International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol. 6, No. 1, February, 2013

An Improved Method for Fingerprints’ Singular Points Detection
based on Orientation Field Partition

Yuan Mei'??, Rongtao Hou'? and Jin Wang*?

1Jiangsu Engineering Center of Network Monitoring, Nanjing University of
Information Science &Technology, Nanjing, 210044, China
2School of Computer & Software, Nanjing University of Information Science
&Technology, Nanjing , 210044, China
3College of Computer Science and Technology, Nanjing University of Aeronautics &
Astronautics, Nanjing, 210016, China

Abstract

As a global feature of fingerprints, singular point plays important roles in fingerprint
model, synthesis fingerprint, fingerprint classification, fingerprint alignment and so on. In
our previous work, a rapid and effective fingerprint singular points detection method was
proposed. That method detects singular points based on partitioning the orientation field into
a serious non-overlapping homogenous areas. However, for the same orientation field,
different partition schemes may lead to different singular point extraction results, especially
for poor quality fingerprint images. For eliminating the uncertainty, we employ three
different partition schemes simultaneously for each orientation field, and combine the three
extraction results to make the final decision. Experiment proves that: this method is more
accuracy than the previous one.
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1. Introduction

Accurate automatic personal identification is critical in a wide range of application
domains such as smartcard, electronic commerce, and automated banking. Biometrics, which
refers to identifying an individual based on his or her physiological or behavioral
characteristics, is inherently more reliable and more capable in differentiating between an
authorized person and a fraudulent imposter than traditional methods such as knowledge-
based [password or personal identification number (PIN)] and token-based[passport or driver
license]. Among all biometric traits, fingerprints have one of the highest levels of reliability
and have been extensively used for civilian purposes such as access control, financial security
and so on.

As a global feature of fingerprint, Singular Point (SP) plays very important roles in
fingerprint model [1-3], synthesis fingerprint [4, 5], fingerprint classification [6, 7], minutiae-
based matching [8] etc. SP is regarded as the point with discontinuous orientations, Henry
gives out more specific definition: a core is the topmost point of the innermost curving ridge
and a delta is the center of triangular regions where three different ridges flows meet [9].
Typical SPs (core and delta points) are shown in Figure 1.

225



International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol. 6, No. 1, February, 2013

During the past years, lots of methods have been proposed for extracting finger- prints’
SPs, which can be broadly classified into the following categories:

(1) Poincare index based methods [7, 10-12], this category usually calculates the
cumulative changes along a counter-clockwise closed contour in orientation field to judge
whether there exists a SP. However, owing to the computation of cumulative changes for each
point, the operational efficiency is low, furthermore, they still exist issues like choosing the
best shape and size for closed contours ([11] adopts multi-scale method to solve the problem
of size, and receives better results, but the author also admits that it increases the burden of
computation).

(2) Probability analysis based methods, including parzen window method [13], orientation
histogram [14], multi-space KL [15], ridge flow codes method [16] etc. This category mainly
depends on the probability distribution of pixel’s orientation. When orientation distribution in
a region is observed more equivalent than its neighbors, this region is regarded as a SP.
Although such methods can locate SPs, they can not distinguish the types.

(3) Shape analysis based methods, these methods try to analyze the shapes of ridges or
orientations, and consider M -like regions or U -like regions as core points, A -like regions
as delta points, typical methods including [17, 18]. However, such methods burden
complicated computation and lack robustness.

(4) Other methods, such as Gaussian-Hermite moments and PCA based method [19],
corner detecting and ridge tracking based method [20], and so forth. Such methods are also up
against high computational complexity and low efficiency.

Figure 1. Core Point and Delta Point in Fingerprint

In our opinion, being a good SPs detecting method, it should satisfy the following
requirements:

@ Integrated function, it means positioning SPs and distinguishing the types (core or delta
points) accurately;

e High accuracy, that refers to low MDR (Missed Detection Ratio) and FDR (False
Detection Ratio);

® Good utility, that is simpleness and high efficiency.

Up to the present, most of methods have focused on the first two requirements, especially
for pursuing high accuracy, they added lots of complicated operations which have weakened
the methods’ utility seriously. However, utility is also very important for the methods applied
to AFIS since AFIS holds two significant applications: identification on large scale databases
(which contain millions of fingerprints or more) and Embedded System based identification
(such as fingerprint door lock system).
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In [16], we have proposed a rapid fingerprints’ SPs extraction method by using POAD
feature. Experiments shown that its speed was 13.24 times faster than the classic poincare
index method achieved better utility, however, its accuracy was not very satisfied. In this
paper, we extend the work and aim to promote its accuracy performance.

