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Abstract— This paper presents a new approach for fingerprint
enhancement by using directional filters and binarization. A
straightforward method for automatically tuning the size of local
area is obtained by analyzing entire fingerprint image in the
frequency domain. Hence, the algorithm will adjust adaptively
to the local area of the fingerprint image, independent on
the characteristics of the fingerprint sensor or the physical
appearance of the fingerprints. Frequency analysis is carried out
in the local areas to design directional filters. Experimental results
are presented.

I. INTRODUCTION

Fingertip epidermis depicted on smooth surfaces results

in line patterns denoted as fingerprints. The raw fingerprints

are usually processed to compensate for factors such as

skin condition and sensor noise. Many fingerprint recognition

systems use enhancement and separation of fingerprints in a

pre-processing step denoted binarization [1]. An interesting

binarization category widely used in many algorithms is de-

noted contextual filtering. The basic concept of the contextual

filtering is to design directional filters with their shape aligned

to the ridge orientation in each local area of the fingerprint.

Among the first papers describing contextual filtering are [2],

[3] where a filter mask with horizontal direction is designed

based on four parameters that are manually identified from

each fingerprint. Additional directions are created by rotating

this horizontal filter mask. The method in [4] uses a But-

terworth type of bandpass directed filter and the filtering is

performed in the frequency domain. Another method in [5]

uses a Gabor filter to design the directional filters where also

the spatial frequency of each ridge was taken in consideration.

A recent technique presented in [6] exploits second directional

derivatives to construct these filters, and a method for selecting

suitable size of the local area is also proposed.

Various parameters are fixed in the algorithms stated above;

some methods have fixed size on the local area while other

have fixed filter size. Hence, each algorithm has to be tuned

manually to achieve better performance for different finger-

print images. The aim of the method proposed in this paper

is to develop an entirely automated fingerprint binarization

algorithm. A new approach will be described where fingerprint

regions are analyzed in the frequency domain. A technique is

derived where the proper size of the local area is automatically

determined for each individual fingerprint. Frequency analysis

is also carried out in local areas to design directional filters.

II. FINGERPRINT BINARIZATION ALGORITHM

A. Spatial and Frequency Domains

The Fast Fourier Transform (FFT) is a method used to map

signals from the spatial domain into the frequency domain.

An important part of frequency domain analysis involves

the amplitude spectrum [7]. In the amplitude spectrum vital

characteristics of the signal can be observed. The function

f(n1, n2) = cos(
2π

N
k1n1 +

2π

N
k2n2) (1)

is used to create a 2D sinusoidal signal, where the constants

N , k1, and k2 are related to the periodicity (frequency) of the

sinusoidal signal and n1 and n2 are the spatial coordinates,

see Fig. 1 a) and c). Two sinusoidal signals and corresponding

amplitude spectrums F (K1,K2) are illustrated in Fig. 1 b) and

d). It is interesting to observe that the coordinates (K1,K2) of

the dominant peak PD in the amplitude spectrum are the same

(a) (b)

(c) (d)

Fig. 1. Two sinusoidal signals represented in the spatial domain a) and c)
and with corresponding amplitude spectrums in b) and d).
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as the parameters k1 and k2 in (1). An attractive property of

the amplitude spectrum is that the distance r from the origin

and the angle θ of the dominant peak PD is proportional to the

spatial frequency and the orientation of the sinusoidal signal.

B. Determining the Size of the Local Area

A circular pattern can be observed around the origin by

analyzing the amplitude spectrum of entire fingerprint image,

see Fig. 2 a) and b). The observed circular pattern stems

from the line pattern in the fingerprint which is oriented in all

directions. The dominant spatial frequency in the fingerprint

image can be found by estimating the radius of these circular

structures. The upper half plane and the lower half plane of the

amplitude spectrum are symmetric. Calculations are therefore

performed in only one of the regions, the lower half plane.

A straightforward method to find the dominant spatial

frequency is performed by computing the distance r from the

origin to each point in the amplitude spectrum

r =
√

ω2
1 + ω2

2 (2)

where

ω1 =
2π

N1
k1 (3)

and

ω2 =
2π

N2
k2· (4)

All points associated with a certain radius are now summed

and presented in the upper graph of Fig. 2 c). The number

of points in the amplitude spectrum that are associated to a

certain radius r are illustrated in the middle graph of Fig. 2 c).

The average value of points associated to a certain radius r are

illustrated in the lower part of Fig. 2 c), this corresponds to

(a) (b)

(c) (d)

Fig. 2. a) gray-scale fingerprint image and b) is its amplitude spectrum. c)
intermediate graphs used for the semi circle estimation; d) shows the estimated
semicircle.

the upper graph normalized by the middle graph. The peak

value of the lower graph has a radius that corresponds to

the dominant spatial frequency of the entire fingerprint image

(note that the radius corresponding the very low frequencies

are discarded). The semi circle, with a radius corresponding

to the dominant spatial frequency, is shown in Fig. 2 d).

The frequency bins indices corresponding to the dominant

spatial frequencies are found through

k1 =
ωfN1

2π
(5)

and

k2 =
ωfN2

2π
(6)

where ωf is the dominant frequency found through the proce-

dure above.

