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ABSTRACT

Using biometrics to verify a person’s identity has several
advantages over the present practices of personal identification
numbers (PINs) and passwords. Minutiae-based automated
fingerprint identification systems are more popular, but they are
more computationally complex and time consuming. In this
paper we propose a simple yet effective technique for
fingerprint identification. This method is image-based in which
feature vectors of a fingerprint are extracted after sectorization
of the cepstrum of a fingerprint. They are matched with those
stored in the database. The experimental results show that this
algorithm could correctly identify fingerprints with accuracy
more than 96% in case of larger number of sectors.
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1. INTRODUCTION

Fingerprint identification remains as one of the most widely
used and reliable biometric identification methods [1]. Even
after decades of research, fingerprint identification is still a
very challenging area. The age old method of fingerprint
identification which has been done manually is based on
minutiae detection. Minutiae are the identification points which
are mostly ridge endings and ridge bifurcation points, and
others like ridge crossovers, islands etc. The fingerprint
identification process includes locating the position, type and
number of these minutiae. As the database of fingerprints
increased manual identification became tedious and automated
methods became more widespread. Fingerprint verification and
identification algorithms [11] can be classified into two
categories: image-based and minutiae-based. Image-based
methods include methods involving optical correlation [3] and
transform-based features [2], [5], [6], [7]. Other aspects of
fingerprint identification are orientation [8], segmentation [9]
and core point detection [10]. They may achieve higher
computational efficiency than minutiae based methods. In
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addition, they may be the only choice when the image quality of
the given fingerprint is low. Most of the current automated
systems are based on minutiae tracking, but these algorithms
are easily affected by orientation and shift of fingerprint. Hence
they are less reliable, more complex and time consuming.

This paper discusses the use of automated technique of
fingerprint identification which takes the fingerprint in totality
and identification is done by analyzing the overall features of
fingerprint like texture etc. Since the ridges on the fingerprint
form repetitive patterns, its frequency domain representation
has unique characteristics which are used here for identification
purpose.

The rest of the paper is structured as follows. Section Il
describes the Fourier transform technique. Section Il explains
the proposed sectorization method. The experimental results
are given in section IV. Finally, conclusions are given in
section V.

2. FREQUENCY DOMAIN ANALYSIS

FOURIER TRANSFORM

The Fourier transform is a powerful tool of linear system
analysis. For discrete functions (images) of two dimensions, the

discrete Fourier transform is defined as [4]:
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where u and v are two dimensional frequency representation.
The magnitude of the Fourier spectrum is given by its absolute
value as,
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where, R(u,v) and I(u,v) are the real and imaginary components
of the complex Fourier transform value. Each pixel in Fourier
spectrum represents an intensity change in spatial frequency of
one cycle per image width. The ring showed in Fig. 1 is
produced by the periodic and uniform intensity changes which
represents the ridge-valley structure in a fingerprint image.

Figure 1.Fingerprint and its Cepstrum

The logarithm of the Fourier spectrum is referred to as
cepstrum which represents the power in frequency domain.

S(u,v) =10 * Log (F(u,v) 3

The cepstrum of a fingerprint image is directly related to the
power content of that fingerprint. Hence, here we are directly
dealing with power concentrated in each fingerprint. The
spectrum is first shifted to represent the zero frequency at the
centre of the complex plane. A block of 160 x 160 pixels is
then extracted from the centre point as most of the information
is contained in this region. The region outside this block
contains less amount of information and adds to the
computation complexity.

3. SECTORIZATION

The complex 2D plane of Fourier spectrum (block of 160 x
160) pixels is divided into different sectors. For each sector a
feature vector is generated which is the mean of the cepstrum
value of all the points in that sector. This value is unique for
each fingerprint as the frequency distribution of each
fingerprint is unique in different sectors. Sectorization helps is
generating fewer feature vectors vis-a-vis when comparing the
entire or those transform coefficients which contain major part
of signal energy.

