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ABSTRACT: Minutiae based feature extraction
techniques are utilized for fingerprint coordinating.
This technique is chiefly relying upon the qualities
of particulars of the people. The details are edge
endings or bifurcations on the fingerprints. Their
directions and course are most particular highlights
to speak to the fingerprint. This sort of details
based fingerprint acknowledgment/coordinating
frameworks comprises of two stages: particulars
extraction and particulars coordinating. Picture
improvement, histogram adjustment, diminishing,
binarization, smoothing, block direction
assessment, picture division, ROI extraction and so
on are examined in the particulars extraction step.
After the extraction of details the bogus particulars
are taken out from the extraction to get the precise
outcome. In the particulars coordinating cycle, the
details highlights of a given unique mark are
contrasted and the particulars format and the
coordinated details will be discovered. The last
layout utilized for unique mark coordinating is
additionally used in the coordinating stage to
improve the framework's presentation. Fingerprint
recognition is a strategy for biometric verification
that uses pattern recognition methods dependent on
high-resolution fingerprints pictures of the person.
Fingerprints have been utilized in measurable just
as business applications for distinguishing proof
just as check. The fingerprint surface is made of
aarrangement of edges and valleys. The steps for
Fingerprint recognitioninclude image acquisition,
preprocessing, feature extraction andmatching In
the present work, a new fingerprint feature
detection algorithm has been proposed. It has been
discovered that presence of noise in fingerprint
pictures lead to misleading details. To conquer this
issue, include extraction has been done which
productively decide the details focuses in
fingerprint .The proposed technique can be utilized
in coordinating the layout for finding bifurcation
and end. The new smoothing calculation is
proposed for the discovery of the highlights of
fingerprints. [1].

Keywords : Fingerprint, ridge, valley, minutiae
extraction, minutiae  matching, binarization,
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I. INTRODUCTION

Fingerprint coordinating is a broadly
utilized biometric validation framework that is
done on the premise that each individual on the
planet has its own finger impression. Each finger
impression has its widespread and uniqueness
qualities and broadly acceptability. We have
referenced that each fingerprint is framed in the
belly during the age seventeenth week of the fetus
and stay unaltered all through the entire in our
examination we have attempted to discover the
contrast between the info fingerprints by idea of the
uniqueness of the fingerprints. For analyze we have
taken the idea of coordinating any two fingerprints
from the online diary. We have seen that their
information unique mark, histogram evening out
for improving the fingerprints, binarization, picture
division (Block course assessment and ROI
extraction), and bogus minutia expulsion, minutia
matcher (Alignment stage and coordinating stage)
are examined. After that we have referenced an
uncommon idea that each picture give its own
network which help to discover the contrast
between the information fingerprints. Additionally
we have referenced the tree chart of the info unique
mark pictures by which the contrast between the
two fingerprints can be discovered. In the following
stage we have seen albeit each unique mark have a
bifurcation, in the main unique finger impression
picture there are two particulars a similar way
where in the subsequent unique mark picture the
rest two details are the diverse way. Other than
highlight extraction here we additionally proposed
another strategy "Framework Equalization™ so as to
discover the distinction between the two unique
mark pictures. In our examination we have taken
the assistance of MATLAB coding and AFIS
(Automated Fingerprint Identification System)
programming for execution the coordinating of
fingerprints.
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Il. METHODOLOGY
2.1 Fingerprint matching algorithm
The algorithm for matching two fingerprint images

are mentioned below
H Histogram Equalization ‘

v

| Binarization & pixel smoothing H Image Enhancement ‘

| Input fingerprint image

I Image segmentation H Block direction estimation‘
| Ridge thinning H ROI extraction ‘

| Minutia marking

H False minutia removal ‘

Figure 1. The fingerprint matching procedure

2.2 Input images &Histogram equalization
Histogram equalization is broadly utilized
for contrast upgrade in an assortment of uses
because of its basic capacity. It upgrades the
difference of pictures by changing the qualities in a
power picture so the histogram of the yield picture
around matches a predetermined histogram [2].
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Figure 2. Image-1 of a fingerprint and its
histogram and equalization
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Figure 3. Image 2 of another fingerprint and its

histogram and equalization

2.3 Image enhancement

Sometimes, the pictures doesn't have great
quality and accordingly the reason for upgrade is to
handle the picture got in order to make it more
clear by improving discernment consequently the
exactness of coordinating will be expanded. The
nature of picture can be upgraded by improving the
picture, and accordingly the difference among
edges and valleys can be expanded

Iy

£

Figure4. The enhanced image-1 after histogram
equalization
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Figure5. The enhanced image-2 after hlstogram
equalization

Picture improvement is likewise done to
make the picture more clear for making the further
activities simpler and for expanding the
differentiation among edges and valley and for
associating the bogus broken purposes of edges
because of inadequate measure of ink are
exceptionally helpful for keep a higher exactness to
unigue mark coordinating.

