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Abstract

Face recognition schemes that are applied directly
to gray level pixel images are presented. Two meth-
ods for reducing the overfitting — a common prob-
lem in high dimensional classification schemes — are
presented and the superiority of their combination is
demonsirated. The classification scheme is preceded
by preprocessing devoted to reducing the viewpoint
and scale variability in the data.

1 Introduction

The need for robust face recognition methods has
increased in recent years due to increase in possible
applications. One can envision having plastic money
identification, electronic keys of various sorts, and se-
curity identification, all based or supported by face
recognition. For these purposes it is crucial that per-
formance will be as close as possible to optimal with
minimal number of substitution errors since those may
be very costly.

A successful method has to be insensitive to the vi-
sual environment in which faces are presented, thus il-
lumination conditions, background, and location vari-
ability should not degrade performance. Orientation
variability to some extent should be treated as well so
that the system could automatically produce feedback
to control orientation, or else, reject the image. An-
other issue thal we might expect from such a system
is indication to those regions in the pixel image which
are most important for recognition. This can be most
important for selective compression of facial images
for the sol purpose of recognition.

Interpretability of network results is not clear, and
in general does not shed much light on the way recog-
nition is performed. In this paper we present a recog-
nition scheme based on artificial neural network that
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addresses the issues raised above. In addition we ap-
ply a recently-introduced method for neural network
interpretation to study the effect on recognition per-
formance of different regions in the pixel images.
1.1 Recognition from pixel images

Face recognition form grey level images is highly de-
sired on one hand but very difficult on the other. It is
desired since images contain the richest 2D representa-
tion of faces, It is also one representation from which
good human performance is obtained. Thus, it is rea-
sonable to expect that recognition based on the origi-
nal grey level images may find rich structure that will
lead to better recognition performance. Such recog-
nition is difficult since grey level images are vectors
in a very high dimensional space and are thus subject
to the “curse of dimensionality” [1] which essentially
says that the number of training patterns needed for
robust classification, should be ridiculously high.

One way to overcome this is to normalize the facial
images over changes of viewpoint and then to base
the recognition on a small number of linear combina-
tions (projections) of the high dimensional space. The
search for projections is at the heart of projection pur-
suit methods [2] and artificial neural networks (ANN}.
Taking this approach, one is then confronted with the
task of finding optimal projections. A commonly used
method is based on second order statistics of the data
where one extracts the directions maximizing the vari-
ance — the principal components of the data [3, 4].

In this paper we adapt a different approach for di-
mensionality reduction and classification, based on a
combination of supervised and unsupervised learning
[6). The supervised learning seeks projections that
minimize mean squared error between the output of
a feed-forward neiwork and the class label of the
image. The unsupervised learning seeks projections
which demonstrate some interesting structure in the






