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Abstract

The aim ofthe article is development of a technique for visualizing information for use in multimedia applications. In this

study, to visualize information, it is proposed first to compile a list of key terms of the subject area and create data tables. Based

on the structuring of fragments of the subject area, a visual display of key terms in the formof pictograms, a visual display of key

terms in the formof images, and a visual display ofdata tables are performed. The types ofvisual structures that should be used to

visualize information for further use in multimedia applications are considered. The analysis of existing visual structures in desktop

publishing systems and word processors is performed.

To build a mechanism for visualizing information about the task as a presentation, a multimedia application is developed

using Microsoft Visual Studio software, the C# programming language by using the Windows Forms application programming
interface. An algorithm is proposed for separating pieces of information text that have key terms. Tabular data was visualized using
the “parametricruler” metaphorical visualization method, based on the metaphor of a slide rule.

The use of the parametric ruler method on the example of data visualization for the font design of children's publications is

proposed. Interaction of using the method is ensured due to the fact that the user will enter the size ofthe size that interests for it

and will see the ratio of the values of other parameters. The practical result of the work is the creation of a multimedia application
“Visualization of Publishing Standards” for the visualization of information for the font design of publications for children. The

result of the software implementation is the finished multimedia applications, which, according to the standardization visualization

technique in terms ofprepress preparation ofpublications, is the final product of the third stage of the presentation of the visual form.

Keywords:informationvisualization, multimedia application, visual display, key terms.

DOI: 10.21303/2461-4262.2020.001103

1. Introduction

In the process of development of modern society, the computer era has begun – the era of

information and informatization. Hundreds of terabytes of information appear annually in local

and global networks. Mechanisms are being introduced to search for the necessary information,
however, these tools are effective when users have a specific goal and understand what information

is stored. In other cases, methods for visualizing information can help the user.

The main objective of visualization is the use ofhuman visual perception of information to

enhance its cognitive abilities. The human visual system is capable of quickly processing visual

signals, and advanced information technology has turned the computer into a powerful tool for

managing digital information. Visualization is a bridge connecting the human visual system and

the information system, helping to identify images, hypothesize and extract ideas from huge data

sets, and contributes to scientific research and forecasting. The main purpose of visualization is the

use of human visual perception of information to enhance its cognitive abilities.

To date, there are a large number of techniques that are devoted to the visualization of

various information [1–5]. In a variety of information it is possible to understand objects that
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have a physical nature (scientific visualization), program codes, software (software visualiza-

tion), etc.

According to various methods of visualizing information in specialized literature [6–10],
mechanisms for controlling the quality of content and optimizing the interface of multimedia ap-

plications are proposed.
The most effective application of information visualization in various multimedia appli-

cations will facilitate the perception of a large amount oftext information and facilitate its visual

representation in multimedia systems.

2. Materials and Methods

The research methods are as follows. Analysis and synthesis are used at all stages of the

study. Induction and deduction methods are used to study the theoretical foundations of the design
of multimedia applications and determine the subject area of information visualization. Logical
analysis is applied to study the principles of information visualization existing in theory and prac-
tice in the process of designing multimedia applications.

3. Experimental procedures
The firststage of the information visualization technique for use in multimedia applications

should consist of two steps:

1) formation of a list ofkey terms of the subject area;

2) formation of data tables.

Step 1. 1. Formation ofa listofkey terms.

Raw data can be presented in any form, starting with spreadsheets and ending with un-
structured texts. Key terms will be used as raw data to be used in the process of visualization of

publishing standards.

Step 1. 2. Formation ofdata tables.

The second stage of the standardization visualization technique consists of the following steps:

1) visual display of key terms in the form ofpictograms;

2) visual display ofkey terms in the form of images;
3) visual display of data tables.

Visual structures are images that fully convey the content of the keyword. To visualize in-

formation with a view to further use in multimedia applications, it is necessary to apply three types
of visual structures:

1) the first type is pictograms that schematically depict the content of the key term;

2) the second type is an image, which is an example of the use of key terms in practice;

3) the third type is the interactive infographics of parameter ruler, with the help of which

tabular data is presented.
It is important to choose the most expressive visual structure that reflects all the data

without loss, which can easily and quickly be interpreted by a person with the least number of

errors and to the maximum transfers all the differences in the data. The visual structures of the

first type are developed in accordance with existing examples of the use of key terms of a mul-

timedia publishing house. The second type of visual structures is also developed independently,
but some structures have already been developed and are used in desktop multimedia publishing
systems. The third type of visual structures is the parameterruler interactive infographic, which

refers to one of the visualization methods, namely metaphor visualization, with which the data

will be visualized.

Programs of the electronic publishing house QuarkXPress, Adobe InDesign, Adobe Page-
Maker have already developed visual structuresregarding key terms in the field ofprepress prepara-

tion ofpublications, in particular in terms ofgeneral concepts, design and execution of the publication

page and printing performance of the publication. Visual structuresrefer to pictograms that are used

as interface elements ofdesktop publishing systems – these are buttons that convey the contents of a

key term in the field ofmultimedia publishing. Visual structures that convey the content ofkey terms

in the field of prepress publications, in particular, are used not only in desktop publishing systems,
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but also in a regular text editor such as MicrosoftWord. A set ofpictograms is formed on the basis of

pictograms distributed in desktop publishing systems and word processors (Table 1).

The analysis of existing visual structures will help to develop all other structures that have

no analogues in desktop publishing. The visual structures that were discovered during the analysis,
some will be used without changes, some will be amended. The selected and developed pictograms
have a different display style, some flat and some voluminous, in order to present them in a single
style, a “flat design” was chosen.

“Flat” design – a minimalistic approach to the design of objects, which emphasizes ease of

use, it is more focused on the end user.

As a result of applying a “flat” design withrespect to the pictograms, the following results

were obtained (Table 2).

Key term
Desktop publishing & word processor

Adobe PageMaker Adobe InDesign QuarkXPress Microsoft Word

Edition page

Font group

Indent Absent

Initial Absent

Illustration

Table

Text

Mark Absent

Fields Absent Absent Absent

Publication format Absent Absent Absent

Edition block Edition Main page Text

Complex notebook Notebook Borderless edition page format Font group

Compiled cover Base Frontispiece Title

Table 1

Analysis ofexisting visual structures in desktop publishing and word processors

Table 2

Pictograms in flat design style
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The third stage of the methodology consists of 3 steps:

1) development of a general concept ofpresentation;
2) development of the constituent elements of the presentation;

3) implementation ofnavigational interaction ofpresentation elements.

Step 3. 1. Determine in what form the data tables and visual structures will be reflected.

Relative to the task, a multimedia application based on Microsoft Visual Studio software,
the C# programming language, using the Windows Forms application programming interface is

being developed as a presentation.
Step 3. 2. Implementation ofnavigational interaction ofpresentation elements.

Navigation through the multimedia application for the visualization of information should

be performed according to the following scheme (Fig. 1).

The navigation ofelements ofa visual form is implemented directly by writing code for each

form and each of its elements.

Presentation of a visual form interactively changes and complements visual structures in

order to get visualization from a static presentation by setting graphic parameters – to get a repre-

sentation of the visual structure. The multimedia application developed using the C # programming
language using XML (the standard for constructing markup languages for hierarchically struc-
tured data for exchanging between different applications) acts as a visual form.

4. Results

The formation of data tables takes place in two stages.
The first stage is the formation of the data Table “terms – determination”.

The second stage is the formation of the data Table “term – a piece of information” based on

the use of a piece of information, which is visualized.

The formation of the data Table “terms – fragments of information” consists in isolated

fragments of the text of the source information containing the key term (Fig. 2).

Relative to each key term, visual structures are developed, and data tables are also supple-
mented – these are pictograms and images.

It is proposed to use interactive infographics to create visualized tabular data.

Form 1 Form 2 Form 3 Form 4

\y

V
2

\

Breakdown of text into headings, sections, subsections

\

Creating a wrapper structure for a title, section, subsection

V
з

Building a tree structure of a document

V
4

>

Search for a key term in the text

s

\ /V
5

\

Source list formation

Fig. 1. Navigation through the multimedia application for the visualization of information

Fig. 2. The algorithm for separating text fragments of information that have key terms
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To visualize tabular data in publishing standards, it is proposed to select a method from the

“metaphorical visualization” group. Visual metaphors have a dual function: firstly, they present
information in graphical form in order to organize and structure it, and secondly, they convey an

idea of the information presented through the key characteristics of the metaphor that is used. Met-

aphors are useful because they allow to explain an abstract concept in specific conditions, which

makes it easier to understand. They can also cause an emotional reaction.

Tabular data can be visualized using the metaphorical visualization method “parametric
ruler”. This interactive method is based on a metaphor ofa slide rule that allows users to move the

scales to analyze various combinations of parameter values. “Parametric ruler” refers to interactive

infographics, because the user has the opportunity to interact with the information display system
and observe its reaction.

Alternative methods for solving the tasks are indexing and using classification and cluster-

ing algorithms.
Indexing is necessary to extract some attributes of visualization objects; they convey the

meaning and content of the objects themselves. It is necessary the different indexing algorithms
depending on the nature of the data: for example, natural language processing algorithms (dictio-
naries of keywords, key phrases, group of names, parts of speech) for collections of texts; image

processing algorithms (segmentation by color, brightness, structure) for image collections; audio

processing algorithms (by sound and pitch) for collections of audio files; video processing algo-
rithms (scene segmentation) for video collections.

Classification algorithms distribute visualization objects into certain categories (groups)

using machine learning algorithms, for example, Bayes algorithm, k-nearest neighbor algorithm,
neural network algorithms, etc.

Clustering algorithms dynamically divide visualization objects into groups by calculating
some degree of similarity between them, for example, the k-average algorithm, Kohonen self-orga-
nizing maps, hierarchical algorithms, etc. As a result, matrices are obtained that describe objects
and the relationships between them and their groups.

However, the methods of indexing and using classification and clustering algorithms do not

provide opportunities to facilitate the perception of a large amount of textual information and to

ensure its presentation in multimedia systems.
Let’s consider the use of the metaphorical visualization method “parametric ruler” on the

example of data visualization for the font design ofpublications for children.

The parameters will include: font size, leading increase, minimum line length, maximum

line length, font group, font capacity on the Cyrillic graphic basis, font capacity on the Latin graph-
ic basis, styles. Horizontal scales with possible parametervalues, sorted from small to large, should

move relative to each other. Interactivity is realized due to the fact that the user will enter the size of

the size that interests for it and will see the ratio of the values ofother parameters (Table 3, Fig. 3).

Font size, at

least, points

Leading in-

crease, not

less, points

Line length Font capaci-
ty, no more

sign/sq.

Markminimal maximal

squaresmmsquares mm

Font group

20 and more 2 6 1/2 117 9 1/2 171
Sans-serif

(grotesque) or with serif
5,0 (5,5)*

Normal or wide bright
direct

16–18 4 6 1/2 117 9 1/4 167
Sans-serif

(grotesque) or with serif
6,0 (6,6)*

Normal or wide bright
direct

14 4 6 108 8 1/2 153
Sans-serif
(grotesque)

6,7 (7,4)*
Normal or extra wide

bright direct

12** 2 5 90 8 1/2 153
Sans-serif

(grotesque)
7,7

Normal, wide or extra

wide bright direct

Note: * –for afont on a Latin graphic basis; ** –for additional text that is over 200 charactersperpage

Table 3

Font design ofpublications for children
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Tables visualized in this way will help simplify the process of covering a large amount of

information, as well as reduce the cost of finding the necessary data and consolidate them at the

visual level.

The existing data Table “term – definition – standard fragment – visual structures” has the

following data set: key term, definition, standard fragments, and visual structures. The grouped
data of the table, namely key terms, their definitions and visual structures will be presented in the

form ofa kind of database, namely in the form of an xml-file (keywords.xml) (Fig. 4).

The structure of the xml file consists of tags. In principle, xml is a database with a tree

structure (Fig. 5).
The root tag <keywords> ...

</ keywords>, it lists the entire list of grouped key terms. The

<chapter> ...
</ chapter> tag represents each group of key terms (General concepts, Design and

implementation ofa publication’s page, Design and implementation ofa publication’s block, Design
and implementation of a publication’s cover, Target design of a publication, and Polygraphic exe-

cution ofa publication). This tag has the attribute name=”...”, in which it is necessary to declare the

name of the group ofkey terms in quotation marks. The <keyword> ...
</ keyword> tag is respon-

sible for the safety of elements from the data Table “term - definition – visual structures”, namely
the key term, definition, visual structure of the first and second type. This tag has three attributes

name=”...”, image=”...”, icon=”...”. The attribute name=”...”is responsible for the preservation of the

Kegel font, pt.

i6

Font design of first group publications (5.3.2.1)

>12* >14 >i6 >18 >20

Increase in

interlining, sq l >4

Minimum line

length **, sq
6 6 1/2

Maximum line

length **, sq
■

8 1/2 9 1/4 9 1/2
_

Font group 1 chopped
(grotesque)

chopped or

with serifs

Cyrillic font

size, sq
■

<5.0 <6.0 <6.7 <7.7

Font capacity in
Latin

■ <5.5 <6.6 <7.4 <7.7

normal or

wide light
Inscriptions

■ normal, wide

Щ light straight
wide or overwide

light straight

* for additional text, no more than 200 characters per page
** 1 sq.. = 18mm.

uП

<?xml version="1.0"encoding="utf-8"?>
<keywords>

<chapter name="...">
<keywordname="..."image="..."icon="...">...</keyword>

</chapter>

</keywords>

Fig. 4. The structure of the xml file that contains the elements of

the data Table “term – definition – visual structures”

Fig. 3. The Table and the result of its visualization
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key term, the name ofwhich must be placed in quotation marks after the declaration of the attri-

bute. The attribute image=”...” is responsible for the preservation of the visual structure of the first

type, in the blots of this attribute, it is necessary to specify the path of the corresponding image,
the attribute icon=”...” is responsible for the preservation of the visual structure of the second type,
in the blots of this attribute it is necessary to register the path of the corresponding icon. The term

definition is placed between the <keyword> ...
</keyword> tags.

The existing structure of the xml-file is filled with elements from the data Table “term

definition – visual structures” (keywords.xml) (Fig. 6).

The xml-file filled with elements of the data Table is responsible for the safety of the data

that will be used in the future developed by the multi-dairy edition.

