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Sergey 1. Vyatkin,
Dmytro A. Ozerchuk,
Olexander N. Romanyuk,
Oleksandr M. Khoshaba

A MODIFIED METHOD OF ELASTIC GRAPH MATCHING BASED ON
THE GABOR WAVELETS

A modified method for extracting informative features of face images is
presented, which analyzes integral features, analyzes local features, and analyzes
structural features of face images. An effective modification of the wavelet method is
proposed. Face recognition experiments were performed on a normalized image
database, and the results of these experiments revealed the advantages and
disadvantages of the method.

Keywords: image feature selection, face image recognition, Gabor wavelets.

Introduction

The essence of the method is reduced to elastic comparison of graphs
describing images of faces [1]. Faces are represented as graphs with weighted vertices
and edges. At the recognition stage, one of the graphs — the reference graph — remains
unchanged, while the other is deformed in order to best fit the first one. In such
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recognition systems, graphs can be either a rectangular grid or a structure formed by
characteristic (anthropometric) points of the face.

Feature values are calculated at graph vertices. Most often, complex values of
Gabor filters or their ordered sets are used — Gabor wavelets (Gabor structures),
which are calculated locally in some local area of the graph vertex by convolving
pixel brightness values with Gabor filters [2]. The edges of the graph are weighted by
the distances between adjacent vertices. The difference (distance, discrimination
characteristic) between two graphs is calculated using a certain deformation price
function that takes into account both the difference between the feature values
calculated at the vertices and the degree of deformation of the graph edges.

The graph is deformed by shifting each of its vertices by a certain distance in
certain directions relative to its original location and choosing a position where the
difference between the values of features (responses of Gabor filters) at the vertex of
the deformed graph and the corresponding vertex of the reference graph is minimal.
This operation is performed alternately for all vertices of the graph until the smallest
total difference between the features of the deformable and reference graphs is
reached. The value of the price function of deformation at this position of the
deformable graph will be a measure of the difference between the input image of the
face and the reference graph. This "relaxation" deformation procedure should be
performed for all reference faces included in the system database. The result of
system recognition is a standard with the best value of the price function of
deformation.

In this paper, we propose a modified method for comparing elastic graphs
based on Gabor wavelets.

Method description

To determine local features in the image, we used filters based on Gabor
wavelets. Gabor decomposition has been proposed as a tool for texture analysis. This
approach was motivated by modern ideas about the psychophysical nature of human
vision. The Gabor decomposition is a so-called “directional microscope” with a set of
orientations and a scale. Because of the Gabor transform, the spectral plane is divided
into m frequency and n orientation ranges [3]:

Q(W)=exp(—%(w—wi].)tR].Z;IR;.(W—wl.].)) 1s a wavelet corresponding to (i, j) orientation

and scale, wherei<i<m,1<;<n, RjiS the rotation matrix, andzw is the diagonal
ij
matrix. a, =R> 'R'1S a positive definite matrix, the main axes of which define an
: if

ellipse oriented in accordance with the direction given by j,

cos(¢ ;) sin(¢;)
R; = [— sin(¢ ;) cos(@; )) (1)
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where, 1s the center frequency of the filter.

Using the Gabor decomposition, the corresponding point distribution function
can be calculated analytically. In addition to the described decomposition, you can
also use other decompositions using logarithmic-polar maps.

The point response corresponding to ¢(w) is calculated using the formula:

g, (X) =exp(~ % iR, zl] RX)exp(i27w;X) 4)
Let's define the other parameters. The n is the direction and m is the scale
expansion is chosen so that neighboring filters intersect at the same values %f along
e
their main axes. The directions are chosen equidistant, so that the values ofc, are

constant for all j:

o, =0, =" (5)
The angle between the filters is equal to% . Directions are given by the

formula:
w, =20,(j-1) (6)
The radial frequency ranges are distributed so that the frequency range doubles

at each step, covering the range fromw, >0tow, < % in normalized frequencies,

where one corresponds to the Nyquist frequency. Define an intermediate variable:
Then the radial centers are given by the formulas:

Wrmax - Wrmin
60 - Az m 1) (7)

The radial centers are given by the formulas
w, =w, +0o,(1+32" -1)) (8)
o, =0,2"" 9)
In experiments, the parameters of the maximum and minimum central

frequency of Gabor wavelets were chosen: w, = %6 , W, = % 1/16.

The orientation of the wavelets was chosen equidistant with a circular
frequency - for six orientations.

All 18 filters were used for this algorithm. Accordingly, 18 neural networks of
the two — layer perceptron architecture were used to classify images, with the number
of neurons 20x28 — the input layer, 30 — the hidden layer, and 50-the output layer.
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The choice of the number of neurons in the layers was determined by similar
considerations as for the method of eigenfilters [2].

Conclusion

Preliminary results of experiments on the recognition method show that the
method based on wavelets and neural networks has good accuracy, and allows you to
accurately determine the unique local features of a person's face. However, the
method is sensitive to noise in the image.
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TI'anopubioa Bnaoucnae Onekcanoposuu,

cmyoeum epynu 1111-19m,

Gaxynomem inghopmayiinux mexHoo2itl ma KoOMn 10mepHoI iHxceHepii,
Binnuyvxuu nayionanbrHuu mexuivHuu ynigepcumem

METO/I IOIIYKY 'EOI'PA®IYHUX APTE®AKIB HA OCHOBI
JJOKALIII KOPUCTYBAYA

Ilposedeno  awmaniz  cyyacrHoco  cmaHy — NUMAHHA ~ GUKOPUCHAHHSL
eeoinghopmayitinux cucmem. 3anponoHO8AHO HOBULU MemoO NOULYKY 2e02pagiuHux
apmeghaxmis Ha OCHO8I T0Kayii Kopucmysaua.

Knwuoei cnosa: I'IC, ceodani, ceoingpopmayiiini mexuonocii, eeocpagiuni
apmeghaxmu.
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