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Abstract. The article was aimed at improving the amplitude filtering process of the sampled image through the use of generalized Q-preparation.
The existing correlation algorithms for image preprocessing were analyzed and their advantages and disadvantages were identified. The process
of amplitude filtering and the main methods of preprocessing with such filtering were considered. A method of amplitude filtering of images based
on the generalized Q-transformation with the use of sum-difference preprocessing of images has been developed. The efficiency of this method
was analyzed, and a variant of the scheme for the corresponding preprocessing of images was proposed. The efficiency of the method was confirmed
by computer simulation.
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ZASTOSOWANIE Q-PREPARACJI DO FILTROWANIA AMPLITUDOWEGO
ZDYSKRETYZOWANEGO OBRAZU

Streszczenie. Artykul mial na celu usprawnienie procesu filtrowania amplitudy zdyskretyzowanego obrazu za pomocg uogdlnionej Q-preparacii.
Przeanalizowano istniejgce algorytmy korelacji do wstgpnego przetwarzania obrazu i okreslono ich wady i zalety. Oméwiono proces filtracji amplitudowej
oraz glowne metody wstepnego przetwarzania z takq filtracjq. Opracowano metodg filtrowania amplitudowego obrazow w oparciu o uogolniong
transformacje Q 7 wykorzystaniem wstepnego przetwarzania obrazéw na podstawie réznic sumy. Przeanalizowano skutecznosé tej metody
i zaproponowano wariant odpowiedniego schematu wstepnego przetwarzania obrazu. Skutecznos¢ metody zostala potwierdzona symulacjg komputerowg.

Stowa kluczowe: filtrowanie amplitudy, uogélniona Q-preparacja, algorytmy korelacji

Introduction

Pattern recognition is a relevant and promising area
of information technologies, the scope of its application
is expanding every year. In turn, recognition has separate tasks
that must be solved in order to obtain the most accurate result.
This includes the recognition [2, 11, 13] process itself, image
preprocessing for detecting and eliminating interference, dividing
image into segments, real-time recognition, etc. One of the urgent
tasks in the field of pattern recognition is the task of creating
correlation systems for automatic measurement of coordinates
[5, 6]. In such systems, the functional of linking the current image
and the reference image is calculated, as well as the coordinates
of the extremum of this functional are determined. Among
the advantages of such systems is the fact that they provide
the ability to work in conditions of great uncertainty in the noise-
signaling environment and provide resistance to the influence
of decorrelating factors. Such factors can be: noise, uneven
sensitivity, geometric distortions of the video sensor, errors
in analog-to-digital conversion, etc [1, 7, 9].

Thus, the development and improvement of such systems
makes it possible to recognize signals or images more accurately
due to filtering under the influence of various environmental
noises. The existing methods have their drawbacks, which can be
eliminated using the method presented in the article, namely,
using amplitude filtering using Q-preparation [3, 6, 8].

1. Analysis of literature data and problem
statement

Modern image recognition systems are characterized by work
in a difficult jamming environment. When designing such
systems, can often encounter the problem of detecting signals
in noise when their characteristics are not known in advance or are
subject to changes. Signals in such systems are functions of two
spatial coordinates and time and are called images. Correlation
algorithms are very often used in such problems; the physical
meaning of correlation processing in this case consists
in combining images.

There are many correlation algorithms [1, 10, 17], the main
ones are:
optimal spatial filtration,
background correlation,
binary correlation,
correlation of conversion factors,
optical matched filter,
three-dimensional correlation,
combination of relative information vectors,
combination of structural models.

With optimal spatial filtering, images are filtered to optimize
registration. Optimal filters are constructed using typical images.
The advantages of this method are the increased ratio of the main
peak of the correlation function to the side lobes, the homogeneity
of the side lobes, and the possibility of an analytical description.
At the same time, the disadvantages of this method are that
it is based on the knowledge of the gray level of the image,
and the design of the filter requires the estimation of noise
statistics [15].

Background correlation is a real correlation using the inverse
Fourier transform of the mutual energy spectrum of the phase. The
advantages of this correlation method are: sharp correlation peaks,
implementation efficiency, and lack of sensitivity to narrowband
noise. However, the method requires prediction of the gray level
of the images and requires a broadband image plot [4, 16, 19].

