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Abstract:
extraction method based on time structure. By replacing negentropy with the sum of autocorrelation statistically obtained at multiple

To enhance the quality of the restored signal extracted from short-sampled paths, this paper proposed a novel blind

delays as the objective function, and introducing the closeness between output signal and reference signal as well as output’ s vari-
ance as the constraints of non-linear programming, besides incorporating the Newton-like iterative method, a novel iterative expres-
sion was successfully deduced to extract one-path signal. In addition, a novel criterion to evaluate the short samples is presented.

Simulation showed that, whatever the length of observed multiple signals is, as long as the short-duration component is contained , the

proposed method can extract the useful signal in high quality.
Key words:

1 35

B o5 AL B Ay e 2 TR Gl A 7 90 55 S A
2 AEE 154 % (Blind Source Seperation, BSS) 47
BE I T 2R AR L 3 A4 43 B B (non-
linear PCAm) VP ICA 09k (Fast ICA™ e
FRAY AT O k) T U B B i A O s T
TP AL 20 M O IS L T I G ke 4
BSS AT 55 LA DA 22 UL A5 5 v 3 8 1 45 BR RS 5
SRMTFRATH B HOR B — P& (B L) 55 5 Bk, HoAt
S ERE T B LA T R E S
L HL (Blind Signal Extraction, BSE) , Ifij A~ 72 BSS [a] 3 28
Bl BSS Jy i 2 SR USSR IR AE 5, A 75 i — 20 A 53

I

Wik H 11 :2010-04-24; & 7] B 1 :2011-09-23

blind extraction; time structure; negentropy ; newton-like iterative method; short-sampled

B3 A BRAE S, U R RO R — I, ik SE PR
B 1) S A 8y S N B 7 g o8 g B A =
KRGS 8] T 4FE K BSE B 15 2] ETHM,
WSCHk[ 7,8 142 22 1CA Jr ik, R FHHIAS B H sREE
AR, LA T A T SOV S E B R R, JE A T
50 (e BAE AR 551, 58 BUBRSS BRI LIRS 5 1
PRI SCHR[9 1HESCRk[ 7, 8 1Y it 21 B B R M5 5 1Y
&L, SEPL T P B % BSE vk . 2007 4R, Tk KoK ##%
FESCHR [ 10] i ad % 5 IR U 5 A AT 6 (L) o
O A G R EAE S H AR eREL, S8 T BSE; 2007 48, 7K
WA BB AE SCHR [ 11 ] rp B2 o 45 00 0 38 3 15 5 19 —
I R SR R A e /0N A i R DG A B 7 B b oR B, SR
A X A AR DL 507 S8 T H P20 2008 4,

B UH « K A RP S B B BIBUH (No. 60802048 ) 5 FiHE T I I RERL K HiT - AR BT FE -4 T 7.5 H (No. 10JCZDIC16100) ; st 5% Jmi F1 B F 5

JHE A4 (No. CERGHKU7130/06E)



3 M

BRIZR BTN (] S5 A I AR AR 5 H AR 473

V. Zarzoso TESCHR[ 12 HEAA T SCHR[ 11 )RR B 514 5
SCHER[6 14 1 1 SOBL H 43 25 J7 ¥4 & — 752010 4, P.
Mandic 7£3CHK[ 13 170K BSE 2055 [ 38 W7 g 45 4, 52
T M B R, AR

SCHRLT ~ 13 4 i B SR U A A 2R R A5,
JE BRI AT A5 00 S R s ] 5 LAt 45 B L 5 5
S PR TR SR K Y AR 2 N S A A RE S
ASCHE S VR R Ti) B P HE B, 800 A W S 2 v PR R
S B AR S g Fr e ik e AR 4, SCHik[ 6169 SOBT 55
Al A AR S S SR SR [ 15 148 H SCik (6119
SOBI 38 1 T 75 4 Wy Be b AT, TG — WA B . Ry iy
IR A A i, SEBUPR | R RO A 3R B A, A 2
T B[] S AT RE S A R SEBLE $R R L, I
BERAR A LA BRI FE A (F B R Y B bR eR A, Sk
(11, 12 3530 B bR sR B3 AT B[R] 2540, AN 3 2% 18 i A0
A% WIS S A5 22 IV g s A S e 5 T Sk [ 10 13531
(4 bR R AR L SR % 18 T TR B 5 A s i) A 56k L
Z BAR R BN LA JEFE ARG B URRPE AR SO T
EIXHEAEAAT 5 A JE T i 1R) 25 0 10 2R A5 $R O
I ELAR Y e B AR B 1 AR A A, AR U R B
SRS SRR A T SCHR [9 10 3 T G 1 B
B E IO, AR ANE.
2 [aEREA

