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LIN et af : FACE RECOGNITION/DETECTION

the likelihood density of the face class. However, instead
of estimating the probability distribution from the principal
subspace, we perform maximum likelihood estimation on
the subspace that consists of the high frequency compo-
nents of the image (the edge information, see Section {I-B)
Another difference between our approach and the eigenface
approach is that after density estimation step, we apply a
reinforced and anti-reinforced learning procedure, to further
fine-tune the decision boundary According to the experimental
result, this process of “training by positive and negative
examples” significantly improve the detection accuracy (cf.
Section ).

There are some existing techniques for eye localization
based on Hough transtorm, geometry and symmetry check, and
deformable models. Some cannot cope with shape changes,
and others are too time consuming. Furthermore, none of
them can locate eyes when the eyes are closed. In [9], a
method was proposed for fast eye localization based on a novel
filter. The basic idea is to use the relatively high horizontal-
contrast density determination, facial geometry reasoning, and
eye position determination. This scheme can locate eyes cven
when the eyes are closed.

As to previous rescarch works on face recognition, we
recommend a recent paper [10] and references therein for
a more complete survey. Kelly [11] pioneered experiments
using various kinds of facial features, including width of
head, distance between eyes, top of head to eyes, between
eye and nose and the distance from eye to mouth. Various
statistical approaches have been developed: for examples,
mixture distance [12], KL Transform {13], SVID> [14], and
cigenfaces |7} techniques. The eigenface technique can work
with a large database, with 7562 images for about 3000
persons. It reached a very remarkable recognition rate (95%)
in a 200 images test set. However, the performance degraded
significantly when the face size changes 157 Recently, [8]
proposed a local-view method for eigenface approach to deal
with scaling variation.

Neural network techniques are very suitable for the face
detection and recognition systems. lnstead of recognizing
a face by following a set of human-designed rules, neural
networks learn the underlying rules from the given collection
of representative examples. This ability to automatically learn
from examples makes neural network approaches attractive
and exciting. Moreover, it is well known that neural networks
are very robust and adaptive. Therefore, for the applications
which undergo many variation factors (e.g., face recognition),
neural networks seem (o be a good remedy to solve the
problems. How to construct a neural model structure is crucial
for successful recognition. It is very much dependent on the
intended application, e.g., [6] and [16], etc., e.g., gender [17],
and facial expression classification [18]. For face detection,
multilayer perceptron [19] and convolutional neural network
[20] have been applied. For face verification, the dynamic fink
architecture [16] uses Gabor wavelets as features. Another
is the Cresceptron [21], which is a multiresolution pyramid
structure, similar to the classic Fukushima’s neocognitron,
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In this paper, a probabilistic decision based neural network
(PDBNN) [1], [2} which has the merits of both neural networks
and statistical approaches is proposed to attack face detection,
eye localization, and face recognition altogether. Two features
of the PDBNN make itself suitable implementation for not
only the face recognition system, but also other biometric
identification systems. These features are:

o Architectural Feature: The PDBNN inberits the modular
structure from its predecessor, Decision Based Neural
Network (DBNN) [22]. For cach person to be recognized,
PDBNN devoles one of its subnets to the representation of
that particular person. This kind of structure is beneficial
not only for training/recognition performance, but also for
hardware implementation. More specifically, we have the
following.

1) The system will be easy to maintain. Take com-
pany security system as an example. The updating
of a PDBNN-based security system is relatively
straightforward. An addition or deletion ol one or
more subnets (using localized training process) is
sufficient to take care of any change of personnel.
A centralized system, in contrast, would have to
involve a global updating.

2) A distributed computing principle is adopted. When
the number of persons increases, the computing
hardware will become more demanding. Due to
its modular architecture, a PDBNN-based biomeiric
identification system is relatively easy to implement
on parallel computer.

3) It leads to a portable 1D device. It is possible to
implement a PDBNN-based biometric identification
system on a wallet-size magnet card system. The
user may carry a “smart card”, which need to record
only the parameters of the subnet in the PDBNN
corresponding to the user him/herself.

o Performance Feature: The discriminant function of
PDBNN is in a form of probability density. This yields
low false acceptance and false rejection rates, as discussed
in Section IV-B. This characteristic is very critical in
preventing illegal entrance by an intruder

The organization of the paper is as follows. In Section 1I,
an overview of a total system for automatic face recognition
is presented. The first two modules of the system, face
detector and eye localizer, are discussed in Section I, after
the structural properties and learning rules of PDBNN are
described in great details. The third (face recognition) module
implementation by PDBNN is discussed in Section IV. To fur-
ther improve the performance, a hierarchical face recognition
system is also proposed in Section V. Experimental results
are provided in each section.

[I. PDBNN FACE RECOGNITION SYSTEM
A PDBNN-based face recognition system [1], {21, [23], [24]
is being developed under a collaboration between Siemens
Corporate Research, Princeton, and Princeton University. The
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