For binary correlation, images are preliminarily converted into
binary form. The method provides an efficient implementation
and desensitization to errors in gray level prediction. In this case,
the information content of the images decreases due to the
transition to binary images, and there is a need to implement
the prediction of the gray level of images.

The correlation of transform coefficients provides processing
using the algorithm of the minimum absolute difference of the
Hadamard coefficients of the reference and current images.
Due to this, an increase in the sharpness of the peak and a decrease
in sensitivity to noise are achieved. In this case, the method
requires prediction of the gray level and gives an increase
in the amount of computation [18].
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An Optical Matched Filter is an analog matched filter using
coherent light processing. The method provides almost
instantaneous correction, has an extremely large amount
of memory, and implements parallel processing of several
reference images. The disadvantages are that it is based on gray
level prediction, with the processing flexibility being limited
by the hardware implementation [7, 20, 21].

Three-dimensional correlation combines a three-dimensional
target model and active rangefinder data. No gray prediction
is required here. The method can take into account all possible
approaches to the approach and is insensitive to deliberate changes
in target attributes. However, it requires a range sensor
and a significant amount of computation.

The alignment of relative information vectors is based
on maximizing the number of corresponding information-relative
vectors. No gray prediction is required here. The method includes
three-dimensional objects and is insensitive to contrast inversion.
The disadvantage is that you need to implement feature extraction,
the method is sensitive to noise, and the analytical description
is difficult [6, 14].

When structural models are combined, feature models (lines,
segments, tops, spots) are combined. The method does not require
prediction of gray levels, is insensitive to contrast inversion,
and has minimal memory requirements. However, it is necessary
to implement feature extraction, the method is sensitive to noise,
and the analytical description of the characteristics is difficult.

The classical algorithm for correlation image processing
is understood as the calculation of a cross-correlation function
or a convolution-type integral with the subsequent search
for the maximum of this function. The disadvantage of the
classical algorithm is a large amount of computation, since
the calculation of the cross-correlation function is performed for
all possible relative shifts of the processed images [1, 23].
Moreover, if the dimensions of the image are equal to MxM,
NxN, then the number of points for which the correlation function
is calculated is(N — M + 1)2. This number is usually significant.

In the process of preprocessing a sampled image, the most
important task is to filter the amplitude and geometric noise [1],
which are the result of external and internal noise influences
on the processes of formation, registration, transformation and
transmission of sampled images.

Amplitude noise distorts the value of the samples in the image
of an object, while geometric noise changes the number and
location of the samples associated with this image, i.e. samples
exceeding, for example, the general signal detection threshold [1].
For each of these types of noise, there are separate methods
for preprocessing (filtering) images.

In a number of applied problems of the theory of pattern
recognition, preprocessing methods are used based on the
formation of a difference image with its subsequent threshold
preprocessing: delta modulation [1, 13], generalized contour
preparation, contouring [7, 12], etc. All of them lead to an increase
in the noise level of the transformed Images.

There are also heuristic preprocessing methods, their essence
lies in the summation of local groups of samples of the converted
image. But there are problems with their implementation. The first
is to combine the operations of nonlinear difference of image
preprocessing and averaging of local groups of samples to reduce
image noise. The second problem is the creation of a processor
element with a universal structure for a homogeneous processor
environment, which will be suitable for performing sum-
difference preprocessing operations. The last problem is related
to determining the optimal sizesP,,; X q,p: @ local group
of image samples, averaged according to heuristic-type smoothing
algorithms [8, 9], or a preprocessing algorithm using the partial
Q-summation method.

Thus, the analysis shows that the existing methods
of correlation are processing and image preprocessing have
a number of disadvantages. This article proposes a method
for amplitude filtering images to help avoid them [10, 22].
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2. The purpose and objectives of the study

The article is focused on the development of a method
for amplitude filtering of images. The proposed method uses
a generalized Q-preparation, previously passed the sum-difference
preprocessing of the type H¢, Hy or He,H; (3 QA-processing
and Y; QV-processing, respectively).

To achieve this goal, it is necessary to consider the process
of amplitude filtering of images, existing preprocessing methods
for amplitude filtering, select one of them and develop
an appropriate filtering method using generalized Q-preparation.

