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An investigation of frequency domain I CA for

speech signal separation

Student  Yi-Ru Lian Advisor Dr. Jwu-Shen Hu

Institute of Electrical and Control Engineering
National Chiao-Tung University

Abstract

In thisthesis, we use the frequency domain independent component analysisto
separate the speech signals convoluted by the sources and the channels. We will
discuss two well-known problems in frequency domain |CA — permutation problem
and dilation problem. It is necessary for the sources of mixed signals to satisfy the
assumptions of FastlCA to separate the mixtures well. However, most speech signals
do not satisfy the assumptions. Therefore, adesign of the source signals satisfying the
assumptionsin order to use the FastlCA separation is proposed. As aresult ,we can
obtain the correct demixing matrix to separate the speech signals. Secondly, we can
also extract the speech when the speech is not in afixed location because of the

invariant of the channel of the noise.
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matrix)z. convolution »z i (7 4 it Bk 52 af ¥ (delay) ~ % & F 52 30))m

A4 itk

[au(t) a, (t)} {sl(t)

a, (1) ay(t) sz(t)} = A(t)* S(t) (1.1
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@ EBRCT SR W i i 59 (9 1) ke BIREL o

Y1 Wi W, o Wy || X

X
Y=1""1=] SN :2m :2 ~S (2.2)
yn Wnl Wn2 an Xm

I e AT B W R T 41 BRIz B b R (oo d 20 ELR
ot A2 dh o ST ATUEL B W ks o ok RR & ol f o
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Bzt b F E A % dic(random variables) s, S, ..., S, A 2 g I E joint

probability density function # 2 45 = marginal probability density function :H3k ## -

P(S1, Sy s Sh) = PL(S1) P2(Sy)--- P (Sy) (233)

p.(s) = s 2 margina probability density function

2.0 =~ % & 78 % Nongaussian distributions

d 3 ICAFH b ~ 23 2 R p ¥ daiwid 732 (central limit theorem) » i& B T
724 3r 30 @ Nongaussian & fiF 3 AR g {8 2 frens g H P I R
SES R B A 4o 42T gausslans Tl F b AR T AR gt -
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BE AR R ot 2] > e d 3N A £ T 2 gaussian 0 F]pt ICA AR
* 1 F g Fpt R BB FE s A st £ super-Gaussian 4T m (¢ A

A E_gaussian A 1 gt ) o B o4 fF vt gaussian gk B - i o

2- 2 super-Gaussian

2.2.2 ¥R P B et
TR m B F b M EL X = ASHH A {mixing matrix ; S E_BRAE 0§

niE o= 0 ahi & kg @ Fm=ns PIS=A"X » 7§ f2; E meno Bl

= f23% % over-determined linear equations » yjh{" AR Rl d o A
A52.F 5 ¥ AKAR (dimension)’ v no £ HFICA S FE _m<n> 2700 R A
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b o Rl L KR OFAH IR kb A F o

2237 FE M

B ICA aficd]? (21) APF g G T A B R

a) & i* A b ~ 3% hvariance
EY j B %5k AT DR ELT 1Y 3T =

X = a8, (2.5)
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x =2 (W, (s (26)

F] L Bk -k b variance Bk 5 - o

b)f % Al R R
TBA RS A A E S Mo d SR Arin A8 Sy AP E R E V-

BRFRATF BB o Fgt o F A F] demixing matrix W BF o F 58 W

FenE w2 E R KRB T F a e

Y =WAS=S  (impossible) (2.8)

d 37 ﬁ?rﬁ»i})'g‘z”ﬁ FRES 5 A T Ry R g sie b kB R R @ 17 Y=S

(Y=[yYoo Yo ] . S=[s5;..8,] )

FEMEABAFELL > Y 2 S, AT LR - B f AR

Y =WAS = PDS (2.9)

H ¥ P E_ R e (permutation matrix) s At R 4B 4R chE — 7 (column)

Z(row) © F — & element £_1> # 4% 5 0- D & - i diagonal matrix > # ¢ ¥

=i

$PEM 4B BT L 0 A AR g A kR e R AR
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2.3.1 Centering

E R AR I R £ ML fh > R 15 L R (zero-mean) o B AF B E e
WiEAY TR RS ED BRI PT RS s 2 0

RETIZLE -

-

m

X centeredy T X7 E{ X}

(2.10)
BEAR R P g s ¢ S H R 2 H ARSI centering
S=A'"X = E[S=ATE{X}=A".0=0 (2.11)
2.3.2 Whitening
e

wbU E

SFELEE K 7 0 vt independent 33 - B9 58 E_uncorrelatednesse Ft

L ICA 22w > B A 5 @ B2 5% 5 uncorrelated » ¥ i¢ 1B UEL 4o it

independent > & 4 ** independent £2 uncorrelated z_ & e— B B % ¥_whiteness > H

% 7 % uncorrelated z_ “t > variance (e E 3t - o

FeoERo F Z(s 7w £)4_white» 2 covariance matrix i 5 H 4B o

E{zz"} = (2.12)



whitening f’rfi.%{—i $5 - 1 whitening matrix V @ #-5jc 3) e3 55 s M i 4
Z=VX (2.13)

i - B 2 e 2B A covariance matrix i eigenval ue decomposition
(EVD)

E{XX"} = EDE' (2.14)
#¢ EHLd egenvector “iif S e 2y ET=ET > D Ed H g
eigenvalue 7% = %t & AAEE o whitening matrix 3

V = EDV2ET (2.15)
¥ 39 1k & covariancematrix £ F 5 ¥ e AR BV kB ZEF ¢ G
white

E{zz"}

= E{VXX:'VH

— E{ ED V2ETXXT ED-1/2ET}
— ED *2ET E{XXT}ED—lleT
— ED—l/ZET EDET ED—l/ZET

— ED-1/2E~1EDE—1ED—1/2ET
— ED—l/ZDD—lleT

=EE’

=

(2.16)

538 whitening 7 2t g d (213)7 £ it - % 4 7 3

Z =VX =VAS= AS (2.17)

whitening s#» (T » 7 ¥ 4 4 - mixing matrixA ia— R o Bk E ik s

smixing matrix s A o % #-whitening & 731 5.2 covariance matrix 2 (2.17) & #

Gl
~ T -~ T
E{ZZ"} = E{ASS" A } = AE{SS"} A (2.18)
K278 217 FarhsimhT g £ ¥ variance 5 — 0 * BRI
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Rt = Tt
E{SS"} =1 (2.19)
oy
T
E{ZZ"} = AA =] (2.20)
T il%% 7+ X1 whitening matrix ##% 4% i {8 2. mixing matrix £ - B & 4B o i

