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In this thesis, learning algorithms for convolutive
Blind Source Separation (BSS) are proposed, which
can suppress effects of reverberation in a mixing pro-
cess and signal distortion in a separation block. Fur-
thermore, two types of BSS systems, including Feed-
back (FB-) and Feedforward (FF-), are compared.

In the learning algorithm for FB-BSS, a condition
on transmission delay in the mixing process is re-
quired. However, when reverberations occur, this con-
dition is not satisfied, and separation performance is
degraded. An exponentially weighted step-size is pro-
posed to stabilize the learning process for the rever-
berations. Furthermore, the step-size is automatically
adjusted by approximating an envelop of the FIR ﬁ.l)-,
ter coefficients. Through simulations, good separa-
tion performance, which is the same as in no rever-
berations condition, can be achieved by the proposed
method.

FF-BSS systems have some degree of freedom in the
solution space. Therefore, signal distortion is likely
to occur. A criterion for the signal distortion is dis-
cussed. Properties of conventional methods proposed
to suppress the signal distortion are analyzed. A
general condition for complete separation and dis-
tortion free is derived for multi-channel FF-BSS sys-
tems. This condition is incorporated in learning al-
gorithms as a distortion free constraint. Computer
simulations using speech signals and stationary col-
ored signals demonstrate that the proposed method
can well suppress signal distortion, while maintaining
a high source separation performance.
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3 FB-BSS DL
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UTEHAIXH B,
N Kp-1
2i(n) =Y Y hji(m)si(n ~m) (1)
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X(2) H(2)8(z) 3)
Y(2) = X(2)-C(2)Y(2) (4)
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Y(z) = (I+C())'H(2)S(2) ()

= A(2)S(z) (6)
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IMEUTIES 2 BT 2 ARPREINT VS [4],[9].
cik(n,l) DEFRIPRATEZBND.

cjk(n +1, l) = Cjk(n, l) + ACjk(n,l) (7)
Acik(n,1) = pf(yi(n))glyx(n=10))  (8)
TIT, fly;(n), glye(n—0) BRRERSHFEHKTHD.
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BEITIEOMMESETUTUED.
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cjk(n+1,l) cjk(n, l)

p() f (yi(n)glye(n — 1)) (9)
u() port, 0<r<il (10)

25y FHA X p(l) SEBRICHAT S & D IRD D,
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z(n) = ATb(n) (11)
At = (ATA)1AT (12)
T
. 1 1 --- 1
A =17, .. Kfﬂ] (13)
b(n) = logle;r(n)l (14)

ZOFEERND, r(n), po(n) L ATV THA X pu(n,l)
BUTDEDIIRS.

po(n) = (15)
r(n) = €™ (16)
Ffn) = ar(n)+(1-a)f(n—1) (1n

I<axkl
p(n,0) = po(n)#(n) (18)
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yi(n) =Y Y wi(nar(n — 1)
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Y() =

(19)

W(2)X(2) (20)

& 2: FF-BSS O EIE#EEK

ZORENLESR L SHREROE L L OBEELUT
DEIITEKES.
Y(z) = W(2)H(2)S(z)
= A(2)S

(21
(22)

5.2 2J/7ILTY XL
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Ky—1
w(n,)+71 Y [I6(n—q)

q=0
~- { @)y  (n—1+a)w(n,qg)

wn+1,l) =
(23)

W (r+1,m) = W (r,m)+n[diag(®(Y (r;m))Y “(r,m)))
—(@(Y (r,m)YH (r,m))|W(r,m)  (24)
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Ao (Z) = Wz](Z)H;](Z) + W22(Z)H21 (z) =0 (26)
B : A(z) ORKERN Hy; ().

A]](Z) = W]](Z)H11(Z)+ W12(Z)H21(z) = H)1(2) (27)
Azz(z) = ng(z)le(z) -+ W22(Z)H22(Z) = sz(z) (28)

L2d. HEDAERTIER (25) & (26) DAE IR
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DISIIZU &5 & UTER T AN U 2 TEEM D .

7 EEEXGIREEEORSE

SHITI, FF-BSS TRIZEEEALMR 5%H
EERET D [5]-[8).

