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The article describes the stages of the software package “Preliminary processing of medical images” (PPMI) based
on logical mathematical and algorithmic software, in particular, theoretically applied in solving practical problems
using mathematical models of primary processing of medical emblems. The results obtained by the software suite
were then analyzed.

The software package assesses the state of medical diagnosis in the following two cases related to the field of
cardiology (formation of an informational character space from a set of characteristics characterizing medical
diagnostic objects in the initial processing of medical emblems and classification of medical diagnostic objects from
the identified informational character space; constructing a decisive rule for determining which object belongs to a
given class) and preliminary processing of medical data (preliminary processing of medical data, reclassification of
selected elective objects and determination of the importance of classes, formation of reference tables, a set of
informational signs distinguishing class objects) selection, determining the effectiveness of the selected set of
informative features) and methods and algorithms for solving practical problems.

Keywords: proximity function, distance function, normalization of initial data values, informative features,
classification, estimation calculation algorithms, initial processing of medical data, flexible genetic algorithm based
on random search, sliding window method.

I. Introduction

One of the important tasks in modern medicine is the rapid introduction of modern information and communication
technologies in medicine, ie the initial processing of large amounts of medical data, algorithms and software for
diagnostic processes, automation of medical processes, differentiation and computer diagnostic systems.

The implementation of these important tasks primarily involves the development of methods and
algorithms for the initial processing of large volumes of medical data.

Firstly, the training, formed on the basis of information provided by experts in the field, depends on the
quality of the selection. This is because the effectiveness of the research work to be carried out in the next stage is
based on the properties and characteristics of the objects of study selected.

Secondly, on the basis of training selection formed by experts in the field, scientific research will be
conducted on the development of methods and algorithms for the initial processing of data, the improvement of
existing ones. The results obtained are analyzed in conjunction with industry experts or experts and we can see that
the result is an effective method or algorithm depending on whether it is positively evaluated.

Specifically, a number of studies are conducted in this area, for example, the analysis and integration of
research option data [1-5], normalization of educational sample objects in terms of parameters [6-11], the formation
of a reference table based on educational selection [12-18], classification, selection of an informative character set
that classifies objects, determining the importance levels of class objects, characters, and classes in the informative
character space [19-40].

In order to solve the above-mentioned problems, two practical issues related to the field of cardiology, such
as the assessment of medical diagnoses and the initial processing of medical data, were solved, and a software
package entitled “Preliminary processing of medical images” (PPMI) was created.

Il. The main part
The main part consists of 2 sections: a) problem statement; b) methods and algorithms for solving problems.

a). This first section consists of two items, which are intended to address the following two practical issues
in the field of cardiology, i.e the assessment of the state of medical diagnosis and the initial processing of medical
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data: 3 issues in the first paragraph 1) Identify a set of informative signs that give a clear distinction between class
X, diseases; 2) assessment of the contribution of Class X,, objects to the formation of their class; 3) to establish a
decisive rule in determining the identity of an unknown object in the diagnosis of the disease, ie which object
belongs to the class of the infected person; 5 issues in the second paragraph 1) normalization of the values of the
signs characterizing the class objects in the initial data; 2) transfer of the characteristics of class objects from the
continuous quantitative view to 0 or 1 view in the initial data; 3) Solve the problem of classification of objects of
class K, that is, determine whether the objects divided into classes belong to their own class or another class;
4)clearly each other distinguishing K,,p = 1,5 class objects selecting a set of £ < 63 informative images; 5) to
determine the quality and error of recognition of the classification of objects of K, class;

b). The second section describes methods and algorithms for solving problems. To solve practical problems
in the first case, it is necessary to classify estimates using algorithms for calculating values, including a distance
function that provides the difference between two objects in space and a similarity function between an unknown
object and objects of a class. Selection of a set of informative features, a decision rule for determining an unknown
object when diagnosing a disease, that is, which object belongs to the class of a sick person; normalization of
symbolic values of primary data in solving practical problems of the second case, determination of the level of
reliability of primary data, conversion of symbolic values of objects according to Fisher's criterion from continuous
quantitative representation to 0 or 1, selection of an informational set of symbols based on a flexible genetic random
search algorithm. The effectiveness of the sliding window method determines the quality of recognition and the
degree of classification error.

