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Abstract

In this paper we proposea new signal processing
technique Ospecmusnasyligthat providespiano-roll-
like visualdisplayof multi-tonesignals(e.g.,polyphonic
music). Specmurt is debPnedasinverseFouriertransform
of linearspectrumwith logarithmicfrequeng, unlike fa-
miliar cepstrum debnedasinverseFourier transformof
logarithmic spectrumwith linear frequengy. We apply
this techniqueto music signalsfrencyque anasylis us-
ing specmurt filreting insteadof quefrency alanysis us-
ing cepstrum liftering. Supposethat each soundcon-
tainedin the multi-pitch signalhasexactly the samehar
monicstructurepattern(i.e.,theenegy ratio of harmonic
components)in logarithmic frequengy domainthe over-
all shapeof the multi-pitch spectrumis a superposition
of thecommonspectrapatternswith differentdegreesof
parallel shift. The overall shapecanbe expressedas a
convolution of afundamentafrequeny pattern(degrees
of parallel shift and power) and the commonharmonic
structurepattern. The fundamentafrequeng patternis
restoredoy division of theinverseFouriertransformof a
givenlog-frequeng spectrumj.e., specmurt, by that of
the commonharmonicstructurepattern. The proposed
methodwassuccessfullytestedon several piecesof mu-
sicrecordings.

1. Introduction

Detectingand estimatingmultiple fundamentafrequen-
ciesis essentiafor automatic/semi-automatiusictran-
scription,cornversionto MIDI signalsmusicinformation
retrieval, etc. However, fundamentafrequeng cannot
easilybe detectedrom a multi-pitch audiosignalssuch
asmultitoneor polyphonicmusic,mainly dueto spectral
overlap,poorfrequeng resolutionandwidenedspectrum
in short-timeanalysis,etc. Corventionally variousap-
proachegoncerninghe multi-pitch detection/estimation
problemhave beenattempted[23, 4, 5]. Goto[6] pro-
poseda predominanfundamentalfrequeng estimation
by modelinga multi-pitch spectrumitself with Gaussian-
mixture-harmonic-structurenodels. The relative domi-
nanceof the fundamentaffrequenciesare estimatedby
the weight parameterestimationof the harmonicstruc-
turemodelsusingthe EM algorithm.Kameokeetal.[7,8]
proposeda robust multi-pitch estimationderived from

fuzzy clusteringprinciple similar to Goto®approachut
differentin respectthat the parameterso be estimated
arethe meansof Gaussians.AIC is effectively usedin
this methodfor estimatingthe numberof simultaneous
soundsand alsofor taking careof double/halfpitch er-
rors. Thesetwo methodsarecommonlybasedon param-
eteroptimizationby iterative computatiorthatoccasion-
ally brings unpredictablemistales dependingon initial
values.

Our objectie is to provide a visualizationtechnique
representindqundamentafrequeng component$y sup-
pressingharmoniccomponentin thegivenspectrumand
producea Opiano-roll@isplay similar to that of MIDI
signal display The motivation of our approachis dif-
ferentfrom thoseof mostcorventionalmethodshatgive
only the mostlikely solutionsto the multi-pitch detec-
tion/estimationproblem, in which errors/mistaks are
necessarilyinvolved partly due to local optimum prob-
lems. Instead the visualizationapproachgivesa global
image with Osoftdecision(f fundamentalfrequencies
of the signal. The result can be usedin automaticor
semi-automatitranscriptionof music,corversionof mu-
sicsignalinto MIDI format,andefbcientinitial valuees-
timationfor moreprecisemultipitch analysis[7 8].

2. “Specmurt Anasylis”
2.1. Multi-Pitch Spectrum in Log-Frequency domain

First, we discussa single-tonesignalwith a singlefunda-
mentalfrequeng and a harmonicstructure. In the lin-
ear frequeng scale, frequenciesof 2nd harmonic, 3rd
harmonic,- - -, nth harmonicare integral-numbermul-
tiples of the fundamentalfrequeng. This meansif
the fundamentalfrequeny Ructuatesby Aw, the n-th
harmonicfrequengy Ructuateshy nAw. On the other
hand,in thelogarithmicfrequeng (log-frequeng) scale,
the harmonicfrequenciesare locatedlog 2, log3, - -,
log n away from the log-fundamentafrequeng, andthe
relative-locationrelationremainsconstanno matterhow
fundamentafrequeny RBuctuatesandis anoverall paral-
lel shift dependingon the Buctuationdegree(seeFig 1).
Letusassumeéhatall single-tonesignalshave acom-
mon harmonicstructurewhich doesnot dependon the
fundamentafrequeng. We call it the common harmonic
structureand denoteit ash(x), wherex representshe

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






EWITPIOE = vovgyi=y WU O e 5
Vet S el Wl
) ol il 15 I, B 5 A
s el g ham b it cs R T s
= B el oo ey P ) ot (L TTRTR, ik il 4 it SR
o e B Y o e - el w0 ] ey S L ¥ gl bl hy
R Y e el i ovtre g g YO i o el
e i el M R .-;*s*é—as?gﬁ'xg.tm T P b R be
i =t s B | el gy e R i © Lo ¥
. - — - nfovriey " [ i PR R PMENE ERE B PR NGNGB pech oo 1 e |
..*“:ﬁD:vcn lib::ﬁm:m = mnéim&wi:%ﬂwm :m“g P P i oneo P o P bt o i ot P RIR e il P P
C!% =0 I'L"‘jgﬂ""'ﬂ & [P C:auF b %1 [o] 5] =1 il nlhad ud i o o k 4 ™ | skad "'""_ k ! ™
C4 c4
=TT (== and = aaael i3
B s =i O -~
o = = = = | =~~~ == e
L] =1 [ =) =] L =
—_———- (S5 o =
c3 c3
3.?8 7.‘75 11:62 15‘.50 19‘;38 23;2 3.88 7.79 11.62 15.%0 19.38 23.2
| | time (sec) ! | | : time (sec) | | :
(@) The given spectrogram of the music sound (&) The given spectrogram of the music sound
cé " i ce i R EET b T
\ TR T [T f [ B A T P Rk
i L Py o Wy B e > i ™ b ’:ﬁﬁag» It i ‘Lw B :,:?:_v;
[ Y =y g (S \ oo A PRl B o i e (B [Thpe]
- il =0 %2 oY w1 fone = by I N . R o o o @ 5 b= E
s = ‘5::)- =} oy =, oy AR g~ il st > W L ik W B
o s Bl g Pt T O o SR atalakwtan gt datasanatini anas s dani adtl et & MBI P o 1 e | g
i - T yaeg e e e e T N O R T e B ™ LM
os S TR e P P i O o - - bl e .
3 === (== g
- i s
- == = = === oty b
o | - R s, ...
e = T4 W=
c3 c3
3.?8 7.?5 11:62 15‘.50 19‘;38 23;2 3.88 7.9 11.62 15.50 19.38 23.25

time (sec)

(b) Specmurt Anasylis showing fundamental frequencies
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(¢) 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 a 6
aus Musikalisches Opfer, BWV 1079, excerpted from the
RWC music database[9].
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(b) Specmurt Anasylis showing fundamental frequencies
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