5 ﬁf‘u%&»r’réfﬂfﬁ A F 35 demixingmatrix ¥ » T EFH I 4pLE e ETF 0 iE

S B B 2 el it Ap g < il

24|ICA 2% 5 i+

BICA i ¢ » ¥ €L k- B P %30 8c(Objective function) » 2% £

o

Hrp RS LA BN E o Rl R > A PRI AR - BA
PR $HE R ks B g B A BElh s A% (Independent Component) £
Boo Flpt > AP T UK ICARE 2 A 4B K IRA
ICA method = Objective Function + Optimization Algorithm (2.21)

MRS RE ARG FEEIRER Y AT ICAFE 2 H ¢ P RSk
gnE# A% 0 ICA JF 8 2 2. F % ik(robustness) > @ B i M JF E 2 anE#E & ICA
B E R R M

fie & 23 #7R D] ehw iR 0 ¥ K- ICA BRI Hidy 4o R 2-3 - 5 correlation R
LB R R 1S 0 B S ouncorrelated 0 £ 5B P Sz B i (o T

TEI B A E[1] .
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24.1 p %308k

4o 221 SRR Tl o 0 L EIURIE AP T L F - B S B
gaussian = W(Maximization of Non-gaussianity) & 4 d1 = & o #7127 » 2240 8

EHI - B AFYyRNPET AT G

y=w'z (2.22)

HYe Wifme g od AP EEFIH - B 2% & nongaussian (7 W » 130 4E %
% #cH_F gaussian )’j-*u:%,' B-BESER )'j-.%{—i B £ (222)7 y s gaussian
2R o @™ — ¥ gaussian A7 & £ A g B ’i} L {_kurtosis & neg-entropy °
kurtosis

- SRy 2 kurtosis w5 Kurt(y) 0 H #® & Ao

kurt(y)= E{y '} =8(E{y’})’ (2.23)

FEBUPNAPT UERY S GHEAERBEFTHE variance 30— o E BN L
#7  *5 E(y*} -3 # gaussian s gy 2 By} ¥90 (E(yY)?
r2Kurtosis 3 % o KurtoSiSenie ¥ it 5 & & 5 f 0 % — "L % #c2 Kurtosis 5 &+ o
P42 L osupergussian s # kurtosis i f 0 fi- i subgaussian[12] - # ¢ - £ e
b+ %323 & & (uniform distribution) # 4 1% 4o B8] 77 (Bl ¢ A 4 E_gaussian 4~ i

11 O R)
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2- 4 subgaussian

FI S % KUMoSIS 2 B E A T S F i p RS S S BEAR ] R A AR

17 gaussian b 4p F ¥ B 3.&15{1 ¥ i”’\ nongaussian -

Neg-entropy

BE SR AT 0y ;ﬁd kurtoss Tk B g 1 % #cehgaussian A2 B 0 (e §_

kurtosis &_z =t = & B » ,iw&rt“ % SRty 2 T o P R M E Ry b R T
R feeniE 2 B A7 F Kurtosis k £ | gaussian 42 & T 7 42 i (robust)[13] -

¥ P £ gaussian 7 ;= H_neg-entropy- iz &_d F 3 IZ 4 (information theory)
R k2 2% - i@ probability density function = p, () s*E 4 = £ y 2 entropy

H 4o

H(y) =~ p, (m)1ogp, (7)dn (2.24)

@ 9T AP e variance SNE S % ficd ¢ 0 gaussian % #icz entropy B % 0 i i‘u%
PR F entropy ¥ 4 * kR - SE1% % B E_F gaussian o

A7 E 3 - B2 gaussian 2. B 0 AP F R - B gaussian shE S % Bk

14



Bl 5% 0 F W T S Rk SdleiE Y 2R 0 3 E % & 7 neg-entropy

Jo #2555 € y 2 negrentropy L

‘J(y) =H (ygauss) -H (y) (225)

B Yoo 22 Y F 40 coOvariance matrix 2. gaussian "t £ o d 25T 4

T

!
1

% Y » Qaussian > Bl 3n@ciE 5 F > X gaussian ¥ #cz entropy B & 0 T E AT
ST RS BE P A F o ST E_F 35 neg-entropy 2o B+ BT A F S B
nongaussian Z_ &g 1% 5 #c o

B2 7% neg-entropy ¥ * 2 £ jp| gaussian A2 B 0 2 At B b prt o ggse o T

-?x

B
AR

¥ b oo Z R $T neg-entropy Ui it 12[14]

J(y) < [H{G(W} = E{G(V)}]* (2.26)

H ¥ G % non-quadratic function- @ v & gaussian randomvariable- § %+ > & G

O AR T 5 PV 1 P4k robust 2 B3t 0 G Snliey M T = fEiE

G,(y) = élogcosh a,y (2.27)
G,(y) =—exp(-y*/2) (2.28)
Gy(y) = y* (2.29)
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2.4.2 #4157 #cz FastiICA

FastICA &_4 Aapo Hyvérinen #r3% &1 2 /% & ;2 [15] }* i & ;2 41 * neg-entropy

# 5 non-gaussian 2. B iRl 0 @ LB RIZ y=W'Z > 226 0¥ £

J(w) oc [E{G(W' 2)} - E{G(V)}]? (2.30)

o neg-entropy 2 &+ £ 7 Hd &3 E{G(W'2)} 2 & & 18 F| - 23} Lagrange

m
conditions » % E{(W'2)%} = ||w1|2 =1z constrainz * » E{GW' 2} # # #&E2 W
B &

E{zg(w'2)}=+Bw=.0 (2.31)

He gi G2jies ot 2ap vy dini(231)2 2 - #23) = % 5 F> #

gradient 3
?EF — E{ ZZT g' (WT Z)} + ﬂl (232)

@ ¥t whitening {8 2 350 > ¥ R T I
E{z'g W 2}~ E{Z'}E{g (W' 2} =E{g (W' D} Fl {452 52 » 7 4 e

T Z_ iteration

w e w-[E{zg(w' 2)} + A /[E{g (W' 2)} + 3]
W w/|w (2.33)

BiHRSAf ElgW )+ 7
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W< E{zg(W' 2)} - E{g (W' 2)}w
w < Wi/ (2.34)

