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Abstract- AFIS (automated fingerprint identification system) is
very

popular

now

days

for biometric security.

Most of the Automatic Fingerprint Identification systems
(AFIS) make use of the features of fingerprints like ridge
ending and ridge bifurcation. In AFIS, the core points and
delta points play a very vital role and they are mostly used in
fingerprint classification and Fingerprint matching techniques
[4]. Fingerprint classification is the division of fingerprint
images into different classes. The different classes of
fingerprints are shown in Figure 2.

Fingerprint

classification plays a key role in identifying fingerprints and also
helps

in

fingerprint

matching.

This

paper

presents

a

new

classification technique based on the detection of singular points
(core and delta points). This fingerprint classification technique
consists

of

four

steps.

In

the

first

step,

preprocessing

(segmentation and normalization) of input fingerprint image is
done. In the second step, fine orientation field of image is
estimated. In the third step, singular points are located using
modified

Poincare

classification

is

index

done

on

technique.
the

basis

of

In

the

fourth

singular

step,

points.

The

proposed technique was tested on FVC2004 database and the
results

show

a

significant

improvement

in

reducing

the

misclassification errors.
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I.

INTRODUCTION
Figure 2. Five classes of fingerprints

The Fingerprint is the most popular biometric technology
and it is a reliable method for personal identification because
everybody holds distinctive pattern of fingerprints, even
identical twins have different fingerprints [1]. The use of
fingerprints for criminal verification, access control, credit
card and passport authentication is becoming very popular [2].
Fingerprints are the unique patterns of the ridges and valleys
present on the surface of fingertip. The part or area fmgerprint
with different patterns of curvature, termination and
bifurcation etc is called singular region. The singular points
are either delta point or core point depending upon its position
and type [3].

Many approaches for fingerprint classification have been
proposed till now. Monowar and Dhruba proposed an effective
method for fingerprint classification by making use of data
mining approach. They presented partition clustering
technique for the classification of fingerprint images [5].
Manhua Liu proposed a fingerprint classification algorithm
based on Adaboost learning method. This method is applied
on decision trees for designing a classifier which is used in
fingerprint classification [6]. J. Hu and M. Xie proposed a
novel algorithm for fingerprint classification. In this method
the classification of fingerprint images is done through the BP
network and SVM classifiers which improve the
computational efficiency [7]. H.W. Jung and J.H. Lee
presented an approach for fingerprint classification. This
approach is based on the ridge direction, which is among the
global features used for classification. It classifies the
fingerprint images according to ridge characteristics of each
class [8]. G.C. Zacharias and P.S. Lal proposed a classification
method which combines singular points and features of the
gray level co-occurrence matrix (GLCM). The input
fingerprint is partitioned into extract four sets of GLCM
features then a feature vector is used for training neural
network which classify the fingerprint image [9].

A core point is a point at which the orientation in the small
area surrounding this point represents a semi circular shape
and delta point is a point where a small area around the point
forms three sectors with hyperbolic tendency [4].

Figure 1. Core and delta points
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The earlier techniques were not efficient because most of
them were unable to make proper utilization of the useful
information present in the ridge patterns and they were
dependent only on the orientation field information. This
project makes the use of singular points for classification
because exactly located singular points play a vital role in
fingerprint classification. The techniques of fingerprint
classification used in the past were able to detect only one core
point, which is inefficient for the classification of a fingerprint
[10]. The major characteristic of proposed technique is that it
detects all core points and also the delta points that exist in the
fingerprint image. The literature on the previous techniques is
reviewed and analyzed in order to develop the best approach
to be followed for this project.

identification process. Fig 3 shows the important processing
steps involved in fingerprint classification system.
A. Preprocessing

The Preprocessing of fmgerprint image involves
segmentation (the process of separating background from the
foreground image) and normalization (the process of
standardizing the variation in gray-level values of an image) for
enhancing the fingerprint image, for removal of noise and other
irrelevant information [12]. The main steps in image pre
processing are following:
1.

