I
Independent component analysis

PottsICA
Extraction of fetal ECGs
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ScienceDirect - Neural Networks : Independent component analysis

based on marginal density estimation using weighted Parzen

Windows (2008)

ScienceDirect - Neurocomputing : Blind separation of fetal

electrocardiograms by annealed expectation maximization (2008)

IEEE Trans on Neural Networks: Independent component analysis
using Potts models (2001)
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ICA for Mixed Images

e Load and display mixed faces

e Apply JadelCA for independent
component analysis of mixed faces

e Display attained independent
components
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ICA for Mixed Images

e Load and display mixed faces

e Apply FastICA for independent
component analysis of mixed faces

e Display attained independent
components
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. Blind source separation
. Independent component analysis
. Previous works, JadelCA, fastICA

. ICA using Potts models, PottsICA
. A comparison on the three methods
. Conclusions and future works
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Blind Source Separation (BSS)
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PB8JUfy PottsICA

IEEE Trans. On Neural Networks(2001)

PottsICA
J

Q

5 Observations
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Voice-music separation:

-BSS for voice-music separation
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Blind Source separation : Fetal

ECGS
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Previous works

-FastICA:Helsinki University of Technology

-JadelCA:by JF Cardoso

>InformaxICA: Salk Institute

> The others...
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| Inear Mixtures

xr = As

Unknown mixing structure: A is an /N x A scalar matrix

Unkown statistically independent sources: S=[51, ..., saz|’

Observations: & = |x1, ..., x5/
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Goal of ICA

Recover independent sources by a de-mixing process

vy — Wx = WAs

such that

pi () denotes the marginal distribution

The joint distribution p is as close as possible to the product of
marginal distributions
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Cocktall Party problem

Information Theory for Signal
Separation
—
_/_;3 =
O
Sound
Microphones ; Sourees
® The Cocktail Party Problem

® Many Speakers -- the signals a hopelessly mixed
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The Unmixing Problem

Y =U X =U(AS)

e We would like to undo the mixing...
® Signals were independent -- Mut Info was zero.
@ Search for U which minimizes Mut Info.

minimize MI(y;,y;) Vi, j
U
mi(ux], [x];)
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De-mixing

W = APA1

where P is a permutation matrix and A is a nonsingular diagonal
matrix for arbitrary scaling.
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Kullback-Lelbler Divergence

Diy) = [ pl) ow 2y,

Hm (Yi)

N
D(y)=—H(y)+» Hi(y)

=1

Hiy)=— / p(y) log p(¥)dy | | Hi{y)) = — / pilu) log pi () dy;
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Joint entropy

Sincey = WX,

H(y)= H{x) + log | det (W)

Then

D(y) = —H(x) - log |det (W)| + 3 Hi(us).

=1
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Normalized K-bin histograms

e Let {)[]}_, denote a sample from a
random variable y

o Let {/4};_, denote a set of knots for
partition of the range of y into non-
overlapping intervals
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Non-overlapping intervals

By = {ylk =argmin|y —/fyl.y € R}
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Potts encoding

X(t)
l
Wx(t)
v -
yi(t) — C/ ik
Output component | oi 0 i o—\—o i io io io
Binorstate number 1 , 2 , | k1 Kk

Membership vector
A=, klD'=[0 0 00 .. 1.0 0]

\ the kth bit
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Potts variable

[ = (&l - Skl

K
> alg=1,
k=1

Si[t] € {0, 1} for all k.
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Normalized Histograms

[ I
Pr(y in By) = T E Crltl,
=1
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Math Programming

Potts encoding of membership vectors by c|/]
IS equivalently to minimize

T

>

L({cly,) =

[ = (&l ... kD)

K
> Gln=1.
|

Subject to

k
Selt] € {0, 1} for all k.



Potts encoding of Multiple
components

For encoding marginal entropies of multiple compo-
nents, we extend membership vectors with a subindex

&l = (Cald, - ... Skl
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Math programming of Multiple

components
Minimize
| N TK
EEW)=5) > > Caldiwxla] — Iyl
£=1 =1 k=I
Subject to

K
> Gull=1 forall iz
k=1

Calt] € {0, 1} for all ik, 1.
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Joint entropy

S(y) = S(x) + log | det(W)].

where the first term 1s negligible.
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Marginal entropies

K
S(y;) ~ — Z Pr(y; € By) In Pr(y; € By)

1 K

T}__,)_,z;k r]ln(za;k r]) +In T

k=1 =1

for approximating the marginal entropy of y;.
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oy

Hi(y:) = — / pi(ys) log pilyi)dys

K
~— ) pik 1og pik.
k=1



Math programming for minimization

of KL divergence

N T K

| v
LEW) = 5))4, ~CalIwix(] = Iy

i=1 =1 k=1

K
Y Gull=1 forall i
k=1

cilt] € {0, 1} ftor all i,k,1.



