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1. Introduction algorithm which is invariant to rotation and translation

In this paper we describe and design AFIS (Automatic Experimental results on a fingerprint database captured with

Identity Authentication System) which use fingerprint to inked images are described in section 4. Section 5 contains
establish  the identity of an individual. Fingerprint the summary and future work.

identification is one of the most reliable and valid personal
identification method for a long time. It refers to the process
of matching a query fingerprint against a given fingerprint
database while a verification system uses fingerprint only in
authentication conducts only one-to-one comparison
1o authenticate. Its goal is to quickly and accurately determine
whether a query fingerprint is present in the database and to
retrieve those which are the most similar to the query from
the database.

It is widely known that AFIS relies on exact minutiae of
fingerprint to match fingerprint. In this paper, we show a
structure matching approach is presented. Unlike a traditional
matching approach, it is less mathematical but has very high
accuracy of a matching in a short time[1,2]. Also, it is able to

identity

perform a matching fol translated as well as rotated
fingerprint images. Since the candidates retrieved by the
svstem usually need to be further examined by human

experts to reach a final decision, a set of top 10 scoring
fingerprints is obtained as a result of a
matchingl3.4].  In the following sections, we will describe in
our matching method of AFIS. Section 2 mainly discusses the
preprocessing a matching and an efficient feature
Section matching

reterence

proper for

extraction  algorithm. 3 presents our
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2. Preprocessing and A Minutiae Extraction
2.1 Preprocessing

Prior to any fingerprint matching, suitable
(core, delta and minutiae) of a fingerprint are cssential
and delta points are easily used for

representations
Core
the steps of lingerprim

classification and fingerprint matching because thev are very
stable and invariant to noise and deformation. Also, the
location and number of core and delta points can make

fingerprint classified for four basic types(arch, left loop, right
loop, whorl). According to these four tvpes, retrieval time can
be reduced and overall system performance is enhanced.

To acquire these proper features, the raw digital image of o

fingerprint itself does not meet these  representationid
requirements so that this paper shows briefiv about the
preprocessing steps of a fingerprint matching first. Before

considering the preprocessing steps, we can assume that the
noise in an input image is already reduced considerably.
input image is first enhanced and the foreground
regions are segmented. Then, Core delta
obtained using Poincare index method on o
imagel3,5].

The
background
and

points are

hinarization
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2.2 A Minutiae Extraction

The obhtained hinary ridge image needs further processing
hefore the minutiae can be extracted(6]. First, extracted ridges
should be thinned to have one pixel width. Then to maintain
the continuity in ridges and remove the isolated and spur
pixels,  the  thinning morphological filtering should be
performed[7]. The minutiae are then extracted from this
thinned image, using the Crossing Number(CN) at a point P
which is expressed as Equ.(1) and minutiae within a margin
ol 30 pixels of fingerprint image borders are extracted[8].

CN= 2| P~ P..\l, Py= P,,

P1 is the pixel value(zero or
neighborhood of P, as shown in Table 1.

and

(1

where one) in a 3»3

Table 1. 3 <3 mask.

i Ridge line o
P pP. Ps Minutia (x, y)
Px P PJ.
P- P R Local ridge directio
7 i 5

»

Fig 1. 3 attributes of bifurcation

Typically, there are two most prominent minutiae which are
usually called; ridge ending and ridge bifurcation. However, in
this paper we only consider minutiae as the ridge bifurcation
Secause it is enough to show uniqueness, easy computability.
stable and
deformation comparing to another. The value of CN for ridge
Each bifurcation has three attributes, the
v-coordinate, the y-coordinate, and the local ridge direction in
FFig 1. However, because these acquired minutiae may include
the number of false minutiae, the post processing based on
characteristic and spatial relationships of
minutiae is in great need. Especially, a spike within 7 pixels
and a hridge are removed by a line following algorithm. The
number  of minutize found in the corrupted portion of
Ingerprints should be considered as noise because it lows the
computability and performance of our matching system.

VMoreover, it s very invariant to noise and

bifurcation 15 6.

their  structural

3. The fingerprint matching algorithm

In have more a exact matching, the matching
approach adopted in this system is divided into two stages,
namely (matching by correlation using global angle among
delta and minutiae) and (2)matching by
correlation using iocal angle of minutiae.
which has no core and delta points, only the
structural and spatial relationships of minutiae can make some
rotation and  translation invariant. For loops and whorl, the
oxistence of core and delta points helps two fingerprints to be
invariant to rotation and translation.

