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Abstract—As fingerprint verification depends strongly on the
quality of fingerprint ridge orientation estimation, so the more
accurate fingerprint ridge orientations estimate, he better
verification will result in. In this paper, we have proposed a new
technique for improving the coarse fingerprint orientation
estimation smoothing using fingerprint orientation model based
on 2D Fourier expansion with a special Modificationon it (M-
FOMFE). The modification we have used in this papers taking
into account the information of Coherence Matrix fa fingerprint
ridge orientation estimation. This matrix is used o retrieve the
uncertainty of each ridge orientation block and impoves the
accuracy of old FOMFE coarse ridge orientation smaiing
method. For evaluating the proposed method we usefiagerprint
continuous classification system and also an exclus one based
on Poincare-Index algorithm for singular point detection.
Compared to competing method, the experimental redis show
that the proposed method has better orientation eshation and
classification results.

Index Terms—Coherence matrix, Fingerprint Orientation,
Fingerprint Penetration Rate, Modified Fourier expansion,
singular points.

|. INTRODUCTION
owadays, having a secure access to personal infiorma

N

more reliable and useful than others and finget@mone of
the biometrics, has a significant rule in the ré¢enhnologies
of biometric authentication. One of the reasonscivhinake
fingerprint as a biometric so important is its dpkcidge

shape. The ridge’s special shape is to some exteqtie for
different individual, even for alike twins. The rhetls of
estimating of fingerprint ridge orientation are thain subject
of this paper. As both fingerprint-based securigstems
means: 1) fingerprint verification systems (FVSs)da2)

fingerprint identification systems (FISs), rely an accurate
recognition of fingerprint features, therefore, thmore

accurateorientation field (OF) estimation, the more reliable

fingerprint

and possessions is one of the most important nee
Among all the privacy access methods, biometries a

matching will occur. Although fingerprint orientati
estimation is important in both fingerprint matahin
techniques, i.e. minutiae and image-based appreablu the
latter depends heavily on raw OF features of fipget
images and doesn’t need pre and post-processingtogres
such as minutiae extraction, purification and poégistration
for extracting reliable minutiae features [1], [Hjere have
been many proposed methods to extract and smooth
fingerprint OF such as OF description using theasguoot of
a rational polynomial function based emgular points(SP)
[3] or developing a rationgbower-series polynomialPSP)
[4]. However, the most popular method for ridgeeatation
estimation is the gradient-based method [5-8]othputes the
gradient vector at each pixel using a sobel or roffteper
masks. In the other hand, a fingerprint is theguatof ridge
and furrows on the surface of a fingertip; so,,dmbisture,
creases and other factitious noise on fingertips leagely
affect the result of gradient-based fingerpringadrientation
estimation. These unwanted effects prove the nigest
deploying post-processing techniques to smooth aorcect
the coarse OF. Some of these smoothing methoddikare
passing coarse OF through a Gaussian filter whiclead
reduces the noisy effects by averaging. Howevergh su
averaging processes tend to smooth out high cuevadf
garse OF, specially in SPs regions. Moreover, reristing

?m'gerprint orientation smoothing models suffer rfroa

common limitation and that is, they all need pkaowledge
regarding SPs in order to refine model descriptidwsording

to the preceding concepts, the proposed method salmo
improve the drawbacks of the previous method, FENRd
also give better results in OF continuous clasgiific and an
exclusive classification usingoincare-IndexPl) based on SP
extraction[9]. This method is a modification of FOH
method which has the same mathematical computéticis
like the previously proposed FOMFE method [10], petr
proposed method retrieves the drawbacks of pregadithod

by using the squared gradient matrix nam&dherence
Matrix. This refers to the uncertainty of correctness of
ridge OF estimation in the blocking concept. Ouatistical
experiments on a public fingerprint database shwt the M-
FOMFE can significantly improve the accuracy of a



fingerprint penetration platform based on ridgeentation
estimation, even in poor-quality fingerprint imag¥¢e have
compared the capability of our proposed method wither
competing methods and have proved that the M-FOM&&E
more efficient than all of them. We also show tffeciency of
the M-FOMFE in SP extraction and fingerprint cléisation
usingPoincarelndexmethod.

The remainder of this paper is organized as folloims
section Il, we present the FOMFE, the associatguicgghes
for coarse OF estimation smoothing. In sectiondle to the

Foy)=  Y(mx wyb)t e X Y

Y(mx wy b,.)= /.1 a,cos(m »cosim Y)
+b,,,sin(mm x) cos(w y)
+C,,,cosm x)sin(w y)
+d,,,,sin(nm x) sin(w y)],

(2)

FOMFE drawbacks, we proposed our method to improve

them. Section IV evaluates the M-FOMFE performante
terms of fingerprint OF estimation based on botimtinuous
and exclusive classification systems foFeC2000DB2_A
test bed in comparison with other competing methbdslly,
section V, as a brief conclusion section will summe the

paper.