Hopfiel-like energy function

Hopfield-like energy function:

L(E,W) = = > > > EnlIwix[1] — hy|?

f:'l = l k= l
— clog | det(W)]

_ - ) ) Exli]In (Z Ein f])

/c_l =1
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‘Replace L(W,&) by L(W,v)

e V denotes the mean configuration of &

 —OL(v, W)
uik[r] — ab‘*;/{[f] )
exp(puix[1])

> exp(fult])

'Ufk[f] —
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Mean field equations

1
Uitk =~ |Wix(t) — hi|”

T
e 1
- log (Tzvztk)

t=1

exp (Sitk )

Z CXPp (ﬁuitz)
{

e nNutHicirival wuliipuiwauul y
NDHU 2009
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Boltzmann assumption

Boltzmann distribution

Pr (8) o exp (—HL(E))

Use mean field equations to find the mean configuration at each 3

lim Pr{é")=1

G—r ox
L&) = m&in L{6)

ﬁ denotes the inverse of a temperature-like parameter
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AW = —n(VW)W'W.

where 1 denotes the step size

dL(v, W)
dW

VW =




Annealed EM

I. Input all x[7], set W as an identity matrix, c =1, ff = %
and n = 0.015, and initialize vi[7] near 1/K randomly
and [ as a sufficiently low value.

2. Iteratively update all u;[7] and vy [¢7] using Egs. (17) and

(18) to a stationary point.

. Iteratively update W using Eqgs. (13) and (19).

4. If the value of )., vi[() is less than a predetermined
threshold, set to ;8/0.995 and go to step 2, otherwise
halt.

J
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Flow chart

Get all x[t], Initialize W and /3

!

Halting Cono/
.

E-step: v

v
M-step: W

v
Increase ,B
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Artificial problem | by Amari e al.
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The normalized histogram of the five sources

l 1} [
T T T
-1 ] 1
Q
it L !
-1 [ 1
T
}11 1 A{
L 0 1
T T T
[\_V\_A_Y_A_N_/l
.1 0 1
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The mixed signals of the five sources using
a randomly generated mixing matrix

2 T T T 1) i T T T L
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..'. ] _f\'

al LN 4]
b= Z Z IILEI"S{” -1 t Z Z IILE‘.I‘5{U

(28)
where g,;; denotes the joint element of the ¢th row and the jth
column of the product of the mixing matrix and the demixing

matrix.
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THE PERFORMANCE OF THE THREE ALGORITHMS FOR THE TESTS

mean E PottsICA | JadeICA | FastICA | cpu-time{Potts[CA)

example 1{N=5) .28 0.60 0.75 314 secs

example 2{IN=F) 1.28 3.02 1.97 400 secs

exainple 3(N=8§) 4.40 15.30 11.07 566 secs
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The recovered signals by the PottsICA from the mixed signals

2 1 i ] 1 1 ] T 1 1]
0 ]
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The normalized histograms of the eight sources

. Gaussian
Sub-Gaussia
_ Super-Gaus

-
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TABLE II
TEsT PERFORMANCE OF THE THREE ALGORITHEMS FOR. DIFFERENT PROBLEM
SIZES WITH ALL S0URCES I¥ UNIFORM DISTRIBUTIONS

P e rfo r m a n C e mean E | PottsICA | JadelCA | FastICA | cpu-time (secs) of Potts[CA
N=2 0.13 0.17 0.18 153
N=3 0.35 0.43 (.64 224
N=4 0.84 0.91 1.13 317
N=3 L48 1.66 245 386
N=6 2.00 2.73 3.77 460
N=T 3.19 3.64 5.50 356
N=8 4.88 6.54 735 £19
N=b .41 13.20 1L.26 716
N=10 TO8 33.85 16.91 782
N=11 9.64 T7.96 24.04 a61
N=12 13.37 115.26 38.82 Qa0
N=13 15.74 141.02 40.64 1040
N=14 18.00 166.29 35.52 1123
=13 21.82 183.66 T6.51 1159
N=16 2581 208.93 ¥ 1322
N=17 2024 233.51 * 1363
N=18 3467 260.71 * 1437
N=19 30.53 20250 * 1523
N=20 44.63 423,31 * 1614