Hojzarik 2 5 w & update 2w ¢ = @ o § 7 424 — ¥ independent component p¥ >
% 232 % ¥ 7|6 0 54 whitening {8 > &&F 43 demixing matrix pF > F & &35 3
WL e BT A S pB W ET pl B w2 e R
p-1
W, < W, — (W;W,- W, (2.35)
j=1
FE LY ik > FastICA 8 2 2 inAz4e™ ¢
1. Centering — X, = Xx— E{x}
2. Whitening —z
3. FZz_counterp=l-m ;3w i 2 Bk
4. "FPEH - AL w,

5 W, < E{ z9(w," 2)} - E{g (W,  2)}w,

W, < W, /HWpH

B2 AT BT %

p-1
H
W, =W, _ZWJWJ Wy
=1
w
w, = P
[w,

8. FKZE_p=ptl- E p<m: ¥ 3% 4
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" FastlCA A 3ta BiEE » BRME L

a x 10
= —
o —
] |
-a
** (sec)
A
= —
D —
o i
-5 o0s 1 1.5 2 2.5 E] 3. (Sec)
2-5
5 mixing matrix A| 0% 0447] ;
£ 4 mixi ix A= 2R fe s R Ae B S
M 09557 0.5525 R
N 10%
N .
D —
-1 ]
) |
25 o5 1 1.5 = 2.5 E] EN (SGC)
PE: 10%
2r .
D —
e |
“a o5 1 15 = =5 = EX
| | | " (se0)
1% FastiCA =/ 32 %% 5
=
4 —
= —
o —
o 1
h =0 (sec)
10
_1DI:| a5 1 1 7‘5 = S5 =.
(sec)

d BlY T A Henk #0 FastiCA foacid BP0 A=A 320 B steps T e
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Y= % b o474
(Frequency domain |CA)

BE AR PR FastiCA $20iR £33 4 F 7 & ens diock > e 8 i AJe
instantaneous mixture > » ,T&{
1. mixing matrix 2@ #c#

243 1 BB E b chtimedelay & % B2 £ 2 G i AgL

d 3Bk 2 time-delay & 7 B2 F &> Tt instantaneous mixture & ;2 % & ihdy
WRRE F Rk 2 B o T IR ) F B 2 R L DR A AEA

FEIA TR F T NBER % B S LR TR R 2

X (t) = ZZa”(r)S (t-7)

=1

n

= a;(t)*s;(t) (3.1)

j=1

# @ x4 convolution» @ a; = % j B &A% i B % 5.k 2 impulseresponse -

i E M BT R e AN T
x(t) = A(t) = s(t) (3.2)

He x()id F ok e dz v B o) FRAE T E X2 2§ o

@ A(t) 5 filter matrix
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Alt) = : (33
Ay (t) 8y (t)

L E(32)E (DT 5 A HE ¢ L u A A& Sip ke convolution ihRE R 0 E B K-

(3.2) # Fourier Transform

x(w) = A(w)s(w) (3.9

He ox(w) ~ A(w) ~ s(w)4 =] 5 x(t) ~ A(t) ~ s(t)2 Fourier Transform -

d >4 * Fourier Transform ¥ #- convolution eF* 48 4 w 4p 3k cf* 48 > 3t 4
ICA i ¥ AR T o A7 7 L RIPHICAZ 7 B 2 FHiGlmmfiin &%
E-4aE B0 |CA #rae W 2o +<RF 3 -dlilation problem 4= permutation problem %32
TR B RGE D% - BRU2 2000 & d Satoshi KURITA[16] & A #14 d1 > @ % =
¥ uE 2_% 1998 & d Noboru Murate]17] #74edh2. = = » T ® #4385 B i 4

it -

LM = A 7iE 2 FHE

0B OE B2 B AR R ST - B 4s ¢ 441 Short-Time Fourier
Transform(z ™ f§ £ STFT)#-pr 3 2 s 5L DHE 3 - 457 REHH B F R
ICA > d »rigdE DIE IS 2 FAL G4 B> Flpt @ * 2 FastICA 7 & ¥4F #iced® - o
30 B $F BAE A ICA & af # 1) Scaling &2 permutation 2. B 3E » 7 17 Bd-

255 i Inverse Fourier Transform i w pF i 2_ a0 & Jf L g2 ie 5 B Y 3E o
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3.1.1STFT

A MRl UL X (1) B ¥ - B frames s & frame 2 B 213 ik
EEd W31k s = B framedE fhf ko2 AL X()7 » 2 5 R B frames
% i frame w27 T i samples» P % r & frame shig 5

X(t,) =[0,...,0,x(t, +1),x(t, +2),.....,x(t, + K),0,...,00 # ¢ tr =rT,r =0,.....,R-1

Lrame £

¥ N &

¥& B frame # DFT z \Ip ’:}&v]z %%ﬁ_é&;‘m&%iﬁ? r i frame z_ B 4 %

Xl(W’tr) ail(W) ain (W) Sl(W'tr)

xn(v.v,tr) anl.(w) am.(w) Sn(V;/,tr) (3.5)

WP Vg R B S w A 5 mixing matrix % instantaneous mixture - @ -3

;U5 FastiCA ¥ @ eh?) 38 o TPt A s 73 7 2. FastiCA 24 5 B A 5 #1 e

BHE B ER ICA 4 W (7 A R Aol 3-2 1T o 82 R 2 )50 e
B D AR TR T L R PR g 0 G Al BT f AL
TR R 2 R ga 25 B framedd 2475 10 & R ICA 2 4 T

T & B frame At AR F 2 A o
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e

z
Yyvy

< <
[
—_
N

32 ICA

3.1.2 &-¥t4F iz FastiCA
#4147 iz FastiCA 22 9 #iczeiFastiCA Gidp I c7 58 [18] » + £ 2 % - B B

TR SENIER SR E £ 2

3o (W) (G )} (36)

B9 Wi Nz s £ o F RGBT T P He2 B o h B S A W B

§ iz AE robust o Byt 0 G = BRI G i

G(Y)=4a+y

G,(y) =log(a, +y) (3.7)
1.
G;(y) =§y

HagRl 4R 33> H9Y 7 501G &2 G, %1 #1G %M - Fut i robust -
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B | I ' T T T T
12F
10+

g

G(y)
4+
=1

2 oi.i.iioioioiiit_l
D‘ e T T T T —_ _Gz ]

|~
-2 I , ' L 1 1 1 1 1

0 04 1 1.4 2 248 3 35 i 15 .

y
Cior e

- GENPE I i B

FIP S BT REES NG > S B R

optima E{G(‘WH X‘Z »
StE(w'{} <[’ =1 9
B w=W +iw 0 X=X +ix o AIEEPEALY Bk FD 2 b Sk F vy

