBSMBS featuresfeatures yieldyield markedlymarkedly betterbetter
discriminationdiscrimination betweenbetween genresgenres andand matchmatch
wellwell withwith perceptualperceptual judgmentsjudgments..

TempoTempo--Similarity DistanceSimilarity Distance
OtherOther workwork [[11]] hashas proposedproposed usingusing thethe EuclideanEuclidean distancedistance betweenbetween beatbeat

spectraspectra toto comparecompare rhythmrhythm.. ThisThis approachapproach failsfails toto capturecapture thethe perceptualperceptual
similaritysimilarity ofof neighboringneighboring tempos,tempos, especiallyespecially thethe increasingincreasing similaritysimilarity ofof
neighboringneighboring tempostempos asas thethe raterate increasesincreases.. ToTo addressaddress thisthis issue,issue, wewe proposepropose
thethe TempoTempo--SimilaritySimilarity DistanceDistance (TSD)(TSD) ::

WhereWhere SS isis aa tempotempo similaritysimilarity matrixmatrix mademade upup ofof triangulartriangular kernelskernels withwith

song that can be used to compare it to others.  There 
are a number of techniques that compare songs by 
the timbre, or quality, of the audio; however, rhythmic 
similarity, though very important perceptually, hasn’t 
seen as much action.  Some authors have pursued 
methods to calculate individual characteristics of 
rhythm, such as tempo , meter, and “swing”, but 
systems which characterize the patterns and overall ConclusionsConclusions

2.2. BobBob MarleyMarley –– BuffaloBuffalo SoldierSoldier
3.3. SantanaSantana –– BlackBlack MagicMagic WomanWoman
4.4. SantanaSantana –– EvilEvil WaysWays
5.5. AC/DCAC/DC –– BackBack inin BlackBlack
6.6. AC/DCAC/DC –– DeepDeep inin thethe HoleHole
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WhereWhere SSTT isis aa tempotempo--similaritysimilarity matrixmatrix mademade upup ofof triangulartriangular kernelskernels withwith
widthswidths proportionalproportional toto thethe “just“just noticeablenoticeable difference”difference” [[33]] atat aa particularparticular tempotempo
(about(about ± 88%%))..

Below,Below, thethe (negative)(negative) tempotempo--similaritysimilarity distancedistance isis demonstrateddemonstrated usingusing aa
basicbasic rockrock beatbeat atat variousvarious tempostempos.. ComparedCompared toto resultsresults ofof thethe EuclideanEuclidean
distancedistance below,below, itit showsshows increasingincreasing similaritysimilarity atat fasterfaster tempostempos..

rhythmic feel of a song are lacking.

We attempt to make progress in this area by 
modeling  and comparing the self-similarity in songs.
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••TheThe tempotempo--similaritysimilarity distancedistance moremore accuratelyaccurately modelsmodels
humanhuman tempotempo perceptionperception..
••TheThe beatbeat spectrumspectrum isis anan effectiveeffective featurefeature toto bebe usedused inin
rhythmicrhythmic comparisonscomparisons..
••ThereThere areare manymany parametersparameters usedused inin thisthis implementationimplementation
thatthat cancan bebe optimizedoptimized toto yieldyield betterbetter resultsresults..
••AA muchmuch largerlarger databasedatabase ofof testtest musicmusic needsneeds toto bebe usedused
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Self similarity matrix from 7 seconds of AC/DC’s Back 
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The tempo-similarity distance can be adjusted to accurately model how the 
human auditory system perceives tempos.
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