5. Discussion

Microsoft Visual Studio, the C# programming language using Windows Forms, was chosen

as a tool for developing an electronic publication.

keywords

chapter

keyword

1 11111

keyword

chapter chapter chapter chapter chapter

keyword chapter

chapter

keyword

chapter

keywordkeyword

<keywords>
<chaptername=" General concepts ">
<keyword name="Edition block" image="images\zagal1.jpg"

icon="images\z2.png">
a set of printed sheets or notebooks, enclosed at the root, containing all

pages of a future edition.

</keyword>
<keyword name="Edition" image="images\zagal.jpg"

icon="images\z.png">
a printed product intended for the dissemination of information contained

therein, has undergone editorial and publishing work, is self-printed and has

original information.

</keyword>
<keyword name="Cover" image="images\zagal2.jpg"

icon="images\z3.png">
the outer cover of the edition that connects to the unit without the

flywheels.
</keyword>
<keyword name="Bookbinding" image="images\zagal3.jpg"

icon="images\z4.png">
the outer covering oftheproduct that connects to the block with or without

the two flywheels and the core material.

</keyword>
</chapter>

</keywords>

Fig. 6. The xml file filled with elements of the data Table “term – definition – visual structures”

Fig. 5. The tree structure of the xml file that contains the elements of

the data Table “term – definition – information fragment – visual structures”
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The practical result of this work is the creation of a multimedia application “Visualization

of Publishing Standards” for the visualization of information for the font design ofpublications for

children. The design ofthis multimedia application was developed according to new trends in the

field of design – the “flat” design (flat design), as evidenced by the colors and navigation elements

used in the multimedia application.
Basic principles ofFlat design:
1) lack of unnecessary effects;

2) simplicity of the elements;
3) accurate work with fonts. The use of simple elements increases the importance of typog-

raphy in design. Working with fonts should be done very carefully. The nature of the font should

complement, and not contradict, the general design scheme. A font in a “flat” design is an import-
ant navigation element. The simplicity of the elements does not mean that complex fonts cannot be

used. Simply, everything should be sustained in the style ofminimalism;

4) minimalism. In a “flat” design, it is possible to avoid unnecessary “bells and whistles”,

complex approaches to the visualization of elements.

The structure of the application “Visualization of Publishing Standards” has four compo-
nent forms, each of which has corresponding elements (which perform the corresponding naviga-
tion and interactive tasks) and performs functional tasks. The general concept of the multimedia

application is presented in Fig. 7.

The Software implementation of a multimedia application begins with the creation of a new

project in the Microsoft Visual Studio environment, namely the WindowsFormsApplication proj-

Form 1 Form 2 Form 3

MULTIMEDIA
APPLICATION

ш
VISUALIZATION

OF

PUBLISHING

STANDARDS

| ► | |

Copy the "Specifications"

The publication can be

printed in offset or letter-

press.

It is forbidden to print an

edition in intaglio.
It is not recommended that

you print Group I and

О

Select a term from the list

Design and execution of the

Indent Fields

Paragraph indent Line

Capital letter Signature
Footnote Descent

Sign Table

Illustration Text

The final page Column

© 1 1 ■ -

{
\

- ■ 11

U- Form 4

1

1

�
�

�
� D>scent

1
1

1

1
1

1
1

xml|

�

—.> Sjyv 1ЛДЛЧХ

in
0
w

g

dentation
n homepage
ithout mar-

ns from the

p edge to
3

—

/ \
i CACHE f

Ч..У

Click for

I"| viewing
_l| the corre-

■ ■ ■ ■ ■ ■
1

�

p
Fig. 7. The work scheme of the “Visualization ofpublishing standards” multimedia application
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ect, which will allow to begin creating windows (form) of the future multimedia application. At the

beginning of the creation of forms, let’s determine the size of the future publication and the ability
to change the size of the form. In order to set the sizes of future forms, the application needs to

specify the sizes in pixels in the properties of the forms in the Size section: 900; 754. The future

multimedia application has fixed form sizes, therefore, in the form properties in the FormBorder-

Style section, specify the value FixedToolWindow. It is also necessary to enter a name for the future

publication and fix the icon, in the Text section let’s mark “Visualization of information”, and in the

Icon section let’s define an icon for the future multimedia application. For each form, a developed
background image is loaded using the section in the properties of the BackgroundImage forms.

Form 1 of the application has only one element – this is the navigation element – the button

(button1), which is responsible for switching to relatively (Fig. 8).
This code is in the class Form1.cs.

private void button1Click(object sender, EventArgs e)
{

//At the clickof a button go to form 2

varform2 = newForm2();
form2.Show();
this.Hide();

}

Fig. 8. The program code of the button, which makes the transition to Form 2

Form 2 has three elements: the first label1 – does not have any navigation and interactive

functions, it is just an inscription, informs the user about what needs to be done in this form, the

second element is textBox1, the field into which it is necessary to copy a fragment of the standard

text (section “Technical requirements”) and the third element is button1, which is responsible for

saving the text that was entered into textBox1 by activating the corresponding class, as well as for

switching to the next form (Fig. 9).
This code is in the class Form2.cs.

private voidbutton1_Click(objectsender, EventArgse)
{
//Memorizes the entered text

Program.State.Text = textBox1.Text;

// Press the button to go to form 3

varform3 = newForm3();
form3.Show();
this.Hide();

}

Fig. 9. The program code of the button, performs the operation ofsaving text and

transition to Form 3

The code that declares the State class, which is responsible for saving the entered text, is in

the Program.cs class (Fig. 10).

// A global object for storing information

public static State State { get; private set; }

Fig. 10. State class declaration

The description of the State class is found in State.cs (Fig. 11).
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using System.Collections.Generic;
using System.Linq;
using System.Xml.Linq;

namespace PublicationStandartsVisualization

{
///<summary>
/// A class that stores the state of an application at runtime

///It also has a database ofkey terms

///<summary>
public class State

{
public string Text { get; set; }
public Chapter SelectedChapter { get; set; }
publicKeyword SelectedKeyword { get; set; }
publicIEnumerable<Chapter>Chapters { get; set; }
publicstatic State Load()

{
//Creating an empty status object

var result = new State();
try
{

//Open keywords file
varkeywordsDocument = XDocument.Load("keywords.xml");

//Handling groups of key terms for the drop-down list

result.Chapters = keywordsDocument
.Descendants("chapter")
.Select(c => new Chapter

{
Name = c.Attribute("name").Value,

Keywords = c.Elements("keyword")
.Select(ParseKeyword).ToArray()

}).ToArray();
}

catch

{
}

return result;
}
// Processing each keyword from a configuration file

private static Keyword ParseKeyword(XElement el)
{

varimageAttr = el.Attribute("image");
var iconAttr = el.Attribute("icon");
return new Keyword

{
Name = el.Attribute("name").Value,
Image = imageAttr != null ? imageAttr.Value : null,

Icon = iconAttr != null ? iconAttr.Value : null,
Description = el. Value

};
}

}
}

Fig. 11. State class program code

Form 3 has five elements: the first label1 does not have any navigation and interactive func-

tions, it is just an inscription that informs the user about what needs to be done in this form, the

second comboBox1 element is a drop-down list of terms group names, the third flowLayoutPanel1
element reflects the listkey terms using the RadioButton elements, the fourth element ofbutton1 is

the transition to Form 2, the fifth element ofbutton2 is the transition to Form 3.

The second and third elements are related to each other, because when to select one of the

group names options presented in comboBox1, the set ofkey terms that are part of the flowLayout-
Panel1 element will change (Fig. 12).

This code is in the class Form3.cs.
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privatevoidcomboBox1_SelectedIndexChanged(objectsender,EventArgse)
{
//Check whether events can be processed from the drop-down list

if (!isInitialized) return;

// Cleaning the panel with RadioButton

flowLayoutPanel1.Controls.Clear();

// Memorizes the selected item from the list

varchapter= comboBox1.SelectedItem as Chapter;
if (chapter== null) return;
Program.State.SelectedChapter= chapter;

//Fill in the RadioButton panel from the key terms associated with the drop
down box

boolhasSelection = false;

foreach(vark inchapter.Keywords)
{

//Creating a RadioButton with a key term name

varrb = newRadioButton{Text = k.Name, Margin = newPadding(5), Tag = k,
Width = 300, Height=28};

//Ifthis is the last selected key term (the user has returned to form 4) mark

it as selected

if(Program.State.SelectedKeyword== k)
{

hasSelection = true;
rb.Checked = true;

}
flowLayoutPanel1 .Controls. Add(rb);

}
// If no key terms are selected, select the first term in the list

if(!hasSelection)
{
(flowLayoutPanel1.Controls[0] asRadioButton).Checked = true;
}

}

Fig. 12.The program code of the comboBox1 (flowLayoutPanel1) elements

Buttons button1 and button2 navigate – go to Form 2 and Form 4 (the code is also in the file

Form3.cs) (Fig. 13).

private void button1_click( object senter, EventArgs e)
1

// click buttons to go to form 2

varform2 = new Form2();
form2.Show();
this.Hide();

}
private void button1_click( objectsenter, EventArgs e)
}

// searching for RadioButton favorites and memorizing the associated

key term

foreach(var rb in

flowLayotPanel1.Controls. 0fType<RadioButton>())
if(rb.Checked)
{

Program.State.SelectedKeyword= rb. Tag as Keyword;
}

}
// click buttons to go to form 4

varform4 =newForm4();
form4.Show();
this.Hide();

Fig. 13.Program code for button1 and button2
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Form 4 has six elements: label 1 – display of the key term, piturebox – reflection of the first

type ofvisual structures, richtextbox – reflection of the definition of the key term, button1 – transi-

tion to Form 3, button 2 – opening a pdf file with a visual structure of the second type, label 2 – an

inscription corresponding to the task ofButton 2 (Fig. 14).
This code is in the class Form 4.cs.

public Form4 ()
{

InitializeComponent();
//Thekey term chosen on Form3

varkeyword =Program.State.SelectedKeyword;
if(keyword !=null)
1
//Displays an image related to a key term

//Ifthere is no image, show the default image
if(string.IsNullOrEmpty(keyword.Image))
{

pictureBox1.Image = Properties.Resources.no_image;
}
else

{
pictureBox1.Image = Bitmap(keyword.Image);

}
//Display the key term related icon on the PDF output button

//Ifthere is no icon, show the default icon

if(string.IsNullOrEmpty(keyword.Icon))
{

button2.Image = Properties.Resources.no_icon;
}
else

{
button2.Image =new Bitmap(keyword.Icon);
}

//Output the name of the key term

label1.Text = keyword.Name;
//Outputofkey term description

richTextBox1.Clear();
richTextBox1.SelectAll();
vari = richTextBox1.SelectionLength;
richTextBox1.AppendText((keyword.Description ?? "").Trim(new[] {

'', V, V, '\t'}));
1
1

private void button2_click( object senter, EventArgs e)
1

//search in the text typed in Form 2 for the key term selected in Form 3

varchapters = TextSearch.FindString(Program.State.Text,
Program.State.SelectedKeyword.Name).ToArray();

// ifnot found, show the message
If(chapters.Length == 0)
{

messageBox.Show(“No matching snippets were found!”);
return;

}
// create a temporary file to burn a PDF document

var file = Path.GetTempFileName();
file = Pats.ChangeExtension(file, “pdf”);

// Generate a PDF document in a temporary file

PDFHelper.CreatePDF(file, chapters);
// wait for the operation to complete
System.Threading.Thread.Sleep(1800);
// open pdf document

Process.Start(file);
}
private void button1_click( object senter, EventArgs e)
1

// click buttons to go to form 3

varform3 = newForm3();
form3.Show();
this.Hide();

}

Fig. 14. Program code for Form 4
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In the process ofwriting code for Form 4, two auxiliary classes were added – TextSearch.cs,
which searches for fragments of text that was entered in Form 2, which contains the key term that

is selected on Form 3 and PDFHelper.cs, which generates PDF-document.

The structure of the application “SOU 22.2-02477019-11: 2014 Printing. Edition for chil-

dren. General Technical Requirements” has eight component forms, each ofwhich has correspond-

ing elements (which perform the corresponding navigation and interactive tasks) and performs
functional tasks. The general concept of the multimedia application is presented in Fig. 15.

In general, the functionality remained from the previous application, but the new one is

supplemented with a button that opens a window with visualized data tables. This button appears

at the moment when the user has selected at least one key date, which is part of the tabular data.

Regarding functionality, a textBox element was added, which allows the user to enter the value of

the font size parameter and depending on what value is entered, the ratio of other parameters rela-

tive to the entered value changes. The element also implements the interactivity of the multimedia

application, depending on the parameter entered, the font size of the font changes the appearance

of the rendered data tables.

The textbox element code is shown in Fig. 16.

The result of the software implementation is the finished multimedia applications, which,

according to the standardization visualization technique in terms ofprepress preparation ofpubli-
cations, is the final product of the third stage of the presentation of the visual form.

Another example of the implementation of the metaphorical visualization method “para-
metric ruler” is a multimedia didactic complex in the discipline “Technological processes of

publishing and printing” (Air Force TP), developed by the authors as part of the e-learning
system (Fig. 17).
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Fig. 15. The work scheme of the “Visualization ofpublishing standards” multimedia application
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private void textBox_TextChanged(object sender, EventArgs e)
{try
{
if(double.Parse(textBox 1.Text) < 14 &&

double.Parse(textBox1.Text) >=12)
{

pictureBox1 .Image =

PublicationStandartsVisualization.Properties.Resources._3_1;
}
if (double.Parse(textBox1.Text) < 16 &&

double.Parse(textBox1.Text) >= 14)
{

Clear();
pictureBox1.Image =

PublicationStandartsVisualization.Properties.Resources._3_2;
}
if (double.Parse(textBox1.Text) < 18 &&

double.Parse(textBox1.Text) >= 16)
{
Clear();
pictureBox1.Image =

PublicationStandartsVisualization.Properties.Resources._3_3;
}
if(double.Parse(textBox1.Text) < 20 &&

double.Parse(textBox1.Text) >= 18)
{
Clear();
pictureBox1 .Image =

PublicationStandartsVisualization.Properties.Resources._4_2;
}
else

{
if (double.Parse(textBox1.Text) >= 20)
{

Clear();
pictureBox1.Image =

PublicationStandartsVisualization.Properties.Resources._4_3;

Fig. 16. Program code for the textbox element
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Fig. 17. General structure of the multimedia didactic complex in the discipline “Technological
processes ofpublishing and printing” (TPPP)
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For the created multimedia didactic complex, the following types of interactive infographic

objects were used:

– infographic stories for building interesting and visual practical exercises;
– interactive test systems in the form of infographic tables;

– interactive maps for the organization and administration of the educational process, sched-

uling, student accounting and their performance;
– infographic tables that allow students to perform common tasks or consult on their imple-

mentation.

