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ABSTRACT

We review aproposamadein theframevork of MPEG-7for thedescriptionof instrumensoundsasedn perceptuafeatures.
Resultsderived from experimentsdealingwith the perceptiorof musicaltimbre allow usto approximatethe mainunderlying
perceptuatiimensiongrom signaldescriptorsA combinationof thesesignaldescriptorsallows acomparisorbetweersounds
in termsof an estimatedoerceved timbral (dis)similarity Sincethe proposedmodelis basedon experimentsusing mainly

synthesizedoundsa validationof the modelwasperformedon a databaseomposedf naturalmusicalsounds.

INTRODUCTION

The increasingamountof multimedia data over networks and
the needfor quick and reliable searchesgexchangesand dis-
tant manipulationsof multimediadatabases;equirean efficient
and universally shareddescriptionof thesemedia. MPEG-7
[MPEG-7,200Q assessethis problemby defining a new 1ISO
standardto be appraredin 2001, for the descriptionof multime-
diadata.

In the soundfield, the descriptionof the mediaconsistsof a
descriptionof the format (encodingformat, samplingrate, etc),
metainformation (authorname,copyright owners, etc), seman-
tic information (type of musicalevent, nameof the instrument
recorded),but also of a descriptionof the audio contentitself.
This descriptionof the sounditself shouldallow a specification
of eachsoundin the databasendependentlyof its taxonomy
Although mary variablescan be proposedin order to achieze
this [Wold etal., 1999 [Martin andKim, 199§, relying on hu-
manperceptionof soundsallows usto definethe mostimportant
ones.

In this paper we presenta proposalmadein the framework of
MPEG-7 for the descriptionof soundsbasedon perceptuafea-
tures.

Derived from the resultsof IRCAM'’s Musical Perceptiorand
CognitionandAnalysis/Synthesiteamswe definefor eachclass
of soundsa setof variablesallowing a descriptionof their most
essentiaperceptuafeatures.

We then discussthe representatiomf this descriptionand its
evaluationin the contet of a real database This evaluationwas
madein acollaborationbetweenRCAM andIUA/UPFE

1 INSTRUMENT SOUNDDESCRIPTION BASED ON
PERCEPTUAL FEATURES

Perceptionof sounds has been studied systematically since
Helmholtz.It is now well acceptedhatsoundsanbedescribedn
termsof their pitch, loudnesssubjectve duration,andsomething
called“timbre”. “Timbre” refersto thefeatureshatallow oneto
distinguishtwo soundgshatareequalin pitch, loudnessandsub-
jectiveduration.Theunderlyingperceptuamechanismarerather
comple. They involve takinginto accountseveral perceptuadli-
mensionsat the sametime in a possiblycomple« way. “Timbre”
is thus a multi-dimensionalfeaturewhich includesamongoth-
ers, spectralernvelope,temporalervelope,andvariationsof each
of them. In orderto understandetterwhatthe “timbre” feature
refersto, numerousexperimentg[Plomp,1970,1976],[Wedin&
Goude 1972],[Wessel1979],[Miller & Carterette1975],[Grey,
1977], [Krumhansl, 1989], [McAdams et al., 1995], [Lakatos,
2000]) have beenperformed.

For the purposes of the description of sounds based
on perceptual features in MPEG-7, we rely on three of
theseexperiments: 1) Krumhansls [Krumhans|,1989 and 2)
McAdams, Winsbeg, Donnadieu, De Soete & Krimphoff's
[McAdamsetal., 1995 experiments, which usedthe 21 FM-
syntheticsounddrom [Wessektal., 1987],mainly sustainedhar
monic sounds,and 3) Lakatos[Lakatos,200Q (re-analyzedby
[McAdamsandWinsbep, 200Q), who used36 soundsfrom the
McGill University soundlibrary, both harmonic(18) andpercus-
sive (18) soundsalthoughwe usedonly the resultsof the percus-
sive part.

