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Abstract

Face recognition is a challenging field of research
not only because of the complexity of this subject, but
also because of its numerous practical applications.
Much progress has been made towards recognising
faces under controlled conditions, especially under
normalised pose and lighting conditions and with
neutral expression. However, the recognition of face
images acquired in an outdoor environment with
changes in illumination and/or pose remains a largely
unsolved problem. This is due to the fact that most of
face recognition methods assume that the pose of the
face is known.

In this paper, we propose the use of a Gabor Filter
Bank to extract an augmented Gabor-face vector to
solve the pose estimation problem, extract some
statistical features such as means and variances. And
then the classification is performed using the nearest
neighbour algorithm with the Euclidean distance.
Finally, experimental results are reported to show the
robustness of the extracted feature vectors for the
recognition problem.

1. Introduction

During the last few years, face recognition has
received a lot of attention from researchers from many
areas such as pattern recognition, computer vision,
biometrics, neural networks and image processing.
This common interest is not only motivated by the
complexity of this subject, but also by its numerous
practical applications such as bank card identification,
access control, mug shots searching, security
monitoring and surveillance systems.

Much progress has been made towards recognising
faces under controlled conditions [6],[11](especially
for faces under normalised pose and lighting
conditions and with neutral expression). However,
recognition of face images acquired in an outdoor
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environment with changes in illumination and/or pose
remains a largely unsolved problem. In other words,
current systems are still far away from the capability of
the human perception system.

This paper introduces a Gabor Wavelet
Classification method for face recognition. The
processing of facial images by a Gabor filter is chosen
for its biological relevance and technical properties.
The Gabor filter kernels have similar shapes as the
receptive fields of simple cells in the primary visual
cortex [8]. They are multi-scale and multi-orientation
kernels. The Gabor transformed face images yield
features that display scale, locality, and differentiation
properties. These properties are quite robust to
variability of face image formation, such as the
variations of illumination, head rotation and facial
expressions.

The rest of this paper is organized as follows. A
brief review of facial feature extraction using Gabor
Wavelet functions is described in section 2. In section
3, the classification method by the nearest neighbour
algorithm is presented. The experimental results are
shown in Section 4. And finally some conclusions are
given in Section 5.

2. Face Feature Extraction

2.1. Gabor Functions and Wavelets

The two-dimensional Gabor Wavelets function
g(x,y) and its Fourier transform G(u,v) can be defined
as follows[4]

g(x,y) = eXp[—l(fxzz + *yzz )+ 2 Wx] (1)
2ro,0, 20 o,
G(u,v) = exp[_l(ijLZ)] 2
2 o o,

Where 6,= 1/2no, and o, = 1/2no,. Gabor functions
can form a complete but nonorhgonal basis set.
Expanding a signal using this basis provides a
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localized frequency description. A class of self-similar
functions, referred to as Gabor wavelets in the
following discussion, is now considered. Let g(x,)) be
the mother Gabor wavelet, then this self-similar filter
dictionary can be obtained by appropriate dilations and
rotations of g(x,y) through the generating function:

&m (xy) =a" G(x'y)) 3)
x'=a" (x cosO+ y sinb) 4
x'=a" (-x sinf+ y cosb) (5)

where a>1, m,n=integer and 6= nzx / k is the
orientation (k is the number of orientations) and a™ is
the scale factor.

2.2. Gabor Filter Dictionary Design

The nonorthogonality of the Gabor wavelets
implies that there is redundant information in the
filtered images, and the following strategy is used to
reduce this redundancy. Let U; and U, denote the
lower and upper centre frequencies of interest. Let K
be the number of orientations and S be the number of
scales in the multiresolution decomposition. Then the
design strategy is to ensure that the half-peak
magnitude support of the filter responses in the
frequency spectrum touch each other [4]. This results
in the following formulas for computing the filter
parameters o, and o, (and thus o, and o).

a=(U, /U)™ (6)
o - (a=DU, (7
" (a+D2In2
oo o) _(2In2Y’s,’ 5 (8)
q,_tan(Zk)[Uh 2ln(U Y[21n2 o ]

h h
Where W = U,, and m = 0, 1, ..., S-1. In order to
eliminate the sensitivity of the filter response to
absolute intensity values, the real (even) components
of the 2D Gabor filters are biased by adding a constant
to make them zero mean.
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Figure 1. Real part of Gabor Filter Bank.
The filter parameters used are K=8, S=5,
U|=0.05, Uh=0.4

2.3. Features Extraction

Given any image I(x,y), its Gabor wavelet

transformation is then defined to be:

W,,= J-](xl’yl)g:nn(x_xl3y_yl)dx1dyl )
where * indicates the complex conjugate. The Gabor
wavelet transformation of the facial image is calculated
at five scales, me {0,1,2,3,4}and eight different
orientations z € {0,...,7} , and let us set (as shown in
Figure 1) U;=0.05 and U;=0.4 .

