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ABSTRACT

Context. Automatic and automated image analysis methods used in computer graphic design, biometric identification, and mili-
tary target search are now widespread. The object of the research is the process of color image analysis.

Obijective. The goal of the work is to create an intelligent method of image analysis based on quantization, binarization and clus-
tering.

Method. The proposed method for intelligent color image analysis consists of the following techniques. The technique of reduc-
ing the number of colors based on the conversion of a color image into a gray-scale image and quantization of the resulting gray-
scale image improves the accuracy of image feature extraction by preventing the appearance of an excessive number of image clus-
ters. The technique of creating a set of binary images based on binarization of a quantized gray-scale image allows increasing the
speed of subsequent clustering by replacing sequential extraction of all elements of a quantized gray-scale image with parallel extrac-
tion of binary image elements, as well as separating clusters obtained during subsequent clustering by color due to image member-
ship. The technique of determining the highest priority binary images based on the probability of occurrence of each color in the
quantized gray-scale image improves the speed of image structure synthesis based on the analysis results by considering the most
informative binary images. The technique of extracting binary image elements on the basis of its clustering allows to increase the
accuracy of extracting binary image elements by improving the method of forming the neighborhoods of points (no radius of empiri-
cally determined neighborhood is needed), detecting random outliers and noise, extracting image elements of different shapes and
sizes without specifying the number of extracted binary image elements, as well as increasing the speed of extracting binary image
elements by forming the neighborhoods of white points only. The technique of determining the higher priority parts of the binary
image based on the power of image clusters allows increasing the accuracy of image structure synthesis based on the analysis results
by omitting noise and random outliers.

Results. The proposed method for intelligent analysis of color images was programmatically implemented using Parallel Com-
puting Toolbox of Matlab package and investigated for the task of image feature extraction on the corresponding database. The re-
sults obtained allowed to compare the traditional and proposed methods.

Conclusions. The proposed method allows to expand the application area of color image analysis based on color-to-gray-scale
image conversion, quantization, binarization, parallel clustering and contributes to the efficiency of computer systems for image clas-
sification and synthesis. Prospects for further research investigating the proposed method for a wide class of machine learning tasks.

KEYWORDS: intelligent image analysis, quantization, binarization, image feature extraction, clustering.

ABBREVIATIONS DBSCAN is a density-based spatial clustering of ap-
EM is an expectation-maximization algorithm; plications with noise algorithm;
PAM is a partitioning around medoids algorithm; DISMEA is a divisive hierarchical clustering algo-
ISODATA is an iterative self-organizing data analysis  rithm that uses the k-means algorithm to subdivide a clus-
technique algorithm; ter into two;
FCM is ae fuzzy classifier means algorithm; DIANA is a divisive analysis algorithm.
OPTICS is an ordering points to identify the clustering
structure algorithm; NOMENCLATURE

A={A,..., A} isacorrect set of image elements;
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T isatime;
ny is a line number of the image;

n, is a column number of the image;
N, is an end of the current row of the image;
N, is an end of the current column of the image;

R(n, ny) is ared color component;

ng, Ny ) is a green color component;
) is a blue color component;

G(
B(ng, ny
y(ng, ny) is an 8-bit gray-scale image;
k is a color number;

A is a quantization step;
s(m, nyp ) is a quantized gray-scale image;
My (n, np) is @ point label matrix;
Cy is a counter of the number of connected regions;
i isa current point of the image;
U; . is aneighborhood of the i -th point;

v is a first element from the set S, i.e. S=U;,
V=s;

my, m, are the coordinates of the v-th point in the
image;

Uy . is a neighborhood of the v-th point;

z (n) is a power vector of clusters;
Qk (m, np) isa k -th binary image;

Py is a probability of occurrence of a point with color
with number k ;

D is a size of Moore’s neighborhood of the point;

Pk x Ny x N, is a number of white dots in k -th binary
image;

mod is a modulo division;

[ ] is taking the integer part of the number.