1.1 Signal Descriptorsfor the perceptual features

In all of theseexperimentspeoplewereasledfor a (dis)similarity

judgmenton pairs of sounds. Thesejudgmentswerethenused,
througha MultidimensionalScaling(MDS) analysisto represent
the stimuli into alow-dimensionakpacerevealingthe underlying

attributesusedby listenerswhenmakingthe judgments. People
often refer to this low-dimensionalrepresentatioras a “Timbre

Space”seeFigurel.

For each of these experiments, people have tried to qual-
ify the dimensions of these timbre spaces, the perceptual
axes, in terms of “brightness”, “attack”, etc. Only re-
cently [Grey andGordon, 197§ [Krimphoff etal., 1994
[Misdariis etal., 1999 have attemptdbeenmadeto quantitatively
describetheseperceptuabxes,i.e. relatethe perceptuabxesto
variablesderiveddirectly from the signal: signaldescriptors.

1.1.1 Quantitative descriptionof the perceptuabxes

In the quantitatve descriptionof the perceptuabxes,the position
of eachsoundin the timbre spaceis explainedusing signal de-
scriptorvalues.

For eachaxis, the descriptor(s)that bestexplain(s) the vari-
anceof the positionof the soundson this axisis(are)chosen.A
mathematicarelation betweenthe position on the axis and the
valueof this(theselescriptor(s)s obtainedby alinearregression
(multiple-regressionmethod.Thepositionof asoundin the Tim-
bre Spacecanthenbe approximateddy a linear combinationof
the descriptorvaluesof eachaxis. Assumingthe orthogonality
of the dimensionsof the space perceptualdis)similarity canbe
approximatedy useof anEuclideandistancemodel.

1.1.2 Quantitatie descriptionof the perceptuatlistance
“Timbre” asit is currently understoodjs a relative feature. In
this sensavhatwe areinterestedn is morethe descriptionof the
relative positionsof the soundshantheir absolutepositionin the
Timbre Space.
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Figurel: KrumhanslMcAdamsetal. andLakatos(re-analyzedy [McAdamsandWinsbeg, 200q) Timbre Spaces

In the quantitatve descriptionof the perceptualdistance the
perceved distancebetweensoundss explainedby a linearcom-
bination of descriptorvalues. For this, the following systemof
equationss solved using a least-squaregesolution: A = B X
where

e A isthevectorcomposeddf the perceveddistancenetween
all possiblepairsof soundgfor | soundsthelengthof A is
1(1-1)/2),

e B is amatrixwith elementd;, ; beingthe squareof the dif-
ferenceof thevalueof thedescriptomumbejj for the pair of
sounds,

e X is the unknavn vector of descriptorcoeficients (the

lengthof X is equalto the numberof descriptorsised).
For eachchoiceof a setof descriptorcomposingX , anapproxi-
mationof thevectorof perceveddistanced = B X is compared

to A. Thebestsetof descriptorsX,, i.e. the onewith the largest
correlationor the smallermodelingerror, is chosen.

1.1.3 Selectionof the Audio Descriptors
Fortheselectiorof thesignaldescriptorghatbestexplaintheper
ceptualfeatures both position and distancemethodswere used.
Thefirst onewasusedin orderto checkon the independencef
the descriptorsandto justify the approximationof the perceved
distanceby a Euclideanmodel. Thenthe secondonewasusedin
orderto estimatehe descriptorcoeficients.
Duringtheselectionjndependencef thedescriptoito thevari-
ation of the analysisparametergsize and shapeof the analy-
siswindow, hop size)androbustnesgo the presencef noisein
the signal were taken into account. Finally, amongthe various
formulationsof eachdescriptor(meanof the instantaneousal-
ues, rms value, maximumvalue, etc), preferencewas given to
the formulationsallowing derivability of descriptorvaluesfrom
one temporal scale to anothertemporal scale (1, +7,(t) =
mearzr, (1), zT, (t)]).

