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Abstract

Speech recognition is one of the im portant p arts of search field in speech processing.
Nevertheless, the speech environment and speech distance will mainly affect the reco gnition
result. In this paper, a high adaptation far-fie 1d noise speech recognition system is proposed.
This system is combined with the m ethods of independent component analysis and subspace
speech enh ancement, and then furth er filteri ng the noise of speech to improve the speech
quality for recognition. The experimental results show that the proposed system is suitable for
several presented noisy environments, and it can effectively improve the recognition rate. For
the SNR evaluation, this proposed sy stem can make enhanced speech SNR with 20dB higher
than original corrupted speech which ranges from 0dB to 10dB.

333


mailto:n2897134@mail.ncku.edu.tw
mailto:wangjf@csie.ncku.edu.tw
mailto:n2696149@mail.ncku.edu.tw

WSS « G THS - PR TR R RS ST R > %

Keywords: Speech Recognition, Blind Source S eparation, Independent Component Analysis,
Subspace Speech Enhancement, Microphone Array.

N ﬂ\%t ]:TFU

FE D B R R F S50 1,20 R R s 4
D R I 0 e ST RIS [ - PSR e
0 FSEEE 9 oAbl + Lt ulﬁmﬁﬁﬁwﬁmmﬁ”**

B ,jﬁ%ﬁ? AN HIJ | A N Jﬁljﬂ;[ﬂ_ﬁ& % lﬁﬂ*ﬁllﬂﬁ[ﬂ ?BE ;E_f&,;:_ﬁ[
?ﬁ;ﬁﬁtﬂ'uﬂ e N Eti(mlsmatch) T J/%r?q%&{?%\'ﬁg BUpR2 B iﬁLFr
AT T TR P ?ﬁﬂ%ﬁ« lﬁli‘“ﬁ:ﬁ/ A T IER =R T ?E’ﬁ“ Y
o B R “’t% T BEROA Hﬁﬁﬂﬁﬁ;ﬁfﬁﬁ&pﬂ BRT T e
[ %%'ﬁw’ﬁ%ywﬁwgﬁﬁﬁee’MA el
AR H ‘gm}bji% PRV PR N P upflﬁ“ﬁ'ffl IS SR 7’?@1’% P PR
'&F”npﬁ Bl Jﬁaﬂg‘??ﬁ%} FIRIfEE [ o

[FIsRrisaE s

B~ TR BT G

£ clsrfl TREHEE] B R EE*EF’?HELE&EJ%’%%HM U el =5 [t 5

Fﬁ?%lﬁl—%ﬂﬁ‘Eiﬁnuégwb OB PP
RN EN E ‘l{%lﬁiﬁzﬁi' ’fﬁ‘l}dﬂﬂuﬁ% o B RS E?ﬁ*‘%’ﬁ

B N O i s O St s 0 1
J il ISl YR g B M?{ HF L~ WM il Ed §‘4§fir’%‘1‘“ il F{u‘;{[i PR
Hugl N |ﬁ<ﬁ”?§¥%§7? I ﬁl* ARt N I/FJ f‘/qy gﬂ'ﬁ‘k Df[ E#‘TE—
HIECE > #1500 Egn |E F[ JHE ]g::,—f-E‘ {*quﬁg I;[fl EW’QJ‘W‘J\_'?;—%

T '—;L_;J P rj:élﬁ 7Jrl& If 5y ’19 fRH] Elp 5957 ¥5Blind Signal Separation,
BSS)FIHﬂ;& R PR RS ST 5] 7F’T(Independent Component Analysis, ICA) #7035 /= 1R
SYEE S IYLUSET R J;iyjjjrt f/IE[J N o F 4 2 = ,?‘I ’@5; 1= (Subspace Speech
Enhancement) > }{"’J IR H—j f‘é} ﬁﬁkp%’@?m J[@Finf[jﬁlﬂ 9 fjE e
Srda= Al ﬁ'z&f‘ [“ 5 *J[E“]E[Hi (Voice Activity Detection, VAD) ¥ {{I3[[5 [ij'[
f%iﬁﬁ“iﬂ“¢%ﬂ?%$ﬁ5 it SR T % P A

