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ABSTRACT

Context. Modern computer vision systems require effective classification solutions based on the research of the the processed
data nature. Statistical distributions are currently the perfect tool for representing and analyzing visual data in image recognition sys-
tems. If the description of a recognized object is represented by a set of vectors, the statistical apparatus becomes fundamental for
making a classification decision. The study of data distributions in the feature blocks systems for key point descriptors has shown its
effectiveness in terms of achieving the necessary quality of classification and processing speed. There is a need for in-depth study of
the descriptor sets statistical properties in terms of the main aspect — the multidimensional data separation for classification. This task
becomes especially important for constructing new effective feature spaces, for example, by aggregating a set of descriptors by their
constituent components, including individual bits. To do this, it is natural to use the apparatus of statistical criteria designed to com-
pare the parameters of the distribution of the studied samples. Despite the widespread use and applied effectiveness of the feature
descriptors apparatus for image classification, the statistical basis of these methods in their implementation in aggregate visual data
systems and the choice of effective means to assess their effectiveness for distinguishing real images in application databases remains
insufficiently studied.

Objective. Development of an effective images classification method by introducing aggregate statistical features for the de-
scription components.

Method. A metric image classifier based on feature aggregation for a set of image descriptors using statistical criteria for assess-
ing the classification decision significance is proposed.

Results. The synthesis of the classification method on the basis of the introduction of aggregated statistical features for a set of
image description descriptors is carried out. The efficiency and effectiveness of the developed classifier are confirmed. On examples
of application of a method for system of real images features its efficiency is experimentally estimated.

Conclusions. The study makes possible to evaluate the applied effectiveness of the key points descriptors apparatus and build on
its basis an aggregate features system for the effective visual objects classification implementation. Our research has shown that the
available information in the form of a bit descriptors representation is sufficient for a significant statistical distinction between visual
objects descriptions. Analysis of pairs and other blocks for descriptor bits provides a promising opportunity to reduce processing
time.

The scientific novelty of the study is the development of a method of image classification based on an integrated statistical fea-
tures system for structural description, confirmation of the effectiveness of the method and the importance of the created features
classification system in the image database.

The practical significance of the work is to confirm the efficiency of the proposed methods on the real image descriptions exam-
ples.
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ABBREVIATIONS
KP — key point;
ORB (Oriented FAST and Rotated BRIEF) — detector
that forms the descriptors of key points;
BRISK (Binary Robust Invariant Scalable Key-
points) — detector that forms the descriptors of key points.

NOMENCLATURE
n — dimension of the descriptor KT;

B" — space of binary dimension vectors 7 ;

E; —reference descriptor with the number ; ;

E —reference set;
Z —description of the visual object;

n
{{ZV, ; }izl }i:l — binary description matrix;

El, E2, E3, E4— descriptions of reference images
in the experiment;

S — the number of description descriptors;

m — number of classes;

0 — aggregate feature vector;

o — aggregate feature vector for the first processing
method;

0 aggregate feature vector for the second process-
ing method;

Ps(i) (v) — probability of occurrence v units in place
of the i-th bit in the description of the s vectors;

p; — the probability of occurrence of one in place of
the i-th bit in the set of descriptor descriptors;

DY) —normalized measure of similarity of vectors;

d)) — Manhattan distance between vectors 0 for
j -th reference and object;

k — fragment number;
u;, — the value of the highest level attribute for the

fragment with the number £ ;
b — fragment size in bits;
q — dimension of the vector uy ;
K — classifier.

INTRODUCTION

Statistical data science tools usage to build visual ob-
jects images classifiers in computer vision systems is
aimed at providing the necessary performance based on
the study of properties, content, structure of reference data
and the introduction of obtained knowledge into the clas-
sification process [1-6]. An element of the image space in
a vector data environment with real or binary components
in the implementation of structural recognition methods is
a finite set of key point descriptors (KP) of the image [2].
Recently, BRISK and ORB descriptors with binary com-
ponents have become popular due to low computational
costs [3—6, 13].
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Statistical data distributions are perfect tools for repre-
senting and analyzing visual data in image recognition
systems. If the description of a recognized object is given
by a set of vectors, the statistical apparatus becomes fun-
damental for making a classification decision. Data distri-
butions research in the blocks systems for KP descriptors
have shown their effectiveness in terms of providing the
required quality of classification and processing speed [2].
There is a need for in-depth study of statistical properties
descriptor sets in terms of the main problem — the multi-
dimensional data separation for classification. This task
becomes especially important when constructing new
effective feature spaces, for example, by aggregating a set
of descriptors by vector components [3, 4, 10]. For this
purpose, it is natural to use the apparatus of statistical
criteria designed to compare the parameters of the distri-
bution of the studied samples.

The aggregator classifier organizes a new data space
to describe as a set of descriptors, which evaluates the
similarity of the feature vectors of the recognized object
and a single reference image, and the classification is
done by optimizing the degree of this similarity.