INTRODUCTION
The rapid development of computing and information
technology has provided automatic or automated process-
ing and analysis of visual information.

One of the applications of visual information analysis
has become computer graphic design. To synthesize new
images, components of already existing images are often
used, so the problem of accurate and fast extraction of
required elements of previous images is relevant [1-3].

Another application of visual information analysis was
the creation of biometric personal identification systems
to solve the problems of differentiating the access of users
of software and hardware objects, identifying intruders
and others. In this case, one of the most popular and sim-

© Fedorov E. E., Khramova-Baranova O. L, Utkina T. Yu., Kozhushko R. Y., Nesen 1. O., 2025

DOI 10.15588/1607-3274-2025-2-4

46

ple in terms of technical means of identification is identi-
fication by face [4-6].

Another application of visual information analysis is
the detection of military targets. Currently, the problem of
accurate and fast decision making about ground targets
for drones is relevant.

Nowadays, methods of automatic and automated im-
age analysis, which use machine learning algorithms, are
widespread.

The object of study is the process of color image
analysis.

The subject of study is the methods for color image
analysis based on digital image processing and machine
learning.

The purpose of the work is to create an intelligent
method of image analysis based on quantization, binariza-
tion, and clustering.

In order to achieve the goal, the following objectives
were set and solved:

1) to create a technique to reduce the number of colors
based on color-to-gray-scale image conversion and quan-
tization;

2) to develop a technique for creating a set of binary
images based on the binarization of a quantized gray-scale
image;

3) to create a technique for determining the highest
priority binary images based on the probability of occur-
rence of each color in the quantized gray-scale image;

4) to develop a technique for image feature extraction
based on clustering of binary image;

5) to create a technique for determining the highest
priority elements of a binary image based on the cluster-
ing power of that image;

6) to conduct a numerical study of the proposed
method.

1 PROBLEM STATEMENT
The problem of improving the efficiency of image
analysis based on clustering is represented as the problem
of finding such an ordered set of image elements

A" :{Af,...,A,;} in time T, at

C
F-3
k=1

which

A —A,-*”—>min and T — min.

2 REVIEW OF THE LITERATURE

For automatic and automated image classification and
synthesis, image feature extraction plays an important
role, for which quantization, binarization, and image seg-
mentation techniques can be used.

For image binarization, the approaches commonly
used are [7]:

— automatic selection of a single-level local threshold
(e.g., Eikwel, Bernsen, Sauvola, Niblack, Christian meth-

ods) [9];
OPEN a ACCESS
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— automatic selection of a single-level global threshold
(e.g., Otsu’s method) [8].

The above methods have one or more of the following
disadvantages:

— require a time-consuming thresholding procedure;

— do not perform binarization accurately enough;

— require a labor-intensive procedure for determining
additional parameters.

In this regard, it is relevant to create a method of im-
age binarization that will eliminate the mentioned disad-
vantages.

For image segmentation usually use such approaches
as [7]:

— Markov random field based [17];

— region detection (region sprawl, region splits and
merges, watershed) [11];

— definition of region boundaries (pixels with a large
intensity gradient and also differing in color are selected
as region boundaries) [10];

— taxonomic [12];

— based on partial derivative equations [14].

— histogram [13];

— graph-based [16];

— variational [15].

The most popular of them is the taxonomic approach.

The traditional methods of the taxonomic approach
are:

1. Model mixture or model-based (e.g., EM [21]) or
distribution-based methods.

2. Partitioning-based (partitioning-based, partition-
based) or center-based (center-based) methods (e.g., PAM
(k-medoids) [18], k-means [18], ISODATA [20],
FCM [19] algorithms).

3. Methods are hierarchical (hierarchal).

4. Density-based methods (e.g., OPTICS [23],
DBSCAN [22] algorithms).

5. Divisive or top-down (e.g., DISMEA, DIANA
methods) [25].

6. Agglomerative or bottom up (e.g., Ward’s meth-
ods, centroidal linkage, full linkage, single linkage, group
mean) [24].

