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Abstract

“Price Shotoku Computer”, or computer audi-
tion system that can listen to several things at
once, is studies by two separate groups. One
group exploits Computational Auditory Scene
Analysis (CASA) to segregate speech streams
from a mixture of sounds, while the other ex-
ploits Blind Source Separation. The CASA group
reported the performance of understanding two
simultaneous speeches. This paper examines
the performance of Blind Source Separation by
using the same three benchmarks of 500 mix-
ture of two speeches with/without an interfer-

ing sound recorded by a pair of microphones.

Blind Source Separation is performed by on-
line algorithm proposed by N. Murata and S.
Ikeda. First, the windowed-Fourier trnasforma-
tion is applied to observed signals by shifting
Hamming window of 128 points, and on-line
ICA (Independent Component Analysis) is ap-
plied to the frequency components of the non-
symmetric 65 points. Since the output of ICA
carries ambiguities in permutation of the fre-
quent components, the permutation of compo-
nents is determined on the basis of correlation

between their envelops.

The performance of speech recognition is a lit-
tle bit better than that of the CASA group
for a mixture of two speeches, but worse for
a mixture of two speeches and an interfering
sound. This result follows the theoretical ca-
pability and limitations of Blind Source Sepa-
ration. The paper also discusses integration of
Blind Source Segregation and CASA from the

view point of sound representations.
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Figure 1: Allocation of Three Sound Sources for Exper-

iments on Understanding Two Simultaneous Speeches.
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Figure 2: Cumulative Accuracy of Recognition up to the

10th rank by Blind Source Separation
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Figure 3: Cumulative Accuracy of Recognition up to the

10th rank by Speech Stream Segregation [11]

00000000000000ooooo, o070
000000 (0Good morningd DOOODOOODO)
0000000 0000000O0OODDDO. 000
00000000, 00000000000 OOOO0
00000000000, 0000 envelop 0000
00000000, 00000000000 0O0O0O0
0.

3.300000000 Triple, Triple’ 0, 00000

gooobooboboooooo, ooobbooooo
ogoooo. o1opgooooboo,oboooobogoo
gooobobooboboo.

oooboobo,o0oooboobooobooboob, 300
goooobobboooooooboboboooa, ooo
gooo, oooboobobbboobobobbooooo
goboobooobobooboo.

goodo, booooooooooob, oo
oo, ogobobbboooooboobobboooo
goobooobbuoobobbooboboo. ooo
goboobooboobooboobooboon,
goboboobobooboboboob.



go,b0o00b0o0boboo,0obooboooon
gooog.

4. 0000000000000000 left-to-right 0O
goooboo, booooobobbbboooon
gooboboboobobo.booboo,bboobob
goboo,0bgo,0bobooobooobooboon
goboboooobbooobbooobobooon
goooo,o0boboooboboooboobon.

4 00O

Blind Source Separation 00, (1) 0000000000
0000000ooooooooo, oo, (2) 000000
oooooOooooo, bboo020000000. 000
0,300000000000000DO000D0O00OO. O
O0,Al0000000000,3000000 20000
00000000000 00o0o0od, Blind Source Sepa-
ration 0000000 0O0OOODOODO.

00, 0ddd0ooooobobbooooogooaag,
000o0O0O00OO0O0O0o0DDDo000o0on [3,4,5 00,
O0oooooooood, Blind Source Separation O O
ggoobobooooo.

Blind Source Separation 0 00000000, 0000
ggooobb,dgbobbboooobbbuooooo
goobobbobobododo. tdoooobooboobo
goooooboooooob,000obobboooon
goooo.

4.1 O0OOOOOODO

000000o0ooooooooo0O, 000000000
oo0O0OD0. OO0, 00000 30000000000
[11].

1. 00000000000000000D0000000
0oD,00000000000000 (8],

2. 0b000o0boob0obOobooooboobobooboog
goboo,boobobooboboo,

3. 0b0000O0OO0obObOobOoboOoOoboobooDbOg
goboobooboob,bobo0obob0 0o oboo
Ubobooooboo.

OO0, 000000000000 Blind Source Separa-
tion 0000000 OO0OO0OOOO,CASAO0OOOOOO
000, Blind Source Separation 0000000000,
ooooooooooooooD AMOOOoOOoooo, oo
00000000000 0oooo0ooo0O. Blind Source
Separation O, OblindDOO0OOO0O0O, 0000000
goooooboooooobooooobobobooog, o
gooooobooooooboooooobbooog, o
ggd,ggboobobbobbbobtbdg, bddoooboo
gogooobo,bbooobobobbuooon.

goo, boodoo, boboboooobobobbooog,
ggdoo,bbtbdooobbbooobobbbuooooo

goob,ooobbobooooobbooooboboooon.
gobobooobooboo,obooboobo. obo
goboogo,b0oobobooobgooboobooboonoog
goboo,bobooobobooboobobooboooboobo
.

4.2 0O00O0O0O0OOO

00000000000 DO00O0D0OO0O0O0DOOOODnO,O
00000000000 D000O0D0OO000D,000000
ooooooooo [9).

1. 000000DO00oDbOO0OC0DbOO0oO0bUo0ob —0O0OOoo
goboobooo,obooobuooboo,0boboo
gooobgooo,obo0oooa.