Harmonic Timbr e Spaces (seeTable):

Fromthe KrumhanslandMcAdamset al. experimentswe found
resultssimilar to thoseof Krimphoff etal. andMisdariis et al.,
exceptfor thethird dimensiorof theMcAdamsetal. spacewhich,
dueto theintroductionof anew descriptor theHarmonicSpectral
Spread is now explainedat 75% (r=0.87).

After rotation ([dim2, -dim1, dim3]) andnormalization(0.43)
of the Krumhanslspacejn orderto male it comparablavith the
McAdamset al. space the first dimensionis bestexplainedin
both caseshy Log-Attack-Time, seconddimensionin both cases
by Harmonic SpectralCentroid. Harmonic SpectralDeviation
bestexplainsthethird dimensionof the Krumhansispacewhile a
combinatiorof HarmonicSpectralSpreacandHarmonicSpectral
Variationbestexplain the third dimensionof the McAdamset al.
space Orthogonalitybetweerthird dimensionof Krumhansland
Mc Adamsetal. spacevasthereforeconsidered

Percussive Timbre Space (seeTable):

For the Lakatosexperiment(percussie part)thefirst dimensionis
bestexplainedby a combinationof the Log-Attack-Time andthe
TemporalCentroid,while the seconddimensionis bestexplained
by the SpectralCentroid.

1.1.4 Distancemeasure

Using thesesignal descriptors,each instrumentsound can be
describedin terms of perceptual features and comparedto
other soundsaccordingto an approximationof the perceved
(dis)similarity usingthefollowing Euclideandistances:

e HarmonicTimbre Space:

2

d (la]) = (Alat)zﬂ?l + (AhSC)2x2

2 2 (1)
+ (Ahsd“z3 + (Ahsszs + Ahsvz ;)

e Percussie Timbre Space:

d?(i,j) = (Alatz} + Atcxh)® + (Asc’ 2y (2)

where Alat, Ahsg ... arethe differencesof valuesfor the same
descriptorcomputedon sound; andsoundj; X and X'’ arethe
vectorof weightingcoeficientsgivenin 1.1.2.

1.1.5 Extractionof the Signal’ Descriptors

Extractionof thesignaldescriptorss depictedn Figure2. For the

HarmonicTimbre Spaceijt reliesonthe previousestimationof an

enepy function of the signal, the estimationof the fundamental
frequeng fO andthedetectionof the harmoniccomponentsf the

signal. For the Percussie Timbre Spaceijt relieson the previous

estimationof an enegy function of the signalandthe estimation
of thepower spectrunof thesignal.In practice theglobalspectral
ernvelopewascomputedasanaverageover theadjacentarmonic
peaks,the Log-Attack Time was computedas the logarithm of

the time taken by the enegy to go from a thresholdof 2% of its

maximumamplitude to 80% of its maximumamplitude.

For validating the proposal, two pilot programs were
created. One based on IRCAM’s Studio OnLine tools
([Doval andRodet,1993, [Depalleetal.,1993) and one on an
extensionof the SMS software([Serra,1997).

2 DATA REPRESENTATIONS

In MPEG-7, relationshipsbetweendescriptors linking between
descriptorsandthe media,structuringof the documentaredone
through one or several “Description Scheme(s)”. As part of
MPEG-7descriptors;Timbre featuresake placeasa setof vari-
ablesattachedto temporal entities called sggments, which are
part of the DescriptionScheme. Due to the natureof the ex-
perimentsthis proposalis basedon (monophonicsteadysounds
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Krumhansl and McAdams et al. experimentsignal descriptors

lat: Log-attacktime

Definedasthelogarithm(decimalbase)of thedurationfrom thetime whenthesignalstartsto theminimum
betweer|the time whenit reachests maximumvalue,thetime whenit reachests sustainegart]