A% 5 uncorrelated ® 4 4p I 2. variance ~ )T%ca{E{ssT} =0 o
124% Kuhn-Tucker conditions E{G(‘wH X‘Z)} bW =12 rupiE R AT 2 bt
& R i B
VE(G(w" )} - AVE(w'§} = 0 (3.9

He BAFHoV L gradiente s ¢ 2 gradient § 4 ¥ w2 P I BN E
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- 78 5

VE{G(w" ¥ )} = E{(V]w"' ) g(w" X )} (3.10)
1 Wil = g G w=w i
')
=(w," = jw )XW+ jw )X (3.11)

=WrTXWrTX* n erTXWiTX* _ jWiTXWrTX* +V\/iTXWiTX*
t‘l-i—J‘j
V‘WH x‘z
=V, ‘WHX‘Z +VWI‘WH ><‘2
= Vw, (W,-TX\NrTX* + erTXWiTX* _ jWiTXWrTX* +WiTXWiTX*)
+vw, (WrTXWrTX* n erTXWiTx* _ jVViTXWrTX* +WiTXWiTX*)
=xW, X +W, X< + jENTX —wWxx) (3.12)
n j[j(WrTXX* _ XWrTX*) 3 XWiTX* +WiTXX*]
=2xw, X+ 2jxw X’
= 2x(w," + jw ")’
=2xW' X = 2x(w" x)"

M (3.9)¢ % =38

E{w'x}
= E{ (W) W'x)"}
— W xod v (3.13)
=w'E{xx"tw (for whitaedx, E{xx"} =1)
=w'w
Fpt H gradient %

VE(w'} =V (w"w) = 2w (314

4 (3.10) -~ (3.12)~ (3.14) > ¥ #(3.9)" {j 5
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E{2x(w"x)" g(w"' )} -~ 2w =0 (3.15)

BTk 1% 2 008 £(3.9)2 roots s F]pt g A VE{G(\WH x‘z)}éi?
,BVE{‘WH x‘z} 2_ Jacobian matrix
VZE(G(W"{ )}

= B )alw ) + (KW ) g (WD (316

~ 2E{g(‘wH x‘z) +‘WH x‘z g'(‘wH x‘z)}l

He 2w Exx}=0(Fd E{ss'}=04%E M) A ﬁVE{‘WHX‘Z}L
Jacobian matrix %

ﬂsz{|WH X|2} oy (3.17)

7] 1 (3.9) 2. Jacobian matrix %

ZE{Q(‘WHX‘2)+‘WHX‘ZQ'(‘WH X‘Z)_Ig}| (3.18)

> %_Newton iteration =
E{x(w"x)" g(‘wH ><‘2)} - pw
Eaw' )+ W' g (W' ) -

N (3.19)
Wnew :W_+
w|
s s st R ELg(w{ )+ wx g (W) p e
w = EQx(w"x) g(w' )}~ E{g(w" X)) + WX g (W' pw
+ (3.20)
Wnew :W_+
w|
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W2 AR

2 AF e FastiCA 2 i Az 22 57 dic FastiCA 2 i A24R 17 0 4™
1. Centering — x, = X— E{x}
2. Whitening —z
3. HZFcounterp=l->m i~ 2 Bk

4, "TEEHE- Aoz w

5 w, = E{x(Wsz)*g(‘Wsz‘z)}—E{g(‘pr2‘2)+‘WDHz‘zg'(‘prz‘z)}wp :

Wo

|

W, =

KA AT B %

H
Wy, =W, _ZWJWJ Wy
=1
w
w, = P
[w,

8. K ZE_p=ptl- E p<m: v 3% 4

i
Rl ELY & BEURSE =r(cosg, +isng) c R A AR
g 0 @ @ B 3 2 uniform distribution > r2 gt =3 XA 3 2 BB T & T

FastiCA z_ 34 @ jh = % #c2 7 #8538 % uncorrelated ¥ 3 4p = 2 variance - &
7]"}'3—%&‘:’ » 12 "ff—”é_il B %ﬁiz}%’"ﬁl‘r‘]34 ﬂ“ ?37’%;7 II?;FF%%{/}%!Sl S;
+HHFEL BB S FRTR AL N2 AR E- BB A S A

mixing matrix ¥ {#8 £ z_ 2% > 4r@ 3-5° B 3-6 5 FastICA P & S #c2 Jcag »
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B¢ ¥ g diicar®F -5z B stepe B 37 5 5 FastiCA # @i 2 5% » ~ 3

733:-‘3: ]/;h o
x 10°
20 2
Lol
ks |I | II I
GO0 EEIEIEID 5 10 15
0 L -
GO0 1 EIEIEIEID 50 100 1580
&000
]
B00 ‘,1|j{ 5 10 15 20
2
I:I N
GO0 flEIEIEID 0.5
2000 - .
]
GO0 ] 0.5 1
3-4 FastICA
4 4000
0 . 0
4|:| 200 400 00 1'1|:||:||:||'-'| 2 4 =
] . . ]
5|:| 200 400 E00 leEIEID 2 4 &
] . ]
40 200 400 B0 4000 2 4 B
] ]
4L—.| 200 400 E00 4|:||:||:|I'-'I 2 4 =
] ]
o 200 400 EO0 ] 2 4 G
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Corvergence of 5
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(step) (step)
-0.05 -0.193
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-0z G
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1 2 3 4 g 1 3
(step) (step)
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4|:| 200 400 00
® b iy
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a
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3.1.3 dilation problem £ permutation problem

d A44SR B S BB R EL A 3 0 Tt A 223 1CA 2 F Fr T AT T
NV RFFETUD: R A EER A2 T AL

FAPRBREE - BHEFRICARF > Ax B I T2 gk i h &
AR - AR g AR A B frame 2 AT e v L AR
%2> 7 % dilation probleme 32 d 3t A2 3 % 0 B ghR foo s i3 2 7 permutation

problem > 4[] 3-8 - F]pt » A2 w timedomain 2 ELE 0 & Be S &

FFE {E;UPR °

i E Gy

St Iy D
\@_3

S1x1.1

©

3- 8 dilation and permutation problem

3.2 4+t dilation ¥* permutation problem z_ & & ;2
Bt /1 % Satoshi KURITA % 4 4] * array signal processing =i 4 14 %
Noboru Murata 4] * demixing matrix 2. inverse ¥ 3% 3 2. envelope cf8 /% #74& )