HiE SRS S AL B AR W& 1 Brs 765 $R
N FEARBRKEZ A RS S ¢ (1) ~ ¢, (1), 100
SUBRSEH A 1 3% (1 < m) U5 M55 B8, Ol L 2250
AL 1 B SIRE S KNS EE S () ~ n(1). 8
B v () ~ v ()5 1 () ~ r (o) R URREE,
AWiEE A BB IR R ES v () ~ v (), FER
WSS AT 3 (2) ~ 9, (o) RIEAE S i () ~ ()1
e

IX0) x,(0) ¥,

W | A x(0) LA IEX0)
jO— | WA Ve
A o % | x0 0]
]

E&F

20
O—
2 o B0 |
E3 () blhs
I t

Bl Z£RERFSERIEERRE

ME 1 SHIBC =1 B T RS E R R
R, LV B, WORSRIR R B 0 £ = 1 B, W o $E H )
. FLARERE A S N R B W, B T H b ek Bk 15
T, SCHR(7 ~ 9 R AR HITH v, (¢) ~ 5, (o) TR IR

T FRR R SR T, SRS B 12 S5 15 5 i b B
SR 5 B S0 w B BRBURL I W R
RO REAA REARA 1Y , 30 SR S IBUTRE A (5 5 R A,
3 ETHEEZM-MEITENTRESREN
ik
P 1 PR H AR REA R IR A AL AR
Bt 1P 2 FT R A AR

@ x,(9) kgl

- o PX0) p x,(1) W,
m .. 1
A e | M 1x 2 "o
oO—| . L %
I tH
Aw
» ") | Time-structured

2-order update

B2 2T IS G R B B R

Pl 22— LR 6 S At SR A A4 , T 2 i
RBHES y() SSHFET r(0O)BEATE TR A5 —
Brotit o, g M S ki w = [y, o w0, ]
SR Aw BT w 55 2045 BN 55 2R T AL
BN, AR S y (0, ARSI, y ()R
NG PG T

(DR , AT B T T I 5] 45 4 B9 — B G Y
HUBT S W T R O R A IR S, R R
TEVRORIBIN R 5 2 T A7 AR AR S ARG 3%, B A
I (B 5 A P, 3G 7 ) 25 4 1R 52 B b g 215 5 55 LA
I B RRA ] Y B AR DGR TE (B B G e ) . AR T
PULAERAFERS = b A5 S0 AR 6, (o) 2
AN, R A2 2 A IE I i 20 (BRE S p 1Y)
T 2%~ SE I AR S48 5 AT BB 2 1E Y, L ] REZ ALY,
DR T S A HAR S AR 56 B, R IO 268 36F s O 5 fE
VRSB AR, O 1 T i 4 3, BOUHCF-J5 8. B 5 i
i y ()R BE L AT 1) TR F b eR R0
N

p-1

%gﬁauuP

p-1 T _
:_lz_:[y(t)yl(lt Tk)]z (1)

ORI GS 2R T 48 e K R B A 1] 85 1
Fo/MERALR S, DA FIEees. ZRT y(1) 52
% () WA , T8 5 38 I8 2 e 0 R B A0 i Y R mT
H PR R B
e(y,r)=Ely(t)r(t)] (2)
b, TS — A BE & A il oz i A B, B
(Wil
g(y)=g(y)-é=e(y,r)-¢

LI(W): -



474 H ¥+

EE ' 2012 4F

=-Ely()r(1)]-6<0 (3)

