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1 Introduction
Fingerprint identiﬁcation is one of the most important biometric technologies
especially in Fingerprint Identiﬁcation System (AFIS). A ﬁngerprint is the
pattern of ridges and valleys on the surface on a ﬁngertip. Each human has
unique ﬁngerprints. The uniqueness of a ﬁngerprint allows to build systems
which can recognize personal ﬁngerprint feature automatically. Unfortunately
it is a diﬃcult task, because ﬁngerprint images have very poor quality very
often. In practice, due to variations in impression conditions, ridges conﬁguration, skin condition, acquisition devices, etc. many restrictions have to
considered. The ridge structures in poor-quality ﬁngerprint images are not
always well-deﬁned, therefore they cannot be detected. Fortunately a ﬁngerprint experts are often able to correct such corrupted images as long as the
ridges and valleys structure is not corrupted completely. Each analyzed digital ﬁngerprint image should has area where structure of ﬁnger will be visible.
Generally, ﬁngerprint images can be divided into three types: well-deﬁned region, recoverable corrupted region and unrecoverable region [1,2,7]. In the ﬁrst
region ridges and valley are clearly diﬀerentiated, in the second region ridges
and valleys are corrupted by a small amount of creases or smudges but are still
visible. In the third area ridges and valleys are strong corrupted - such image
is rejected. In our paper only two ﬁrst areas are analyzed and each of them
can be used to ﬁngerprint recognition. In practice, ﬁngerprint recognition and
classiﬁcation based on two techniques: the reference point location and the
Gabor ﬁltering or the ridge characteristics (called minutiaes). In this paper a
new method of the reference point alignment has been presented. A new approach of reference point localization is based on so-called identiﬁcation masks
which have been composed on the basis of analysis of biometric characteristic
of human ﬁnger. Construction of such masks has been presented.
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2 Fingerprint enhancement
Fingerprint enhancement is used to recover the topology structure of ridges
and valleys from the noisy image. An image enhancement allows to improve
quality of digital ﬁngerprint representation but this method should not results in any spurious ridge structures and conﬁgurations. This assumption
is important because any artiﬁcial ridges deformation may change the base
imprint. In ﬁngerprint processing two types of images are accepted: binary
or gray-level images. The binary image can be obtained of course from graylevel image. Unfortunately in binarization procedures some information about
ridges can be lost therefore a gray-level images are preferred. The more advanced ﬁngerprint enhancement procedure is described in [1]. In mentioned
paper among other things orientation image, ridge frequency image and ﬁltering have been explained. Such description for ﬁngerprint minutiae’s has been
dedicated but can also be used for our experiments. A gray-level image I is
deﬁned as N × N matrix where P (x, y) represents the intensity of pixel at the
(x, y) point. In presented implementation, ﬁngerprint image has dimension
256 × 256 and with 500 dpi resolution have been scanned. Such resolution
is recommended by FBI. In the ﬁrst stage a gray-level image to black-white
format is exchanged, where the binarization threshold has been ﬁxed on the
level:
N −1 N −1
1  
P (x, y) + 30
(1)
T = 2
N x=0 y=0
The constant 30 which occurs in equation (1) was ﬁxed experimentally, and
allows us to get the better binarization eﬀect for scanned ﬁngerprint images
with dark background.

3 Direction image determination
In general, analyzed ﬁngerprint is a well-deﬁned orientation ﬁeld, which has to
compared with pattern. In most cases the reference point detection methods
operate on the orientation ﬁeld of ﬁngerprint. The Poincare index analysis is
well known method described in [5]. Unfortunately, this method is sensitive to
noise of orientation ﬁeld. Very eﬃcient method proposed in [2] is based on multiresolution analysis, but this method is sensitive to the ﬁngerprint rotation.
In presented method, the orientation ﬁeld, with some additional modiﬁcations, to reference point indication has been exploited. In our approach, base
on orientation ﬁeld, the special masks are proposed, which allow to detect a
unique reference point consistently and accurately for all types of prints. To
decide the ridge direction of each pixel in the image, the ridge direction of
a given pixel P (x, y) into directions i (i = 0, 1, ..., 7) has been divided in a
9 × 9 window with the pixel in the center [3] (Fig. 1b). The gray values of
pixels in eight directions (at positions marked by numbers 0,1,...,7) are added
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together to obtain sums s0 , s1 , ..., s7 . The sums si are equivalent to convolving
the image with 9 × 9 masks, where each mask has value of 1 at positions where
block shown in Fig. 1b has values i and 0 elsewhere. In next stage, for indices
i min/max values are estimated:


arg {max(si )}
for
pbin
xy = 1
 sd =
i={0,1,..,7}
i=
(2)
arg {min(si )}
for
pbin

xy = 0
 sl =
i={0,1,..,7}

pbin
xy

is a pixel value at point (x, y), in ﬁngerprint digital image.
where:
The direction at pixel is deﬁned by means of sd value if the central pixel is located on a ridge (black area), and by the sl value if the central pixel is located
in a valley. From equation (2), indices image can be prepared. Such image can
also be called direction image. Unfortunately, obtained values treated as direction for each pixel are usually noisy, therefore they should be smoothed and
averaged in a local neighborhood. In our application, as smoothing operation
the mode function has been applied. The function mode computes the mode
of the given data and the mode is deﬁned as observation with the highest
frequency. In other words, mode function can be treated as measure of central
tendency. For example d = mode(a, b, c, d, d, d, e, f, g). If there is more than
one observation with the modal frequency, then choice is arbitrary. Results of
mentioned operations are shown on Fig. 1.

Fig. 1.
a) a given ﬁngerprint, b) the 9 × 9 mask to compute the ridge directions,
c) 3 × 3 mode ﬁlter mask, d) directions image.

4 The reference point determination by means of masks
For the ﬁrst time, described bellow method in [7] has been presented. In
present paper that method has been extended and new researches were car-
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ried out. From directions image, the orientation ﬁeld has been prepared [2,4].
The orientation represents the local orientation of the ridges contained in the
ﬁngerprint. Directions image from Fig. 1d into 9 × 9 blocks (windows) has
been divided. In each block, dominant direction (the most frequently occurring direction) like previously was calculated. From the gradient information
the orientation angle is estimated. The 8 directions (see Fig. 1b) in each block
is stored as table. This table can be presented as image (although it is not necessary), where each direction is performed as appropriate line. For example,
for angle 00 horizontal line is performed, for angle 900 - vertical, and so one by
step 22.50 for another direction lines. In next stage background is eliminated
and only foreground is used. If in a given block 9 × 9 at least one black pixel
can be found, then whole block create part of orientation ﬁeld, otherwise such
block is treated as background and is rejected. After background elimination

Fig. 2.
a,b) features of identiﬁcation mask,
c,d) the identiﬁcation masks for 00 and +450 , respectively

the orientation ﬁeld is smoothing with the aid of mode mask, similar as previously. In the last stage the reference point is determined. Because print of
ﬁnger can be impressed in diﬀerent manner, inﬂuence of rotation should be
eliminated. In our method orientation ﬁeld image is ﬁltered by means of appropriates masks. That masks have special construction, what allows to collect
ﬁngerprints located in 00 , ±450, ±900 . Proposed masks are called identiﬁcation masks. Fig.2a,b present identiﬁcation features of each mask. A special
arrangement of short lines in each cell characterizes ridges in a human ﬁngerprint. Such ridges distribution has been established experimentally. Such
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approach is very eﬃcient and it is equivalent to minutiae detection method
[5], but unlike another methods [1,4,6] our solution gives faster reference point
detection. By means of identiﬁcation masks, which explore whole orientation
ﬁeld, ﬁngerprint features represent by appropriate mask are sought. The masks
for angles 00 and 450 present Fig. 2c,d. Because it is not known, how ﬁngerprint was impressed, orientation ﬁeld is ﬁltered in turn by all masks. Finally,
each identiﬁcation mask more than one reference point can indicate. All identiﬁcation masks into cells are split. The cell indicate direction at point x, y
in orientation ﬁeld. The 8 directions in orientation ﬁeld are represented by
means of numbers 0, 1, 2, 3, 4, 5, 6, 7. Such numbers are substitution of angles
00 , 22.50 , 450 , 67.50, 900 , 112.50, 1350 , 157.50, respectively (see Fig. 1b).
From orientation ﬁeld (Fig. 2) the reference point for the angle 00 can be
determined if the global condition is fulﬁlled:
if ((S(x, y) = 0)or(S(x, y) = 1)or(S(x, y) = 7))and
(((S1a = 2)or(S1a = 3)or(S1a = 4)or(S1a = 5)or(S1a = 6))and
((S1b = 2)or(S1b = 3)or(S1b = 4)or(S1b = 5)or(S1b = 6)))and
(((S2a = 0)or(S2a = 1)or(S2a = 7))and
((S2b = 0)or(S2b = 1)or(S2b = 7)))and
(((S3a = 0)or(S3a = 1)or(S3a = 2)or(S3a = 3)or(S3a = 4))and
((S3b = 0)or(S3b = 4)or(S3b = 5)or(S3b = 6)or(S3b = 7)))and
(((S4a = 1)or(S4a = 2)or(S4a = 3)or(S4a = 4))and
((S4b = 4)or(S4b = 5)or(S4b = 6)or(S4b = 7)))and
(((S5a = 0)or(S5a = 1)or(S5a = 2)or(S5a = 3)or(S5a = 4))and
((S5b = 0)or(S5b = 4)or(S5b = 5)or(S5b = 6)or(S5b = 7)))