R A2 i

Satoshi KURITA 7 %

Satoshi KURITA =17 ;2 % € 3t % | source ¥+t microphone array 2. p# [ 2t &

(arrivinglags) » 4B 39 > 2P % ki & s h 2432 O2ZEHId > a % m
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BE Rz~ 4 560, 0 F ME1-M ; k=1~K > RlEjc Rl ann sl i

X =AS
x(f) | |au(f) - ay(f)] s(f)
S : : : (3.2)
X ()] Laa(f) - aw(f)su(f)

H? S%osource ¥ BLO 2 3MEL 5 @ mixing matrix & F ¥ g P AL vk L

d, sing, (3.22)
C

() =exp(j2rdz,,) , 7=

m

e cs B

Sour ce 2 A
Source m

. @
0, 0
91
—0— 00—
Mi crophone Mi crophone
(dxd (dd

3- 9microphonearray  source

¥ e k=m=2 > & Bpis 2 AEL

Yo(F) | (F) wa (F) | (F)
|:y2(f)}_{W21(f) sz(f)}{xz(f)} (3.23)
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7]
Yo =W (F)3(F) +w,(F)%(f) (3.24)

#5847 output signal % array signals: x 22 x, B W] 3k F — i weighting & 4p ¢ o

12 array signal processing gLk 5 0 i B E IF R & F 4 directivity pattern

F(F.0) =3 i (1) expl j2rfd, sind/c] (3.25)

2 iz 2+ DOA ( direction-of-arrival )[19] -

#3237y v

Vi(£)] [wy(F) w,(f) T explj2Adising,/ ¢l exp[j2-fd, sing, /c] | s,(f)
Yo(F)] [war(f) Wy (F) ] expli2afd, sing, fe] ~exp|j2xfd, sing, /]

[R(f.0) F(f.0,)] s(f)
CLF(f.6) Fy(f,6,)]s,(F)

FagasopF(f,0) F(f.0,)2¢ - B52%:FEF,(f,0) F(f6,)4
Do BEEEYHENS,  RE 0=0FFE%NE > A 0=0,FF,%%% -
WAV IR & 4R H 02 pattern v F 40 s F 5 permutation 3 2 o 4rf§] 3-100
LR s f=1f2 drectivepatern; T X @z f=1, - &@B* ¥ 5 F(f,0) &

F,(f,,0) &l — & A (Source2) 3 % » @ F,(f,,0) & F(f,,0) % & Sourcel 2. & & %

Wi

» ¥ j permutation s 4 o @ dilation R 4L frd Source 2. & B2 W Av o A

ELN
T
g
N

B2 FET? Faics 2 B @ @ fds.
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Gain Gaikn
F(f,,0)
e F,(f,,0)
S g % ; a
our ceSdurce 2 Source 1 Source 2
Gain Gain
F.(f,.0) F,.(f,,0)

SourceSolur@e 2 SourceSolurce‘gZ

3- 10 directivity pattern

Noboru Murata =

Noboru Murata % ! 7 4] * demixing matrix 2 inverse % jj’ *2% dilation
problem » pt = == F % split spectrumf20fr=-¢ >3 ICA 270 ¢ Lk F -
whitening matrix V- #] 4 & 48 s demixing-matrix = WV(W 5 ICA 4-%+ = whitening
2 M ELHTHS 4 2 demixing matrix) > d (2.9)F ¥ WVA=PD: *12 W)™ = AD'P

T RERE R Y 5 20 ¥ F permutation A o o

yl dZSZ
s o
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71_y1 Coamapl Y1 ARt d,s,
W) _O}_AD P{O:|—AD P|: }

0
1
] O ]fa &]d o]
1dps, | [an 3y 0 1 d,s, | (3.28)
d,
e a [ 0] _faps, | _[w(wirD)] [ S,
Ay An S| [A»S v, (w,tr.2) - L S,
eI
S 0 faus | [wwtr2)] S| (3.29)
) {yj{amsl}{vz(w,trz)}{ SJ
v, (w, tr.1) v, (w, tr,2)
V(w,tr)l) = v, wr 1) V(w,tr,2) = v wir.2)

ML permutation # 4 chfiAie FO* ke 2 da ¥ a B D] BN F SR A BT
ik > @ o dilation problem .

&~ 4% permutation problems = 4 ST G 2 L F AL R kg o
d >3 B4 + ] grmodulation™ gz % non-stationary - Bk - B Bk 7 ke Ap 5
s o] b5 odp e modulation s B F AR - R Sk 2 wjﬁaﬁt%éizwifaﬁ N
- %R o

BATF L w2 5 BERRAEL L

s (Wt,)=a (wt, et (3.30)

d 3t non-stationary x4 a (w,t, )RR A %o - if;;}g % >t s (wtr) 2 envelop

% s(wtr) & s (wtr) 5 independent - B % I source 7le — #F 5 & 7 Ip4F 5 2

“~

envelop z_ correlation * % » @ = — source A # [ #g & 2. correlation 7 5 % (d 3%

)

+ /|- % 3| 4p iz e modulation) -
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corr(a (w,ts),a; (w,ts)) =0 , i ]
corr(a (w,ts),a; (W,ts)) =0 , i#], w=WwW (3:31)
corr(a (w,ts),a (wW,ts)) =0

Flet 41 * envelop 2. correlation coefficient k& BAE F R E 2§ £ 32o

corr (a, (w,ts),a, (w, ts))

(3 (wts),a, (W, ts)) = , : (332
\/corr(a1. (w,ts), & (w,ts))corr (a; (W ,ts),a; (W, ts))
& i envelop € 4 P & - *t 8 41 * moving average &
A ) 1 tr=tr+M 2 )
Ev(w,tr;i) = P +1n';r_m ;‘vj (W,tl‘;l)‘ (3.33)

AT RS A AT SRS

1 $HEBAEEF oI k2 ey K,% dilation problem z_ 3t 55 &2 correlation

Sm(W) = F(EVW, s, 1), EV(Ws,; ])) (3.34)
£ & P& correlation z_ ~ /|- # B correlation -] % 77 envelop 2 ik P &g
sm(w;) <sim(w,) <.....<sim(w,) (3.35)
2. #H3tw oo BERE s 2 B Y(w,tri) B3V (w,tri)
3. ¥t w, o #-R AR S 2 envelop 2w, ~w, £ 22 envelop 2z i

correlation » ¥ 3% 41 ¥ # correlation & < z_ 2 3% > 4 > T
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FEMWArD), 0w D)) + 1 (EUmtr 2), 3V w, tr:2) (330

