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NEW METHOD FOR FINDING A REFERENCE POINT IN FINGERPRINT IMAGESWITH
THE USE OF THE IPAN99 ALGORITHM

This study presents a new method for finding aregfee point in fingerprint images. The proposedhmetis based on the
IPAN99 algorithm, which detects high curvature psion a contour of a graphical object. This aldonitwas adjusted in the study
to detect high curvature points on friction ridgésallows locating a reference point on a fingerpimage. Since the IPAN99
algorithm requires that the thickness of an anaysmtour should be of one pixel, each fingerprmge was adequately prepared
before submitting to the analysis with the IPAN9§osithm. Evaluation of the efficiency of the methoonsisted in comparing
the distances between coordinates of referencagpdetermined with the use of the proposed metimodirdicated by an expert.
The developed method was compared with other dtgosi used for determining a reference point.

1. INTRODUCTION

The methods of verifying people’s identity basediagerprint recognition are becoming some of tafest methods of
authentication [5,6,7,12]. They prove their usedsinin the era of very high requirements set foursty systems. This results
to a large extent from the fact that biometric ded@not be stolen or lost. A reliable system ofsperidentification and
verification allows avoiding errors that case mialdosses as well as a loss of confidence in apaoy or an institution.

Fingerprint images contain friction ridges. Aftefeguate transformations, friction ridges can batée as sequences of
points with specific coordinates, and can be presgsvith the use of image analysis methods. Anyaisabf unique patterns
(minutiae), which form friction ridges, allows elliahing people’s identity [6].

Two images of fingerprints of the same finger takea certain time interval are nearly always dlighlifferent - they
will be shifted, rotated through a certain angle;. érherefore, many methods for recognizing peaptethe basis of
fingerprints require finding a reference point dre tfingerprint, around which minutiae are being lysed [5,10,11].
This reference point is defined as a place ongefiprint, in which the curvature of friction ridgssthe highest.

In this study, the IPAN99 algorithm, which detehigh curvature points on a contour of a graphidgéct, was used
for finding a reference point [1]. The usability thiis algorithm in the process of determining a&reifice point on fingerprint
images has not been studied so far.

2. IMAGE PREPARATION

The fingerprint images tested within the study agred friction ridges with a thickness higher tloere pixel. Since the
IPAN99 algorithm requires that the thickness ofoatour being analysed should be of one pixel |14, tested images were
adequately prepared.

In the first phase, the fingerprint images werensitied to an operation that aimed at improving ttogiality [4,6,9].
This operation consisted of a few stages, whictevdéscussed in detail in other studies. In theguresl study, there was used
a quality improvement method, which gave a binamade as a result [9]. Sample fingerprint image®reeind after the
operation improving their quality are presenteéFimg 1.
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Fig. 1. Sample fingerprint images before a-c) ditet a-f) the operation improving their quality.
Thanks to the operation improving the quality cf eimalysed images, the visibility of friction ridgeras better, which

facilitated the further analysis. In the last stahe fingerprint images were submitted to a skelzation process. There was
used the Pavlidis algorithm described in the s{@ilySample images after the skeletonization aesgmted in Fig. 2.
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Fig. 2. Sample images after the skeletonization.

Having the images prepared in such a way, eactiofnicidge could be recorded as a sequence of paiith specific
coordinates. In this study, the method describetiérpaper [3] was used for finding the sequenqeoofts.

During the research work it appeared that the IPAMRorithm had detected high curvature pointsifartations of
friction ridges. This could result in an incorretgtection of a reference point. Examples of inadroetection of reference
points in bifurcations of friction ridges are pretsl in Fig. 3. These points were marked with aleion the drawings.
The reference point indicated by an expert werétiatdlly labelled with a cross mark.
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Fig. 3. Fragments of fingerprint images with someoirectly detected reference points (circle) dredreference points indicated by an
expert (cross).

In order to prevent the above-mentioned situatioodifications were made, which consisted in remgwrfragment of
an image with a size dfxk pixels, containing a given bifurcation. A sampigage fragment before and after removal of all
bifurcations is shown in Fig 4. The value of theparameter was 5.
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Fig. 4. Sample fragment of a fingerprint imagebefore removal of bifurcations, b) after removabdtircations.

As a result of using the above methods, a set fesurepresenting friction ridges was obtainedeach fingerprint.
These curves had a thickness of one pixel, andhénfurther part of the study were analysed with uke of the IPAN99
algorithm in order to find high curvature points.

3. IPAN99 ALGORITHM

Detection of the highest curvature points with tise of the IPAN99 algorithm takes place in two s&afd]. In the first
stage, the poinp of the curve is taken as a corner, if it is pdssib inscribe a triangle with a specific openimggle and
different lengths of sidegf, p, p*) in this curve (Fig. 5).