II. MATHEMATICAL APPROACH TO THEM-FOMFE METHOD

As fingerprint ridge OF contains a summery of firgyent
pattern information which is useful for fingerprif¢ature
retrieval and processing, so it is very importahatt the
estimated OF has the least of orientation discaityin

14(m=n=0) .
/mn: ]/2(m> O,I"]: Oorm= O'n> O)b = i*nn dmn

1(m>0,n>0) ' On
Where k<+¥1  is the order ande(x,y) is the residual.

Here, corresponding to [10], we use the same proeetb
estimate fingerprint ridge OF functiorf (x, y)with a 2D

Fourier expansion. The resulting fingerprint oréitn model
can be written in a more compact matrix expression:

V,=P(3%.B.J (Y 3
V,=P(X.8.J (Y

Wherev_, V. are the input data given by

Vc :{HC(X, y)} ! Vs :{ns(x »} (4)

( « 0). For this purpose, it is recommended to map the Qn.(x y),n,(x Y1 \,

into a new vector field where each orientation &smis

denoted as a 2D vectar=(n,,n,) withn_n_ being the phase And P(x) and Q(y) which are the x or y variable matrices

functions ofCoq2q), Sir(2g9), respectively, and; being the

orientation angle [6]v2q stands for the phase doubled vecto

field in the mathematical computations of this papkhe
phases of a vector field can be sufficiently désatiby a set
of differential equations [7]. In general, a ditatial
equations system can be expressed dynamically as:

x=f(x) @
In 2D space form, we hawe=(x,y)'1 . The whole

solution curves inR*for (1) are thephase portraitof this
dynamic system. According to [8], [11], for a limesquation

X =AX describing the local orientations in a
neighborhood, can use SP as a special soli¢jgn the phase

correspond to the total M coordinate points in f{ilease
Portrait, can be expressed in the following form:

PO ={ R}
— T 1/2, i=0
POy 00 e am 12 ©)
sinnmx, i=2mnF12,...K
ay={q0}
Qxy=ldy ¢y Yz, =0
qj(y)= cosnuy, j=2n 1 12..k
sinnuwy, j=2n,n=12,..k
In which -1/2e x£1/2 , -h/2£ y¢£ h/2 and n=p/l,

u=p/h.

small As it is understood from (3), the specific problémthe

FOMFE is to find this method'’s coefficient matridgs B,

portrait X, = 0. Whereas, a linear system can only describeS¥Ch that the resuiting FOMFE can generate a phaseit

phase portrait that contains at most one critio@htp which is
not suitable to model the global OF with often mtiven one
SP. Therefore, some nonlinear models have beervgedby
using Taylor expansions [12], [13], with a priordwledge
about SP coordinates. In addition, solving thesalinear
systems is not a trivial activity [12]. On the athwnd, we
know that almost any arbitrary functidrx, yyon some

intervals of random variables can be expressed &grigs of

that best fits the given inpjut,n]. In this way, we use a

solution that minimizes the squared errors betwberinputs
and the modeling outputs as mentioned below:

(6)

One of the above problem solutions is to find
B. , B;parametric matrices based on a classiicedar least

min|L a- b||2

basis functions in the general form of the follogin square (LSQ) [14]. According to this method and (6), the

formulations:

decision matrixL and the observation vectbrare calculated
as follows:



L=[r(X, Yoot (s Yo )](Tzk+1)2’ M

(CRIEEICOLTS) P !

b, ={V\()§, Y) 1. ( X V} Or@:{ X 01 xl})

There are also various techniques for solving ealin.SQ
problem such aQR Factorizationor Cholesky Factorization
that the former is more accurate and robust withhéui
computational-cost and the latter is faster buhwitaccurate
responses. Since in the case of chosen fingerpgdiAt
modeling, we prefer robustness and accuracy to dspee
therefore, we solve the specified LSQ problem bawmedhe
QR Factorization Note that this solution is valid in the
caseaank(L ) is not deficient [15]. In order to extract OF using

the FOMFE, it's necessary that first calculate tblease
doubled vector[n_,n] achieved from the coarse ridge

(dsmoothed Sin Data

orientation estimation based on a classical gradiaiculation
and then pass the result through (7) for trainhgte that the
size of blocksN and the trigonometric polynomial ord&r
have important rules on the accuracy of resulting O (@052’6(’”
smoothing model.