334



SCAHLH iV HTK(Hidden Markov Model T oolkit)?ﬁf 2 AAE ST o AR 4y
1?%\[ 7\|IJF_V

¢F£A<1/1Fiﬂrbm T a5y ﬁlﬁt@;ﬁﬁﬁ FY= Fhak 'ﬂtF i G AR
FRH gﬁ_‘ﬂr}ﬁfﬂi PRI A 1“\?, 9= FaHILRL /7 g Ff{?ﬁ% Ak Vo ﬁ#”f“
I “‘jf E‘IJi“E“lﬁxﬁiiﬁr lﬁ[”['? PR s 5 AR A R ;
FE"@E b%ﬁ?ﬁifﬁ%&j llp

N e =S

JJL

rm

i S S P R R P ST 0 B £
(= ) Bt Y 55 5547 (Independent Component Analysis, [CA)

% meﬁ“‘ IR EBFAUEE S Y 55 EHJE/\’FUQ i [f[ H&;}%{[J“F;%@@j FESELS A1 RIS
Wﬁ%mi#‘gﬁﬂﬁﬂg %fWW*aﬁFTﬁ%W%#‘nwawpn%wn

Tr;j)n:t[[ Sy — ﬂ&%t[ 5'5);7“["" F EE]:I ﬁl[j\ I:L[j q%ﬂ%j :
BEASxX

BRI,
Hﬂ BAEEA BT,

B FEHaRs,
B~ 5 B T

DI = 5 o Rk R s W sy o BRI S I AR T R ISR 1
—Uf“ﬁ'ﬁif/\l BFFX1fDX2’”*1E7¢J|fFI lm\ ng,\[ftiﬂgﬂ_ﬂ&—, o

Xp =85, +a;,35, a,, a,

Xy =855, Ta5S, - dy 8y M
A F“*'[lﬁir%i%@g*ﬁsl R?,?ﬁﬁi 1553 s ’%P% ’?‘m » IS PR AR I E Viﬁifm
B X1 x50 BE VRS ILJ?,% i i EPSEO PR A

(1) prfH W’F HFFXJDXz’ ¥ FI#/L" [ﬁ?ﬁiifi [%E[Bﬁ”l A A 7 yfFH
FIOAEGE B T E R PUBRREE > ) fPﬁ*EﬁiA I AR RS 5 5] Wi

PR 50 SRR AR SR A TR R SR
™ %ﬁ%*¢% ®W*%%ﬂ’w SR A S ST - R
HIHF'%’%'%‘?F ﬁaﬁ"lﬁg I{ﬁﬁﬁj s Pi&lf'ﬁﬁ'f'“%ﬁj”%% Fl1igg7(Centering)!"| = &Y
BIF e [=(Whitening) & ZE! > i P& 51 & H R SR 1 [~ (R o

335



1 £ &gy (Centering)
$2 OB R LIRS S A 1 e
AR H S AR .
X=X-— E{X} )

25 (U3 YN (PRI CSR [RRE) o BRSBTS ey
SR> 2

E{s}=E{AR} = AE{X} =0 3)
2 YR[F 1< {*(Whitening)

*JJ‘AHrJfF'r* R BV ET S W RRIERLE YR | et (= BRI e (R Iﬁljliﬁ”ﬁﬁ@&|aﬁng¥#[ Rz =

= 2R % (Uncorrelated) =" Al By (Variance) gt fifi £~ 7% IH@F:QHE% eYR[EG z 0 [l
"“*Eﬁv J A ‘%f&'?ﬁﬁﬁ] (Covariance matrlx)ﬁ Y LT %ﬁﬁﬁl PRIF=EYR] e [=po =VERfS
= PUETHIEVo IUR AR S E PR x e = (U R R S -

z=Vx,E{zz"} = 1| )

