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1. Introduction

With the development of information technology, biomet-
rics has widely penetrated into our lives. Biometric identifica-
tion systems require constant improvement, since they are still 
very slow and they often produce incorrect results. To date, 
new methods have been developed for analyzing fingerprints 
that are scanned contactless. As a result, there are professional 
systems for recognition. Using the technology of processing 
“large data”, modern systems of monitoring and access control 
identify individual fragments of biometrics more accurately.

According to the International Biometric Group, the 
share of fingerprint recognition systems is 52 % of all bio-
metric systems used in the world [1].

In the tasks of recognition, the issue of filtering images is 
important, since recognition does not always lead to certain 

results or means quality. In problems of recognizing bio-
metric data, the software must produce the result at certain 
intervals [2].

When scanning biometric data, there may be noise on the 
image that distorts the recognition results. Random noise is 
manifested in the form of chaotic granularities or extraneous 
points in the image. Noise is more noticeable in dark areas 
of images because the signal vs. noise ratio in them is much 
less than in light areas. Any image received has a number 
of drawbacks: insufficient sharpness, blurring of the image 
or indistinctness of some details. Depending on the type of 
distortion, various image filtration methods that are used in 
specific situations have been developed to provide different 
quality of recovery. The use of a filter in one or another 
situation depends on the type of noise. The most common 
type is impulse noise. In the case of impact impulse noise 
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Розроблено новий метод фiльтрацiї бiометричних 
зображень на основi Ateb-Габора. Метод базуєть-
ся на загальновiдомому фiльтрi Габора та дозволяє 
перебудовувати зображення iз чiткiшими контура-
ми. Тому даний метод має застосування до бiоме-
тричних зображень, де створення чiтких контурiв є 
особливо актуальне. При фiльтрацiї Габором вiдбува-
ється реконструкцiя зображення шляхом множення 
гармонiйної функцiї на функцiю Гауса. Ateb-функцiї 
є узагальненням елементарної тригонометрiї, i, вiд-
повiдно, володiють бiльшою функцiональнiстю. 
Фiльтрування Ateb-Gabor дозволяє змiнювати iнтен-
сивнiсть всього зображення, а також iнтенсивнiсть 
у певних дiапазонах, i таким чином зробити певнi 
дiлянки зображення контраснiшими. Ateb-функцiї 
змiнюються вiд двох рацiональних параметрiв, а це, в 
свою чергу, дає можливiсть гнучкiше керувати фiль-
трацiєю. Дослiджено властивостi Ateb-функцiї, а 
також можливостi змiни амплiтуди функцiї, часто-
ти коливань на фiльтр Ateb-Габора. Показано розви-
нення фiльтрацiї на основi двовимiрного Ateb-Габору. 
Цi залежностi проаналiзованi та зробленi вiдповiднi 
експерименти. Здiйснено визначення спiввiдношень 
мiж частотою та шириною фiльтра Ateb-Габора, 
що дозволило виконувати фiльтри для знаходжен-
ня країв об’єктiв з рiзними частотами та розмiра-
ми. Розроблено вiдповiдне програмне забезпечення 
для фiльтрацiї за допомогою python без використання 
стороннiх бiблiотек, зв’язаних з обробкою зображень. 
Вiдбитки пальцiв вiдфiльтрованi за допомогою роз-
робленого фiльтра Ateb-Габора. Показано ефектив-
нiсть його використання, яке полягає у бiльшiй кiль-
костi варiантiв фiльтрацiї опрацьованих зображень. 
Результати численних експериментiв демонструють 
успiшне видiлення країв на зображеннi на основi отри-
маних в роботi параметрiв фiльтра Ateb-Габора

Ключовi слова: фiльтр Габора, Ateb-функцiї, бiо-
метрична система, обробка зображень, вiдхилення 
гаусiвського ядра
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in an image, there are white or black interstices, chaotical-
ly scattered over the image. The noise may not be located 
throughout the image, but the obstacles appear to be isolated 
contrast points. Today, a large number of noise elimination 
techniques have been developed. Each individual method is 
used to eliminate a certain type of noise. The difficulty of 
finding exact solutions generates different variants of ap-
proximate methods.

One of the known methods of filtration is the Gabor 
filter. It is used for linear filtration and for improving the 
quality of a converted image. In addition, symmetry, an-
tisymmetry and wavelet transformations can be used to 
reduce the number of required multiplication and addition 
operations [3, 4].