As possible limitations of using the proposed methodology for visualizing information for

use in multimedia applications, there are individual characteristics of the user’s mental activity
formed under the influence of personal and situational factors. In particular, the proposed visual-

ization technique can be effectively used by users of visual-effective and visual-figurative types of

thinking. But objective difficultieswith the use of visualization techniques may arise in users with

a verbal-logical type of thinking.

6. Conclusions

Thus, as a result ofresearch, a technique is proposed for visualizing information for use in

multimedia applications, which facilitates the perception of a large amount of text information and

ensures its presentation in multimedia systems. Using this technique allows to more fully cover a

large amount of information for presentation in multimedia applications, reduce the cost of finding
the necessary information and fix it at the visual level.

This study allows the user to explore the space of objects with their parameters, resulting
in the possibility of optimizing the functionality of multimedia applications. The results of this

research can be used in the design of multimedia applications both at the design stage to support

decision-making on the choice of information presentation method, and to analyze the degree of

optimization of the functionality of an already developed publication.
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Abstract

This paper presents authors analytical view on social impacts as targeted advertisement into the network environment using

Omori tectonic theory for description the processes of audience response evolution. This could be extremely important and useful in

the modern world to realize desirable e-Gov informational policy in the circumstances of hybrid treats emergence that is especially
relevant for the informational space and reaching a cyber-supremacy. Some mathematical and algorithmic basics were contributed

for narrative description of information and communications technologies (ICT) architectural deployment could be used for outer

regulation of audience response character by Social Media Marketing (SMM) principles. That could be performedby controlled dis-

tribution ofspecified digital content that contains respective key phrases, for example social advertisements and analyzing respective
feed-backs. Some results of the empiric study of live audience response dependence on controlled impacts are discussed. Election

processes data and recent media recordings for preliminary proof ofthe contributed concept feasibility have been analyzed. There

were shown using gathered empiric data sets, that the extent of impacts to targeted audience response intensity could be the subject

of outer regulation. The index has been contributed for assessment the efficiency of the impact’s propagation inside the audience

by calculation ofrow correlation of keyword occurrence and audience response intensity. The approaches suggested in the article

can be useful both for building effective interactive systems of state-society interaction and for detecting manipulative traits when

influencing a specific audience.

Keywords:controlled social impact, SMM, ICT, targeted content advertising, e-Gov strategy, cyberspace, tectonic theory.

DOI: 10.21303/2461-4262.2020.001101

1. Introduction

Many ofus heard about earthquakes and their forecasting. Current models for stresses fore-
casting are not precise, due to long term character of earthquakes recurrence and relatively low

volumes of statistics. But, some of them are mathematically suitable to describe the distribution

of the information activity peaks intensity in the blogosphere [1], especially while applying SMM

procedures actively. Other works, such as [2, 3], investigate the distribution of message lengths and

dependence of its parameters on informational events excitation and excitation wave propagation
in a homogeneous scale-free network features respectively. The distribution of the information

activity peaks intensity turned out to be similar to the distribution of the intensity of underground
shocks in the earth’s crust – aftershocks (small stresses following the main stresses), the number

of aftershocks decreases inversely in proportion to the time elapsed since the moment of the main
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stress, and this law is the name of the Japanese scientist Omori, which at the end of the nineteenth

century observed aftershocks ofa strong earthquake in central Japan and foreshocks (small shocks

preceding the main blow) [4].
In [1] two types of information shocks were distinguished, the “seismograms” of which dif-

fer radically. A graph similar to a bell for an endogenous (internal) stress present a peak preceded

by a curve that fixes the gradual increase in the frequency of informational events (i. e. targeted
informational activities intensity), followed by a near-symmetrical form of attenuation. The mo-
ments ofstresses it fixes are induced by information circulating in the blogosphere of informational

space for a long time, both before and after the peak. An example ofthe endogenous event is elected

President’s inauguration after final declaration of the poll.
The authors of the article also point out that the peak and post-peak reaction of the informa-

tional space correlates with the behavior ofkey word markers preceding an endogenous shake, that

is, in a certain sense, predictable. Hence the hypothesis is reasonable that knowing the behavior

of precursors can even control this reaction, to build a predictable SMM automated system. As of

2011, by the keywords there were revealed about 150 of individual endogenous events, but exoge-

nous (that is, caused from the outside) – about 1000 [1]. In fact, it was shown that exogenous events

are an order of magnitude greater than endogenous, and one media event generally corresponds to

events in several word frequencies (occurrences) of related keywords.
Obviously, the blogosphere, while being a part of the information space, is at the same time

a highly-strung environment that loses equilibrium in two main scenarios. According to the first

one, endogenous (Fig. 1, b), in part of this medium, the gradual ordering of information begins

(participants in the information environment, bloggers show increasing interest in a particular
topic), reaching at some point the least entropy (the maximum of discussion), followed by a gradual
relaxation and loss of information (interest in the subject of information impact disappears). This

is an oscillating process, and it is important that the information involved in it is contained in the

oscillating system itself, that is, endogenous.

The second, exogenous, scenario is quite different: despite the lack of information in the

system, it instantly arranges (many participants in the information environment begins to discuss

a topic unexpectedly) (Fig. 1,a). It is clear that the sources of low entropy are the information here

from the outside or being under SMM impact. An apologist of the Next Generation of “Media 2.0

concept” is obliged to object that in this case, the source of external information does not neces-

sarily have to be traditional media that themselves are excited by the same pattern, responding to

some events (the same nomination to candidates Sarah Palin in former 2008 US Vice-President’s

Elections or Volodymyr Zelenskiy nomination in recent 2019 Ukrainian President’s Elections).

a b

Fig. 1. The two basic scenarios of impact evolution through informational events into cyberspace:
a– exogenous; b – endogenous (by [1], modified by authors)
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Social media – Twitter, Facebook, and various blogs – are built on the similar principle, as opposed
to traditional media with their hierarchical editorial policy [5].

This is a peer-to-peer, non-hierarchical info communication network with peer-to-peer

agent nodes (individual users’ interaction of the P2P type), as shown in [6]. The processes oforder-

ing/excitement are one-sided, so it is safe to assert with a high degree of certainty that exogenous

events (most often found to be frequent for the blogosphere) are induced by traditional media just
like long-lived trends, for example, in Twitter. Otherwise, it will have to divide the blogosphere into

“true new media” and “untrue”, which already contradicts the non-hierarchical ideology concept
of “Media 2.0”.

The problem statement. That is, knowing basic principles of these two evolutional processes

it is possible to try to impact the informational,or, more correctly, cyber space with inducing and/or

controlling desirable informational events as a part of state or commercialized SMM strategy. And,

introducing, configuring, adoption of info communication platforms to deploy appropriate technol-

ogies of such impacts’ automation is not known to authors from open literature sources of very last

years. This work is intended to describe possible scenarios of informational impacts in cyberspace
and draw the ways oftheir efficiency increasement. On our opinion, in the modern world this kind

of informational impacts is very important to save the leadership of the state, commercial presence,

cyber supremacy using modern ICT environment appliance.
The structure of the paper. Chapter 2 of this paper is dedicated to the brief theoretical de-

scription ofpossible scenarios of informational impacts propagation in cyberspace using Omori

tectonic theory. Subchapter 2.1 describes pure endogenous information event with controlled

post-impact; subchapter 2.2 is dedicated to the support of quasi-endogenous information events

with hidden pre-impact and controlled post-impact; and, finally, subchapter 2.3 briefly describes

quasi-exogenous information event with no pre-impact and controlled post-impact case. After

that in the chapter 3 let’s make generalization of algorithmic basics for the implementation of

the strategy of controlled social impacts in the information space. A visual algorithmic descrip-
tion of SMM kind information operations associated with both the target distribution of a given
information content and the collection of data on response changes in the preferences and sen-

timents of various user groups has been given. Subchapter 3.1 is dedicated to the statement of

the classification problem for audience profiling procedures into ICT environment that supports
informational space to reach the targeted groups of electronic services consumers effectively.
The hierarchical classification of the target audience profiling levels for ICT content distribution

platforms that sharing key messages in e-government platforms over the information space has

been contributed. And subchapter 3.2 describes the authors opinion on features of SMM tech-

nique implementation applicable to the strategy of managed social impacts based on e-govern-

ment ICT platforms. Chapter 4 is devoted to the brief analytical case study of audience response

dependence on some events, including controlled impacts and declared approaches feasibility

preliminary assessment. Subchapter 4.1 shows the qualitative comparison of presented in the

paper dependences with statistical processes, available from existent literature sources. And sub-
chapter 4.2 presents the empiric study results discussion of live audience response dependencies
on controlled impacts and their efficiency. The discussion and conclusions are also presented in

the chapters 5 and 6 respectively.

2. Some theoretical basics of the Omori tectonic theory and description ofthe options for sce-

narios of informational impacts propagation in cyberspace
Let’s make a hypothesis that, evidently, it is possible to create a public resonance over short

period of time, with the given amplitude, both with the help of the right endogenous precursors

(key elements of the information presence or SMM strategy), and to manage it using a sequence

of influences, while fixing how they affect in a feedback system on the basis of which allows to

describe the moments of the compensating influences that lead the whole segment of system to a

state of quasi-constant resonance (both for the endogenous and for the exogenous reaction of the

target groups of society). Let’s describe these processes on the basics of Omori tectonic theory for

earthquakes shocks intensity description applicable to the targeted audience response.
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Works [4, 7] give the description of Omori’s law, as:
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where, conditionally, t is peak impact recurrence time; ris

the reference seismicity rate, proportional to the reached peak-event intensity level (the maximal

frequency ofkey words occurrence) into informational space (Fig. 1).

By [1] the endogenous events’ cumulative distribution of event-size Eis similar to the

Gutenberg-Richter law with a parameter β of 0.574, that is typical for earthquakes (attenuation of

social influences and inflammation of these effects by after and foreshocks), and for an exogenous

case it could be fitted by this law with exponent 1.003 (when a contribution of introduced external

impacts prevails).

Gutenberg-Richter law, where events’ intensity Eis proportional to radiated seismic energy

(discussion intensity propagation of an event within some targeted group):

is the characteristic relaxation time; t
ra

( ) ()1*

r

PE E E−β+> ∝ (4).

Let’s also give the Omori law interpretation within view of (4) for intensities of fore-and

aftershocks while informational events evolve within certain audience inside a cyberspace. For

exogenous events and impacts equation (6) exists only:

( )( )0 0

−α

< ∝ − (5)i
wt t t t g

,

( )( )0 0

−α

> ∝ − (6)i
wt t t t

d
.

Here i(t) is the frequency (occurrence) of i-th key words at the time t(or nearest time in-

terval). Let’s follow with considering scenarios of informational impacts in the cyberspace while

maintaining SMM automation by ICT means.

w

2.1.Scenario 1. Pure endogenous information event with controlled post-impact re-

sponse

With this scenario, first it is necessary to detect new trend in the society or targeted so-

cial group, and to define right key words to impact this group, late to decide about expediency
of controlled impact support after event peak size time moment (t=0, Fig. 1,b). This could be

performed by monitoring algorithm presented in Fig. 2(key messages monitoring in the infor-

mational space and probably by using certain kind of deep learning algorithms, neural networks

etc.). This algorithm could be realized by means of implementing the scalable metadata fixation
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platform, applicable approaches are described in the works [9–11]. An additional keywords in-

jection process is depicted in Fig. 3. If controlled endogenous aftershock impact is desirable, it is

possible to implement (voidable) algorithms in Fig. 4, 8 (key messages injection process to sup-

port controlled social impact and to stabilize the impact intensity during taaftershock period),
where fmsg.inj. is proposed, as equivalent of corrective (compensation) key messages injection in-

tensity (at the time t) within aftershock active impact period (up to ta time) and could be assessed

in respect to (1)–(3) as:

~ ~
= −~ ~

~ ~
P 1a, -( fo) ,04

w°2Г+1 ’ ’

Swi(t)f wt
wtRt

.. 0i

i

msginj
1

bythe volumeofallocatedresources,aswellasbythe criterion ofaccomplishingthegoalsset

wtRt
i 0 0

(7)

and event-size for key words set iat peak-time t0 (t0=0) is taken by [1]:

following the stress step, and ris proportional to E. l0 , and taking ta~T):1 wt
i

it t T
E =

,

0

T2 1 +0 0
,

+

∑ ()wt

= −tt T0

i

(8)

where i(t) is the frequency (occurrence) of key word iat the time t. For our informational impact’s
propagation, it is possible to put a relaxation time t

a
≈T(Fig. 1,b).

In the case of possible negative compensation intensity appearance, it means, that it is

necessary to apply lawful interception and filtering measures for key messages on the state level

or try to introduce new impact to the targeted groups and snuff out current superfluous reso-

nance in the cyber space. In any case, the duration and expediency of influence is determined

by the volume of allocated resources, as well as by the criterion of accomplishing the goals set

of SMM strategy.
Let’s note that it is necessary to choose t

a

>t
r

to extinguish or change the subject of impact
in a managed system with social influence and tr>>ta for long-term maintenance of the level of

managed social impact with injection of key messages considering (7), (8); where tr, as recurrence

time could be calculated by solved equation (3) (where τ
r

and τ are the stressing rate prior to and

following the stress step, and ris proportional to Ei,t0, and taking t
a
≈T):
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Start of the key messages monitoring in the informational

space

Monitoring service enabling in the kth clock zone

One-hour delay

Fig. 2. The basic algorithm of key messages monitoring in the informational space

The difference between Fig. 2, 3 is that first one is intended for passive monitoring of

informational space or digital media resources, and the second one is intended to realize con-

trolled (hidden) pre-impact, to reach, respectively, defined event peak intensity in some SMM

strategy activities’ profile. Time-zones are also featured in the case if scalable strategies are

realizing.
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Start of the key messages monitoring in the informational

space

Monitoring and messages injection service enabling
in the kth clock zone

One-hour delay

Fig. 3. The basic algorithm of monitoring and injection of the key messages to

informational space

2.2. Scenario 2. Quasi-endogenous information event with hidden pre-impact and con-

trolled post-impact response

Within this scenario, itis firstly necessary to determine hidden pre-impact beacons forprepa-
ration the society (or audience) to react on some informational event very intensively (Fig. 1, b).
Calculations of the necessary time profile for intensities of hidden preliminary pre-impacts (sub
active phase) should be performed using (7) and (8) and considering desirable event-size E ,
T - the

period for preparation, and,
accordingly

to the used algorithm of monitoring and injection
of the key messages to informational

space, involving ICT mechanisms (Fig. 3).If controlled after-

shock impact is desirable, it
is

possible to implement algorithms in Fig. 3,
5

applied mandatory by

Fig. 7,

using Fig. 4 after reaching ofpre-defined event peak size limit E
0

into the cyber (informa-

tional) space to stabilize the impact intensity during T aftershock period.