EMWArD), 30w D)+ Ewtrd, 3 (v w, r2)) (33D

7(3.36) £2(3.37)¢ E#H H ¢ #+ 2 correlation > * 12X ¥TE_F 4
permutation - % (3.36)Z E# <~ > £ 7L F % 2 permutation ; % (3.37)2 E &
< %553 % 2 permutation e

4. twwmzHFme @ F 5 F2 permutation ¥ assign Az V(W tri) %
Y(w,,tr;i)

5. wI %= E 5 k=N

3.3 T

Byt gh ¥ P orrde 2 2 FastiCA £ 2 A-dilation fr permutation 2. & f& = 14
FERHE S N RF A 2 e

A HERE Y 0 R 0 samplingrate 3 16k Hz 2. & 355 0 #5 KB
Jher 186 82 HRTF(Head-Related Transfer Function) & convolution 2 & 4 & {3t
5 o HRTF[21] 5 MIT mediaLab #7& | ! & ip ¥t 3 B 2_ transfer function »
He Bher A 2 jEgr s 14dmeters; & Bz jEg L 152cm £l e R 57 B &
Bl— =0 B R0 B (MK T 5 40 R)F 0 B (AEEE) * BE A ¥ Ep 360

B(ian> o BR) AR % 3R ER 2 2at30 R 4R 3-11
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S2 S1

30 30°

311

BRI gL L

3-12 sl

3-13 s2

LR

3-14 x1

3-15 x2
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B fom = 60msB~— B frame> #2048 2L DFT » £ 5 BAE F # ICA - %
H4r@ 3-1603-16(@) 5 % 30 BAEF @ 3-16(b) 5 & 46 BHE F e A o B
ol AT A sl S2(BRE) » XL e X2(R foiBE) ~ y1 s y2(4 HiS L) o
3-16 (@)% A4t 2 b5 > d BY 7 A NS BRASApRIT > A 3-
16 (b) & A H & prehb]F o d 3 FastiCA $43 8Lk A 2.7 3 m 3t 4

uncorrelated ® variance #p e > F)pt AR A A (A U2 A Fm i A A g o

0 510 . . . g0 . .
o e
10 besy [l i by i L fu| .‘U [ -‘II | I -
T A= 10y 150 L1 A 0 7| 1 ] | 100 150 A XA 0 il
1" i : 1
0 .\_I 4 J|. \ .'I_\__.-.l_ P ..I a II # I3 F#Fn_
i AL 1 150 - bl = ¥ a0 3 1 1 1 A A i W 00
i -I'.~ [ 'I - II| . III | ! I | [k A i : T
E & i 160 20 ) £ 1 1] g & T 1800 e | 1] i
i

L1 II' i | Ill ' | | i~ II| ' |
,g i) Ten 150 R ) TH Ea o ,g &) T 1651 AN 2541 T E o
£t i 4 gl il
a i s II i, g -'l.'llli_.l a 'I r . lll
—SL 0 1 on  wn wn G up e o o an
5t I 4 lfl_,.
i} .rn.—.n_r"ll_(\.-'llru'h . PSP T (1. U W Ln_l_' |:| l'I"""-h"ht ‘t-"‘\.-.lu 1._." 1 'n--‘-u"ll‘lll'.‘l ".L'..r ﬂf'—““"‘"-l""'l'“"u_

i a0 100 180 A0 2 300 1| an A0 20 L1} 1] a
£ i} b
(frame number) ) (frame number)
3- 16 (a) 3-16 ()

3-16 FastICA
B 3-17 % 1 * directivity pattern % fz 3+ DOA 2 %% % »3-17(a)¥2 3-17(b)» %] 5 %
635 8 A H 2 %% > AFY + A TAYLSlfr2 ylfry2s Fir
F,» B® BlAc2 384 5 3t 112 DOA *RlP P gdifcir i 2 n i p2
w(E A ZTR)FAE VL B RAFALAARDRFZAIE R RI

source ¥+ microphone array 2. FFF £ 42 > @ A % Jg B B convolution 2_ T °
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4 T 4
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] Fin Cen T P .lhniiu ..rIL E LTI o ;
i ] 100 L5 k.1 i " Bl Kl el Al P il 10 LE AL M T . ] Al
2 2k ||| ]
] — A MA i P Il"bﬂ.L..-'I-\_-\. o ° - N N N N
WM MO M0 0 D0 Bl i isn an  oen  wn wen
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o & ® = @ 0 dJuw @ ®m m Jo w w0 @ @ A @4 @ @ m
. (frame number) - (frame number)
3-17(3) 3- 17(b)
3- 17 directive pattern
K,éf *t > directivity pattern A 445 DOA 2_2x % ¥ % P B (4r) 3-18(a)) » @ &%
#F € 7 aliasing 3R % (4= & 3-18( B3 N i N1
] % lma' I I p W 'Iﬂbil .
2 i 1
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3-18 directivity pattern
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Noboru Murata s ;2 » A& + T #

*ml\

FEF & #-dilation problem -;ﬂ",f ’
@ permutation problem 3% 4 4@ 3-19 > # ¢ 3-19(a) ~ 3-19(b) ~ 3-19(c) 4 %]
W=W, ~ W, ~ W, " 5 envelop Fick P g2 = BAEF(BP d A T &% 5 slie
s2~yl4ry2-~yl 2 envelop fry2 2. envelop)¥® sl - S2 2 spectrogram 4p ¥+ /& (&
3-20)7 5 414+ envelop #E ¥ $HETIFH § £ 2 modulation > #X @ 43+ envelop

A PORE A 5 (40 3-19(d)) B A B A S e

q:.ll:l! . , . . . ll."':ll S . R
al ‘JL | - |
. Mo o — Wl [ . f - i
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5
0 MLy ! Il. 3 I P | 1, Y s i 5 i ! | F O |
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L. AR ) ! A k
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-] 1 5
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v 3 1 ICA %2+ demixing matrix

WA R R RG AT EE T T 0 Y AR T - BA¥ training signal $5
21 demixing matrix 8% > d AP F 0 pod g3t training signal 0 3 7 4%
hE BAE S ICA enm dar 4 > AP A A R BaE 5 B FastiCA 2 342
training signal i ICA &c  4c I F& ¥ 35 21 & B 4E & o demixing matrix B 14 4¢ 33 4

gk o

41L10F ¥ i i
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s, (t)
H—STF# "
w1
Sz(t) %ST. -1['
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PR B E AR 41 B Y training signal F 1345 ICA T oA 32 i oAkt
J1z_ training signal > #-p¢ trainingsignal $: A 2 E 1 & A A2 AR R R
3 o d - R 2 TR R ijﬁimixingmatrix#wa » T L S e
¥ A * training signal s F BAE 5 1 g e demixing matrix B -t o @ i i
training signal i § 2- %X 3 > » ¥ &4 permutation problem - 3 7 #3Z g & B
#F & 2 demixing matrix 2. {5 - ¥t A Hr2 MEL > £ & * b demixing matrix T