Based on the proposed theoretical data, two practical problems in the field of cardiology were solved, and
at the same time a software package on "Preliminary processing of medical images™ was created.

“TUBBUN TUMCO/I/IAPTA AACT/IABKN
MLWOB BEPULL” (TTAWUB)

AACTYPUA MAXKMYA

Figure 1. View of the main window of the software package.
The software package includes modules "Assessment of medical diagnostics™, "Preliminary processing of
medical data”, "Software package and instructions for its use”, "Authors of the software package".

I. The module "*Assessment of medical diagnoses™ works on the following principle.

a) “Preliminary data reading”. The working mechanism of this module reads the initial data prepared in the Excel
program, i.e. the training selection appears in the program window and indicates that the next step should be taken
(Figure 1.1).
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Figure 1.1. The appearance of the "Initial data reading" module window is described.

37



Journal of Cardiovascular Disease Research

ISSN: 0975-3583, 0976-2833 VOL 12, ISSUE 03, 2021

The activity of this module is one of the most important first steps in the formation of educational selection based on
primary data. Therefore, it is necessary to determine the issue.

1.1. The statement of the problem. Suppose that the training selection set is expressed in the form
Xp1, Xp2, s Xpm,, € Xp, P = 1,7 . Where xpi~ N - is the space vector of the dimensional characters, each object is

1

considered in the space of the dimensional characters x,; = (xpl-,

set of classes, which consists of m,, from x,,,, ..., x,, _ objects.
Mp

Problem 1.1. Within X, class diseases, it is necessary to identify a set of informative signs that make a
clear distinction between them.

Problem 1.2. An assessment of the contribution of X, class objects to the formation of their own class is
required.

Problem 1.3. In diagnosing a disease, construct a decisive rule for determining which of the unknown
object, i.e., the object to which the infected person belongs, belongs to the class.

The above issues were studied in the class of diseases of the cardiovascular system "Myocardial infarction”.
Myocardial infarction class consists of 8 diagnoses and 23 symptoms that characterize each diagnosis.

1.2. Solving set practical problems.

The solution of the set practical problems is carried out by means of the following modules of a software
package.

b) "Selection of information sets”. In this module, the process of identifying a set of informative signs
that give a clear distinction between X,, class diseases is carried out on the basis of the following algorithm:

Step 1. Based on the initial data generated by medical professionals, a training selection in the form of a
matrix is formed. The path elements of the matrix are diagnostic objects, and the column elements are the symbols
of the objects.

Step 2. The distance function between objects in this boules informational character space is introduced as
8:(xp1,%p2) in this boules informational character space as follows:

1 if (1 —xp) #0,i=1,N.
O-i(xpl,xpz) = _ (11)
0 if not (x}; — x5,) = 0,i = 1,N.

The first condition states that there is no similarity between the two objects according to boules signs, while
the second condition means that they have similarities to each other.

In this process, the problem of comparative evaluation is considered, ie the process of comparison of each
diagnostic object with the remaining 7 diagnostic objects is carried out at the intersection of the column elements of
the matrix (Figure 1.2).

Xpi ---xévi),i =1,m, N -denoting X,,p =1,7

Kuécuit Gaxonaw HaTwxKanapn

% 9

Figure 1.2. The results of the comparative evaluation are described.

Step 3. In boules informative character space, the estimation of the magnitude of the difference between an
arbitrary j-diagnostic object and all other diagnostic objects is calculated on the basis of the following formula.

T (xp) Xpk) = ey, 0:(xpjxpr),J = Lmy; k=1,m,; j #k.(1.2)

Based on the given formula, the results of the comparative evaluation are calculated in the form of the sum
of the column elements. This indicates the level of comparative importance of the diagnostic object mark for the
individual characters relative to the X,,p = 2,8; diagnostic objects, i.e., a set of informative features is defined for
each diagnostic object. The most informative character is said to be the largest of the values in the cross section of
the sum of the column elements. At the final stage of the process, a set of informative signs is identified for each
diagnostic object (Figure 1.3).
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Tawxucnap KeCUMWAA aHUKNaHTaH MHGOPMaTUE Benrunap Maxmyacy
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Figure 1.3. The diagnostic section describes a set of informative signs identified.
The final results of this module are presented in Table 1 below.

