FABEIM 2 F I B K ¥ ¥ #®AKREW) Vol.4 No.3
2003 £ 6 A JOURNAL OF AIR FORCE ENGINEERING UNIVERSITY { NATURAL SCIENCE EDITION) Jun. 2003

ETEAGEEZNERESEHR

wFFE, HEE, REHF

(LIFERFERTIER, JLx 100084;2. ZSETRA¥ BRITBFB, BKE BE 710077 )

i EERE B RENL T AR NEEBETREADPHBIGEE, XFNMNFERREL
B —MEVPEENEEZ—ORBEEEL XECRESPERETRERATEHFS & 3t
ATIERRL BN ENENER, EREFEAF LS I A R ML EXRLMIBEANES,
XER: FEELE HABEES, FHRHK

FESFES TN713 CEKERIEME:A N E4S 1009 -3516(2003)03 — 0050 - 05

BRESEREFERESHBEUEM WS ETZAEAA ZEBENM AR, flm, RERES|
PUSLIN E{%Eﬂﬁ%ﬁ\)ﬂ#mg\gﬁ{n SAbE OE E&tﬂﬂﬁ{n&*#o

1 EAFHE

1985 4, Herault i Jutten ¥ 562 L EIRAEAE" , X B HWREN—EMEE S+, RIE—AFTWER
FRES BT EREZA N EEMBES IR KA,
FRREEMAENITEENE 1 iR, BN MRAFHEGRES (n) (i=1,2,-,N) EEME
EAREMY, HEFRERA—ITETER. TRREHEIR
x(n) =As(n) (D
XE A Z—4NxNWRAETFBEER,

s(n) =[5,(n)s,(n)sy(n) 1" REAFFRESH .
— A Nx1 BRE, x(n) =[5 (n)x(n) s X £ y
(n) 1T N x | IR, &R0 — A 14 g()

HEE.
ATHRUREPAEHBSLEES , FE—
AN HEA N B A 2 R 2% (31X B R ARG 2] 9 4%
1), BENAEXRRESITE W, LIERE
u(n) =Wx(n) = WAs(n) (2)
XE u(n) =[u,(n)u,(n)-uy(n) I"RIGFEEFEM—MET. HED, MEREFINEE , ERISGT
RHRE RN B RA T 8EA, MR AGERE A MEHRERE s(n) HEKRAMN ., RIVEX—EEERH
P=wA (3)
R P B—H AR, B4 RN EE— AR,

2 ST

A1 {FRBEMENITER

s H H5:2002 - 09 - 06
E&TH :BR ARBEEE ¥ B B (60072001)
EE/ - DFF(962-) , 8, OHmEN, SR TR, B4, TENFEE S BAAE AT HZMEN AR ;
§E%l(ﬂg§8 =), B RBAHEXFRTFIBRREE, BIASM, TENFEBEMA T HZMESIUR
2 b )



%3 HFFE BT ARBEAERNERESBHR 51

2 FEEKRHE

Bell 1 Sejnowski E{% BB BRI AT EABAMY JEW T —HEM%&H L ORAR H(y; W) &
FKEMTREANR y, =g, (2) (i=1,2,,N) ZANEREBRN, SRENWIEEN 06, B ERRG
M, LMy, =g, (u) BA T RBAHETRGERZA, RIVER Y, =2, (x) HE—0RBTH
u; =gi-l(yi) o KBy MBS
H(y;W) = - [p(y;W)log p(y;W)dy = - E{log p(y;W)] (4)
REp(y; W) Bt W Hllg] BERRy WRABEEERN(pd), E| - | RTRHEPE, R(HT
LESY
H(ysW) = 3 H(yisW) - 1(W) (5)
XE
H(y;;W) = —Ellog p(y,;W)| (6)
RN, (W) RIENHWERES.