G AR e

4.1.2 training signal z_ &
d 3T BOU LT 2. FastiCA A £ 3t an A 32 Jh2 ~ % 5 %% m
2% uncorrelated * variance 4p ez Py AR LS i 2 0 A 5 OF ok
o Fpt F 2 E BAT K ICA R R A R E 0 i}:@ 7O ATk A
4 Bho ¥ B R AR 250 AR lB AR S v % K_FastICA '3+ 2 training
signal ¢ 74 gk s faE B 0 E A @ Tl Fr 2. demixing matrix e
& 312 % & 7] - FastlCA #1005 & H "4 057 5 22l 310 Joach

Fpt training signal 2 %3 1% 3122 HERAEL D s, =1;(Cosg; +ising;) A

42003 0 - BV A3z FEAELTE 4 4 - ®trainingsignal © B iE e

stepl. A 4 — ‘o FastiCA 7 A 32 2% » 4-[F) 4-2
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T (R tlmedomaln)EIJ'A;\ﬂéf JH%‘ 5 *'Sﬁ 4 - % FastICA ¥ & 2 %L o

S AR AE B w’z__r‘a— o stepl_trﬁ: 4 LME LR AD 2 MBS
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] =L 2500
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4-3 spectrum ( P )
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#-stepl 1A 4 2 M ELiE BRI b gt — gpectrum # IDFT w time domain & i& B 4p £

T ¥ {8 3] training signal » 4-§] 4-4 B-= gL stepl A 4 2 L2 T 1 B e

| DF‘V | DF+ | DF{
4- 4 training signal

7 A& 4 2 training signal 4] 4-5
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g N er A 4 2 2 BB 2048 BE2. frame # T] frequency domain z_ & B4 & 2_ 3
B L stepl v A& 4 2. FastiCA v & 3z g3k + — I complex gain > @ g — #

T2 ¢ :x %R AELF 7% & ¥% uncorrelated ¥ variance 4p e 2 45420 P 40T L

B3R stepl 1A 4 2. EL 5 a+bj (5 random variable) © complex gain = C+ Dj

(a+hj)(C + Dj) =aC —bD + (aD + bC) | (4.1)

(1) 5 72 g% uncorrelated
E{(aC —bD)(aD + bC)}
= E{a’CD + abC? — abD? - b*CD}

— CDE{a? + C?E{ab} - D2E{ab} - CDE{b?%} (4.2)
ZgD(E{a }—E{b}) (4.3)

F % B 2% variance 4p
F $%2_ variance :

E{(aC —bD)?%}
= E{a’C? - 2abCD + b?D?%
= C*E{a” - 2CDE{ab} + D’E{b*}
= C?E{a’} + D’E{b?%}
= (C*+ D% E{a% = (C? + D*)E{b*%}

(4.9

J& ¥R Z_ variance :

E{(aD - bC)?%}
= E{a’D? - 2abCD + b°C?}
= D?E{a’} - 2CDE{ab} + C*E{b%}
= D?’E{a’} + C*E{b?}
= (C? + D?)E{a% = (C* + D) E{b%}
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4.1.3 permutation ¥? dilation problem z_ g2

% 3.1.3 ¢ % #% 3| Frequency domain ICA =7zt # 112_ % + R 48 @ permutation
problem ¢ dilation problem > @ # 32 4 FREA LT A B2 JE 0 gt

Noboru Murata #7# 1 2_ 41 * demixing matrix 2. inverse & ij’ “éf dilation problem =

= 7% o m 4%t permutation problem s & 3t training signal 2. * BAE S ¥ d - EL
AAFRE R R B - BAEF A N2 B F TR B WAaEF A g 2 e

g2 3+ 5 correlation ¥ (¥ 58 _F § permutation problem # 2 -y, (w,) £ y,(W,)
AF nNBAEF LI 2% 0 F

corr (Y, (W), Y1 (W,)) + corr (y, (W), ¥, (W,)) > corr (y, (w,), ¥, (W,)) + corr (y, (W), y; (w,))
,forn>1

P 4 7t & permutation > 4p & ¥

corr (Y, (W), Y; (W,)) + corr (y, (W )y, (W, )).<.corr(ya(w, ), Y, (W,)) + corr (Y, (W), Y, (W,))
,forn>1

# 5% 3 permutation - P :#¥- demixing maifix B 2_ = 1 row 2 3 > ¥ g ®w ko

A.1.4 5 B %

et B E ¢ 0 B~ 30452 training signal 45 ) & B 4F 5 2. demixing matrix -
@ Fmie* 7 samplingrate 5 16k Hz 8 #2355 > {47k B &2 3.3 2 fsidp e o
Fim3v30 8 —30 e $ b B BB B hicR] 3120 Ap e o SR oL A B
3L s e HRTE #convolution 2o & % » gt i = fEfids » R sis o) 5 4
LR SRS R F A

03 E A derk 0 F T A - 3B v 2 4 #-SNR(Signal to Noise Ratio) -
¢ GrA A Y e

Sl(W) _ |:Wll (W) Wi, (W) }{ ay (W) ay, (W) }{ S (W) } _ { 231 (W) S, (W) + ﬂl (W) S, (W) } (4_5)

SA2 (w) Wy, (W) Wy (W) [l 35 (W) 8 (W) || S,(W) a,(W)s, (W) + £, (w)s, (w)

Flt o R S,(W) s F T Fas R a,s RS(W)EF TR PSS PS
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7 @P s g%z ONR T &40 ¢

18, (W)s, (W)
oz, (W) s, (W)

o, (W) s, (W)

NR, =10log(E( 5
B, (W)s, (W)

) 5 SNR, =10log(E( (4.6)

L= Sl . &

x 10%
3 T T T T T T

2

1 1 1 1 1
] 1.25 250 3.75 5.00 B.25 7.a0 8.75
Time(sec)

4- 6 sl

1 1 1 1
0 1.25 2.50 3.75 5.00 5.25 7.50 8.75
Time(sec)

4-7 s2

1 1 1
u] 1.25 2.5 375 5.00 B.25 7.50 875
Timel(sec)

