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ABSTRACT

A feedback structure and its learning algorithm were
proposed for over-complete blind source separation,
where the number of sources is larger than that of
sensors. In the first phase, the signal sources are sep-
arated so as to satisfy the condition, under which one
signal source is not included in different outputs. By
setting the number of the sensors to be more than
a half of the sources, at least one output includes a

single source. This output is selected based on prop-

erty of a single source. Furthermore, this output is
fed back and cancelled from the observed signals. The
selected single source, information about a mixing pro-
cess and histogram of the observations and the sepa-
rated source are used for this cancellation. In this pa-
per, a spectrum suppression method is introduced for
reducing signal distortion caused in the cancellation
process based on the histogram. Furthermore, a learn-
ing algorithm in the second source separation is also
modified. Compared to the conventional method we

proposed, the signal to interference is well improved.

1 Joogu

gbooooboooboboooooooobooon
oboboobobooboooooooooooboooon
gobooooboooboobooboobbooboo
gobbooboobuobooobbuooobooboo
obOoooOobOoobooooobobOoooooan
obOoooobOooooboooobooooooboan
goobooboooooobooobobbooooga
000000000000 0000000000 Blind
Source Separation: BSSOO OO O OO [1],[2],[5],[7]0

gobooobobobooboobbooboboooboog
gogboooboobooobooboobboobo
obobOooooooooboOoooooooobocooon
Oo0oooOoOoooooBSSOOOoOoOoDOoODOOO
O0BSSOODODOODODOODDODOODOOODOOoOooDOOooO
gogobooboobooboboboboooboobbo
obobOooooobOooooboooooboooooon
gbooooooboobooooboobooooboobon

goboobuooboobuooboobobobooboo
000000000000 0000000 [12],13],[14]0



0000000000000000000000000
0000000000000000 M, 00000 N
00000 (M>N)00ODOD0DD000 MOOOOO
0000000000000000000000000
0000000000000000000000000
000000000000000000000000
00000000000 BSSOOO0O0O0DOO0O0
0000000000000000000000000
000000 [16),[17]000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000
000000000000000000000000
000000000000000000000000
000000D0000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
00000000000000000000000

2 FBOUOODOOOOOOOO BSS

21 0O0OO0OOOO0OO0

gboboobobooooooboboobooogo
gobobboooobobbobbbbooobbobogo
oO0BSSOOODOOOOOOOOOODOOOOOOO
goboooooboooooooooooboooooo
obooooooobobooboobooo MODOD
ooNODOOOOoobOobooooooboobooo

s Y] o

0000000 [X]0 XOUOOOoOoOoooooo
22 (JOOOOOOO

OO0oO000OBSSOOOOOOOOOOOOXOOO
goooouboobooooonoAbDODOsSOoDOOO
gooooooooogoooog

X =
U =

AS (2)
WX = HS (3)

oooowooooooHOOOODOOODOOOOoOo

oboooooooooo

ooodbD 3oobobUo 20b00b00oooo
000 (FB)OOOOOOOOUOUOOO BSSOOOOO
oboo10000

0 1: FBOOOOOOOOOOO BSSOOOODO
23 rFBOOOOOOOOOOOOO

D00000w,0s,0000u0s,,s3000000
O00oooooooooooooooooooogon
O Signal estimater 00 000000 0Ow, 00000
Oo00o0o0oooooooDoo00ow00nDooon
Dy, 00000000y, 0000000000000
go0o0ooOoOoOoooooooooooooooon
OO000000oDoooo0000e,,z00000s;
Oo0o0doooooooooooOooOoooooooo
Oz, z,0000s,.,s30000000000000s,
0000000000000 000,,2,000000
00000, 000000000000000001
OO000oooooooooooooooooooon
O0ddd000oooooooooooooooooo
OO00oo0ooO0oooooooooooooodg

3 FBUOUOOOOOOOOOO
3.1 00000000 (FB(1))

00000000000000000000000
00000000000000000000000000
00000000A000O0D00O0O0O0O0DO00O000
00000000000000000000 [14],[17]0

a’i(n+1) =a'i(n) +n-sgn(vi(n) — a'i(n)) (4)

0000-.00000000000000000A'0
AD0DO00O0DDOO0O0ODA'DDOO0OOODODOO

obobOoooobobooooooobooboOooooooon

ooooo
0000000000000 00O0s(n) 0000

00000 w(n)JOOOOODOOOOOOOOOOO



w(n)00 10000000000 »(r)000000
000000000000000000000000
y1(n) 00 sy(n),s3(n) 00000000000000
000000#y(n)0 y(n) 0000000000000

a2151(n) + azs82(n) + asgss(n) (5)
(6)