Start of the key messages injection process to support
controlled social impact

Periodic receiving metadata with designated
wi(t)parameters of statistics from monitoring

system (network metadata): social networks,
search statistics, social opinion analysis, state

lawful interception etc.

Calculation of the optimal timing parameters of social impact
strategy, including assessment ta, tr, periodic calculation of the

current R(t),fmsg.inj.

Injection predefined key messages by ICT

using facilities of advertisement, informational

agencies, social networks segment, electronic

media etc. (state as well as commercial sectors

should be involved)

Delay by 1/fmsg.inj.

Fig. 4. The algorithm of the key messages injection process to support controlled social impacts

Start of the key messages injection process to support
controlled social pre-impact

Periodic updating of

Injection the predefined key messages by ICT using
facilities ofadvertisement, informational agencies,

social networks segment, electronic media etc. (state as

well as commercial sectors should be involved,

Fig. 6, 11)

w

Delay by

i(t)need –w

i(t)need– wi(t))

i(t)

1/(w

Fig. 5. The algorithm of the key messages injection process to supportcontrolled social pre-impact
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Fig. 6 presents a means set of ICT platforms and their deployment process to support infor-

mational impacts in the targeted cyber space segments. Thus, for endogenous influences scenarios

it is necessary to evaluate amplitude of influence and make selection of t, t in order to maximize
(to

reach desirable amount of) E 0 and R(l) in real time based on the results of feedback analysis of

statistical indicators, in
particular statistics

for dedicated keywords wit), for example byfeedback

from the infocommunication environment by metadata fixation system, Fig. 6.
Thedesigning features

of

cloud messaging protocol for content distribution as a service isstudied in [12], and respective architectural concepts are presented in [13], and also in [14]. Let’s
also note that all

social networks and media distributionplatforms use cloud engines to operate
with higher resource efficiency.

It is important to determine correctly targets and targeted geographical regions/audi-
ence for social impact informational injection by

ICT and

intensity timing profile of social

informational impact (chosen SMM strategy) that supported by
ICT to

calculate
the

features
and scalability potential of such technical platforms in

the

future works. That is, the further
researches

on

ICT distributed platforms adaptation (feedback collection features,maximal

load

in specialized architecture for impact propagation assessments) should be performed in
the future. Mentioned architectural features should consist of e-services plurality, and servers

configuring,impact propagation
in

networks flowcharts, results of proposed techniques im-
plementing and automation.

2.

3. Scenario 3. Quasi-exogenous information event with no pre-impact and controlled
post-impact response

Forthis case scenario implementing
(Fig.

1, a) it is necessary to define initial key event

to determine the most effective moment for implementing the exogenous impact using Fig. 2,
and mandatory by Fig. 8, 4 algorithms. Let’s note that this is very simplified approach and

do not consider deep learning algorithms formalization procedures here, as it could be the

subject of special and stand-alone investigation. The algorithm in
Fig.

4 is used after reach-
ing of pre-defined event peak size limit E intothe cyber (informational) space to stabilize

and control theimpact intensity during t exogenous aftershock period. The rest features of

implementation were described in the first scenario. All these presented algorithms consider
separate impacts within pre-defined clock zones during ongoing SMM strategy realization.

Let’s note, the respective effects to the targeted audience could
be got

using commercial mes-

saging services (Fig. 6), for example by Viber commercial solutions, Google Adds, Facebook,
Telegram services etc.

Social impact intensity feedback (network metadata) collection process

ICT platforms facilities to control social impacts in cyberspace

State and

commercial

informational

agencies for

media content

synchronous

delivery

Lawful

(commercial) robots

coordinating in

social networks

(both domestic and

Electronic

media
Content-
providers

nets

coordination

content

synchronous
delivery

Fig. 6. A means of ICT platforms and their deployment process to support informational impacts
in cyber space during ongoing SMM strategy realization

Fig. 7 depicts the algorithm of key messages monitoring service enabling in the kth clock

zone to be realized within proposed scenario described in subchapter 2.2.
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Start of the key messages monitoring service enabling in the k
th

clock zone

Collection the information with key messages statistics, including
w i(t) calculation into informational space (network metadata)

Pre-defined delay (by deployed monitoring system features),
assessment of i(t)need–wi(t) profile, using (7), (8) considering desirable event

size Ei,t0and Tvalues

w

Support ofcontrolled pre-impact in the kthclock zone

with wi(t),wi(t)need

No
Check if current E≥Ei,t0

Yes

Start of injection of the key messages to informational space

Support of controlled impact in the kth clock zone

One-hour delay

Fig. 7. The algorithm ofkey messages monitoring service enabling in the kth clock zone

No

Start of the key messages monitoring service

enabling in the kth clock zone

Collection the information with key messages statistics (i. e.

intensity) calculation into informational space (network metadata)

Pre-defined delay (by deployed monitoring system features)

Check ifcurrent E≥Elimit

Yes

Start of injection of the key messages to informational space

Support ofcontrolled impact in the kthclock zone

One-hourdelay

Fig. 8. The algorithm ofthe key messages monitoring service enabling in the kth clock zone for

exogenous impact preparation strategy

In Fig. 7, 8 module “Support of controlled impact in the kth clock zone” could be realized

using facilities that have been described and depicted in the following section 3 of this paper.

3. The generalized approach to the implementation of the strategy of controlled social im-

pacts in the information space

To date, the data on user activity in the world information space has become a valuable

information resource. Hidden, but credible reports (from casual life practice) about leading glob-
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al IT companies such as Google, Facebook, Twitter, Microsoft, MasterCard, VISA, booking and

reservation Services and many others involved, probably make possible to postulate that them

use their products to provide B2B collaboration between different companies in order to get the

most complete profile of the persons who consuming their or third-party digital Services. The

purpose of obtaining such information is not only the selection of a content for its personalized

preferences and sentiments [15, 16], for SMM introducing but also realization of unprecedented
cases of information operations related to both targeted advertising [5, 17], as products, goods
and Services, and political forces, social programs of the State, as well as with the manipula-
tion of the opinion of representatives of certain social groups, that is, the creation of targeted
social influences, in some special cases operations of cyber-fight on the territory of the enemy,

etc. Information and telecommunication platforms, with the help and on the basis of which the

above-mentioned activities are realizing, as a rule, are simultaneously platforms of state e-gov-

ernance or incorporated. Support for information operations and SMM automation on their new

ones becomes most effective in the case of targeted segments of an audience, which profiled and

integrated into target groups based on the characteristics that are posed when implementing a

strategy of managed social impacts (Fig. 9).

In Fig. 9 the DBMS/Metadata/UIDs profiles module should perform the UIDs collection

and storing process (under respective State DB Administration advising); and late binding the col-
lected metadata to collected UIDs, which data space is organized under UID’s unification policy
(by format) for e-mail addresses, web-addresses, links to additional content, users’ pages links to

social networks/forums etc. This forming DPI and web-crawling results that could be used further-

ly in feedback analysis process.

3.1. The statement of the problem of SMM automation into ICT environment

According to [18–20], typical examples of information impact generators are:

– Social networking groups;

– Small forums with the community of their participants;

World Wide

Web

UID/URL

queues

Scheduler I: concurrent

scheduling by profiling
of 1a, 1b, 2, 3 types

Scheduler II: feedback

Internet

Profiling
goals
(tags

lists)

resources

URLs Multiple threads

URLs sequence

Social impacts tasks

(strategy realization)

(feedback analysis)

Multi-threaded

downloading pool

(cloud-based)

Profiling of types 1.b and 3

(by geo-tags and by topic-,

interests-based tags)

UIDs/metadata/text

feedback-coupling procedures

Social impact intensity feedback

(network metadata) collection

process and contentdelivery
eGov ICT platforms facilities

deployment to control social

impacts AI-crawlers &

profiling DB

subsystem

Profiling of type 2

(by topic tags)

UIDs

Profiling of type 1.a

(by geo-tags)
Content-providers’
nets coordination

UIDs/links etc.

The commercial robots

coordinating in social

networks (both domestic and

international) to deliver key
messages

UIDs/links etc. UIDs/links etc.
An electronic media

content (key messages)

synchronous delivery in

media-blogs, comments,

social networks’ groups

etc.

DPIState and commercial

informational agencies for

media (digital) content

synchronous delivery

UIDs/profiled
data
for

address
content
delivery

DPI

using
UIDs

requests
Profiling

(tags)

DBMS/

Metadata/

UID

profiles

& DB

feedback

Fig. 9. The generalized approach for implementing the strategy of controlled social impacts into

the information space
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– Sections or topics of large forums with a community of forum members who are active in

a section or topic;
– Thematic interactive sites or blogs and the commentators’ communities;
– Thematic sections of the online media and the commentators’ communities.

Thus, profiling levels of the target audience for infocommunication complexes for deliver-

ing key messages in e-government platforms in the process of managing social impacts (or while

realizing SMM strategy) could be classified and presented as following (ordered by decreasing the

performance):
1a. Managed broadcasting of key media messages (in mass media), broadcasting targeted

advertising messages and content in the media, for example, social advertising, for which the nec-

essary coverage area should be determined, or certain geographic areas.

1b. Managed broadcast of commercial advertising and content or social content in social

networks, for which it is necessary to determine the target audience based on the territorial prin-
ciple, using the meta-information collection (geo-tagging) in the database (DB) of the electronic

communication platform of the e-government Artificial Intelligence (AI) subsystems using web

crawlers (web-spiders) – programs that are part of search engines. And, respectively, Internet-driv-
en web pages analyzing to enter information about them (key-words) to a database (Fig. 10) [21].

According to the definition ofWikipedia, spider programs perform a general search of information

on the Internet. They report the contents of the found document, index it and extract the summary

information. They also read headers, some links, and submit the indexed information to the search

engine database. The prototype of powerful crawler architecture that could be implemented in the

cloud environment is presented, for example in [22].
2. Group distribution within the framework of implementing the strategy of managed social

impacts of key informational messages (target media content) to members of social networking

groups and forums, their sections, commentator communities of thematic interactive sites, includ-

ing sections of electronic mass media. To determine and create a target audience database, it is

necessary to use artificial intelligence subsystems (AIs) using web crawlers that search for relevant

topics, key words, etc.

3. Individual targeted mailing ofkey messages to profile users of social networks and other

ICT systems whose UIDs lists are determined by a set ofkeywords (subject topics, user interests)
that are captured by the web crawler AI subsystem for the implementation of a certain SMM strat-

egy for managed social impacts.

For the implementation of all three proposed levels of profiling of target audiences for in-
focommunication delivery Systems of key messages in e-government platforms, it is possible to

use metainformation fixation Systems with the use of DPI (Deep Packet Inspection) technologies
(Fig. 11). This architectural direction in relation with inter-cloud messaging protocol development
for content distribution as a Service (of CoDaaS type) over Future Internet is for example inves-

tigated and discussed in [12]. Algorithms and generalized strategies for the implementation of

computer-aided SMM influences are developed by the authors of this publication and could easily
be automated by IT companies.

World Wide Web

Multi-
threaded

downloader

Scheduler

Queue

URLs

URLs

Text and

metadata

Storage

Fig. 10. The basic architecture of the typical Web-crawler software tool (by Wikipedia),
by [21, 22]
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The algorithms that improving the storage efficiency ofDPI technological applications and

respective database management principles are discussed in [32], and semantic principles of such

analysis are also given and developed in the works [18, 20].

3.2. The features of implementation of the strategy of managed social impacts based

on E-Government ICT platforms
An important aspect of the functioning of e-government platforms for managing informa-

tion impacts is the monitoring of metadata in the Internet space [1] (particularly, in the socio-in-

focommunication environment) (Fig. 9,11). Content providers operating within the existing na-

tional legal field may be required to configure their networks in such a way as to elaborate the

concepts of the introduction of e-government systems and provide secured data-based services

in accordance with the processes of the operation of the established infocommunication platform

(Fig. 10). Feedback-coupling mechanisms are also needed to control the effect of the implemen-
tation of certain information operations and the possible automated adjustment of the imple-
mentation of the strategy of e-government or advertising campaigns of SMM kind on selected

groups of users of certain information resources. An important feature of searching through
search engines is the need to create a single informational field with unique identifiers of these

or other user profiles (global UIDs). But this, in turn, requires the creation of a reliable informa-

tion storage and information security measures that should be developed at the state level on the

hybrid ICT platform (Fig. 9,11). Relevant robotic crawling devices should have a special mode

of access to Internet-based traffic points due to the specifics of their operation and the large
number of consistent requests [22]. Distribution of commercial or other type of information in

such socio-communication environments as social networks is rather complicated process [2, 3],
therefore its course should be managed using means of artificial intelligence. Accordingly, the

development of such tools is one of the priorities for the creation of e-governance systems for

the future. Their application will facilitate the coordination of efforts of various organizations
of commercial and public character within the framework of established systems for controlled

social impacts and their protection in the national information space as automated SMM strategy

realization, including from potentially hostile multinational corporations.

Task-setting
(SMM strategy

realization)

ICT platforms facilities to

control social impacts in

cyberspace

Social impact intensity
feedback (network
metadata) collection process

AI crawlers &

profiling DB

subsystem

Profiling of types
1.b and 3 (by

geo-tags and by
topic-, interests-

based tags)

Profiling of

type 1.a (by
geo-tags)

Profiling of

type 2 (by geo-

tags)

Commercial

robots

coordinating in

social networks

and messengers

State and

commercial

informational

agencies for

media content

synchronous
delivery

Electronic media

content (key
messages)

synchronous delivery
in media blogs,

comments, social

networks’ groups etc.