71 RSB OWEHORM
TRSHMENP OBEADEZRERIUTOL S 2483,
WEH(E) = Az) (29)
Az) = diaglH(2) (30)
ZIhb, BE&EBDOEZERB H (2) #HIBRL T &
ding[(W(z) ~ I)] = 0 (31)

ERY, ZOABREML I L TREDMBWL BBAD
EHEPBLNDE. UL, ZOREMEDIREHRD
TLATOEBRE£EX 5.

Wii(2) = 14w, ;(2)MHz)wen ;(z)
M;i(2) W (2) 25 j 175 Rl BV A/NMTFIR R L,
Woot5(2) & Weow 3(2) BRI TFORTEZ NG,
W1(2), Wa(2), -, W3 ()] (38)
[Wﬂ (Z), VI/j? (Z)’ fery W7N (Z)]T (34)
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% Wi (r,m) EEHFL, W (r-+1,m) % W -+
1,m) 95,

Step 2 : Wj;(r+1,m) 2R (32) TEHEL, W,;(r+
1,m) &§ 3.

Step 3 : Wj;(r+1,m) 2ATD LS IZHIET 5.

Wjj(r+ 1,m) = (1 — a)Wjj('r + l,m)
+ aWjj('r +1,m)
0<a<1) (35)

AR D&Y, R (32) XTRTD Wy(r +1,m),j =
L, NIZHUTHBIZBNTW S bIFTidmn. Uk
U, Wik(z) DEFHIEB NI W AD M3 (2) IO
Wi (2) IEBE A8 5.

RN TEE 2 T2 BERBOHETITLE > M,
Step 2 DEHE % REEKRTITL S LEHEREINK X VA
O, —H, FEBERICEHBUTHERTEY, BEE
HRIZR U THMEE L EASDES.

i res
ersize with reverberaighns
withouwt r i
2e with reverberationsy

{ (4) constant stepsi

) 0.5 i 15T T T2
Iterations

X 3: GEEEEIZNT S NRR
2F P U RIICBIIEDREDEI OES
HDEM

2F ¥ UAVTEWTIER (31) DA EHEIZEIC
fRIT5. R (3l BUTDLS ItEE3. ’

W;;%(z) — Wy;(2) — Wik(2)We;i(2) = 0 (36)

7.3

i=1,2k=12,j#k
Wii(2) KO WTHL L UTF D& S 22 3.

Wys(2) = L EVLT e ()

2FYYRVDBFEITIET D b2 FHITHAALD,

.5 =1,2(37)
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8.2 #fiCi% FB-BSS #*, 8.3 fi Cid FB-BSS,FF-BSS
ELUTERTS. 0oL U THAES O/
HASE ¥ FEED/\T—Dh LRSS ombEE
L FMEE0/SU—Dk%EE W= NRR[dB] &, Hihfd
BEOHEEE L FBESDONAY—DLTHS SIR[B]
REETS. ¥, ESEAOFEIIERESLH
HESDELEBESTCERLL X SD[dB] V5.
NRR, SIRIMEDKZWEDS, SDIXEINIWAEH
MREASE . '

8.2 RETZILL>HEBOERE

2F P VRINIZBWT, REERHIBE, BWVE
BIZBVWTENEN—BEATY TH1 X, EEHH
WATF Y THA4 REefol ¥DNRR 2H 3 IZRT.
DO A Y THIZ 1024 L Uk, BIEHEEATY
T4 XIZBE 7 1 V2 REOTRRP HROT VS,
REEREVEE, BEATY 7Y XOPGRIEHE
WAL, BN NRR IZHBAT Y 7910 XE—REFA
Fw IS4 XL EABETHB. ZOBREE HEATY
TH4 Xz &V FHEOREMIZBRINTVS,
RELENRHIHE, EREYLAREOERILD
HEIIOLNE. UL, BEATY T4 XiE—
BIEATY T4 ZCHARTIRASEVDICIX, &
#B72 NRR 258 < BoTWVS., THiRREHIH2H
&, BERATY T4 XREREDOATERL, KB
Blrrd 74 VARBOEBHEMXD I LIZEY, &
BHgEORBLERLTWAILERLTWS. X5
T, REENHBBETE, BEATY MY XiIC&
Y, RESNEVESLAUSHEESELNTSEY,