3 AEL FL\' 1P (De-mixing matrix)

A IR B iﬁﬁﬁwﬁﬁ.J_rm R AL I - %
25T M= G AT ] J[I—TF’[ % ﬁﬁ[ﬁi{ {EEZ’?EJ[ F[[f' )[J“/\F 253 ,}L, [ﬂ”_n;r[ ]:F‘J[[_{BTE 5
P )2 EE,J_’%J RN T Al A T e GBI | B”j:@* FIl ﬁ'J_’?u ek EJff‘l
M © Ry 'ﬁﬁ*ﬁ‘ i YT A F'J—@ffmlﬂﬁi m
RYIURER KL T BE N [V RUGR s [N (] ;%ﬁ SRR L AT F‘Iéi‘ﬂ:ﬁ

ik @;F%“F H‘“f o FE 1 I[%%#‘EJF,J:%J r’*r“r s [ET WY %&#FIFF[ (53 j:gi?l/iﬁi

PEVR (Negentropy)?*]ﬁ[ﬁﬁ HH (Entropy)ﬂJ ;y%“ij%&bﬁﬁﬁﬁ‘/ﬁ_q&j SR
| R

H(y)=-> P(y)logP(y) (5)

H(y) =—[ f(y)log f (y)dy ©

TLiE;ﬁ[F?J‘” T Ry E:E_,JJ%} fir 53]: JE”%’ N i PIFRER SRR R RIS

(B 12 20Ty 1 y BT YT [

Bl KUY TR 1 T i = 2 A (DR 1572 (8)-

‘](y): H(ygauss)_H(y) (7)

J(Y) = [E{G(Y)} - E{G()} ]’ 8)

i1 G ERSR A o K v BT SRR G ) R - s
PR TR B VSRR BRI e T S PTER PO SE AEE B

336



1 s
Gl(y)=a—10g(cosh(aly)) ,a, K- ﬁ'JElr 9)

y2
G,(y) = —eXP(—T) (10)

G,(y)=Yy" (11
e R Eoi TR IWF'EJ{%*—E{G(Y)} =E{G(W'x)} » W EBEEIFL & 9T > x ?f-l/}

PAIF=ZE (@) ety 2228 (12) - ﬁmawx»tﬁ*ﬁ Wﬂﬁﬂ¢ﬁﬁﬁ*%ﬁﬁu
SRR B R OO PR T R AR £ ST Wi

JW) c [E{GW "x)} — E{G(V)}]° (12)
W «— E{XGW "x)} —E{G'(W " x)}W (13)

(=) 30 Féﬂ?ﬁf’[ 17511 (Subspace Speech Enhancement)

1f]E'I;{ELH 7Y 53 71 P I&IFEJH }I‘y?f-lj[n By gﬂ[',ﬁx“[afn@*ﬁ? E Hp (el = E'[;;&;,Ngm
b ‘W‘Ji@’*‘mﬂ* IR 1 53 OB ugﬁ“%ﬂﬂf? i
SRR F"‘ﬂf’ﬁ]ﬁ[ﬂ 7k DfljFﬁ 5{5;?3'?1\ $JLI§F{m% 3@4}3—&5;ﬂ:l¢[ [ R o

L AT IRE] > TR BRIREY [y B RS Ry R — TR RN
fquﬁjmw i“F AR AEED [?HFJI % (orthogonal) ° E"F%%F"T?"?‘?F"H'Zf
o Ry PRS2 R ) 20 G f e PR = [y R
JH[ o F Fﬁ‘fl Y 5yl T 7&;{[ j—“ H oy @FIJE IP%F( h1te noise) °
[—H "“FZ,ITEL?%EU%?} );k},jj F[Jjj rﬁjj\ Freait 15\[’?&[5(& £ ;ﬁ‘ﬁ%%ﬁﬂ Jg-t?'la P o

=5 IF'EJIEi?aWF e H'HEAP e ﬁ”ﬂ?‘rﬁﬁ Fh-— ﬁ[fkﬁi*“ﬁ AR ‘*“(14)9?:1\ » Hpl
I

Ws £~ NxM &' M J N p9%HI xs £ Mx1 F”ff E‘Hl@#ﬂf by B W WOR
i L B R 2R R @p - (W& F I a‘jtiakyp;a AR o
y =Ws Xs (14)

USRS (RS LU PO A Ty P | W%?”'?WF J_FH e JS)
A /‘ztﬁdx {SRISES Ik }£ I ¥ 1388 (Time domain) ™ FUIF‘[ g oI E T L VTR 27
ﬁ@ﬁﬁﬁ*@@%%ﬂ