However, in a non-processed image, noise can distort 
lines of imprints, which creates errors in recognition. Be-
sides, identification should be done quickly, within several 
minutes. For this, the image is improved by applying filter-
ing. This reduces the noise of the image. The Gabor filter 
based on the Ateb-functions is effective for filtration, since 
it contains a generalization of trigonometric functions [5, 6].

2. Literature review and problem statement

All biometric systems consist of two parts – hardware 
and specialized software [7]. We will conduct a biometric 
analysis of the software that helps apply filtering to biomet-
ric images.

Modern systems of artificial vision in which the Gabor 
filtration is used include Skynet, Hunter, DigiNet [8] and 
the like. In these systems, the quality of the input image 
plays an important role, and it can be improved by using 
algorithms based on filtering in frequency or spatial areas, 
adjusting contrast and brightness. It is very important to use 
hardware to get a high-quality input image that will change 
in the process of filtration. Even the above listed systems 
cannot provide 100 % recognition, so the quality of the fil-
ters needs to be improved by creating new and modified ones 
as well as using multiple filtrations.

Study [9] analyzes the recognition quality and identifi-
cation properties for 2D Gabor filtration in artificial neural 
networks. It shows that fingerprint recognition is most effec-
tive in recognizing audio signals, veins and biometric char-
acteristics. However, artificial neural networks provide low 
identification rates. Besides, a drawback of such a method is 
the need for training in neural networks, which increases the 
time of recognition of biometric images. Recognition should 
take a few seconds, and this becomes possible with one-time 
filtration.

In [10], the Gabor filter is used to filter an audio signal. 
Filtering is applied repeatedly to achieve the required qual-
itative results. However, it is noted that recognition by the 
conventional Gabor filter is not effective. New filters need to 
be developed to provide identification.

Study [11] shows that qualitative processing of biometric 
images is achieved with an integrated filtration by the so-
called MEA algorithm, which is based on using the Gabor 
filter, the Laplace filter, and the Volter filter. Gabor filtering 
allows converting images in frequency and spatial areas. 
Thus, when applying Gabor filters to fingerprints, the real 
performance of the structure of the series can be well visible. 
Changing the settings in the Gabor filter can greatly im-
prove the quality of the input image. Therefore, it is expedi-

ent to use the integrated Laplace filter and Volter filter. This 
increases the time of processing the image, which is also not 
desirable in the biometric protection system.

A study has been conducted on the effectiveness of using 
the Gabor filter among all types of filtration. It was found 
in [12] that when processing biometric images, the Gabor 
filter is most often used 3–5 % more frequently than other 
filters, so it is expedient to expand the filtration options for 
the specified filter.

In [13], Gabor filtering is considered, and it is shown that 
in order to make a biometric image suitable for identification, 
it is necessary to apply self-developed algorithms and to use 
an anisotropic filtration, which is a lengthy procedure. The 
time taken to log onto the system should take a few seconds, 
and additional filtration types increase the time of process-
ing the image, which is unacceptable for a fast logon.

In [14], Gabor filtering is also researched, and it is shown 
that there are large errors in the scan, which leads to inade-
quate recognition and identification. When applying Gabor 
filtering, it is necessary to filter repeatedly and to adjust the 
angle of inclination, the scale. Therefore, well-chosen options 
can greatly simplify identification and reduce the time spent 
in processing an image. This helps find the edges of objects 
in an image with different frequencies, sizes, and directions.

Studies [15, 16] show that it is necessary to perform 
identification by a modified Gabor filter in order to achieve 
high-quality recognition and to ensure a minimum image 
processing time. For this, it is necessary to develop modified 
filters based on traditional ones and to provide fast process-
ing time and good-quality identification.

To solve the problem of fingerprint identification, the 
Ateb-Gabor function gives an opportunity to improve the 
identification process. This provides better characteristics 
than the traditional Gabor filter. It is proposed to apply a 
new method of filtration, which is based on the theory of 
Ateb-functions and Gabor filtering. The new filtering meth-
od is an extended method of Gabor filtering and ensures 
small image processing time.

3. The aim and objectives of the study

The aim of the study is to detect the laws of the Ateb-Ga-
bor filter, which is based on the use of the mathematical 
apparatus of the theory of Ateb-functions and creates condi-
tions for generating new fast filtering options. The use of the 
new filter has made it possible to expand filtering sets sig-
nificantly in order to locate the edges of objects in biometric 
images successfully.

