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High-Resolution Automated Fingerprint
Recognition System (AFRS) based on Gabor
wavelet and SVM

Hamed Mohammadi Jirandeh, Hamed Sadeghi, Mohammad Amir Javadi Rad

Abstract— motivated by the desire to construct efficient biometric systems, we propose a fingerprint identification system based on Gabor
wavelet and Support vector Machine (SVM).We demonstrate that the Gabor wavelet based on features can capture textural information at
different scales and orientations and it can achieve high recognition rates utilizing well-tuned SVM. Also, we introduce optimal filter in terms
of accuracy and time complexity by changing the parameters of Gabor wavelet. Results obtained from the polyu HRF dataset show that the
accuracy of the proposed system is comparable to that obtained using other well-known systems.

Index Terms— Gabor wavelet, SVM, Fingerprint Recognition, Biometric.

1 INTRODUCTION

As one of the most popular biometric attributes, the finger-
print is widely used in the verification of identity. Most
fingerprint recognition techniques making use of minutiae as
fingerprint feature. Using these methods has some problems,
because the image must be pre-processed before extracting
features. The main steps for minutiae extraction are smooth-
ing, local ridge orientation estimation, ridge extraction, thin-
ning, and minutiae detection [1]. So the accuracy of the system
is related to the accuracy of all steps. Another method of fin-
gerprint recognition is using texture features as a feature vec-
tor. A method for extracting textural features is using the Ga-
bor wave-let. Gabor filter-based features have been successful
and widely applied to texture segmentation [2], face recogni-
tion [3], handwriting recognition [4] and fingerprint enhance-
ment [5]. This is because the characteristics of the Gabor filter,
especially the frequency and orientation representations, are
similar to those of the human visual system [6]. The receptive
field space structure of the mammalian visual simple cortical
cell can be described with Gabor mathematic function [7]. It
has some great properties such as space position selection,
direction selection, frequency selection and orthogonally. It
extracts the Gabor wavelet coefficients of different direction
and scale as features from data gray distribution [8].

Recently, high resolution (= 1000ppi) fingerprint images
have been increasingly used for fingerprint recognition com-
pared with traditional low-resolution (~500ppi) fingerprint
images, they offer better features on fingerprint and thus it can
help to further improve the fingerprint recognition accuracy
[9]. In this paper, features directly are extracted from finger-
print images by Gabor wavelet without any pre-processing.
Then, a SVM classifier is used to learn the data set. The pro-
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posed system is assessed on polyu HRF data set. The results of
experiments confirm the effectiveness of the proposed system.

This paper is organized as follow: Section 2 describes in de-
tail Gabor wavelet. Section 3 describes support vector machine
algorithm. In section 4, we describe proposed system. In sec-
tion 5, we describe experimental results.your paper.

2 GABOR WAVELET

Gabor wavelet function is as follows:

1

W (xy, Vo, Wo, 0) = B e~ (x§+¥8)/20% [eja)oxo _ ew0202/2] 1)
Where x, = xcos@ +ysinf,y, = —xsinf + ycosf, x and y
are the position of pixel. The center frequency is w,. The orien-
tation of the Gabor wavelet determines by 8. The norm vari-
ance of Gauss function is g. So in (1), w, controls the Scale of
Gabor filters and 8 controls the orientation of Gabor filters. In
this paper, five center frequencies are used as follows:

wl=V2n/2, w2 =\21/3, 03 =V21/4, wt=\21/5,w]
=V27/6

The orientation parameter 0is selected as follows:
0'=0,6%>=n/4,03=mn/2,0*=3n/4 .

Also, we set kg = /2

3 SuPPORT VECTOR MACHINE

SVM is developed based on statistical learning theory [10].
SVM has a very good performance for high-dimensional and
is non-linear pattern classification problem by minimizing the
Vapnik-Chervonenkis dimensions and achieving a minimal
structural risk [11]. Suppose that the training set be as follows:

D ={(x;,y)|x; ER?,y; €{-1,1}} ; i=1,..,n
Where y; = 1, y; = —1which Defines the x; class. x;is ap di-
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mensional vector. The goal is to find hyper plane with the
maximum margin that can separate the points having y; =
1from those having y; = —1.