Content-
providers nets

coordination

DPI

Fig. 11. Means ofeGov (ICT Systems) platforms and their deployment to support information

impacts into social and communication space, with proper targeting the audience

(performed by the authors)
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4. A brief analytical case study of audience response dependencies on controlled and casual

impacts
Authors should note that analytical (statistical) proof of the dependencies (Fig. 1), presented

in this work faces with difficulties due to different reasons. And, to some extent, these difficulties

highlight the partially debating character of the paper, which scope was to present idea and draw

narrative ICT approach of the controlled impacts realization (of SMM kind) under specified target-

ing audience, being used as a part of state informational policy implementation within respective
e-Gov services deployment. The main difficulty (Fig. 9) is using the specialized technique, named

DPI or lawful interception. It means that effective realization of such ICT platforms, regardless
of their commercial or state ownership, faces with specified law constraints, being a kind of data

intelligence process [23] and obtained data, regardless of its volume are as usual classified (as by
the US regulations, as well as in EU, PRC, and another countries). It means also that data sets, col-

lected using such approaches are in the property of state or commercial structures and cannot be

published without their permission, even for scientific purposes. But authors could strongly agree

with readers that this situation does not satisfactory, and providing in this paper result of their own

alternative study.

4.1.The comparison with statistical processes,known from existent literature sources

First, let’s compare character of dependencies in Fig. 1 [1] with results of Twitter crawl-

ing that were made in [24] and [25]. These works represent the information propagation (twits’
volumes) about Abu Dhabi double-crime event (2014) and Sebastian Vettel victory in Formula 1

(2013), respectively. The correlation oftime synchronized curves from [25] and of Fig. 1, a gives
the correlation index 0.3802 and respective index 0.4416 to Fig. 1, b. For this case, the intensity

growth of audience response was smooth. It means Fig. 1, b, that discussion was growth inside

the society (is more endogenous), being ad initium quasi exogenous. Therefore, it is suddenly that

the event of Sebastian’s Vettel victory in F1 competitions (2013), studied in [24] is much more

endogenous (correlation indexes are 0.62 versus 0.1, respectively), as the attributes of hidden ad-

vertisement and publicity hooks are, evidently, were presented during that campaign. It could be

concluded from this that used material by [1] in general is correct and could be used for further

scientific investigation process.

4.2. The empiric study of live audience response dependence on controlled impacts
and its efficiency evaluation

Secondly, let’s analyze 50 data sets, generated from certain video files which contain re-

cordings ofUkrainian TV talk-shows with the echo of the indexes ofpositive/negative reaction of

the auditorium is made, according to the topic of the discussion. It is postulated that a sample of

more than 300 viewers present in the television studio is representative of all sections of society
to a sufficient extent (justified by TV-channel sociologists), and their moods and preferences are

aggregated and become an anonymous echo of the audience in the running echo graph (using
also remote interactive ICT means), and the audience fairly adequately represents certain target

groups that would be formed in the Internet space by topic and preferences, in relation to the

topics covered in a particular television program. Let’s detect the typical time profile of the audi-

ence response during all the program [26] (the properties of analyzed materials are substantially
equivalent to the retrieved from mentioned media), Fig. 12 (accomplished by authors, empirical
data, no simulation was used).

Authors specially do not show the process of data retrieving, as this is out of scope for this

paper’s topic but interested readers could contact authors personally to get some data set in the

table format. Let’s note that this process could be automated using Microsoft Azure toolset and

appropriate software deployment, to detect necessary keywords. As for this case the keywords
used were the following (in Ukrainian): “president, system, responsibility, referendum, reform”.

The endogeneity of the audience’s reaction prevails (the correlation index to the Fig. 1, b is about

0.30 versus 0.18 for this index to Fig. 1, a). The keywords usage occurrence profile is quasi-exog-
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enous (the correlation index to the Fig. 1,ais about –0.03 versus –0.23 for this one to Fig. 1,b).
The efficiency of the impact’s propagation inside the audience by row correlation index ofkeyword
occurrence and audience response intensity is 0.17. For the reaction intensity the t

r

index value is

about 40–48 minutes, and tr>>ta, ta≈5–6 minutes.

A data from Fig. 12 could show that the medium reaction level is 80 %. This case is studied

with condition of controlled impacts absence.

The next case is more interesting, as one from the authors of this paper could be represented
in the editorial office during the TV program recording (the properties of analyzed materials are

substantially equivalent to the retrieved from recorded media [27]) and conditionally could made

hidden advices to the linkman how often to control the discussion, using certain calculations, based

on the pre-collected dataset. So, hypothesis, postulated in this paper were put under verification by
respective series ofexperiments.

The respective temporal profile of audience response intensity against keywords’ usage

occurrence is shown in Fig. 13 (accomplished by authors, empirical data, no simulation was used).

This TV program recordings were analyzed and for this case the keywords used were the

following (in Ukrainian): “demarcation (peace), peace, negotiations, conflict, invasion, Minsk trea-
ties, fight (protect), corruption”. Analyzing Fig. 13 let’s note that there are signs of exogeneity of

the audience’s reaction (which is cardinally different to previous case and typical for hidden im-
pacts in more than 80 % of such cases) at the level of informative (and partly emotional) attitudes

from the participants of the discussion (the correlation index to the Fig. 1,ais about –0.06, but this

index to the Fig. 1,bis less than –0.03, so this is ambivalent situation, or hidden exogeneous reac-

tion). The keywords usage occurrence profile isendogenous (the correlation index to the Fig. 1, b is
about 0.21 versus –0.18 for this one to Fig. 1,a). The efficiency of the impact’s propagation inside

the audience by row correlation index of keyword occurrence and audience response intensity is

0.31 (that is up to 45 % (!) greater, than for previous case, Fig. 12). And the times for impacts ac-

100
Reaction intensity, %

Reaction
intensity,

90

80
70
60
50
40

30
20

10
0

0.06-0.08 0.10-0.12 0.14-0.16 0.18-0.20 0.22-0.24 0.26-0.28 0.30-0.32 0.34-0.36 0.38-0.40 0.42-0.44 0.46-0.48 0.50-0.52 0.54-0.56 0.58-1.00 1.02-1.04 1.06-1.08 1.10-1.12 1.14-1.16 1.18-1.20 1.22-1.24 1.26-1.28 1.30-1.32 1.34-1.36 1.38-1.40 1.42-1.44 1.46-1.48 1.50-1.52 1.54-1.56 1.58-2.00
Time, hrs

100

90

Reaction
intensiry,

80

70

60

50

40

30

20

10

0

0.10-0.12 0.12-0.14 0.14-0.16 0.16-0.18 0.18-0.20 0.20-0.22 0.24-0.26 0.26-0.28 0.28-0.30 0.30-0.32 0.32-0.34 0.34-0.36 0.36-0.38 0.39-0.41 0.42-0.44 0.45-0.47 0.48-0.50 0.51-0.53 0.54-0.56 0.57-0.59 1.00-1.02 1.03-1.05 1.06-1.08 1.07-1.09 1.10-1.12 1.13-1.15 1.16-1.18 1.19-1.21 1.22-1.24 1.25-1.27 1.28-1.30 1.31-1.33 1.34-1.36 1.37-1.39 1.40-1.42 1.43-1.45 1.46-1.48 1.49-1.51 1.52-1.54 1.55-1.57 1.58-2.00 2.01-2.03 2.04-2.06 2.07-2.09 2.10-2.12
Time, hrs

Fig. 12. The temporal profile ofaudience response intensity againstkeywords’ usage occurrence

(the empiric data are gathered)

Fig. 13. The temporal profile ofaudience response intensity against keywords’ usage occurrence

in the case ofcontrolled impact realization (the empiric data are gathered)
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tivization were assessed by (9), t index value is chosen and implemented (retrieved from Fig. 13)
as about 12–14 minutes, and ta≥tr, ta≈16–20 minutes. Thus, scenario 2 was implemented (using
appropriate time scaling).

A data from Fig. 13could show that the medium reaction level is 74 %, so the energy of

audience response is more constant, being “smeared” over time, accordingly to (4). The controlled

reaction overcomes the negative expressions about the subject of discussion, making the disputing
more constructive.

r

5. Discussion of the development features of the Basic Concept for ICT Platforms Deployment
Strategy for Social Media Marketing

As for disclaimer, this work could be partially considered as positional authors’ look. It was

not performed as a part of project, supported by any organization/government. All investigation
should be considered as the private initiatives of authors. But all described processes of informa-

tional impacts are considering to be realized and automated into the models of specialized ICT

infrastructure for further investigations. Being highly significant for the developing of the partner-

ship between business, government and citizens, a part of this work could be transformed on the

commercialization basis, especially in SMM automation field.

Let’s note that high informational impact intensity stabilizing during ta aftershock period by
means ofICT (Fig. 6) is a sort of cyber operation and should be performed carefully under control

of respective state services and in the interests of the state due to its potentially destructive charac-

ter [28–30]. Especially, when significant targeted resonance is created within short period of time.

It is very important to define goals, subject and components of informational cyber impact correct-

ly, as well as targeted geographical region and audience coverage, including traditional media, and

by means of state or commercial advertisement agencies’ resources (as for example), depending on

amount of allocated resources. Ways of ICT means effective application, including cloud resources

virtualization and scaling is also very important question in the national scale systems [31] to be

investigated in the future.

Interesting is also approach with creation of countermeasures to the undesirable hidden

informational impacts while they are not appeared in the form of highly resonance informa-

tional peak-event, by setting some “sematic jamming” with specially adopted contrary key
words or lawful interception (of DPI kind) traffic filtering. In the active phase, while reso-

nance into informational space is undesirable and is high it should be considered inspiring a

new exogenous impact using inequality t
a

>t
r

and assessments by (9) to extinguish or change
the subject of current impact (or to struggle current strategic trend) in a managed system with

targeted social influence in some region or social group. But this technique could be the sub-

ject of further study.
As was already noticed, correct determining of targets and targeted geographical regions/

audience for social impacts informational injection by ICT and intensity assessment of such im-

pacts by ICT to calculate the features and necessary scalability potential of the respective info-
communication architectures are mutually significant tasks. Nearest investigations will be also

addressed to the technical side of the proposed approaches realization with support of their auto-

mation by means of ICT.

The necessity of attention of the state to the issues raised in this work is undoubted, since

the benefits from active interaction with society consists not only in carrying out of certain infor-
mation campaigns, but its consequence, in essence, is the achievement of the top of the process of

society informatization in the postindustrial era, which will directly contribute to the consolidation

of a single monolithic nations.

6. Conclusions

Therefore, in this paper, the general statement of the problem of implementing the strategy
of controlled social impacts in the information space based on hybrid intelligence ICT platforms is

considered. Thus, as a result of investigations conducted within this work, it is possible to conclude

the following.
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A generalized visual algorithmic description of information operations (of SMM sort)
related to both the targeted distribution of the given information content and the collection of

feedback data on reactionary changes in the preferences and sentiments of certain groups of

users in the relevant social and informational environments is presented (three scenarios were

depicted).
The classification of types of users’ profiling ofdigital services in the information space has

been contributed (three types were described), which can be practically useful in the development
of e-government systems on the basis of modern ICT tools. A brief characteristic of the profiling

process to arrange a target audience for the purpose ofcarrying out the above-mentioned informa-
tion operations on the basis of infocommunication platforms operating in an open Internet space

is given. Authors find an effective the transition to hybrid cloud information and communication

technologies for the implementation of the processes shown in Fig. 9.

As could be concluded from Fig. 12,13 (using empirically collected data) the approaches
that presented in this article could significantly improve the efficiency of the impact’s propagation
inside the targeted audience using controlled social impacts (SMM-based) technique. It is possible
to contribute, as a result of empiric experimental data sets analysis, an efficiency evaluation index

of the impact’s propagation inside the audience by row correlation calculating of keyword occur-

rence and audience response intensity (in the conditions ofpre-defined impacts absence this index

is about 0.17, otherwise it was increased up to 0.31, or by 45 %).

Developed mathematical description helped to assess the timing parameters for live im-

pact propagation control purposes. It has been empirically shown that it is necessary to choose

ta>trto extinguish or change the subject of impact in a managed system with social influence

and t
r

>>t
a

for long-term maintenance of the level of managed social impact with injection of

key messages (from Fig. 12: t
r

=40–48 min, t
a

=5–6 mins; and from Fig.13: t
r

=12–14 min,

ta=16–20 mins).
The authors are planning to conduct a further and deeper analytical empiric study to con-

firm in more accurate manner the postulated in this paper target audience reaction intensity de-

pendencies on the keyword occurrences which used to impact on this reaction character. For this

purpose, more issues of information-analytical television programs will be taken, during which the

echo of the indexes of positive / negative reaction of the auditorium is made, according to the topic
of the discussion. Social networks data dynamics study is also planned to be used.
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Abstract

A method for determining the contours of objects on complexly structured color images based on the ant colony optimization

algorithm is proposed. The method for determining the contours of objects of interest in complexly structured color images based

on the ant colony optimization algorithm, unlike the known ones, provides for the following. Color channels are highlighted. In

each color channel, a brightness channel is allocated. The contours of objects of interest are determined by the method based on the

ant colony optimization algorithm. At the end, the transition back to the original color model (the combination of color channels) is

carried out.

A typical complex structured color image is processed to determine the contours of objects using the ant colony optimization

algorithm. The image is presented in the RGB color space. It is established that objects of interest can be determined on the resulting

image. At the same time, the presence of a large number of "garbage" objects on the resulting image is noted. This is a disadvantage
of the developed method.

A visual comparison of the application of the developed method and the known methods for determining the contours of

objects is carried out. It is established that the developed method improves the accuracy of determining the contours of objects.
Errors ofthe first and second kind are chosen as quantitative indicators of the accuracy of determining the contours of objects in a

typical complex structured color image. Errors ofthe first and second kind are determined by the criterion ofmaximum likelihood,

which follows from the generalized criterion of minimum average risk. The errors of the first and second kind are estimated when

determining the contours of objects in a typical complex structured color image using known methods and the developed method.

The well-known methods are the Canny, k-means (k=2), k-means (k=3), Random forest methods. It is established that when using

the developed method based on the ant colony optimizationalgorithm, the errors in determining the contours ofobjects are reduced

on average by 5–13 %.

Keywords:contour, object, color image, ant colony optimization algorithm, color space.

