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Independent Independent Component Component 
AnalysisAnalysis
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ProblemProblem

�� MedicineMedicine
–– Division of  EEGDivision of  EEG--SignalsSignals
–– NMR image NMR image processingprocessing

�� Analysis of Analysis of facesfaces
�� Radio Radio communicationcommunication
�� AudioAudio--dede--mixingmixing
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„Cocktailparty„Cocktailparty--Problem“Problem“

�� Situation:Situation:
–– 2 2 talkerstalkers
–– Loud musicLoud music

�� Problem:Problem:
–– Understanding each Understanding each 

otherother
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„Cocktailparty„Cocktailparty--Problem“Problem“
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„Cocktailparty„Cocktailparty--Problem“Problem“

�� DeDe--mixingmixing
–– MixingMixing: x = A*s: x = A*s
–– DeDe--MixingMixing: : 

u = W*x,u = W*x,
ifif W =W = invinv(A) (A) 
thenthen u = su = s

�� ProblemProblem
–– A A unknownunknown
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„Cocktailparty„Cocktailparty--Problem“Problem“

�� SolutionSolution
–– Find W Find W with probabilistic with probabilistic / / informationinformation--theorytheory--

based approach based approach 
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Independent Independent ComponentsComponents ??

�� AlreadyAlready knownknown::
independency independency of of two signals two signals X,Y  X,Y  meansmeans::
P(X,Y) = P(X)*P(Y)P(X,Y) = P(X)*P(Y)
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Information Information TheoryTheory

�� Information:Information:
–– Measure Measure of „of „surprisesurprise“ “ about about an an unobserved unobserved 

valuevalue
–– Definition (Shannon) : „One Bit Definition (Shannon) : „One Bit isis thethe

Information of an Information of an event with probability event with probability of of 
occurence occurence =  0.5“=  0.5“
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�� EntropyEntropy
–– Measure Measure of of disorder disorder in a systemin a system
–– Equivalent Equivalent to to maximum informationmaximum information
–– For For discretediscrete casecase::

� ⋅=
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Information Information Theory Theory (II)(II)
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InformationInformation TheoryTheory (III)(III)

�� Joint Joint entropyentropy

�� ConditionalConditional EntropyEntropy

�� IndependentIndependent DataData X and Y:X and Y:
H(X,Y) = H(X) + H(Y)H(X,Y) = H(X) + H(Y)
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InformationInformation TheoryTheory (IV)(IV)

�� Transinformation Transinformation II
–– MeasureMeasure for thefor the informationinformation thatthat X X containscontains

aboutabout Y (and Y (and vicevice versaversa))
–– I(X,Y) = H(X) + H(Y) I(X,Y) = H(X) + H(Y) –– H(X,Y)H(X,Y)
–– IfIf X and Y independent:     I(X,Y) = 0X and Y independent:     I(X,Y) = 0
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Information Information TheoryTheory (V)(V)

�� KullbackKullback--LeiblerLeibler--DivergenceDivergence
–– MeasureMeasure forfor the the „distance“ „distance“ betweenbetween twotwo

probability distributions probability distributions P(x), Q(x) P(x), Q(x) 
–– Zero, Zero, if if P(x) = Q(x)P(x) = Q(x)

∑≡
x Q(x)

P(x)logP(x)Q)||KL(P
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Information Information TheoryTheory (VI)(VI)

�� Normal and Normal and relatedrelated distributionsdistributions::
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„Fast„Fast--ICA“ICA“--AlgorithmAlgorithm

�� Realisation:Realisation:
–– OneOne--layer layer Neural Neural Network with weight vector Network with weight vector WW
–– NonNon--linear linear decisiondecision functionfunction g(u)g(u)
–– „„feedforwardfeedforward“ “ withwith natural gradientnatural gradient

�� OptimizationOptimization of of NeuralNeural Net Net throughthrough Maximization Maximization 
of total of total entropy entropy 
-- optimize optimize gg
-- Optimize Optimize WW
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„Fast„Fast--ICA“ICA“--Algorithm Algorithm (II)(II)

�� Optimize nonlinear decision functionOptimize nonlinear decision function gg
–– Must haveMust have: : 

∫= dup(u)g(u)
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„Fast„Fast--ICA“ICA“--Algorithmus (III)Algorithmus (III)

�� Optimize weights Optimize weights WW
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„Fast„Fast--ICA“ICA“--Algorithmus (IV)Algorithmus (IV)

�� ImplementationImplementation--optimizedoptimized learning rulelearning rule::

�� withwith:: subsub--gaussgauss
supersuper--gaussgauss

moremore robustrobust
supersuper--gaussgauss
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„Fast„Fast--ICA“ICA“--Algorithmus (V)Algorithmus (V)

�� ImplementationImplementation in in MatlabMatlab::
–– Distribution Distribution functionfunction of of thethe sourcesource signalsignal
–– Nonlinear decision functionNonlinear decision function
–– Result Result ((exampleexample):):
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Using LabviewUsing Labview

�� Hardware in lab:Hardware in lab:
–– PXIPXI--IndustryIndustry--PCPC
–– 8 8 channelchannel ADUADU--board for signal captureboard for signal capture
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Using LabviewUsing Labview
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Using LabviewUsing Labview

�� Problems:Problems:
–– Model Model notnot ideal ideal for recorded signalsfor recorded signals::

»» ReflekcionsReflekcions in in spacespace
»» Time Time delaysdelays

Mikro1.wav

Mikro2.wav
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Toolbox FastToolbox Fast--ICAICA

�� Toolbox Toolbox for Matlabfor Matlab
–– Link: Link: 

http://www.cis.hut.fi/projects/ica/fastica/index.shtmlhttp://www.cis.hut.fi/projects/ica/fastica/index.shtml
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Possible improvementsPossible improvements

�� OtherOther ICAICA--MethodsMethods
–– Noisy Noisy ICA ICA 
–– ICA ICA forfor lowlow numbersnumbers of of mixedmixed signalssignals

(„(„partiallypartially blind“), #s > #xblind“), #s > #x
–– NonNon--linear linear mixtures mixtures in  ICAin  ICA
–– ICA ICA withwith usageusage of time of time structurestructure (Separation (Separation 

throughthrough correlations correlations (co(co--variancesvariances) ) ) ) 
–– works only for signals which obey statistics works only for signals which obey statistics 
of order > 2. of order > 2. 
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SourcesSources

�� LiteratureLiterature::
–– Independent Independent Component Component Analysis Analysis –– Theory Theory and and 

Applications Applications (Te(Te--Won Won Lee)Lee)
–– Independent Independent Component Component Analysis Analysis –– Principles Principles and and 

Practice Practice (Stephen Roberts / Richard (Stephen Roberts / Richard EversonEverson))
–– Independent Independent Component Component Analysis (Analysis (Aapo HyvärinenAapo Hyvärinen / / 

Juha KarhunenJuha Karhunen / / Erkki OjaErkki Oja))

�� Internet:Internet:
–– http://www.cis.hut.fi/projects/http://www.cis.hut.fi/projects/icaica