Taxonomy-based methods can also be based on meta-
heuristics [26] and artificial neural networks [27].

The above methods have one or more of the following
disadvantages:

— require the definition of parameter values;

— do not allow to separate noise and random outliers;
— have high computational complexity;

— require specifying the number of clusters;

— clusters cannot have different shapes and sizes.

In this regard, it is relevant to create an image segmen-
tation method that will eliminate the above disadvantages.

© Fedorov E. E., Khramova-Baranova O. L, Utkina T. Yu., Kozhushko R. Y., Nesen I. O., 2025

DOI 10.15588/1607-3274-2025-2-4

One of the ways to speed up segmentation is to pre-
transform a color image into a gray-scale image and quan-
tization, which reduce the number of colors [28-30].

3 MATERIALS AND METHODS

The method of intellectual analysis of a color image
based on parallel clustering includes six stages (the first
two stages correspond to the technique of image color
reduction, the third stage corresponds to the technique of
creating a set of binary images, the fourth stage corre-
sponds to the technique of determining the highest prior-
ity binary images, the fifth stage corresponds to the tech-
nique of extracting elements of a binary image, the sixth
stage corresponds to the technique of determining the
highest priority elements of a binary image):

Stage 1. Converting the color image into a gray-
scale image

The conversion of a color
image R(ny, ny),G(ng, ny),B(ny, ny) into an 8-hit gray-
scale image y(n,,n,) is performed using the YCrCb

color space
y(ng, ny)=0.2989 -R(ng, ny )+
+0.5870 -G(ny, ny)+0.1140 -B(ny, ny),

nl 61, Nl’ n2 E]., N2 .

Step 2. Quantization of gray image
1. Set the 8-bit gray-scale image y(n;,n,),
n el N;, n, €1, N, . Set the quantization step A.

2. Set the line number of the image n; =1.

3. Set the column number of the image n, =1.

4. Set the color number k =1.

5. If KA-A<y(n,np)Aay(n,ny)<kA,
then s(n, ny)=kA—-A/2.

6. If not the last color, i.e. k <256/A then increase
the color number, i.e. k =k +1 , then go to step 5.

7. If y(n;, ny)=255,then s(n;, ny)=256-A/2.

8. If not the end of the current row of the image,
i.e. Ny <N,, then increase the column number of the cur-
rent row, i.e. n, =n, +1, then go to step 4.

9. If not the last row of the image, i.e. n; < Ny, then

increase the row number of the current row,
i.e. n, =n,+1, then go to step 3.

Step 3. Binarization of quantized gray-scale image
(creation of the k -th binary image)

1. Set the quantized gray-scale image s(ny,n,),

n]_ El, Nl’ n2 El, N2 .
2. Perform binarization of the image in the form

OPEN a ACCESS
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L s(muny)=kA-Al2
Qk(nl’nz)_{o, s(m,ny)#zkA-A/2’

N el, Nl' ny el, N2.

Step 4. Calculate the probability of appearance of a
point with color with number k in the quantized gray
image

1. Setthe k -th binary image Q. (ny,ny), np €1, Ny,
ny el, N2 .

2. Calculate the probability of appearance of a point
with color with number k

1 NN
P =N 2 2 (mnp).
172 p=1n,=1

Step 5. Clustering of the k -th binary image

1. Set the image s(m,ny), n el Ny, nyel N,.
Set the k-th binary image Q¢ (n,ny), mel Ny,
n, € 1_N2 Set the size of the Moore neighborhood of the
point D. Set the point label matrix My (ng, ny)=0,
nel Ny, n,el N,. Set the count of the number of
clusters ¢, =0.