2.4 Edge detection

The motivation behind edge identification
is to fundamentally lessen the measure of
information found in a finger print image and
leaves just the most significant data. Edge
discovery works by discovering focuses on a
picture where the dark scale esteem changes
enormously between pixels.
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Figure6. Edge detected of image-1
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Figure7. Edge detected of image-2

2.5Binarization of the input fingerprints

Binarization is the technique wherein the
8-bit gray fingerprint pictures are changed to a 1-
bitimage with 0-value for edges and 1-value for
wrinkles. After this activity, edges in the unique
mark are featured with dark shading while wrinkles
are white.

For binarizing appoint a pixel as valley
(wrinkle), 255, or edge 0, from its dim worth G(i, j)
as indicated by the accompanying standard

(1) Assign "valley" to pixel (i, j) if B(i, j)*P,
(2) Assign "ridge" to pixel (i, j)if B(i, J)EP,.
where P, is the N-percentile of histogram of {B(i, j)}.

xl

255, if =) G(i+x,j+
(3)otherwise, B(i, j)= le Jypm
i
0, otherwise

oM u.nl

Figure 1. The Binarized images of the flngerprlnts
image-1 and image-2 (From left side)

2.6Image Segmentation

As a rule, just a Region of Interest (ROI)
is helpful to be perceived for each unique mark
picture. The picture territory without viable edges
and wrinkles is first disposed of since it just holds
foundation data. Then the bound of the remaining
effective area is sketched out since the minutiae in
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the bound region are confusing with that spurious
minutia that is generated when the ridges are out of
the sensor [2].

2.6.1Block direction estimation

To assess the block direction for each
square of the unique mark picture with in size (W is
16 pixels naturally) the calculation is referenced
underneath
1. At first it needs to ascertain the inclination
esteems along both x-direction and y-direction for
every pixel of the square.
2. For each block, there necessities to utilize
following recipe to get the Least Square estimate of
the block direction.

23 >(9.9,)

R Sy P

The formula referenced above s
straightforward by with respect to angle value
along x-direction and y-direction as cosine worth
and sine esteem. Accordingly the digression
estimation of the square heading can be assessed
almost equivalent to the route showed by the
accompanying formula.

2sindcosé
tan Zé’zﬁ
cos” #—sin“ @
Subsequent to finishing the assessment of
each block direction, those blocks without having
noteworthy data on edges and wrinkles are
disposed of dependent on the accompanying
formulas:

e 222(9.9,)+ X3 (9:-9))
ww > (g;+9;)

For each block, in the event that its

conviction level E is under a limit, at that point the

square is viewed as a foundation block.
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Figure2.Block direction of the fingerprint-1

2.7ROI Extraction (Morphological Method)

Close (shrink images and eliminate small
cavities) Open (expands images and remove peaks
introduced by background noise) [2].

Figurell. Image of the fingerprint 1
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Figurel2. Image of the fingerprint 2

I11. FINAL MINUTIAE EXTRACTION
Since we have upgraded the picture and
fragmented the necessary zone, the employment of
details extraction closedown to four tasks: Ridge
Thinning, Minutiae Marking, False Minutiae
Removal and Minutiae Representation.

3.1 Ridge Thinning

In this process we eliminate the redundant
pixels of ridges till the ridges are just one pixel
wide. This is done using the MATLAB’s built in
morphological thinning function. bwmorph (binary
Image,’thin’,Inf)

The thinned image is then filtered, again
using MATLAB?’s three morphological functions to
remove some H breaks, isolated points and spikes
(Figure 13).
bwmorph(binarylmage,’hbreak’,
k)bwmorph(binarylmage,’clean’,
k)bwmorph(binarylmage, ’spur’, k)

Figure 13(a) Image before, (b) Image after
thinning

3.2 Minutiae Marking

Minutiae Markingss are presently done
utilizing layouts for every 3 x 3 pixel window as
follows. If the central pixel is 1 and has precisely 3
one-value neighbors, then the central pixel is an
edge branch (Figure 14).

Figure 3.10

If the central pixel is 1 and has only 1 one-
value neighbour, then the central pixel is a ridge

ending(Figure 3.11).

Figure 14

1

There is one situation where an overall
branch might be triple checked (Figure 15).
Assume both the highest pixel with value 1 and the
furthest right pixel with value lhave another
neighbor outside the 3x3 window because of some
left over spikes, so the two pixels will be set apart
as branches as well, yet in reality just one branch is
situated in the little locale. Consequently this is
dealt with.

Figure 15

3.3 False Minutiae Removal

At this stage false ridge breaks because of
lacking measure of ink and ridge cross connections
due to over inking are not totally eliminated.
Likewise a portion of the prior strategies present
some misleading minutia focuses in the picture. So
to keep the recognition system consistent these
false minutiae need to be removed.

