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: @J%‘—K’Eé’ [P. Smaragdis et al., 2003]

J.S. Bach: Fuge #16 in G minor ¢
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AIN— ANMEF [Hoyer2004]
o VITAN—I 30 RARIICA/R—R 1k

minimize Z D (Ywﬂg Z Hw,iUi,t)
w,t 7

\/T - Zk:,t |Uk,t /\/Zk,t Ulg,t g
JT —1 v

subject to

/

AIN—AMRE(1DEZR/IN—X, 0DEZFIER/IN—R)

i il dl 1

P. O. Hoyer, “Non-negative matrix factorization with sparseness constraints,” J. Mach. Learning
Res., vol. 5, pp. 1457-1469, 2004.
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Nonnegative Matrix Factor Deconvolution [smaragdis2004]

o ARIJNAT T LERFN—YERFEARIZCEHFIAAT
HEZIRINOT S LERE

wt—Zq;chgb,kU&ktqﬁ ﬁm\_ L /\w\

AR TS LFRR ArtYE

ST
I8
38

Frequency £

2RO S5 L - | — + \— F |/ F

) \ J J

\V// \J  \imet
P. Smaragdis, “Non-negative matrix factor deconvolution; extraction of multiple sound sources
from monophonic inputs,” in Proc. ICA2004, pp. 494—499, 2004.
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Bregman 4 /X\— 2 AFHAENMEF [phillon2005]

e BregmanAA/N\—T TR
Dy (ylz) := ¢(y) — p(z) — ¢'(z)(y —z) (P IFEROM ATREL M)

COYETAFEWNEENS | g p(2)=22  —menszax
ep(z)=zlogz I HAN—UT R

Vi) o o) =~ log = iR A TERIEAE

o minimizeg Dw(sz,kUk,t
k
w,t

1. ¢’ (zy) = ¢ ()" () /¢’ (1) ZZFGI=TTTR (e(z) =22 (FTDEAL4T)
DR Bt s UDEH L FHE
- a 3 (P/(ZHw,kUk,t)Uk,t FRATROIZRES
t k
2. ¢ (zy) = o' (2) + " (y) + ©'(1) ZjEHT=FT VTR (p(z) =zlogz, —logz
(ZZDEA4T)
Hoyp ¢ Hopo '™ 1(2 [&(Yw,t)—go’(zk:Hw,kUk,t) — o' (1)U, f/zUk f)

t

1.S. Dhillon and S. Sra, “Generalized nonnegative matrix approximations with Bregman
divergences,” Proc. NIPS 2005, pp. 283-290, 2005.
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Nonnegative Matrix Factor 2D Deconvolution [Schmidt2006]

o "ﬁd)nﬂ/ﬂijfﬁ b\Xféﬁﬂzﬁéﬁiﬂﬂif/jl\Taﬁtfﬁ)éf‘:'ﬂim
(BYFRNEL>TEHERBE/NNT—IEAELENSRE)

o ARINAT T LN—YDXIHE R -FFEFm TD2XRIT
B IAHFTEFARINAYT T LERIE

> —>

fO log frequency fO log frequency
1 — T —

M. N. Schmidt andM.Mgrup, “Nonnegative matrix factor 2-D deconvolution for blind single
channel source separation,” in Proc. ICA2006, pp. 700-707, 2006.
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‘J—Z7»f)l/’5’-' _‘\)l/L-E <NMF [Virtanen2006]

e {I,j} BHDODEEARINLZ Ukt
 BE DY —RARIN)LE [\ [
, [ [T/ [ ]
FBBOTNAOTBETRE Hop —
/,l—\\\\ [-. f Fw,]
Sw,i\ “Sh- . '_ i — =
frequency M 0 Y s — —
HESENMEF: Y —RXTAILENME:

ZHw,kUk,t ::> st zF U,]t
k

T. Virtanen and A. Klapuri, “Analysis of polyphonic audio using source-filter model and non-
negative matrix factorization,” in Proceedings of the Advances in Models for Acoustic Processing,
Neural Information Processing Systems Workshop, 2006.
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B’S""f/ “_:)I\/ZJ,EENMF [Kompass2007]