2. Set the row number of the image n; =1.

3. Set the image column number n, =1.

4. Define the number of the current point of the im-
age i=(m —1) Ny +ny.

5 If the i-th point is
i.e. My (ng,ny) =0, then go to step 20.

already  marked,

6. Determine the neighborhood of the i -th point
Uie ={elQc(k+nlp+np) =1},
e=(|1+n1—l)N2 +|2+n2, Il’ |2 E{ —1, O,l}
7. If not all the neighbors of the i -th point fall in its
neighborhood, i.e. | Uj, | <D, then mark the i-th point

as a random outlier or a noise, i.e. My (n, ny)=-1, go

to step 20.
8. Increment the counter of the number of connected
regions, i.e. ¢, =¢, +1.

9. Label the
i.e. My (ng, ny)=cy.
10. Create the set S=U; .

11. Remove the first element from the set S,
i.e. v=s;, and remove it from the set S, i.e. S=S\{v}.

i-th point as the c,-th cluster,

12. Determine the coordinates of the v-th point in the
image
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my =vmod Ny, my =[(v—my)/N, .
13.1f the v-th point was labeled as a random outlier
or noise, i.e. My (my, my)=-1, then label it as the ¢, -th
cluster, i.e. My (my, my)=cy.

14.1f the v-th point is already
i.e. My (mg, my) =0, then proceed to step 19.

labeled,

15. Label the v-th point, i.e. My (mg, my)=cy .
16. Determine the neighborhood of the v -th point

Uv,g Z{E|Qk (|1+m1, |2+m2)=1},
92( |1+|'nl—l) N2+|2+m2, |1,|2 E{ —1,0,1}.

17.1f not all neighbors of the v-th point fall in its
neighborhood, i.e. | Uye |< D, then go to step 19.

18. Merge the set S with the neighborhood of the v-
th point, i.e. S=SUU, ..

19.If the set S is not empty, i.e. | S | >0, then go to

step 11.

20. If not the end of the current row of the image,
i.e. Ny <N,, then increase the column number of the cur-
rent row, i.e. n, =n, +1, then go to step 4.

21.1f not the last row of the image, i.e. n; < Ny, then

increase the row number of the current row,
i.e. np =n,+1, move to step 3.

Step 6. Computing the power of clusters of the k -
th binary image

1. Set the point label matrix My (ng, ny), np €1, Ny,
n, €1, N, . Set the number of clusters ¢, . Set the power
vector of clusters z, (n)=0, nel, ¢ .

2. Set the row number of the image ny =1.

3. Set the image column number n, =1.

4. If a point belongs to a cluster, i.e. My (ng,ny)>0,
then increase the power of the clusters,
ie. 7 (Mg (g, np)) =2 (My (g, np))+1.

5. If not the end of the current row of the image,
i.e. np <Ny, then increase the column number of the cur-
rent row, i.e. n, =n, +1, then go to step 4.

6. If not the last row of the image, i.e. ny <Ny, then
increase the row number of the current row,
i.e. n, =n, +1, then go to step 3.

7. Sort the power vector of clusters in descending or-
der,ie. z (n)>z (n+1).

4 EXPERIMENTS
Numerical study of the proposed method of intelligent
color image analysis was carried out using Parallel Com-
puting Toolbox of Matlab package on the basis of theatri-

cal playbill data.
OPEN 8 ACCESS
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In this work the image sizes N; =228 and N, =165,

the quantization step A=16, for the white point the
Moore neighborhood of size 1< D <9.

5 RESULTS
In Fig. 1, a, the original color image is shown. Ac-
cording to the first step, the color image is converted to
gray-scale image.
According to the second stage, in Fig. 1, b, the gray-
scale image is quantized with quantization step A=16,

Figure 1 — The color image

i.e., the possible colors are 8, 24, 40, 56, 72, 72, 88, 104,
120, 136, 136, 152, 152, 168, 184, 200, 216, 232, 248.

According to the third stage quantized gray-scale im-
age can be divided into 256/A =16 binary images.

According to the fourth step the probabilities of color
appearance are calculated.

