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Introduction I

GOAL: �To propose an algorithm to optimize the independence criterion
among multivariate data using local, global, and hybrid optimizers, in
conjunction with techniques involving a Lie group and its corresponding Lie
algebra, for implicit imposition of the orthonormality constraint among the
estimated sources�

S. Easter Selvan, Alexandru Must µea, C. Cecil Xavier, and Jean Sequeira ()Accurate Estimation of ICA Weight Matrix by Implicit Constraint Imposition Using Lie GroupFebruary 10, 2012 3 / 38



Introduction I

ICA Constraint: WW T = I

To preserve the orthogonality constraint at all time can be handled by
techniques which will � lock� the weight matrix onto the constraint
surface.

The IC estimation approaches using a parameterization method such
as the Lie group for implicit imposition of the orthonormality
constraint, which have been reported in the literature, were designed
to yield only a local optimal solution.

Because the optimization landscape of a contrast function used for
estimating the ICs of a multivariate data is nonconvex, the methods
we have developed here are to look for near-global-optimum solutions.
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Contributions I

1 The use of global and hybrid optimizers in conjunction with a Lie
group, to maximize the independence criterion, has never been
explicitly studied before.

2 The issue of computational complexity is addressed, by performing the
spectral screening of the image data prior to the IC estimation.

3 Recommended here is a local optimizer�the quasi- Newton
method�employing Lie group techniques, which can yield more
accurate IC estimates, compared to a conventional technique.
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Lie Group of IC Weight Matrices I

The possible IC weight matrices W belong to the set of nxn orthogonal
matrices such that WW T = I form a Lie group under matrix
multiplication because the following group axioms are satis�ed:

closed under matrix multiplication, associativity, identity element, and
existence of an inverse;

the group operations are di�erentiable;
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Lie Group of IC Weight Matrices I

The Lie group formed by the set of nxn orthogonal matrices with
determinant +1, called the �special� orthogonal matrices SO(n), is
applied in the estimation of the ICs.

For every Θ lying in the space of skew-symmetric matrices so(n),
there exists a corresponding weight matrix W , which lies in the space
of orthogonal matrices SO(n)
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Lie Group of IC Weight Matrices II

The orthonormality constraint among the estimated ICs will never be
violated during the course of optimization, in the proposed approach
using the Lie group.
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MI as Contrast Function I

The mutual information (MI) was chosen to be the suitable contrast
function, to separate the sources with mutually exclusive speci�c
information from the multivariate data:

The MI, expressed as the negative sum of negentropy
approximations, is the natural measure of dependence.

MI:

where are the negentropy approximations based
on the maximum-entropy principle computed for the linear combinations
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MI as Contrast Function I

The nonquadratic function is selected from the following choices G1 and
G2, to compute the negentropy approximations

The overall optimization problem is:

subject to the constraint WW T = I
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Local Minimization of MI with Lie Group Techniques I

MI minimization using the quasi-Newton method and the Lie group,
reasons:

1 It uses both gradient and curvature informations about the
optimization landscape during the search process,

2 Hessian update can be obtained using only gradient information, the
computational overhead is relatively small, the method converges
superlinearly, and it performs well for cases where the steepest ascent
methods su�er from convergence di�culty
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Local Minimization of MI with Lie Group Techniques I

Implementation

The weight matrix W1 corresponding to a randomly chosen
representative vector Ŵ1 of dimension n(n − 1)/2,

m the iteration number.

Optimum is tertermined by the line-search iterative technique
employing the cubic/quadratic polynomial method

The skew-symmetric matrix is constructed from the search

direction
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Local Minimization of MI with Lie Group Techniques II

is the Hessian update of the contrast function. gm is the
representative vector of the gradient of in the Lie algebra space that is:

Hessian update:
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Local Minimization of MI with Lie Group Techniques III

The MI is computed as the negative sum of the negentropy
approximations of the data values in each dimension.
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Near-global Minimization of MI with Lie Group Techniques I

It is imperative to design the global optimizers in conjunction with the
Lie group, to produce more accurate IC estimates, which are
insensitive to the initial choice of the random input vectors.

I Data processing using spectral screening
I Simulated Annealing With Lie Group Techniques
I Cross-Entropy Method With Lie Group Techniques
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Data processing using spectral screening I

To make the estimation of the ICs in very large data computationally
feasible with the global optimizers, instead of taking the entire set of
data vectors into account, a small subset of data vectors can be
used such that a few vectors represent each group of �similar� vectors.

The similarity measure between the data vectors and is the spectral

angle:

Algorithm:

I S: The set of all pixel vectors present in the multispectral image.
I One of the pixel vectors is placed in the subset S1.
I Each pixel vector from is compared with all the pixel vectors already

placed in S1.
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Data processing using spectral screening II

I
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Minimization of MI using Hybrid Optimizers and Lie Group

Techniques I

There is an improvement in the quality of the solution while using the
Lie group with the global optimization techniques. Problem: they are
being trapped in the local minima.

To avoid this: Hybrid optimizers.

I PSO (global optimizer) with the quasi-Newton local optimizer during
every iteration (PSO-QN) or at a periodic intervals (PSO-periodic
QN).

I FastICA (local optimizer) to minimize the MI produced by the PSO in
all the iterative steps (PSO-fastICA) or periodically (PSO-periodic
fastICA)
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Minimization of MI using Hybrid Optimizers and Lie Group

Techniques
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Minimization of MI using Hybrid Optimizers and Lie Group

Techniques I

In the PSO-QN algorithm, the quasi-Newton method minimizes the
MI by treating the weight vectors (Ŵi (1)) as the set of inputs; the
resulting weight vectors related to the local minima are the updated
particles' positions in the �rst iteration.

In the PSO-fastICA algorithm, the weight matrices Wi (1)

corresponding to Ŵi (1) serve as the inputs for the fastICA algorithm
employing symmetric orthogonalization to minimize the MI.

Instead of updating the particles' positions based on the fastICA
results, the local minimum MI values are assigned to the particles'
initial positions itself.

In the periodic versions, at iteration k, the search positions xi (k) of
the particles:
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Minimization of MI using Hybrid Optimizers and Lie Group

Techniques II
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Minimization of MI using Hybrid Optimizers and Lie Group

Techniques

While implementing the PSO-fastICA algorithm, the weight matrices
Wi (k + 1) corresponding to Ŵi (k + 1) serve as the inputs for the
fastICA algorithm to assign the local minimum MI values to xi (k + 1).
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Experimental Results and Discussion I
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Experimental Results and Discussion
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Conclusion I

Source separation algorithms are proposed and investigated for
accurately estimating the weight matrix in the ICA model, with the
help of Lie group techniques.

We have proposed an approach to use a local optimizer, the
quasi-Newton method, in conjunction with the Lie group, to impose
the orthonormality constraint implicitly.

This approach produces more accurate IC estimates in comparison
with the fastICA, provided both the approaches are supplied with the
same initial random input vector.

We have attempted an approach wherein the global optimizers, the
PSO, EP, SA, and CE method, are implemented with the Lie group.

We have demonstrated how the variations of the hybrid optimizers,
preserve a reasonable estimation accuracy by periodically integrating
the local optimizers with the global one.
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