2. Related Work and Discussion

Through the partitioning of orientation fields, [16] proposed a new feature called
Point Orientation Abundance Degree (POAD), and bring forward a simple, effective
method for rapid detection of fingerprint SPs. The method mainly includes:
fingerprint’s orientation field partition, SPs localization and type distinguishing.

We firstly introduce the correlative definitions in [16]:

Definition 1(homogeneous area): For point (X, y), let its orientation is O(X, y), then
the homogeneous area ® , , is defined as followed:

Oup ={xy)a <O y)< ;0= a, f <7} (1)

Definition 2(homogeneous area sorting): Supposing fingerprint’s orientation field
is divided into N non-overlapping homogeneous areas ®; (1<i<N ), then the
ascending order of homogeneous areas (©®,,0,,...,0,,...,0, ) satisfy that:

V(@,b)€®,,(c.d)e®,, =0(@b)<O(cd) 1<j<N-1 @)

j+1
Definition 3(Point Orientation Abundance Degree): For point (X, y), let it as the
center point to form a circular region R(X, y, r)with radii r, POAD is the collection
of homogeneous areas’ sub-regions, the explicit description is:
POAD(x, y) = {Q,|Q, € ©,;Q, e R(x,y,)} (3)
where €, denotes the sub-region of ®,. Figure 2 presents the POADs at SPs(here
1,2,4,5 are amplified figs for core points; 3,6 for delta points).

Based on the observation of illustrated POADs at SPs and numerous experiment
results, [16] concluded the following two rules:

Rule 1: The POAD at SP comprises sub-regions from all homogenous areas, and all
sub-regions concentrate upon SP, that is:

N
POADy, = JO, (4)
i=1
Rule 2: Noting (0®,,0,,---,0,,---0)as ordinal sequence, for core points, we can
get an ordinal sequence in counter-clockwise, while for delta points, we can get the
ordinal sequence in clockwise.

The two rules buildup the foundations for SPs localization and type distinguishing
respectively. For validating the integrated function of detecting SPs with POAD strictly,
[16] gives out a proof, and the details can be found in Appendix A.
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Figure 2. The homogenous areas of fingerprint orientation filed and the
magnified maps for SP’s POAD. (a), (c), (e) are original images; (b), (d), (f) are
the corresponding orientation results in gray-level value forms; (g), (h), (i) are

the homogenous areas and the magnified maps for SPs’ POAD.
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Homogeneous areas reveal different distributions under different orientation partition.
Theoretically speaking, no matter how the homogeneous areas distribute, SPs should always
be the convergences of all homogeneous areas. But in practice, owing to various noises, some
seriously polluted areas’ orientation field can not be calculated exactly, if these incorrect
orientations happen to be at the boundary of orientation partition, the partitioning results will
be affected. Figure 3 shows two different orientation partition schemes, for the first,

0 :{(x,y)gﬂSO(x,y)<nUOsO(x,y)<%},

Q) = <0O(x,Y) <§n},®§ :{(x, y)gﬂgO(x, y) <g7z},

P
>
<
N
o B

©)
PN
1
~~
x
<
N—r
oo | ol

7<0(xy) < %ﬂ'} (as fig.2(c) shows); for the second,

(%, y)% <O(x,y) < %72'} , 92 = {(x, y)%ﬁ <0O(x,y) < 72} (as Figure 3(d)

©; ={(x, y)0<O0(x,y) <%}, ) = {(x, y)‘% <O(x,y) < g},
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By comparing the areas circled by red lines, we can find that: in Figure 3(c), the trend of
convergence is not obvious, if we try to detect SPs with POAD, the delta point will be
missed; however, in Figure 3(d), the delta point can be extracted exactly. Figure 3 shows the
missing ectraction error caused by different partition schemes, at the same time, the false
ectraction error can also caused by different partition schemes.

Based on the analysis above, we can conclude that: for the same orientation field,
different partition schemes may lead to different singular point extraction results,
especially for poor fingerprint images. For eliminating the uncertainty, for each
orientation field, we will employ three different partition schemes simultaneously, and
combine the three extraction results to make the final decision. The detail will be
described in the next section.

4
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Figure 3. The distributions of homogenous areas under different partition
schemes. (a) original image; (b) the orientation field; (c),(d) the distribution of
homogenous regions under partition schemes.

Since Definition land Definition 2 in [16] are not suit to the different partition
schemes, we redefine the homogeneous area as followed:

Definition 4( redifined homogeneous area): Supposing fingerprint’s orientation
field is divided into N non-overlapping homogeneous areas, the i-th homogeneous area
©,(1<i<N) is defined as:

0O, = {(x, y)‘(i&—l)ﬁ < (O(x,y) +@,)mod 7 < ﬁﬂ';o <o, < %} (5)

here O(X, y) means the local ridge orientation of point (X, Y), @,is a constant which
adjusts the range of orientation for each homogeneous area. In this

definition ,\When N =4, o, =3 it is the first partition scheme mentioned above;

When N =4, @, =0, it is the second.
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3. The Implementation
The main procedure is:
For each fingerprint, partitioning the orientation field with three schemes.