In Fig. 3 binary images corresponding to colors with
the highest probability of occurrence are presented with
indication of their number k , color and probability of

occurrence p, .

Figure 2 — The gray image from A =16

Figure 3 — The binary image: a— k =1(color 8, p, =0.467) ; b — k =11 (color 168, p,, =0.126) ; ¢ -
k =13 (color 200, p,, =0.062) ; d — k =16 (color 248, p,; = 0.159)
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In accordance with the fifth stage, parallel clustering In Fig. 5, the most powerful clusters are shown with
of binary images is performed. The binary image corre-  their number n and power z, (n) with the size of the

sponding to the color with the highest probability of oc- cluster Moore’s neighborhood D=9 stands out more
currence, which is shown in Fig. 3a, was chosen as an accurately

example.

According to the sixth step, the power of clusters is
calculated. In Fig. 4 the most powerful clusters are pre-

sented with their number n and power z, (n) with the
size of Moore’s neighborhood D =4.5.

Figure 4 — The cluster:
a-n=1(D=45,7(1)=11921) ;b-n=2(D =45, 7,(2) = 2829) ;

c-n=3(D=45,12(3)=1454) ;d-n=4 (D =45,7,(4)=973)
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d

Figure 5 — The cluster:

a-n=1(D=9,7(1)=11564) ;b-n=2(D=9,2(2)=2817);
c-n=3(D=45,2(3)=1341);d-n=4(D =9, ,(4) =920)

with the shown

in Table 1.

The comparison results of the proposed parallel
clustering based intelligent image analysis method

existing DBSCAN method are

Table 1 — Comparison of the proposed intelligent image analysis method
based on parallel clustering with the existing DBSCAN method

Accuracy Computational complexity
proposed existing proposed existing
0.98 0.85 (PexNyxNy ) | (NpxNy)

6 DISCUSSION

The existing DBSCAN method, which refers to den-
sity clustering and extracts connected regions:

—has high computational complexity;

— does not allow parallel processing;

— does not guarantee strict partitioning of image
clusters by color;

— can lead to an excessive number of clusters in case
of a large variety of image colors;

— requires setting the neighborhood radius, incorrect
setting of which may reduce the clustering accuracy.

Therefore, in this paper we proposed a method for in-
telligent analysis of color images, which instead of a long

© Fedorov E. E., Khramova-Baranova O. L, Utkina T. Yu., Kozhushko R. Y., Nesen I. O., 2025 |
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clustering of a single image goes to a set of binary images
(each binary image contains only elements of the quan-
tized gray image with the same color, and these elements
in the binary image are highlighted in white), the extrac-
tion of elements of which during clustering occurs in par-
allel, and during clustering the formation of neighbor-
hoods only points of white color are checked. Since the
clusters associated with a single binary image correspond
to a certain color of the quantized gray image, there is a
partitioning of clusters by color. Since in the proposed
method there is a preliminary conversion of color image
to gray-scale image and then the gray-scale image is
guantized, i.e., the number of colors is reduced, there is
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no excessive number of image clusters. Since the pro-
posed method clusters binary images and only white color
points are considered, instead of neighborhood radius,
white color check of neighborhood points is used, which
improves the accuracy of clustering.

Thus, the proposed method eliminates the mentioned
disadvantages of the existing method.

The selected parameter values of the proposed method
of intelligent color image analysis provide high accuracy
of image elements extraction (Fig. 3a) and speed of this
extraction (Fig. 3a), compared to the existing DBSCAN
method.

According to Fig.4 and Fig.5 in case of Moore’s
neighborhood size D =4.5, the elements of binary image
are extracted more accurately.

CONCLUSIONS

The actual problem of improving the efficiency of
color image analysis methods was solved by creating a
method based on digital image processing and clustering
algorithms.

The scientific novelty.

1. The proposed method of intelligent analysis of
color images allows to increase the accuracy and speed of
image elements extraction due to digital pre-processing
and parallel clustering.