2.00000D00O00ODODOODOOODODODOCODO
gooooo0 —ooooboboboobbbobooo
U, 00goooboobobboooboobobbonoooo
goo.

3. J0booboOoboboooooooobboboono —oo
gooooooboboooooooobob, bbobbooo
goooboboo,booboobooo.

4.3 U0OO0OO0OO0OOOOODOOO

gooboboooboboob,0oboobooboooboono
gooboboooboboooobboooobo. boo
goboobo,oboobooboob,ooboooo
gobooooobooobooobo. obooboooob, oo
gobobooob,0obobooobgooboobooboonog
goboooooboo.

0000,0000000000000000000, O
0o0O00O000000O0ODODOO0O0O0O00O0OoDODDoOO,
do000000000000000O0O0OO0OO0OOOOOO
oooooOoOo,00000000000a [9].

0000000 Blind Source Separation OO, 000
000o0D0DO0o0ooDoooooooooooooo AM
goooooooOo. ODoooooooooobboooo
goddoooooo,obobobboboooooogo, oo
goo0o00oooobboboooooobobooooooooo
goooo,0ooo,b0bbobbod0oooooogooo
ggooob,bbododuobbbouuooobbboooo
ggd.

2000b000boo3oboboooobboooo,
goboobboboooooooooobbobboooo. bo
goo0o00oooobbobooooooobbooooooooo
O0O000000000. Blind Source Separation 0O 0O O
goooobobooooo,b0bo0ogobooooooo
goooobobooooobobbooooboboboog, d
ooo,ICA00O0O0Oooooooooooooo,ooon
gogooooo.



5 Ugoo

gobo0o,0jobbooobooboboooboo, 20000
O0O0O0o0oDo0o0Od, Blind Source Separation 00 0O 0O
googoo. obooo,30ggsoon0oobg 2003
goo0oDODO20000000000000O0DO0O000Od
gooooobooooooboooo,0bbo0ooon
oo0ooobOOo0oDbOOoOo. 2000000000, 0000
0do0o0d0OO0oooOOooDOOo0obOobDoOobOobDo,01000
goooo,0b0bo0oodobobboooooooo.

OO0, 0000000000, CASA OOoOooooo
00000000 Blind Source Separation D000 00O
oooooooooooooooooo. oo, Alooo
goooboboooo3obbbooouoooobobooo
ggogoobobbooooooboobo.

000,00000000000000000 NTTOO
goooooboooooobo,000bobboooon
O0oooo NTTOOOOOOOOODOO,O0O0O0,000
ggouoouoouooooooboboobbbobooooog,
ggodoo,obobbobbbbbo, oo bo
ooo,NTTOOOOoOoOoooooooo,oooo,00
ggoooooo.

0ooo
[l 0000:00000000000000,00 (97).

[2] A.S. Bregman: Auditory Scene Analysis — the Per-
ceptual Organization of Sound. MIT Press, Boston,
1990.

[3] M. Goto, and Y. Muraoka: Beat Tracking based
on Multiple-agent Architecture — A Real-time Beat

Tracking System for Audio Signals —, Proc. of ICMAS-

96, pp.103-110 (Dec. 1996).

[4) 00 00,00 00,00 00,00 0O0: 0000
00000000 OPTIMAOOOOOOOOO. OO
0 D-II, J79-DIIL, 11, pp.1751-1761 (1996).

[ 00 00,00 00,00 00,00 0O0: 0000
00000000 OPTIMAOOOOOOOOO. OO
0 D-II, J79-DIIL, 11, pp.1762-1770 (1996).

[6) 000,000, 0000: 00000000 00O
0000000 000 000000, 0o0ooooo,
Vol.31, No.3, pp.472-480 (1990).

[7] N. Murata, and S. Ikeda: An On-line Algorithm for
Blind Source Separation on Speech Signals, Proc.
of 1998 International Symposium on Nonlinear The-
ory and its Applications (NOLTA’98), pp.923-927,
September 1998.

[8] D0ODO,000,000: 000000000000
000000000000000000000, 000
0000, Vol.10, No.2, pp.232-241 (1995).

[9] T. Nakatani and H.G. Okuno: Sound Ontology for
Computational Auditory Scene Analysis, Proc. AAAI-
98, pp.1004-1010.

[10] H.G. Okuno, T. Nakatani and T. Kawabata: “Cocktail-
Party Effect with Computational Auditory Scene Anal-
ysis — Preliminary Report —”, in: Y. Anzai and
Kato, eds., Symbiosis of Human and Artifact — Proc.
HCI Int’l ’95, Yokohama, July 1995, Elsevier, Vol.2,

pp.503-508.

[11] O0OD0,0000,000: OODODOOOOOODOOO
goooobbboooodooooo. goooboboo,
Vol.38, No. 3, pp.510-523 (1997).

[12] H.G. Okuno and T. Nakatani: Understanding Three
Simultaneous Speeches, Proc. IJCAI-97, pp.30-35.

[13] D. Rosenthal and H.G. Okuno (eds.): Computa-

tional Auditory Scene Analysis, Lawrence Erlbaum
Associates, NJ, 1998.