Z=WX; +ng =y+ng (15)
FEUBC SRR £ N 25 PRS- NN OV F o (BRI 3 PR e
i< B Z ARG y'=Fz » TV B R R = e SRR fi FRvEE
HREG 6 FHETo

o= y'—y:(F—l)y-F Fns :5y+5ns (16)

337



HUHTE y 3 B IRDR ORI ROER 4 > 5, T2 RARDR o ik 4 ok
PRl F-:nylfni—hg'r Fﬁfﬁ;‘\ﬁl = E J'[@E.‘Igfzfﬁl’l»,;{}gﬁlfaféﬁ[ SESES H"E'

5, =E{5,0,} (17)
n = E{6,.0,, ) (18)

EWUWﬂMW%AMmﬂWHﬁﬁﬁwﬁ%@fﬁwmﬁﬂﬁﬁﬁﬁfﬁﬂﬁ%
PG © B SRR | SR R R e
2| *#%@?%?%w%@ﬁ%’ PHRR 212 R @wwﬁ%ﬁ@&’dwk
#;;Eupj, 1 25 PP B () (19204 A7

min 5y
o <yo’0<y<l (19)

Hilio? EPH%?”[F“@?EI\T Y Fﬁ%‘ﬂﬂﬁkﬂﬁd@ R fg*ﬁ’ﬁ”%ﬁ@ PRIF=ZS R |
Lagrange 3% o5 BTt i ﬁa’ia”éw# Tﬁﬁ%ﬁi 1/[‘ ’ MHLagrangemultlpher
Ry AIR, 73 HU’EJD[ = %}‘pp%f’l FOORPVH AR - TN Ry 1M ﬁ]fﬁﬂﬁlw”ﬁi I@%
R,~PD,P" ; P t“’ﬁj Byl D ' Dy B BETETE IR E[|J(20):“7 53 EERS (21)F0 ;Eﬁm

;ﬁPRPﬂm%%ﬁWﬁ@mﬁﬂ%@ﬁm’@ua&nﬁar VT
AN

F = Ry(Ry —|—,uRnS )71 (20)
F=PD,(D,+uP"R, P)"'P’ @1

F=PD,(D,+uD, )P’ 22)
(=) ?ﬁf’[ iﬁg@ (ETH£ (Voice Activity Detection, VAD)

T‘iﬁfﬂ??ﬂ@ﬁﬂﬁf =Y PP RA R REV =B AR (Zero crossing rate) .51
}fﬁl B’FF”JF”ﬁﬁ@EU ~ Rl F@«W% E'i'ifﬁ L R E%Jr Iﬁﬁi{ﬁ:?[ f e
i'*ﬁl{ﬁbw% Lf»’%r ViﬂhFl J?E‘IJHrtﬁ*B'FHUIF% > {lth Jﬁrﬁﬁﬂ—ﬁ
FCEIET > PP B b 3 B0 R [ i L vsasl VT 2> A BRI 452
‘*Jj@?%'Jr Otﬁ” B [93‘%31‘&?7?% B %@ﬁfﬂg,jﬁuzrﬂJ IHF}HEIJ’PJ i
fflﬂﬁlﬁu, - B IJ_ S S0 P e R PRS0 s S e S ES B

HE l*ffj (FRRPECE! e T SR I AR 50T NEORCR Rl FIBER=Rpo =t
N B

aj|

N-1

ZCR = 13| sgnlx(m)]-sgnlx(n- ]|
25 (23)
sgn[x(n)] =1if x(n) > 0,sgn[x(n)] =-1if x(n) <0

338



1 x(n)#AA 57 n A %ﬂﬁ' JT%[ITH»E.
PR ] » 51 IRV -F187 o TV T AR ) P A B
ﬁ‘?"tvnp%ifﬁmwumz?wm@ :

Speech Signal
Xin)

“El

Short-time Energy

Hamming
™ Calculation (B

Window

| Frame by Frame

Signal Pracessing

T - T PR

FE
5 53 53R ‘—ﬁ”j"‘ﬁ’@ﬂ L7
| 3 SR R [El“ *

TR

%ﬁw EVE
73 ﬁ&f

il I
2 ?ﬁ%ﬁ%\‘i

Wit TN | i

-

I

Shorttime Average
Zero Crossing Rate
Calculation (ZCR)