DOI: 10.21303/2461-4262.2020.001108

1. Introduction

Many branches of technology related to the receipt, processing, storage and transmission of

information are currently largely oriented towards the development of systems in which information

has the character of color images. A large number of color images are obtained in geology, miner-

alogy, biology, metallurgy, medicine, ecology, agriculture, military affairs, cartography, etc. [1–4].
The current trend in the development of technical systems is the production of complex

structured color images presented in heterogeneous color spaces. Folding structure of color images
of modern technical systems is determined by the resolution of the sensors, their sensitivity, and

also due to [5]:
– presence of a large number ofheterogeneous objects;
– objects in the image belong to various structural and spatial elements;
– each type ofobject has its own significant characteristics, it must be taken into account;

– objects are morphologically complex structures;
– objects are compact and low contrast compared to the background.
In such systems, it is important to ensure the accuracy of determining the contours of ob-

jectsof interest. The accuracy of determining the contour ofan object is understood as ensuring the

continuity of the contour. This is especially important in automated image processing in order to

develop and use machine learning methods using deep neural networks, convolutional deep neural

networks, recurrent neural networks, etc. [1, 2]. Machine learning methods are used in computer
vision systems, decoding of aerospace images, medicine, bioinformatics, automatic speech recog-
nition, etc. [1, 2, 5, 6].

Existing methods for determining the contours of objects in color images provide for the

preliminary conversion of a color image into a tonal image [1, 5, 6] and the further use of well-

known methods for determining the contours of objects in tone images [1, 7, 8]. A study of the

use of well-known methods for determining the contours of objects in color images indicates the

following disadvantages [1, 5–8]:
– conversion of a complex structured color image into a tonal image leads to a break in the

contour of the object, loss of the share of information, and, as a result, some decoding features of

objects of interest;
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– definition of the contours of objects is carried out sequentially in the “sliding” window

leads to breaks in the contours of the objects when combining the information of the “sliding”
windows;

– accuracy of determining the contours of objects substantially depends on the selected

initial parameters of known methods;
– complicated procedure for adapting well-known methods to the current situation (methods

work according to a “hard” program);
– accuracy of determining the contours of objects by known methods does not satisfy the

quality requirements for solving problems that are assigned to technical systems and the like.

So, the development of a method for determining the contours ofobjects of interest in com-

plexly structured color images is relevant.

The aim of research is increasing the accuracy of determining the contours of objects
of interest in complexly structured color images through the use of an ant colony optimization
algorithm.

To achieve the aim, the following objectives:
– to develop a method (set ofactions) to determine the contours of objects in a typical com-

plex structured color image based on an ant colony optimization algorithm;
– to determine the contours of objects in a typical complex structured color image by the

method based on the ant colony optimization algorithm;
– to evaluate the accuracy of determining the contours of objects in a typical complex struc-

tured color image by the method based on the ant colony optimization algorithm.

2. Review of problem
In [9], it is proposed to determine the contours ofregions in a color image using the method

of maximum likelihood (expectation-maximization). The method uses colored signs of regions,
spatial coordinates of points, texture signs (anisotropy, polarity, contrast, etc.). The method [9] is

effective only for determining the contours of large regions (forest ofvarious textures, field, lake,

sea, ocean, city, etc.) in color images.
In [10], a method for searching scenes in color images (WAveLetbased Retrieval of

User-specified Scenes) is proposed. Scenes are understood as large territories – forests, agri-
cultural fields, wetlands, rivers, lakes, seas, oceans, urban landscape and the like. At the first

stage of the method, the Haar wavelet transform is carried out, the coefficients of which form

the scene feature vector. At the second stage, scenes are highlighted in a color image by clus-

tering local areas in the feature space. The feature vector is the result of averaging the local

feature vectors of the areas included in the corresponding scene. The main disadvantage of

the method [10] is the possibility of its application only for determining the contours of large
territories.

In [11], a method based on wavelet-based Indexing of Images Using Region Fragmentation
was proposed to determine the contours of objects in color images. The method uses the global
Haar transform wavelet for the image in the Hue-Saturation-Value (HSV) color space (hue-sat-

uration-brightness). The determination of the color uniformity of the region is performed by
comparing the trace of the covariance matrix of the image. It follows the covariance matrix of

the image is calculated by the coefficients of the wavelet transform with an empirically selected

threshold value. For regions with a heterogeneous color, the wavelet-perturbation coefficients are

partitioned into 2–10 clusters. Better breakdowns are determined by the value of the evaluation

function, taking into account only large regions. The main disadvantage of the method [11] is its

effectiveness for determining the contours of only large regions, the consumption of significant
time for conducting wavelet image analysis.

Methods for determining the contours of color images [1, 5–8] provide for the preliminary
conversion of a color image into a tonal one. After conversion, in the future, well-known methods

for determining the contours of objects on tone images are used. Briefly consider the known meth-

ods for determining the contours of objects in tone images.
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In [1], methods are proposed for determining the contours of objects in images based on

the use of a two-dimensional differential scalar Laplace operator. The main disadvantages are the

impossibility ofdetermining the direction of the border, not highlighting, but only emphasizing the

difference in brightness. This leads to breaks in the contours of objects.
In [2], gradient methods are proposed in which the full image gradient vector is calculated.

The main disadvantages are the difficulty of solving the Bayesian problem, the need for a priori
knowledge of conditional probabilities of gradient values.

In [6, 7], heterogeneous methods ofspatial differentiation are used (Sobel, Prewitt, Roberts,
Wallace methods, sequential masking, etc.). The main disadvantages of the methods are the pres-
ence of gaps, points, and strokes forming an interfering background, the need to know the initial

approximation to the desired boundary, and significant computational costs. The disadvantage of

sequential masking methods [7] is the reduction in image contrast, image blur. The disadvantage
of the Laplacian – Gausian (LoG) method [7] is the non-directionality of the Laplace and Gauss

operators, which leads to the appearance of contour breaks.

In [8], the Canny boundary extraction method is used to determine the contours in an image.
The Canny method provides a high probability of detection, high localization accuracy. The disad-
vantage of the Canny method is the destruction ofboundaries at the connection points.

In [12], a method for determining closed loops in images based on a piecewise optimization
strategy is proposed. The main disadvantage of the method [12] is the possibility ofusing it only for

contours consisting ofBezier curves.

In [13], the active contour method is proposed. The disadvantages of the method are: high

accuracy of the initial approximations, the presence of gaps, significant computational costs.

In [14], the use of neural networks is proposed to determine the contours. Neural networks

are certainly suitable for determining the contours of objects in complexly structured color images,
but require lengthy preliminary training.

In [15], the use of neural networks for mapping and land cadaster using images from the

WorldView-2 system (DigitalGlobe, United States of America) was proposed. The methods pro-

posed in [15] solve problems in rural areas. The application of the methods [15] to the determina-

tion ofcontours in complexly structured color images without a preliminary high-quality learning
process is difficult.

Methods [16–18] are based on the fact that objects consist of geometric primitives (straight
lines, circles, etc.). The work of such methods is based on the integral vector Radon transform [16]
and the Hough transform [17]. These methods provide a qualitative definition ofgeometric primi-
tives in images, for example, when revealing a power line in a forest area [17]. The use of the Radon

and Hough transforms [18] is advisable only in the case of determining the geometric primitives of

simple objects. It can be images of forests, agricultural fields, rivers, seas, oceans and the like. In

conditions ofcomplex structured images, the Radon and Hough transforms do not ensure the integ-
rity of the contours of objects of interest, leading to the appearance ofa large number of “garbage”
objects. This significantly affects the quality of further decryption of images.

In [5], in the processing of medical tone images when determining geometric primitives, the

well-known methods for determining contours and the Radon and Hough transforms are succes-

sively used. The results [5] make it possible to qualitatively determine the geometric primitive in

medical images. More complex contours ofobjects in medical images, especially in bioinformatics

systems, are destroyed.
Thus, the methods for determining the contours of objects in images have certain draw-

backs, and their application to determining the contours of objects in complexly structured color

images does not ensure the continuity of the contours of objects.
In [19], the use of evolutionary methods is proposed for segmenting medical images. The

main attention in [19] is given to the genetic method of segmenting a medical image. The main

drawback [19] is the use of the method only for segmenting simple objects on medical images. This

is due to the strictbinding to the conditions for the formation of the medical image and the infor-

mation component, which is presented in the medical image.
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In recent years, swarm methods for solving heterogeneous optimization problems have been

rapidly developing. So, in [20], to find global extrema of complex functions (the function of a

sphere, Rastrigin, Schwefel, and others), the method of artificial bee colony is used. The main

advantages of the method are the non-susceptibility of looping at local optima; multiagency im-

plementation; ability to adapt to environmental changes; the possibility of using for solving both

discrete and continuous optimization problems.
In [21], the use of the ant colony optimization algorithm is proposed to solve the traveling

salesman problem and heterogeneous transportation problems. The main advantages of the ant

colony optimization algorithm are ensuring the continuity of the transport path, the possibility of

efficient separation into parallel processes, adaptation, high speed, optimization of control, inde-

pendence from unsuccessful initial solutions, primer search for the best solution in the solutions of

all agents (ants).
The appearance of swarm methods does not go unnoticed by image processing special-

ists either. In [5], the use of swarm methods for segmenting tone images was proposed. The

features of the ant method, the artificial bee colony method, the particle swarm method, and

the like are considered. But the fact ofusing swarm methods in [5] is not investigated, but only
postulated.

In [22], the well-known k-means method was proposed for segmenting a medical image.
To select the optimal number of segments k and calculate the Euclidean distance between the seg-

ments, the use of the ant colony optimization algorithm is proposed. The sequence of operations
of the ant colony optimization algorithm in general is given in [21]. In [22], in contrast to [21], an

objective function is introduced that takes into account the features of calculating the Euclidean

distance between segments, an optimization problem is formulated and solved, which consists in

minimizing this distance. The results of [22] are applied to optimize the choice ofk domains of the

k-means method.

In [23], the application of the ant colony optimization algorithm to determine the contours

of objects in tone images is presented. In [23], the objective function is introduced taking into

account the peculiarities of the formation of an aerospace image. Applying the results of [23]
to determining the contours of objects in complexly structured color images leads to a loss of

the share of information and some decoding features of objects of interest. Also, the quality of

determining the contours of objects of interest does not satisfy the requirements for the quality
of problem solving.

To conduct further research in order to increase the accuracy of determining the contours,
let’s pose the problem of developing a method for determining the contours of objects of interest in

complexly structured color images based on an ant colony optimization algorithm.

3. Materials and methods

It is known [21, 23] that the ant colony optimization algorithm provides for the determi-

nation of the inextricable path of each agent (ant). The continuity of the path of agents along the

contour of objects, in turn, will lead to the continuity of the contour of the object of interest in the

image. By the method of determining the contours of objects of interest in complexly structured

color images based on an ant colony optimization algorithm, let’s mean the set of actions leading
to the solution of the problem [24]. When developing a method for determining the contours of

objects on complexly structured color images, let’s take into account the color space of the image

representation. The most difficult in terms of processing is the processing of color images present-
ed in the Red-Green-Blue (RGB) color space [1, 5, 7, 8]. So, for further study of the definition of

the contours, let’s carry out in each color channel of the color spaceRGB. It is known [1,5, 7, 8] that

the quality of determining the contours of objects depends more on the brightness of the pixels in

the picture and less on the hue and saturation. In this regard, in each color channel, it is advisable

to highlight the brightness channel. In view of the above, the method for determining the contours

of objects of interest in complexly structured color images based on the ant colony optimization

algorithm, in accordance with the definition of the term “method” [24], can be represented in the

following form (Fig. 1).
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1. Input data:

–f(X) – initial complex structured color image, X(x, y) – coordinates ofpoints on the image;

~ ~
~ ~

=~ ~
~ ~

S

S

S

S – a vector that determines the total number of agents in color channels (SR– in

the color channel Red, SG– in the color channel Green, SB– in the color channel Blue);

R

Pr)

G

B

–
~ ~
~ ~

=~ ~
~ ~

α

α α

α

R

G

B

– a vector that determines the weight of the pheromone in the color channels;

–
~ ~
~~
β

β β

β

=

R

~~
~ ~

G

B

– a vector that determines the “greed” of the method in color channels;

–

ρ~ ~
~ ~

ρ=ρ~ ~
ρ~ ~

R

G

B

– a vector that determines the rate of pheromone evaporation in color channels;

Begin

Initial data input:
f()X, S, α,β, ρ,F0

Highlightingcolor channels in the original imagef(X):
fR(X), fG(X), fB(X)

Highlighting the luminance channel in each color channel

of the original imagef(X)

Determining the contours of objects of interest by the

method based on the ant colony optimization
algorithm[22, 23], obtaining images for each color

channel: fsR(X), fsG(X), fsB(X)

Reverse to RGB color model (color channel merging)

fs(X)

End

Fig. 1. A set of actions (method [24]), which leads to the solution of the problem ofdetermining
the contours of objects of interest in complexly structured color images based on an ant colony

optimization algorithm
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~ ~
~ ~

=~ ~
~ ~

F

F

F

F – a vector that determines the initial level of pheromone concentration in

color channels.

2. Highlighting color channels in the original image f(X):fR(X), fG(X), fB(X) (where fR(X),
fG(X), fB(X) – the images on the color channels Red, Green, Blue, respectively).

3 The allocation of the brightness channel in each color channel of the output image: fR(X),
fG(X), fB(X).

4. Determination ofthe contours ofobjects of interestby the method based on the ant colony
optimization algorithm [22, 23], obtaining images for each color channel: fsR(X), fsG(X), fsB(X)
(where fsR(X), fsG(X), fsB(X) – an image with certain contours of objects of interest in the color

channels Red, Green, Blue, respectively).
5. Return to the RGB color model (combining color channels).
6. Obtaining the resulting image fs(X).
Thus, the novelty of the method for determining the contours of objects of interest in com-

plexly structured color images based on the ant colony optimization algorithm, in contrast to the

known ones, consists in:

– highlighting color channels;

– highlighting in each color channel of the brightness channel;
– determination of the contours of objects of interest by the method based on the ant colony

optimization algorithm;
– reverse transition to the original color model (combination of color channels).

0R

on-boardoptical-electronicsurveillancesystembasedontheIkonosspacecraft(GeoEye,USA)0 0G

0B

4. Experiments on processing conventional color images
4. 1. Determination of the contours of objects on a typical complex structured color

image by the method based on the ant colony optimization algorithm
As a typical output of a complex structured color image, let’s use a color image from the

on-board optical-electronic surveillance system based on the Ikonos spacecraft (GeoEye, USA)

(Fig. 2) [25]. This is the territoryof the Donetsk airport in 2015. The image is presented in the RGB

color space. Image size – (868×847) pixels.

Image Processing ofcomplex structured color image for determining the contours ofobjects
will be carried out by the method based on the ant colony optimization algorithm (Fig. 1).