Crrdie

(f)Smoothed Cos Data

Fig. 1. (a) The orientation field of a loop type fingerprinengrate
. THEP A synthetically. (b) The orientation field after vegal smoothing [6] and it
: HE FROPOSEDAPPROACH can be seen how the SP is shifted away from theclowature area. (c) & (e)

The FOMFE, as a fingerprint orientation-modal based Vectorial data of a loop type fingerprirt) & (f) Smoothedsurface
trigonometric polynomials does not require prioowiedge YS9 an averaging filier of 9x9 pixels. (figuresrh [16]).
of SPs. One of the FOMFE method authors claims, that) . .
namely detection of SPs in low quality fingerprinkgs not 2) Then, the CM can be computed using the following

been tested using manually labeled data. Moreoseery formulation:

orientation smoothing approach which is based oa tfb (u V):ﬂimg(u,v) G(u \b=ﬂimq uy

doubling of ridge orientations mearGog2q), Sif2g) [6], o u v

[11], will have a poor smoothing capability in highrvature o _ ez Gy, g= iz Guy ©)
areas. An explanation for the occurrence of thiairing ©wawiwe ' w1 W2w W2

problem is given in Fig.1 [16], where the vectowalentation w2 w2

data and its smoothed results of a loop type fiowietr is gxy:u:i_mmwz(ZGx(U:V)G,(u v),

given. According to these drawbacks, we have pregasnew —

smoothing approach based on the FOMFE, but with @y y):\/(gx- 9,0+ 49,

correction on it. To do so, at first it is necegsar know the 9,+9,

derivation of the drawbacks. The uncertainty causgd  There is an important point to mention that elemefitCM
blocking of fingerprint image during the coarse €ffimation  will be large for ridge blocks of clear ridge pattend will be
is one of the problem origination which leads tovanted small for noisy blocks and non-ridge blocks [17} Bsing
discontinuities. = However, = FOMFE corrects thes&M and applying it to the computation of FOMFE dméént
discontinuities to some extent, but smoothing tleeterial matricesB_, B, duringQR Factorizationas shown in (10), we
data results in shifting the roots 8fneand Cosinedata and
hence in shifting of SPs coordinates. One of therpaters
which can describe the reason of preceding probism
Coherence Matrix(CM). The computation of CM from .
gradient-based coa(rse 2)F estimatior? is as following b, ={wOx, Y)77.(x. ¥)- Colt x 13} (10)
1) First, we must estimate fingerprint ridge OF dshon & ={W(X, ¥)7,(X, y). Colf x 3}

gradient computation using a suitable mask likeesshown

have approached to an approximate correction oF@EIFE
method in both visualization and evaluation aspects

as follows: IV. EXPERIMENTS ANDDISCUSSIONS
Horizental Sobel gradient Matrix --- Wt&eal Sobel gradient Matri The experimental results in this section are didigho two
10 -1 1 2 1 (8) parts. The first part compares the proposed methibd
Sy=2 0 -2 S« 0 0 O FOMFE according to two criterigpenetration rate and
10-1 -1- 21 average penetratianin the second part we use another way

for showing the robustness of our proposed methsidgu



Poincare-Index based fingerprint classification, which Error vs. penetration
typically computes the accumulated rotation ofithetor field ? ?
along closed curve surrounding a local point ofngédrprint 165
orientation image according tBVC2000 DB2_A database
containing 800 fingerprint images of 100 differeamdividuals
with 8 impressions for each of them.

--O-"FOMFE with 162 params & blocksize 8

- M-FOMFE with 162 Params & blocksize 8

14
S

A. The proposed method evaluation-based continuous

classification system

In order to evaluate the proposed method accorinQF
estimation smoothing, we use a continuous classifio
system. Penetration rateand Average penetratiorare two
important parameters used for evaluation of cowtisu
classification systemd 8]. A database is setup by choosing an

Error{%s)

impression from each fingerprint. The remaining T®@ges i P Yo ‘
are used as test images. If the images in data@vassorted in 0 i | 8&8@8\9‘
descending order according to similarity criteritm each 5 = 5 e pr e - i

input fingerprint thenpenetration ratés defined as [18]: Penetration(%)

Fig. 2. Error rate versus penetration rate cufeesoth FOMFE and tt

p proposed method (M-FOMFE).
penet_ rate= — (11) _ . . .
n According to the confusion matrices shown in Tabléor

Where n is the number of fingerprints in database (herboth preceding methods and results fiehclassification, two
n=100), andp is the first p images to find a match inputcriteria are defined for making a comparison betwie two
fingerprint. We use the similarity criterion of entation fields competing methods. These criteria aralidation (A) and
defined in [19]. Also, the average number of the@e@s in  CorrectnesgR). According to these resulting criteria shown in
database that must be searched to find a matobaftir input Taple 3, it is obvious that the M-FOMFE is moreaate and
fingerprint is calledaverage penetratiorfl8]. Table 1 and |g|igple in fingerprint classification than the F®H’, since the
R fcmon syser s e ot et oo method hes enos compensted te SP catgn
: o hifting caused by the FOMFE smoothing effects. sEhe

rate curves decreases for bOth. FOMFE and M-FOMF esults affirm the better performance of the prepomethod
However, the rate of decreases is greater for tHeECMFE P ;

to the FOMFE based oRl classification. Fig. 4 shows the
than the FOMFE. . ey 2 .