To achieve the aim, the following objectives are done:
– to find regularities in the properties of one-dimension-

al and two-dimensional Gabor filters;
– to study the features of Ateb-functions for implement-

ing new properties in the Ateb-Gabor filter;
– to filter biometric images and to analyze their quality 

with different sets of Ateb-Gabor filters for the successful 
and quick finding of the edges of objects in biometric images.

4. Construction of one-dimensional and two-dimensional 
Gabor filters 

The formula to construct a one-dimensional Gabor 
filter [17] is
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2 2( /2 )( ) cos(2 ),zg z e z− σ= Πθ    (1)

where σ is the standard deviation of the Gaussian kernel, 
which determines the amplitude of the function; θ is the fre-

quency of alternations, which is defined as 1 ,Tθ =  where T  
 
is the period of the function cos(2 ).zΠθ

Fig.	1.	Construction	of	a	one-dimensional	Gabor	filter	with	
the	parameters	of	θ=1	and	θ=1	

Fig.	2.	Construction	of	a	one-dimensional	Gabor	filter	with	
the	parameters	of	θ=2	and	θ=5

The bigger the σ, the more declivous the form of the func-
tion becomes [18]; the smaller the σ, the acuter the peak of 
the form of the function (see Fig. 1).

The described index has the properties of a normally dis-
tributed random variable. In accordance with the rule of 3σ, 
almost all of its values lie in the interval {–3σ; 3σ} [12, 19]. 
For signal processing, these function values are calculated in 
this segment. Moreover, the higher the value of θ, the smaller 
its period is (Fig. 2).

To filter images, a two-dimensional Gabor filter is used, 
which is a harmonic function multiplied by the Gaussian 
function. The two-dimensional Gabor filter looks as follows

'2 2 '2

2

( , , , , , , )

exp cos 2 ,
2

G x y

x y x

λ θ ψ σ ϕ =

 − + ϕ ′ = π + ψ    σ λ 
  (2)

where

cos sin ,

sin cos .

x x y

y x y

= θ + θ′
 = − θ + θ′

In this equation, λ is the wavelength of the cosine multiplier, 
θ is the frequency of alternations in degrees, ζ is the phase shift 
in degrees, and ψ is the compression coefficient. Formula (2) is 
a product of the Gaussian function and the periodic function, 
and it improves the monotonic regions of periodic fragments 
in an image [20]. To apply filtration, it is necessary to know 
the above parameters of the Gabor filter. For fingerprints, it is 
believed that the frequency of lines and standard deviations are 
consistent with the local characteristics of the image.

However, the lines of the prints may have different ori-
entations in different parts of the image, so it is necessary 

to find the orientation of the lines inside each processed 
segment. Thus, the modified filter will be a function of three 
parameters of G (x, y, and θ).

The search for the segment orientation is implemented 
according to the algorithm described by Bazen [21]. The 
basic idea behind the algorithm is that the gradient of the 
image corresponding to the fluctuations from white to black 
will be perpendicular to the lines on the fingerprints. In 
order that oppositely directed vectors do not compensate 
each other when averaging, so-called quadrature gradients 
are calculated [22]. Directions are averaged in each area of 
the image, and then the corresponding angles of orientation 
of the fingerprint lines are calculated.

5. Construction and properties of Ateb-functions for 
filtration 

The mathematical apparatus of the Ateb-functions al-
lowed us to solve the analytic systems of differential equa-
tions that describe essentially nonlinear processes in systems 
with one degree of freedom [23].

Let us solve a system of differential equations describing 
essentially nonlinear processes in systems with one degree 
of freedom:

0,

0,

m

m

x y

y y

 + β =


+ α =

�

�
  (3)

where α and β are some real constants, and

1

1

2 1
,

2 1
n

θ +′
=

θ +′′
  (4)

2

2

2 1
,

2 1
m

θ +′
=

θ +′′
 1 1 2 2( , , , 0,1,2, ).θ θ θ θ =′ ′′ ′ ′′ …  

Let us consider the case when

1
,

1
p

n
=

+
  (5)

1
,

1
q

m
=

+

where m and n are determined by the formulae of (4).
The Ateb-functions are a reversal to the Beta-functions. 