# 1. FHIIHT 5 A WEOMRIR
2ch 3ch

Methods SIR] SD | SIR| SD
FF-TIME 12.2 | 0.25 | 13.3 | 0.50
FF-TIME (MDP) | 3.98 | -10.3 | 6.25 | -8.02
FF-TIME {DF) 8.33 | -12.1 | 8.00 | -14.0
FF-FREQ 13.0 { -9.43 | 17.2 | -134
FF-FREQ (PB) 11.6 | -16.9 | 16.3 | -17.3
FF-FREQ (DF) 11.8 [ -24.6 | 16.1 | -24.1
FB 14.1 | -14.5 | 13.6 | -154

7 4 WV ABREOFEFIIBWTREBEORENZLAY
MEXhTWBZLBh5. £/, ARTEERL
ROMHEEHERAT Y 731 XARZEER L EIE
HASooHEEI B o hd.

8.3 EESEH:NMHFEFE

#1I0X X ERFEOBENE, FEESOMME
2 rd. HESROEEIEIEZTILNEDRY
T8, BEBEROEBIZBTS FFT ¥ Xid 256
¥4 3. FF-TIME,FF-FREQ 2T h EThiilEs, A
BB TEE T EEEANHELZAVRVRERD
%5&TH3. FF-TIME (DF),FF-FREQ(DF) i385
BHIEEEANHEEETHY, FF-TIME(MDP), FF-
FREQ(PB) RENEH [2],3] CREINTWIEFE
A2 EETHS. FB RIHHEERTEE TS FB-
BSS T 3. BEERTOFEHE AL T, FF-TIME i&
BEEAOWMHE. —%H, BEIMOMMILH

NZNIEEBACLI>TERIIARE N DE
r#x b1, FF-TIME (MDP) i385 EAHE X
nTwa. Ll, E52HOEHMYEY. Thizx
U, BEUAESEANGIZTE FF-TIME (DF) X8
WHEMRER o 2 E FEBEARJHIL TS, —
f{ FB 32208, BEEACH U TRVEELNEDL

TW3.

RESSRTOEHIZE LT FF-FREQ (PB), #2
U EBEAMGIZEEE FF-FREQ (DF) L% FF-
FREQ RS 0ONEdEE R0 %, FEEARY
#LTW3. LH»L, FF-FREQ (PB) ICHART FF-
FREQ (DF) OBEAK X,

8.4 FB-BSS & FF-BSS OMEELLE

BikICEA®EIZHE T < FB-BSS & FF-BSS O¥:eE
W% T2 o7, 4 i FF-BSS @ FF-TIME(DF) &
FB-BSS @ SIR #3. BA&REOMEZREN Hi(z),
H;;(z) DEIEE 7 #EAIETVWS. TORKY FF-
BSS iMEBBIE DX T EEZIT R, —4, FB-BSS
B KEISPELO T, BEEVWNIVWLIS
Tl SIR DENEL BoT W5, ZOFEXITHRA K
X, Xx OFEBIFERIZNISREILIZE>THR
WINXLRBIENEZILND, TIT, BAARBRD
[EEBE % H 12 FB-BSS & FF-BSS D82 AT L .
FB-BSS iREH AR+ AICHLTRHTEL L IHY
THhd. —F, FF-BSS ZY AT LML 20k
IIZEYTH 5.

9 &R

FB-BSS L B3 REBZFOHERMEFL, KEBE:
NETIEEHREW ATV T4 XAERERBEL .
7, BEROER ARIWICEHETABEEW ATV S

S,

0 100 200 300 300
Time Di ce T [ps]

B 4: ¥AB BEEEEIZ L S SIR DR/

Y4 XARERELUL. &£/, BSSKBIIIESES
ZOWTHEF%T AV, FF-BSS KHLTRISES
EAHEIHT R EEREL 2. BRRICFB-BSSL
FF-BSS # BREIZE TV THRL .
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