Table 1.
T1 x19, x18, x3, x13, x23, x17, x16 7
T2 X9, x11, X3, x6, X7 5
T3 X9, x21, x10, x17 4
T4 x11, x4, x12 3
T5 x1, x13, x4 3
T6 x1, x15, x16 3
T7 x12, x5, x8 3
T8 x20, x21, x10, x23, x5 5

Table 1. The diagnostic section describes a set of informative signs identified.
c) “Assessment of diagnostic status on the basis of informative signs”. This module requires you to
solve problem 3 above, and the process is as follows:
1) enter the value of the characteristics of the unknown diagnostic object (Figure 1.4);

[ J PN ARR—
Homabnym Tawxuc 06 beKTMHUHT GeNMH KMIHMaTNapHHW KUPHTHLL

Figure 1.4. The window for entering character values of an unknown diagnostic object is described.

A study selection in the form of a matrix is formed on the basis of the identified informative signs for the
class of diseases studied and the sign values of the unknown diagnostic object W entered.

2) classification. This process is implemented based on the following algorithm:

Step 1. The training, formed in the form of a matrix, is carried out separately for each type of disease in the
research option, that is, the columns reflecting the identified informative signs are separated, and the rest are
discarded.

The process of comparison from the resulting matrix is carried out by entering the function of proximity
between objects p; (x,1,x,2) in boules informative character space as follows:

1if  (xhy—xb)=0,i=1N.
pi(xpl,xpz) = (1.3)
0 if not,
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The first condition indicates the degree of similarity between the two objects, while the second condition
indicates that they differ greatly from each other, that is, these components are not similar to each other.

In the resulting matrix, when the evaluation is performed on the cross section of the road elements, the sum
of the differences in the cross section of the parameters of the diagnostic object X,, relative to the unknown object W
is calculated based on the following formula:

(2 2p1e) = Tty Ty pi (3 2Xp) o J = Lmy; k = T,my; j # k. (1.4)

We can see the classification results in the following window (Figure 1.5).

CuHGbNEWTUPHL HATKaNapH

Figure 1.5. The classification results are described.

Step 2: Normalization of the obtained results with respect to the number of informative signs identified for
class X,, diseases is carried outdiseases is carried out.

Step 3. Based on the final results, the unknown w=w? w?, ..., w") is determined by calculating which of
the given diagnostic objects is more similar to which of the given diagnostic objects by the following formula.

T (W, %) = S0 X1 i(w, X ) ke = Tmy,; (1.5)

If inequality T, (w, x,;,) > T\ (w, x,;,) (1.6) is satisfied, then w=w?*,w?,...w") object is considered to

have a higher degree of affiliation to the i-diagnostic object than others (Figure 1.6).

CHHONAWTMPULL HATMKANAPMHW HOPMANNALTUPULL

Figure 1.6. The normalization values of the classification results are described.
When using the module "Assessment of the diagnostic status on the basis of informative signs" of the
software package, each diagnostic object was taken as an unknown object and tested, each diagnostic object was
found 100%.

Il. The module "Preliminary processing of medical data™ works on the following principle.

2.1. Preliminary data reading. The working mechanism of this module reads the initial data prepared in the Excel
program, i.e. the training selection appears in the program window and indicates that the next step should be taken
(Figure 1.1).
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Figure 2.1. The initial data reading window is described.
2.1. The statement of the problem. Suppose that the curriculum formed on the basis of the initial data is divided
into elective classes and they are given as follows:

1 2 N 1 2 N
[xn X11 e X171 ] [xn Xr1 e Xp1 ]
1 2 N 1 2 N
x x I x x - X
K1=l o M2 ...Kr=l CEC TZJ
1 2 N 1 2 N
Ximy  Xim; - Ximy Xrmy  Xrmy o Xrm,
This can be expressed in general view as follows:
1 2 N
Xp1 Xp1 - Xpp
1 2 N
K o=| %2  Xp2 - Xp2
P : : : fo
[} x2 N
pmp pmy pmp