An incomplete Beta-function is defined by the equality

1 1

0

( , ) (1 ) d ,
x

p q
xB p q t t t− −= −∫    (6)

1
1 1

1
0

( , ) (1 ) d ,p qB p q t t t− −= −∫    (7)

where p and q are some real numbers. 
If p>0 and q>0, then the Beta-function is definite and 

continuous, and for other real values of p, q goes to infinity.
For all x of the interval [0,1], the functions given by 

formulae (6) and (7) are positive and satisfy the conditions 
of [24] that

10 ( , ) ( , ),xB p q B p q≤ ≤
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1 1( , ) ( , ) ( , ).x xB p q B p q B p q−= −   (8)

The Ateb-functions developed for the values of (5) are 
called periodic. System (3), if m and n satisfy relation (5), 
describes an oscillatory motion [25].

It is known that Ateb-functions are generalizations of 
ordinary trigonometric functions [25]. A generalization of 
the Gabor filter based on periodic Ateb-functions is pro-
posed. The periodic properties of the Ateb-cos required to 
implement the improved Gabor filter are known and they are 
described in [26]. The function form is a continuous curve 
with a period 2 ( , ).T m n= Π

Intersection with the axis ω in the points 

1
( , ),

2
k m n

 + ⋅Π  
 

0, 1, 2,k = ± ± … occurs at the angle 

2
arctg .

1m
 γ = ±   +

 

Extremes are achieved at the points ( , ),k m nΠ  ( , ),k m nÎΠ  
and k ZÎ  corresponding to (–1)k .

The property of periodicity implies that

( ) ( )- ,‒ ,‒ ,‒ ‒ ‒ - ,‒ ,‒ ,Ateb ca m n m n Ateb ca m n Π + ω = − ω   

( ) ( )- ,‒ ,‒2 ,‒ ‒ ‒ ‒ - ,‒ ,‒ ,Ateb ca m n m n Ateb ca m n Π −ω = − ω    (9)

( ) ( )- , ,2 ,    - , , .Ateb ca m n m n Ateb ca m nΠ + ω =  ω  

It was also proved in [26] that the introduced Ateb-func-
tions are periodic with the period ( )2 , ,m nΠ  where,

( )
1 1

1 1
2 , .

1 1
1 1

Г Г
n m

m n
Г

m n

   ⋅      + +Π =
 +  + +

  (10)

In formula (10), 

1
,

1
Г

n
 
  +

 
1

,
1

Г
m

 
  +

 and 
1 1

1 1
Г

m n
 +  + +

 

are the Gamma-function.
Properties for the sinus that are used to construct the 

imaginary component of the Gabor filter are similar.
In (3), the period ( )2 ,m nΠ  is calculated for various val-

ues of m and n [27], which are given in Table 1.

Table	1

Calculation	of	the	period	 ( )2 ,m nΠ 	 ( )- ,Ateb ca m n 	

M n ( )2 ,m nΠ

0.1 1 4.24284

0.5 1 5.17422

1 1 6.28318

2 1 8.41309

3 1 10.4882

4 1 12.5373

5 1 14.5719

The properties for Ateb-sa, which are used to construct 
the imaginary component of the Gabor filter, are similar.

Fig. 3 shows Ateb-sa and Ateb-ca with the parameters of 
m=1, n=1, α=1, and β=1. As can be seen from the graphic map 
in Fig. 3, it means elementary cosine and sinus. The parame-
ters of α=1 and β=1 for (3) are selected in such a way that dis-
tortion of the shape of the curves does not occur. Fig. 4 shows 
Ateb-ca and Ateb-sa with the parameters of m=7, n=7, α=1, 
and β=1. We observe a flat shape of the curves of the function 
with these parameters, which is well used for filtration. For 
clarity, Fig. 5 shows a more even form of Ateb-ca and Ateb-
sa with the parameters of m=11, n=11, α=1, and β=1. Fig. 6 
shows Ateb-ca and Ateb-sa with the parameters of m=3, n=3, 
α=1, and β=1. So far, Ateb-ca and Ateb-sa have been shown 
with the parameters of m=n, and with the parameters of m≠n, 
Ateb-ca and Ateb-sa will not be symmetric, as shown in Fig. 7, 
where Ateb-ca and Ateb-sa have the parameters of m=5, n=3, 
α=4, and β=2. Fig. 8 demonstrates Ateb-ca and Ateb-sa with 
the parameters of m=7, n=7, α=4, and β=2. 