3. Materials and research methods

Amplitude filtering of a sampled image is a transformation
of the amplitude of the central sample of a local group of samples
according to the sample mean value of the amplitude
of the sample of this group.

In accordance with this, the following preprocessing methods
are used:

e averaging over the neighborhood of the elements,

o differential preprocessing in the neighborhood of elements,

e sum-difference  preprocessing in the neighborhood
of elements.

3.1. Averaging over the neighborhood
of the elements

Spatial decorrelation of noise makes it possible to use
efficient, easy-to-implement algorithms for averaging over
the local neighborhood of elements based on the convolution
of the original image G(m,n) = {gmn} where m=0,1,...,
M, =0,E; and n=0,N; with array H(a,c)={hs.}, Where
lal <K, >0,[c|<c>0and h,. >0

gm,n = NihZa Zc gm+a,n+cha,c (1)
where Ny =¥, ¥ hg is the normalizing divider to exclude
the shift of the mean value of the samples g, , of the transformed

image G(m,n) = {gmn}-
Most commonly used masks H (a, ¢)[17]
1 11 1 11 ) 1 2 1
[1 1 1] [1 2 1] 'Te [2 4 2] 2)
1 11 1 11 1 2 1

The use of these masks reduces the variance of the additive
normal noise by 9+ 7, respectively, however, complicates
the practical implementation of the filter due to the inclusion in (1)
of samples diagonally located to the sample to be smoothed,
and also due to the inconvenience of dividing by 9 for mask (2)
when using traditional binary or binary-decimal system of coding
image samples. In addition, these masks do not provide
suppression of local noise spikes.

Therefore, the smoothing algorithm includes the following

procedure
~ _ {gm,n: |gm,n
gm,n - -
Imn |gm,n

_g_m,nl <e¢
_g_m,nl > €

@
where:
Gmn = %Za YeImran+c(a,c) #(0,0), >0 for example,

does not exceed i of the maximum possible value of g,, ,.
Given the above, it seems appropriate using simpler
smoothing masks as follows kind:
010 01 0
[1 1 1] ll 0 1] 4)
01 0 010
In this case, along with the limiting simplification of practical
implementation, the deterioration of smoothing to ~ 2.25 times
(estimated by variance) in comparison with the previously
considered masks can be compensated for by subsequent
processing.
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3.2. Difference preprocessing based
on the neighborhood of elements

Fig. 1 shows the masks corresponding to some currently
widespread types of local difference image preprocessing
by neighborhood 3x3 element. In this case, the differences
in direction, the Laplacian and the gradient for the masks (Fig. 1)
are respectively defined as follows:

A(o'l)gm,n = |(gm—1,n+1 + Imn+1 + gm+1,n+1) -

- (gm—l,n—l + gm,n—l + gm+1,n—1)| (5)
A(1'0)gm,n = |(gm—1,n+1 + 9m-1n T gm—l,n—l) -

- (gm+1,n+1 + gm+1,n + gm+1,n—1)| (6)

1
Agm,n = E(_ Ea Ec gm+a,n+c + ng,n)' (a: C) * (0'0) (7)
Agm,n = (_ Ea Zc Im+an+c + 4'gm,n)' (a' C) * (0:0) (8)
Vdmn = |gm,n - gm+1,n| + |gm,n - gm,n+1| C)
0 -1 0 -1 -1 -1 1 -2 1
[—1 5 —1] [—1 9 —1] [—2 5 —2]
0 -1 1 1 -2 1
a) <)
0 0 0 0 00 O
EETREIE e
-1 0 0 —1 0 —1 00 O
d) 9)
1 1 1 0 -1 -1
o H SLEEE
-1 -1 -1 -1 -1
h) b))
0 -1 0 0 —1 -1 0
[—1 4 —1] [0 —1] [ 4 —1]
0 -1 0 0 -1 0
k) m)