Fig. 5. Detection of the highest curvature poirdgsdd on the IPAN99 algorithm.

Triangles are constructed according to the follgaéonditions:

42

riin < |p -P < déax (1)
12

d2, <[p-p[ <d2, @

as0, 3

where:
d.,, — parameter specifying the minimum length of triargides,

d....— parameter specifying the maximum length of triargides,
a,...— critical angle, which determines the value of #mgle of a triangle inscribed in the curve in aegi point in
order to classify this point as a candidate foomner.

|p -p*| =|a] = a- distance betwegmandp” points,

|p - p‘| =|b| = b— distance betwegmandp’ points,

p’ - p’| =|c| = c— betweerp” andp’ points,

a D[—ﬂ, 77'] — opening angle of a triangle, defined as follows:

a?+b?-c?
a= arccos—2 - 4

Inscribing a triangle at any poirg is started with determining the smallest possilelegths of triangle sides.
Then, next triangles are created by increasindethgths of their sides. The algorithm is stoppéd, friangle does not meet
one of the conditions 1-3. From among all acceptatidngles in a given poit, the triangle with the smallest opening angle
a(p) is selected.

In the second stage, the pomts rejected, if in its neighbourhood there is anp@,, which has a smaller opening
angle:
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a(p) > e(py) ®)

2

The pointp, belongs to the neighbourhood of the painif it fulfils the condition|p —p\,|2 <d;,-

Depending on the values of thg,, dmax amax parameters, the IPAN99 algorithm detected a diffenumber of high
curvature points on each friction ridge. The rest@ilbperation of the algorithm was th@ set of {p,, p,, ..., pn} points for
each friction ridges on a single fingerprint. Hoe heeds of this study it has been accepted tbat tieference point is defined
as follows:

p, =min(a(p,;)) for i=1..n (6)

The reference points on fingerprint images deteechiwith the use of the IPAN99 algorithm, as weltlas reference
points indicated by an expert are shown in Fig. 6.
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Fig. 6. Example of operation of the IPAN99 algamition fingerprint images.

4. THE COURSE AND RESULTS OF THE STUDIES

The tests were performed on a set of images cofrimg FVC database [2]. Sample test images are predén Fig. 7.

Fig. 7. Sample images used in the tests.

Evaluation of the efficiency of the method congisite comparing the coordinates of reference paletermined with
the use of the proposed method and indicated bgxaert. Euclidean distance were determined betweerpoints being
compared. On the basis of the values of the distahe efficiency of the method was evaluated.

For the IPAN99 algorithm, the following parametesgre experimentally selectedt, =17, dna=19, oma=150.
The value of thek parameter was set at 5 pixels. Additionally, thsutts of the tests were compared with other method
The results of tests for the sample fingerprinespnted in Fig. 7 were given in Table 1.
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Table 1. Results of the studies

A- B~ C- D-
Image Expert’s i\lgorltrl\m 1 Distance 2AIE;or|tr21m 22 Distance Our method Distance
assessment | pr =[x,y | | D1=AB | p? =[x*,y/] | D2=AC o™ =[x,y | D3AD
p; =[xy ] 1 [10] ' r
a) [218, 310] [220, 301] 9,22 [214, 313] 5,00 [2267] 7.62
b) [132, 287] [130, 274] 13,15 [137, 291] 6,40 [1281] 21,84
0) [137, 301] [139, 283] 1811 [148, 302] 11,05 41500] 17,03
d) [124, 285] [130, 274] 12,53 [137, 291] 14,32 71380] 9,43
e) [149, 273] 148, 265] 8.06 [159, 269] 10,77 [1869] 7.21
) [159, 357] [157, 346] 11,18 [170, 357] 11,00 $1640] 17,46
9 [163, 245] [166, 238] 7.62 [181, 247] 1811 [1262] 13,34
h) [205, 246] [193, 238] 14,42 [203, 247] 2,24 [2045] 141

An analysis of the results presented in Table lvshiat in three cases (“d”, “e” and “h” image#$) proposed method
gives results more close to the expert’s indicatidran other methods compared with it. Also in éhcases, the proposed
method gives results more close to the expert'atithns than one of other methods (“a”, “c” and figpages). Whereas in

other cases, the results are worse than in the a@udpnethods.

5. CONCLUSIONS

The conducted studies demonstrated that the pezbenéthod is usable for finding a reference pdiifie obtained
results are comparable with other methods and digitly differ from expert’s indications.

Next stages of the research will involve testsqrened on databases containing a larger numbengéfprint images
and in different quality. Other parameters of tRAN99 algorithm will be tested too. It is planneddevelop new methods
that allow eliminating incorrectly detected highnzature points within bifurcations and other typésinutiae.
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