Fig.	3.	Ateb-ca	and	Ateb-sa	with	the	parameters	of	m=1,	
n=1,	α=1,	and β=1

Fig.	4.	Ateb-ca	and	Ateb-sa	with	the	parameters	of	m=7,	
n=7,	α=1,	and	β=1

Fig.	5.	Ateb-ca	and	Ateb-sa	with	the	parameters	of	m=11,	
n=11,	α=1,	and	β=1

Fig.	6.	Ateb-ca	and	Ateb-sa	with	the	parameters	of	m=3,	
n=3, α=1,	and	β=1

 

 

 

 



Information technology

61

Fig.	7.	Ateb-ca	and	Ateb-sa	with	the	parameters	of	m=5,	
n=3,	α=4,	and	β=2

Fig.	8.	Ateb-ca	and	Ateb-sa	with	the	parameters	of	m=7,	
n=7,	α=4,	and	β=2

The differential equations given in (3) with power 
nonlinearity are solved. The graphic solutions with various 
parameters of m and n are shown to satisfy the conditions of 
(4) and (5), and they are periodic. It is shown that solutions 
of the differential equations with power nonlinearity acquire 
the values shown in Fig. 3–8. It is noteworthy that this 
greatly expands the apparatus of trigonometric functions, 
and therefore we consider it relevant to this study when us-
ing image filtration. When applying the mathematical appa-
ratus of the Ateb-functions to image filtration, it is possible 
to increase significantly the control influence on the change 
of the gradation characteristics of an image.

6. Development of one-dimensional and two-dimensional 
Ateb-Gabor filters 

Taking into account the above properties of the Gabor 
filter and the Ateb-functions, we construct a generalized 
one-dimensional Gabor filter based on the Ateb-functions. 
It looks as follows:

( ) ( )
2

2- ,‒ ,‒ exp · - ,‒ ,‒2 , , ,
2

Ateb G m n Ateb ca m n
 ω

ω = − Π θ ω σ 
  (11)

where σ is the standard deviation of the Gaussian kernel, 
which determines the amplitude of the function; ω is the 

frequency of alternations, which is defined as 
1

,
T

θ =  where  
 
T(m, n) is the period of the function ( )- ‒ ,‒ ,‒2 ,‒ ,‒ .Ateb ca m n Π θ ω

The graphic representation of the generalized Gabor fil-
ter is shown in Figs. 9 and 10. Unlike the well-known Gabor 
filter, the Ateb-based filtration has more control actions due 
to the parameters of m and n that can be rational numbers. 
These control actions will be shown in this study. In the case 
of 1m n= = , Ateb-Gabor becomes equivalent to the Gabor 
filter. Since the Ateb-Gabor function (Ateb-G) is equal and 
symmetric, the values of Ateb-G (1, 0.1) will be identical to 
Ateb-G (0.1, 0).

The Ateb-Gabor filter can be used to filter images with a 
large number of crests. This can provide better characteris-
tics than the well-known Gabor filter. The one-dimensional 

Gabor filter based on the Ateb-functions makes it possible 
to obtain more flat shapes, as shown in Fig. 3–6. Thus, 
filtration with a large spectrum of curves and a larger set 
of control parameters can be achieved. In particular, the 
four parameters for the Ateb-Gabor filter – m, n, σ, and θ, 
as opposed to the two – σ and θ – for the previously known 
Gabor filter.

Fig.	9.	A	graphic	representation	of	Ateb-G	with	the	
parameters	of	m=0.1	and	m=1	at	n=1	and	σ=1

Fig.	10.	A	graphic	representation	of	Ateb-G	with	the	
parameters	of	m=0.1	and	m=1	at	n=1	and	σ=3

The two-dimensional Ateb-Gabor filtering is performed 
using the formula

( )
2 2

2

- , , , , , ,

’ · ’ 2 · ’
exp - .

2

Ateb G x y

x y x
Ateb ca

λ θ ψ σ ξ =

 + ψ Π = − + ξ    σ λ 
  (12)

( ) ( )
( ) ( )

’ ·cos ‒ ·sin ,

’ ‒ ‒ ·‒sin‒ ‒ ·‒cos‒ ,

x x y

y x y

 = θ + θ


= − θ + θ  

where λ is the wavelength of the cosine multiplier, θ is the 
orientation of the normal parallel stripes, ξ is the phase shift, 
and ψ is the compression coefficient.

The implementation of such a filter is shown in Fig. 11. It 
can be noted that if m and n are less than 1, the filter will have 
a shape with many “strokes”. If m and n are more than 1, there 
are usually two black strokes. The filter is made with the pa-
rameter of σ=1, the standard deviation of the Gaussian kernel.

