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Abstract. Classical Principal Components Analysis (PCA) is widely
recognized as a method for dimensionality reduction and data visnaliza-
tion. This is a purely algebraic method, it considers just some optimiza-
tion problem which fits exactly to the gathered data vectors with their
particularities. No statistical significance tests are possible. An alterna-
tive is to use probabilistic principal component analysis (PPCA), which
is formulated on a probabilistic ground. Obviously, to do it one has
to know the probability distribution of the analyzed data. Usually the
Multi-Variate Ganssian (MVG) distribution is assumed. But what, if
the analyzed data are decidedly not MVG? We have met such problem
when elaborating multivariate gearbox data derived from a heavy duty
machine, We show here how we have dealt with the problem.

In our analysis, we assumed that the considered data are a mixture
of two groups being MVG, specifically: each of the sub-group follows a
probabilistic principal component (PPC) distribution with a MVG error
function. Then, by applying Bayesian inference, we were able to calculate
for each data vector x its a posteriori probability of belonging to data
generated by the assumed model. After estimation of the parameters of
the assumed model we got means - based on a sound statistical basis -
for constructing confidence boundaries of the data and finding outliers.
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1 Introduction

Classical Principal Components Analysis (PCA) is widely recognized as a
method for dimensionality reduction and data visualization. However, PCA is a
purely algebraic method, it considers just some optimization problem which fits
exactly to the gathered data vectors with their particularities.

Yet, without a proper probability model it is impossible to formulate statis-
tically significant statements.
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