¢ 5/5'\\’(/‘\_:)I\/X[Eguchizoml%_:}?} ATex/IME9T 5 7)L3) X L

1
Do Win) = 55—

1 ;"i —+ (,)) — 1) I.'"ﬁ o J i"‘u;j_‘-'ﬁ_ 1)

o

*3=0:. WREZHEER
of=1. [FAN—UTUR
of =21 TIE]/E

Dg(y | =)

Y

X

il

Y- (HU U HO(Y - (HU)?)
(HU)S-1U* H'(HU)f-!

H «+ H .

1 < B <2 OFZELAERMENRIESEL

R. Kompass, “A generalized divergence measure for nonnegative matrix factorization,” Neural
Computation, 19(3), pp. 780-791, 2007.
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777__’{&_:/3~/0)5§§ﬁ'|‘$1,5$AUNMF [Virtanen2007]
o BEBENNT—IURO—SLBONENIRE

Source 1 Source 2
I -———-: :----' %:'CS’ 777_—,(&—3/3\/
—— . DEGFIEFRELEA -
\ A /
Mixed signal J=> D(Yw,t > Hw,kUk,t>
w,t k
I — 2
+ %(Uk,t —Ukt-1)
NMF component 1 {l
= " o« TOTANR—I3UHEOMGE
- NME R [FENSUMEZE L DIRNEEK
— « COEZEHTHRBEILEITD
. A R o — S V. Nf\: \
BN AN — LA BIERDAM—Lpt  ET EROSSRoCH

SRS TCLEO>TLNS | EBALTLE-TLNVS !

T. Virtanen, “Monaural sound source separation by nonnegative matrix factorization with
temporal continuity and sparseness criteria,” IEEE Trans. on Audio, Speech and Language

Processing, vol. 15, no. 3, pp. 1066—1074, 2007.
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IN—F =Y NMF [Raczynski2007]
o FBEBEFDEEIARIMNL

o THUTAR—I 3V DEAEERAE
J = ZD(Yw,t ZHw,kUk,t)
w,t k

+ > > (Ugs— Uj,t)2
ki t

T T
N GESE DD & < )

LSO D Z0IZ ¥ EAER E %%!Eﬁmfiééa\f:“(#%riz&%»%ﬁﬁ%

Stanislaw Andrzej Raczynski, Nobutaka Ono, Shigeki Sagayama, “Multipitch analisys with
Harmonic Nonnegative Matrix Approximation,” Proc. of ISMIR, pp.381-386, 2007.
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IN—F =Y JNMF [Vincent2008]

o FTIHBETDOEEARINL
|
I
ZRIM LA ARBRE BRI —EYFD
EEZRIMLOH T Eyk

\
\

CNODEREHETSESE
IRARGNL B IR E R IR

\

E. Vincent, N. Bertin, and R. Badeau, “Harmonic and inharmonic nonnegative matrix
factorization for polyphonic pitch transcription,” in Proc. ICASSP’08, pp. 109-112, 2008



NMFDHR R - HRBRET /L
2003 2004 2005 2006 2007 2008 2009 2010
Smaragdis
Raczynski
Smaragdis Virtanen Vincent
Dhillon Virtanen
Hoyer Kompass

Schmidt



NMFDHR R - HRBRET /L
2003 2004 2005 2006 2007 2008 2009 2010
Smaragdis

Raczynski

Smaragdis Virtanen Vincent
Dhillon Virtanen
Hoyer Kompass

Schmidt Cemgil



RA T2 NMF [cemgil2008]
o IFAN—U T RIRENMFEERETILOE ANSERIR

J = ZD<Yw ¢ w,kUk,t)
w,t
=3 (Vrton = -3 Hosli )
w,t - tw,t w, ,t
— Yo Ho kUk -
) , ATe—A
Yo~ POISSOH(Z Hw,k:Uk:,t) Poisson(xz; \) = '
k !
. )
Co,t,k ~ Poisson(Hy U, t) H, ; ~ Gamma(a,b)
Yo = Z Co,t,k Ui+ ~ Gammal(c, d)
k
)