The spatial frequency represented in pixels is then calculated

by

x =
a

k1
(7)

and

y =
b

k2
(8)

where a and b denotes the size of the fingerprint image. Then

the mean of x and y is calculated and the nearest integers

are chosen as the dominant spatial frequency Ωf . The size of

local area is selected a multiple of Ωf .

C. Matched Filter Design

By comparing Fig. 3 with Fig. 1 many similarities can be

observed. The dominant peak PD in Fig. 3 b) is smeared

because the signal (image) in Fig. 3 a) is not an ideal sinusoidal

signal as in Fig. 1 a). Inserting the coordinates of the PD from

the amplitude spectrum in Fig. 3 b) in (1), the original signal

in Fig. 3 a) is mimicked by the periodic and even signal in

Fig. 1 a). Notice that the orientation and the spatial frequency

in the local area are represented with N , k1, and k2 in the

amplitude spectrum, where N is the size of the FFT used and

the k1 and k2 are the coordinates of the PD, which may be

found by the procedure outlined in section II.B.

(a) (b)

Fig. 3. a) Local area inside the fingerprint; b) the corresponding amplitude
spectrum.
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The mutched filter is obtained by choosing n1 and n2 such

that only one period is selected. The size S×S of this matched

filter is deliberately square and of an odd number so there is

a single pixel in the center. The S is calculated as following

S = 2n + 1 (9)

where n is

n = round(
π

Δω(k2 + |k1|) ) (10)

and Δω is

Δω =
2π

N
· (11)

The spatial coordinates are chosen as −n ≤ n1 ≤ n and

−n ≤ n2 ≤ n. The matched filter is tapered by a cosine

function

f2(n1, n2) = cos((
2π

N
k2n1 − 2π

N
k1n2)C) (12)

which is obtained through changing the sign and the k1 and

k2 are exchanged in (1) producing 90◦ rotation and adding a

constant C to control the expansion of the cosine wave. The

constant C is calculated as follows

C =
arccos( 0.25

cos(Δωk1kn1+Δωk2kn2)
)

Δω(k1kn2 − k2kn1)
(13)

where (kn1, kn2) are coordinates of the point on the filter

boundary where the top of the cosine is located. The 0.25
denotes that the top on (kn1, kn2) is attenuated to factor 0.25
of its original value. The final matched directional filter is then

created by

g(n1, n2) = f(n1, n2)f2(n1, n2)· (14)

The mean of the filter is subtracted in order to obtain a zero

value at the DC component.

D. Binarization Process

First the size of the local area is determined. Then the

range in each local area are rescaled to range of [0, 255]. The

window is shifted pixel-by-pixel throughout the fingerprint

and the coordinates (k1, k2) of PD are extracted from each

amplitude spectrum. The height of PD is used as an indicator

if further investigation is necessary. The height of the ideal

peak is calculated as

Pideal = 128
N2

2
(15)

where the N is the size of FFT. The ratio between the height

of the located peak PD and the height of the ideal peak is

calculated as

R =
PD

Pideal
· (16)

This ratio of peak heights is illustrated for a typical fingerprint

in Fig. 4. A threshold is set from which a decision is made

whether or not an extra investigation, in form of zooming

in or out of the local area, is necessary. If a better value

on PD is found the new (k1, k2) are extracted. When all

coordinates have been extracted a smoothing in the polar

(a) (b)

Fig. 4. a) original fingerprint b) analysis of the periodicity in the a).

coordinate domain is performed by combining the mean value

and a median filtering [7]. Then the filters are created from the

smoothed coordinates according to section II.C and filtering

is carried out in the spatial domain. Binarization is following

directly after the filtering stage by thresholding. The center

region p in each local area with the same size as the filter is

acquired and processed according to

z =
n∑

n1=−n

n∑
n2=−n

p(n1, n2)g(n1, n2) (17)

If z > 0 the pixel is 1 (white) othervise it is 0 (black). After

binarization a postprocessing is performed by median filtering

the binary fingerprint image.

Determination of fingerprint mask is based on peaks ration.

The regions with enough high ratios are considered as part of

the fingerprint.

III. EXPERIMENTAL RESULTS

The proposed algorithm was tested on numerous fingerprint

images taken from the different databases found in [1]. All

fingerprints have been obtained from different sensors and

therefore have varying characteristics. Fig. 5 presents the

original fingerprints together with experimental results. The

exact same setup of the algorithm has been used on all

fingerprints without any parameter tuning for any fingerprint

image. The comparison between the proposed algorithm and

a method described in [2], [3] is shown in Fig. 6.

IV. CONCLUSIONS

The proposed adaptive fingerprint binarization algorithm

shows a good ability to tune itself to each fingerprint image.

This results in an algorithm which is insensitive to varieties

in sensors, skin etcetera. Other than the initial setup, the

algorithm is fully automatic.
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(d) (e) (f)

(g) (h) (i)

(j) (k) (l)

(m) (n) (o)

Fig. 5. Left column shows the gray-scale fingerprint images. Middle column shows the binarized fingerprint images generated with the proposed algorithm.
Right column shows the mask of the fingerprints. The original image are obtained from databases in [1].
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(a) (b) (c)

(d) (e) (f)

Fig. 6. Left column shows the binarized fingerprint images generated with the proposed algorithm. Middle column shows the gray-scale fingerprint images.
Right column shows the binarized fingerprint images generated with method described in [2], [3].
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