Schemel(N =4, @, =0):0; = {(X, y)

T
OsO(x,y)<Z},

=

®, = {(X, y)‘% <O(x,y) < %} . 0; = {(x, y)‘% <O(x,y) < %n} ,

T

@, =4(x, y)%ﬂSO(X, y) <7r}; Scheme2(N =4, @; = )

©2 = (x y)|0£0(x,y)<%U%z£O(x, y)<7r},
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x ¥l 1 xY) 6} ( @, 6)

2,
I

{(x, y)I%SO(x, y)<%},®§ ={(x, y)|%£0(x, y)< 7_”},
{(x, MI0<00cy)< 2 UM <o y)<ﬁ},

5 S5z 27
O3 ={(x zSO , =l e = —<0 ——,
> =1(% Y)l 5 xy)< 12} 3 {(x,y)l B (xy)< 3 }

®i={(ny)|%’somy)<%}.

For each scheme, locating SPs and distinguishing their types with the method proposed in

[16], the resules are marked as: SP_setl, SP_set2,SP_set3.

Combined the results to make the final decision, the details are:

@ Stepl: for the first SP in SP_setl, calculating the euclidean distance with all same type
SPs in SP_set2, SP_set3, if the distance within the predifined threshold, then averaging the
corresponding SPs’ coordinates as a true SP, meanwhile, removing the corresponding SPs

from SP_setl, SP_set2, SP_set3 respectively;
@ Step2: repeat stepl for the rest SPs in SP_set1;

@ Step3: for each SP in SP_set2, the operations are almost the same with SPs in

SP_setl, and we just need to validate each SP with SPs in SP_set3.
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4. Experiments

In this experiment, this work will be compared with our previously proposed
work[ 16] , and tested on FVC2002 DBA DB1,DB2,DB3, and for each DB, the top 20
group are selected (8*20=160 images).

The performance is evaluated with False Detecting Ratio (FDR), Missed Detecting
Ratio (MDR), the detailed descriptions of FDR and MDR are as followed:

FDOR — the total number of false detected SPs «100% (6)

the total number of genuine SPs

MDR = the total number of missed detected SPs «100% @)

the total number of genuine SPs

Comparing results are shown in Table 1. From the results, we can conclude that: this
method is more accuracy than the previous one.

Table 1. Comparing Results between this Method and Previously Proposed
Method on FVC2002

FVvC2002 Previous method This method
DBA FDR(%) | MDR(%) FDR(%) | MDR(%)
DB1 0.41% 3.29% 0.41% 2.06%
DB2 4.13% 2.07% 2.89% 1.65%
DB3 1.99% 7.28% 1.99% 6.62%
Total 2.18% 4.21% 1.76% 3.44%

5. Conclusions

Based on experiments and analysis, we find that: in our previous work[16], different
partition schemes may lead to different singular point extraction results, especially for
poor fingerprint images. For eliminating the uncertainty, we employ three different
partition schemes simultaneously, and combine the three extraction results to make the
final decision. Experiment on FVC2002 DBA shows that: compared with the previous
work, this work promotes the SPs extraction accuracy.

6. Acknowledgements

This work is supported by National Science Foundation of China (N0:61202138),
China Postdoctoral Science Foundation (N0:20110491413), Natural science fund for
colleges and universities in Jiangsu Province (No:11KJB520012), JiangSu province
Postdoctoral Science Foundation (No: 1102051C). This work was also supported by the
Industrial Strategic Technology Development Program (10041740) funded by the
Ministry of Knowledge Economy (MKE ) Korea, and by the Natural Science
Foundation of Jiangsu Province (No. BK2012461).

231



International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol. 6, No. 1, February, 2013

References

[1] B. G. Sherlock and D. M. Monro, “A model for interpreting fingerprint topology”, Pattern Recognition, vol.
26, no. 7, (1993).

[2] P. R. Vizcaya and L. A. Gerhardt, “A nonlinear orientation model for global description of fingerprints”,
Pattern Recognition, vol. 29, no. 7, (1996).

[3] J. Zhou and J. Gu, “A model-based method for the computation of fingerprints’ orientation field”, IEEE Trans.
Image Process, vol. 13, no. 6, (2004).

[4] R. Cappelli, D. Maio and D. Maltoni, “Synthetic fingerprint- database generation”, Proceedings of the 16th
International Conference on Pattern Recognition (ICPR), (2002).

