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Application of Overcomplete ICA to Speech Signal Extraction
GUO Shui-Wang, LI Bai-Yan
(Department of Information Engineering, Huanghuai University, Zhumadian 463000, China)

Abstract: In speech signals processing; speech'signals are collected by microphones, and then use algorithms to extract
and separate, ICA" (Independent component Analysis, ICA) algorithm is in common use.When the number of
microphone is less than speakers number, that is called underdetermined, then speech signals’ extraction needs
overcomplete ICA algorithm . A two-step approach is introduced:geometric algorithm to estimate a mixing matrix and
shortest path to estimate sources. The algorithm of speech signal extraction is very good, the simulation results verify the
results.

Key words: independent component analysis(ICA); overcomplete ICA; underdetermined; speech signal extraction;
two-step approach

BT A3 S BT (ICA) J5 15 A A e 397 5080 4k 31— Fh
5 GV UL ) 0l L1 5 v I VA N | YA
TR SR, RSB, IRETESE
SOES . LEE . BB, HhRR . P gh A At
P32 R AFHINH o A SIS 5 R0 5 (1944, ICA
23 JokRHE ICA 1] (simply ICA) SR % 1152« A5 % ICA
i (undercomplete ICA) sl it 5 Fiit 52 4 ICA i)

1 Overcomplete ICAB LA 44
Ovecomplete ICA JRIEL 2 1 ] LLERIA Ay
X=As+¢ (1)

UlanE

ﬁﬁ%\ SrES:

N << e e e Il s

i (Overcomplete ICA)E# K€ (underdetermined) =
K. il 1IN CRBSEEED, EiESE S
PR, 2T AN B T U TR NI AN, X —
T 58 £OIRES, TR I 584 ICA S 4 8R% T ICA
o3 B 0 SRR S A T R R A5, I T B TR
TERIN 5 AR BE, A e Z AN ICA iy A5 5 Hh $E U fr
TIEEE Y. HTRIERCR, AKCAERE.

© 4T H T A BHE B (102102210411)
AR I 17]:2010-10-28; Wi 144 i I 8):2010-11-15

B e A S SRR R

b, A= mxn HiFE, Hm<n, AFCHIREHFE.
e M FE(E S, s 08 N 4ERFIMALAE TR, x BRA
Jo IO % & . Lewicki & 2% BT JLPR iR vk
Overcomplete ICA [ ) J5vAM, 7 sl A4
#i2L 1) Overcomplete 5191 ¥ Jofe it AL R 4

Applied Technique MiJ#5A 169

© THEEEEBE

http://www.c-s-a.org.cn



R[N VA

http://www.c-s-a.org.cn

2011 4E 25204 2H 7 WA

THEEHE A RIFE R & (Matrix Recover); 2R i
A SKIEJE A S i s, BRSSP & (Source
Recover) . A3 28 H T R08 T 0 T RHE &5 5 $E L
H—RM .

1.1 %6M&%E (Matrix Recover)

At TR A S B R SRR,
SRYGAE 5 2 — B M PE  TheisF J 32 18 J LT 592
MAE 5 B UTRR T R, X5 5 (R e 2 3 A s il
Bk, AR TN, R T R
ARSCHER A LA ICA LM,

e BR | SMTeRM BE £ 2N A AR
o, @, oy, T 0 =-0/(i=1,2,-N) , XL
S0, LR A b 2 N o HCPE 1 2E ) R
N>R, WiEnn)>0 n(n)=ow Al Zn(n)2 < 0048

e 6 B HLAE B X — AN RER xR . HL
x(t) %0, 4 x(t) UL EIRER, HE y1) =x®)/|x(®)] -
BB o, B o, A2 T AR AT I P B 5 457 1 £ B9yt ok
ST, AT (2) AT, HEB I
G

o (t+1) = 7{a (t) + n(t) sgn[y(t) - &, (O]} )

A 7 RY\{0} — SM T RIRTERY I M -1 57Kk |
SRS . AN

&' (t+1) =-w(t+1) 3)

FEARYGER P I e & e AT 5 5, L
BRI A 2 e R RO Mk A 7 SR AT . IEAX
A G RPN o, 0, 0.0 » T 0,0, 0,
SURIIRAEE A, B AL ORIRE . I 2
PG, FEARFI SR B 808K, Rtk LA
ICA NG A 4t bt o
1.2 iR{5S%E (Source Recover) « |

P55 IR ] LR X e — AN 2 4 —
ABEHLZR X Q SR AI—AMEAERE f, 45—
SRR 51 Q — R AL T MR SAT U x = f(s) o 1
FIBETY x = As , X HLZ0E TS, I x 584 A
s B, DNILEEE A Fls, W x (AL AT AL RN
P(x|s,A) » FIH UIH-HrER ] LS H s (195 KM «

P(x|s,A)P(s)
P(x)

e

P(s|x,A) = @)

CAx A A G, vkl s M. 48 2 x 1
KAEEE, B s 19— ML R o BRI,

170 R FHA Applied Technique

PSS E MR P(s | x, A) , Wakfi# F A g
FIRA AR AU 5 1At
s =argmax,_, P(s| x, A)

_ ©)
=argmax,_,, P(x]|s, A)P(s)