Fig. 1. Local differential processing masks

Note that the quasi-Laplacian masks used here and below
(Fig. 1) differ from the corresponding masks (Fig. 1)
of the mathematical definition of the Laplacian (11)
by the presence of a factor Ni (N, equals 8 or 4) averaging

h

the pairwise differences between the central sample
and the samples corresponding to the coefficients —1 of the filter
of the following masks:
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Calculation of the quasi-Laplacian according to the mask H4p
is simpler than calculating it according to the masks H;g and Hy4p.
Masks H;gand Hj,p insignificantly, no more than 1.25 times,
increase the noise variance; therefore, their use is advisable
for low-noise images. Similarly to the masks of the quasi-Placian,
we introduce the masks of the quasi-gradient Hgg, Hgap and Hgyp:

1 1 1 L 0 1 0 ) 1 0 -1
4[1 0 —1]_ 5[1 0 —1]_ 5[0 0

-1 -1 -1F 0o -1 oY 0 0
HGS HG4—P HG4D

Calculating the quasi-gradient according to the mask Hgyp
is simpler than calculating it according to the masks Hgg
and Hgyp-

1

(1)

3.3. Sum-difference preprocessing
by the neighborhood of elements

For noisy images, before calculating the quasi-Placian
or quasi-gradient, it is advisable to pre-smooth the noise with

appropriate masks:
] [0 1 0] [1 0 1]

1 1 1
[1 0 1
1 1 1
HC4—P HC4-D
Let us fmd a reductlon in image noise by sequentially
applying one of the smoothing masks (14) and one of the
differential preprocessing masks (12) or (13). For this, consider
the neighborhood 5x 5 elements mn-th image element, which
corresponds to a set of readings {qm+an+c} @ = =2.2, c = =2.2.
As an example, consider the sequential application of masks Hg
and Hyg:

qm+a1 n+cl —

01 0
1 01

1 0 1

0 0 O (12)

Zaz Zcz Am+a,+an+c’ hcs,al+az,cl+cz ’

a, =-11,¢c,=-1.1 (13)
The equivalent calculation mask according to (15) is shown

in Fig. 2.
Equivalent computation masks for other possible

combinations of smoothing masks and differential preprocessing
masks are shown in Fig. 2 and Fig. 3, and the corresponding
coefficients for reducing the noise variance in table 1 and 2.

J-r -1 -1 To simplify the analysis, Fig. 2, 3 empty spaces are left
-1-1 8 -1| =|- —1 in place of mask coefficients with zero values.
ler -1 b ! —1/ (10
HLS HL4P HL4D
—1 -2 -3 -2 -1 -1 -1 -1 ] -1 -1 -2 -1 -1
11-2 6 4 6 -2 -1 2 2 2 -1 ¢|-1 4 2 4 -1
—|1-3 4 -6 4 -3 5|-1 2 -4 2 -1 z5|-2 2 -4 2 =2
2 6 4 6 -2/ %1 2 2 2 -1 ¥|-1 4+ 2 4 -1
l—1 -2 -3 -2 -1 -1 -1 -1 E -1 -1 -2 -1 -1
a) (Hcg, Hig) b) (Hcg, Hpap) ¢) (Heg, Hap)
[ -1 -1 -1 -1 ] -1 -1
-1 2 6 2 -1 4 -2 4 -2 11-1 4 2 4 —1]
=!/-1 6 -4 6 -1l —I-1 4 -4 4 -1 — 2 2
32 -1 2 6 2 -1 16 -2 4 =2 16[—1 4 2 4 —1J
L -1 -1 -1 -1 E -1 -1
d) (HC4P' HZS) 6) (HC4—P' HL4-P) f) (HC4-P'HL4-D)
—1l -1 -2 -1 -1 -1 -1 -1
-1 8 -2 8 -1 [ —1] 1 [ 4 ]
=1-2 -2 -4 -2 =2 2 —1-2 -2
32 -1 8 -2 8 -1 —1J 16[ 4 J
t-1 -1 -2 -1 -1 -1 -1 -1 -2 -1

9) (Heap, Hig)
Fig. 2. Equivalent computation masks for possible combinations of smoothing masks and
Table 1. Combinations of masks and dispersion reduction factors

h‘) (HC4-D’ HL4P)

