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Music Signal Analysis with Infinite-State Spectrum Model

MASAHIRO NAKANO,! JoNATHAN LE Roux ,12
HirokAZU KAMEOKA,? NoBUTAKA ONO'!
and SHIGEKI SAGAYAMAT!

This paper presents infinite-state spectrum model to learn time-varying spec-
trum in polyphonic music signals. Time-varying spectrum , such as vibrato
of singing voices or the stringed instruments, is represented by infinite-state
model by the Dirichlet process. We describe our extension of nonnegative ma-
trix factorization (NMF) in a statistical framework. An efficient algorithm for
Maximum a posteriori (MAP) estimation is tested on real audio data.
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Table 1 Source Separation Performance (SNR [dB])
RWC database Real audio data
Algorithms S1 S2 S3 Mean S1 S2 S3 Mean
standard NMF 3.8 3.3 3.5 3.6 7.1 6.9 5.5 6.5
DNMF (y =1, W = 20) 4.2 3.4 3.5 3.7 6.9 8.4 8.2 7.8
DNMF (y = 30, W = 20) 4.2 3.8 3.5 3.7 6.9 8.5 8.3 7.9
DNMF (y = 1,W = 60) 7.0 10.2 10.4 9.2 10.8 11.2 11.4 11.2

DNMF (y = 30, W = 60) 7.1 10.1 10.4 9.2 10.9 11.1 11.2 11.1
DNMF (y =1, W = 100) 9.8 12.4 12.8 11.7 11.3 12.0 11.8 11.7
DNMF (y = 30, W = 100) 10.0 12.4 12.8 11.8 11.2 11.7 11.5 11.5

gobooooboooboooo.
5. O Ooogoano

gobooo,oooooobooboooboooooooobooooo0oobbooooO0o. oooDbon
goboooooo,obooooboooobooooooooobooooooo,ooooDn
goooboooooobooooooooboooooooooooo,b0b000b0obbo0oboobooo
goooooooooooobooooooo,b0b000boob00oobobo0ooboooOooDboo
goooobooooooboooboobooo. bobooooooobobooboooDooDbo
gobo,0o000obo0oooobooooboboooooooboooobobooobooboOoon.

00 00000000O000O00000O00OoDoo0on (A) (DO0oo 00303321)0
00000000 CrestMuse 00 O0O0O0O0ODODODODOODOOOCOO

g o 0 0O

1) D.D. Lee and H. S. Seung,* Learning the parts of objects by non-negative matrix
factorization,” Nature, vol. 401, pp. 788-791, Oct. 1999.

2) D. D. Lee and H. S. Seung,“ Algorithms for non-negative matrix factorization, ”
in Proc. of the Conference on Advances in Neural Information Processing Systems,
vol. 13. Vancouver, British Columbia, Canada: MIT Press, Dec. 2001, pp. 556-562.

3) P. Smaragdis and J. C. Brown. Non-negative matrix factorization for polyphonic
music transcription. In IEEE Workshop on Applications of Signal Processing to
Audio and Acoustics , Oct. 2003.

(© 2010 Information Processing Society of Japan



gooooboooag
IPSJ SIG Technical Report

Frequency [kHz]
Frequency [kHz]

Time fs]a

(b)DODOOOODOOOOO: Db

Time fs]a

() 0000000000

4 4 Bt A A
Frer MmN a WA AN
F i y e~ o, s e
i~ : =~ o -
kS B
= =
= =
2yl 2, B
El — — R PN o ——
3 - g |a—— e~ —
e ———. [ VW 8 | § ot
& e T “ ==
— —— —— ———— 3 =
0 e R—— PO - 0 L i — L
0 4 12 0 4 12

Time fs]a Time fs]a

(000000 DOOOOOO: E () 0000000 0O0OUDO0OO: A
04 000000000000000() 0 00000 30000000000 (b), (c), (d).