Probabilistic model of generating visual object de-
scriptors vector data is a practical approach to formalize
the process of classifier constructing, the essence of
which is to build and study statistical distributions of ob-
jects or their components with the introduction of aggre-
gation and optimization procedures on multiple classes [1,
6].

Despite the widespread use and practical effectiveness
of the apparatus of KP descriptors for the visual objects
classification [2—-5], there is still remains unexplored sta-
tistical basis of these methods and the choice of effective
means to assess their effectiveness for real datasets [1, 2].

The object of this research is the introduction of a sta-
tistical data analysis apparatus to build the image classi-
fier based on the aggregate data representation as a set of
KP descriptors and confirm its effectiveness.

The subject of the research is the synthesis of the clas-
sifier on the basis of aggregated features and statistical
proof of the separation properties of these features for
reference classes and examples of input images.

The aim is to develop a performance-efficient method
of image classification by introducing aggregate features
for the composition of the description components.

1 PROBLEM STATEMENT

Consider a multidimensional space B”" of any binary
vectors of dimension » , where we will construct the ob-
ject descriptions and reference images. Description Z is
defined on the basis of the KP descriptor set of the visual
object in the form of a finite set of binary vectors of di-
mension S

Z={z,}y-1,2,€B".
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In a more detailed view, we will consider and analyze
the description Z ={{z,})_;}/~; as a matrix of binary
values with s xn size.

We will traditionally consider classification as a re-
flection

K:Z—|l,..m],

where each class is represented by a reference descriptor
in E s J= L,...,m , which are available for analysis [2].

Let’s study the visual objects classification as assign-
ing their description to one of the reference classes, based
on the aggregate representation of the description data
using the tools and criteria of mathematical statistics. In a
general case, the classification problem is formally re-
duced to establishing the degree of similarity of two vec-
tor sets with binary components of equivalent size. We
will build a secondary integrated system of features

6=1{0 k}kN=1 on the basis of descriptions Z , {E j};'-'zl and

implement it in the classification solution.

We use a metric approach to determine the degree of
similarity of feature values 0 for object and reference
images. The introduction of aggregate features contributes
to a significant acceleration of the classifier decision pro-
cess, the gain in comparison with the traditional method
of voting descriptors reaches hundreds of times [5, 6].
Another task is to investigate the separation properties of
the newly created system of features using traditional
statistical criteria.

2 REVIEW OF THE LITERATURE

The formal definition of the classification problem
with the description of the image as a set of KP descrip-
tors is formulated in [2—4], which also studies the advan-
tages of implementing a structural description model in
the methods of statistical classification [1, 5-9]. It is
noted that the primary problem is the excessive computa-
tional costs caused by large arrays of vector data. Articles
[4-6, 9, 16, 17, 26] investigate statistical models for the
synthesis of feature space modifications to reduce the
amount of computation, in particular, the application of
data aggregation methods by forming distributions and
defining statistical data centers. Works [1, 2, 8, 14] are
devoted directly to the analysis of learning models for the
fixed base of descriptions used in computer vision and the
definition of the function of belonging to a fixed system
of classes.

Articles [9, 13, 19, 21, 25] discuss the principle of
construction feature detectors for the binary descriptors of
KP.

Studies [1, 2, 8, 15, 23] contain results on the applied
implementation of statistical approaches to the visual im-
ages classification using an ensemble processing. In [1, 6—
8, 17-20] methods of evaluating the effectiveness of intel-
ligent systems using statistical and metric measures of
similarity are described. The advantages of statistical so-
lutions such as high processing speed, sufficient distor-
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tions resistance and ensuring the required level of classifi-
cation efficiency are discussed.

Works [11, 12] are used as sources of traditional and
modern methods of statistical evaluation, the book [15]
contains a description of applied features of software
modeling, and sources [2—6, 10, 23] include the results of
authors’ research in implementing statistical approaches
to develop structural methods image classification. In
particular, [2] proposed technologies of component analy-
sis and spatial processing for the classification of visual
objects using statistical characteristics of the structural
description of the image.

3 MATERIALS AND METHODS

We introduce a mapping Z — 0,Z < B”", from a fixed
set Z of binary vectors — KP descriptors for a given ob-

ject into an integer vector 0= {0, } ,]{V:l , the components of

which will be calculated by some rule, according to which
N =n or N = s. This will make it possible to identify and
distinguish visual objects on the basis of smaller data, as
set of vectors is transformed into a single vector [4].

We will classify on the basis of estimating the differ-
ences in the values of vectors 0 for different descriptions,
the calculation of which is proposed in two different
ways, which aims to take into account the structural fea-
tures of the studied data and, as a result, ensure the effi-
ciency of the recognition process.