) (HC4DrHL4D)
masks of differential preprocessing

Combination Heg Heg Heg Heap Heqp Heqp Heyp Heyp Heyp

of masks Hpg Hiap Higp Hyg Hiqp Hyap Hig Hiap Hpap
Dispersion

reduction 11.91 11.07 8.26 5.45 2.56 291 8.26 10.67 2.56
coefficient
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1 2 3 2 1 -1 1 1 1 ot -1 -1
" [2 2 2 2] 111 2 -1 1 -1
—|3 3 —|1 1| =2 2 2 -2
32[2 -2 -2 zj 1614 -2 —1j 1614 -1
1 2 3 2 1 -1 -1 -1 11 -1 -1
a) (HCSIHGS) b) (HCBI HG4P) C) (HC8'H64D)

. 11 1 1 1 1 -1
1 2 2 ' - 2 1[1 2 -1
—l1 -1l =l1 -1 = -2
321 4 2 —2 1| 8 -2 814 -1

L -1 -1 -1 -1 | -1

d) (HC4P'HG8) e) (HC4P' HG4P) f) (HC4P' HG4D)

101 2 1 17 [ 1 1 1 1 -1
1 ~1| 4|1 -1 1[2 ,
16| , | 8y ] |

1 -1 —2 -1 -1l L 4 IR B P 1

9) (Heap, Heg)

h) (HC4DrHG4—P)

1) (Heap, Hgap)

Fig. 3. Equivalent computation masks for possible combinations of smoothing masks and masks of differential preprocessing

Table 2. Combinations of masks and dispersion reduction factors

Combination | Hcg Heg Heg Heap Heap Heap Heap Heap Heap

of masks Hgg Hgyap Hggp Hgg Heap Hgap Hgg Hgap Hgyp
Dispersion

reduction 11.64 12.8 9.14 9.14 5.33 4 12.8 8 5.33
coefficient

From a comparison of the data table. 1 and 2, it follows that
the combination of masks of local averaging and quasi-gradient
gives, on average, a significantly greater noise reduction than the
combination of masks of local averaging and quasi-gradient. It is
important that the minimum value of the coefficient of variance
reduction for table 2 is =1.6 times higher than its value for table 1
and not less than the value of this coefficient for a separate
smoothing mask (8 — for Heg, 4 - for Heyp OF Heyp).

From the point of view of performing the total-difference
processing of each type, according to table. 1 or 2, in a processor
element with a universal structure, combinations of masks
(Heg,y Hig), (Heap, Hgap), @nd (Heap, Hgap) are attractive, while
preprocessing for the last two combinations of masks is simpler in
practical implementation.

3.4. Amplitude filtering of images using
generalized Q-preparation

Of course, each of the images G,(m,n) be subjected
to a generalized Q-preparation by the method of generalized
Q-preparation (GQP) or partial Q-summation (PQS) [6],
i.e. it does not take into account that this image was obtained
as a result of sum-difference preprocessing.

However, taking into account the total-difference
preprocessing when carrying out a generalized Q-transformation
of an image, in particular, GQP, does not allow obtaining
significant hardware savings without reducing the efficiency
of subsequent processing of the prepared image, for example,
when it is correlated-extreme comparison with the prepared
reference image. In this case, taking into account the total-
difference character of the GQP image converted by the method
G;(m,n) Z € {l,g} and using the concept of local difference
threshold (LDT) (drop detection threshold), generalized
Q-preparation is mathematically described as follows (Tab. 3):
a+’When Gzmin = q
a®, when |gzma| < q (14)

a”,when g;min < —q
where Z € {l,g},8,mn is the readout of the generalized
Q-preparation (GQP) Cz(m,n) = {g,mn} Of the original image
G,(m;n).

A —
gzm,n -

The most compact is GQP, obtained as a result of rank signed
delta modulation [11], for which the following takes place:

at=a,a’=0,a =-a (15)

In this case, according to (19), signals with positive, zero

and negative potential values, respectively, should correspond

to the numbers a*, a® and a™ in the medium for storing the GQP.