KA x 584 s AT A YRIE, P(x|s, A) A KEZR,
MR EAASH
s =argmax,_,, P(s) (6)
n Rop(s) fBE B W o i oy, [N
P(s,)(t) =aexp(~|t]) » A4 T LIfHY: |
S =argmax,.,, exp(— | spf=..—1s, )
= argmax, gl | +.+ 5, | ™
\ =argmax,_, sk

KH [sl=Y s |2 1908 SGuEl] s 75 1080
ME— 1y, A AR R LR AN R i — 2,
VAR TR I — ML AR LTI AT x = As X P(s)
M KA o S AR o] &, W LA % R AR
WA RO, R AT LR MR, MeR S
ik, Exo@iin s Rhrihisesafmn, mHA
A I AT 5 M B g b R, T DO BT TR
FEAH x, 16 As, =x, LIRS N, Al DA i) 07 1F A2 5
MG 1585 s, |10 U — N KRB 19050 AR R
SR AR AR EIPAT IR R AT KB, Bofill #1 Zibulevsky
e A SRR R AR i — —ekls b, RoRs, 2
TER™ W x, Sl IR B AR XA BRARSEVE S A FEFE1 %)
a = A, I B TUELE T, Wil 2 Do x, IR B e i
o a, B a, HLAETS 21

X

l >

K2 Rtk

X1

U, PRI DA B MK 170
Wt & B AT . A SCIARBE 2 YETR S AR R
Him=2. HEERE—argmin, _, [s|, WilE E3CHT
YLK, WA= (a]...|a,) RMTEAT] A 51 &

B M 25 (Shortest-Path Algorithm) 4 4n
T a,a,..,a, e R*n>1, PPN ¥ xeR?

n o, L
FlseRr", XF¥f, Xz=zi_15iai=AS° Bjkefl,...n},

© THEEEEBE

http://www.c-s-a.org.cn



2011 4E 25204 2 7 W

http://www.c-s-a.org.cn

i E N R &N

845 a; 2 —a; N T IHIREEL x, » a Bi-a, M _ETHASE
T X, 5 WU x, =0 JUBCATT 2 [ e (10 2l 0] £ B AT 01
M HALN§ =0 = j.k) I, §=argmin, _, |s|, 1M HXA
§ JEME—1.

S DIN S o = % ST DY = R A AP e
AN TE RAHE x, 18 A %1 a; Fla, , EATEEED
X, » WA, eRTTLLE SN :

((aj1a) ™ x,) ;0=
m=2(s,); =1((a;18)7"x,), i =k (8)
0 ,otherwise
BOAE As, =x, » JTUARI R AR L, s, IR
RS /=18

2 TR SRR
SRR B SCA 41 Overcomplete ICAS I BEFT
FEE R A B KSR Matlab 7.0 34T 2 6547

¥, JFTE PC g7 s TR MR H PC B 5%
HHUREE, 193] 3 HESLME S, WK 3@,
RGN 3 AiES G SRS, NN BImARA S
i 3(b) s, X n=3/m=2fEK. K
AR S, BEIWE 3C)fniEaEs. M
BAER T LLEH, R U A i N AR A
155 1073 25 P RS B AR L (A

e I Bk

0 5000 10000 i 3000 10000 0 5000 10000

(a) 3 Eﬁln El

s s

SI00_ 10000 5000 10000
(b) 2 % {ua(:\

e WH b

5000 10000 000 10000 oo 10000
(c) XHRAE 5 Al

B3 LA I A0 B L B A (7 45 R

3 énln

LR S8 BORAS R B EE 5 ST B VR 7 B R A
SCHTR B 5y B 7. o, RIRDULA iAo
R TTR G RERE, AR5, 8 R R 0 1) S 5
S S KAMR R T B IR R, A SO i 4
TR Ba, I B IE T A Sk
PR GE I DL BG5S P IUE ]

AR ELET, JUA ICA S IE
UERU IR, AT B AREOR K, ANES
I YETE L, I ARUERE R R AT — 5 IR T
BT UALE UG ARG AR 0 AR 2087 1K 5 2 RS
R 1) I IR AR o T EL R B Pk A2 X — A AT il —
AARUE XA 1R PR o

S0k

1 Lewicki MS, Sejnowski TJ. Learning overcomplete represent-
tations. Neural Computation, 2000,12(2):337-365.

2 Theis F. E. Lang. Formalization of the two-step approach to
overcomplete BSS. Proc. of SIP, Hawaii Citeseer, 2002.
207-212.

3 Li YQ, Cichocki A, Amari Sl. Sparse Component Analysis for
Blind Source Separation with Less Sensors than Sources.
ICA2003, Nara Japan, Citeseer 2003.89-94.

4 Fabian J, Andreas J, Carlos G, et al. Linear Geomatric ICA:
Fundamentals and Algorithms.* Neural Computation, 2003,
15(12):41 9-439"

5 A LS A T R M AR A AR B I 5245 | CA SR
kAL T #%,2006,32(15):16-19

6 Chen SS, Donoho DL. Saunders MA, Atomic decomposition
by basis pursuit. SIAM review, 2001,43(1):129-159.

Applied Technique MiHEA 171

© THEEEEBE

http://www.c-s-a.org.cn