000000000000000000A'000000
0000 s1(n) 0 22(pn) 00000000 OOOOO
0000000000000 0 #4(n)000O0O
() -
aj; w1y + a5 Wio
000000000 z5(n) 0000 s4(p)0000OOO
0d0000000000UooO0oooooooooo
Jd00000000000oo0ooooooooo
ddo0ooooooOoooooOoooooooooo
000000000 (p)000000000O00O0O
FB(1)OOOOODOOOODODODOODOOOOooOooo
do0do0oobDOoooooDOooOooDOooooooo
O0FB(1)DO0U0O0UO0OOOOODOUOOOOOOOO
00000000o0o0o0ooo0oo0oooooooon
0000000000 ooOrFB()ODOODOOOOOO
0000000000 00000000oo0oO FB(1)O
ddboo0ooooooooooooooooooon
00o000o0o0odooooooooooogon

za(n) =

yi(n) = (@n1wi1 + azwiz)si(n)

2h(n) = as(n) -

3.2 000000000000000 (FB(2))

y,0000000s,0000000a,2,00000
OO0rO00000zx,00000000D000CODOOOO
O0000O0O0O0oDoOoO0oO0onOg Super-Gaussian 000
0oo0o0ooDOoDOooo0oooDooooods;, 000
g00b0o0o0oO0obODbOoOOooobooooobooobo
00 [170020s; U0OODOUOOOOOOOODOUOOO
0000000 0D200000000000F000O0

0 10

. 8 ¢t &8 8 § 8

02 s500000000000DO000OD0O0OO

s;00ooooooboboooboboobobooooon
uobooOooobooooooob0s,0b00o0oooon
UbooboooOboobO0ob0bOdsg.,ss 0000000
gooooooooooobooboo
oboooooboobooooooogoorog
gboboooobooooobooobooooboooooon

obObOooooOooooooooooooooooon
EIEIyﬂ]DEIEIDDEIDEIDDDDDDDDDDFD
obooboobooboy,Uss000ob0oooocbooboan
0000000000000 FDs, 000000000
O00O0Os,,ss00000000ODOOODOODODOOOO
O0FOO0O0OO0O00O0O00O0FOO0s,000000
O0sq.,ss00000000000O0O0O0O0O0CODOOC
ocooooooboOooOoooooobobogoogorF OO
5;0000000000000000000F'000
oooooooo

F'(8) = F(0) (1.0 - ?) (8)

max

D000F,..0FOOOOOO0OO0OF(9)000F(6)
000000000000000000000 FOO

Ub0oO0oO0O0b0O0O0bO0O0DbDds,,ssg0000oooon
Oo0oooooooooocoro0ooooooooo
oooobodb0s,000b00obobobuobooonboog
ooobogos3noono

00

3y & 8 38 § § %

03 s00000000ooobooboooogon

0000000000 FOFOOOOOOOOO0OO00
0000000000000FO000FOO0O00O
oobooooooboobooooonog
FB(2)UUOUOUOs,00OOO0OOUODOODOOOOOOOO
O0F 0000000 FOODOOO0OODOOO0OOO
O00FOOODOFOO0000O00D0O0O0OO0O0
O0000F 0000000000000 «,0000
goobobobobobobobobobobooboo
O0DOO0OFODOO 1000 F 000 4000001000
gobOoOoobooogoeobObOOOOOODOOODO
goobooobooboobobobooooobobogod
gbobooooboobdy,00b00b00obo0ooogn
0000000000000 oo0Zzi(n)000OO
0000« 00FB(2)00000OO0OO0OOOOO
Ubodb0s;d0obboobobobobooooboo
O000000o0o0oooooooooooga);(n) O
obobOooooobOooooboooboOoooooon
obobOoooooboooooooooboOoooooon
gbooboboooooobobobooboboong
00000000000 (SS)00o0oouoooog
FB(2)DOUODOOUOOOOUDOUOODOOOUOOOOUOOO



gbooooobooooobobooooooooogn

3.3 SSUOODOO0ODbOODOO

00000000000 Super-GaussianO O OO0
0000000 Joint MAPO [18]0000OFB(2) 00O
0000000000000 0FB(1)O0000000
0000000000 D0000DOoooOonDOn s,
O0000OSuper-Gaussian 0 OO0 O0O0O0OOOO0O
00ax0000 (9)0oooooo
T+1  pT