3.5. Research results

Let us consider the features of the representation
of the elementary sections of the brightness surfaces by the GQP
of the quasilaplacian and the quasi-gradient (Q, and Qy,
respectively), and it seems expedient to take areas of flat,
cylindrical and spherical surfaces as reference surfaces. In this
case, a flat surface is characterized by the constancy of derivatives
along any two mutually orthogonal directions, a cylindrical
surface is characterized by the constancy of an arbitrary one along
one of two mutually orthogonal directions (which coincides with
the direction of the generatrix of this surface), and a spherical
surface is characterized by the variability of the derivative along
any two mutually orthogonal directions.

Table 3.Values 00 of Qy and Q, of reference surfaces

Surface type Sphere Cylindrical
Countdown Plane ]
GQP convex | concave convex | concave
+0,- +0,- +0, - +0,- +0,-
Qv + - 0 + -
Qa + - 0 + -

The division factor for the intensity of the fiber-optic switch 2
is 2. A variant of the circuit in Fig. 4 b is more preferable in terms
of hardware costs and less complexity of connections between
OPS.

These results were obtained from computer simulations
of the obtained method of amplitude image filtering using
generalized Q-preparation on the developed scheme (Fig. 4).
The system was designed and the corresponding program
was written in the C++ programming language. The program
simulates the operation of the obtained method, using the sum-
difference preprocessing in the vicinity of the elements. Various
local difference thresholds were also used to check performance
of the method. A set of reference images and images from the test
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sample were used. Obtained earlier results were confirmed
by simulation.

To check the effectiveness of the method, the reference
and test images used in the simulation were processed by the main
filtering methods discussed at the beginning of the paper.
In comparison with the developed method, they provide less
processing efficiency, namely, a larger amount of calculations,
require more processing time, and have less system flexibility.

= n
Gy(m,n) G,\[(m-ﬂ) G,,(m,n)
> 3
G(m,n G(m.n) — —..——’-—’

q

< = 9Qe o

Gy(m,n) Gr3(111.11)’_+_‘6 | (lyrl(m.n)
> >

== n
G,(m,n G, ,(m,n) G, (m,n)
J) ) 6 Al o 5 Al _
b) G(m CY
G,(m,n)

n
G,5(m,n)

Fig. 4. Option of two-channel image preprocessing: 1, 3-7 — homogeneous
processing environments for averaging, calculating Q, and Q, OQP, respectively;
2 — fiber optic switch

The use of other preprocessing methods for generalized
Q-preparation of images was discussed above and confirms
that the most effective for that purpose will be the sum-difference
preprocessing using the local difference threshold.

The figure 5 shows an example of comparing two biomedical
images over time using the proposed method.

) ﬁ W-spectrum image comparator e [m} X

‘ Load image | ‘

|

|

|

| Select area
|

| Compare
|

|

|

TML

. !

ﬁ’ W-spectrum image comparator = [m}

X

Load image ‘

Select area

U

Compare

Images are 74 % similar

Fig. 5. Comparing two biomedical images over time
3.6. Discussion of the results

The convenience of entering the characteristics Q, and Qy
is explained by the properties of their local isotropy,
that is, regardless of the direction when processing in a 3x3
window. Therefore, with GQP Q, and Qy in the learning process,
there are no stages of optimization in terms of the magnitude
and direction of the rank vector [1], which achieves a significant
saving in time and hardware costs. At the same time, the adaptive
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properties of preprocessing to the information problem being
solved remain high, both due to varying the value of LRS q,
and due to the possibility of using the methods of generalized
Q-transformation at the following levels of representation Qa
and Qy the processed luminance image.

4. Conclusions

The article considered the recognition of sampled images
in conditions of noise in the image. The analysis of the
corresponding correlation preprocessing algorithms was carried
out and their advantages and disadvantages were presented.
Methods for filtering amplitude noise were considered
and, accordingly, the goal and objectives of the study were set.
The methods of preprocessing with amplitude filtering were
considered. On their basis, using a generalized Q-preparation,
an amplitude filtering method with a sum-difference image
preprocessing was developed. Also was suggested the scheme
of two-channel image preprocessing based on the developed
method and was carried out computer simulation, which
confirmed good performance and effectiveness of the method.
The resulting method has a number of advantages. It provides
significant savings in time and hardware costs due to the lack
of optimization stages in terms of the magnitude and direction
of the rank wvector. Also, the high adaptive properties
of preprocessing to the information problem being solved
are preserved. Thus, the obtained method can be used
for preprocessing discretized images when carrying out their
amplitude filtering, while increasing the recognition efficiency.