[:ﬁ[_:f N u]:[?'[ 3F []EI}JIET?EHE[: jﬁ“% [ﬁ[

HTK 71 P IR A <

FAERER IR I

e

|

Independent Component
Analysis

Subspace Speech ” * ’

Input Speech

b

If ZCR is small
And Eis high

Yes

Unvoiced

Speech Signal

) P“E’ 7] E’«EL[EFijFJHﬂ' 3*5‘?35’ FfE
gf [%[ gidi

%ﬁ{ (EU ﬁi.&{a =] F' HTK 7
m@nﬁ%@%bgﬂmﬁﬁﬁfﬁ

» x(n-1)F= £ rJ— [[a{ﬁfg[:%ﬁ ﬂ[#a@}qy}ii
LI R

Voiced
Speech Signal

R S A [IEULELEIEQ = ”FIIF'DI%%THJE AR 4
a1 0 P A 1 2 ) BRI R

R
HARDS TR Ay
B E SR
R A A

Voice Actlwty

HTK Speech
Recognizer

— Output

N—
Speech Corpora

ode

- S A

339

Enhancement Detection
T RS
Yriva VT o YA
[P~ B PpEEEEH nﬁ?ﬁ P o AR A
Speech Signal Feature Feature .
Pre-process Extraction Vectors Search Algorithm
A
— > S
Acoustic Adapted
Model Training Acoustic Lexicon Grammar



IER %f’lﬁél%@_bg;%;% Bl

) WRTHF TR
&fﬁiﬁ_ﬂfﬁjﬁ'l BRI [ Fﬁﬁz‘%%ﬁﬁ@;#ﬁ 3 2R B S R

5 RN [y % U B g o )T IR PR d
7.5M

-

*

'{1 4cmf D Door

N I Table
150 | o

OM |

i- Microphone

€

5 Speaker

@ Noise

[ﬁ[—»{\ N ?4@3%11?1:{ 0 [ﬁl

PSRBT W 2 PR S R I 5 15 22 L R R
TR L2 S MR TS 201 S RS SRS 14 200 ) Tk 55
PO ?i::Eﬂ lﬂl'ﬁ; f“?lf'%#&lj_: R D R 10 FIJE 3%%5% S
3:9 I,F"iIJ A C Il,m@:’}'a—a]* ?\(IE] ; _r‘jf P%?} ﬁﬂ II}} y = I,F"TIF;‘\ E'J noise-92 EI’??E_{H,& IEI%JP%’?(E}*S[?[ [“E)ET’E,P%
@"4‘{\‘3%‘] ’ _IA:[': %ﬁ%“ 13:9 I,FHI,E[[ EIJT\ [FEJP%?}EEEU babble noise 7T“l:[ car noise "y'[ fﬁiﬂﬁé@@ﬁj .

il [%DP%:E:‘ L ':%Zf[fjng*%_’ﬁﬁ (77 > Z5 {4548 SNR(Signal-to-noise ratio) » 55 [ff| % % ?‘,f‘gjpgé@%
l[%’ tP=AT ’%J SNR fif W » 53R 0dB ~ 5dB ~ '] % 10dB » SNR **=4[1(24)
i@v A > B Pigna 71 Proise 73 HIHFE AT SSHERL » Asigna F Anoise HILELF S
FEHPLEN ] B %ZFJJ%?‘I@‘%%—R Elfjjgﬁ@%%é ':;%IF"I s Fﬁ%ﬁ'?ﬁ?}i@g{ﬁ} i

340



AETEERA -

Psignal Asi nal
SNR(dB) = 10log,, (=) = 20log,, (A—g) (24)

(Z) drEeiRraiiabi

b R PERAE I 0 R Jfﬁ 7] ?‘Ef['*E"é‘FJ&E VFBFT 15 SNR i - ') bEH’T%'U?F
735 ”f'% 4y Segment SNR il > &lE ?ﬁ%&} (Recognition rate) ’é[ [EZY (et N o =
el (A3 1 Segment SNR ‘“0[‘(25):“"' fréea o HH @A y()o3 HIES Rz i i
PRI 2

1 TZI: AR d? (1)
SegSNR(dB) =— ) [10log _ —]
T 2100080 2 (a6 Ty 2
7‘i_’\z]JELJ:Ef4E>%F<HI » R IR FE ] [ pﬁéf}?&ﬁibabble noise #I car nmseé‘”?ﬁ"[ P &

