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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)

Papers
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ICA for Mixed Images

Load and display mixed faces
Apply JadeICA for independent 
component analysis of mixed faces
Display attained independent 
components



Intelligent Numerical Computations, AM 
NDHU 2009

ICA for Mixed Images

Load and display mixed faces
Apply FastICA for independent 
component analysis of mixed faces
Display attained independent 
components
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Outlines

1. Blind source separation
2. Independent component analysis
3. Previous works, JadeICA, fastICA
4. ICA using Potts models, PottsICA
5. A comparison on the three methods
6. Conclusions and future works  
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Blind Source Separation (BSS)
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BSS by PottsICA

Observations

Recovered 
sources

PottsICA
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IEEE Trans. On Neural Networks(2001)

PottsICA
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BSS for voice-music separation 

Voice-music separation:
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ICA

Blind Source separation : Fetal 
ECGs
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FastICA:Helsinki University of Technology

JadeICA:by JF Cardoso

InformaxICA: Salk Institute 

The others…

Previous works
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Unknown mixing structure:

Unkown statistically independent sources: S=

Observations:

Linear Mixtures
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Recover independent sources by a de-mixing process

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

such that

Goal of ICA
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Cocktail Party problem



Intelligent Numerical Computations, AM 
NDHU 2009



Intelligent Numerical Computations, AM 
NDHU 2009

or

De-mixing
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Kullback-Leibler Divergence
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Then

Joint entropy
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Normalized K-bin histograms

Let               denote a sample from a 
random variable y
Let                denote a set of knots for 
partition of the range of y into non-
overlapping intervals 
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Non-overlapping intervals

… …
kB KB

1B

Bins
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Output component i
…Bin or state number 1 42 3 K-1k… K

Membership vector
= [ 0      0    0   0    … 1…0    0]  

the kth bit

Potts encoding
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Potts variable
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Normalized Histograms
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Math Programming

Potts encoding of membership vectors by
is equivalently to minimize

Subject to
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Potts encoding of Multiple 
components
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Math programming of Multiple 
components

Minimize 

Subject to

E
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Joint entropy
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Marginal entropies
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Discrete marginal entropy
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Math programming for minimization 
of KL divergence
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Hopfiel-like energy function
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E-step

•Replace
•
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Mean field equations
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Boltzmann distribution

Use mean field equations to find the mean configuration at each

denotes the inverse of a temperature-like parameter

Boltzmann assumption
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M step
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Annealed EM
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Get all x[t], Initialize W and β

Halting Cond.

E-step: v

M-step: W

Increase β

exit

Flow chart
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Artificial problem I

Independent
sources

Numerical simulations



Intelligent Numerical Computations, AM 
NDHU 2009

Numerical simulations

The normalized histogram of the five sources
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Numerical simulations

The mixed signals of the five sources using
a randomly generated mixing matrix
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Performance evaluations by Amari
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Performance evaluations
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Recovered signals by PottsICA
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Numerical simulations

The normalized histograms of the eight sources

Gaussian
Sub-Gaussian
Super-Gaussian
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Performance
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Performance
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• Potts encoding is successfully applied
to develop novel approaches for ICA

• PottsICA directly deals with minimization
of KL divergence for ICA

• Marginal pdfs are well approximated 
by normalized histograms

Conclusions
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Conclusions

PottsICA behaves better than JadeICA
and FastICA
PottsICA is potential for real world 
applications



Intelligent Numerical Computations, AM 
NDHU 2009

BSS

Blind source separation – fetal 
ECG
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Dataset

XX =load('data\\foetal_ecg.dat','ASCII');

Exercise
Plot MECG
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fECG extraction- JadeICA

Process MECG by JadeICA
Display recovered independent 
components
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fECG extraction- FastICA

Process MECG by FastICA
Display recovered independent 
components
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ICs extracted by JadeICA
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Weak target sources

Five state

Tripple
state
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Weak source

Replace the 7th component of JadeICA
with a five-state source to attain eight 
sources
Multiply the mixing matrix of JadeICA 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 JadeICA

Apply JadeICA to process artificially 
Created MECGs



Intelligent Numerical Computations, AM 
NDHU 2009

Ics extracted by PottsICA
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Exercise
Process MECG by JadeICA
Form an artificially created MECGs

Replace the 7th component of JadeICA with 
a five-state source to form a set of eight 
sources
Multiply the mixing matrix estimated by 
JadeICA to the eight sources

Apply JadeICA to process artificially 
created MECGs
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wavread

[s1,fs]=wavread(‘source1.wav’);
plot(1:1:length(s1),s1);
wavplay(s1,fs);
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Sounds
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Linear mixtures
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Linear mixtures of sound 
recordings

Input sound recordings
Create a random matrix
Form linear mixtures of sound recordings
Play and plot linear mixtures of sound 
recordings
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ICA of linear mixtures of sound 
recordings

Apply JadeICA to process linear 
mixtures of sound recordings
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Convolutive mixing 

ddA
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Convolutive mixtures 
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Convolutive mixtures of sound 
recordings

Input sound recordings
Create random matrices
Form convolutive mixtures of sound 
recording
Play and plot mixed sounds
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ICA of convolutive mixtures of 
sound recordings

Apply JadeICA to process convolutive
mixtures of sound recordings
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ICA of mixed-sound recordings 

Read convolutive mixtures of sound 
recordings
Apply JadeICA for blind source 
separation of convolutive mixtures of 
sound recordings
Plot and play independent components


