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Abstract

We present a method of blind source sepa-
ration (BSS) for speech signals using a com-
plex extension of infinite sparse factor analy-
sis (ISFA) in the frequency domain. In real
environment, microphone array embedded in
robot captures sound mixture contaminated by
delayed signals (i.e. reflections, short-time re-
verberations, and time lags of signals arriving
at microphones). Our method achieves robust
separation of sound mixture that contains such
delayed signals. Our method uses complex nor-
mal distributions to estimate source signals and
mixing matrix. Experimental results indicate
that our method outperforms the conventional
ISFA and in the average signal-to-distortion ra-
tio (SDR).

1 0000

0000000000000000000000 [Wslfel
and McDonough, 2009; Seltzer et al., 2004000000
00000 [Nakadai et al., 2010; Valin et al., 2004] O O
Jdoodooooooooooooooooooooo
J0000o0o000ooooooooooooooooon
oooooooooooooooooooooooooo
0odo0ooodbDOooU0ooooooooooooDaon
Jdo0000Do0odoOoooooooooogoaon
oooooooooooooo

dodo0ooDooDoDOoooooooDOoooooooo
ooooo

ob01. 00000000000

ub 2. 0000000b0o0ooo0g

ugb 3. 000o0oooboooon

gobdooooobooobooouooooooooao
000000000000 [Belouchrani et al., 1997]0 O
0000000000 (Independent component analysis:
ICA) [Hyvérinen et al.,2001] 000000000000
odod0oood0ooooooooooooooooodg
o0oo0oooooooooooooooooooog
000 ICA[Sawada et al.,2002]0 0000000000
goooooooobbboooobob 20000000

Infinite sparse factor analysis (ISFA) [Knowles and
Ghahramani, 2007 D0 00000000000 00OO0
0000000000 DoD0o0DOoOoISFAODOOoOODoo
goooooobooooobboooobooooo 102
000ooDoDOOo0DoOooogISFAODOOoOooooon
o0o0o00ooo0ooooooooooooooooog
goobobooobooboooouooboooobooog
ogooo3ooooooda

OO000ooO0Do0oo0o 3goooooooooon
00000oooooooooooooogISFAOOO0
dooodooooOopooooooogoono BSSOOoOo
oooo

2 ISFAOOOODOOooOOoOoooo

0000000000000 0000D00DO00OO ISFA
gbbogoboobobooobooobooobooboo

21 0OO00OO0O0OO0OOOOOO0ODOOO
gbobooobobooobooobooooooboboon

gooooo

O00:. DOOO0OOOOOOO0OO0 KOOOOOooo
00: 00 KOOOOOoODOooooooooooo
oo0:. K<D

gooooooooooooo (Shorttime
Fourier transform: STFT) 0000000


nakadai
タイプライターテキスト
社団法人 人工知能学会　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　人工知能学会研究会資料
Japanese Society for                                                                                                                                                                                                         JSAI Technical Report
Artificial Intelligence                                                                                                                                                                                                       SIG-Challenge-B102-9


pOoOoO0O0OooooooOoOOOoO0O KODoOOoOOooo
obooooboobooboooooboboobooobon
oobooobb0o Koooooooooooooooo

22 [0OO000OO0O0OODOOOODOOO

gobobooooobooooooooooboooooo
obooooboobobooooobobooboboobon
goooooooboooooobooboooooooboooo
gobobOooooboooooooobooobooooobo
obooooOoboooboobooooboobooooobooon
oobooooooooooboooobobooobooooon
oboboooooboboobooobooobbooboo
gbobOoobooboobobooobobobooban
oboobOoboooooboboooooboooon.