S p(y,; W) FMETRAS TR p(us W) Z RIS X RHRA
P(ui;w) _ P(ui;w)

p(yisW) = ay/auT 1 g (u) ] (7)
R (T RAR(6) ,R(5) EH
HO:W) == (W) + 3 Eflog IP;f‘(-';_‘?I} (8)

B (8) AT, IR p(u ;W) = g (u) |, BMETHERAE B RBUR IR IE R &, 4 M3, IR A B
K EMBESHER TR L ABZENEEER/D. B, (8) K% “ I B KM maxmum entropy ,
ME) JFERAY B 38 M M P A i, RIS RE IR B IR X R : p(u; W) ~ g (u) VBSL,

3 FET ME B4 7H46 BT RERR

BRI B S I LUE I s o

W) = - Ello . - _plx)
H(y;W) = - E{log p(y; W) | {10gl J(w)l} (9)

X8 J(x,y) =det(W) H | g (u;) | RIKE x ey MR LR XA AT LAS B
- H(y;W) = H(x) +logl det(W) | + iE{logl g (u)l} (10)

75k
dlogldet(W) 1 _ (W1)T
oW - )

N '
03.E (loglgu,) 1}
aw

= -E{d(u)x"

xXH

() gu) gl »
(u,) g;(uz) g;v("qv)] (1

o[



52 BEITBKEXMR( BRFEIR) 2003 4F

FRYEE B2 1975 B B4 (activation function) ™, B4 H(y; W) X F W WAHE R
ﬂ%&ﬁmﬂhawﬂ

XER[2] XA BB E R
W(n+1) =W(a) +p{(W(n) )" - dlu(n) Jx"(n) | (12)

THENBSR, MR BRESNEEW, ARBEMNRSEWHIR(S] £, FRIXEH
(6] BIE. ARBEAMBENER LERATE W - W B2

Qﬂ}v"xlﬂLWTW: [I-®(u)u"]W

XE T FRBARE, MK BENEER
W(n+1) =W(n) +p{l - ®[u(n)]u"(n) | W(n) (13)

BASE BENEER 2 ANEERE . OFEAZRESERENEM; QFEMIE W(n) THTRKF. &
RINR T EHEMBSEE

4 EHXE

EEETAENERT, HER— R EENEES, ERESATHRM ST RRAE, AFS kL&
A HER

E s‘f n)
k4=E[lsz(n) I!Z—S (14)
B ATESHIEE R 0, T HEMEINZRFEFFESHMENT O(HE/NT 0 MiESHREXRBHIE
). BREFTHFSHIHEXRT O(HEKXRT 0 HIESHREBRTES) .
4.1 BEESHESE
B 2(a) R 6 M ARMEFRFS, FSHHFIRFE TE L, H—BIARMREERF A RS, BAEST
B 2(b) iR, ZHEHEBKIBRGERER

0. 6904 -0.9608 -0. 5255 -0.4734 ~-0.9881 0.11767
0. 5280 0. 9643 -0.1525 0. 6108 -0.9347 0. 9028
-0.7666 0.9978 -0. 0940 -0.2288 -0.3748 0. 0589
A= 0. 0080 -0. 6895 -0.4737 0. 3672 0.9310 0.9512
0.7145 -0. 6906 -0.4511 -0.2777 -0. 1662 0.3777

L —-0.0899 -0. 8841 -0.7720 0. 4761 0.0510 0. 4570

RAEEEt 11 kHz fRBEZRFAR B2 000 A, IR (13) MEBRED, XEFSIHRHIEER/NFO
(nzE 1 R, 2D WIESNERERE 0(u) =, HESH . ¥3I3F 4 =0.01 ,¥HEERE W) =0. 11,
B EERINE 2(c) T,



B3l WFFE - ETARBERENEFRRIBERR 53

0 100 200 300 400 500 600 TS50 0 20 300 w0 50 600 “50 10 200 3w 400 S0 600
KR KBS :
(a) XKAFERIES (b) BRAES (¢) ABEER
B2 6 M RAMBRIFSEAESHOBEUER
Kt i) LURERERE M p KGR

- 0.0610 0. 0037 0. 0209 -0.0265 -0.0016 ~1. 62101

0. 0548 0. 0063 -0.0134 -0. 0059 1.2767 0. 0294

P WA < 0.0227 0. 0294 0.0032 0. 9988 0.0014 0. 0122

1.0014 0.0012 -0. 0242 -0. 0231 0.0372 -0.0315

0. 0248 -0.0156 -1.4725 -0.0025 0. 0048 ~-0.0126
L -0. 0020 1.2719 0. 0187 -0.0287 0.0109 —0. 00564

MHERESERE AT I, AT EIUA | MRS R TRHETE, KRN ERBIFHKE TRIES, RESE
HHRESHEE LB EEEE L, B, IHAEEIENFER, ASRTRM180° . FBERFESSRE
BRSHXMRRER 71 (n) ©56(n) ,5,(n) os55(n) ,y:(n) s, (n) ,y,(n) s (n) ,y5(n)<s;(n) ,x:(n)
©5(n) o