hsc Harmonicspectrakentroid
monicpeaksof the spectrum

Definedasthe averageover the sounddurationof the amplitudeweightedmean(linear scale)of the har

hss Harmonicspectrakpread

Definedasthe averageover the sounddurationof the amplitudeweightedstandardieviation (linear scale)
of the harmonicpeaksof the spectrumnormalizedby the hsc

hsv. Harmonicspectralariation

Definedas the averageover the soundduration of the ones complementof the normalizedcorrelation
betweertheamplitude(linearscale)of the harmonicpeaksof the spectrumof two adjacenframes

hsd: Harmonicspectraldeviation

Definedasthe averageover the sounddurationof the deviation of the amplitude(linear scale)of the har
monic peaksof the spectrunfrom a globalspectrakenvelope

Lakatos experiment (percussie part) signal descriptors

lat: Log-Attack Time

Definedasthe logarithm (decimalbase)of the durationfrom the time whenthe signal startsto the time
whenit reachests maximumvalue

tc: Temporalcentroid

Definedasthe enegy weightedmeanof thetime of the signal

sc Spectrakentroid

Definedasthe amplitudeweightedmeanof the powver spectrumcomponents

analysiswindow

Figure 2: Extractionof the signal descriptorsfor the Harmonic
[ToP] andPercussie [BoTTOM] Timbre Spaces

for the KrumhanslandMcAdamset al. experimentsnon-mixed,
non-sustainedoundsfor the Lakatosexperiment),a confidence
coeficient hasbeenaddedto the setof Timbre descriptors.This
coeficient gives us the relevanceof the descriptionfor the spe-
cific sgment(blind encodingwithout ary a priori knowledgeof
the mediacontentmay occur). The reliability coeficient takes
into accountthe measureof the periodicity of the signalandthe
quality of the peakestimation.

3 VALID ATION OF THE DESCRIPTION ON A REAL
DATABASE

Giventhatthemainpurposeof thedescriptorss thefacilitationof
search-by-similaritypperationsn databasewith musicalsounds,
the validation of thosedescriptorsvas donethrougha simulated
scenaridhatwasconceptuallyvery closeto therealonewe ervi-
sionfor them(insteadof performinganothertruly psychoacousti-
cal experimentthatused(dis)similarityjudgmentdrom subjects).
Another real-world featurewe includedis the usageof a large
databasef non-syntheticoundsThescenarisimulatedwo dif-
ferentresultsthathadbeenobtainedwith two differentprocedures
in a similarity-basedsearchtask. The simulatedresultsweresup-
posedo have beengeneratedisingthe sametargetsoundfor both
proceduresOneof the proceduregonsistedf a simplerandom
selectionof soundsfrom the databasewhereaghe otheruseda
givennumberof the abore-discussedescriptordor selectingthe
sounds.Onesetof soundswas presentedjroupedin one half of
the screen,andthe other setwas presentedn the other half, as
shawn in Figure3. Subjectswho werenot awvare aboutthe two
differentselectionprocedureshadto decidewhich setof sounds
could be consideredas being more similar to the tamget. We ex-
pectedto find thatthe setsretrieved with the help of certaincom-
binationsof descriptorsvould beclearly preferredover randomly

selectedsounds.

Responsegatheredalongthe continuouggrey scalein thefig-
ure, were measure®f the preferencdor onesetor for the other
in termsof similarity to thetarget. Subjectdistenedto the sounds
by clicking on the noteicons,andwereallowedto listento them
in ary orderandas often asthey wished. The scoresgiven by
the subjectswere codedto indicatethe degreeof preferencedor
the setusingthe proposediescriptors Subjectsvere membersof
the IUA or IRCAM. The numberof participantsvaried between
18 and25, dependingn the experiment. The soundsusedin the
experimentwere selectedusing a space-samplinglgorithmthat
ensuresa uniform samplingof the feature-spacelefinedby the
soundcollection. Theorigin of thesoundsvasdiverse:the Studio
OnLine selectionspecificallycompiledfor MPEG7 experiments,
somepublic ftp seners,andsomecopyright-freecollections.The
numberof screengo be judgedrangedfrom 25 to 27, depending
ontheexperiment.Screerallocationof setswasrandomizedand
sowasthe orderof presentatiorof screens.In the experimental
conditionswhereseveral descriptorawvereinvolved, we usedthe
weightingschemepresentedh sectionl.1.4.