J
X(t) =Y A(j)s(t - j) 1)

j=0
0000¢t0000000%(H)0s(H)0A(j) 000000
00000000000000000J00000000
000000000 JOSTFTO00000000000
0000000000000000000000000
0000000000000000000000000
0ooooooon
000000000000000000000000
00 STFTOO0000O0O0OSTFTOOO000 (1) 0
000D0D000000D0000

x(f,t) = A(f,t)s(f,1) (2)

fO0000000O0O00OOO0O0O0OoOoOooBooOn
obooooOoboooboobooooboobooooobooon
oobooOooboooobooooooobbooobooobon
OO00oO0Doo0oDoOo0ooooogsSTFTOOO0O0OOd
goboooobooooboooobooobooooo
OO0 STFTOO0O00DOOO0OO0DOOOOO0O0

2.3 00ODO ISFA

Infinite sparse factor analysis [Knowles and Ghahramani,
2007]0000000000000000000000O0
0000000000000 ISFADODOOoOooood
aon
O0oOOoISFAOOODOOOoOOoOOoDoDoooOoKd
DONDODDDODODODDODODUOoODOoDOooDooooooooo
Oo00oo0ooo0ODO0OODODODOOOOOOOOOO0

X =A(Z®S)+E, (3)

0000Z = [z21,-2y5], X = [x1,--xn], S =

[Sla"'SN]a E= [817"'51\[]7 Xt = [xltvata"' s LDt T

T O
00¢00000000000s; = [s14, 826, -« 5 5k 0

000000000 = [ew, 60,60t 00000
00000000000000AD DxKOOOOOO
z, = 21,200, ,2x)T 000 t0000000000
00000002,00000000000 k000 ¢0
0000000000 2, =1000000000000
s =00000000 ¢00000000000000
ISFADDOOODO XO0OO0OO0O0O0OO0o0oo sooooo
0000000ZO00000 ADOOOOOOOOOO0
0oooooo

24 0OO00O0OO0O0OO

0 00O ISFA[Knowles and Ghahramani, 2007]0 00 0 O
000o0oOooosSTFToO0O0OOoDODoUoooOoDoon
000000000000gISFA0oOoooooooo
ooodoooooooooooooooooooog
d0d0doodooo0oo0Uuoouoooooooog
Jdddooooooooooooooooooooog
gdoboobooodoboodouoooooon

3 ISFAOOOOO

gooooooooooooOOOOOoOOooOooOoOooog
000 ISFAOODOOOO0OO0O0D0O000000000[00
0,2011]0000000000000000000 ISFA
o0oo0oooooo0oooOooooooooooog
gooooooooooooDDDDOOOOOOoOooOog
0000oooooogoooo IskFAODODOoOogoogg
000000ooooooooooooog ISFAOOO
ooo

Table 100 00000O0D0O0OOCOO0OOOOOOOO
Metropolis-Hastings 0000000 GibbsOODOOOO
000000 0o0o0ooooooooooooooooog
gddd0o0oo000ooOoOooooDOoOOoOoOOOoOoooog
odod0oooOooooooooooDooooooog
ooopoooooooooooog

3.1 0OO0OOO
obooooooboooooobooboo

g¢ ~ N (0,02T) o2 ~IG(p1,p2), (4)
skt ~ Ne(0,1), (5)
ap ~No(0,03L) o4 ~IG(ps,pa),  (6)
Z ~1BP(a)  a~G(ps,ps). (7)

O000a, 0 AD £AO0O0D00OOp0p20ps30ps0psO pg
|:|DDDDDDDDDDDDDNQ‘(M,U2)DDD pw00d
c2000000000000006(b,0)0 ZIG(b,0)00
godsmooog DO OOOooooonooooOon
gobodbooboobooboobboboboogoo



Table 1: Algorithm for estimating model parameters of
complex ISFA
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Figure 1: Locations of microphones and sources

Table 2: Experimental conditions

ooo K 2
googd D 2
000000000 | 16 [kH

STFT OO 64 [msec]
STFTOOOO 32 [msec]

00000000000000000000000000
0000000000000000000000000
000000000000000000000000
00000000000000000000000000
ISFAODOOOOOOODOODOO0OO0OO0ODOOODOoOOoo
0D0000000000000000000 Sawada O
[Sawada et al., 20040 000000000000000
0000000000000000000000000