Fig. 3 shows the images of the brightness channel of each color channel of the RGB color

space of the original image ( Fig. 2).
In the brightness channel of each color space, the ant colony optimization algorithm is used

to determine the contours of objects. The ant colony optimization algorithm, taking into account

the results of [21, 23], is represented by the following sequence ofactions.

Fig. 2. Initial color image [25]
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1. Initialization of the initial positions of the agents in the picture at the first iteration (j=1).

Xi1(xi1, yi1) – the vector of agent positions at the first iteration, i=1, 2,
…,

S; S– the total number of

agents. The total number ofagents S is equal to the number ofpixels in the original image.
2. Calculation of the objective function ()ϕj

X at thej-th iteration. As the objective function

at the j-th iteration, let’s define function (1):

S N

ϕ =∑∑
ХИтК0» r=1whereaandp-parametersspecifyingthe weight of the pheromoneandthe“greed”ofthemethod,

respectively;

m m

j ii

m i

P jD jX (1)
1 1= =

enceinbrightnessofneighboringpixelsforthem-thagentatthe/-thimagepointatthey'-thiteration

()miPj – the probability of transition

of the m-th agent to the i-th turning point of the route at the j-th iteration (2):

where m– the current number of the agent; N– the image size;

-k—coefficienttakingintoaccountthedifferenceinscalesalongthexandуaxesandthe
brightnessoftheimagepixelsandvariousunitsofmeasurementofelementarydisplacementsand brightness.Ifthebrightnesstakesvaluesfromthe range[0..255],thenk=1;-1д(y)|- thedifferenceinbrightnessofneighboring pointsfor theти-thagentinthe/-th

α β

( )m m

i i
F

m

i R
P j

()
=

j L j

( b() ()⋅∑ )
,

1

F jLjα

t

=

r

r

(2)

where α and β – parameters specifying the weight of the pheromone and the “greed” of the method,

respectively;
– R– the number ofpossible turning points of the route;

– ()mi
L j – the attractiveness of the route section for the m-th agent at the i-th image point at

the j-th iteration;

j – pheromone concentration of the m-th agent at the i-th point of the image at the

j-th iteration;
()mi

F–

()miDj function determines the length of the route section taking into account the differ-

ence in brightness ofneighboring pixels for the m-th agent at the i-th image point at thej-th iteration

and is determined by the expression (3):

–

() () () (),m m m m

i iii
D j x j y j kfj=++~~ ~ (3)

y j~ – the elementary displacements of the m-th agent at the i-th image point
at the j-th iteration along the xand yaxes, respectively;

– k– coefficient taking into account the difference in scales along the xand yaxes and the

brightness of the image pixels and various units ofmeasurement of elementary displacements and

brightness. If the brightness takes values from the range [0..255], then k=1;

– ()~mif j – the difference in brightness ofneighboring points for the m-th agent in the i-th

image point at the j-th iteration – (4):

()where m

ix j~ ()mi,

Fig. 3. Images ofthe brightness channel ofthe original color image (Fig. 2) in the color channels:

a–Red; b – Green; c – Blue
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\±fr(j)\=\ '•(4) -/(<. OO.-v".OO)3.Movementofagents.Intheantcolonyoptimizationalgorithmineachiterationofthe iterativeprocess,magentssearchforasolutionandupdatepheromonesalongthefoundroute.m

m −
~f j

fx jy j
m

i i

i
=

imagepointatthej-thiterationinversely dependsonthelength oftheroute segment,forexample(7):
L'0)=~m-(7)

)1 1whereD—aparameterthattakesintoaccounttheimage scale.
m route istakenequaltoandequaltosomesmallnumber F(].After eachiteration,theconcentrationm

i ifx
m—1

− jy,− − j
(4)

3. Movement of agents. In the ant colony optimization algorithm in each iteration of the

iterative process, m agents search for a solution and update pheromones along the found route.

Each m-th agent starts the path from the starting point of the route, successively passes the turning

points of the route selected by the method and ends the path at one of the end points of the route.

The movement of agents is carried out according to the criterion of the minimum ofthe objective
function (1), which, taking into account the quadruple connection of the movement of agents (5):

Thus,intheantcolonyoptimizationalgorithm for determiningthecontoursofobjects,itis
1+ =~~

mm

i i
x j y j (5)ThereturntotheRGBcolormodeliscarriedoutbycombiningcolorchannelsusingthe

has the form (6):

() ()

() ()1 1 1 1

( ,

1 min.

( ,== −−

~ ~~ ~−

ϕ = + →~ ~~ ~
~~−~ ~~ ~

∑∑
m mSN
iim

j i mm

m i ii

fx jyj
P j k

fx jy j
X (6)() ()

Let’s believe that the attractiveness of the route ()miLj section for the m-th agent at the i-th

image point at the j-th iteration inversely depends on the length of the route segment, for example (7):

1
()

()

m

i
L j =

m

i

1

D
,

D

j

0+ e

(7)

where D0– a parameter that takes into account the image scale.

At the beginning of the iterative process, the amount of pheromone in the sections of the

route is taken equal to and equal to some small number F0. After each iteration, the concentration

of pheromones in the areas selected by the agents is updated according to the rule(8):

(
M

+ = −ρ + ∆∑)(m m m) ()1 1F j F j F (8)ii

−

i

m 1

,

i
F – the concentration of the pheromone

on the i-th section of the route is created by the passage of the m-th agent.
As a result of a certain number of iterations, the most attractive routes are determined by

the chosen criterion, the concentration ofpheromone on which is maximum. Pheromone gradually

“evaporates” on unattractive routes, and unattractive routes disappear. At α=0, the agents at each

step go to the nearest turning point of the route, and the ant colony optimization algorithm turns

into the “greedy” method of the classical optimization theory. When β=0, only the effect of phero-
mones is taken into account will quickly lead to a suboptimal solution.

4. Verification of the fulfillment of the stopping condition. If the condition is met, then the

original image with certain contours of the objects is obtained. Otherwise – the transition to the

second paragraph.
Thus, in the ant colony optimization algorithm for determining the contours of objects, it is

reduced to calculating the objective function, the totality of the areas of movement of agents, and

the concentration ofpheromone on the routes ofmovement of agents.
The method parameters are the same for the brightness channel of each color channel and

are equal to: S=735,196 agents (the number of pixels in the picture), α=2; β=1; ρ=10-3; F0=10-2. The

number of iterations in each color channel is the same and equal to 50.

The return to the RGB color model is carried out by combining color channels using the

well-known rules for mixing colors and the laws ofmathematical logic [1].

[ ]0,1ρ∈ – the evaporation rate of pheromone; ∆ mwhere
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The result of determining the contours in a typical complex structured color image using the

ant colony optimization algorithm is shown in Fig. 4. Objects of interest are also identified in the

resulting image (Fig. 4), for example, containers with oil or fuel for airplanes; airplanes that sur-

vived after striking; aircraft that have been damaged or destroyed and the like. Decryption of these

objects of interest, recognition, thematic classification, and more is the subject of further research

and remains outside the scope of this work.

It should be noted that there is a large number of “garbage” objects in the resulting im-

age (Fig. 4). This is a disadvantage of the developed method.

4. 2. Assessment of the accuracy of determining the contours of objects
Let’s conduct a comparative visual assessment of the accuracy of determining the contours

of objects by the developed method and known methods. As well-known methods for determining
the contours of objects, let’s consider the Canny method [8], the k-means method (with different k

values) [22, 26], and the Random forest method [19, 22].

Fig. 5 shows the results ofdetermining the contours of objects by known methods (Canny,
k-means (k=2, k=3), Random forest). From visual analysis of Fig. 5, ait is possible to state that the

Canny method has significant gaps in the contours of objects. This is especially true for fuel tanks

and small airport infrastructure. Visual analysis of Fig. 5, b, c indicates a low visual quality of

determining the contours of objects using the k-means method. The Random forest method deter-
mines a large number of false paths (Fig. 5, d).

Fig. 4. The result of determining the contours ofobjects in a typical complex structured color

image by the method based on the ant colony optimization algorithm

Fig. 5. The resulting image with certain contours:

a – by the Canny method; b – by the k-means method (k=2); c – by the k-means method (k=3);
d–by the Random forest method
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In well-known works [1, 2, 5, 6, 10], various quantitative indicators are used to evaluate the

quality of image processing. Such indicators take into account the type of image, the presence or

absence of a priori information about objects of interest, etc. and characterize the quality of image

processing. To quantify the accuracy of determining the contours of objects of interest in practice,
errors of the first and second kind are widely used [2, 5, 23, 27]. Therefore, let’s choose the errors

of the first and second kind as indicators of the quality of determining the contours of objects in a

typical complex structured color image.
Errors of the first (α1) and second (β2) kind are determined by the criterion of maximum

likelihood, which follows from the generalized criterion ofminimum average risk [2, 5, 23, 27].
Errors in determining the first-kind contours α

1
and second-kind β2 are calculated using expres-

sions (9), (10), respectively [2, 5, 23, 27]:

a, = lV.
;

[!,(9)p,= 1 —) ; do)
where j'Vj/sfX))-thenumberofpixelsinthebackground, erroneouslyassignedtothecontours ofobjects intheimage fs(X);N2(f(X))-thenumber of pixels inthebackground oftheoriginal image

Nfs

Nf

1
X

,α=
1

2
X

(9)

forvariousmethodsaregiveninTable1. () )
1

,
β=−

N fs

N f

X

X

3

2

4 ()( )
(10)

where N1(fs(X)) – the number of pixels in the background, erroneously assigned to the contours of

objects in the image fs(X); N2(f(X)) – the number ofpixels in the background of the original image

f(X); N3(fs(X)) – the number of pixels correctly assigned to the contours of objects in the image
fs(X); N4(f(X)) – the number of points that belong to the contours of the objects in the original

image f(X).
Calculations by expressions (9), (10) will be carried out under the same conditions, the same

signal-to-noise ratio for the methods for determining the contours of objects by known methods.

The well-known methods were the Canny methods, the k-means method (k=2), the k-means method

(k=3), and the Random forest method. The sample size is equal to the number ofpixels in the image.
In this case, it is 735,196 pixels. The variability of observation is equal to the time of obtaining a

color image. Calculated by the expressions (9), (10), the values of errors of the firstand second kind

for various methods are given in Table 1.

Table 1

Evaluation of errors of the first and second kind ofdetermining the contours ofobjects in a typical complex

structured color image by various methods

Method for determining the contours of objects α 1,% β2,%

Canny 25 30

k-means (k=2) 31 36

k-means (k=3) 27 31

Random forest 24 29

Method for determining the contours ofobjects based on ant colony optimizationalgorithm 19 21

The calculations are carried out using a high-level programming language and an inter-
active environment for programming, numerical calculations and visualization of the results of

MATLAB R2017b. Table 1 and Fig. 6 show a part ofprogram code.

Analysis of data in Table 1 indicates a reduction in the errors of the firstand second kind of

edge detection in a typical complex structured color image using the developed method based on

the ant colony optimization algorithm. Errors in determining the contours of objects are reduced

on average by 5–13 %.
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close all

clear all

clc

srcPath='src\';

files=dir([srcPath 'vl*.png']);

k0=2.5;

n=1;

src=single(imread([srcPath files(n).name]))/255;

g0=rgb2gray(src);

th=mean2(g0)+k0*std2(g0);

bw0=g0>th;

method={ 'ACO', 'k-means_2', k-means_3', Randon forest'};

for n=1:length(files)

srcName=[srcPath 'res\' files(n).name(1:end-4)];

for m=1:length(method)

fileName=sprintf(' %s\\ %s-%04d-u.png', srcName, method{m}, 8);
res=imread(fileName);

res=double(res)/255;

g1=rgb2gray(res);

th=mean2(g1)+k0*std2(g1);
bw1=g1>th;

s{m,n}(1,1)=mean2(double(bw0==0 & bw1==0));

s{m,n}(2,1)=mean2(double(bw0==1 & bw1==0));

s{m,n}(1,2)=mean2(double(bw0==0 & bw1==1));
s{m,n}(2,2)=mean2(double(bw0==1 & bw1==1));

fileName=sprintf(' %s\\ %s-%04d-bw.png', srcName, method{m}, 8);

imwrite(bw1, fileName);
end

end

fileName=sprintf(' %s\\bw0.png', srcName);
imwrite(bw0, fileName);

Fig. 6. A fragment of the program code for calculating the data in Table 1

5. Discussion of results

The method for determining the contours ofobjects of interest in complexly structured color

images based on the ant colony optimization algorithm, unlike the known ones, provides for the

following (Fig. 1). Color channels are highlighted. In each color channel, a brightness channel is

allocated. The contours of objects of interest are determined by the method based on the ant colony
optimization algorithm. At the end, the transition back to the original color model (the combination

of color channels) is carried out.

The contours ofobjects are determined on a typical complex structured color image (Fig. 2)

by the method based on the ant colony optimization algorithm. In the resulting image (Fig. 4),
objects of interest can be identified, for example, containers with oil or fuel for aircraft; airplanes
that survived after striking; aircraft that have been damaged or destroyed and the like. Decryption
of these objects of interest, recognition, thematic classification, and more is the subject of further

research and remains outside the scope of this work. The presence of a large number of “garbage”

objects on the resulting image (Fig. 4) is noted. This is a disadvantage of the developed method.

A visual comparison of the application of the developed method and the known methods

for determining the contours of objects is carried out. It is established that the developed method

improves the accuracy of determining the contours of objects. Errors of the first and second kind

were chosen as quantitative indicators of the accuracy of determining the contours of objects in a
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typical complex structured color image. Errors of the first and second kind are determined by the

criterion of maximum likelihood, which follows from the generalized criterion of minimum aver-

age risk (expressions (9), (10)). The errors of the first and second kind are estimated when determin-

ing the contours of objects in a typical complex structured color image using known methods and

the developed method (Table 1). The well-known methods are the Canny, k-means (k=2), k-means

(k=3), Random forest methods. It is established that when using the developed method based on the

ant colony optimization algorithm, the errors in determining the contours of objects are reduced

on average by 5–13 %.

When conducting furtherresearch, it is necessary to:

– develop a method to reduce “garbage” objects;
– conduct a comparative assessment of the quality of the developed methods with known

using information quality indicators (for example, image entropy, Kullback-Leibler distance, etc.).

6. Conclusions

1. The method for determining the contours of objects in complex color images based

on the ant colony optimization algorithm has been improved. Unlike the known methods,
the method provides for: the allocation of color channels, in each color channel the alloca-

tion of the brightness channel, the determination of the contours of objects of interest by the

method based on the ant colony optimization algorithm, the reverse transition to the original
color model.