Here p = 1,7; and research option K = Up=1 K} are given in the form that they consist of non-intersecting
classes,ie K, NK, =0, (p #q,p=1,1; ¢ =1,1;) conditions are given.
Similarly, the components of the object x,,; are x{,i— real numbers, which are read as follows: j sign of i

patient related to p class. Where p = 1,7;,i = 1,—mp; ,j = 1,N; and r-is the total number of given classes, my,-p is
the total number of patients in the p-class and N is the total number of characters.

Problem 2.1. Let us normalize the character values that characterize the objects of the elective elective
classes we are looking at.

Problem 2.2. Let the characters that characterize the objects of the elective elective classes we are looking
at be converted from a continuous quantitative view to a 0 or 1 view.

Problem 2.3. It is necessary to solve the problem of classification of objects of K, class, that is, to
determine whether the objects divided into classes belong to their own class or to another class.

Problem 2.4. K,,p = 1,5 class objects are required to select a set of £ < 63 informative features that
clearly distinguish them from each other. Here ¢ is a pre-given small number, read as a number that is somewhat
smaller than 63.

Problem 2.5. Let determine the recognition quality and error of classification of K, class objects.

In the above issues, each class is considered as a type of disease, ie K; class - Exacerbated stenocardia, K,
class - Acute myocardial infarction, K; class - Arrhythmic form, K, class - Post-infarction cardiosclerosis, K class -
Permanent form of atrial fibrillation. In this case, the character space of each class (type of disease) is formed by
experts in the field, and consists of 63 characters that characterize each class.

2.2. Stages of solving set practical problems:

Step 1. The process of normalization of initial data values was considered an important part of the initial
processing of data, the more qualitatively this process is carried out, the greater the efficiency of subsequent results.

With this in mind, at this stage, the most commonly used method of normalization of the character values
characterizing the class objects in the curriculum we are considering is used and is performed as follows:

a) find the maximum x,,; (max) of the character values that characterize the objects of each class;

b) The maximum value found of the character values characterizing the objects of each class is divided by
Xpi(max), ie..

. . _ Xpi
xpi(normalisation) = i) (2.1)

At the end of the phase, the character values characterizing the class objects are normalized in the research
option formed on the basis of the initial data we are looking at (Figure 2.2).
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BOWNaHFNY MabAYMOTNEPHU HOPMANNALITHPMLL

Figure 2.2. The results of the normalization of the initial data are described.
Step 2. Determining the level of usability of the characters that characterize each object belonging to the
above K, class is done separately for each class in the following sequence:
a). Lets enter definitions to the followings: Vector x, = (E;,Ef,, ...,E;V ), average representative object of
K, classes, p = 1,7 . Let its components be calculated by the following formula:
—j 1 m j T = . 5 s
X = m_pzi;’lx;i, p=15;j=163; i=1m,. (2.2)
As a result of the calculation, the average representative objects of the K, classes were identified(Figure
2.3).

&,

CuHbHIHT JpTaua Bakun obekTi

Figure 2.3. The results are determined by the average representative object of the class.
b) Let be calculated the distance between x,;and x, objects of K, class:

% — %, | = \/zy=1(az; —x))?,p=15;j=163; i=1m, (23)
In this module, the distance between objects of 5 classes is calculated |xpl- - X, | (Figure 2.4).

=

CuHb o6beKTNapK opacuaart macodacu
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Figure 2.4. The distance between the objects of the class is described in the |xpi - X, | calculation results.
¢). Ky-class quadratic deviation (avoidance) objects elative to the middle object D (x,) is calculated by the
following formula:

_ 1 m _ 12 1 m _j j
D(xp) = \/m—pzi:’”xm - xp| = \/m_pzi:i 9]=1(x1]7 - xzjn')z -(24)
p=15j=163i=1m,
The mean square deviation (avoidance) of each class D (x,,) was calculated(Figure 2.5).

