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Probabilistic approach to unsupervised representation learning
in dynamic environments
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Learning useful representation of multivariate data is one of the principal
themes of unsupervised learning. In this thesis, [ investigate dynamic
extensions of such “representation learning” techniques, particularly
focusing on specific problems in which some difficulties arise from a dynamic
nature of environment.

In the former part of this thesis, I propose a new extension of
probabilistic/noisy independent component analysis (ICA), to address a
difficult non-stationarity that may occur in real-world contexts of blind
source separation (BSS) problem, such that each source signal abruptly
appears or disappears with time. I employ a special type of hidden Markov
and hidden semi-Markov models to realize a dynamic switching of source
variables in the framework of probabilistic ICA. I derive an effective
approximation of Bayesian inference for this model based on the variational
Bayes (VB) method. In simulation experiments using artificial and realistic
source signals, I demonstrate the superior performance of the proposed method
to existing ones, especially in uncertain situations.

In the latter part, I investigate an online feature extraction problem
particularly focusing on such situations that the environment is not
stationary but dynamically changing, sometimes even abruptly. In this
difficult non-stationary  context, an  appropriate  control  of
adaptability/stability of a learning model is the key for rapid adaptation
to the environmental changes. Focusing on feature extraction task by means
of the probabilistic PCA (PPCA), I propose two online learning schemes that



have such a character, based on the previously-proposed online variational
Baves (VB) method: One is based on an explicit formulation of probabilistic
novelty detection by a mixture of PPCA model, the other is a principled
approach using the hierarchical Bayes method based on a new interpretation
of the online VB presented in this thesis. I demonstrate their availabilities
in simulation experiments. In addition, I also discuss the biological
implication of the proposed learning models, especially with hypothesizing
their possible realization in brain.

While the methods proposed in this thesis have been developed as general
statistical techniques to analyze and process stochastic data that inherently
have dynamic natures, their high performances demonstrated in the simulation
experiments indicate the future availabilities for specific real-world
problems. Thus, I finally discuss the potential applications of the proposed
methods with also discussing open issues remained for future developments
of these methods.
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