Intelligen
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TABLE IO
TEST PERFORMANCE OF THE THREE ALGORITHMS FOR. DIFFERENT PROBLEM
SIZES WITH OnE GAUSSIAN SOURCE AND % 1 UnIFoRM SOURCES

Performance

mesn E | PottsICA | JadelCA | FastICA | cpu-time(secs) of PottsICA
N=2 0.31 0.27 0.31 145
N=3 0.77 0.73 0.92 216
N= 1.35 1.37 1.38 298
N=5 2.21 2.69 2.66 381
N= 3.21 5.16 4.26 439
N=7 3.95 5.09 5.68 331
N=8§ 5.48 17.96 B.87 605
N= 7.28 1975 | 15.20 688
N=10 | 9.02 4803 | 20867 763
N=11 | 1118 7430 | 2230 853
N=12 | 1427 | 11057 | 3610 949
N=13 | 1749 | 13384 | 55.21 1024
N=14 | 20.72 | 15562 | 7272 1107
N=15 | 23.86 | 17366 | 76.04 1188
N=16 | 27.38 | 20170 * 1300
N=17 | 3280 | 23556 * 1364
N=18 | 3686 | 235.16 . 1422
N=19 | 4428 | 28516 y 1534
Intelligent Numeil .
NC V=% | 4752 | 31309 1625




Conclusions

e Potts encoding Is successfully applied
to develop novel approaches for ICA

o PottsICA directly deals with minimizatio
of KL divergence for ICA

* Marginal pdfs are well approximated
by normalized histograms
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Conclusions

e PottsICA behaves better than JadelCA
and FastICA

e PottsICA is potential for real world
applications
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XX =load(‘'data\\foetal ecg.dat','ASCII");

Exercise
Plot MECG
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fECG extraction- JadelCA

e Process MECG by JadelCA

e Display recovered independent
components
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fECG extraction- FastiICA

e Process MECG by FastICA

e Display recovered independent
components
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|ICs extracted by JadelCA
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Weak target sources

TrippleD W

—

M

ey

el

(i

state
Five state

1 1 1 1 1

100 200 = NN 00 =00 ="l
1 ‘ 1 |_| 1 “ 1 |_|

100 200 = NN 00 =00 ="l
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Weak source

e Replace the 7" component of JadelCA
with a five-state source to attain eight
sources

e Multiply the mixing matrix of JadelCA to
eight sources to form artificially created
MECGs
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Artificially created eight sources
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Artificially created MECG
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Ics extracted by JadelCA

Apply JadelCA to process artificially
Created MECGs
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Ics extracted by PottsICA
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Exercise

@®Process MECG by JadelCA

@Form an artificially created MECGs

@®Replace the 7t component of JadelCA with
a five-state source to form a set of eight
sources

@®Multiply the mixing matrix estimated by
JadelCA to the eight sources

@ Apply JadelCA to process artificially
created MECGs
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wavread

s1,fs|=wavread('sourcel.wav’);
plot(1:1:length(sl),s1);
wavplay(sl,fs);
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Sounds
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|l Inear mixtures
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Linear mixtures of sound
ecording

e [nput sound recordings
e Create a random matrix
e Form linear mixtures of sound recordings

e Play and plot linear mixtures of sound
recordings
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|CA of linear mixtures of sound
ecording

e Apply JadelCA to process linear
mixtures of sound recordings
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Convolutive mixing
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Convolutive mixtures

'a,(0) a,(0)
a,,(0) a,(0)]

A a,@]sit-1
_a21 (1) d,, (1)_ S, [t - 1]_
a,(r) a,(r) | st—7]
_a21 (T) azz (7)_ _Sz [t o Z']_

+ ...
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recordings

e [nput sound recordings
e Create random matrices

e Form convolutive mixtures of sound
recording

e Play and plot mixed sounds
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sound recordings

e Apply JadelCA to process convolutive
mixtures of sound recordings
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ICA of mixed-sound recordings

e Read convolutive mixtures of sound
recordings

e Apply JadelCA for blind source
separation of convolutive mixtures of
sound recordings

e Plot and play independent components
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