In the first two experimentsof the series,we studiedthe sus-
tainedsounds.Subjectshadto comparea randomsetversusa set
selectedusingonedescriptorin the first onewhereasn the sec-
ondonethey comparedirandomsetversusasetselectedisingthe
five proposediescriptorsCombiningdatafrom bothexperiments
an ANOVA usingthe numberof descriptorsas categyorical inde-
pendentvariable shaved a significanteffect on the choicescore
[F(1,116)=46.188p<0.001). Figure4 [LEFT] shawvs thatwhen
we usedthe five descriptorsa betterselectionof soundscould be
achieved. Although usingonly onedescriptorglobally yieldsin-
differentpreferencesherearea coupleof them(lat andhsc)that
generatesetswith higherpreferencescores.

In the third experiment, devoted to percussie sounds, an
ANOVA performedwith the numberof descriptorsasindepen-
dent variable shaved a significant effect on the mean scores
(F(2,51)=65.493p<0.001). Post-hocpairwisecomparisortests
revealedthat all differencesbetweenthe possiblecombinations
are significant. The mostrelevant resultfor us is that subjects
clearly consideredasthe mostsimilar to the target thosesetsof
soundghathadbeenselectedisingall threedescriptorsFigure4
[RIGHT] shawvs a summaryplot of theresults.

From this seriesof experimentswe canreasonablyconclude
thatcombination®of the proposediescriptorsanbereliably used
for performingsearchedy similarity in databasesonsistingof
musicalsounds.Someof the descriptordy themselesyield ac-
ceptablealthoughnon-optimalretrievals, but a carefully devised
weightingschemecanprovide resultsacceptedisvalid for alarge
numberof people.
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Figure3: A screerdumpof theinterfacefor the experiment
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Figure4: Meanscorefor theretrieval of sustainedsoundgLEFT]
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4 APPLICATIONS

Among the main applicationsof instrumentsound description
basedn perceptuafeaturesareauthoringtoolsfor sounddesign-
ers,musicianor databasenanagementgtrieval toolsfor produc-
ersor sounddesignsoftware. Sampledatabasesvailabletoday
arebecominglargerandlarger, so muchthanthe usualtaxonom-
ical descriptionis becomingpoorin comparisorto the variety of
sounds. Thesedatabasesvould benefitfrom sucha description
basedon perceptualfeatures(e.g. the Studio OnLine database
[Studio-On-Line,200qQ with 160Go,alreadybenefitsfrom sucha
perceptuatiescriptionMisdariis etal., 1999 seeFigure5b).
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Figure5: A screerdumpof theinterfaceof the searchby timbre
similarity in the StudioOnLine database

CONCLUSION

For the descriptionof instrumentsoundsin the framework of
MPEG-7,we proposeasetof perceptuafeaturesierivedfrom ex-
perimentaktudies.Two familiesof soundshave beenconsidered:
sustainedharmonicsoundsandnon-sustained/percus& sounds.
This proposalhasbeenvalidatedusing a databaseomposedf
naturalinstrumentsounds. The validation allows concludingin
theadequag of theproposain thecontet of arealdatabasenan-
agementAlthoughothervariablescouldbeaddedo theproposed
setin orderto improve thedescriptionthemethodologysedhere
is to rely on experimentalstudies.Futurework will thereforein-
cludedescriptorgderived from otherexperimentaktudiesdealing
with otherclasse®f sounds.
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