According to the first method of determining vectors
0, we find the sum of binary values (number of units)
consecutively for each bit with the number separately,
based on the complete set of object descriptions Z . For a
fixed description we obtain vectors of the form:

1 DI NN 1
9“:{95’}[21,99=zzv,,»,ose§> <s.

v=l

)

The vector (1) is an aggregate parameter formed on a
set of descriptor descriptors by bitwise analysis of data in
the form of adding the values of the corresponding bits

(matrix columns Z = {{z,, }y1 },=1)-
If we consider the distribution of values by the i-th bit

from the description of the object close to binomial,
which is determined by the Bernoulli formula:

POW=Clpl(-p)*™

oh

for which we calculate p,=——, the value
s

91(]),i =1,...,n as it known in mathematical statistics [11],

can be interpreted as the average value of the appearance
of the corresponding number of units in place of the i-th

bit: 0 = p.s .
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In general case, the tuple of values
oM = (6{1),...,99)) obtained on the basis of the descrip-

tion Z can be considered as an aggregated parametric
representation of the description, where the parameters
are the probabilities p; of occurrence of single bits for

the 7 -th component in the set Z. We introduce the repre-

sentation 0V into the classification process, as it signifi-
cantly reduces computational costs by transforming data
from a set of vectors into a single parameter-vector [2—4].

Consider 0/ ), j=1L..,m — a vector aggregated by

columns of the matrix for the binary description of the
reference E J with the number j=1,...,m, according to

(1) and 019 _an aggregate vector for the description of
the studied object O.

To compare the aggregate descriptions of objects of
type (1) and, accordingly, to solve the classification prob-
lem, we introduce the classifier [2]

K:k:argmaxD(j) , )
Jellim]

p® :1—ﬂ, d\¥ = f‘el@f') —61(10)‘,j =lom. (3)
s-n P

Classifier (2) implements the principle of analysis
“object — reference image” based on the aggregate vector
representation 6 [2]. We emphasize that expression (2)
can be considered as a decisive rule, which is based on the
likelihood function, presented, in contrast to its classical
probabilistic representation [1], in terms of metrics, in
particular, Manhattan.

To confirm the significance of the decision, as well as
to control the obtained result of the classifier (2) with the
involvement of aggregate vectors, we use methods of
mathematical statistics, namely, a paired two-sample t-test
for averages [11, 12], which provides pairwise (coordi-
nate) comparison of the studied objects — vectors 0 for a
statistically significant difference in their average values.
When using this test, two samples of the same volume are
considered, in which the elements have a fixed location
(as coordinates).

In the process of testing the null hypothesis regarding
the equality of the averages in these samples, Student’s
statistics is used [11]; a level of significance a is estab-
lished, equal to the probability of making an error of the I
kind, i.e. rejecting the null hypothesis if it was correct;
based on the initial data, the p-value is calculated as the
maximum possible probability of error of the I kind.
Then, if the p-value is less than the established a, then the
null hypothesis is rejected, and an alternative hypothesis
is accepted regarding the significant difference of the
means (at the level of significance o). Otherwise, there is
no reason to reject the null hypothesis of no statistically
significant differences between the means [11].
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Based on the features 0;, it is possible to calculate
higher-level features u; for data blocks as sets of col-
umns [1]

up= 2.0; . 4

In relation (4) the relation is established b=n/gq,
k=1,b+12b+1,...n—-b+1.

Features (4) implement cross-correlation processing of
the matrix Z with a rectangular mask size bxs [1, 14].
As a result of calculation (4) we obtain an integer vector
uy, of dimension ¢ . The parameter ¢ is a characteristic
of the newly created system of fragments, it varies from
n to 1 with increasing fragment size from 1 to n .

The values of the vector u = (ul,...,uk,...,uq) can be

used for classification as independent structural features
of the statistical type. Given a simple model for calculat-
ing functions (4), they are all easy to determine for an
arbitrary fragment size (logically or by adding integers).
Based on representation (4), a hierarchical recognition
method can also be used, which uses a system of features
uy, with different degrees of data integration to compare

with reference set [2, 16]. The range of integer values for
features u;, can be directly determined by the size of the

fragment u; €{0,...,sb} as Model (4) implements the

procedure of reducing the information redundancy of the
spatial signal due to the allowable resolution reduction of
the feature system [2, 14].

Note also that for the sake of universality of the study,
it may be appropriate to perform analysis of variance of
aggregate vectors constructed from reference E;,
j=1,..,m, in order to ensure that the reduction of data
dimensionality did not affect the difference in the refer-
ences set. In this case, since the structure of the vectors
aggregated by formula (1) involves the consideration of
paired samples, in this case it is possible to use only non-
parametric analysis of variance, for example, in the form
of the Friedman test [11].

The second way to calculate vectors 0 is to represent
the components of the vector as the sum of unit bits sepa-
rately for each binary descriptor of the description. In this
case, by adding the elements of the rows of the matrix (1)
we obtain aggregate description vectors in the form:

n
0 = (015,00 =3 2,,,0<00) <n. )

i=1
Then 0?7 , j=1,...,m —is a vector aggregated along

the rows of the matrix of the description of the reference
E; with the number j=1,...,m by expression (5); where
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0(20) _ aggregated vector according to the description of
the studied object O.

