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Abstract

plied to convolutive mixtures. First, convergence property is analyzed. A condition on trans-

An stable learning algorithm is proposed for a feedback blind source separation ap-

mission delay times in the mixture, under which delay time of direct paths are less than that
of cross paths, is required for stable convergence of learning FIR filters in a separation block.
However, reverberations in a room, where the BSS system is used, have long transmission de-
lay times, which do not satisfy the above condition. In this paper, an exponentially weighted
step-size is proposed to stabilize the learning process for the reverberations. The corrections of
the FIR filters are exponentially scaled along the tap number. The step-size is automatically
adjusted by approximating an envelop of the FIR filter coefficients. Through simulations, good
separation performance, which is the same as in no reverberations condition, can be achieved by
the proposed method.

Keywords: blind source separation, convolution, reverberations, stepsize, convergence
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ZOEHAIL Jutten LBRRBELEFEZFTLITY Xh
6], [14] PEHRE —EKT 20, CHREERBICER
THZ LKLY, REBEXETIHEOFEERENE
DEAEBEZHIZLTWS,

4. RETEZELEHAHFE BSS DEF7ILT
1y X Ls

4.1 FEOPRME

REEL2E0HE, FEBPNRT HEM4THLEE
WZET2EREN M-I VWARERH D, REBY
EREDHEDBSS DETFLVER 3ITFT, Hi(2) &
Hjy(z) IREBEICXT 2 EEEKEZR LTS, B
HEEITHEAD L REFOBERRIIE, 3.1 & Tk
NTCBIERFRNI X D R (Hy(2) OBIERFR <
Hji(2) DBERRE]) THD, S1(2) 1D Xo(2) ~DiE
B, Sa(z) 120 Xy(2) ~ORBIZBOTRET BRE
FIXZOFMGEMHIZLTBDT, Hy(z) & Hig(2) 12
BOTEZDZ LIZT 5,

ATRDEY, BSS DEFIIHA T —2&/IMELT S
ZEIZEoTT b D, Yi(2) DRT—%2 B S H
DAREMEL LT, RO 2BV BEZONB,

Hi2(2)S2(2) — Ci2(2)Haz(2)S2(2) — 0 (42)
H11(2)81(2) — Ci2(2) Ha1(2)81(2) — 0 (43)

HN(42) FIhETLRALTHSDD, K (43) IRBE
XS TH I Mb>EHTH B, K (42), (43) izxt
L Ci(z) 3ENERRDO L D ITIRET 5, L, =
(44) & (45) Z[RBFIZHTT=T Cra(2) IZFETE L2V,

Hiy(2)

Crz(2) > Hj(2)

(44)

Journal of Signal Processing, Vol. 11, No. 3, May 2007



Hy,(2)
H (2)
K (44) HEBRSBEE L TEBROKFRERLTE
D, R (45) BRBEOLDICEERENLTHDHA
ERLTWD, T2bb, FH T Ca(z) 3 (44)
OFEZINETE Z EBEFELL, K (45) DFE~
OEBTMEITILERDH D,

Co(2) KDV THRETH B, Yo(z) DT —ZE
LERHAREMEL LT, RO2BYHBEZLND,

Cr2(z) — (45)

H21(z)Sl(z) - Czl(Z)Hu(Z)Sl(Z) — 0 (46)
Hyo(2)S2(2) — C21(2)Hi2(2)S2(2) — 0 (47)

INHIZR LT Co(z) DEEEFEE LT, KDO28
DH D,

Cule) ~ 23 (48)
Coi(z) — -Z% (49)

K (48) IIBABMETH D43, X (49) DFHA~LEET
RN H D, U LD D X 1T, 7B
EREDOH S RT —%B/MET D X D12 Cra(z), Cai(z)
DEBFEIToTH, KEERH 2HBEITITEBARIZIN
RLZARWN,

42 BAEMRERAT v 7HA X

22T, X (45), R (49) I L 2EEE/NE<Mx
DEBERRET D [22]-[25]. ATEITHRAZEE B
SOEEORE S, BEOBRIIK4D X 1225,
K (44) &K (48) DHFB L Hyy(2) DBHEE Hyj(2) D
BIEDE m B TIT bR D, —F, K (45), R
(49) DEEG Hj;(z) DEEE H),(2) DBEDZE 7 D
HBIZEND, Cp(2) 3R (42), (44) 2L v B Sh
DIEMEBEERL, Ch(2) XX (43), (45) 2LV %
BInsCEREERT,