Segmentation is performed in order to separate
fingerprint regions from the background [13].
Modified Gradient-based technique is used for
segmentation which involves following Steps [14]:

The proposed algorithm consists of two stages of
processing: First stage is fingerprint image enhancement and
Second stage is singular point detection. Our enhancement
part increases the quality of image so that singular points are
correctly allocated. Singular point detection is done by using
Poincare index technique with some modifications.
This paper is divided into four sections. In the second
section the major steps of fingerprint classification and the
techniques used in these steps are presented. The third section
discusses the experimental results followed by the conclusion
in the fourth section.
II.

Segmentation

PROPOSED TECHNIQUE

a)

Take input fingerprint image I ( i, j ) and
divide it into separate blocks.

b)

Histogram equalization method is used for
enhancing the contrast of fingerprint image.

c)

A median filter of size 3x3 is used for noise
reduction.

d)

Gradients x and y are computed at the center
of each block.

e)

Now calculate mean values for x and y
components of the gradient using equation no.
(1) and (2) respectively.

Automatic fmgerprint identification is very useful
especially for large databases. In the absence of a fingerprint
classification scheme, a lot of time is consumed in matching a
specific fingerprint with all fingerprints saved in the database;
this makes fingerprint identification process slow.

-b L.���k/2 L.7��k/2 ax (i,j)
My= -b L.���k/2 L.7��k/2 ay (i,j)
Mx

... (1)

=

... (2)

Here,
K

=

Size of separate blocks of input image.

ax , ay

f)

=

Gradients X and Y.

Now calculate standard deviation of x and y
components using equation no. (3) and (4)
respectively.
stdx=
stdy=

",k/2-k/2 k.",k/2
j=-k/2 (ax .( I,.] )
k.i=
)
",k/2
2.. ",k/2
k2 k.i=-k/2 k.j=-k/2 (a (I,]
1

k2

Y

.

.

-

_

( ))2... (3)
(4)
(
My /))2'"
Mx /

Here,
Mx , My
K

Figure 3. Block diagram of fingerprint classification
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Fingerprint classification divides the fingerprints into pre
specified categories. So during fingerprint matching a specific
fingerprint is matched to the fingerprints of the same category
present in the database [11]. This speeds up the fingerprint
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Gradients X and Y.

g) Calculate gradient deviation using equation
no. (5).
... (5)
grddev stdx + stdy
=

97

h)

The value of threshold is selected after testing.
The block of fingerprint image is taken as a
foreground if gradient deviation is greater
than the threshold value, otherwise it is taken
as background [14].
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The mean 'M' and variance ' V' of the
fingerprint image are calculated using
equation no. (7) and (8) respectively.
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x N is the dimension of pixels.
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is used to represent the pixel intensity
at the ith row and thejth column [14].
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The Orientation field estimation plays a vital role in
fingerprint identification systems. The orientation field image
presents the inherent property of fmgerprints and it gives the
coordinates of valleys and ridges in local neighborhood [16].
Orientation field estimation is used for the detection of
core points and for fingerprint matching process. Let e denote
the orientation field of a fingerprint image [4].
The basic steps of the estimation of smooth orientation field
using least mean square algorithm are given below:
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Now apply a two dimensional low pass filter G on
this continuous vector field. The size of specified
filter is w ct> x w ct>.

In above equations,
L

� tan-1

2

d) Noise causes the discontinuity in ridges and valleys
which is softened by applying a low pass filter.
Orientation field image is needs conversion into
continuous vector field for apply a low pass filter.
The components of a continuous vector filed are
defined by equation no. (12) And (13) [17].

... (6)

Mi , Vi are calculated through Eq. (7) and (8).
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In this equation, () (i,j) represents least square
estimate of local ridge orientation at a certain block.

Mo is desired mean and Va is the variance.

M
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Then,

In this equation,

b)

... (lO)

Size of separate blocks of input image.

=

ax , ay

>M

otherwise

•

... (9)

Here,

At pixel (i, j) gray-level value is denoted by
J(ij). Equation number (6) is used to calculate
the normalized value 'N' for a fingerprint
image.
Mo

•

IT

The Normalization is the process of changing
the range of gray-level values. The process of
normalization brings the image to a range more
familiar or normal to the human senses, hence the
name normalization is given to this process [15].
The steps involved in normalization process are:
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II. Normalization

a)

Now compute the local orientation using equation no.
(9) And (10) [17].