The implementation of the Q-preparation principle
is described in [15, 16, 19].

References

[1] Avrunin O. G., Nosova Y. V., Abdelhamid I. Y., Pavlov S. V., Shushliapina
N. O., Bouhlal N. A., Harasim D.: Research active posterior rhinomanometry
tomography method for nasal breathing determining violations. Sensors 21(24),
2021, 1-27.

[2] Bochkarev A. M.: Correlation-Navigation Navigation Systems. Foreign radio
electronics 9, 1981, 12-16.

[3] Cai Y., Liu Z.,, Wang H., Sun X.: Saliency-Based Pedestrian Detection in Far
Infrared Images. IEEE Access 5, 2017, 5013-5019.

[4] Dougherty E. R.: Digital Image Processing Methods. CRC Press, Boca Raton
2020.

[5] Gan W. S.: Signal Processing and Image Processing for Acoustical Imaging.
Springer, Singapore 2020.

[6] Image correlation analysis system. Cipher "Cyber" — Research report. Vinnitsa
Polytechnic Institute N01890065739, Vinnitsa 1991.

[7] Kutaev Y. F.: Systemic correlation-extreme measurement of coordinates with
generalized Q-preparation of images. VNTU, Vinnitsa 1989

[8] Nosova Y. V., Tymkovych M. Y., et al.: Peculiarities of pre-processing
of tomographic images for segmentation of paranasal sinuses. IEEE 39th
International Conference on Electronics and Nanotechnology, ELNANO 2019,
489-492.

[9] Pavlov S. V., Vassilenko V. B., Saldan I. R., Vovkotrub D. V., Poplavskaya A.
A., Kuzin O. O.: Methods of processing biomedical image of retinal macular
region of the eye. Proc. of SPIE 9961, 2016, 99610X.

[10] Pogribnoi V. A.: Airborne signal processing systems. Kiev, Naukova Dumka
1984.

[11] Pratt W.: Digital image processing (T. 1 & 2). Wiley, New York 1982.

[12] Sacerdoti F.: Digital Image Processing. In: Sacerdoti, F., Giordano, A,
Cavaliere, C. (eds): Advanced Imaging Techniques in Clinical Pathology.
Current Clinical Pathology. Humana Press, New York 2016.

[13] Surabhi N., Unnithan S.: Image Compression Techniques: A Review.
1JDER 5(1), 2017, 585-589.

[14] Timchenko L. 1., Kokriatskaia N. 1. et al.: Analysis of computational processes
of pyramidal and parallel-hierarchical processing of information. Proc. of SPIE
10808, 2018, 1080822.

[15] Timchenko L. 1., Kokryatskaya N. I., Melnikov V. V., Kosenko G. L.: Method
of forecasting energy center positions of laser beam spot images using a parallel
hierarchical network for optical communication systems. J. Optical Engineering
52(5), 2013, 055003.

[16] Trishch R., Nechuiviter O., Vasilevskyi O., Dyadyura K., Tsykhanovska I.,
Yakovlev M.: Qualimetric method of assessing risks of low quality products.
MM Science Journal 2021(4), 2021, 4769-4774.

[17] Tulbure A., Tulbure A. A.: The use of image recognition systems
in manufacturing processes. IEEE International Conference on Automation,
Quality and Testing, Robotics. Cluj-Napoca 2018.

[18] Tymkovych M., Avrunin O. et al.: Ice crystals microscopic images segmentation
based on active contours. IEEE 39th International Conference on Electronics
and Nanotechnology, ELNANO 2019, 493-496.



46 IAPGOS 4/2022

[19] Vasilevskyi O., Koval M., Kravets S.: Indicators of reproducibility
and suitability for assessing the quality of production services. Acta IMEKO
10(4), 2021, 54-61.

[20] Vasilevskyi O., Kulakov P., Kompanets D., Lysenko O. et al.: New approach
to assessing the dynamic uncertainty of measuring devices. Proc. of SPIE 10808,
2018, 108082E.

[21] Vyatkin S. I, Romanyuk S. A. et al.: Using lights in a volume-oriented
rendering. Proc. of SPIE 10445, 2017, 104450U.