Here we initially compute the inter ridge
separation D which is the normal separation
between two neighboring edges. For this scan each
row to calculate the inter ridge distance using the

DOI: 10.35629/5252-0208365372 | Impact Factor value 7.429 | I1SO 9001: 2008 Certified Journal Page 369



bf\i International Journal of Advances in Engineering and Management (IJAEM)

= Volume 2, Issue 8, pp: 365-372
|JA’:_I.'\".|

www.ijaem.net

formula:

sum all pixels with value 1

Inter ridge distance =
row lengt h

At last an arrived at the midpoint of
significant worth over all columns gives D. All we
mark all thinned ridges in the fingerprint image
with a unique ID for additional activity utilizing a
MATLAB morphological activity BWLABEL.
Presently the following 7 types of false minutia
focuses are eliminated utilizing these steps (Figure
16)

ms /mb m7

Figure 16

If d(bifurcation, termination) < D & the 2
minutiaare in the same ridge then remove both of
them (case m1)

If d(bifurcation, bifurcation) < D & the 2
minutia arein the same ridge them remove both of
them (casem2, m3)

If d(termination, termination)~<D & the
their directions are coincident with a small
anglevariation & no any other termination is
locatedbetween the two terminations then remove
both of them (case m4, m5, m6)

If d(termination, termination) < D & the 2
minutiaare in the same ridge then remove both of
them(case m7)where d(X, Y) is the distance
between 2 minutiapoints.

3.4 Minutiae Representation

Finally after extracting valid minutia
points from thefingerprint they need to be stored in
some form of representation common for both ridge
ending andbifurcation.So each minutia is
completely characterized by the following
parameters 1) x-coordinate, 2) y-coordinate,3)
orientation and 4) ridge associated with it
(Figurel?)

a,

X Xo

Figure 17

Actually a bifurcation can be broken down
to threeterminations each having their own Xx-y
coordinates(pixel adjacent to the bifurcating pixel),
orientation andan associated ridge.The orientation
of each termination (tx, ty) isestimated by
following method. Track a ridge segment whose
starting point is the termination and length is
D.Sum up all x-coordinates of points in the
ridgesegment. Divide above summation with D to
get sx.Then get sy using the same way.Get the
direction from:
tan~1 2=

SX —tx
Results after the minutia extraction stage (Figure
18-19)

Figure 18 Thinned image
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Figure 20 Real Minutiae after false removal

IV. Matrix Equalization

We realize that when a picture document
is taken to show in matlab from the start we have to
peruse the picture in any proposed design which is
appeared as a framework of request 256 by 256. So
on the off chance that we need to recognize two
fingerprint image in matlab we get two grids which
are to be checked equivalent or not. In matlab order
on the off chance that the frameworks are
equivalent, at that point it give 1 in any case 0.
For instance,
>> A=imread('19_7.bmp");
B=imread('37_5.bmp");
tf = isequal (A,B)
tf =0
The result is zero.
Therefore two fingerprints are not the same.

V. EXPERIMENTAL RESULTS
5.1Performance Evaluation Index

Two indexes are well accepted to
determine theperformance of a fingerprint

recognition system:

False Rejection Rate (FRR):

For an image database,each sample is
matched against the remainingsamples of the same
finger to compute the FalseRejection Rate

False Acceptance Rate (FAR):

Also the first sampleof each finger in the
database is matched againstthe first sample of the
remaining fingers tocompute the False Acceptance
Rate

5.2Experiment Analysis

A fingerprint database from the F\VC2002
(FingerprintVerification Competition 2002) is used
to test theprogram’s performance. A series of
correct andincorrect match score is recorded.
Following is the distribution curve obtained
afterexperiments (Figure 21)
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Figure 21 Distribution of Correct Scores and

Incorrect Scores(Red: Incorrect Scores, Green:
Correct Scores)

In our experiments distribution curve
gives an averagecorrect match score of about 30
and average incorrectmatch score of 25 on the
database chosen.The FAR and FRR curve as
claimed by the algorithm isshown under (Figure
22)
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Figure 22 FRR and FAR curve (Red: FAR, Blue:
FRR)

In our experiments FAR and FRR values
were 30-35%approximately. Thus at a threshold
match score ofabout 28 the verification rate of the
algorithm is about65-70%.The relatively low
percentage of verification rate is dueto poor quality
of images in the database and theinefficient
matching algorithm which lead to incorrect
matches.

V1. CONCLUSIONS

Our vision has consolidated numerous
strategies to manufacture a minutia extractor and a
minutia matcher. The blend of various techniques
originates from a wide examination concerning
diverse exploration papers. Additionally some
noteworthy changes like division utilizing
Morphological tasks, minutia stamping with unique
considering the triple branch tallying, minutia
unification by decaying a branch into three
terminations and coordinating in the bound together
x-y facilitate framework after a two-venture change
are utilized in our undertaking, which are not
announced in different writings we alluded to. The
cycles named diminishing, binarization, smoothing,
block heading assessment, total difference, picture
segmentation, ROl extraction and so forth are
finished by utilizing the update programming
"SourceAFIS-1.7.0". Likewise a program coding
with MATLAB experiencing all the phases of the
unique mark coordinating is manufactured. It
assists with understanding the methods of unique
mark coordinating. Furthermore, show the main
points of contention of unique mark coordinating.
Finally by the Matlab code for balancing two
frameworks of the two info fingerprints. In this two
stage coordinating framework will improve our
security framework and furthermore any sort of
distinguishing proof framework.
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