improvement reasons for this kind of classificatamtording

TABLE | to SP extraction accuracy.
AVERAGEPENETRATIONFORDIFFERENTOF ESTIMATION METHODS
OF C

estimation of | FOMFE | M-FOMFE

Method LWILWWPRILWLL

Average

penetration 4.0533 3.8400 1.9952 WRIRTILWXZRW L

R L R RWLWATLL

B. The proposed method evaluation-based an exclusive

classification L LRRRALRRW
In this part, we have made another scenario forpesison R A L LA W A R LW
between the FOMFE and the propose method WRaigcare-
Index fingerprint classification algorithm based on SP A R AWWILW WILW
extraction. At first, a prior manual classificatiofi database
fingerprint images is necessary. Fig.3 presents thanual T R R AWLR RAL
classification of the topologic map prototypes wfgérprint
images databaseFVC2000 DB2_A. The unclassified L TLRRILWARTL
prototypes (X) in Confusion Matrices and shown &blE 2 R R L R RR L L L R
are due to the presence of poor quality printsh learning
database. In the second step, the referred confusétrices to R R RW LRWW XL A

both FOMFE and M-FOMFE methods are computed baged ¢

thePI classification Fig. 3. Manual Classification of Prototypes
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Fig. 4. (a) Typical Right and Left Loop fingerptsnof FVC2000 DB2_A, accompany with their estima@® and SP extraction results usidgfor: (b)

Coarse fingerprint ridge OF estimation, (c) FOMFE &timation, (d) M-FOMFE OF estimation

TABLE Il
CONFUSIONMATRICES OF FINGERPRINT CLASSIFICATION BASED ORI FOR (A) FOMFEAND, (B) M-FOMFE

(A) (B)

ssigned ssigned
Class Class
- Al T|L|R|W]|X _ Al T|L|R|W]|X
Class Class
A 70 1 6 2 8 1 A 75 2 4 2 5 0
T 3 10 1 1 0 1 T 2 11 2 1 0 0
L 4 3 198 | 21 14 8 L 5 4 201 | 19 13 5
R 7 4 19 | 214 | 20 0 R 4 2 15 | 220 | 15 1
W 3 0 5 3 160 5 W 2 0 1 1 169 3
X 0 0 5 1 7 3 X 0 0 5 1 5 5

A: Arch, T: Tented archl.: Left Loop, R: Right Loop,W: Whorl, X: Unclassified prototypes due to the presence of goality prints in the database

TABLE lll
COMPARISON BETWEEN THEFOMFE & M-FOMFE CORRECTNESS ANDV ALIDATION VALUES OF THEIRCONFUSIONMATRICES

Validation (A) % | Correctness(R) %
Coarse OF 76.345 60.31

FOMFE 81.875 67.04
M-FOMFE 85.125 74.47




V. CONCLUSIONS [17] E. Zhu, J. Yin, C. Hu and G. Zhang, “ A systematiethod for
. e L fingerprint ridge orientation estimation and imagegmentation,”

In this paper, we proposed a modification of firpgent Pattern Recognitioryol.39, pp. 1452-1472, 2006.
orientation model based on 2D Fourier expansion (M28] D. Maltoni, D. Maio, A. K. Jain, and S. Prabhakéfand Book of

: e ; Fingerprint RecognitionSpringer, New York, NY, USA, 2003.
FOMFE). The feature of this method is improving th?lg] S. Helfroush and H. Ghassemian, “Nonminutiae-B&3edision-Level

drawbacks of the preceding FOMFE method in OF shiogt Fusion for Fingerprint Verification, EURASIP Journal on Advances in
and singular points (SP) extraction aRdincare-Index(P1) Signal Processing Vol. 2007, Article ID 60590, 11 pages,
based classification. The experiments show thaptbposed doi:10.1155/2007/60590, 2007, pp.1-11.

method has improved coarse fingerprint ridge ogiton

smoothing capabilities of FOMFE method accordingthe

Average-penetration results and makes a significant

improvement in fingerprint classification based @&Ps

coordinates. This method is also robust against-goality of

fingerprint images. Table 3 shows the result ofydirprint

classification efficiencies for both FOMFE and thposed

approach. Its results prove our claim about theatgre

classification performance of the M-FOMFE than B@VIFE

method.
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