The development of filtration based on the two-dimen-
sional Ateb-Gabor is shown. Fig. 11 presents filtration by 
the Ateb-Gabor. In particular, the first figure with the pa-
rameters of m=n=1 shows the classic Gabor filter. Fig. 12 
shows an Ateb-Gabor filter with the parameters of m=0.2 
and n=0.2 as well as with the angle changes θ=0, Π/4, Π/2, 
3 Π/4 and ψ=0, 0.1, 0.2, 0.6.

The development of this filter made it possible to increase 
the number of filtration sets by more than 500 units and to 
filter the papillary lines’ orientation of fingerprints within a 
specific area of the image, taking into account the turn and 
the scale.
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Fig.	11.	The	Ateb-Gabor	filter	with	the	parameters	of		
m,	n	and	σ=1

Fig.	12.	A	graphic	representation	of	Ateb-G	with		
the	parameters	of	m=0.2	and	n=0.2

7. Image processing using the Ateb- Gabor filter

Image processing by the Ateb-Gabor filter is achieved by 
averaging the image values in a specific area at each point. 
The filtration pattern has v and w pixels according to the 
rows and columns, as well as the current pixels and i, j, which 
will be changed as a result of the filtering. Accordingly, the 
use of the Ateb-Gabor filter will mean that

( )

( )2
1 1

- ’ ,

1
,‒ - , , , , , , ,

2 2

n m

i j

Ateb I x y

n m
I x i y j Ateb G x y

= =

=

 = − + − + λ θ ψ σ ζ  σ ∑∑ (13)

where Ateb-I’(x,y) is the intensity of the input image at the 
point (x, y), ( ),I x y′  is the intensity of the new image at the 

point (x, y), and G(i, j) is the value of the Ateb-Gabor func-
tion with xÎ[1, v] and yÎ[1, w]. 

To use the Ateb-Gabor filter, it is necessary to know the 
following values from formula (12):

1) the direction of the filter;
2) the frequency of the sinusoidal wave θ;
3) the standard deviation of the Gaussian kernel σ.
The frequency response of the filter is determined 

from the local frequency of ω projections, the direction 
determined by the local orientation. The values of σ are 
given in the implementation of the algorithm. The bigger 
these values are, the more noise-proof the filter will be. 
However, more distortions will be introduced, creating 
non-existent projections and depressions. If the values of σ 
are chosen to be low, the filter will not distort, but its fil-
tering ability will decrease. This will result in ineffective 
noise removal. Therefore, when selecting the values, it is 
advisable to find a compromise between the efficiency of 
the filter and the absence of distortions made by the filter. 
As a rule, these parameters are chosen empirically [28].

In the study of papillary lines of fingers, there are such 
features as described in [29, 30]. For each fingerprint, it is 
possible to determine two types of attributes – global and 
local [31]. Global signs can be seen with the naked eye. Local 
signs are the features of the direction of the papillary lines 
that are unique for each imprint [32, 33]. The distinction is 
due to the fact that the lines of fingerprints are not straight-
forward. They are often broken, branched, change direction 
and have gaps. The points in which the lines end, branch, or 
change the direction are called minutiae [33]. These points 
provide unique fingerprint information when identifying a 
person. Each fingerprint contains up to 70 minutiae [33].

The relationship between the frequency and the width 
of the Ateb-Gabor filter has been determined, which al-
lows the filters to automatically find the edges of objects 
with different frequencies, sizes, and directions. A method 
is proposed for removing the average component of the 
Ateb-Gabor filter, which helps reduce the average filter 
value to zero without deforming the filter. The results of 
numerous experiments demonstrate the successful selec-
tion of edges in an image based on the parameters of the 
Ateb-Gabor filter.

Below is a snippet of the code that calculates the val-
ue of Ateb-functions. Numerous methods for calculating 
Ateb-ca were used in papers [25–27]. In this study, odeint 
was used from the Python scipy library. The results of the 
Ateb-Gabor filter, which filters fingerprints, are shown in 
Fig. 13.