order to

featurestcore,

For arch

3.1 The matching method for arch
First ot all, for the matching by correlation using global
sngle among minutiae, we find one bifurcation and two other

bifurcations which are nearest to it. We can link these three
bifurcations and make one triangle. Then, the interior angle of
it can be easily computed. This becomes the first object of
matching between two fingerprints for arch. Secondly, for the
matching by correlation using local angle of features, we need
the directions of each bifurcation as shown in Fig 1. Then,
we can make a new triangle by linking the directions of three
bifurcations of a triangle found in the first stage. Also. we
can acquire the interior angle of new triangle in second stage.
This becomes the second object of a matching for arch.
Hence, each group of three bifurcations has two triangles
which are linked based on only three bifurcations and three
directions of them as shown in Fig 3(a). Consequenty, we
believe that two fingerprints which have the most number of
similar triangle are identical even though an input fingerprint
allows some rotation and translation.

3.2 The matching algorithm for loops and whorl

For the matching by correlation using global angle among
core and delta points and minutiae, we need to find out each
registration line of two fingerprints in a database and an
input. For loops the line between core and delta points should
become it and for whorl the line between a middle point of
two cores and left delta should be it. We compute
absolute angle of registration line, the absolute angle
distance between core and each minutiae.

the
and

Deltn or
bifurcation

Fig 2. Elements relating the neighborhood
feature to the core

To calculate the distance and absolute angle of the feature as
shown in Fig 2, the following formulae are used:
The distance, d between the core and delta(bifurcation) is:
d=V drc’+ dy* 2)
where,
dx is the distance between the core and delta(bifurcation) in
the x direction.
dy is the distance between the core and delta(bifurcation) in
the y direction.
The absolute angle of the delta is:
d:
£ @ b=tan 7‘%

The directional angle of the hifurcation is:

A(Z)a:tan—% ()

Also, we count the number of ridges on registration line
which is used to reduce the search space in the database for
the matching system. Then, for the matching by correlation
using local angle of features, we need the directions of cach
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hifurcation in Fig 1.

When we map a fingerprint in a database to an input
we first compare the number of ridges on the
line in two fingerprints. Secondly, we need to
difference of ahsolute angle hetween two
in two fingerprints then make a set of
minutiae of a fingerprint in a database been rotated to it in
an input fingerprint as their difference of absolute angle found
above as. Then we can compare the absolute angle of each
minutiae and distance between core and each minutiae. These
above computations become the first stage of matching for
loops  and For the second stage, we use a
method of the first stage using absolute angle of the
directions of each minutiae instead absolute angle of each
minutiae in Fig. 3(h). This matching algorithm is based on
finding the most number of minutiae which has similar angle
and distance in fingerprints between a database and an input.

Finally, in this paper we provide a ranked list of the most
possible matches(usually the top 10 matches), which are then
verified by human experts at last because of the large size of
fingerprint database and noisy of fingerprint encountered in

fingerprint,
reglstration
compute  the

registration  lines

whorl. similar

practicel-1].

(a) (b)
Fig 3. (a)Arch

(h)Loops and whorl

4. System performance evaluation

We have tested our system on 600 images{512+480) which
are captured with inked and from each different people. The
captured fingerprint images vary in quality. In this paper we
give three grades(A, B, C) according to their qualities. In our
database are considered 70% of the images are grade(A) and
20% are grade(B) which are reasonable quality similar to
those shown in Fig 4(a) and (b), while about 10%6 of the
images are grade(C) which is not of good quality due to
large creases and smudge in ridges and dryness of impressed
finger in Fig 4(c). These images are classified as the four
basic fingerprint patterns before the matching is performed.
A rotated and translated image is defined as a image with
rotated by the degree of =30 and shifted by 5.

And, we conclude two fingerprints are from a same finger
if the error in the view of angle and distance is in the 5°
and 6 pixel. The average required matching time is about 0.1
second on a 130 MHz, 586 personal computer. The images of
wrade(A) and (B) match successfully in the top 10 list and
the matching accuracy of these images is about 98%. We
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observe the incorrect matches are due to fingerprint images
with poor quality such as shown in Fig K¢). The accuracy of
these bad images is 78% so that it hecomes a main reason o
low the system performance. Therefor, we can improve these
matching that the does  not

results by ensuring datahase

contain such poor quality fingerprint images.

(a) (bh) (c)
Fig 4. Fingerprint images

5. Conclusion

We have proposed the fingerprints identification
using the correlation in terms of distance and angletglobal
and local) among the features. makes  the
relatively robust even in distortions and can
fingerprints arc identical on top 10 Hst within some rotation
and translation.

However, we concluded that the oceur
mainly due to a fingerprint image of poor qualitv. We should
investigate an image enhancement algorithm and an adaptive
morphological technique to extract the most efficient minutiae
in future work.

svstem
This scheme

show  two

mcorrect matches
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