Note that the process of formation of aggregate vec-
tors in the form (5) leads to the creation of already inde-
pendent samples, the study of which does not involve a
coordinate comparison. In this case, due to the independ-
ent nature of the data, it is proposed to check for a signifi-
cant difference only by statistical methods. The essence of
the introduction in this situation of a two-sample t-test for
averages for two independent samples is to compare the
averages of two sets of disordered elements, which are the
number of units calculated separately for each binary de-
scriptor description, the sequence of which obviously
does not matter. The procedure for implementing the test
remains the same as for the case of dependent (paired)
samples, and differs only in the formula, according to
which the relevant statistics are calculated on the basis of
the studied data [11].

Note that here it may also be appropriate to perform
analysis of variance of aggregate vectors (5), built on the
references E s J= L,...,m; in order to verify the fact of

statistically significant differences 9(2j), j=L...,m in

the set of these vectors. Here, the structure of aggregate
vectors involves the consideration of independent sam-
ples, which involves the use of methods of both paramet-
ric and nonparametric variance analysis (for example, in
the form of the Kruskal-Wallis test) [11].

4 EXPERIMENTS

Consider an example with experimental descriptions
of three fixed reference images E1, E2, E3, and E4, ob-
tained from E1 by rotation. Examples of images based on
the results of software modeling with the formed coordi-
nates of the BRISK KP descriptors are shown in Fig. 1
[13, 15, 21]. For the descriptions of these images in the
form of a set of descriptors, our calculations are per-
formed.

In the calculation example, n = 512 is the dimension
of the descriptor, s = 500 is the number of descriptors in

the description, m is the number of reference images or
classes (m = 3).

We proceed to the implementation of the proposed
classification approach based on the values of the parame-
ters 0 in the database of three reference images E1, E2,
E3 (Fig. 1) and the image E4, transformed by rotation of
E1. Note that the representation using KP descriptors pro-
vides invariance to the transformations of displacement,
rotation and scale of the analyzed object [2].

Fragments of the calculation results for aggregate vec-

tors G(U),j =1,2,3,4, of the form (1) for objects E1, E2,
E3, E4 are given in Table 1.

According to formulas (2, 3) with the substitution of
indicators E4 we have:

DM =0983;:D® =0.929; D® =0.895.

Table 1 — Fragments of component vectors

o) = 9N312 ;1234

Component | g(11) 0(2) o3 o4
number
1 448 397 369 430
2 318 305 394 312
3 410 371 341 395
4 391 365 325 378
5 290 250 385 278
6 306 306 293 305
7 224 162 343 234
507 213 242 265 220
508 237 247 276 235
509 205 292 303 210
510 145 235 257 154
511 220 299 295 240
512 195 299 298 203

Figure 1 — Reference images with marked KP
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We see that the use of classifier (2) leads to the correct
recognition of the object E4 as a transformed reference
image E1, as its similarity with the first reference image is
the greatest.

For the hierarchical features obtained by expression
(4) at the size of the fragment b =2 obtained the follow-
ing values of these indicators: 0,986; 0,934; 0,908.

As you can see, they differ slightly from the values for
the full description (b =1), but the data vector is reduced
by 2 times, which allows for further reduction of compu-
tational volumes.

Confirmation of the fact of statistically significant
proximity of E4 to El, as well as statistically significant
difference of E4 from other reference images E2, E3 is
obtained using a paired two-sample t-test for averages
applied to samples represented by aggregate vectors

o) = {Gl(lj)}f:llz,j =12,3,4, form (1), the results of
which are shown in table 2

Table 2 — The results of the application of a paired two-
sample t-test

Samples El, E4 E2, E4 E3, E4
P-value 0,252 0,002 0,0000000006
Significance no yes yes

In this case, for the hierarchical features obtained by
expression (4) at the size b =2 of the fragment, the value
of the P-index was obtained: 0.330; 0.022; 0.000001.

Let’s move on to consider the vectors aggregated by
the second method.

Fragments of the results of the calculation of the com-
ponents of the vectors 02 ), j=1234 of the form (5)

for objects E1, E2, E3, E4 are given in table 3.

Table 3 — Fragments of component vectors

02) = {6$2j)}€g?,j =123.4

Component | g(21) [ 922 [ 23 [ g4
1 301 332 248 194
2 272 313 320 273
3 239 311 234 303
4 272 327 344 250
5 302 253 237 137
6 241 318 308 221
7 305 245 298 260

495 200 277 196 253
496 298 269 237 268
497 281 291 268 245
498 213 171 282 267
499 280 196 286 279
500 235 197 268 295
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The confirmation of statistically significant proximity
of E4 to El, as well as statistically significant differences
of E4 from other reference images E2, E3, obtained using
a two-sample t-test for averages with different variances

02/, j=1,2,3,4, are shown in table 4.

Table 4 — The results of the two-sample t-test

Samples El, E4 E2, E4 E3, E4
P-value 0.843 0.024 0,0000000005
Significance no yes yes

In order to assess the stability of the studied approach
to the application of description variations that may occur
under the influence of noise, we performed calculations
for descriptions transformed by expression (4), where
generalization b =2 for the case occurred by adding pairs

of values 0/ This corresponds to the calculation of
hierarchical features when performing a merge for pairs
of descriptors that appeared next to each other in the de-
scription. At the same time, the amount of data is also
halved.