#calculating of the Ateb-functions
#based on the solution of the differential equation

alpha = -1
betha = 1

n = 1
m = 1
P = period(m, n)
num = 100000;
def model(z,t):
 dxdt = -alpha* z[1]**n #pow(z[1],n)
 dydt = -betha*z[0]**m
 dzdt = [dxdt,dydt]
 return dzdt

    m=1, n=1 m=0.6, n=0.6

   m=3, n=3 m=0.2, n=0.2 

   m=9, n=9 m=21, n=21

 

           
  θ=0, ψ=0     θ=Π/4, ψ=0 

 

             
θ=Π/2, ψ=0      θ=3 Π/4, ψ=0 

 

              
θ=0, ψ=0.1     θ= Π/4, ψ=0.1 

 

                 
θ= Π/2, ψ=0.1 θ=3Π/4, ψ=0.1 

 

              
θ=0, ψ=0.2      θ= Π/4, ψ=0.2 

 

                
θ=Π /2, ψ=0.2      θ=3Π/4, ψ=0.2 

 

                  
  θ=0, ψ=0.6        θ=Π/4, ψ=0.6 

 

                   
θ=Π/2, ψ=0.6         θ=3 Π/4, ψ=0.6 
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# initial condition
z0 = [0,1]

# time points
t = np.linspace(0,P, num)

# solve ODE
z = odeint(model,z0,t)
#z consistst of the ca values

 
 
 
 
 
 

a                             b                             c 
 
 
 
 
 
 

d                              e                              f		
Fig.	13.	The	results	of	Ateb-Gabor	filtering	with	various	

parameters:	a – m=1.2,	n=5,	b	– m=11,	n=11,	c	– m=41,	
n=41,	d	– m=3,	n=3,	e	– m=7,	n=7,	f	– m=1,	n=1

Fig. 13 shows Ateb-Gabor filtration with different pa-
rameters of m and n. In conducting the study, we can specify 
that m=n=3 and m=n=7 give the best results of filtration.

The filter results shown in Fig. 13 are executed in Pyton 
3 without the use of third-party libraries that are associated 
with image processing. The software is a prototype of the 
working version without optimizing the algorithm over the 
program time. The algorithm can be accelerated by using 
scheduling in the Fourier series when performing a convolu-
tional operation, as well as by parallel processing of individ-
ual segments of an image.

8. Discussion of the results of researching  
the effectiveness of the new Ateb-Gabor filter

It is shown that the new Ateb-Gabor filter has a much 
greater functionality, since it is based on a new mathe-
matical apparatus that extends elementary trigonometric 
functions. This increases the number of options for using 
modified images. Thus, the new filtering method will al-
low identification in biometric images and provide better 
quality metrics. This will make it possible to use filtration 
once, avoiding multiple filtrations, which reduces the time 
of processing biometric images.

The research has revealed the regularities in the proper-
ties of a one-dimensional Ateb-Gabor filter, which consist in 
the introduction of rational parameters of m and n as well as 
the use of the periodic Ateb-function, which is an advantage 
of the developed method of filtration.

The study has implemented a method for generating new 
fast filtering options that are based on the expansion of filtra-
tion sets, which makes it possible to find the edges of objects 
in biometric images and, as a result, perform the identification 
and recognition of biometric images more effectively.

The research findings can be used to recognize biomet-
ric images. The application of the new Ateb-Gabor filter 
allows filtering to be made taking into account the turn 
and extent of the papillary lines of a finger in a specific 
area of an image. The study was carried out for filtration 
with the parameters of m=n; it still remains to consider 
filtration when m≠n and the impact on biometric images in 
such a case.

A disadvantage is that the complexity of the Ateb-Gabor 
filtering algorithm has not been calculated. Besides, there 
have been neither timed filtering tests on the developed filter 
nor comparisons with filtering time by the traditional Ga-
bor filter. Such tests require high resource costs and can be 
developed in new studies. The unresolved issues are the de-
velopment of the search for effective algorithms for changing 
the direction of orientation of the Ateb-Gabor filter relative 
to the direction of the papillary lines of a biometric image to 
construct the vector image format.

The development of this study is considered to be a cor-
rection of these shortcomings, after which the Ateb-Gabor 
filter will become versatile and justifiable as to the recom-
mendations for its usage.

This study is useful in constructing biometric image 
recognition systems, which have recently been rapidly de-
veloped and are important. In the future, it is planned to 
analyze images when filtering with the parameters of Ateb- 
Gabor where m≠n and perform the identification.

9. Conclusion

1. The study has revealed patterns in the properties of 
the Ateb-Gabor filter. They consist in the fact that this filter 
is based on the mathematical apparatus of Ateb-functions 
and the Gabor function. The Ateb-functions help obtain 
the values of solutions of differential equations with power 
nonlinearity and depend on two rational parameters –  
m and n. Due to these parameters, the Ateb-Gabor filter 
acquires new features in filtering. Changing the m and n 
parameters provides new values for the Ateb-Gabor period, 
which makes it possible to extend the number of filtering 
sets. This allows one-time filtration, avoiding multiple fil-
tering, which significantly reduces the time of processing a 
biometric image.

