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Abstract: A convolutive blind source separation agorithm based on tri-quadratic joint block diagonalization is proposed by
utilizing the mutual-independence and quasistati onarity properties of speech signals. The three subgroups of the undetermined param-
eters are iteratively estimated through minimizing the corresponding quadratic cast subf unctions aternatively. Anayses prove that the
proposed agorithm has low computational complexity and robust convergence. Compared with the classica Jacobi-like methods,
simulation results show that the proposed a gorithm can improve both the global rejection level about 5dB and the Bark spectral dis-

tortion factor about 0. 12 in average with faster convergence rate.
joint block diagonalization; convol utive blind source separation; tri-quadratic minimization;Jacobi-like algorithm

Key words:
1 [10]
Jacohi  JBD ,
(11 :
[2 6] , ! ’
7 12] , 2
[7] N s(i=1, ,N),M ,
’ $B|[3] P, t I
(Joint Block Diagondization JBD)
[8 ,9] Jacobi N P11 .
i(t) = hj (t- p +w(t) ,i=1, ,M
Gvens , JBD , x (t) IZcZ (P s(t- p) +w(t) i
(1)
:2008-10-10; :2009-08-31

(No. 60672128 ;60702057)



1 2531
, by (p) j [ P 3
swi(i=1, M) .
w , xi(t) =[x(1), 3.1
x(t- W+ 1)]T‘ x (t) = O%V:[I/(MW- NQ)J Zi'\iWNQH
[xi(n . (., xu ™, @ o. o R (0) i 0,20,
x(t) = Hs(t) +w(t) (2 >0w>0. v o,
' Ve=1[ vy, yVNQ],Ds:dag[Gl'O?N, 1O—NQ'O—?N]1
s( =Lsl(n, g, skl 7 W W= D: VAN,
(s =Ls(, .st- P-w+2]) R(I) AWR@) W= VvA() V" 1=1, L (5
A(1) = R:Y%(0) R(T)) R:Y%(0), V=
w(t =L wl(o wl(), whol T A\ |
WHR; “(0) .
(w () =Lwi(, w(t- w+n]T
' 3.2
L R(I) (=1, ,L
H( ) (n( )
Hu Hp H 1n v A,
Hx Hx H 2n L
= o Js(V;A (Y, A(L) = Z:l I R(I) - V(1)
Hwm Hwm H wm VEIE Jus A1)
h(0)  hy(P- 1) 0 v I
H i= CWX (W+ P-1) , T=
0 h(©  h(P-1) oded [T T T CTC A=A
(1) @) T,U=VT, (5
s(1) H R() = VA (D) TV = VA () U= 57 vAL(1) UY
: 1 (A1) s(t) (j =1, ,L (6)
=1 N s(V A1) =bdad [A(D . AD])
: V=[Vi, ,Va] U=[U;, U]
R = E_s() $"(t-1))} B D
Rsi(Tl) 0 Vn Uj /\n(l)y ,/\n(l—) , =
= ) 1, N,
R, (T1) min J[vn,un,/\n(l), An(L);n=1, l\ﬂ

0
Sodad [ RL@D . R @] )

R (T) = E{%(t) s,-”(t-Tl)} (A2 wi(t) (i =1,

2

M) 0?2,
; (A3) H
Q=W+ P- 1.
Al A2 , x(t)

R(TY = B x(0 x'(1-T)) = HR(T) H'+ Ru(T )

(3
 Ru(T)) R(T) = R(1)

- Ru(T),
R(t)) = HR(t)) H" (4)

{ﬁ(Tl)H:l, ,I_} , H

— Hy 2
= Z[ 3R - w\n(nunn; -
s.t. VIVn=3(n- m) lo; UNUL=8 (n- m) Ig
n,m [1,2, ,N]
Ri(D) =R = S0, V(D)
ut. ,J
J

3.3



2532 2009
{1, N}, k , x(t) = E''D ts(t), (7 0
An,k(l) :Vt]',k»an(l) Un,k-l 34
=1, ,L;n=1, ,N (8 .
Unk = O(LN}QY) , Jacobi
: - ; ) Jaoobi
RECI) Vi 1A\ |J[ AY (DA, |J ' ’
[.Z (0 Vo i) 3 A s A (1) NL(NL - 1)/2  Qvens ,
n=1, ,N (9) Gvens 4 )
L L
_ -1 6 ( )
Vn,k—[ Rn(l) Unl/\;ik(l)J [ /\nk(l)/\t:k(l)J
IZ IZ ‘]mh
n—l,L N (10) 3.5
n, Jnk k Z IR, (1) - Jn .k , Jnk
|
N N
Vi\a(D) UL Il E Jn k-1, Jk = "ZJn,ks ZJn,k-l:Jk—l-
| 30- Jnieal <8,(0<8,<1) n , ¥ >0, K,  k>K
n n 1
Vo Un. . | Jer1- dif <O,
' Jacoh  JBD Gvens
, [10] ’ ,
) | 4
(D NQ Vo=[Vio, ,Vnpol 1 R(D =VA () VP+A R
Uo=[Uio, U] , k=1 (np,1=1, L, \Y;
2 (8, A (D) Aq(1), A R(1
N (=1, ,L,n=1, ,N) k
(3 (9 ,
Unk,n=1, ,N.
(4 Uc=[Uk, U, [Uo#1=QR 3
{ Ud (QR ), Uc=[ Uik, ,Un] g
k .
.25.—
(5) (10) , ) —— AKX HE
V. on=1 N N o KERHEE
e " ! ’. , 35 I I L 1 1 1 I L L
(6) Vi=[ Vi, Vi, [ Vi, #] = QR 0 2 4 6 SNEjlg/dBn 14 16 18 20
{Vk} ' Vi=[Vik, Vail k . (a) AAERHE
’ 90
(7) -]k k . & 80}
|J|<+1-Jk| <6,(0<6S1), (h); Jk=k+1, 570_
(2. ﬁéeo—
(8)\A/<—Vk, \% ; H= %50—
WiV g 20
30t
.+ D | —— A e
E NQ Q_ Q_ [8]‘ 20 —-e—;éﬁﬁﬂﬂﬁﬁi
J -0 V= VDE H= o2 4 6 8 10 12 14 16 18 20
' ' NER/dB
HRY ?(0) DE, R:%(0) D , (b) WHOF BEEARKE LB
4= HDE y(1) = by B1 RIS R T S REBENERZE ML 48