The obtained P-values for this case were 0.886; 0.034;
0,0000000007. This fact in comparison with the data of
tab. 4 indicates the resistance of the considered methods
to accidental interference, as the previous classification
conclusions are fully confirmed.

5 RESULTS

The main result of this study is the development of
images classification models based on the statistical anal-
ysis of component sets in the images descriptions and
metric means of class selection. The proposed variants of
data analysis models are based on the degree of similarity
between the object and reference images, are workable
and provide sufficient classification efficiency. Computa-
tional simulation performed on the example with 3 refer-
ence images confirmed efficiency of the proposed ap-
proach with use of significant data difference statistical
criteria. Variants of the generalized features system syn-
thesis that implies the further compression of the descrip-
tion sets and acceleration of classification procedures are
also analyzed.

6 DISCUSSION

The synthesis of an aggregate feature system based on
KP descriptor set makes possible to build a classifier that
works successfully for the real images database.

As you can see, the first P-value (Table 2) for both op-
tions b=1, b=2 significantly exceeds the significance
level o = 0.05 (equal to the probability of error of the first
kind), which indicates the absence of statistically signifi-

cant differences between 0UD and 914 (i.e. between
the first reference image E1 and E4, which is transformed
from E1); other obtained P-values are significantly less
than 0.05, confirming a statistically significant difference
in pairs between 014, 002 and 012, 919 (ie between
E4, E2 and E4, E3).

63



e-ISSN 1607-3274 PapioenexrpoHika, inpopmaTuka, ynpasminss. 2021.
p-ISSN 2313-688X Radio Electronics, Computer Science, Control. 2021.

Ne 4
Ne 4

Note, that for a large sample size (in the example we
have n = 512), checking the data for compliance with the
normal distribution law when using a paired t-test is not
mandatory [11].

Note also, that the visual comparison of bar charts,
which is a graphical representation of the vectors aggre-
gated by formula (1), is a clear confirmation of the results
obtained on the difference of objects (Fig. 2) (similarity

between 0% and 0D and significant difference be-

tween pairs 6(14),6(12) and 6(14), 9(13)).

We also see that the first P-value is equal to 0.843 (Ta-
ble 4) and significantly exceeds the level of significance
a= 0.05, which indicates the absence of statistically sig-

nificant differences between 0) and 0% (ie between
El and E4); other P-values, which are significantly less
than 0.05, confirm a statistically significant difference in

pairs between 0(2¥ s 0> and 0% s o) (ie between
E4, E2 and E4, E3).

Similarly to the previous one, the visual comparison of
bar diagrams, which are a graphical interpretation of the
vectors aggregated by formula (5), confirms the obtained
results (Fig. 3).

The proposed classifier construction method allows fur-
ther generalization in terms of fragment size aggregation
that implies reduction of processing time.

CONCLUSIONS

The urgent problem of mathematical support Statisti-

cal data analysis is a powerful research tool for intelligent

decision making, machine learning and data science. The
study makes possible to assess the applied effectiveness
of the key points descriptors apparatus and build on its
basis an aggregate features system for the effective visual
objects classificator implementation. Our research has
shown that the available information in the form of a bit
representation of the descriptors is sufficient for statistical
separation of data for different visual objects. Analysis of
pairs and other blocks of bits reduces the processing time.

The scientific novelty of the study is the development
of a method of image classification based on an integrated
statistical features system for structural description, con-
firmation of the effectiveness of the method and the im-
portance of the created features classification system in
the image database.

The practical significance of the work is to confirm
the efficiency and effectiveness of the proposed methods
on the examples of real images descriptions.

Prospects for the study are related to the further en-
hancement and application of the developed classifiers in
large-scale visual data bases.
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AHOTAIIA