REZITEHETIZHEAREN/NE S, KEBORREN
BV, < THhHEEZDIENTESD, L
7o T, DEEERDOFIR 7 4 VZ D v TRENRK
(44), (45), (48), (49) KXV EH SN BZEAIZR S
DEITRD, DFEY, FIRZ74NFDF v T ORI¥E
TIHEEETOHFBREFICHRTRENIKRE W -HX
BN 7 ANV EREBEEHT D, ¥ v 7O®%¥ETHE
BEEOEEN 2 2Y, RV IZEBEFBOREVRE
ENXEHNZRZY, T4V REEESHTH, LavL,
IDOBFIXT A NVERENBRENSEE T 2
B%T 3,

Journal of Signal Processing, Vol. 11, No. 3, May 2007

Hu(2)$:(2)
Hu(2)S:(2)

T H:(2)Si(2)
/\ Hi(2)Sx(2)
:/\: Hn(2)Cil(2)SK2)

T

H ’II(Z)SI(Z)

e ——

! Hu@)C'n(@)Si2)

B4 BESRSOBIEDRR

Fig.4 Relations between delay of each signal
components

C '%(2)

é C’'n(z)
¥\

T

T2

5 K (44), (45) IC X VBRI N5 BERIRR D
FIR 7 4 V& {75

Fig.5 FIR filter coefficients in separation
block formulated by Egs.(44) and (45)

UEDZ e, BERTOEHEMZ DLEND
b, TNEXFIR 74 NVEZDF v THBEFIZHOETR
TOTHAX p BHlT2ZLICLoTEETE S,

STBEEIRE D Bl oA BUIR (44), (48) THE 2D
N3, EHIZZN6DOXIFUTOLIIIERTE S,

oEE) = FEB-mE@+ 2

RN S

= Hl(z)+22zﬁz"
i1

= Hl(z)+22r§ej0‘lz" (50)
i1

Hl(z) =8 ij(z) L Hkk(z) DBIEZE, T72bb, RE
ENOCRDEMRBEOELREEETD 27 OZEXTH
D, FIR 74 VZ DBEORKE REHITHEELRITX
2V, B2 EITREEEOMIIRoTWS, Thbb,
SYBEEIRR D 7 4 L Z RO BIREIT IR EIL LT

241



W3, LER-T, 74VFREESSEARIC G
LEETITR ZEET B,
ciek(n+1,1) = cjk(n,l)

1(0) f(y;(n))g(ye(n — 1)) (51)
p) = port, O<r<i1 (52)

+

AT v T A X p(l) ISEAEMRI G B L O ICkD B,
4.3 BT ANFIIBITIHEERT Y 7 AR

BEETT AT v 7Y A4 XDFiEN NLMS T3
BI2BET7ANFIZBONTRESNATWS 21, Z
NIIFEZoEFRLE BAICREEN-T7 AT Y X AT
HB, REOKEWE v TOEBEERIATRI =D
IZRAT v YA X 7 4 N RO BARRE DA
A XHETW3B,

—%, FRTRETHHEERAT v 71 XHRHE
ST ANZIZBTDRT v 7 HA X p(l) LR LCT
HBHM, FIR 7 4 VZ OBRBBSKEEIC L ) BiEEH
OEBTHZLE2MID10, RETOEENKEN
HoyOFEFEMET2HFRTH B, Thbb, HEHX
Ty T A XDERANKE S B2 D [24),

5. BIHHBEERATYTHA4X

IHETREBSN TV OEERAT v 7 XD FK
[21] TIHHEEOEXHBRDO A VSV A IRERHE LA
Fhide e, EBRIZIE, FNMCHEDOA LR
ISEEWET D LITE L, EANTIERY, 26
T, BEHICEROELHET 2 HEELRETS
[22], ZHUHRERT v FHA X T 4 N FZEDO%E
BHICHBMIC T 4 L F REOEREBRITESIT B b D
Th?,

STEERIRR D ARRIIBIB L EH6 DL IITRTZ &
BTED,

BZIn BB 1 ¥ vy TRADRT v /¥ A X% p(n,l)
L, KDX IR,

p(n,1) = po(n)rt(n) (53)

AT TP A XL TANEREEUTOL I IZE#HR
5,

logu(n,l) = loguo(n)+llogr(n)
= wvi(n) + lva(n) (54)
b(n,l) = loglejk(n,)] (55)

242

- K-1

X6 SBEEIBRD T 4V F RO EREROBEE
Fig.6 A rough sketch of envelop of FIR filter

coefficients in separation block

B/ 2 RIEIZE Y vi(n) + lve(n) & b(n,l) D 2 FEE
EB/INZT D vi(n), va(n) ZRDB,

vi(n) +lva(n) = b(n,l) (56)

