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ABSTRACT

This pa pe r describes a signa l pr oce s s ing approach t o the probl em of
analysis , i dent ifica~ion , tracki ng . and res ynthes is of a speci fied t imbre
from a d i gi t a l r ecord i ng of a musical due t . Analys i s is performed using a
quasi -ha rmonic sinus o ida l representat ion of t he constituent signals , based
on sh or t -t ime Fourie r t rans fo rm (51FT) me thods . The procedur e is tes t ed
using both rea l and art if i cia l test signa ls . Appl i ca t i ons include si gna l
r es t or a t i on , musi co logy , digi t a l ed i t ing and sp li c in g , musique con c.e t e ,
noise r educ t i on , and t ime- s ca le cc rnpr es s ion/ expans ion .

INTRODUCTION

Thi s paper desc r i bes an app r oach f or extracting a s i ngle mus ical voice
f rom a recorded duet . Un l i ke man y previ ous i nve sti ga t i ons wh i ch emphas i ze
signa l segment a t ion f 0r transc r i pt i on i nto musica l not ation [c f . , f or
examp l e , Moorer, 1975 ; Schloss , 1985 : Chowni ng and Hont - Reynaud , 1986 ;
etc . J , the goal of the r esea r ch repo r t ed he re ha s been to r es yn t hes ize t he
separa t e si gna ls whi l e retaining as much of t he ori gi na l mate r ial as
possible . For exampl e , we might like t o ext ract t he ' Vio lin ' pa r t f rom a
monaural r ecording of a vi oli n and ce llo duet . Some ap pro aches related to
this t ask have bee n re por ted f or simul t anec us speech [c f. , f or e~~mp le ,

Ever t on , 1975 ; Pars ons , 1976 ; Say lor and Boll , 1987; Lee and Ch i ld e r s ,
1988 ; Da nt sev t ca and Oue t.Ie r t , 1988 ; etc . J and fo r mus i cal s Igna l s
[Stockh~ , 197 1; ~o ld and Despa i n , 1986 J .

DESCRIPTIO N

I n orde r t o l imit the comp lexi ty of the sepa r a t ion procedu re . the
fol l owing ru l es gove r n t he input signal : First . on l y t wo s e pa r a t e voices
(musica l Juets) a re allowed. Second . we ~ ish to Jete rmine the approxima t e
frequenc ies of each pa r tia l of t he t wo mus i cal voices , so the due t vo i ce s
are as sumed t o be quas i-ha rmon i c. Thi rd , the fundamenta l frequ~ncie s o f
the t wo voi ces a re not allowed t o c r os s du ring t he signal segment unde r
cons ider at ion . Fi nally , the s igna l is assumed to be f ree f r oc
rever ber a t i on and ot he r cor re l a t ed no i se sources , at leas t t o t he ex t ent
that these fe a t~res may not rep resent additional bac kgro und s i gna i s in the
recorJ i ng , vio lat ing the Juet assunption .



Two fundamental research questions guide this project:

1) How may we automatically obtain accurate estimates of the time-variant
fundameotal frequency of each voice from a digital recording of a
duet?

2) Given time-varying fundamental frequer.cy estimates of each voice in a
duet, how may we identify and separate the interfering partials
(overtone~) of each voice?

Question (1) treats the problem of estimating the time-variant
frequencies of the spectral components contributed by each voice, while
question (2) involves the fundamental constraints on simultaneous time and
frequency ~2sclution in the analysis process. Note that it is possible to
confront question (2) without solving question (1) if the fundamental
frequencies of the duet can be identified manually.

The co.np Le t e separation procedure may be sununarized as follows:

1) The dueL signal is provided, including specification of the non­
overlapping fundamental frequency ranges for each voice of the duet.

2) The short-time Fourier transform (STFT) is calculated for the input
signal, and estimates of the two fundamental frequencies are
determined using a "two-way mismatch" error procedure.

3) The ST~T is reduced to a sinusoidal representation [McAulay and
Quatieri, 1986; Smith and Serra, 1987J. Any partials with frequency
spaci~~ s~aller than the resolution bandwidth of the analysis are
identified using the frequency estimates from step 2. These colliding
partia~~ ~ay be corrupted by crosstalk, so they 2re marked for further
processinz. The remaining uncollided partials 2re segregated into two
lists according to the harmonic series of the two fundamental
frequencies.

4) For the marked (colliding)
strategies are employed to
composite measurement.

partials of step 3, several different
estimate the individual components from the

5) The repaired partials from step 4 are inserted into the
segregated lists from step 3, and the separated
regenerated using an additive sJ~thesis procedure.

appropriate
signals are

The procedure has been successful for the separation of several duet
examples. However, the separated signals contain occasional audible
artifacts, :ndicating the need for further development. Audio examples of
the separation process will be presented.
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