CuH 06BbEKTNAPHMHWHT ¥pTa 06bEKTra HUCHATAH KBAAPATHK OFAWK (YeTNaHMLLIK)

Class4: 21,06
Classb: 15,67
Class1: 2544
Class2: 26,65
2 o Class3: 21,17

Figure 2.5. The mean squared deviation D (i, ) values of each class are described.
d) the following inequality is satisfied and its indicators are calculated as a percentage of class objects:
|x,i — %, | < D(%,),p =15; i = 1,m,. (2.5)
At the end of the calculation, the results of the percentage of the usability level of the initial data are
reflected (Figure 2.6).

BOWNaHFUY MabAYMOTNAPHUHT (oAaNaHHLWIra SPOKAMAMK Aapaxack (% xucosnaa)

Class4: 88,61%
Class5:  76,92%
Class1: 86,23%
Class2:  81,90%
Class3: 79,49%

Figure 2.6. The results of the usability level of the initial data are described.

Step 3. The initial data given are given in continuous quantitative form, at which stage the process of
replacing the character values of the class objects with values of 0 and 1 is carried out.

The process of converting the values of zero or one-character characters that characterize each object
belonging to the K, class to a value in vector form is performed by entering the following notation in the character
class of all objects in each class and all character sections.

a). X, = (E;,Ef,, ...,xﬁ ) vector, average representative objects of K, classes, p = 1,5. Its components x

are calculated Formula 2.2 as above.

b). Let us define vectors a, = (ap, a2, ..,a)) and b, = (bs, b2, ...,bY), in the following form and its
components are calculated by the following formula:

= M .
al = - Y (% —x) )% p=15 j=163.  (26)

J

bl =@ —x))% p=15 j=163. 2.7)
c). Components of the K,, elements of a research option are converted from a real number view to boules
view based on the following operations.
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b,
1 equal,if a—{’ <1,
0 equal,if not

(2.8)

At the end of this step, the values of all the characters that characterize the 5 class objects given are

converted to values of 0 and 1 (Figure 2.7).

Benrinap KuiAMaTiHKM 0 €KW 1 K¥PUHKMLLra §TKaauw

Figure 2.7. The results obtained by converting the character values to 0 and 1 are described.

Step 4. The problem of classifying K, class objects is solved. In this case, each object belonging to the
class K, is compared one by one with objects of its own class and others, the process of comparative evaluation of
the function of interdependence p; (x,,,x,2) in the space of informative elements is carried out using formula 1.3.

The sum of the comparative evaluation is calculated for each class using formula 1.4, which means that the
object with the largest of the average values of the sums obtained belongs to that class.

At this stage, the process of reclassifying the objects divided into classes is carried out, and it is determined
whether the class objects belong to their own class or to another class. This process is done step by step, at each step
objects that do not belong to their class are removed, and the process is carried out until the objects find their exact
class for 100%. By the end of the stage, a standard research option of 138 objects in the 1st class, 105 objects in the

2nd class, 39 objects in the 3rd class, 79
(Figure 2.8-2.9).

objects in the 4th class and 26 objects in the 5th class will be formed

THB6MiA MabNYMOTAAPHM CHHONAWTUPULL Macanack

ssS  Classl  Classd

Figure 2.8. The results of the problem of classifying medical data are described
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CuHb 06LEKTNAPUHUHT §3 CUHBUHU TONUW KYpcaTkuum (% xucobuana)

Class4: 100,00%
Class5h: 100,00%

Class1: 100,00%
Class2: 100,00%
Class3 100,00%

Figure 2.9. The results of the percentage calculation of the class objects' own class finding index are described.

Step 5. An informative element set is selected using the generated standard reference table. It is known
that the classification results are 100% for the reference table.

Assume that the result error is & when classifying the objects of study option on the basis of a reference
table. That is, let the ratio of the number of objects lost in their n class to the total number of study choices be
defined as 6.