2. The technique of reducing the number of colors on
the basis of color image conversion to gray-scale and
quantization of the resulting gray-scale image allows in-
creasing the accuracy of image elements extraction by
preventing the appearance of an excessive number of im-
age clusters.

3. The technique of creating a set of binary images on
the basis of quantized gray image binarization (each bi-
nary image contains only elements of the quantized gray
image with the corresponding same color, and these ele-
ments in the binary image are highlighted in white) allows
to increase the speed of further clustering by replacing the
sequential extraction of all elements of the quantized gray
image by parallel extraction of elements of binary images,
as well as to break the clusters obtained in the course of
further clustering of the quantized gray image.

4. The technique of determining the highest priority
binary images based on the probability of occurrence of
each color in the quantized gray-scale image allows in-
creasing the speed of image structure synthesis from the
analysis results by considering the most informative bi-
nary images.

5. The technique of extracting binary image elements
on the basis of its clustering allows to increase the accu-
racy of extracting binary image elements by improving
the method of point neighborhood formation (to include a
white point in the neighborhood of the point, the points
nearest to it are simply checked for white color, so no
empirically determined neighborhood radius is required).
detecting random outliers and noise (minimum power
cluster), extracting image elements of different shapes and
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sizes (due to connectivity), not specifying the number of
and

6. The technique of determining the highest priority
elements of a binary image based on the power of clusters
of this image allows increasing the accuracy of image
structure synthesis based on the analysis results by omit-
ting noise and random outliers.

The practical significance. The proposed method ex-
tends the application area of color image analysis based
on color-to-gray-scale image conversion, quantization,
binarization, parallel clustering, and contributes to the
efficiency of computer-based image classification and
synthesis systems.

Prospects for further research are the study of the
proposed method for a wide class of artificial intelligence
tasks.
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METO/ IHTEJEKTYAJIbHOT'O AHAJII3Y KOJIbOPOBUX 30BPAKEHD

®enopos €. €. — 1-p TexH. HayK, npodecop, npodecop Kadeapy CTATUCTHKH Ta MPUKIAIHOT MaTeMaTHKH UepKachKoro Jepika-
BHOT'O TEXHOJIOTIYHOTO yHiBepcuteTy, Uepkacu, Ykpaina.

Xpamosa-BapanoBa O. JI. — 1-p icT. Hayk, npodecop, 3aBigyBauka Kadeapu rpadiuHoro qu3aiiHy, Moau Ta cTuiio Yepkacbko-
ro Jep:KaBHOI0 TEXHOJIOTTYHOTO YHiBepcuTeTy, Uepkacu, Ykpaina.

VYrkina T. Q. — kaH7. TeXH. HayK, JAOLEHT, AOLEHT Kadeapu poOOTOTEXHIKM Ta CHELiali30BaHUX KOMIT FOTEpHUX cucTeM Yep-
KachbKOTO JAEp’KaBHOTO TEXHOJOTIYHOTO yHiBepcuTeTy, Yepkacu, YkpaiHa.

Ko:xkymko P. FO. — xanza. TexH. HaykK, JIOLEHT, JOLCHT Kadenpu MiANpHeMHUNTBA Ta Oi3Hecy KuiBchkoro HarjioHanbsHOTo yHi-
BEPCHUTETy TEXHOJOTIH Ta nu3aiiny, Uepkacu, Ykpaina.

Hecen I. O. — kanx. TexH. HayK, cTapumi BUKIagad kadenpu iHGopMaiiHUX CUCTEM Ta OpraHizarii 3axo/iB [UBLUIEHOTO 3aXHU-
cty HaBuasnpHO-HayKOBOTO iHCTUTYTY LHMBIIBHOTO 3aXucTy HamioHaJbHOrO YyHIBEPCHTETYy LUBIJIBHOTO 3aXHCTy YKpaiHH, Maifop
ciry0u LUBLIBHOTO 3axucTy Ykpainu, Uepkacu, YkpaiHa.

