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Abstract
In this paper, we proposea new signal processing

technique,Òspecmurtanasylis,Óthatprovidespiano-roll-
likevisualdisplayof multi-tonesignals(e.g.,polyphonic
music).Specmurt is deÞnedasinverseFouriertransform
of linearspectrumwith logarithmicfrequency, unlike fa-
miliar cepstrum deÞnedas inverseFourier transformof
logarithmic spectrumwith linear frequency. We apply
this techniqueto music signals frencyque anasylis us-
ing specmurt filreting insteadof quefrency alanysis us-
ing cepstrum liftering. Supposethat eachsoundcon-
tainedin themulti-pitch signalhasexactly thesamehar-
monicstructurepattern(i.e., theenergy ratioof harmonic
components),in logarithmic frequency domaintheover-
all shapeof the multi-pitch spectrumis a superposition
of thecommonspectralpatternswith differentdegreesof
parallel shift. The overall shapecan be expressedas a
convolution of a fundamentalfrequency pattern(degrees
of parallel shift and power) and the commonharmonic
structurepattern. The fundamentalfrequency patternis
restoredby division of theinverseFouriertransformof a
given log-frequency spectrum,i.e., specmurt, by that of
the commonharmonicstructurepattern. The proposed
methodwassuccessfullytestedon severalpiecesof mu-
sic recordings.

1. Introduction
Detectingandestimatingmultiple fundamentalfrequen-
ciesis essentialfor automatic/semi-automaticmusictran-
scription,conversionto MIDI signals,musicinformation
retrieval, etc. However, fundamentalfrequency cannot
easilybe detectedfrom a multi-pitch audiosignalssuch
asmultitoneor polyphonicmusic,mainly dueto spectral
overlap,poorfrequency resolutionandwidenedspectrum
in short-timeanalysis,etc. Conventionally, variousap-
proachesconcerningthemulti-pitchdetection/estimation
problemhave beenattempted[2,3, 4, 5]. Goto[6] pro-
poseda predominantfundamentalfrequency estimation
by modelingamulti-pitchspectrumitself with Gaussian-
mixture-harmonic-structuremodels. The relative domi-
nanceof the fundamentalfrequenciesare estimatedby
the weight parameterestimationof the harmonicstruc-
turemodelsusingtheEM algorithm.Kameokaetal.[7,8]
proposeda robust multi-pitch estimationderived from

fuzzy clusteringprinciplesimilar to GotoÕs approachbut
different in respectthat the parametersto be estimated
are the meansof Gaussians.AIC is effectively usedin
this methodfor estimatingthe numberof simultaneous
soundsandalso for taking careof double/halfpitch er-
rors.Thesetwo methodsarecommonlybasedon param-
eteroptimizationby iterative computationthatoccasion-
ally brings unpredictablemistakes dependingon initial
values.

Our objective is to provide a visualizationtechnique
representingfundamentalfrequency componentsby sup-
pressingharmoniccomponentsin thegivenspectrumand
producea Òpiano-rollÓdisplay similar to that of MIDI
signal display. The motivation of our approachis dif-
ferentfrom thoseof mostconventionalmethodsthatgive
only the most likely solutionsto the multi-pitch detec-
tion/estimationproblem, in which errors/mistakes are
necessarilyinvolved partly due to local optimum prob-
lems. Instead,the visualizationapproachgivesa global
imagewith ÒsoftdecisionÓof fundamentalfrequencies
of the signal. The result can be usedin automaticor
semi-automatictranscriptionof music,conversionof mu-
sicsignalinto MIDI format,andefÞcientinitial valuees-
timationfor moreprecisemultipitchanalysis[7,8].

2. “Specmurt Anasylis”
2.1. Multi-Pitch Spectrum in Log-Frequency domain
First,wediscussasingle-tonesignalwith asinglefunda-
mentalfrequency and a harmonicstructure. In the lin-
ear frequency scale,frequenciesof 2nd harmonic,3rd
harmonic,· · · , nth harmonicare integral-numbermul-
tiples of the fundamentalfrequency. This meansif
the fundamentalfrequency ßuctuatesby ∆ω, the n-th
harmonicfrequency ßuctuatesby n∆ω. On the other
hand,in thelogarithmicfrequency (log-frequency) scale,
the harmonicfrequenciesare locatedlog 2, log 3, · · · ,
log n away from the log-fundamentalfrequency, andthe
relative-locationrelationremainsconstantnomatterhow
fundamentalfrequency ßuctuatesandis anoverall paral-
lel shift dependingon theßuctuationdegree(seeFig 1).

Let usassumethatall single-tonesignalshaveacom-
mon harmonicstructurewhich doesnot dependon the
fundamentalfrequency. We call it thecommon harmonic
structureanddenoteit as h(x), wherex representsthe

Workshop on Statistical and Perceptual Audio Processing SAPA-2004, 3 Oct 2004, Jeju, Korea





(a)The given spectrogram of the music sound

(b) Specmurt Anasylis showing fundamental frequencies

(c)Manually prepared piano-roll-display as the reference

Figure6: A result of the specmurt anasylis on the real or-
chestral music performance of “J. S. Bach: Ricercare à 6
aus Musikalisches Opfer, BWV 1079,” excerpted from the
RWC music database[9].

(a)The given spectrogram of the music sound

(b) Specmurt Anasylis showing fundamental frequencies

(c)Manually prepared piano-roll-display as the reference

Figure7: A result of the specmurt anasylis on the real pi-
ano music performance of “W. A. Mozart: Rondo in D-dur,
K. 485,” excerpted from the RWC music database[9].
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