Let the mechanism of operation of the algorithm "A" be defined as follows. Using the proximity function
proposed by the authors [2,32,35-36,38,40] (formula 1.3), the levels of importance of all the elements are
determined separately. According to it, a column with a randomly selected element is omitted from the reference
table on the basis of a random selection. If at the end of the process all the objects involved in the calculation find
their class at least with 6 accuracy, then the column removed from the reference table is not re-placed in the table,
otherwise the column is returned to its place, another column is removed from the reference table and the process is
repeated. The proposed process takes up to £ elements. During the classification process, if objects find another
class from their own class (move to another class), the randomly selected and discarded element is returned to its
place. This process is performed between N elements and is separated from the remaining elements at the end of the
process as informative elements (Figure 2.10).

Figure 2.10. The window of the module "Flexible genetic algorithm based on random search for the selection of a
set of informative traits" is described.

Therefore, the essence of the work done at this stage, the choice of the most useful £ from the set of elements that
characterize the objects under study, that is, the choice of the means of informative elements is solved.

Let £ < N be the number of elements in the tool to be selected; The vector components of p
(pt,p?,...,p") are the probabilities that a single element must be removed from the element set. Initially, p’
%,j =1, N, that is, the probability of removing an arbitrary sign from the set is mutually equal.

Step 1. Algorithm "A" is used in all sections of the given study sample. As a result, the error coefficient
6(N) is determined. Typically, the number of error-detected objects is divided by the total number of objects to
determine the error coefficient 8(N).

Step 2. Randomly, p/ = %,j =1,N with probability, one element is selected from N elements and it is
excluded from the set. Then, the algorithm "A" is run on the N-1 element section. As a result, the error
coefficient 8(N — 1) is determined for N-1 elements.

Step 3. If 6(N) > (N — 1), then proceed to step 2. This process is repeated h (h < £) times. Even if
h = ¢ is done when the process is repeated, still the next step is taken. Similarly, if the equation is not fulfilled, then
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the process continues until all the elements are considered one by one. Once all the elements have been reviewed,
the next step is taken.
2

Step 4. Suppose h = £, then p/ = ﬁ j=1Lh p/=5—,j=h+1LN; probability that one element
is selected from N elements and it is excluded from the set. Just like in the second step, the process is repeated,
except that the probabilities between the previously selected elements that remain in the system and those that do not
remain in the system, which must be randomly selected, differ. Then, the algorithm "A" is run on the N-1 element
section. As a result, the error coefficient (N — 1) is determined for N-1 elements.

Step 5. If 6(N) > 8(N — 1), then proceed to step 4. This process is repeated h (h < #) times and so on.

The proposed algorithm consists of two important parts: In the first part genetics is a flexible algorithm
based on a random search for the selection of a new set, while in the second part the h-element medium affecting the
generation of mutated objects is identified.

During the operation of the module "Flexible genetic algorithm based on random search for the selection of
information sets of elements" of this software package, the objects of the class find their class for 100%, i.e. the
error is 0% and when the process of maximum reduction of 63 parameters characterizing the class objects was
carried out, it was achieved to reduce them from 63 up to 10. (Table 2).

Table 2
Nel X3, X9, X10, X16, X17, Xa7, X49, X53, X58, Xe2-
Ne2 X3y Xg, X105 X16, X175 X47, X53, X58, X62, X63.
Ne3 X3) X7, X9, X165 X17, X52, X53, X58, X62, X63-
Ned X3y Xg, X105 X16, X175 X35, X47, X50, Xs58, X63.
NeS X3, X6, X7, X9, X16, X17, X52, X53, X58, X63.
Ne6 X3, Xg, X168y X17, X47, Xs52, Xs3, X58, X62, X3
Ne7 X3, X9, X10, X16, X17, X361 X47, X53, Xs58, X62-.
Ne8 X3, X9, X10, X16, X17, X38, X47, X53, Xs8, Xe2-
Ne9 X3y Xg, X10, X16, X175 X32, X47, X53, Xs58, X62.
Nel0 X3, Xs, Xg, X10, X16, X17, X38, X47, Xs53, X58.
Nell X3, X9, X10, X16, X17, Xa7, X48, X53, X58, Xe2-
Nel12 X3, X9, X105 X16y X17, X44, X47, X53, X58, Xp2.