4) T. Virtanen, “Monaural sound source separation by nonnegative matrix factor-
ization with temporal continuity and sparseness criteria,” IEEE Transactions on
Audio, Speech, and Language Processing, vol. 15, pp. 1066-1074, Mar. 2007.

5) 00,000,00,00,”Music Factorizer: 0000000000000 O0OOO
00000000, 0000000000, 2009-MUS-81-9, 2009.

6) R. Hennequin, R. Badeau, and B. David, “NMF with time-frequency activations
to model non stationary audio events,” in Proc. International Conference on Acous-
tics, Speech and Signal Processing, pp. 445-448, Mar. 2010

7)00,00,000,00,00,000,“000NMFO0OO0O0OOOOOOOOO
00000000000, 2009-MUS-81-9, 2009.

8) M. Nakano, J. Le Roux, H. Kameoka, Y. Kitano, N. Ono, S. Sagayama, ”Nonneg-
ative matrix factorization with Markov-chained bases for modeling time-varying
patterns in music spectrograms,” in 9th International Conference on Latent Vari-
able Analysis and Signal Separation, 2010.

9) A. Ozerov, C. Fevotte and M. Charbit, “Factorial scaled hidden Markov model for
polyphonic audio representation and source separation,” in Proc. IEEE Workshop

Vo0l.2010-MUS-86 No.12
2010/7/29

on Applications of Signal Processing to Audio and Acoustics, 2009.

10) D. M. Blei and M. I. Jordan. “Variational inference for Dirichlet process mixtures,”
Journal of Bayesian Analysis, 1(1): pp. 121-144, 2005.

11) J. Sethuraman, “A constructive definition of Dirichlet priors,” Statistica Sinica,
vol. 4, pp. 639-650, 1994.

12) A. T. Cemgil. “Bayesian inference in non-negative matrix factorisation models,”
Technical Report CUED/F-INFENG/TR.609, University of Cambridge, July 2008.

13) N. Bertin, R. Badeau, and E. Vincent, “Enforcing harmonicity and smoothness in
Bayesian non-negative matrix factorization applied to polyphonic music transcrip-
tion,” IEEE Trans. on Audio, Speech and Language Processing, 18(3), pp. 538-549,
2010.

14) C. Févotte, N. Bertin, and J.-L. Durrieu,” Nonnegative matrix factorization with
the Itakura-Saito divergence. With application to music analysis, ”
tation, vol. 21, no. 3, pp. 793-830, Mar. 2009.

15) C. Févotte and A. T. Cemgil, “Nonnegative matrix factorizations as probabilistic
inference in composite models,” in Proc. European Signal Processing Conference,
2009, vol. 47, pp. 1913-1917.

16) N. Ono, K. Miyamoto, H. Kameoka, S. Sagayama,“ A Real-time Equalizer of
Harmonic and Percussive Components in Music Signals,” in Proc. of International
Conference on Music Information Retrieval, pp.139-144, Sep., 2008.

17) P. O. Hoyer, “Non-negative matrix factorization with sparseness constraints,”
Journal of Machine Learning Research, vol. 5, pp. 1457-1469, 2004.

18) M. Goto, H. Hashiguchi, T. Nishimura, and R. Oka, “RWC music database: Popu-
lar, classical, and jazz music database,” in Proc. International Conference on Music
Information Retrieval, pp. 287-288, 2002.

Neural Compu-

g g

Al OODOOOOO
O0D0000: Poisson(y | ) = exp(ylogax — x —logI'(y + 1))
0000000: Dirichlet(z1,- -, 2k | a1, -+ ax) = (T3, @)/ [, T(a:) [T, 28"
0000: Multinomial(y1,- -+ yp | z,a1,- -+, ap)

= exp (log Dz+1)+ > ,(yalogas —logI'(ya + 1)))
O000000: InverseGamma(y | a,b) = Fb((;)yf(“*l)exp(fb/y)

(© 2010 Information Processing Society of Japan