I

G (u,v). ct>xCi - uw,j -vw) ... (14)

W.. /2

I

G (u,v). ct>y(i - uw,j - vw) .. (15)
·

u=-W.. /2 v=-W.. /2

Here,
ct> x and ct> y are X and
continuous vector field.
t)

components of

Smooth orientation field can be computed by using
equation no. (16) [17].
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Take an input fingerprint image I and divide it into
separate blocks.

Y
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C. Singular Points Detection

b) Now compute the gradient a x (i, j) and a /i,})

Singular points include core points and delta points.
Accurate allocation of these points is necessary for fingerprint
classification. A modified Poincare index technique is used for

at the center of every block.
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the detection of singular points [18]. The main steps involved
in singular points detection are described below:
I.

c)

Computation of Poincare index for the oriented
image

The Poincare index of each pixel of oriented
image is calculated using Poincare index technique.
Where oriented image is the image obtained after
orientation field estimation. The most commonly
used technique for the detection of core and deltas
points is the Poincare index technique [I9].Poincare
index technique can be summarized as [4]:
a) The ROI (region of interest) is located on the
basis of background certainty.
b)

A new image (A) is taken in order to present the
core points.

c)

Compute Poincare index at each pixel of the
oriented image , PC (i,j),where

•

•

•
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In above Equation,

In the above equation,
Np denotes particular number of points.
d)

For a core point the Poincare index should be in
range (0.45 and 0.55). If it is true, then the
related pixel A(i,j) is labeled as 1 otherwise it is
labeled as 2. A block is called a delta block if its
Poincare index is (-0.5).

e)

Find all the linked components in image A with
the pixel values equal to 1. The largest area
among them will have the core point.

f)

After this, calculate the centroid of that area.
This centroid will give the core point location.

II.

Take a new image (A) for indicating the singular
points.

b)

At each pixel in the Poincare image, assign the
corresponding pixel in image (A) a value equal
to '1' If (0.45 <Poincare Index<= 0.55) and a
value equal to '2' If (-0.55 <Poincare Index<= 0.45).

If (LC < 7),
Core point does not exist.
If (LC> 7 && LC < 20),
Compute the central point of that component
having biggest area LC. This central point is
the position of the core point.
If (LC> 20),
Compute the central points of the two linked
components having the biggest areas. These
central points give us the location of the two
core points.

Find out the entire linked components in A
having the pixel values equal to 2. Compute the
area of each of those linked components.
Suppose LD denote the biggest area among those
components, then
•
If (LD = = 0),
Delta point does not exist,
•
If ( LD> 0 && LD < 7),
Compute the central point of that component
having biggest area LD. This central point is
the position of optimal delta point.
•
If (LD> 7),
i) Compute the central point of the
component having the biggest area LD.
This central point gives the location of
first delta point.
ii) Calculate the central point of the
component having biggest area less than
or equal to '7'. This central point is the
location of the second delta point [4].

D. Fingerprint Classification

Fingerprint classification is the division of fingerprints into
different classes. The division of fingerprints is done on the
basis of number of core and delta points. There are mainly five
classes of fingerprints which are; (I).Arch, (2).Tented arch,
(3).Left loop, (4).Right loop and (5).Whorl.
The classification criteria used in proposed technique is
as follows:

Optimal Detection of singular points

a)

Find out all the linked components in image (A)
having the pixel values equal to 1. Compute the
area of each of these linked components.
Suppose LC denote the biggest area among these
components, then

•

•

•
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If number of core points is two, i.e. Nc=2 and two
delta points are present, i.e. Nd=2, then the class of
fmgerprint is 'Whorl'.
If no core points are present, i.e. Nc=O and no delta
points are present, i.e. Nd=O" then the class of
fmgerprint is 'Arch'.
If there is one core point, i.e. Nc=Iand one delta
point, i.e. Nd=I, then classify the fingerprint image

using the core and delta assessment algorithm given
below.
If all of the above conditions are not satisfied then
reject the fingerprint.