W,.» denotes a Gabor wavelet transformation of a face.

The augmented Gabor-face vector can be defined then
as follows [2]:

2=Wyy s W, 5 (10)
where ¢ is the transpose operator. The augmented
Gabor-face vector can encompass all facial Gabor
wavelet  transformations, and has important
discriminatory information such as robustness against
varying expression and pose in the face image.

Figure 2 shows the Gabor Filter Bank applied to a
single face image from Yale Database [10]

77/ ~ -\\\
N w7 2 = X N W

Figure 2. Real part of a face image
transformed using the Gabor Filter Bank.

A feature vector can be now constructed. For each
element W,, from the augmented Gabor-face vector,
statistical features of the image are computed such as
the mean and the variance (or standard deviation) x,,,
and o,,. In the experiments, we show that the best
results are obtained if five scales (S = 5) and eight
orientations (K = 8) are used. The resulting feature
vector is as follows:

S =100, 000, o1, 001, lls7, O47) (11)
For each face image, we will obtain an 80 element
feature vector.

3. Distance Measure

The problem of finding the closest point in high-
dimensional spaces is common in pattern recognition
problems. Unfortunately, the complexity of most
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existing search algorithms grows exponentially with
the dimension, making them impractical for
dimensionality above 15 [3],[5]. However, the nearest
neighbour classifier (NNC) remains one of the simplest
and most efficient algorithms in pattern recognition. It
approximates the minimum error Bayesian classifier in
the limit as the number of reference vectors gets large
(large database).

In this work, we have used a nearest neighbour
classifier with the Euclidean distance: If we consider
two face images i and j, let fV and f? represent the
corresponding feature vectors. Then the distance d;
between the two patterns in the feature space is defined
to be:

) (l) (/)

/’lfﬂ,/)l_/llmn mn mﬂz
\/ZZ( ]

(12)

o(umr)and a(o,,) are the standard deviations of the
respective features over the entire database, and are
used to normalize the individual feature components.

4. Experimental Results

In order to test the efficiency of the method
presented above, we performed series of experiments
using the Yale Face Database. This is a collection of
165 images of 15 individuals. The images that belong
to the same person (same class) present variations in
expression and illumination. Sample images from the
database are displayed in figures 3.

L
Figure 3. Sample images from Yale Face

Database with different expressions and
illumination conditions

The following experiments were performed using
the images of the Yale database. Since 11 images of
each individual are available (different expressions:
happy, sad, sleepy... and different lighting sources:
centre, left and right), we use some of them as
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reference faces (to compare with them) and the others
as input data (test images).

4.1. Experiment 1

In order to define the ideal parameters for our
Gabor Filter Bank, we changed some the parameters
and calculated the successful rates using a reduced
database: we used in this experiment 30 face images as
reference faces and 30 other images as test faces. The
parameters which have been changed are S and K (the
number of scales and the number of orientations). The
results obtained are displayed in table 1

Tablel. Results for experiment 1

GFB Number of Recognition
parameters Misclassification Rate
s
Ez Z 7 76.67%
IS;j 6 80.00%
b 4 86.67%
hap 2 93.33%
Iiz g 2 93.33%
It can be seen from these results that the

recognition rate for the reduced dataset increases
significantly from 77% to 93%, which means that the
higher the order of the GFB is, the better the results
are. However, if they exceed 5 scales and 8
orientations, the recognition rate does not change a lot.
This is due to the fact that at the sixth scale, we don’t
get much more new information.

Although, it is important to mention that the time of
execution grows remarkably when we augment the
order of the GFB.

4.2. Experiment 2

We aim in this experiment to show how the
database size affects the recognition rate. To do so, we
took randomly a defined number of images for each
person (class), put the images all together in a dataset,
and then calculate the distances from each image to all
the others. Finally we compared the distances with a
view to assess if the minimum distance corresponds to
the same class (person). In this experiment we took
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K=8 and S=5 as parameters for the Gabor Filter Bank.
The results obtained are illustrated in Table 2.
Table2. Successful rates over database size

Number of Number of Recognition

Images in Misclassification Rate
the s

Database
30 2 93.33%
60 5 91.67%
90 11 87.78%
150 21 86.00%

From the above table, it is clear that the recognition
rate decreases when the database size increases.
However, it can bee seen that an increase of the size of
the database by a factor of 5 only results in an increase
of 7% of the recognition rate.

5. Conclusion

In this paper we have proposed a method for face
recognition based on Gabor Filter Banks. We have
shown that a Gabor filter yields robustness against
expression, illumination and small rotations. This has
been demonstrated by a recognition rate of 93% even
by using very simple statistical features such as means
and variances and a basic metric such as Euclidean
distance.

As an extension of this work, we believe that it
would be interesting to extract more discriminant
statistical features from the filtered images. That will
not increase much the size of the feature vector but it
will affect the time of executing.
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