The complex 2D plane is divided into 4, 8, 12 or 16 sectors as
shown in the figure 2 based on the criteria as shown in the
tables (Table | — V). Here first the complex plane is divided
into 4 sectors which have the same sequence as those of the
quadrants of a plane as shown in figure 2.

For higher division i.e. 8, 12 and 16 sectors, these 4 sectors are
considered as individual blocks and the criteria shown in the
respective tables are applied where x represents the row
number and y represents the column number.
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Figure 2. a) 4 sectors b) 8 sectors c) 12 sectors d) 16 sectors

TABLE I. FOUR SECTORS

Sectors Locations

| Top right quadrant (QI)

1 Top left quadrant (QI1)

1l Bottom left quadrant (QIII)

v Bottom right quadrant (QIV)
TABLE II. EIGHT SECTORS
Sectors Criteria
1,1V, VI and VII Ifx<y
I, 111, Vand VIII Ifx>=y
TABLE III. TWELVE SECTORS
Sectors Criteria
I, VI, VIl and XII If x < ytan(m/6)

11, V, VIl and XI If x>= ytan(n /6)) and (x <ytan(x /3)
11, 1V, 1X and X If x>= ytan( /3)

TABLE VI. SIXTEEN SECTORS
Sectors Criteria
I, VIII, IX and XVI Ifx < ytan(n/8)
1, VI, X and XV If x>= ytan(n /8)) and (x <ytan(r /4)
11, VI, XI and XIV If x>= ytan(n /4)) and (x <ytan(3x /8)
IV, V, X1, X1l If x>= ytan(3x /8)
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The mean of the cepstrum value of all the points for k" sector
is calculated as,
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where, N is the total number of points in a sector. These mean
values represent the feature vectors, along with the zero
frequency cepstrum value as a separate feature vector. Hence
for 16 sectors there are 17 feature vectors. These features
obtained from the test image are compared with those obtained
from the stored fingerprint and the results matched. The
Euclidian distances between the feature vectors of the test
image and the database images are calculated. The minimum
distance gives the best match. Larger the number of sectors
better the accuracy in fingerprint identification.

4. EXPERIMENTAL RESULTS

This unique and novel method has been tested over a large
database of 168 images. Total of 21 images with 8 samples of
each, obtained with rotational ( +/- 15° ) and shift (horizontal
and vertical) variations have been considered. The algorithm
compared the feature vectors of the test image with those in
database and the first 8 matched were recorded. Also whether
the first match belonged to the same fingerprint or not was
recorded. The results have been tabulated in Table V and VI
and it has been observed that there is considerable
improvement with increase in number of sectors as shown in
figure 3 and 4. We have applied the proposed technique on
these images and results in each category show that our method
can satisfactorily identify the fingerprint images. The accuracy
rate observed is more than 96% for 16 sectors

TABLE V.

No. of Matches
(Avg) in the first 8
Sectors matches
4 3.09677
8 4.5666
12 5.129
16 5.2903
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TABLE IV.

Accuracy (in
terms of first
Sectors position match)
4 40.32 %
8 71.24 %
12 87.09 %
16 96.77 %

No. of Matches (Avg) inthe first 8 matches
6
5
3
3 E o, of Matches {Avg)
2 inthe first 8 matches
1
0
4 8 12 16
Figure 3.Average number of matches in the
first 8 matches for different sectors
Percentage Accuracy (in terms of first
position match)
120
100
80
60 W Accuracy (in terms
10 of first position
match)
20
0
4 8 12 16

Figure 4. Accuracy obtained for different sectors

5. CONCLUSION

In this paper, we have proposed a novel method for reliable
identification of fingerprint images. The technique of
sectorization of the cepstrum of fingerprint images has been
used to generate feature vectors and matching is done using
Euclidean distance as similarity measure. This method is
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computationally very simple and fast as the recognition
procedure does not include multiple steps as compared to the
methods where minutea detection is used for fingerprint
recognition. It also is considerably independent of shift and
rotation of fingerprint images. The results show that this simple
and robust method can be effectively used for fingerprint
identification.
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