1 2533
F- bi CRL 3.4
NER = 10logo| Il VA () V¥ Il 21178 R(1) 1) (1) &
GRL: oobi . 1
L N N N
n o JBD.
GRL = 100 { [ 1A,y 12 5w Ay ﬂ}
o |Z iZ:iZi ! F/ iX ! 2 2( a) N=2
R i i (Alz) P=3 , M=3 ,
Ay A (D) = VIR() V 2(b) : w=5,
(i,)) Q=W+ P-1=7. 2(c) 2(d)
1(a) 1(b) Jacohi o1
8
(8] 100 BD [13] BD
NER , N=51L=3 Q=17. 2 1 7
1 , NER Jaco- Jaoobi
20 B3 Lt el
100
10+ 501
0 OW
-50
g-m— = 50
E-20 = m*m, 'W*"' p—
ip 20 o O
& o € 5
100
0
ol ' ‘II l' o_%w‘._u.___
20 L ( L { i N 100 L I ( ( " !
0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35
KA £ x10¢ KR x10¢
(o) BfE S BEH (b) IS Be e
10 20
5¢ 10F
0 OW
5L 10
%_10 E 20
& 10 e 20
iz 5 Iz 10
0 0
5 -10F
-10 1 L L L L L 20 1 ! L I 1 |
0 05 1 15 2 25 3 35 0 05 1 15 2 25 3 35
KRR x10¢ KR x10¢
() ACTT 4} B S S B B (d) ZJacobily ¥4 B MIfE 5 B K
B2 RSEBHE
1
Jaoobi
1 2 1 2 [1] Haykin S. Unsupervised adaptive filtering, val | :Blind Source
BD 0.0287 0. 0037 0.2646 0.0174 Separation[ M ]. New York :Wiley Press,2000.21 - 23.
[2] CardosoJ F,Souloumiac A. Blind beamforming for non Gaus-
BD 0.0162 0. 1410
sian signals[J] . | EE ProcF,1993,140(6) :362 - 370.
5 [3] Beouchrani A ,Abed-Meram K, Cardoso J F,Moulines E. A
blind source separation technique using second-order statistics
[J]. 1EEE Trans Signa Process,1997,45(2) :434 - 444.
' C ) [4] Sidiropoulos N D ,Bro R,Giannakis G B. Parallel factor analy-
) sis in sensor array processing[J]. |IEEE Trans Signal Process,
) 2000,48(8) :2377 - 2388.
Jaoohi , . ) [5] Van der Veen A J.Joint diagonalization via subspace fitting

techniques[A].In Proc. ICASSP 01[ C]. Ascataway ,NJ :| EEE
Press,2001. 2773 - 2776.



2534

2009

[6] Arie Y. Nomrorthogonad joint diagondization in the least-
squares sensewith application in blind source[J]. |EEE Trans
Signal Process,2002,50(7) :1545 - 1553.

[7] Boushiah-Salah H,Belouchrani A ,Abed-Meraim K. Jacobi-like
algorithm for blind signa separation o convolutive mixtures
[J]. Bectron Lett,2001,37(16) :1049 - 1050.

[8] Abed-Meraim K,Beloucharni A. Algorithms for joint block di-
agondiaion[A].In Proc. EUSIPCO’ 04[ C]. Vienna: EURASIP
Press,2004. 209 - 212.

[9] Beouchrani A ,Amin G,Abed-Meraim K. Direction finding in
correlated noise fields based on joint block-diagonalization of
spatiotempora correlation matrices[J]. |EEE Signal Process
Lett,1997,4(9) :266 - 268.

[10] Févatte C, Theis F J. Orthonormal approximate joint bl ock-di-
agonalization [ R]. Technicad Report GET/ Téécom Pairs

2007D007,2007.

[11] , .

[31. ,2006,34(7) :1246 - 1254.

Hu Ke,Wang Zeng-fu. A time-frequency anaysis based blind
source deconvolution method [J]. Acta Hectronica Sinica,
2006,34(7) :1246 - 1254. (in Chinese)

[12] , . PCA

J1. ,2008,36(5) :1009 - 1012.

Ma Li-yan,Li Hong-wei. An agorithm based on nonlinear
PCA for blind separation of convolutive mixtures[J]. Acta
Hectronica Sinica,2008,36(5) :1009 - 1012. (in Chinese)

[13] Wang S,Sekey A, Gersho A. An objective measure for pre-
dicting subjective quality of speech coders[J].|EEEJ Sel Ar-
eas Commun,1992,10(5) :819 - 829.

,1982 )

E il :huazhang118 @gail . com

,1959




