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Cocktail Party Problem

Motivation: cocktail party with many speakers as sound
sources and array of microphones, where
each microphone is picking up a different
mixture of the speakers.

Question: Can you “tease apart” the Individual speakers
just given X, I.e. without knowing how the
speakers’ signals got mixed? (Blind Source
Separation , BSS)
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Blind Source Separation Example
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Definition of ICA

Note: there are several, this is the simplest and most restrictive:
« sources are independent and non-gaussian: s,, ..., s,
* sources have zero mean

- n observations are linear mixtures: X(t) = As(t)
- the inverse of A exists: W = A™

Goal: find this inverse. Sine we do not know the original, cannot compute it

directly but we will have to estimate it: §(t) = WX(t)

- once we have our estimate, we can compute the sources:  Y(t) = WX(t)

Relation of BSS and ICA:
 ICA is one method of addressing BSS, but not the only one

* BSS is not the only problem where ICA can be usefully applied




Restrictions of ICA

Need to require: (it’s surprisingly little we have to require!)
* sources are independent.
* Sources are non-gaussian (at most one can be gaussian)

Ambiguities of solution:

(a) sources can be estimated only up to a constant scale factor
(b) may get permutation of the sources, i.e. sources may not be recovered in their right

order (a) multiplying source with constant and

dividing that source’s matrix entries by
same constant leaves x unchanged

21(t) = a1181 + G125
22(t) = a2181 + G225

(b) switching these columns leaves x unchanged
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Principles for Estimating W::  y(t) = Wx(t)

|CA versus whitening :
e requiring outputs y; to be uncorrelated, e.g. by
whitening, is not sufficient

* but typically whitening is used as a pre-processing stage
(reduces number of parameters that need to be estimated)

Three basic approaches - (with interesting connections

between them)
(1) maximizing non-gaussianity (related to projection
pursuit)

(2) minimizing the mutual information between the y,

(3) maximum likelihood estimation (can exploit
knowledge about the marginal distributions of the

Projection Pursuit:

find projection along which
data looks most “interesting’

Projection

b

sources)
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After ICA (B Fi+)
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After ICA (¥ FI#HE)

ICA - ToAudio_Ch2:CH2

10

-10

|
0 2 4 6 8 10 12 14 16 18
Time [sec]

ICA - ToAudio_Ch2:CH2-FastSTFT

il o R A i o R

\ 4 ]
oM g P T O e L
L Gl Iy '4','\!jr".v P& j"u‘ S @ (.'-'%‘.-‘ wv".;,“:‘ ,'* ey 4-,-}"- AN ,'f;‘-l‘ L
0 105 PR Ty TR T

Frequency [HZz]

0 2 4 6 8 10 12 14 16 18
Time [sec]

14



—_ AL A=
LR
F L > 3
P 2 8

15



meter

0.25

0.2

0.15

0.1

0.05

-0.05

0.1

0.2
0

e * 3 i -k

well, 2200211

v |

\*‘ i/a(*"{(-(

5 10 15 20 2
time(h)

well 2200221

N 4

e

P

5 10 15 20 25
time(hr)

-0.03 \\/{/‘s

ey i ey 2

=R Sl B TR AR~ = LA

I ¥ K

well 7140121

0.05

- s

0.03 7
=

/ ™~

0 5 10 15 2 25
time(hr)

o F A ERK

Level{rm)

AR 2_H oK

0000 ag:a0 1200 1800

Timethour)

1 RRACF G K

well 3120121

0.2

0.15 7

0.1

0.05
/ K*f
0 % \\%

-0.05

meter
e

* _Jf
‘ T

0 5 10 15 20 25
time(hr)

TRV EFE:
ol M PERFE +7:30~% +10:30 -
3% pE R+ 10:30~% 1 7:30 -

©X% #+ % +7:30~5 + 10:30 o
Qi#Hp-FX -

16



RACFRE TR R
. EEATARE
BTN
e RS
§ HEATAREM

Wk R E

O asaskiE+A -0- Fxiau

300 = ammiaw - - AT
[T il M E ) 2 RFALE
[l £ LS

30

29

[~
w0

iﬁ'F?kﬁNE AR

N
(=]

25

24

[ — &Ml
— EEMl2)
— By

EN()
#7%30.95m >
LR 7 kKL
EN(2) :
# /%65.00m -
BRI G R K2 -
$EHQ)
2 %76.49m >
BLRl g KK 2-2 -

!

1995

1996

1997

1998

1999

2000

2001

2002

1G]

2003

2004

2005

2006

1
2007 2008

20

17



F L5 B-p Bk

0.03 T T — T = A
| ey

3 -*-3 @) |

0.02 2113) |

T
%,

0.01}

GWL(m)

“
s,
L %
)
*
0.0L} e
) L o, m~.* "J!
%o, o° = i o = S
o,
e, o0
X *"... “‘*
..*%, *t“‘
-0.02 e

T

llllll

00:00 06:00 12:00 18:00

18



SRR TRES TR

L B)-p ks

After ICA B A£G K
0.1 I - source(1) fi' B/ : 99.08% o ] '
=== source(2) i B : 0.67% L \‘ |
i) »
2 = source(3) [ B 0.277% '/ N —l. -
~ 005 ““\“& ---- L LTI 0 -~
o 1 EUER K
5 Chm
(@]
v
(@) i
C A\
S \\
S
a -0.05 B
. & 3k
%.. ' sesp®® g | SE
0.1t I I I ]
00:00 06:00 12:00 18:00
Date

SICA B - d B AT T

R o p)

BEAGR K 7 7 EPIRE 77 Pd S ek =

E kAR u% * 1) i
HZEF IR E R

EIRSE N

Ak > KR

it AL BLR

9‘:@7 J\f & 7 . 5
S R Y M LAl - R K

Pk o VRPIR AL o

19



AT EZFENF SRR AARLEPRET &

8 o

FARASRREE (WhE 1 R2EASH
FAUR) §AAARABLHTARRRE

> b 7}<ﬁj }w*’%’“kﬁll’%a‘é}\ a2 s ¥

20