RS 24 I AR A 4 Ja e A, TR 3 — A B K

T, (A 2 R A T IR, W y ()5 r () 192
HIGH

L(w.p) = pg(y) + Lylemlys0 @

Ehﬁhﬁﬁﬁﬁ%&ﬁ,LmﬁEfﬁﬂ%& (o)W, X
T y (o) BT Jy 22, HXE R 1 2 0
Ly(w,2) =2h(y), h(y)=[E(y*) -1 (5)
W] e 8 1 1) 2 R b A B H BRI
L(w,p,A)= 1(w) + Ly(w,p) + Ly(w,2)
TR
L LZ:', [y(t)y (1 A)]
+pg(y)+ Llam 2+ () (6)
R (o)X R E w EI’J A — B -, ¥ BR AL 2R
kA, B ] 75 kAR R

w:w—q[;;Lz]_l% (7)

FHE X (6) BRI L X w B4 B T, 75 43 4 L pR A
LivLy Ly % w B RS AR SR, i E 2 S5 Bt
CIEY,

y(t)=w'X(1) (8)
B (8) (1), Al A5 Li(w)XF w BI— w54
aLl(W)
dw

Ay()y"(t-7)]
dw

‘N

NSRS}

[y(t)yT(t_Tk)]

- 2

‘N

- 2

S vy - 2]

d -7 T
[y(;w k)]y'(t)]

~
=

k=0

)

Fu

9<WL "t -7p) +

=—ép;[ﬂwf0—mﬂ

L X0y =2 + X = 2y ()] 9)
R AT L (w) X w 9 5 50
92L1(W)
Iw?

_ ay(t

_Q,H{Pﬂﬁyl o)+

LZP k=0 aw
X))y (t-7) + X(t - Tk)yT(t>]
+y(0)y'(t-17,)

Wy

[X( )LW)+X($—TA)Q%]}
B _L%P ;; {[ X()y'"(t-7)+ X1 - Tk)yT(‘)]

L xCOy -2 + X = 2)y"(0)]

+y(t)yT(t—Tk)
L XX -2+ xG - X" (0] ] (10)
XFFR(O)E 2 T Ly (w, ), i #30(3) A5
Ly AL S A, S s AR A i 22, 0
mjan(w,/l) = rgﬁf)l{,a(g(y) +2) +*7|| g(y) + 2|7 }
(11)
KX (DX 2 SRS, oI5 R A
(z*)zzmax{(),—(‘;§+g(y))} (12)
¥R AKLOD) A

LJWJﬂzighmf{m—(#+%ﬂy»}—#q
(13)
W20 (13) 40 50%F w Al g SRR S, AT R AN
aL, y
(9‘:; 1) _ ag(np flE[aasvt>r(t)]
= —pElr()X"(1)] (14)
Ap=max!{ — g, 7g(y)i
KX )%t w KRS, ol B e 52635200
PLw.p) (15)
Iw? B
KBS Ly XF w T —Brie 5N
I (w, /1) ah(y)
dw dw
_ . Iy
=2l By -11-[ B(2y 52) ] (6
=4[ E(y*) -11 '%yXT
AX = vh(y)
— Xt (16) R F A
PLy(w,2) 9 [9L3(w A)]
aw? 9w
:4/1{[2E(y)§“‘%] S LEGY) -1 L(;‘%X'}
~82 -%XXT =8ARy (17)

B (9) ~ ADARAZER (), BIa] 52U H 17 5 R .
4 EHEARENLIRE

ASCEPRI R ARG S s (o) (LS PR ]
¢, Q& 3 R ), T EEAS FI B R FIRRAR T3 2 s %
F& Ui R vk A LI IR ) ¢, [R)RE R T
TRESRBUE A G S s (o), B S REA” AN AH X 1) HE
&L AT A FAE 5 0 S B Ta) 7 R 4% 38 T8 U0 0 B [a) )
43 b A LR B

zh
n=" x100% (18)



3 M

BRIZR BTN (] S5 A I AR AR 5 H AR 475

7 BUELHSOA , D583k o A A R B RE L

e L LT
e SBR[, ’