[y B st F [w%a—%aj il SNR (fI(0dB ~ 5B ~ 10dB)fipl ™ i > J i
fL{y Fﬁfi £ j@npﬁb'ﬂ% |7 EER IfﬁE 91 TOEFETE ff%ﬁl&ng*ﬁ:ﬁ vt {‘:’ SNR i
ﬁ' Segment SNR fifi o v F— FIES R VELETE bL ’JFE?EM (NS jﬁ?—'@’%— TFERLE T 15 SNR
[HFY R Segment SNR fifi - HF“@%“ H il b o %Z?E?Eﬂ H%@ 0dB -

Foo o SRR T L4 R SNR [T SegSNR i

[ A FUKISNR [t | 37 SNR i |37 i< SegSNR i
Babble noise 1 (OdB ~5dB~10dB) 5dB 17.99 dB 30.27 dB
Babble noise 2 (0dB~5dB~10dB) 5dB 21.81 dB 30.08 dB
Babble noise 3 (0dB~5dB~10dB) 5dB 22.39dB 31.21dB
Car noise 1 (0dB ~ 5dB ~ 10dB) 5dB 28.25dB 31.79 dB
Car noise 2 (0dB ~ 5dB ~ 10dB) 5dB 30.76 dB 32.50 dB
Car noise 3 (0dB ~ 5dB ~ 10dB) 5dB 31.31dB 33.17dB

PR fJPié?ﬁbQﬁ"Pié?ﬁ I R I%‘%?*ﬁ?ﬁ FHORFUEE R SR MR
E N e f&lFﬁrﬁk_ I i bd ’fﬁ"ﬁ@paﬂlnﬂfﬁn EFFT}?’*%&} HE - B R,
IR [%@DH%%%H frﬁlkﬁt R 30%REES - RN F;? [ HLF 22.96%7F
EER

FT AT ST P

e T 7 UGRGRN K i P

o 58.89 % 72.22 %
Babble noise 1 (0dB~5dB~10dB) 16.67 % 46.67 %
Babble noise 2 (0dB~5dB~10dB) 24.44 % 5333 %
Babble noise 3 (0dB~5dB~10dB) 25.56 % 66.67 %
Car noise 1 (0dB - 5dB - 10dB) 61.11 % 67.78 %
Car noise 2 (0dB - 5dB - 10dB) 48.89 % 66.67 %
Car noise 3 (0dB ~ 5dB ~ 10dB) 58.89 % 72.22 %

341



[ﬁlE’FU)‘( ;ﬁfg,%DH = #—puELJI/ﬁiﬂlaﬁ@%[ﬁ[@pecuogram) PR ke IF‘] PR
1@131/@%1[}? Eq@ﬁ“ riﬁwﬂg'lfyﬁ‘:llfglﬁ q‘%ﬂlk‘*ﬁ l’ FI FIF—Y‘EEIEHLE?EI&FUDE G F'F’ 'i‘%qq

ﬂ]ﬁiu s ’Y\E FFEF 5 'i@?‘lqr u‘?ﬁ&ﬂﬂl [ H §§I§|TUJ$?’F§%EFF bgquj\"ﬂji ||-§§[E‘ET

?iﬁﬁ%ﬁwV%F%W%ﬁﬁﬁwﬁerW-,ﬁw@%%mulﬁﬁ

At o 21 AL R e AR A Jﬂgﬁuﬂﬁ YT ETIRE o B ISP gﬁ%g
nlhsewa.!lunal ?:lgna.l ' ‘ ' _ spectrogram olobsenal |na|

n.oz2

0.01

0.01
.02
ZDI.'LI 'f[l;JEI GZIIEEI E:llIl 1I1'I,III 12ElIIII 'i?-'I:IIII 1GEIEIIJ 1000 EU]ZIEIEJ:'II zl:_[l-;ZIIE.IIFFe5|ZI;II G000 ?CI‘EID EDII]:I
i
FRinfEr g S v E FinHEARE BRI R
1Enhar‘lrced'3lg1nal ) . ) spectrogram of enhanced signal

