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Independent component analysis

Bio-signal analysis
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Statistical dependency
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Two components

• Two independent sources

d=2;N=500; 
s=rand(2,500); 
subplot(2,1,1) 
plot(1:1:N,s(1,:)); 
subplot(2,1,2) 
plot(1:1:N,s(2,:));
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Linear mixtures

• Instant mixing

A=[0.7 0.31;-0.25 0.85]; 
x=A*s; 
plot(x(1,:),x(2,:),'.');
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Stochastic modeling of sources

• S1 and S2 are independent random variables  
• S1 and S2 represent independent sources iff 






• p:  joint pdf 
• p1, p2: marginal pdfs 
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Rotated uniform sample
• Statistical dependent components 

• N: all data number 
• N1: data number within 
         red rectangle   
• N2: data number within 
         green rectangle 


  

N

N

NN

Q square within data ofnumber 

2

21

≠

Q

x1

x2



Intelligent Numerical Computations, AM 
NDHU























+=

)(

)90/2sin(

))60/2cos(6300/2sin(

)800/2sin(

))155/2(cos(

][

tr

t

tt

t

tsign

t

π

ππ
π

π

s

r(t): uniform sample

Artificially created independent sources
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Three-channel observations

t=1:800; 
a=sin(2*pi*t/90); 
b=rand(1,800)-0.5; 
c=sin(2*pi*t/300+6*cos(2*pi*t/60)); 
s=[a;b;c]; 
plotsig(s);

plotsig.m

http://134.208.26.59/INA/code/plotsig.m
http://134.208.26.59/INA/code/plotsig.m
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Linear mixtures of independent sources

A=eye(3)*0.8+(rand(3,3)-0.5)*0.7; 
x=A*s; 
plotsig(x)

X[t]=As[t]
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•Linear mixture assumption: 

  Multi-channel observations are linear mixtures

  of independent sources



•Independent component analysis is aimed to

 recover independent sources for given multi-channel

 observations.

Independent component analysis 
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ICAx[t]
W

*
y[t]

ICA algorithms

Multi-channel observations De-mixing matrix

Independent components
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y[t] = Wx[t]

•An ICA algorithm returns a de-mixing matrix

•Multiplying the de-mixing matrix to multi-channel 
observations is expected to attain independent 
components

De-mixing
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Fast Independent Component Analysis

FastICA

Independent Component Analysis: The Book

Publications by Aapo Hyvarinen: FastICA

http://research.ics.aalto.fi/ica/fastica/
http://research.ics.aalto.fi/ica/fastica/
http://www.cis.hut.fi/projects/ica/book/
http://www.cis.hut.fi/projects/ica/book/
http://www.cs.helsinki.fi/u/ahyvarin/papers/fastica.shtml
http://www.cs.helsinki.fi/u/ahyvarin/papers/fastica.shtml
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Negative entropy
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An approximation to negative entropy
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FastICA

Find one IC by maximizing
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Nonlinear equations
• Let  







• Maximizing JG(w) is realized by solving
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Jacobi matrix
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Newton’s method

• Updating rule
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Find multiple ICs

• We have w1 , w2 ,…, wp-1 , wp 

• We want to find the p+1 vector 
• Use updating rule to find 
• Set   







• Go to step 1
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FastICA Package

• Download FastICA 
• Unpack FastICA 
• Add FastICA_2.5 to the path 
• Run fasticag 

• load x 
• Plot data 
• Do ICA



ICA recent advances

• Independent component analysis : recent 
advances

http://rsta.royalsocietypublishing.org/content/371/1984/20110534.full.pdf
http://rsta.royalsocietypublishing.org/content/371/1984/20110534.full.pdf




Blind separation of time/position varying 
mixtures

• pdf

http://webee.technion.ac.il/publication-link/index/id/560
http://webee.technion.ac.il/publication-link/index/id/560


Independent component analysis

•  
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ICAx[t]
W

*
y[t]

FastICA

Multi-channel observations De-mixing matrix

Independent components
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Five sources
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Five-channel observations

plotsig.mt=1:800; 
a=sin(2*pi*t/90); 
b=rand(1,800)-0.5; 
c=sin(2*pi*t/300+6*cos(2*pi*t/60)); 
d=sign(cos(2*pi*t/155)); 
e=sin(2*pi*t/800); 
s=[a;b;c;d;e]; 
plotsig(s);

code/plotsig.m
code/plotsig.m
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Linear mixtures of independent sources

A=eye(5)*0.8+(rand(5,5)-0.5)*0.7; 
x=A*s; 
plotsig(x)

X[t]=As[t]
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Recovered Independent components

ICs derived by 
FastICA
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JadeICA



FastICA



PottsICA: Kullback-Leibler Divergence

ICA algorithms
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BSS

Blind source separation – fetal ECG 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sources

mixed images

AemICA

JadeICA



Intelligent Numerical Computations, AM 
NDHU










 music and speech

 (.wav)

Sound separation
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Convolutive mixtures



Intelligent Numerical Computations, AM 
NDHU

Recovered sources
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Blind separation of real world signals
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Demo
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Demo
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•Download JadeICA package

•Apply JadeICA to deal with three-channel observations

•Apply JadeICA to deal with five-channel observations

JadeICA
Exercise:
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Facial images

• Form linear mixtures of five facial images 
and a noise image 

• Apply JadeICA to recover facial images 
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sources

mixed images

AemICA

JadeICA