7720, i3 lnazr ~ K. =1 %2825, ZZTlpes 13
TANEBREBOREIBRERIZRDZZ v TE2RLTW
5, TNHEITH, NI M EFESTREATEIELUT
DL B,

Av(n) = b(n) (57)
[ 1 lma:c
1 lmam+1
A = : (58)
1 K.-1
o) = rvl(n)J 59)
i va(n)

lOg chk(n, lmaa:)‘
IOg chk(n) lmaa: + 1)]

b(n) = (60)
L logcjk(n, Ke — 1)
RAN2ERIBITLUTOL 1225,
v(n) = Atb(n) (61)
AT = (ATA)'AT (62)

ZOERND, r(n), wo(n) FUTOLIIZRESHh
%,

po(n) = " (63)
r(n) = e (64)

AT o YA ZAOBEBREIZL Y FEBREEBIZAR
BT ELESTED, BEROEIRAIZEFT S,

7(n) = ar(n)+(1-a)f(n—-1) (65)
0<axl

Journal of Signal Processing, Vol. 11, No. 3, May 2007



LERoT, RFvTHA X p(n, 1) 132 (58)~(65) %
AWTUTOL S ISR S,

u(n,l) = uo(n)fl(n) (66)

#(n) OFHMEIZ 1 LT 5,

alb—v3ay

[=2]
\'0
m

6.1 Izl —variH

EEE 2, L% 2D FB-BSS 22\ T Ia
L—3 g v &BfThRot-, EREEAKIZIILTOLD%
FERL,

f(y) = tanh(2.5y)

SR REITEAEROERSK H(2), X (24) TESR
L7z P(z) Z B\, LIT® NRR(noise reduction ratio)
T L 72

9(y) = tanh(0.5y)  (67)

1 [T .
2 —  (oJwT |2
4= T / P& T)PAuT  (68)
o2, = Ei / |Pji(e?T)2dwT  (69)
J#i -

1 f7 ;
2 = Yo [ 1@ PaT (0
1

1 [ -
o2, = Z%/-JHji(e] T 2dwT (1)

J#i
01213 Ugs
yc zc

02, o2 MO LIVESTDONRY—, o2, o2, i
MELIVETDOAT—%2KRT, R (72) FUE 1R
IISYBERIBRH A1231F B SNR T, 8 2 HIZ o BRI
ANZEBIT D SNR TH 5, NRRIZHBEEIRRDASH
SHAETESIBETSNR B EDREXRE SN
ZRLTWS,

BEABROGCEERIIEROFTEEM A L TEL
BUZPERL LT, REBFITESESTICHS, BEAKELS
REZWWHEIVHD L LTz, BRABROREREEZX
7, 8177, M7 0EERKIREELEATEY,
BHEARE WG TREEN/NEILLoTD, —F
X 8 NIREMBIIREE L EA TR L THEEN—E
Th 5,

SBEEIRRD FIR 7 4 VE DF v 7$131024 £ T3,

Journal of Signal Processing, Vol. 11, No. 3, May 2007

%o 3 T4, w2l 260 25¢

-o.2|

-o0.2| ~o.6]

280 % & TR, rendSy 200 2%

#
B
3

M7 KREFZEOETNIHT HEEEK

Fig.7 Impulse responses in convolutive mix-
ture with reverberations

0.8| 1" 12

0.6

04

0.2]

-0.2]

10 T&Pnurber 30 a0 1 T 30%umber® a0 50

- o ¢
-3
3
?
8
.
-3 i - i
T
8

10 Rp numei? 0 so 10 rR%umber 30 o

K8 REZTZEILVETNMINNTHEEEEK

Fig.8 Impulse responses in convolutive mix-

ture without reverberations

6.2 BEEFBEEAT v 7L X

KEBERHDHE, ROVBAICBWTERETN—E
BAT v 7H A4 X, BEBREART v 7HA4 XkfEo
7-& D NRR #9277, BHRICIIBAES%
FERLE, —EERAT vy A ZFRORT v THA
RIS BEMRER R OEVVEEZ TR L, Ho& bR
HL 2B X ICRBRICRE L TWVW5, BEFEERX
F v A RTEBT 4 VFRBOEAKRBRILRD T
W3, TNENOMEIX, REERZVWEEIZBWT—
EERT v 7FHA X p = 0.0001, BEHRERT v
FHA X po = 0.00078, 712 = 0.9933,72; = 0.9913,
RBEY*ETEHIEBRCBVWT—BERAT v TH A X
p = 0.0003, BEEMAEEAT v 7+ A X po = 0.00078,
r12 = 0.9883,79; = 0.9822 TH 3,

M9Mnbansd Lo, KESTHRWEES, BEX
F v A ZOWEITE N, KKE7Z NRR T

243



(1) exp i reverbej
| (2) exp i ize with

(3) constant stepsife without reberberatilpns
(4) constant stepsiZe with reverberationg

Jations

) 0.5 1 1.5 2
Iterations x 10°

X9 BEFESFEICHT 2 NRR
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tial Weighted (EW) stepsizes are used
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