2EIIE[I JIIID ED;:IEI EIIIJ 1EIEIIEI:| 'IEIEIDEI 14IZ.IED|6L‘I.DD 1000 2000 3000 4000 S000 €000 7000 8000
Time
e REE TR B BRI E

=~ PRSI AU R P T A

o A n,?ﬁa—:’%ﬁﬁ@%@“l% FHROIEE L] Y

&= x;,ﬁgq |71T'§'§LL[r - T F f[ IL& E‘;ﬁ?ﬁ@"g e H—iﬂén;j% “H 7i‘*]EII]§é
ﬂ\?ﬁ#?j o BRI wﬁw PR PR A PR E R i

g, REBNRStEE = S (o 3 Pl " B R }Z"ﬁﬁ' @ IR
’E&ﬁ“'“ SRS f’ﬁﬁwf’? Niliasias “Vﬁ'ﬁ g%%gﬁﬂﬁ

2YL R

EHL
—

[1] A. Hyvérinen., “Fast and Robust Fixed-Point Algorithms for Independent Component
Analysis,” IEEE Transactions on Neural Networks , Vol.10, No.3, pp.626-634, 1999.

[2] B.N. Gover, J.G. Ryan, and M.R. Stinson, “Microphone array measurement system for
analysis of directional and spatial variations of sound fields,” J. Acoust. Soc. Am., 112,

342



1980-1991 (2002).

[3] B.N. Gover, J.G. Ryan, and M.R. Stinson, “Measurements of directional properties of
reverberant sound fields in rooms using a spherical microphone array,” J. Acoust. Soc.
Am. (in press).

[4] Leukimmiatis, S., Dimitriadis, D., and Maragos, P, “An optimum microphone array
post-filter for speech applications,” ICSLP, 2006, pp. 2142-2145.

[5] Yan Li, P. Wen and D. Powers, “Methods for the blind signal separation problem,” in
Proc. IEEE Int. Conf. Neural Network, Signal Processing, Nanjing China, Dec. 2003, pp.
1386-1389.

[6] J. Herault and C. lutten, “Space or time adaptive signal processing by neural network
models,” In J. S. Denkcr (ed), editor, Neural Nehvorks For Computing: AIP Conference
Proceedings 151, American Institute for Physics, New York, 1986.

[7] G. Burel, “Blind separation of sources ~ a nonlinear neural algorithm,” Neural Nehvorkr,
Vol. 5, No, 6, pp. 937-947, 1992.

[8] A.J.Bell and T. J. Sejnowski, “An information-maximisation approach to blind
separation and blind deconvolution,” Neural Computation, Vol. 7, No. 6, 1004-1034,
1995.

[9] P . Smaragdis, Information theoretic Approaches to source separation, Master’s Thesis,
MIT, Cambridge, MA, 1997.

[10] L. Lin, D. Grier, and J. Cowan, “Faithful representation of separable distributions,”
Neural Computation, Vol. 9, pp. 1305-1320,1997.

[11]F. Tordini and F. Piazza, “A semi-blind approach to the separation of real world speech
mixtures,” in IJCNN'02, Vol. 2, 2002, pp. 1293—-1298.

[12] A. Hyvirinen, J. Karhunen, and E. Oja. Independent component analysis. Wiley, 1st
edition, 2001.

[13] Roger L.berger, George Casella , Statistical Inference. 2nd edition , DUXBURY 2002.
[14] T.M. Cover and J.A. Thomas, Elements of Information Theory, Wiley, 1991.

[15] Aapo Hyvérinen, “New approcimations of differential entropy for independent
component analysis and projection pursuit,” Advance Neural Inform. Processing Syst. 10.
MIT Press, pp.273-279, 1998.

[16]W. Hu, and Z. Liu, “Partially blind source separation of continuous chaotic signals from
linear mixture,” The Institution of Engineering and Technology 2008, Vol. 2, No4, pp.
424-430.

[17]Wang B.Y., and Zheng W.X., “Blind extraction of chaotic signal from an instantaneous
linear mixture,” Circuits Syst 11, 2006, 53, (2), pp.143-147.

[18]Paolo A., Arturo B., Luigi F., and Mattia F., “Separaion and synchronization of piecewise
linear chaotic systems,” Phys. Rev. E, 2006, 74, p. 026212-1-026212-11.

343



344





