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ABSTRACT: Normally, fingerprint images contain a single fingerprint or a set of non overlapped fingerprints. There
may be situations where overlapped fingerprint can be obtained. It can be frequently encountered in the latent
fingerprint lifted from crime scenes. It is essential to separate those overlapped fingerprint into its component
fingerprints. The challenging work in separating overlapped fingerprint is the separation of mixed orientation field into
its component orientation field. In this paper, Relaxation labelling algorithm is proposed to perform the task of
separation. Initially, we use Local fourier analysis method in order to estimate the initial orientation field. Then
Relaxation labelling algorithm is employed to detach the initial orientation field. Finally, by using Gabor filter the
required component fingerprints are obtained.
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I.LINTRODUCTION

Fingerprint refers to the friction ridge skin of human finger or its impression. A fingerprint is a type of oriented texture
with locally smooth and intervening ridges and valleys. Fingerprints are both unique and permanent, making it an ideal
biometric trait for person identification. Fingerprint recognition has been successfully deployed in various applications,
such as entry control, time and attendance, computer login, forensics, and airport security. One challenging problem
now-a-days is the processing and matching of overlapped fingerprints. When the same location of a surface is touched
by two or more fingerprints at different times, the developed latent image may contain overlapped fingerprints. It may
also occur in the live scan fingerprint images when the surface of fingerprint sensors contains residue of preceding
fingerprints.

Verifinger is unable to segment the two component fingerprints and thus he fails to extract the ridges in the overlapped
region. Thus it creates a challenge to the existing fingerprint recognition algorithm. Forensic scientists have proposed a
method to separate overlapped fingerprints using the gold material. This technology is very interesting and is not
convenient since it works only for some specific fingerprints. Fan et al. proposed an algorithm to separate overlapped
fingerprints based on image enhancement using a manually marked orientation field. However, it is tedious and time
consuming for us to manually mark the orientation field of each component fingerprint in the overlapped fingerprint
image. Geng et al. proposed to use morphological component analysis to separate overlapped fingerprints.
Experimental results showed that their algorithm can only separate that component fingerprint which dominates the
overlapped image. Singh et al. suggested the use of independent component analysis (ICA) to separate overlapped
fingerprints, but they did not provide a separation algorithm.

In this paper, we proposed an algorithm to separate overlapped fingerprints and evaluated it using both real overlapped
latent fingerprints and simulated overlapped fingerprints. The algorithm is based on two assumptions which are both
reasonable and practical.

1.The overlapped fingerprint image consists of atmost two fingerprints.

2. There exist differences between the orientation fields of the two component fingerprints in the overlapped area.

The proposed algorithm consists of the following three steps:

1.Region segmentation: The overlapped fingerprint image is divided into background region, overlapped region,non
overlapped regions of two component fingerprints.
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2.Initial orientation field estimation: By using Local Fourier analysis method the initial orientation field of the given
overlapped fingerprint image is estimated.

3.Orientation field separation: A relaxation labeling method is then employed to label the initial orientation field in to
two classes. Based on the result, the initial orientation field is decomposed into two component orientation fields.
4.Fingerprint separation: Finally, the two component fingerprints are separated by employing Gabor filters.
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Fig 1: Flow model for the proposed algorithm

In the Fig 1, it shows the flow model for the proposed algorithm.

I1. OVERLAPPED FINGERPRINT SEPARATION

REGION SEGMENTATION:

The region masks are manually marked for the two overlapped fingerprints. Manually marking region mask is a
common practice in latent fingerprint community. The overlapped fingerprint image consists of two regions, the
overlapped region and the non overlapped region of two component fingerprints. The overlapped region is the common
region of the two masks and it contains the overlapped part of the two fingerprints and the non overlapped region

contains only one fingerprint.
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Fig.2. Procedure to divide the regions.
In the Fig.2, it gives the procedure to divide the regions.
An overlapped fingerprint image is segmented into non overlapping blocks of 16x16 pixels. The block in the
overlapped region is called overlapped block and the block in the non overlapped region is called non overlapped

block. There exists one dominant orientation in the non overlapped block and two dominant orientations in the
overlapped block.

INITIAL ORIENTATION FIELD ESTIMATION:

A Fingerprint orientation field is a matrix, whose value at (x,y) denotes the dominant ridge orientation at point (x,y)
[2]. The orientation field of an overlapped fingerprint image is different from that of the orientation field of a single
fingerprint image in that it contains one dominant orientation in the non overlapped region and two dominant
orientations in the overlapped region. In this paper, we have assumed that the region masks of the component
fingerprints have been manually marked. After the creation of region mask we have used Local Fourier analysis
method in order to extract the initial orientation field.