AxTyanbHicTh. CydacHi CHCTEMH KOMIT' IOTEPHOTO 30py MOTPeOYIOTh ieBUX Kiacu]ikaliiHUX pillieHb HA MiATPYHTI BUBYCHHS
pupoax 00podroBaHKX AaHUX. CTaTHCTHYHI PO3NOALIN Ha 11l Yac € JOCKOHAIMM 3ac000M IOJaHHs Ta aHali3y Bi3yalbHHUX JaHHX
y cHCTeMax po3mi3HaBaHHs 00pa3iB. SIKIIO omuc po3mi3HABaHOTO 00’€KTY MPEACTABICHO MHOKHHOIO BEKTOPIB, CTATUCTUYHHIN ama-
par crae hyHAaMEHTAIBHUM JUTs IPUAHATTS Kiacu]ikaliiiHOro pimieHHs. BHBYSHHs PO3MOIUIIB JaHUX y CKJIAJI CHCTEMH OJIOKIB
IUISL IECKPHUIITOPIB KIIFOYOBUX TOUOK ITOKA3AJIM CBOIO PE3YJIBTATHBHICTD Y aCMeKTi 3a0e3MedeHHs MOTPiOHNX MOKa3HHUKIB SKOCTI Kila-
cudikamii Ta mBHIKOAIT 00poOIeHH. BiHIUKae HEOOXITHICTH MOTIMOICHOTO BUBYCHHS CTATUCTUYHUX BIACTUBOCTEH TSI MHOKHHHU
JIECKPUIITOPIB y ACTIEKTi TOJIOBHOTO (h)aKTOPY — pO3Pi3HEHHs 0araTOBUMIPHUX JAHUX 3a/u1d Kinacu¢ikanii. OcobnuBe 3HaueHHS Haly-
Ba€ I 3a/1a4a npy o0y A0BI HOBUX e()eKTHBHHUX MPOCTOPIB O3HAK, HANIPUKIIAM, IUISIXOM arperyBaHHs MHOKHHH JCCKPUIITODIB 3a iX
CKJIaJIOBUMH KOMIIOHCHTaMH, B TOMY YHCIIi 32 OKpeMuMH OiTamu. JJisi OO MPUPOAHIM € HANpalbOBaHe BUKOPHCTAHHS arnapary
CTATUCTHYHHX KPUTEPIiB, MPU3HAYCHHUX [T TOPIBHSHHS ITapaMeTpiB PO3MOJiLY A0CHi/KyBaHUX BHOiIpok. He3Baxkaroun Ha HIMPOKE
3aCTOCYBaHHS i MPUKIJIAJHY PE3yJIbTATUBHICTH amapaTy ACCKPHITOPIB sl Kiacudikaiii 300paXkeHb, 10 LHX IMip 3aJHUIIAETHCS HE
JOCIIHDKEHUM CTaTHCTHYHE MIATPYHTSI X METOIB [IPU BIIPOBAKCHHI iX y arperoBaHuX CHCTeMax O3HaK Bi3yaJIbHUX JaHUX 1 BUOip
e(eKTUBHUX 3ac00iB AJIS OLIHIOBAHHSA iX JI€BOCTI IS PO3PI3HEHHS pealbHUX 300pakeHb y MPUKIaTHUX 0a3ax JTaHHX.

Meta po6otH. Po3pobieHHS e()eKTHBHOTO 32 MIBUAKOMIEI0 METOAY PE3yJIbTaTUBHOI Kiacugikarii 300pakeHp NUIIXOM BIIPOBa-
JDKCHHS arperoBaHUX CTATUCTHYHHMX O3HAK JUIS CKJIaly KOMIIOHEHTIB OIUCY.

MeToa. 3anponOHOBaHO METPUUYHUH KiIacupikaTop 300paxkeHb Ha OCHOBI arperanii 03HaK ISl MHO>KHHH JECKPHUITOPIB ONUCY i3
BUKOPUCTAHHSIM CTaTUCTUYHHUX KPUTEPIiB 1100 OLIHIOBAHHS 3HAYYNIOCTI KJIacH(iKaLiifHOTO pillIeHHS.

PesyabTaTu. 31ilicCHCHO CHHTE3 MeTOy Kiacubikallii Ha MiACTaBi BIPOBA/UKCHHS arperoBaHUX CTATHCTHYHHX O3HAK Il MHO-
JKMHH JECKPUITOPIB onucy 300paxenHs. [TinTBeppKeHO Mpale3aaTHICTh i eeKTHBHICTh po3pobieHoro kiacudikaropa. Ha npu-
KJIa/lax 3aCTOCYBaHHs BapiaHTIB METOAY JUIS CUCTEMHU O3HAK PEAIbHUX 300pa)KCHb CKCIEPUMEHTAIBHO OLiHEHa HOro pe3yJbTaTHB-
HICTb.

BucnoBxku. [IpoBenene HocTiKEHHS 1a€ MOKIIMBICTh OLIHUTH NPUKIAIHY €EeKTUBHICTh 3aCTOCYBAHHS anapary JAeCKpUITOPiB
KJIFOYOBUX TOYOK 300pakeHHs 1 HOOYZIOBU Ha HOro OCHOBI arperopaHoi CHCTEMH O3HAK IS PE3yJIbTaTHBHOIO 3AifiCHEHH Kiacupi-
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Karii Bi3yanpHHX 00’ ekTiB. Hamre mociipkeHHs mokasaio, mo HasgBHOI iH(opMamii y BUTIIIi 6iTOBOrO MOAAHHS IECKPHUIITOPIB OIH-
Cy IOCTATHBO JUISl 3HAUYYIIOTO CTATUCTHYHOIO PO3PI3HEHHs ONKCIB Bi3yalbHHX 00 €KTiB. AHai3 map i iHmmx ONokiB ajis OITiB Je-
CKPHUITOPIB Ja€ NEPCHEKTUBHY MOXKIIMBICTh CKOPOUCHHS Yacy 00poOIeHHsI.

HaykoBy HOBHM3HY JOCTI[DKSHHsI CKJIagae po3polieHHsT MeToay Kiacuikaiii 300pakeHp Ha IiJCTaBi CUCTEMH iHTETPOBAHUX
CTaTUCTHYHHUX O3HAK JUIS CTPYKTYPHOT'O OIUCY, HMIATBEPPKEHHS PE3yJIbTATUBHOCTI METOY Ta 3HAYYLIOCTI CTBOPEHOI CHCTEMH O3HAK
npu Kracudikanii y Mexkax 6a3u 300pakeHb.

