REKRFIFAD 4%

B
il
Ji
S

N

N EESF
Z6[m] (6/05)

BE *

RARFAFHRBEHRE LR
BE SRS/ AT MERFEK
hiroshi_saruwatari@ipc.i.u-tokyo.ac.jp

N




N

2020%

L/

EIESE
W 4/17:
W 4/24.
™ 5/01:
™ 5/08:
W 5/15:
™ 6/05:

/

/‘_

.

F'"_'

X
—

iy \or \ny \nr \n¥ \n

JdiT Jdir Jdif Jiy Jip JI

A U1 A W N -

HERAT
HY)

H

A

H

8O

va—)b

S HEE:

W 6/12:
M 6/19:
W 6/26:
= 7/03:
= 7/10:

W 7/17:

ZEE)

Sy
ot
T

~
O

(00)
O

=
o
0

JdiT JdiT Jdif Jip JdIF
o)
O

\nir \or \nxr \nFr \nx

[EN
[N
0

i
S
\I




o8 = B R AR R

N

L

NEEAH

m http://www.sp.ipc.i.u-tokyo.ac.jp/~saruwatari/

(O RTLIEHRE
W A& ST
o FHIR A ER

L]

WENST=ENDEIIIZLTHEEET)




KBDEERE

/R

J
WTSA RS RSB

WL B 2 AT

NZEER
m A. Hyvarinen, J. Karhunen, E. Oja,

Independent Component Analysis,
John Wiley & Sons, 2001.

2 WHEF, AFT BT 5T,
RREHKFEH IR/, 2004.

= G. Naik and W. Wang,
Blind Source Separation: Advances in
Theory, Algorithms and Applications,
Springer, 2013.

s B D<A /0R THRELEAEEMNSEFHZIE-STWNS
BHOEREBSEDEERIT D5

2 T TA VR B IR BEEATOHODMETHF IR

A

YA {.:1'
W =EEEEo
Separation | RV K s b




/R

SEEH IHICEALEEMERMYEOAL..
W APSIPA Transactions Signal and Information Processing ##3
https://doi.org/10.1017/ATSIP.2019.5

SIP (2019), vol. 8, e12, page 1 of 14 © The Authors, 2019.

This is an Open Access article, distributed under the terms of the Creative Commons Attribution-NonCommercial-ShareAlike licence
(http://creativecommons.org/licenses/by-nc-sa/4.0/), which permits non-commercial re-use, distribution, and reproduction in any medium, provided the same Creative
Commons licence is included and the original work is properly cited. The written permission of Cambridge University Press must be obtained for commercial re-use.
doi:10.1017/ATSIP.2019.5

OVERVIEW PAPER

1
ok
[]1]]
cud
Jlinl

]

A review of blind source separation methods:
two converging routes to ILRMA originating
from ICA and NMF

HIROSHI SAWADA!, NOBUTAKA ONO?, HIROKAZU KAMEOKA!, DAICHI KITAMURA3 AND
HIROSHI SARUWATARI?

This paper describes several important methods for the blind source separation of audio signals in an integrated manner. Two
historically developed routes are featured. One started from independent component analysis and evolved to independent vector
analysis (IVA) by extending the notion of independence from a scalar to a vector. In the other route, nonnegative matrix fac-
torization (NMF) has been extended to multichannel NMF (MNMF). As a convergence point of these two routes, independent
low-rank matrix analysis has been proposed, which integrates IVA and MNMF in a clever way. All the objective functions in
these methods are efficiently optimized by majorization-minimization algorithms with appropriately designed auxiliary func-
tions. Experimental results for a simple two-source two-microphone case are given to illustrate the characteristics of these five
methods.

Keywords: Blind source separation (BSS), Time-frequency-channel tensor, Independent component analysis (ICA), Nonnegative matrix
factorization (NMF), Majorization-minimization algorithm with auxiliary function
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