4-8 x1
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1 1 1 1 1
] 1.25 25 375 5.00 .25 7.50 a.7a
Time(sec)

4-9 X2

-4 1 1 1 1 1 1
0 1.25 245 3Ve_ 5.00 6.25 7.580 8.75
Timelsec)
4- 10 yl SNR=12.7863 db
w 10°
'4 T T T T T T

_3 1 1 1 1 1 1
] 1.25 25 375 5.00 B.25 F.50 8.75
Time(sec)
4-11 y2 SNR=20.8392 db
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Wi @ =B+ B

1 1 1 1 1
a 1.25 25 3.75 5.00 B.25 F.a0 8.75
Timeisec)

4-12 sl

__d 1 1 1 1 1 1
o 1.25 2.5 3.75 5.00 6.25 7.a0 8.75
Timelsec)
4-13 s2
w10°

1 1 1 1 1
] 1.25 2.5 3.75 5.00 B.25 .50 8.75
Time(=zec)

4- 14 x1
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_3 1 1 1 1 1 1
] 1.25 25 375 5.00 6.25 7.80 8.75
Tirmelsec)
4- 15 X2
x 10°

__4 1 1 1 1 1 1

] 1.25 25 375 5.00 .25 7.50 8.75

Timelsec)
4- 16 yl SNR=13.3790 db

w107
'4 T T T T T T
3 L -
2 -

1
0 1.25 25

4- 17

1 1 1 1
375 5.00 B.25 F.an 874
Timelzec)

y2 SNR=18.9306 db
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Wz ¢ 4 e

“g 125 25 3%%mﬂem§£0 525 750 8.75
4-18 sl
8000 ; ; . ; ; ;
BO00 -
4000 -
2000 -
0 -
-2000 -
-4000 -
6000 -
-5000 : : ' : : :
0 1.25 2.5 EXCRNTT 5.25 7.50 8.75
4-19 2

1 1 1 1 1
0 1.25 25 3758 5.00 B.25 .80 B.75
Timelsec)

4- 20 x1
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1 1 1 1 1
1] 1.25 25 375 5.00 B.25 780 8.7a
Tirnelsec)

4-21 X2

® 10

_4 1 1 1 1 1 1
0 1.25 245 378 5.00 6.25 7.580 8.75
Time(sec)
4- 22 yl SNR=18.1304 db
w107
4 T T T T T T
3 -

_3 1 1 1 1 1 1
0 1.25 25 3.75 5.00 6.25 7.50 8.75
Timelsec)
4- 23 y2 SNR=21.1537 db
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42 4 * 7 B 3p A 5320 demixing matrix % B~45 # ¢
3 R

421 32

CEE 1A B S

{ SAl(W)} _ |:W11 (W) Wi, (W)}[au (W) a, (W)}[ S, (W)} (4_7)

SA2 (w) Wy (W) W, (W) || @5 (W) &y, (W) || S, (W)

%297 % £ 2 WA=PD » o

Wi (W) Wi, (W) (e (W) ag, (W) _|a 0 0 c (4.8)
Wy (W) Wap (W) | @ (W) 085 (W) 10D d 0 .

B s A e 2 Es b F2otransfer function(a, % a,,)7" € s > Flpt 4854 F

T A
[wn(w) wu(vv)} a, (W) a,w)|_[a 0 {f C} (4.9)
Wy (W) Wy, (W) | ay, (W) a,(w)| |e bl |[d O '
R AR R
e bjs,(w) es, +bs, d 0]s,(w) ds

Aot 0 BRS2m 5 noiser —-30 A @ Sl G3ES 0 K30 #HE T
BB A 4-24 0 1295 421 2 da% 0 4t A A
2 1787 SLR h— A= o
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15.2 cm
4-24

Sl 4r 4-18 > S2 4 4-19 7 iR frit 5lde 4-25 &2 4-26> & Hr ) 2 M EL e 4-27 &2 4-28 >

HP 4-27 2 SNR % 16.6879db ; 4282 SNR 5 51589db > d pt 7 Fridst 45 &

2 R B R R VR B R AR

]

= 10

a 1.25 2.5 3.75 5.00 5.25 F.50 83.75
Timersech

4- 25 x1

1 1 1 1
] 1.25 2.5 3.75 .00 5.25 .50 8.75
Timersec)

4- 26 X2



1 1 1 1
o 1.25 2.5 375 .00 E.25 7.50 2.75
Timel(sec)

4- 27 yl

1 1
] 1.25 2.5 3.75 5.00 B.25 .50 8.75
Timel(sec)

4- 28 y2
£ noise H#-30 ssld GAS®I 60 R 5 BHT B T A2
Y12 SNR 3 sL & 2 W thds 140§l 424> 31 ¢ % 7 noise 2 & 2 (330 2)2

> X B &R 2 SNR Y & 13.6615db 12 + -

SHR[dR
o
I'|
B Fl
I s ! - (N f
'Ll.'_," li "--,-"I II | | -u' lI | '.' "I i
5 | IV | 1l L W ) | | iy ]
4 ; I|I |I II 'II I Il /
k |
HE
Br
i
:I'I -';'I I-.-I'l "-lul'l -'|:II '"I' 'I:I'I 'I";r AL}
= [
4-29SNR sl
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oo d M ELR e A2 4R 5 channel 22352 convolution ol 0 et 3k 2
T Ay % 7 frequency domain ICA %k ¥t-& BAE F F 45 H 4p ¥R 2. demixing
matrix » ¥ ¥ %3 frequency domain ICA 2. % < F* 4E : permutation problem £

dilation problem » #3275 & fEiiE 3 b IEHE P 2 BT o

d - dp 2 MORIUELE R AF BTS2 T %% L FastiCA T A g if & (F

MmN L APk variance ® uncorrelated) 0 i A A TR A IL R - N A
v ¢kt - ek R H R 22 trainingsignal ood 4142 s @piEske o 'aﬁ a1
$t training signal 45 ) 2 demixing matrixX 753504 3§ 7 45 v S ot pt 2 ¢

F1* demixing matrix » 7+ ¥ AW L HEE T BB 2 BR o L REV BT BF G - F
HgE o m HHF - AR TRFH LG AT AR Rkl o P ERA

ERTA(blde: 27k 5. 88032 73 3) REVHEEI A K o

AR O NEESS N2 1A BARES BELR2ZES A4 A%
PRANARBE O OBALIBEREIBELRLZF R AR IO ET R LR

EE o B gk H w3 (B]4e ¢ beamforming) #rt i e
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