B3 SR LR
5 iR

Bl A RAEHR N 1kHz, WAE 1s RTINS L =
1000 AMEEA , R AFFF SRR AR BEAS [ e 43325 0 T R sk
B S MRS S o) ~ o5 N e BRI 2
MR HE S (A 4(a) IR ) 5 ¢ IR E (55 (A
4(D)IR) 5 e3 WERBUNES e3(1) = K(1- 1) %"V, K
€ Z, GAEMIZAESAE 1« = 1/ K B BUSERAE (FRIV AL 7
= UVKBZMSEES r(0), ME 4(H) PR . K R
Ky e (0) B THEIX ] ¢, 8. ¢ I E S (RN
PR oA IBEALLE A, B 4(d) TR ) 5 ¢5 R
WIERZAES AT EARL S x S TRAMEE A% ¢ ~ s 4T
RAE NS x, ~ s WK 4(g) ~ (k) TR,

43 5 SCHiR (8 119 3% T G i B Ak o KIORT 400 4 i 12
B HECGINE 1A =1 8900 ) LA SCH E $2
J7k (R (D) PR RERT A5 p = 4) 755 $E K
5 AR I S AR B R A B AR 5 R w, DU 45 Sk

(7,91, A HIFE P = w' A KR RESE B PLOfE K
N AR

(19)

PI:(Zmax‘Pk) !

T H SRR AT B R Rk Y PR RE
. B 5 a7 KBORRENASCRE ST R E
FEWGE A FRIBCICR (el T X 8] 7, = 1s [B7E , Bl K
R, o, By BOR FEREATREBUN) .
R1 MREIERE

PIE

. ~ SR SO ik A7k
SIAEARRE
K=20,7=0.326 | 0.00239547178455 0.00202674861742
K=8,7=0.643 | 0.06498216063423 0.00249883390528
K=3,7=0.962 | 0.69020460132000 | 0.00327084979840

5
0 02 04 06 08 1 ~o o0z 0.410.6 08 1
rwrv‘r‘r‘r‘r

10

(. 0
® 0

(b) u"

6031

0 02 0.410.6 08 1

% 02 04,06 08 1 " 02 04,06 08 1
10 10

(ds 0 U)n 0
=10 10

0 02 U.J‘U.S 08 1 00z 0.410.6 08 1

0 02 04,06 08 1

%02 04,06 08 1
(Ea g 0_5
0

0 02 U.AIU.S 08 1

B4 EBEET. ZEFETRUNUES

o
34
o
L)

a0 04f 04F 0-5/—\
5:;02[\ DZM o

& of 0

% .~ | 1 05 | | 1 I

(=}
o
[X]
o
'S
o
o
o
o«
-

o
o
%]

A3

| _ | | |
0 0.2 0.4 0.6 08 1 0 0.2 06 0.8 1 2l'J 0.2 04 06 08 1
1 '} 1
g 4 2 05
pars? 0
B 2 0
% 1] i n i 2 1 L .05 I 1 I 1
& 0 0.2 0.4 P 0.6 08 1 1] 02 0.6 0.8 1 =0 0.2 0.4 08 0.8 1
(a) K=20,1=0.326 (b) K=8,1n=0.643 (c) K=3,1=0.962

Bs RREBEHARE T ERREE R

MIELS W B 5 35K, A5 vE45 30k (8] 1
TRERIOL Y S BOHY 5T R 2 R B (BAR SO ik
WIE R AR L AU ERIBOE /MBI 2 . 2 5 =0.326 B, A
SCOT I PLELI 5 T 8000 1, OB IR o it R A i W)
W22 7 =0.643 I, RSP LR PR & T 57U
1% HAR IO B0 W] I 2R 3, TSR0 125 1 0 T 1
BHIA T HABEE T2 9 =0.962 I, AR ST

PHE R R T U5 , HHR IO OB A R R Uk B
T SRR ] I A 7™ R . DA B SCIRiE B, 2
FEA R BE BRI (o fELABOR) AR SCOT AR L T T i
FEARA FC AL P07 A IR A
6 Zit

FO PEHURTE R Gl A | PR T Ak A AU
AR T2 (15 5 AL B D5 %, B IR 03 B Rk AT



476 H +

2 2012 4F:

AAAESRIBUE TR AR AR 5 P BB A8 22 14 ), AR SO o 3
FLT IR TRI 544 14 b3 p& 20, I I DU 25 10 2k AR R
W, FICI Mg R T 3k — ] AL S UE T, AR SO ik B
FEA SR IUPE RE R 5 T S B I
FURT, B AR 5835 , AN A ZORE AR SO BEAY 5

HARPGEMN R Z B8 32 L 53 5, A SO7 AT 0 U
AR ARG, 1% 07 1 BAR B AU (H 5 3R (8] —HE,
BRYCEACRE S A9 T3 B IE 2 FEBOR B, iy s B Oy
PR 1 R B A7 e DR ) L
SE 3k

[1] T Karhunen, J Joutsensalo. Representation and separation of sig-
nals using onlinear PCA type learning[ J]. Neural Networks,
1994,7(1):113 - 127.