2. The properties of Ateb-functions were constructed and 
investigated. It has been specified that Ateb-functions are 
a generalization of trigonometric functions. The period of 
Ateb-functions was calculated for the periodic function. The 
patterns in one-dimensional and two-dimensional Ateb-Ga-
bor filters have been revealed. The Ateb-Gabor filtering 
helps get more flat shapes and significantly increase the 
number of filtering sets. The development of this filter has 
made it possible to increase the number of filtration sets 
to more than 500 units. Two-dimensional filtering by the 
Ateb-Gabor filter was performed taking into account the 
orientation of the turn and the scale of the finger papillary 
lines in a specific area of an image.

3. The correlation between the frequency and width of 
the Ateb-Gabor filter has been determined, which makes it 
possible to filter in order to find the edges of objects with 
different frequencies, sizes, and directions. The results 
of numerous experiments demonstrate a successful selec-
tion of edges in an image based on the parameters of the 
Ateb-Gabor filter.
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1. Introduction

Promotion of mobile software is typical for the pres-
ent-day IT market. For such activity, companies should 
spend a lot of money on marketing campaigns. One of the op-
tions of determining effectiveness of a marketing campaign 
consists in checking the number of mobile app installations 
provided by the company. It is worth to know at this step 
that a certain part or entire set of mobile app installations 
could be performed in a fraudulent way. Knowing the actual 
number of organic mobile app installations and the number 
of fraudulent installations, one can determine real cost of a 
marketing campaign and whether it is effective. Note that 
fraudulent users are called fraudsters. Therefore, develop-

ment of a system for automatic detection of fraudsters and 
marketing campaigns using fraudulent methods of installa-
tion is a relevant task in this field.

2. Literature review and problem statement

Complexity of the problem that arises in this study con-
sists first and foremost in uncertainty of the “fraud” concept 
in technical literature. For example, fraud is considered in 
[1] as a some sort of anomalies in data. In its turn, anomaly 
can be defined as contextual (conditional) anomaly “if a 
copy of data is abnormal in a particular context.” Method-
ology for detecting this type of anomaly “takes into account 
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Запропоновано метод виявлення шахрайства при iнсталю-
ваннi мобiльних додаткiв. Розроблений метод на вiдмiну вiд 
iснуючих використовує всi наявнi данi, незалежно вiд типiв, 
розмiрностi i розбiжностi цих даних та перетворює такi данi 
до однорiдних коефiцiєнтiв на основi запропонованого мето-
ду шкалювання. Такий пiдхiд дозволяє пiдвищити точнiсть 
розв'язання задачi та побудувати вiдкриту до розширення базу 
знань з характеристиками шахраїв та правилами виявлен-
ня користувачiв-шахраїв. Розроблена система шкал для пере-
воду рiзнорiдних даних до однорiдних коефiцiєнтiв, яка дозво-
лила побудувати математичну модель процесу шкалювання. 
Розроблено алгоритм шкалювання рiзнорiдних масивiв даних 
на основi запропонованих шкал та математичної моделi про-
цесу шкалювання великих масивiв рiзнорiдних даних, що доз-
волило всю множину даних привести до двох однорiдних груп. 
Запропоновано алгоритми обробки отриманих груп однорiдних 
даних та виявлення користувачiв-шахраїв. Розробленi алго-
ритми з використанням коефiцiєнтiв схожостi мiж характе-
ристиками користувачiв формують шаблони шахраїв, визна-
чають характеристики та залежностi користувачiв-шахраїв, 
що дозволяє пiдвищити ефективнiсть та швидкiсть процесу 
виявлення шахраїв. Була запропонована схема процесу вияв-
лення шахраїв, що використана в iнтелектуальнiй системi 
автоматичного виявлення шахраїв для проведення експеримен-
тальних дослiджень. За результатами експериментальних 
дослiджень отримана точнiсть визначення шахраїв на заданiй 
репрезентативнiй вибiрцi 99,14 %. Результати експеримен-
тальних дослiджень показали ефективнiсть автоматичного 
виявлення шахраїв та можливiсть розширення форматiв та 
характеристик користувачiв-шахраїв на основi iнтелектуаль-
ного аналiзу i баз знань

Ключовi слова: виявлення шахрайства, рiзнорiднi данi, 
iнсталювання мобiльних додаткiв, аномалiї в даних, шкалю-
вання даних

UDC 004.8:044.89
DOI: 10.15587/1729-4061.2019.155060


