International Journal of Innovative
Computing, Information and Control ICIC International (©2007 ISSN 1349-4198
Volume 3, Number 5, October 2007 pp. 1219-1235

INDEPENDENT COMPONENT ANALYSIS VIA LEARNING
UPDATING USING A FORM OF ORTHONORMAL
TRANSFORMATION BASED ON THE DIAGONALIZATION
PRINCIPLE

SHUXUE DING

School of Computer Science and Engineering
The University of Aizu
Tsuruga, Ikki-Machi, Aizu-Wakamatsu City, Fukushima 965-8580, Japan
sding@u-aizu.ac.jp

Received November 2006; revised March 2007

ABSTRACT. This paper presents a new type of algorithm for solving independent compo-
nent analysis (ICA) problems. Instead of being based on additive updating, which is used
in conventional algorithms, this new algorithm is based on an effective updating scheme
in which learning updating acts as a series of orthonormal matriz transformations (i.e.,
power iteration). The criterion for the independence between outputs is based on diago-
nality of a non-linearized covariance matriz, which is defined by ICA outputs and their
non-linear mappings, and the Bussgang property. One attractive feature of the algorithm
is that it does not include any predetermined parameters, such as a learning step size,
as do gradient-based algorithms, which is especially expected for ICA applications with
unknown types of sources (but with the condition that at most one source is Gaussian
distributed). Another feature is that the convergence rate is faster, even for very short
observations. If the same ICA criteria are applied to the proposed and gradient-based
algorithms, the relationship between these algorithms is quite similar to the relationship
between the least-mean-square (LMS) algorithm and the recursive least-square (RLS) al-
gorithm in the batch mode for supervised adaptive filtering. In this paper, we also analyze
the algorithm mathematically to determine why and how the algorithm works. We show
that learning updating in the form of matrix transformation permits finite-scale learning,
and at the same time, maintains the orthonormal property of the separation matriz. This
1s essentially different from the case with gradient-based algorithms, which permits only
a small-scale learning that is controlled by the learning step size. We also analyze the
relationship between the new algorithm with other well-known algorithms, such as the
Bussgang algorithm, the non-linear principal component analysis (PCA), and the Fas-
tICA.

Keywords: Independent component analysis (ICA), Blind source separation (BSS),
Updating using a form of orthonormal transformation, Power iteration, Fixed-point al-
gorithm

1. Introduction. Independent component analysis (ICA) has been extensively investi-
gated in its theory, implementation, and applications (see [1,2] and references therein).
To carry out ICA sufficiently, an algorithm must involve higher-order mutual statistics
greater than two.
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