A.T. Cemgil, “Bayesian inference for nonnegative matrix factorization models,” Technical Report
CUED/F-INFENG/TR.609, University of Cambridge, 2008.
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e = 25 ik IR B FH XZENMF [Fevotte2008]

o HAIEBEZHIAMEBTOERELELELTETIVIE
o INJ—ZARINLEBENANMFE OB EEZELDOENTE

Co ot ~ Nc(0, Hy, Uk +)
—> __ CO th CE thk {j:
Yw — Cw . ’ . s Uy 9
! Z bk BRARINLE D (B =HE)
THDEITER,

Vo~ Ne (0.5 HotUht) > Cunge & i ORIIEEIRE

J = Z D (Yw,t‘ > Hw,kUkz,t>

I Z ( log Yw,t . 1)
sz kUk t > Hy 1Ur

C. Févotte, N. Bertin, and J.-L. Durrieu, “Nonnegative matrix factorization with the Itakura-Saito
divergence. With application to music analysis,” Neural Computation, vol. 21, no. 3, Mar. 2009,
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*ﬁ% NMF [Kameoka2008]

o INJ—ARGMLEIRIBARINLEAREIZIEMER
o ERANRIMNLEEEETILTNMFERIFBEDARYINLINS—YIEE

FEBEMEIR TELULIVN ?

’Xw,t‘ — ‘ZCw,t,kz
k

# Z |Cw,t,k|
\ k

k
(magnitude)

BEREFODERARINT T LA
/> Cut. e DIRMBAL D DY “rankl” 818
L DROICE/IERTEETIVE

Xw,t — Z |Cw,t,k|6j¢w’t’k
k

Z Yot — Xw,t\z — minimum
w,t

7
NMFIZHITBETILAERIZIE
RNEYTHDH_EERLTLNS

CCTDY, &EC, 11 BERANIMNL
D (FEREBE) THHIEITER,

B, /NEF, EF, B, “EENMF: HFLOWANS—REEPBERRIEERZFE7/ILOYR
L) BARBEFZR2008FEMEMERREE Him X E, 2-8-13, pp. 657-660, 2008.
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1R RE B FENMF [0zerov2009,Nakano2010,Mysore2010]
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—>Factorial HMM [Ghahramani1997]<‘:|§_| ﬁ?@%?)bl:z‘;é

A. Ozerov, C. Févotte, M. Charbit, “Factorial scaled hidden Markov model for polyphonic audio
representation and source separation,” in Proc. WASPAA'09, 20009.

b ¥7, L 87, JLIL—, &R, /NEF, EE L, "I EEENMFIZEDKEEZTEESDOHEN," BHRULEZSHH
TR, 2010-MUS-84-10, Feb. 2010.

G. J. Mysore, P. Smaragdis, B. Raj, “Non-negative hidden Markov modeling of audio with
application to source separation,” in Proc. LVA/ICA'2010. pp.140-148, 2010.
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Bg\’f/ ‘\_:/“Is/X»,E%NMF [Nakano2010]
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M. Nakano, H. Kameoka, J. Le Roux, Y. Kitano, N. Ono, S. Sagayama, “Convergence-guaranteed

multiplicative algorithms for non-negative matrix factorization with beta-divergence,” In Proc.
MLSP 2010, in CD-ROM, 2010.
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/y/ \oa)q\U‘\Ja&’rZ\\NMF [Hoffman2011, Nakano2011]
e NMFIZHITHAEEHMET D LR TETHIOILEL

— Gamma Process (GaP) NMF [Hoffman2011]
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Yot~ Exponential( Z HkHw’kUk,t) SFévotteDIS-NMF 5 =,
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— Infinite Factorial infinite Hidden Markov Model
(iIFIHMM) [Nakano2011]
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