Solving optimal hyper plane can be modeled as a quadratic
programming problem. For given training samples, optimal
weight w and offsets b for the minimizing cost function weight
is found. When the training samples are separated and are
nonlinear, auxiliary variable ¢;; i =1,..,lis used. So the
classification problem can be considered as a hyper plane op-
timization problem as follows:

min¢(x) = §||W||2 +CYi, & )
sit yiwox; +b)=1-§;
&, 20i=1,..,1

In these equations, C is the penalty parameter, which, can
help to reduce the number of training errors. After solving the
optimization problem, the corresponding optimal decision is
as follows:

f(x) = sgn[Zi, yia; K (x, x;) + b*]. ©)

4 PROPOSED SYSTEM

In this paper, fingerprint identification method based on
Gabor wavelet and support vector machine have been pro-
posed. Initially, Gabor wavelet features of finger-print sam-
ples are extracted and a training set is created. Then the SVM
is trained by this training set and optimal classification deci-
sion function is computed.

4.1 Gabor wavelet feature extraction

Initially Gabor wavelet filter mask is created according to
(1). Assuming that I(x,y)is finger-print image and
Gmn(x,y) is Gabor wavelet filter mask. Next, image should be
convolution with mask, namely:

Inn(x,y) = 1(0,Y) * Gpn(x,y)

Imn(x,y) is contain of extracted features. In this paper, im-
age size and mask size are considered equal. If the mask and
image size be M X N, then size of I, ,(x,y)will be M x N. To
create a feature vector, I, ,(x,y) is divided into 4 blocks and
the mean and standard deviation for each block are computed.
Finally, a feature vector matrix 1 X 160 is obtained.

V = [111,011; B2, 0125 I3, 0135 P14y 0145 5 Hpgy Opg]

Where number of filters is p and q is number of blocks. In
this paper, 20 Gabor wavelet filter is applied to the fingerprint
image, which the scale S = 5, and orientation O = 4 are select-
ed.

4.2 SVM fingerprint recognition

As it can be seen in Fig. 1, from extracted features by Gabor
wavelet training set and test set are created. According to var-
ious classes of training samples, the samples are labeled from
1 to N. where N is the number of people. In next step the ker-
nel function and parameters of Support Vector Machine are
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deter-mined and by using training set, Support Vector Ma-
chine trained and the optimal decision function is obtained.

RBEF is intended as kernel function, kernel argument and regu-
larization content are selected 27 and 9 respectively.
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Fig. 1. block diagram proposed system

5 EXPERIMENTAL RESULTS

In this paper we have used the polyu HRF database [12].
Papers [13], [14], [15] have used from this database for their
experiments. Examples of this database are shown in Fig. 2.

Fig. 2. Examples of database

Fig. 3 shows magnitude Gabor features of two fingerprints
belonging to one person. Fig. 4 shows magnitude Gabor fea-
tures of two fingerprints belonging to different two-person.
Fig. 3 and Fig. 4 shows that the magnitude Gabor features of
two fingerprints belonging to one person are very similar and
the magnitude Gabor features of two fingerprints belonging to
two different persons are different. So we can use magnitude
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Gabor features as features.

Fig. 3. magnitude Gabor features of two fingerprints belonging to one
person

Fig. 4. magnitude Gabor features of two fingerprints belonging to different
two-person

We have chosen 500 fingerprint images from 50 people (10
photos per person) for the experiment. For training set, 6 im-
ages per person and for test set others of four images have
used. Experimental results show accuracy of 95.5%. About
choice of scale for Gabor wavelets, experiments are performed
with further scales and direction. As illustrated in Fig. 5 and
Fig. 6, the results in terms of both time complexity and error
rate are compared. As can be seen in Fig. 2, in best filter scale=
5 and orientation = 4.
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Fig. 5. Error rate of various parameters

In this paper, experiments were done using a computer
with MATLAB R2009a software. Computer configuration is
Intel core i3 processor and 4 GB RAM.
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Fig. 6. time complexity of various parameters

6 CONCLUSION

In this paper fingerprint feature extraction by Gabor wave-
let filter and their classification by Support Vector Machines
are presented. Gabor wavelet filter is controlled by two pa-
rameters wyand 6 after which Comparison of various parame-
ters we introduced appropriate Gabor wavelet filter. Then, the
extracted features, training the Support Vector Machine and
the rest is considered as test set. Experiments show that the
method is very accurate and its value is equal to 95.5%. Ac-
cording to the results of Chapter 5, scale = 5 and orientation =
4 is considered for filter.
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