[5]1 H. Jin, T. Jie, X. -J. Chen, X. Yang and S. Peng, “A Synthetic Fingerprint Generation Method and Its
Implementation”, Journal of Software, vol. 18, no. 3, (2007).

[6] A. K. Jain, S. Prabhakar and L. Hong, “A multichannel approach to fingerprint classification”, IEEE Trans.
Pattern Anal. Mach. Intell, vol. 21, no. 4, (1999).

[7] K. Karu, A. K. Jain, “Fingerprint classification”, Pattern Recognition, vol. 29, no. 3, (1996).

[8] K. C. Chan, Y. S. Moon and P. S. Cheng, “Fast fingerprint verification using subregions of fingerprint
images”, IEEE Trans. Circuits Syst. Video Technol., vol. 14, no. 11, (2004).

[9] E. Henry, “Classification and Uses of Finger Prints”, Routledge, London, (1900).

[10] M. Kawagoe and A. Tojo, “Fingerprint pattern classification”, Pattern Recognition, vol. 17, no. 3, (1984).

[11] T. -Z. Tan, X. -B. Ning, Y. -L. Yin, X. -S. Zhan and Y. Chen, “A method for singularity detection in
fingerprint images™, Journal of Software, vol. 14, no. 6, (2003).

[12] G. -J. Nie, C. Wu, X. -J. Ye and R. -Q. Xu, “Fingerprint Classification Based on Both Continuously
Distributed Directional Image and Modified Version of Poincare Index”, Acta Elcetronica Sinica, vol. 34, no.
5, (2006).

[13] G. A. Babich and O. I. Camps, “Weighted parzen windows for pattern classification”, IEEE Trans. On Pattern
Anal. Mach. Intell., vol. 18, no. 5, (1996).

[14] V. S. Srinivasan and N. N. Murthy, “Detection of singular points in fingerprint images”, Pattern Recognition,
vol. 25, no. 2, (1992).

[15] R. Cappelli, D. Maio and D. Maltoni, “Fingerprint classification based on multi-space KL”, Proceedings of
AutoID’99, Summit (NJ), USA, (1999).

[16] Y. Mei, G. Cao, H. -J. Sun, Q. -S. Sun and D. -S. Xia, “A new method for rapid detection of fingerprints’
singular points”, Chinese journal of computers, vol. 32, no. 5, (2009).

[17] X. Wang, J. Li, Y. Niu, W. Chen and W. Wang, “Extraction of stable points from fingerprint images using
zone could-be-in theorem”, Proceedings of International Conference on Biometrics (ICB), Lecture Notes in
Computer Science, vol. 3832, (2006).

[18] C. -H. Parka, J. -J. Lee, M. J. T. Smith and K. -H. Park, “Singular point detection by shape analysis of
directional fields in fingerprints”, Pattern Recognition, vol. 39,no. 5, (2006).

[19] L. Wang and M. Dai, “Localization of Singular Points in Fingerprint Images Based on the Gaussian-Hermite
Moments”, Journal of Software, vol. 17, no. 2, (2006).

[20] W. W. Zhang, S. Wang and Y. S. Wang, “Corner detection based singularity detection of fingerprint image”,
Proceedings of the 2nd Workshop on Biometrics in Conjunction with the 6th International Conference for
Young Computer Scientists, (2001).

[21] Y. Mei, G. Cao, H. -J. Sun and R. -t. Hou, “A Systematic Gradient-based Method for the Computation of
Fingerprint's Orientation Field”, Computers and Electrical Engineering, vol. 38, (2012).

Authors

Dr. Yuan Mei received the Ph.D. degree in pattern recognition and
intelligence system from Nanjing University of Science & Technology in 2009,
China. He is currently working at the school of computer and software, NanJing
University of Information Science & Technology. His research interests include
fingerprint recognition, image processing and machine learning.

232



International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol. 6, No. 1, February, 2013

Dr. Rongtao Hou received the Ph.D. degree from Northeastern University in
2004 in China. He joined the School of Computer and Software at Nanjing
University of Information Science and Technology since 2005, and currently is a
Professor. His research interesting fields are chaos prediction, intelligent traffic
and meteorological software engineering.

Dr. Jin Wang received the B.S. and M.S. degree in the Electronical
Engineering from Nanjing University of Posts and Telecommunications, China
in 2002 and 2005, respectively. He received Ph.D. degree in the Ubiquitous
Computing laboratory from the Computer Engineering Department of Kyung
Hee University Korea in 2010. Now, he is a professor in the Computer and
Software Institute, Nanjing University of Information Science and technology.
His research interests mainly include routing protocol and algorithm design,
performance evaluation and optimization for wireless ad hoc and sensor
networks. He is a member of the IEEE and ACM.

233



International Journal of Signal Processing, Image Processing and Pattern Recognition
Vol. 6, No. 1, February, 2013

234