AHOTAIIA

AKTyalbHicTh. B nanuii yac mupokoro mommpeHHs HadyJii MeTO/IM aBTOMaTHYHOTO Ta aBTOMaTH30BAaHOTO aHaIi3y 300paKeHb,
SIKI BUKOPHCTOBYIOTHCS B KOMIT FOTEpHOMY TrpadidHOMYy nau3aifHi, OiomMeTpuuHil imeHTH(IKalil, MOMYKy BiHCHKOBHX IIiNCi.
OO0’ €KTOM IOCHIKEHHS € MPOIIEC aHANI3Y KOIbOPOBUX 300payKECHb.

MeTo10 poOOTH € CTBOPEHHS IHTEJICKTYyalbHOTO METOJy aHajli3y 300paXKeHHsS Ha OCHOBI KBaHTyBaHHs, OiHapw3amii Ta
KIIacTepu3aIlii.

MeTona. 3anpornoHOBaHUil METO/ IHTEIEKTYaJILHOTO aHAi3y KOJIbOPOBHX 300payKeHb CKIIAAETHCS 3 TAKMX METOAMK. MeTonuka
3MEHIICHHS] KUJIbKOCTI KOJIbOPIB Ha OCHOBI IEPETBOPEHHS KOJIBOPOBOTO 300paKeHHs B Cipe Ta KBAaHTYBAaHHS OTPHMAHOIO Ciporo
300pa)keHHs JO3BOJISIE MiBUIIUTH TOYHICTh BHJIYYCHHS €IEMEHTIB 300paXkeHHsI 32 paXyHOK 3aM00iraHHs MOsBI HaUTHIIKOBOI Kijlb-
KOCTI KJIacTepiB 300paxkeHHs1. MeToiuKa CTBOpeHHs: Habopy OiHapHHX 300pa)keHb Ha OCHOBI OiHapu3allii KBAHTOBAHOTO CipoOro 30-
Opa)keHHsI JO3BOJISIE MiABUIUTH MIBUAKICTH MOAATBIIOI KIaCTepHU3alii 32 paxXyHOK 3aMiHH MTOCITiJOBHOTO BHITyUCHHS BCiX CIEMEHTIB
KBaHTOBAHOTO CIpOTO 300pa)KCHHS MapaielbHUM BUIYYEHHSM €JICMEHTIB OiHApHUX 300pakeHb, a TAaKOXK PO3OHUTH KIacTepu, OTPH-
MaHi B XOZi HOAANIBIIOI KIACTEpH3allil, 32 KOIbOPOM 32 paxXyHOK HaJIeKHOCTI pi3HUM OiHapHUM 300pa’keHHSIM. MeTouKa BU3HAUCH-
Hs HaliOUIBII TpiopuTeTHUX OGiHApHHX 300pakeHb Ha OCHOBI HMOBIPHOCTI IOSIBM KOXKHOTO KOJIBOPY B KBAHTOBAaHOMY CipoMy 300pa-
JKEHHI J103BOJISIE MIIBUILIUTH IBUAKICTh CHHTE3Y CTPYKTYpH 300pa)KE€HHs 3a pe3yjIbTaTaMy aHalizy 3a paxXyHOK PO3IJIsiLy HAHOLIbII
iHpopmaTHBHUX OiHApHHMX 300pakeHb. MeToaMKa BHIIyYEHHs eJIeMEHTIB OiHapHOro 300pa’keHHs Ha OCHOBI HOro Kilactepu3arii
JI03BOJIS€ MiIBUIIUTH TOYHICTh BHIIyUCHHS €JIEMEHTIB OiHApHOTO 300pa)keHHS 3a PaXxyHOK IOJIIMIIEHHs coco0y GpopMyBaHHs OKO-
7M1k TOYOK (He MOTPiGHMIA pajiyCc OKOJHIN, II0 EMITIPHYHO BU3HAYAETHCS), BUSBICHHS BUMAIKOBHX BUKHIB 1 IIyMy, BUIOOYBaHHS
eJIEMEHTIB 300pakeHHs Pi3HOi GopMHU Ta Po3Mipy, HE BKa3ylOUH KiJIbKiCTh BHJOOYTHX €IEMEHTIB OiHapHOTO 300payKeHHs, a TAKOXK
MABUIICHHS MIBUAKOCTI BIJIYYCHHS €JIIEMEHTIB OiIHapHOTO 300pakeHHS 32 paXyHOK (HOpMyBaHHS OKOJHIB TLTBKH TOYOK O1710TO KO-
Tp0py. MeToanKa BU3HAUYECHHS HAHOUIBII MPIOPUTETHHX EIIEMEHTIB OiHApHOTO 300payKeHHS HAa OCHOBI IOTY)KHOCTI KJIacTepiB 30-
OpaxeHHs JO3BOJISE MiJBUIIUTH TOYHICTh CHHTE3y CTPYKTYpPHU 300pa’kKeHHs 3a pe3yJIbTaTaMH aHaji3y 3a PaXyHOK IPOITYCKY HIyMy i
BHUIAIKOBHX BHKHUIIB.