We have taken the input overlapped fingerprint image and then is divided in to non overlapping blocks of 16x16 pixels.
The ridge present in an each block can be represented by a 2D sine wave. Centered at each block, the local image in the
64x64 window is then multiplied by a Gaussian function (¢ = 16). The discrete Fourier transform (DFT) F(u,v) of the
resulted image is computed and the amplitude of the low frequency components is set to zero. Also, the local maxima
points with the largest amplitude are found in the frequency domain. Each point can be represented by a 2D sine wave
w(x,y)= a. sin(2I1f(sin(0)x + cos(0)y) + @), where a, f, 0, ® represents the amplitude, frequency, orientation and phase
respectively. It can be determined by the below formulas,

a=|F(uv]]
f= 64
0 = arctan (‘J

T (Flua))
T — arctan ( ]
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Fig.3. Estimation of two dominant orientations in an overlapped block.
In the Fig.3, it shows the estimation of two dominant orientations in an overlapped block.

ORIENTATION FIELD SEPARATION:

The initial orientation field thus contains two dominant orientations in each overlapped block. In this paper, we have
proposed the relaxation labelling algorithm in order to separate the initial orientation field in to two orientation fields
corresponding to the two individual fingerprints.

Relaxation labeling is proposed as a method for solving the labeling problems. In this paper, we have used Rosenfeld
ET. Al’'s formulation. A labeling is a form the set of objects, O, to the set of labels, A. With each object, O; by means of
local measurements we associate a probability vector, p; - (i1 Piz..... ,piM)T where 0<pp<1, for i= 1,2,....,N and
A =1,2,....,M where pj, is the probability with which label A is associated with object O;. Let P= (p,p,... Py denote a
label assignment. The compatibility matrix is defined as,

AAAAAAAA

Bty Bl e o nae
."(:.-Ikl.lfl R (1.2) .!'(:.-Ikl..l-!fl
. R:I.-(E.lj Q (2.2} S-E:I.-(E..'LI]
R:(M.1) Ri:(M.2) ... ..R:(M M)

R; is the degree of compatibility between object label pairs OGN and (O,-:)C) in which large values indicate high
compatibility and small values indicate incompatibility.

Relaxation labeling is an iterative procedure. It computes the label assignment P iteratively until it is convergent. The
process initially starts with some initial probabilities such as 0.6, 0.4........ The algorithm specifies how the label
probabilities are updated at each instant. It is explained in Algorithm 1.

Separating overlapped orientation field

1.Problem modelling: The initial orientation field Oy is @ m x n x 2 matrix. Thus the object set is O=(0; 0,
and the label set is A=(1,2). To separate the initial orientation field we have to label each object of O with exactly one
label 1 or 2 of A.

2.Building Compatility Coefficients: It is known to us that the efficiency of the relaxation process is greatly affected by
the choice of compatibility coefficients. The compatibility coefficient matrix Ry = Rgin.2+j.2+k)in.2+j 24k Detween object
O(i,j,k) and O(i’,j’,k’) is defined as

0 0 el o
{ [0 0 Jf li=i'|=D or |j=j'1> D

Ry = s o 1-s] .,
l [J_— < . ], otherwise
Where s is the support when the object O(i,j,k) and O(i’,j’,k’) have the same label and 1-s is the support for different
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labels. Thus, S is computed as

&

- 1-
s= /2
Where 8 is the difference between the orientation values O(i,j,k) and O(i’,j’,k”) which is formulated as,
R i A = z
6(x) = { fxss
o —ux otherwise

And 8 is defined as, 8,- O(i,j,k) - O@’,j’.k*) |

Where O(i,j,k) and O(i’,j’,k’) are the orientation values normalized to (-I1/2 , I1/2].The main purpose of labeling is to
obtain two component orientation fields. Thus O(i,j,1) and O(i,j,2) should be set to different labels. Let I=i.n.2 +j.2 +1,
J=1i.n.2 +j.2+2, then we have R;= Ry which are defined as