[22] Wojcik W., Pavlov S., Kalimoldayev M.: Information Technology in Medical
Diagnostics Il. Taylor & Francis Group, CRC Press, Balkema book,
London 2019.

[23] Zabolotna N. 1., Pavlov S. V., Ushenko A. G., Karachevtsev A. O., Savich V. O.
et al.: System of the phase tomography of optically anisotropic polycrystalline
films of biological fluids. Proc. of SPIE 9166, 2014, 916616.

Ph.D. Yuri Kutaev
e-mail: kutaev@gmail.com

Ph.D., associate professor. State  University
of Infrastructure and Technology, Kyiv, Ukraine.
Sciettific directions: teaching, artificial intelligence,
software engineering, data processing.

31 articles published in Scopus, 118 citations in 64
articles (h-index = 7).

http://orcid.org/0000-0001-8025-8172

Prof. Leonid Timchenko
e-mail: tumchenko_li@gsuite.duit.edu.ua

Doctor of technical science, professor. State
University of Infrastructure and Technology, Kyiv,
Ukraine.

Sciettific directions: teaching, artificial intelligence,
software engineering, data processing.

55 articles published in Scopus, 215 citations
in 106 articles (h-index = 8).

http://orcid.org/0000-0001-5056-5913

Ph.D. Saule Smailova
e-mail: Saule_Smailova@mail.ru

A lecturer at the Department of Information
Technology. D.Serikbayev East Kazakhstan State
Technical University Ust-Kamenogorsk. Co-author
over 60 papers in journals, book chapters,
and confer ence proceedings. Member of Expert
Group in the Computer Science specialization
of IQAA.

Her professional interests are teaching, artificial
intelligence, software engineering, data processing.

http://orcid.org/0000-0002-8411-3584

Ph.D. Natalia Kokriatskaia
e-mail: nkokriatskaia@gmail.com

Ph.D., associate professor. State  University
of Infrastructure and Technology, Kyiv, Ukraine
Sciettific directions: teaching, artificial intelligence,
software engineering, data processing.

34 articles published in Scopus, 109 citations
in 77 articles (h-index = 6).

http://orcid.org/0000-0003-0090-3886

Ph.D. Mykhailo Rozvodiuk
e-mail: rozvodiukmp@gmail.com

Dean of the Faculty of Power Engineering
and Electromechanics; scientific leader of the Center
for Electronic ~ Communications  "InterCEC"
of the VNTU.

International internship — University du Littoral Cote
d'Opale (Dunkirk, France, 2004), University of West
Bohemia (Pilsen, Czech Republic, 2019-2021).

The scientific direction of research is technical
diagnostics of functional systems, information
technologies, big data.

http://orcid.org/0000-0002-0916-1172

M.Sc. Vladyslav Plisenko
e-mail: plisenko_vo@gsuite.duit.edu.ua

Post-graduate  student at  State  University
of Infrastructure and Technology.

Sciettific directions: teaching, artificial intelligence,
software engineering, data processing.

http://orcid.org/0000-0002-5970-2408

M.Sc. Liudmyla Semenova
e-mail: semenova_lm@gsuite.duit.edu.ua

Post-graduate  student at  State  University
of Infrastructure and Technology.

Sciettific directions: teaching, artificial intelligence,
software engineering, data processing.

http://orcid.org/0000-0002-0904-3002

Ph.D. Volodymyr Tverdomed
e-mail: tverdomed@gsuite.duit.edu.ua

Ph.D., associate professor. State  University
of Infrastructure and Technology, Kyiv, Ukraine
Sciettific directions: teaching, artificial intelligence,
software engineering, data processing.

13 articles published in Scopus, 13 citations
in 16 articles (h-index = 3).

http://orcid.org/0000-0002-0695-1304

M.Sc. Dmytro Zhuk
e-mail: zhuk_do@ukr.net

Post-graduate  student ~at  State  University
of Infrastructure and Technology.

Sciettific directions: teaching, artificial intelligence,
software engineering, data processing.

http://orcid.org/0000-0001-8951-5542

p-ISSN 2083-0157, e-ISSN 2391-6761