IpakTHyHa 3HAYyMWicTh POOOTH NONATAE y MATBEPKEHHI MPAIe31aTHOCTI Ta pe3yIbTaTHBHOCTI 3aIPOIIOHOBAHUX METOJIIB Ha
MIPUKJIAJIaX JIECKPUITOPHUX OIHCIB PEabHUX 300paKEeHb.

KJIIOYOBI CJIOBA: xomm’toTepHHii 3ip, KIFOYOBa TOYKA, JAECKPHUIITOP, arperamis JaHWX, CTATUCTUYHHMN PO3IOXUI, 3Hady-
IIiCcTh KJIACH(IKAIHOTO PIllICHHS, IIBUIKOisI 00POOICHHS.

YK 004.932.2:004.93°1

CPEJICTBA CTATUCTUYECKOI'O AHAJIM3A JAHHBIX B METOJAX KJIACCU®UKAIIMHA U30BPAKEHUA
HA OCHOBAHHU OITUCAHUS KAK MHOKECTBA BUHAPHBIX JTECKPHUIITOPOB KJIIOYEBBIX TOYEK

I'apenxas C. B. — xana. ¢u3.-mMaT. HayK, JOLIEHT, TOLEHT Kadeaphl BEICIICH MaTeMaTHKH, XapbKOBCKHI HAI[OHAIBHEIA aBTO-
MOOMIIBHO-JIOPOXKHBIN YHUBEPCUTET, XapbKOB, YKpauHa.

I'opoxoBarckmii B. A. — 1-p TexH. Hayk, npodeccop, npodeccop kapenpsl HHPOPMATHKH, XapbKOBCKUI HAIMOHAIBHBIA YHHU-
BEPCUTET PaMONIEKTPOHUKH, XapbKOB, YKpauHa.
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AHHOTAIUSA

AKTyanbHOCTh. COBPEMEHHBIC CUCTEMbI KOMIIBIOTEPHOTO 3pEHHUsS TPeOYIOT JEHCTBEHHBIX KIACCH()HKALMOHHBIX PEIeHHi Ha
OCHOBE M3y4YEHHMs IPUPOBI 00pabdaThiBacMbIX AaHHBIX. CTATUCTUYECKHE PACIIPEEICHUS B HACTOSIIEE BPEMs SBJISIOTCS COBEPLICH-
HBIM CPEICTBOM IIPEJICTABICHUS M aHAIIM3a BU3YaJIbHBIX JAHHBIX B CHCTEMax pacro3HaBaHus oOpa3oB. Eciu omucanue pacrosHa-
BAEMOr0 O0OBEKTa MPE/ICTABICHO MHOXECTBOM BEKTOPOB, CTATUCTHYCCKUI ammapar CTaHOBHTCS (yHIAMEHTAIBHBIM JUISl HPHHSTHS
KJIacCH(MKAIMOHHOTO pelleHus. M3ydenne pacnpenenaeHuil JaHHBIX B COCTaBE CHCTEMBI OJIOKOB JUISl JJECKPUIITOPOB KITIOYEBBIX TO-
YeK MOKa3aJy CBOIO Pe3yJIbTATHBHOCTH B aCIeKTe o0ecredeHns TpeOyeMbIX MoKa3aTesled KauecTBa KiIacCH(UKAILNK U OBICTPOJeHCT-
BUsL 00paboTKH. Bo3HHKaeT HEOOXOANMOCTh YIIyOJIeHHOTO M3Y4eHHs! CTATHCTHYECKHX CBOWCTB JUISI MHOXECTBA IECKPUIITOPOB B
acreKTe IJIaBHOro (hakTopa — passIMYeHHs] MHOIOMEPHBIX NaHHbIX ais kinaccudukanuu. Ocoboe 3HaYeHHE MPUOOpETaeT 3Ta 3aja4a
IIPU TTOCTPOCHUH HOBBIX (P ()EKTHBHBIX IPOCTPAHCTB NPHU3HAKOB, HAIIPUMEp, ITyTEM arpernpoBaHHs MHOXECTBA JECKPHIITOPOB IO
HX COCTaBJISIOILIMM KOMIOHEHTaM, B TOM 4UCJIE 110 OTJEIbHBIM OuTaM. J[JIs 3TOro eCTeCTBEHHBIM SBIISETCS HapabOTaHHOE UCIIOJIb30-
BaHHUE aNlapara CTaTUCTUYECKUX KPUTEPHUEB, NIPEIHA3HAYCHHBIX U1 CPAaBHEHHUS IIapaMETPOB PACIPEACICHHS UCCIIELYyeMBbIX BBIOO-
pok. HecMoTpst Ha IIMPOKOE NPUMEHEHHE U NPUKIAAHYIO Pe3yIbTaTHBHOCTD alliapaTa ACCKPUITOPOB s KilaccH(UKaul n300pa-
JKEHHU, 10 CHX HOp OCTAETCs HE UCCIICJOBAHHON CTATHCTUYECKAs OCHOBA 9TUX METOJIOB IPH BHEAPEHHUH UX B arpEerHPOBAHHBIX CHC-
TeMaX IPH3HAKOB BU3YaJIbHBIX JAHHBIX M BEIOOP 3()(EKTUBHEIX CPEACTB [UIS OLEHKH UX AEHCTBEHHOCTH IIPH PA3INYCHUH PEeabHBIX
N300paKeHUH B IPUKIJIANHBIX 0a3ax JaHHBIX.