MB)ZFH

mﬁexp {_N%} (9)

0000000 BODOOOOOODOOOpOOOO
P(B)0OODO0O0OO0OO0O0OOJint MAPOOOOOOO

0000 XO00OOooooooopoooo BOOOééOO
0000000 PBSX)ODDODODOOOOOOOOO
OO0 Gk)yOOODDOOOODOOO

m2+L
27(k)
7

T LA ()

0000¢k)000000000000(k)00000
0000000000000000000000000

Q(k)? _ R(k)
A(k) 18 =)

Gk) = m+ (10)

N | =

£(k) = (12)

Q(k)?0 FB(1)0DO0OO00000000000OR(k)?
0FB(2)000000000000000000000

O0OMK)ODODOOOOOOOFB(2) 0000000
00 -FB(1)OOOUOOOQOOOOOOOOOOOOO
g0Ods1i20000000000000ODODOOOO
0000000 26000000000000 (10)0
00000000 Gk)ODO&LkODOODoooooo
goob0ododbOOooboOobooboboobobobooo
gooboOoOo0oOooOobOoboOooooDbo

000000000000 00d Super-Gaussian 0 0
0000DoooooooDooooogn Joint MAP O
0000000000000 000O0O0OFB(2)00
goodboobOOobOOobcooboobobobooo
kurtosis 0000000 07000000000 DOOO
000000000000000000¢((k)00 SNR
go0oOO0o0o0bOOoooooOoooobooooobo
0ooooooooooOoobooooooooooon
000o0o000oDo0ooooooooooooooo
gooooooOooooo

&Kk)OO SNROO Joint MAPOOODOOOOOO
0ooDoDo0ooDoooooDOooDoooDooooooon
0o000bDo00ooooooooooooooooo

0000 Z(kh)OOOoOoODoOooOoooooooooo
ooooooooobooogo
Py (k)

ZE) = Bk + Pk

(13)

0000P,(k)0000000000000000P,(k)
000000000000000000000000

O00&k) 00 SNROODOOOOOOOOO Joint MAP
oboooooboooooooogon

§(k)

+ 6

“® =

(14)

ooosooOoOooooooon

4 LDUO0OOOO0OOboOoOood
4.1 OD0OOOOO0OO0OO0OOQDDOOOO

00000000000 (150000000000
O000oo0ooooooo Qo

M
(z, W) = —log|det(W)| — > logpy(ur)  (15)
k=1

oooboooboboooboooobooooooboo
obobOooooobooooobooooooooooon
0000000000oo0o0ooUooooooo 7o

w(n) = argmax|vT(n)wj(n)| (16)

J

pr (w*(n) = nl{e(u(n))u’ (n))]w" (n))

0000p00000000000000000000
0000< >0000000(») 0000000000
000000«(r)0000000000000000
000000000000000000000000
0000D00000wY000000)0000000
000000 (16)0000000¢00000000
00000000000000 kurtosis(ks) 00000
00000000000 [3),6]0

w'(n+1) =

atanh(u(n)) + (1 — a)u(n)® (17)
1—exp(—2.1k4 — 2.5)

= 18
1+ exp(—2.1k4 — 2.5) (18)

4.2 0O0OO0O0O0O0obOOOOO0OO0n

gobooOoooooooooooocooboboooon
000000000000000000 (16)0000
gobooobooboboobobobooboboo
000000000 Ow»(p)0000OO0DOO0OOOO
0000000000000 0000UO0=x(n)OOO
O00000000w»(n) 000000000

goooboobobbooooooooboooon
OO0000000s,00000000s,,s,00000

p(u(n) =




goobobooooboooooobooooboooobon
00ooooooooooodgogbednoooonO
O00w'0000000« 0000s2,s300000
gooooooooooon

uhy = (wy, a1z + Wiya22) 8y + (W G135 + w),a23)83 (19)

ug = (wh Q12 + Whylnz) sy + (wh dis + Whyans)ss (20)
O00wu,0s,0000w;0s;0000000000

w'11613+w12&23:0, w'21&12+w'22&2220 (21)
0000000 (21)o0o000U0OoOoUoOoUOoOoO
gooooooo

;oA
_ Wypd23
@12

) oA
1 Wio023 o
Wy =

(22)