(3)

For remained masks, performed condition (3) should be modiﬁed by appropriate rotation of the masks. In the worst case, each identiﬁcation mask can
point diﬀerent reference points, but it is well known that for ﬁngerprint only
one reference point can be indicated. From this reason, for all potential reference points, detected by means of identiﬁcation masks (Fig. 2c), so-called
inﬂuence coeﬃcients have been estimated. The inﬂuence coeﬃcients (inco) are
calculated as follow:
For angle 00 :
if (S(x, y) = S2a) then inco := inco + 1;
if (S5a <> 4)or(S5b <> 4) then inco := inco + 1;
if (|S1a − S(x, y)| = 4)or(|S1b − S(x, y)| = 4) then inco := inco + 1;

(4)

For angle +450 :
if (S(x, y) = S2) then inco := inco + 1;
if (S5a ≤ 1)or((S5b ≥ 4)and(S5b ≤ 6)) then inco := inco + 1;
if (|S1a − S(x, y)| = 4)or(|S1b − S(x, y)| = 4) then inco := inco + 1;

(5)

Remained the inﬂuence coeﬃcients are calculated similarly, and only appropriate values of angles should be changed: for −450 , ±900 , respectively. Additionally, the next principles are considered:
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if two (or more) references points is located in a local neighborhood, then
value of the inco coeﬃcient is increased of 4,
for the lowest located reference point, its inco value is increase of 5,
potential reference point which lies at a distance less than 8 pixels from
edge background is rejected.

Finally, the point which has the largest inco coeﬃcient, will be classiﬁed as
reference point. Proposed detection of reference point together with the 2D
Gabor ﬁltering method [1,2] can be used to ﬁngerprint matching.

5 Experimental results
In experiments ﬁngerprint images from F V S database have been used [9].
Two type experiments has been conducted. The ﬁrst experiment by means of
graphic form has been performed. Fig. 3 presents results of such experiment,
where various ﬁngerprint images have been compared. Such images with two
methods have been tested. The ﬁrst method is described in this paper. The
second method is full described in [8], where MatLab program is included.
Such program based on method presented in [2]. Fig. 3 presents diﬀerences
between reference point location. The reference points by signs  + or  x have
been marked. Our reference point location by means of  x sign is indicated.
The results of method [2,8] as  + is marked. The results of the second experiment presents Table 1. In this table reference point is deﬁned by point (x, y),
where x, y are pixels coordinates. Mentioned point by three manner has been
determined. The column A by police expert has been stated. All values in Table 1 should be interpreted as pairs of numbers, which indicate appriopriate
(x, y) coordinates. The values in the columns B and C by algorithm [2,8] and
our method have been computed. The columns D1, D2, and the last column
show diﬀerences between methods. Presented diﬀerences it is the Euclidean
distance between appropriate x and y coordinates. For example distance in
the column D1 is computed from formula [(xa − xb )2 + (ya − yb )2 ]0.5 . The
values in the column D2 are calculated similarly. The last column shows difference between methods. From obtained results follow (all positive values)
that in most of the cases our method gives the better results. In other words
reference point location lies closer to expert’s reference point.

6 Conlusions
In this paper, a new method to locate a unique reference point has been proposed. Since human experts may not be able to locate the pixel wise accurate
reference point, we propose the new method which allow to determine such
point. The our method base on so-called identiﬁcation masks, which was designed on the basis of human ﬁnger print analysis. For proposed masks, the
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Table 1. Results of ﬁngerprint identiﬁcation
Image

Expert’s Algorithm Our
assesment
[8]
method
(xb , yb ) (xc , yc )
(xa , ya )
A
B
C

Distance
D1 =
A−B

Distance
D2 =
A−C

D1 − D2

19 7.bmp
37 3.bmp
37 5 2.bmp
37 7.bmp
1 1.bmp
11 1.bmp

125, 111
153, 92
143, 144
116, 102
168, 160
115, 153

25, 50
15, 65
24, 70
52, 92
−
8, 00

17, 72
8, 06
6, 40
9, 43
11, 05
5, 83

7, 78
7, 59
18, 30
43, 49
−
2, 17

120, 136
146, 106
152, 167
96, 151
Error
123, 153

130, 94
157, 85
139, 139
121, 94
167, 149
112, 148

inﬂuence coeﬃcients have been stated. Proposed method with complete algorithm described in [2,8] has been compared. The described method with
the aid of the F V S ﬁngerprint database has been tested. Mentioned data
collection includes varying quality ﬁngerprint images.

Fig. 3.
a) The perfect reference point location,
b)-f) reference point determination for diﬀerent ﬁngerprints quality from the F V S
database.
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