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Extracting only the essential sound attributes from sounds is one of the fundamental
issues of computational auditory scene analysis. Especially, the estimation of sound
source characteristics is difficult since the corresponding physical quantity is not
defined. This dissertation proposes two music information retrieval methods: the
instrument feature extraction assuming the timbre space and the probabilistic model of
sounds considering the source-filter model and dynamics.

In the former part of this dissertation, an instrument feature extraction method with a
combination of linear projection methods is developed. For monophonic music
instrument identification, various feature extraction and selection methods have been
proposed. Although raw power spectra have enough information for accurate instrument
identification, their dimensionality is too high and redundant. It is important to find
non-redundant instrument specific characteristics that maintain information essential for
high-quality instrument identification to apply them to various instrumental music
analyses. As such a dimensionality reduction method, a combination of linear projection
methods is introduced: principal component analysis (PCA) and local Fisher
discriminant analysis (LFDA). Additionally, the reason why linear projection algorithms
are suitable for instrument identification is explained by the geometrical analysis of
algorithms. After experimentally clarifying that raw power spectra are actually good for
instrument classification, the feature dimensionality is reduced by PCA followed by
LFDA. The reduced features achieved reasonably high identification performance that

is comparable or higher than those by the power spectra and those obtained by existing



studies. These results suggest that the proposed PCA-LFDA can successfully extract
low-dimensional instrument features that preserve the characteristic information of
instruments.

In the latter part, a probabilistic model that represents our assumption with an extension
of the source-filter model is introduced to estimate three elements of sounds: pitch,
loudness and instrument-specific characteristics. The source-filter model, originally
devised to represent a sound production process, has been widely used to estimate both
of the source signal and the synthesis filter. This model suffers from an indeterminacy
problem. To resolve it, three constraints are included in the model: harmonics,
smoothness and sparseness. In detail, the source signal and synthesis filter contain the
time-varying fundamental frequency and amplitude information and time-invariant
instrument-specific information, respectively in the source-filter model. A probabilistic
model that represents those assumptions with an extension of the source-filter model is
constructed. For learning of model parameters, an EM-like minimization algorithm of a
cost function called the free energy is introduced. Reconstruction of the spectrum with
the estimated source signal and synthesis filter and instrument identification by using
the model parameters of the estimated synthesis filter are performed to evaluate the
proposed approach, showing that this learning scheme could achieve simultaneous

estimation for the source signal and the synthesis filter.



GRXFEEFEROER)

EEEVLEBROERARLEOEANBHEHE TS Z L1X, HERICI-THF
BEERT S5 2 CRERBETHS. L LERICHT 5 BEHHT, T8
MR —ETRWVWIZ LR EOBEATRIIINETSH L. R@wx, > 7
F ¥ ANEFENSERMET D FEEZ ZREL, ThLOBEERLED
DTHD.

—F ik, MEHNEEEEA LB HANETH D, —RICEIFHBITB VN TI
N —=ART MERWDR, FOEFETIIHFBRTIVETED DI/ A X
XL CEBE TR, ZZTEARBRITRERS D (PCA) LRBFi74 vy
¥—¥7liE (LFDA) 2AAbEZZ L TCRILZHIRML, LV EREOH
ERFREL LTV, EBIZ, ZThbOFHEOZYMENSMZEN RM) L EHR
T35, BEEMICX, BRLIBFEEOR—EBIROART MARED L S 12K
B LTRETHLINEBEL, BBENINOLOEEDOTLTREILARD Z
EMRINTWNS.

L=, YR TANE - ETMCESL, EH, TR, FAO3IER
DFIBHEETHD. —RIZY—R « T4 V7 - EFNVRBFROLERIBESL X
CRLTNBEEBZLNTWDDY, BETRENRTA—ERENED, T—F
MHEDNRGA—EEWETLONRETHY, TOLDHEERELEL 2.
FITERBIXTIE, Y—R T4 NE - T NVIZELIZ3SOHIFGEME, T4
bh, #E, BONE, ANX—RAMEEATS. ZHZX0, BEROEFTALT
BRI WAoo, EERLIVCERIFRHAE(ETINETRIIELLLZY
EWVWIMERETNVICHAIAENT WS, 7, BBRFFIIBITAEMT LA
UXLERUETATTICESL, BRIRAAX—FANEFHBRRT A —4H#
EEEZRREL, BEOLWEENERTE TS,

LEEFELDDHE, KRUL, BREBCRONIEBET N2 EREHRZE
WCEATEHZ LT, TETAVRESDVEFLWEREFRMHELREL, T0F
DHMEEELELOTHY, SBROTEBFERBFBCIHF LVEHEZTLEZLOT
HD. Lo T, L (%) OFIETILOLEDOLND.