0(22)000000000000000s,,s30000
0000000000oo00ObeDoooooooo

gd0dood0dboebOOO0DOODDODOODOOOOOO

0000000000000 DODDOOO0O0000¢,¢4

00oooooooO0oOooooOobobdeoooonO

uboooooooooooooboobon
ass3 asz

~ = ta”¢1a ~
a3 a;

= tands (23)
0O (l6) 0000000000 guOODOOODnO
goddobdoobooooooooooooooodg
gooddooobobobobooooouoouooooood
00o00ooooooooooooooon

d12
tangs

q22
tangs

wir(n+ 1)+ = (1.0 = ()g11(n) = ¢ (24)

war(n + 1)+ = (1.0 = ()ga1(n) — ¢ (25)

uoboooooboooooooooooboocooon
gbooooooooon

’LU12(TL + 1)+ - (10 — ()qlg(n) — Ctanqﬁgqn(n)
waz(n + 1)+ = (1.0 — {)g22(n) — (tandig21(n)

(26)
(27)

ooo¢ooooboooooDo

4.3 0O0OO0O0oO0OobDObOOOO0

gobooOoooooboooooobooooobooono
gbooboooboboobobooooboboonog
goboboooboboobobooboooobbobod
gbobobooooooobobooobooooobooooon
0000 [ooooooooooooooooooo
goobooooooboobobobobobobod
gboooobobooboboooooobobod
oobooOoooobooooooooooooooon

obobOooooobOooooboooobooobooonn
gooooooobooboobooooboooooooo
obobOooooobOooooboooooooooon
obobOoooooboooooboooooooooon
gbooooooobooooooboboooooon

5 Ubuooooobbod
5.1 JUgoooooon

0o00oooooooooDoooooooooooo
00000000 o0oO0oooooOoBSSOOOOdOO
000D00D000DOO0000D0D000 a1 = azz = 1.00
aj3 = ao; = 0.30a12 +ase = 14000000« =
a12/a2,0 0000 0000000s,0000000
s10s;000000000000000D0O000000
00000D0O00DbOO0ODbOOoODOOoDooO0DbOO00o0boeOO
O0000000s;0s,00000sz000000000
doodoooooooooo

5.2 UU0b0O00bouooboboobodgoda

000000000000000s,0s,+ss0000
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
0000000000000s 00000000000
0000000000000000000000000
000 [15,[17/0000000000s,0000000
wO0O0D0D0O000y, 0000

53 FBUOOUOUODODOODOODOODOO

ggboooobooooboobooboobobobooobo
oboooooboobooboooooboooooogog

X; —{FB(2) |/ Kurtosis

— FFT F—{Filter [-{ IFFT fF—— X,
Learning ._@ gram
Correlation — W initial
FFT
x, —{FBO)] X,

04 FBOOODODODOOODODODODOOOO

x,00000 FB(2)00z,00000 FB(1)0O0OO
0000000s00000000000FB(2)00
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
000000000000000000



54 00O

gboboooboooobooobOobooooooog
gobooooooboooooboooooobooooon
obbooooobooooby,,y;, 000000000
gooooboobobo sSIRbboooobboooooo

5 2(n)
z<si<n)—yi(n)>2> (dB] - (28)

o =ap/a, 000000000y, 0000s,000
y,0000s,000y,0000s;00 (28) 0 SIR,0

gboooobooooooogo

SIR; = 10log,, <

[g’;?]
= SIR, (Proposed Method)
il =« + SIR,(Proposed Method) |
-—— S[RZ(ConventionaI Method)
--------- SIR,(Proposed Method)
ar — — SIR, (Conventional Method) ]
2 i TR
gl N P
:’,”t, - ‘—--_’__.:::\____.:::::::::I:::.-.::
0} e NER
| e
0 i i i i i i
0.3 0.4 0.5 0.6 0.7 0.8 0.9 1

05 00000000 (SIR)

O00SIRO000000000D0000000DO0O00d
b0 0oobboooobbbbbooooboa
oboobOoobDO0bO0obOo0o0O000s;0sy+s300

uboooboooboobe0bO0ooonogs, 000
O0s;0000000000000D00000000SIR,
0 SIR;00 SIRODDO000D000O0O0ODO0O0O«0DOOO
gobooooobooooooobobooboooooon
gboobOoobooooocooooobooboooon
gogooobooboobooboobbooboobo
ubobooooboobooooobboooobooooooo
uobooooooooooooooooobooooon
godbobooboooboobuouobboboooboo
goodoboboooooouobbbboooood
goooobooooobooooooooooooboooon
00000000000 Shortest Path Method[14] O
gogoobobobbboooobbbbbboouooooo

6 U0O0

OOoOoo00o0oOo0O0oOoDoOOooDO BSSOOOO
obooboooOoOooobooooooooboooon
gooboooboooboooobooboooogoo
oooooooooboooooooboobooooobo

0000000000000000000000000
000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000000000000000
0000000000000

000000000000000 (0000 (C)17560
335)0000

godd

[1] C.Jutten and Jeanny Herault, ”Blind separation of sources,
Part I: An adaptive algorithm based on neuromimetic archi-
tecture,” Signal Processing, 24, pp.1-10, 1991.