00000000000 00000000000

4 0000

gogoooobobbobobbbooooooooooooo
gboobobooooobboboooobobobobooog
OO IISFAO00ODDOOOODOOODOOODOOOOOd
obdobouobooboobobouooobooboboboog
0000000000000 00000000O0 Table 2
OO0b00O0O00ob0OO00DbOOFig. 1000DOOODO
OO0O00O00oOo0oATROOOODOOOOOOODOOOO
032000000000000000 1000000
Figures 25000000000 00O0OOOO0OOOOO
goboobbooboboobooboouoboobooob
0000000000 OSDR (Signal to Distortion Ratio)
OISR (Image to Spatial distortion Ratio) O SIR (Source
to Interference Ratio) OSAR (Source to Artifacts Ratio)
[Vincent et ¢l., 200700 0000000000000
000 Table 300 00000OBaseline 000000
ISFADOOOODODDOOOOO ISFAODOOOooood
ooobooooboboooobobooobobboooo
goodgooooobobbbiooooooooooon
gogobooobobooobobboooobobooooo
obobooobobooboboobboooboobobog
oooooooboobooo
goobobooobuooobobuoouobobooooo
000 SDROOODO 291[dB)0O0O0O00O0OOOOODO
gogobooobobooobobboooobobooooo

Frequency (kHz)

Frequency (kHz)

8.0)

8.0)

o
=)
o
=3

N
o
Frequency (kHz)
IS
o

~
o
~
o

2.0 0.0

sec.)

3.0 0 3.0

.0 . 2.
Time ( Time (sec.)

Figure 2: Spectrogram Figure 3: Spectrogram

of source signal of mixed signal

8.0, 8.0y

4.0 - 5 96

Frequency (kHz)

A 2. 1. 2.0
Time (sec.) Time (sec.)

Figure 4: Separated Figure 5: Baseline

signal with ours separated signal

gbooboooboooobooobooboboooboboon
gosiIROOOOOODODOOODOOOOOOOOO00O0
000000000000 SAROOOOODOOOOOO
goboooboboooboooboooouobobooobobooo
gbobooboooobooboboooboboobobooboon
ooooog

00000000000 o0O0,2011)J000000000
0000000000000 DO0000000O JNASOO
gbooobooo3ooooooboobobwooooan
gooooobooboooooobooboobobooboon
SDR O 0.27[dB]JOSIR U 1.00[dB|0 00000000

5 00O

gooboooboooobobooooobobooobooo
gboobooobobOooooboboooooboobooon
obooobooboooboooobobooobocbooobon
goooooboooooboboobobooboboboon
oo0O000oOoooOooooooO0OISFACDOOOO
gbooboooboooobooboboooooboobooon
oboooboobooobooobooooboobooboobooobooon
00000000 ISFAOOODOOOO SDRO 2.91[dB]
gbobooobobobooobooboboooboboon
gbobooobooOooobobooobooooooooooon
gbobooooooooboobobooobobo
obobooobobooooobooooobooogoo
000000000000 000000OO Voice Activity
Detection0 OO0 O0O000O0O0O0O0OOOOO0OOOO
goboooboboooooobboboo0oobooboooooo
gboboooooboobooobooboooobooboon



Table 3: Average separation performance from experi-

mental results [dB]

Instantaneous
Before | Baseline | Proposed
SDR -1.19 25.07 2.27
ISR 2.35 30.90 4.06
SIR 1.17 35.57 10.45
SAR 75.77 35.23 2.83
Anechoic chamber
Before | Baseline | Proposed
SDR -1.01 -0.83 2.08
ISR 1.51 2.57 3.86
SIR 0.91 1.54 8.91
SAR 59.24 36.25 2.80
Meeting room
Before | Baseline | Proposed
SDR -1.96 -1.86 0.60
ISR 1.02 1.93 2.98
SIR 1.65 2.23 4.90
SAR 58.93 36.08 3.09
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