Table 2. The selected I = 10 groups of informative element sets are described

Step 6. At this stage, in order to distinguish the most efficient group of information elements out of the group of 12
information sets of 10 elements, i.e. the highest quality of recognition and, conversely, the lowest level of
classification error, the method of "sliding window" has been held 100 times.

In carrying out this process, first of all, a group of information sets selected from the module of the
software package "Studying of the selected set of information signs" is read. (Figure 2.11).

Figure 2.11. A window for training the selected informative element set group.
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Taking into account the fact that the testing process was conducted 100 times, 85% of the reference curriculum for
each test was selected as the teaching curriculum and 15% as the test curriculum (Figure 2.12).

1]

Toctnamye frye e— »

YkuTunysum yxye Tannama (%) . TectnaHysuu ykye Taunama (%)

Yurunysum yKye TaHnama

TecTnaHyeuM yKye Tahnama

Figure 2.12. The process of distinguishing between teaching and test learning choices is described.

Step 7. Determine the quality and error rate of the classification. At this stage, the classification
process was carried out based on the algorithm for calculating grades on the basis of teacher and test curricula
formed, and as a result, the quality and error of recognition of classroom objects were determined.

The fact that the testing process is performed 1 time is not sufficient to determine the recognition quality
and error of the classification. For this reason, it was tested 100 times (Figure 2.13).

S
= Yoyt vareca =

CHHONAWTUPUL CUDATH BA XaTONMIHHUHT MHGOPMATHB GeNrunap MaxMyack rypyxnapu Kecumuaari
YMYMHIA HETHRANAPW

Figure 2.13. The general results of the recognition quality and error of classification are described.
At the end of the phase, the overall results of the classification quality recognition error and error in the
testing process performed by the software suite are presented in Table 3.

Table-3

Error coefficient %
Error coefficient %
Error coefficient %
Error coefficient %

(=]
>
@
o)
I
S
=
@
o
S
@
a
=
o
=
S
>
)
o
)
o

Recognition percentage %
Recognition percentage %
Recognition percentage %
Recognition percentage %
Error coefficient %

- 100 0 99,5 05 100 O 100 0 100 0 99,9 0,1
100 0 98313 1,688 100 O 100 0 100 0 99,6625 0,3375
- 100 0 100 0 100 0 100 0 100 0 100 0
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Ne4 | 100 O 98438 1563 100 O 99,8333333 0,16666667 99,75 0,25 99,6042 0,395833
Ne5 100 O 100 0 100 O 100 0 100 0 100 0
Ne6 100 O 100 0 100 O 100 0 100 0 100 0
Ne7 = 100 O 99,813 0,188 100 O 100 0 100 0 99,9625 0,0375
Ne8 100 O 100 0 100 O 100 0 100 0 100 0
N9 100 O 100 0 100 O 100 0 100 0 100 0
Nel0 100 O 99 1 100 0 99,8333333 0,16666667 100 0 99,7667 0,233333
Nell 100 O 100 0 100 O 100 0 100 0 100 0
Nel2 100 O 100 0 100 O 100 0 100 0 100 0

I11. Conclusion

The article develops the following methods and algorithms for solving the following two practical problems in the
field of cardiology, namely, the assessment of the state of medical diagnosis and the initial processing of medical
data:

a) improved algorithms based on the calculation of estimations for the formation of the information space
from the set of elements characterizing the objects of medical diagnosis and the classification of medical diagnostic
objects from the identified information space in the initial processing of medical data;

b) normalization of element values of primary data in the initial processing of medical data, determination
of the degree of validity of primary data, conversion of element values characterizing class objects from continuous
guantitative view to 0 or 1, reclassification of study sample objects and determination of class significance,
formation of reference tables, informative elements methods and algorithms for solving problems such as the
selection of the set, determining the effectiveness of the selected informative element set.

Also, along with the description of the theoretical basis of these methods and algorithms, the principle of
operation of the software package "Preliminary processing of medical emblems™ (PPME), created on the basis of the
developed methods and algorithms, the results were analyzed. According to the analysis, the results were positively
assessed by experts in the field.
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