•

Table I shows the accuracy of developed system. Table II
shows the average processing time for each step of fingerprint
classification.
TABLE

The core and delta assessment algorithm is used to

I.

classify a one-core and one-delta fingerprint into one

Fingerprint Classification Results

of the following categories: (i) Left loop, (ii) Right
loop, and (iii) Tented arch. The steps of this algorithm

Parameter

Value

Average Accuracy

0.95%

Correct Fingerprint Classification

95%

Incorrect Fingerprint Classificaion

5%

are:
•

•

•

•

•

•

•

ACCURACY RESULTS OF DEVELOPED SYSTEM ON
FVC2004 DATABASE

Estimate the symmetric axis which crosses the core
in its local neighborhood.
Compute the angle (a) between the symmetric axis
and the line segment which matches the core point to
delta point.
Compute the average angle difference (�) between
the local ridge orientation on the line segment which
matches the core point to the delta point and the
orientation of the line segment.
Count the number of ridges (y) that cross the line
segment which matches the core point to the delta
point.
If (a <10°) or (� <1 5 0) and (y =0), then classify the
input as a tented arch.
If delta point is located to the right side of the axis
then classify the input fingerprint to left loop class.
If the delta point is located to the left side of the axis
then classify the input fingerprint to right loop class.

TABLE

II.

AVERAGE PROCESSING TIME

Steps

Time (ms)

IOms

Orientation Field Estimation

125 ms

Singalar Points Detection

lOOms

Classification

5 ms

The proposed classification technique is capable of
classifying the fingerprints at a good success rate. The results
of correct classification are shown in Figure 5 and Figure 7.
Table III shows the confusion matrix for 100 images.
TABLE

III.

135 ms

Segmentation
Normalization

III.

CONFUSION MATRlX
Assigned Class

EXPERIMENTAL RESULTS

The proposed classification technique is tested on FVC
(2004) database and its performance is checked. FVC 2004
stands for Fingerprint verification Competition 2004. This
database consist of 40 different fingers and eight impressions
of each finger (40 x 8=320 fingerprints). The images in DB1,
DB2, DB3 and DB4 are 640x480, 328x364, 300x480, and
288x384 respectively and each having a resolution of 500 dpi.
The proposed classification algorithm is applied which
classifies the fingerprints into five classes on the basis of
number of singular points. The five classes of fingerprints are:
(1) arch, (2) tented arch, (3) right loop, (4) left loop, (5) whorl.
The results of experiments are according to the expectations.
The accuracy of this system is just about 95%. Figure 4 shows
the results of main steps performed during fingerprint
classification.

True

Right

Left

Class

loop

loop

Right

99

I

0

0

0

Left Loop

I

98

0

I

0

Arch

0

0

99

I

0

Tented

1

2

0
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0

I

0

0

I

98

loop

Arch
Whorl

Cd)

Arch

Tented

Whorl

Arch

W

Figure 5. Correctly Classified Images (a) Whorl, (b) Arch
(c) Tented Arch, (d) Right loop, and (e) Left loop.

Only 5% fingerprints were misclassified or wrongly
classified (shown in Figure 6). This is mostly due to the non
presence of the core or delta points or due to the poor quality
of fingerprint.
Figure 4. Main steps in fingerprint classification. (a) Original
fmgerprint image; (b) Segmented image; (c) Normalized image; (d)
Orientation field image; (e) Image

with singular points; (t) Image

with fmgerprint class defined.
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technique can detect all core points and delta points present in
the fingerprint image and gives very good results. About
of

fingerprints

are

successfully

classified

using

95%

proposed

technique. The proposed classification system is simple but an
effective system that classifies fingerprints on the basis of
singular points present in them. It is an automated system so it

Figure 6. Wrongly Classified Images
one core point,no delta or sec(J1d
core point detected).

is

less

labor

encouraging.

demanding.

Results

of

system

are

quite

This system will be helpful in the field of

biometrics and it is used in fingerprint identification systems.
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