[2] A Hyvarinen. Fast and robust fixed-point algorithms for inde-
pendent component analysis| J] . Neural Networks, IEEE Trans-
actions on, 1999,10(3) :626 — 634.

[3] M Zibulevsky, B A Pearlnutter. Blind source separation by
sparse decompoistion[ J] . Neural comput, 2001, 13(4): 863 —
882.

[4] L Jie, et al.Principal independent component analysis[ J] . Neu-
ral Networks, [EEE Transactions on, 1999,10(4) :912 - 917.

[5] H-M Park, H-Y Jeong, et al. A filter bank approach to indepen-
dent component analysis and its application to adaptive noise
canceling[ J] . Neurocomputing,2003,55(3 — 4) : 755 - 759.

[6] A Belouchrani, et al. A blind source separation technique using
second-order statistics[ J] . Signal Processing, IEEE Transactions
on,1997,45(2) :434 — 444

[7] Wei Lu, Jagath C Rajapakse. ICA with reference[ J]. Neuro-
computing,2006,69(16 — 18) : 2244 — 2257 .

[8] L Wei,J C Rajapakse . Approach and applications of constrained
ICA[J] . Neural Networks, IEEE Transactions on,2005,16(1) :
203 - 212.

[9] Qiu-Hua Lin, Yong-Rui Zheng, et al. A fast algorithm for one-
unit ICA-R[ J]. Information Sciences, 2007, 177 (5): 1265 —
1275.

[10] S Zhenwei, Z Changshui.Blind source extraction using gener-

alized autocorrelations [ J ] . Neural Networks, IEEE Transac-

tions on,2007,18(5) :516 — 1524.

[11] L Xi-Lin, Z Xian-Da. Sequential blind extraction adopting
second-order statistics [ J]. Signal Processing Letters, IEEE,
2007,14(1) :58 - 61.

[12] V Zarzoso. Second-order criterion for blind source extraction
[J]. Electronics Letters,2008,44(22) : 1327 — 1328.

[13] W Y Leong, D P Mandic. Noisy component extraction
(NoiCE) [ J]. Circuits and Systems I: Regular Papers, IEEE
Transactions on,2010,57(3) :664 — 671.

[14] D Iyer,G Zouridakis. Single-trial evoked potential estimation
Comparison between independent component analysis and
wavelet denoising [ J]. Clinical Neurophysiology, 2007, 118
(3):495 - 504.

[15] L Hongtao, et al. Fast extraction of somatosensory evoked po-
tential based on second order blind identification| A ] . Engi-
neering in Medicine and Biology Society, 2007.29th Annual
International Conference of the IEEE[ C] . Lyon: IEEE, 2007 .
5457 - 5460.

EEEN

HRR P EL, RERERIEE, w1t
AT 1979 4F A FYL P 7k 3 .2001 4 7 A3k R
HEL K242 22 A7, 43 I AE 2004 4F 3 5 FI
2007 4F 3 H 3R R ER AL AT 1% 47, F 2009
KR S NG o0 i LT Koo o 3 T 370 T
BB B ST A5 T T 5 LA

E-mail : xdhuang @ tju. edu. cn

OB B L, R LAk
Bl2% & Assistant Professor, & K=& TR S
i PR FhL A LS 86 S BT 5 AT 40500 3 1985 4RI
1988 4E IR KRR 2 AL Wy B 2 TR iy 24 1
125 T 1999 SEFRAT HE KA L2 o ; T8
Rl PR HL AR B2 A PR S A 3 Sl 4 T
TG BEFT .

E-mail: yhud @hkusua. hku. hk