[2] H.L.Nguyen Thi and C.Jutten, ”Blind source separation
for convolutive mixtures,” Signal Processing, vol.45, no.2,
pp.209-229, March 1995.

[3] K.Nakayama, A.Hirano and T.Sakai, ”An adaptive nonlinear
function controlled by kurtosis for blind source separation,”
IEEE INNS, Proc. [IJCNN’2002, Honolulu, pp.1234-1239, May
2002.

[4] K.Nakayama, A.Hirano and A.Horita, ”A learning algorithm
for convolutive blind source separation with transmission de-
lay constraint,” IEEE INNS, Proc. IJCNN’2002, Honolulu,
pp.1287-1292, May 2002.

[5] K.Nakayama, A.Hirano and A.Horita, ”A learning algorithm
with adaptive exponential stepsize for blind source separation
of convolutive mixtures with reverberations,” IEEE INNS,

Proc. IJCNN’2003 July 2003.

[6] K. Nakayama, A.Hirano and T.Sakai, ” An adaptive nonlinear
function controlled by estimated output pdf for blind source
separation,” Proc. ICA2003, Nara, Japan, pp.427-432, April
2003.

[7] A.Horita, K.Nakayama, A.Hirano and Y.Dejima, ”Analysis
of signal separation and signal distortion in feedforward and
feedback blind source separation based on source spectra,”
IJCNN’05, Montreal, Aug. 2005.

[8] S. Amari, T. Chen and A. Cichocki, ”Stability analysis of
learning algorithms for blind source separation”, Neural Net-
works, vol.10, no8, pp.1345-1351, 1997.

[9] S.Amari, ”Natural gradient works efficiently in learning,”
Neural Computation, vol.10, no2, pp.251-275, Feb. 1998.

10] A.J.Bell, T.J.Sejnowski, ”An information-maximization ap-

s ) 5 P
proach to blind separation and blind deconvolution,” Neural
Computation, vol.7, pp.1129-1159, 1995.

11] H. Mathis, S. C. Douglas, ”On optimal and universal nonlin-

s glas, P
earities for blind signal separation,” IEEE Proc. ICASSP2001,
MULT-P3.3, Salt Lake City, Fev. 2001.

[12] K.Waheed and F.M.Salem, ” Algebraic overcomplete indepen-
dent component analysis,” ICA2003, Nara, Japan, April 2003.

[13] M.S.Lewicki and T.J.Sejnowski, ”Learning overcomplete rep-
resentations,” Neural Computation, 2001.

14 .Jung, F.J.Theis, C.G.Puntonet an .W.Lang, astGeo -
A F.J.Theis, C.G.P d EW.L ?FastG
A histogram based approach to linear geometric ICA,” Proc.
of ICA2001, pp.418-423, April 2001.

[15] A.D.Cheveigne and H.Kawahara, ”YIN, A fundamental fre-
quency estimator for speech and music,” J.Acoust. Soc. Am.,
2001.

[16) 0000, 0000,0000,¢ DDOODODOODODOOOODOOO
ooooOooooooOooo»,00000000,0000, Vol.105
No.293 pp.43-48, SIP2005-92,2005.09.

[17] OOOO0,0000,0000, OOOOOO0DODOODOOODOOOOO
ooooO0ooOoooOoooO0ooOoooOoooOoooo», 0000
00o0,0000,Vol.106 No.21 pp.49-54, SIP2006-9,2006.04.

[18] T.Lotter, P.Vary ”Speech Enhancement by MAP Spec-
tral Amplitude Estimation Using a Super-Gaussian Speech
Model”, EURASIP Journal on Applied Signal Processing
2005:7, 1110-1126.

[19] J.Van de Laar and P.C.W.Sommen,” Closed-form instanta-
neous blind signal separation based on second order statics
and non-stationarity”,2002.