Pe3yabTaTH. 3anpoNOHOBAHUN METOJ IHTEJICKTYaIbHOTO aHalli3y KOJIbOPOBUX 300pakeHb OyB IPOTrpaMHO peanizoBaHUi 3a 10-
nomororo Parallel Computing Toolbox nakery Matlab i mociimkenuii jist 3aB1aHHs BUIYYEHHS €JIEMEHTIB 300paKeHb Ha BiANOBII-
Hiit 6a3i nanux. OTprMaHi pe3ybTaTH JO3BOJIMIN HOPIBHIATH TPaIULiHHUI Ta 3aTIPOIIOHOBAHUN METO/IH.

BucHoOBKH. 3anponoOHOBaHUI METO/[| JO3BOJISIE€ PO3LIMPUTH 00JIACTh 3aCTOCYBAHHS aHaIi3y KOJbOPOBHX 300pa)KeHb HA OCHOBI
MIEPETBOPEHHS KOJIBOPOBOTO 300pakeHHs B cipe, KBaHTYBaHHs, OiHapH3alii, mapajeabHOl KIacTepu3alii, Ta CIpuse MigBHIICHHIO
e(eKTHBHOCTI KOMI IOTEPHUX CHcTeM Kiacudikarii Ta cuHTe3y 300pakeHsb. [lepcrekTnBamMu MoJambIIuX JOCHIIKEHD € JOCIiIKCH-
HSI 3aIIPOIIOHOBAHOTO METOJLY JUTS IIMPOKOTO KJIACy 3a/ad MalllMHHOTO HaBYAHHSI.

KJIFOUYOBI CJIOBA: inTenexTyalbHUH aHami3 300pa’keHHs, KBaHTYBaHHs, OiHapH3allisl, BIIyYCHHS €IeMEHTIB 300pakeHHS,
KJIacTepHU3aIlis.
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Peectpartist cy0’exta y cepi ApyKOBaHUX Meia:
Pimenns HanionansHoi pagu Ykpainu 3 nutans tene6adeHns i pagiomonnenss Ne 3040 sig 07.11.2024 poky
Inentudikarop menia: R30-05582

ITionucano do opyxy 29.05.2025. @opmam 60x84/8.
Ianip ogpc. Pizoep. opyk. Ym. opyk. apk. 28,25.
Tupaxc 300 npum. 3am. Ne 481.

69063, m. 3anopiscocs, HY «3anopisvka nonimexuika», opykapus, eyn. JKykoscvkoeo, 64

CBiZoTBO Cy0’€KTa BUIABHUYOI CIIPABU
JIK Ne 6952 Bijg 22.10.2019.
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