5(3{_):{ x g x =

ra |5

om—x=x otherwise
7 ol
Ri=Ry= 11 0
The above equation states that objects O(i,j,1) and O(i,j,2)

have support 0 when they have same label, and 1 for different labels. Since an object itself has no information to
support any label Ry = Ryinz+jz+k) (in.2+j2+k) 1S Set as

o O
RII = [E' i
Merging orientation fields: It is efficient for the user if we separate only in the overlapped region. This is based on two
considerations. First, there is only one  orientation in the non overlapped region. Second, processing only the
overlapped region can save much computation time. The two separated orientation fields in the overlapped area should
be merged with the two orientation fields in the nonoverlapped area to finalise the orientation field separation process.
The boundary B;, j=1,2, between M, and M, j(x,y) is defined as

1 if M,;(xy)= 1 and
B.(x.y) = -D<§,<D,~D<5,<D
o 1 Myle+5x y+8y)=1
otherwise

Where D is the parameter that controls the width of the boundary, here we are assigned it as D=6 blocks.

{e) [1§] () (h)
Fig.4 a) The first separated orientation field in the overlapped region: b) the second separated orientation field
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in the overlapped region; c) one of the non overlapped orientation fields; d) the other non overlapped orientation field.
(e)- (h) are the corresponding region masks of (a)-(d) respectively.

In the Fig.4, it gives orientation field in the overlapped and non overlapped region

Fig 5: (a): Boundary between the overlapped region and one of the two nonoverlapped regions
(b): Boundary between the overlapped region and the other nonoverlapped region.
There are two possible combinations that can be chosen to merge the orientation fields. The two possible combinations
are: (i) Og 1 with Opjand O,,with Oy, and (ii) O, with O, and O,, with O, ;. For each combination, we compute the
compatibility defined as,

€1 =o05(1NL E;‘-.'EY o (loé'.‘l(x, y) - Gn.:l(X,Y)l).Si(x,y)

ez 2z 2y 0 (199200y) - Pz . Bay))
and

Ca o5t 2x 2y 9 (] Olé:‘.:(x, y) - Znax, b B1xy)
vz ZxZy O (10010 y) - Onax ). Baixy))

Where O’y and O’ are dilated from O, ;and O, N; and N, are defined as
Ny=2. Xy By(X,Y)
.""nr: :E_'," E_‘.' 5: (X1Y)

If C; < C,, we choose the first combination, otherwise we choose the second combination. After obtaining the two
component orientation fields the averaging filter is used to remove noise in each of the two orientation fields.

(a) [15)] (ch d)
Fig 6: (a) and (b) correspond one merger ,while (c) and (d) correspond to another one .
In the Fig.6, it gives the explanation of Merging separated orientation field in the overlapped region with the orientation
fields in the overlapped region.
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{a) (b} (a) (b}

Fig 7.Separated orientation fields of overlapped fingerprint Fig 8: (a) First enhanced fingerprint (b) second enhanced
fingerprint

In the Fig 7. and Fig 8, it shows the Separating overlapped fingerprints by Gabor

The Proposed algorithm is given below:
Initialization: set t=0, obtain initial label probabilities:

P(0) = (p1(0),p2(0),.....,pn(0)).

While true do
1) Selection of labels :
For i=1,2,...,.N do
Choose a label at random based on the current label probabilities p;(t).
End
2) Calculation of responses:
Fori=1,2,...,Ndo
Let g be the label selected for O; in step 1) and compute the response Piq to O;as
Big = (I/N) ZiRi(q.sy),
Where s; is the label selected for object O;in step 1).
End.
3) Updating of label probabilities:
Fori=1,2,..,Ndo
Let g be the label selected for O; in step 1) and P;(t) is updated as
Pig(t+1) = Pig(t) + oBig(1 — Pig(D),
Pir(t+1) = Pir(t) - ofigPir(t), r#q.
End
4) lteration:
If probability vectors have converged then
Break.
End
Else
t=1t+1.
End
End

111 FINGERPRINT SEPARATION

Contextual filtering using 2D Gabor filters is very effective for fingerprint enhancement [2]. Two important parameters
of 2D Gabor filters are local ridge orientation and frequency. When the ridge orientation field and ridge frequency map
are obtained, Gabor filtering can connect the broken ridges and remove intervening ridges. Finally, two overlapping
fingerprints have been successfully separated.
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IV. CONCLUSION

Overlapped fingerprints which are encountered from the crime scenes are not of good quality. However, separating the
overlapped fingerprints is a very challenging problem for the existing algorithms. We have proposed a relaxation
labeling algorithm for separating overlapped fingerprints. Byapplying the relaxation labelling algorithm over the initial
orientation field output obtained from the Local fourier analysis we obtain two separated orientation fields. Then the
two component fingerprints are separated by filtering the overlapped fingerprint image using the Gabor filter.
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