Iean padoThl. PazpaboTka 3dhexTnBHOrO 110 OBICTPOACHCTBHIO METO/IA PE3YJIbTATHBHON KiacCHu(UKALMK H300paKEeHHH ITyTeM
BHEJIPCHUSI arpernPOBaHHBIX CTATUCTHYECKUX MPU3HAKOB JUIS COCTaBa KOMIIOHEHTOB OIIMCAHUSL.

Mertopn. IIpeanoxeno MeTpuyeckuii KiaccupukaTop n300paXKeHHI Ha OCHOBE arperalnuy MPU3HAKOB ISl MHOXKECTBA IECKPHII-
TOPOB OINHUCAHHUS C UCHOJIb30BAHUEM CTATHCTHYECKUX KPHUTEPHUEB OLIEHKU 3HAYMMOCTH KJIACCH(UKALMOHHOTO PEIICHHS.

Pe3yabrarsl. OCyIIecTBICH CHHTE3 METOAA KIacCH(HUKALNKY Ha OCHOBAHWH BHEJPECHHS arperMpOBaHHbBIX CTATHCTUYECKHX MPH-
3HAKOB JJISI MHOJKECTBa JECKPHUIITOPOB OMHCaHUs n300paxkeHus. [lonTBepkaeHo padoTocmocoOHOCTh M 3()(HEeKTHBHOCTE pa3pabdo-
TaHHOTO KJIaccudukaropa. Ha mpuMepax npuMeHeHHs] BApHaHTOB METOA JUIS CHCTEMBI PH3HAKOB PEAIBHBIX M300pakeHni JKCIe-
PHMEHTAJILHO OICHEHA €r0 PEe3yJIbTaTUBHOCTb.

BriBoasl. [IpoBeneHHOE HccIei0BaHKE TaeT BOZMOXKHOCTH OLEHUTH NPHUKIAIHYI0 3G ()EKTHBHOCTS IPUMEHEHUS allapaTa IecK-
PHIITOPOB KIIIOYEBBIX TOUCK M300PaXKEHUSI U IIOCTPOSHHUS HA €r0 OCHOBE arpernpoBaHHON CHCTEMBI IPU3HAKOB ISl PE3yJIbTaTUBHOTO
OCYILECTBICHUS KIacCH(UKALMKY BU3yaJIbHBIX 00bekToB. Halle uccieoBaHue IOKa3ano, 4TO MUMEoLIeHcs MHpOpMaluKu B BUIE
OUTOBOrO NPEJCTABICHUS JECKPUIITOPOB ONMUCAHUS AOCTATOYHO U1 3HAYMMOTO CTATHCTHYECKOTO PA3INyMsl ONMCAHMIT BU3YyalbHBIX
00BEKTOB. AHAIM3 Tap U Opyrux OJOKOB AJs OMTOB AECKPUNTOPOB JAaeT MEPCHEKTUBHYIO BOZMOYKHOCTD COKPAIICHHS BPEMEHH 00-
paboTkm.

HayuHyro HOBH3HY HCCIICJOBaHUS COCTaBIISET pa3paboTka MeTona KiaccH(UKanuyu M300pakeHHuii Ha OCHOBE CHCTEMBI HHTET-
PHPOBAHHBIX CTATHCTHYECKHX MPU3HAKOB JUIS CTPYKTYPHOTO OIMCAHUS, TIOATBEPXKICHUE PE3yIGTATHBHOCTH METOJ[a ¥ 3HAYMMOCTH
CO3aHHOW CHCTEMBI IPU3HAKOB TIPH KJIACCU(UKALNY B TIpe/ieax 0a3pl H300pakeHHU.

IIpakTHyeckasi 3HAYUMOCTh PabOTHI 3aKIIIOYAETCS B TOATBEPIKICHUH PabOTOCHOCOOHOCTH M PE3yJIbTAaTUBHOCTH HMPEIOKEH-
HBIX METOJIOB Ha IIPUMEpax JeCKPUITOPHBIX ONMUCAHUN peaIbHbIX H300PaKCHUH.

KJ/IFOYEBBIE CJIOBA: koMnbloTepHOE 3peHUe, KIIoueBas TOUKa, JECKPUIITOP, arperanus JaHHBIX, CTATUCTUYECKOE pacIpe-
JeTICHNE, 3HAYUMOCTh KJIACCU(PHKAMOHHOTO PEeIIeHHUs, OBICTpOACHCTBHE 00pabOTKH.
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