AE1ATW, BREGFSHIEEBER T O, RIBEXHNEHERE, RAFSERLERNI M. B FES A
B FEIEFERESHINE, RIS E RIKE BT

Rl FERES.REESHARESHHEELL

BRIFS s;(n) 5,(n) 53(n) s4(n) ss(n) sg(n)
154 -1.9742 -1.5000 -1.2267 -2.000 —1. 5000 -1.0453

RBEES %, (n) . x(n) z,(n) x,(n) x5(n) z5(n)
HH R -0.3955 -0.5013 -0. 6089 -0.3024 -0.2664 -0.5077

AEES 7 (n) y2(n) y3(n) Ya(n) ¥s(n) ¥6(n)
I B -0.9951 -1.4654 ~1.9752 —1.9408 -1.1973 —-1.4953

42 BAREERSHIE

WERENRESRS MLEE (ABEERE LR, A H3ChR R WG, wE 4 s, REEE 8 kHz,32 000
MR IIGERE 2 K(4x2=8s), FIAESFESTALER O WERNTE, BREERA E[ -1, +
1) Z AR B BB HEREE IS SLRIEIRER R T

v (e 1Pl LR
E_Zf(l;maxklPdl_1)+;(;maxklPﬁl_l) (15)
XEP=(p;) =WA . BRR,REB/MERBIT. EFHESHIHERT 0, EZhRIERE ¢(u) =tanh(z) o
B3 B TR R R HEREM L, EaERFE 30 dB,

FLB MR N



54 SEIBRRFER(ARBER) 2003 4

- 1.5055  -0.0018  -0.0197  -0.0130 0. 0679
0.0102  -0.0099  -0.0113 0.7933  -0.0357
P=WA=| -0.5010  -0.8034 0.0014 0. 0030 0. 0146
-0. 0666 0. 0017 0.0058  -0.0165 1. 1958
L 0.0130 0.0058  —0.7453 0. 0186 0.0319.]
HRETEIVE 1 MEEEATHETT w0 -

R EZVAB R BRREEL. NRB/NES
ER,REQE/N, ARG EEK,

5 4

#Z/dB

BB ERIEFR 5L BRRFIT
R FER S BRSS9 L PR
o AHITEBHE SN HREEFSHER
SRS T RARBT . A PSR R v
B, BB R %R AR R 3 R e L Rem(x10h
AR EHENRAMERFSREERES.

B3 ZXRIGEREMLE

X 30K :

[1] Herault J,Jutten C. Space or time adaptive signal processing by neural network models{ A]. in Neural Networks for Computing:
Denker J S. AIP Conference Processings 151[ C]. New York: American Institute of Physics,1986.

[2] Bell A J,Sejnowski T J. An information — maximization approach for blind seperation and blind deconvolution[ J]. Neural Com-
put. , 1995,7:1126 -1159.

[3] Papoulis A. Probability, random variables, and stochastic processes[ M]. New York: McGraw ~ Hill, 1991.

[4] Simon Haykin Neural. Networks: a comprehensive foundation[ M]. Tsinghua University Press, 1999.

[5] Cichocki A, Unbehauen R, Moszczynski L, et al. A new online adptive learing algorithm for blind separation of source signals
[A], in Proc. ISANN{C]. Taiwan, 1994. 406 —411.

[6] Amari S, Cichocki A, Yang H H. A new learning algorithm for blind signal separation[ A]. in Advances in neural information
processing systems[ C]. Cambridge, 1996. 757 —763.

[7] Jacob Benesty. An introduction to blind source separation of speech signals[ A]. Acoustic signal processing for telcommunication
[ C]. Boston; Kluwer Academic, 2000. 321 -329.

(%8:N\4)
Research on Blind Source Separation Based on Natural Gradient Algorithm

SUN Shou ~yu', ZHENG Jun -1i', WU De - wei’

(1. Department of Electronics Engineering, Tsinghua University, Beijing 100084, China;2. The Telecommunica-
tion Engineering Institute, Air Force Engineering University, Xi'an,Shaanxi 710077, China)

Abstract ; Blind source separation attempts to recover unknown independent sources from a given set of observed
mixtures. The natural gradient algorithm is introduced in this paper, and it is a very important approach for blind
source separation. We have examined the algorithm with communication signals and natural speech signals by dif-
ferent activation functions respectively. Simulation results demonstrate the algorithm can effectively separate the two
kinds of random mixing signals.
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