2. The determination of the contours of objects on a typical complex-structured color image

by the method based on the ant colony optimization algorithm has been carried out. It is established

that objects of interest can be determined on the resulting image. At the same time, the presence of

a large number of “garbage” objects on the resulting image is noted. This is a disadvantage of the

developed method.

3. A visual comparison of the application of the developed method and known methods for

determining the contours ofobjects. It is established that the developed method improves the accu-

racy of determining the contours of objects. The errors of the first and second kind are estimated

when determining the contours ofobjects in a typical complex structured color image using known

methods and the developed method. It is established that when using the developed method based

on the ant colony optimization algorithm, the errors in determining the contours of objects are

reduced on average by 5–13 %.
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Abstract

The results of a study using the methodological apparatus of the theory of fuzzy logic and automation tools for analyzing

input data for risk assessment ofprojects for the implementationof automated information components oforganizational and tech-
nical systems are presented. Based on the model of logistics projects for motor transport units, the method for assessing the risks

of projects implementing automated information components of non-commercial organizational and technical systems has been

improved. To do this, let’s analyze the peculiarities of implementing ERP projects as commercial ones and investigate the specifics
ofthe activities of state institutions, when successful tasks, and not economic indicators, lay the foundation for the assessment. It is

considered that it is possible to formulate a system ofrisk assessment indicators for reducing the effectiveness ofprojects for imple-
menting automated information systems in non-commercial organizational and technical systems. A meaningful interpretation of

the fuzzy approach is carried out regarding the formalization of the risk assessment process for projects ofautomated information

systems ofpublic institutions. A tree of fuzzy inference is constructed based on the results of a study of the description of indicators

and expert assessments on the risk assessment ofthe implementationof the project of such an automated information system.

The improvedmethod differs from the known ones by the use ofhierarchical fuzzy inference, which makes it possible to quan-

tify, reduce the time to evaluate project risks and improve the quality of decisions. An increase in the number of input variables leads

to an increase in complexity (an increase in the number ofrules) for constructing a fuzzy inference system. The construction ofa hier-

archical system of fuzzy inference and knowledge bases can reduce complexity (the number ofrules). The development of a software

module based on the algorithm of the method as part of corporate automated information systems ofnon-commercial organizational
and technical systems will reduce the time for risk assessment ofprojects for the implementation ofautomated information systems.
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1. Introduction

The development of the state and society involves solving the issue of improving the quality
of tasks by organizational (socio) technical systems (hereinafter referred to as OTS) that are part
of them. Including these are the following systems: unit management, logistics, personnel learning
(training), etc. A significant role in solving this question is given to informatization – the imple-
mentation of automated information systems (hereinafter – AIS). An analysis of activities over

the past decade indicates that project-oriented OTSs are becoming more effective with respect

to vertically integrated OTSs with their functional organization of activities [1–3]. Therefore, the

current period of OTS development is characterized by a transition to a project-oriented manage-
ment principle. At the same time, the activities of most OTSs have certain specifics, when the

main criterion for the implementation of AIS is successfully completed tasks, and not economic

indicators. For example, implementation projects of AIS material and technical support of state

institutions are non-commercial in nature. The activities ofmost of them have significant elements

of uncertainty and danger. The functioning of military and law enforcement agencies is generally

impossible without risk. Therefore, one of the most important elements of project management
of the implementation of AIS of such OTSs is risk management [4, 5]. Existing approaches to

risk management in projects, including their assessments, are defined in the following standards:

AS/NZS 4360:2004, COSO-ERM, ISO 26500:2012, FERMA, PMBoK, P2M, PRINCE, PSPRM,
RMI and the like. They describe risk management approaches in projects related to financial, eco-

nomic, technical systems, etc., as a rule, in deterministic and stochastic conditions. However, the

management and riskassessment ofAIS projects in the activities ofsuch non-commercial (specific)
OTS included in state institutions is carried out in conditions of uncertainty. As a result, most of

these projects are a failure. Therefore, the improvement of the method of risk assessment of AIS

projects ofnon-commercial OTS and the like is an urgentscientific and applied task.

The general problems of the project management study are the subject of [6]. It addressed

the general issues ofproject management,which, as a rule, did not take into account the specifics of

nonprofit OTS and similar systems. The issue of developing risk management methods in projects
is presented in the following works: [7] – an organizational model for project risk management is

developed while assessing project risks in the face of uncertainty; no attention is paid; [8] – a meth-

od for managing the cost of projects of scientific institutions taking into account risks has been

developed, while a qualitative risk assessment is not carried out; [9] – classification of deviations

in projects withrespect to risks, problems, changes; [10] – methods for structuring, evaluating, and

controlling project risks have been developed for the efficient implementation ofprojects by the en-

terprise at minimal cost. At the same time, in the considered works, a quantitative riskassessment

of the AIS implementation projects in particular and in general other projects under conditions of

uncertainty was not given attention. In [11], the Accelerated SAP Methodology (ASAP) is consid-

ered, which was developed by SAP in order to improve the implementation of information systems
riskmanagement. In [12], general issues of risk management are considered. The paper [13] pres-

ents a model for assessing the risks of logistics projects for motor units of the Armed Forces of

Ukraine using three linguistic variables, taking into account the conditions ofuncertainty, but it is

clearly not enough to evaluate complex projects.
It should be noted that the most common approach to the implementation ofcommercial AIS

can be considered the implementation ofan ERP system, therefore, to improve the riskassessment

method for projects implementing AIS ofnonprofit OTS, let’s consider in more detail the features

of ERP implementation [14].
“ERP is an AIS implementation technology, it contains a set of coordination, organizational,

investment, economic, analytical and research, information technology and production activities,
the purpose of which is to inform the organization, increase the effect and optimize the manage-

ment of its resources” [15].
To assess the risks of projects implementing a logistics AIS (implementation of ERP sys-

tems) of OTS to reduce the effectiveness (not achieving the desired efficiency) of a project or a proj-
ect failure when implementing a project is quite problematic due to its complexity. This is due to

the fact that, for example, the risks of logistic automated information system (hereinafter referred
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to as LAIS) logistics projects are characterized by a system of indicators that are usually weak and

informal. These indicators reflect the ratio of the effect and costs of the project from the point of

view of its participants.
Most scientists most often use the types ofrisk analysis and assessment that can be applied

to the implementation of the AIS material and technical supportof the OTS with the corresponding
indicators [14–17]:

1) standard according to the method in investment analysis (Cost Benefit Analysis – CBA);

2) Activity Based Costing (ABC) – a method that performs a functional analysis of

expenses;

3) set of methods in the analysis that use integrated service planning and planning of the

information sphere;
4) methods, carrying out a system analysis of the project;

5) methods of expert assessment (methods of“experience, intuition of brainstorming”), etc.

When assessing the risk ofprojects regarding the achievement ofbenefits at certain costs

in existing studies, in most cases, it is proposed to use indicators of an economic and informa-

tional nature.

The economic component is estimated using methods that take into account costs based on

elements of economic analysis. “One of the methods of economic risk analysis for the implemen-
tation of ERP-system projects is the so-called ABC (Activity Based Costing) – a functional-cost

analysis, in the framework ofwhich differentiated calculation and distribution of the costs ofoper-

ating the system are carried out by type of activity, product and organization functions. The appli-
cation of this approach involves the use of a system of financial indicators [17].

The given indicators and methods constitute the traditional existing and used set of risk

assessment methods for reducing the effectiveness of implementation projects of commercial OTS.

Given the specifics of the activities of nonprofit OTS, these approaches (indicators and

methods) can’t be considered as comprehensive in assessing the risks of implementation projects
of AIS of state institutions. Effectively they can be used only in combination, when the elements of

one of the approaches allow to overcome the shortcomings in others.

The aim of the article is to substantiate an approach to improve the risk management effi-

ciency ofnon-commercial OTS implementation AIS projects based on the improvement of the risk

assessment method for such projects.
To achieve this goal it is necessary to solve the following tasks:

– explore methods for assessing the risks ofAIS implementation projects;
– improve the method ofassessing the risks of AIS implementation projects;
– practically introduce and experimentally test the improved method.

2. The method of risk assessment of projects for the implementation of automated informa-

tion components of non-commercial organizational and technical systems
Below is a method for assessing the risks of AIS implementation projects using the example

of a public institution AIS implementation project based on the model presented in [13]. One of the

promising projects for providing OTS, which will allow a significant positive effect, is the AIS im-

plementation. This postulate allows to formulate a system of indicators for assessing the risks ofre-

ducing the effectiveness of the implementation ofAIS of non-commercial OTS (state institutions):
1) total costs of the projects and the costs of completing tasks using the project results (in-

crease/decrease of these costs);
2) duration of the project and the duration of the tasks using the project results (increase/

decrease time);

3) quality of the performance (official) tasks;

4) effectiveness (effect) of the project and the like.

The initial data for assessing the risk of a decrease in the effectiveness of AIS implemen-
tation projects (for example, material and technical support for state institutions) is poorly formal-

ized, so adequate tools should be used. For this, an approach is proposed that is presented in [18–20]
and developed and tested in [21] and others.
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An approach is proposed to improve the method ofrisk assessment of implementation proj-
ects of AIS of non-commercial OTS, providing for this (Fig. 1). In the process of a qualitative
assessment of project risks, it is necessary, if possible, to determine as many different indicators

as possible.

In addition, the essence of the proposed improvement of the method is to obtain and com-

pare indicators that determine various aspects of the activities and effectiveness of the OTS au-

tomated information system. In this case, an expert assessment of their predicted values after the

implementation of the project is applied.
Formal interpretation of the risk assessment of AIS projects is necessary for a meaningful

interpretation of the fuzzy approach. First of all, it involves the activities of the researcher in the

selection of input and output linguistic variables of the fuzzy logical inference system that is being

developed. Each input variable should influence the final result. For example, the level of the indi-

cator for increasing the volume ofperformance of official tasks – а
1

The output variable b is formalized as the risk level for the implementation of the AIS project of

Obviously, the higher the score, the more attractive the project is, and the risks are small.

The output variable b is formalized as the risk level for the implementation of the AIS project of

non-commercial OTS. To do this, let’s construct a tree of fuzzy inference based on the results of a

study ofa description of indicators and expertassessments on the risk assessment of the implemen-
tation of the AIS project, for example

1) a1– success indicators:

a11 – indicator of the success of the project as a whole (the project is completed on time,
within the budget and with a positive effect);

2) a2– performance indicators of individual (service) tasks:

a21– indicator of the volume of completed tasks;

a22– indicator of the share ofqualitatively completed tasks;

– indicator of the share ofcompleted tasks on time;

3) a3– performance indicators:

a
23

31
– time for the implementation of the project;

a32– time for organizational activities for the implementation of the project (installation and

trial operation of the AIS, time for making complaints, time for staff training, etc.);
a33– time to complete tasks using the project results;

4) a4– expense indicators:

a

41
– indicator of the cost of implementing the project;

a42– indicator of personnel costs;

a

43
– indicator of the cost of completing tasks and paperwork.

For this case, 10 input variables are selected. For other cases, the number and content of

input variables may be different.

Letbdenote the result of the risk assessment of the implementation of the AIS project. The

initial variable is the level ofrisk ofreduced efficiency (failure to achieve the desired effectiveness)
of AIS projects –b: management efficiency, staff training level, provision efficiency, and the like.

In the improved method of fuzzy inference regarding the assessment of the risk of reduced

efficiency (failure to achieve the desired effectiveness) of the AIS implementation project, all vari-

a

Risk identification,
calculation of initial data

for project risk

assessment

Definitionof risk

assessment indicators of

implementation projects
of AIS of non-commercial

OTS

The selection of

indicators that have

the highest rating

Building a tree of input
linguistic risk variables

for the AIS project (аі)

Project risk assessment

using hierarchical fuzzy
inference

Obtaining a project risk

assessment result (b),
risk management

Fig. 1. Scheme of an improved method ofrisk assessment ofprojects for the implementation of

automated information systems of non-commercial organizational and technical systems
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ables are linguistic in nature with a universal set { }1 2, ,... .= ⋅u n
M mm m According to [13], these

variables can be measured in the range of numbers from 0 to 10 or in the range from 0 to 1 by

participants project based on their knowledge and experience. As a term-set of input and output

variables, for simplification it is proposed to use the set L1={“low”, “medium”, “high”} (level) of

the variable. The construction of the membership functions of the terms, which is suggested for

linguistic variables can be carried out using various methods, including the method of statistical

processing of expert information, which is proposed in [19].
Next, it is necessary to build a fuzzyknowledge base (hereinafter – KB). The implementation

of the task of assessing the risk ofLAIS implementation projects (reducing efficiency, not achieving
the desired LAIS project effectiveness)requires a significant number of rules (R=103=1000), which

complicates the use of fuzzy inference (perception, editing and use). This situation is solved by

constructing a hierarchical knowledge base [18] – a breakdown of a complex logical inference into

several simple logical conclusions. This is facilitated by the hierarchical structure of the process of

non-commercial OTS (state institutions). A hierarchical representation of the input variables and

the construction of a “tree” of output are necessary, which defines a system of lower-dimensional
knowledge statements embedded in each other. Such a tree is proposed for fuzzy inference after 10

input variables (Fig. 2).

Applying the hierarchical structure of fuzzy inference, one can take into account a signifi-
cant number of input variables that affect the overall risk assessment of AIS implementation proj-
ects. These projects are not a permanent system, so the number and content of input variables can

vary. At the same time, the knowledge of experts (project participants) is changing.

According to [13], for each level of fuzzy inference, the activation method is min. This is due

to the fact that all the rules as a logical connection for a subcondition apply only a fuzzy conjunction

(operation “AND”). As a result, the aggregation method provides for the use of the min-conjunction op-

eration. The accumulation ofrule endings uses max-disjunction. As a defuzzification method, various

approaches can be applied, for example, the center of gravity method, which has proven itselfwell.

Another advantage of the hierarchical fuzzy inference is the absence of defuzzification

operations and fuzzification for the intermediate variables a2,a3,a4and a
5

(Fig. 2). This is due to

the fact that the intermediate result of fuzzy inference in a certain form is direct to the machine of

fuzzy inference of the next level of the system. As a result, to describe intermediate variables in hi-

erarchical fuzzy knowledge bases, it is sufficient to specify only term sets; membership functions

are not required.

a1(in1)

a21(in2)

a22(in3)

a23(in4)

a31(in5)

a32(in6)

a33(in7)

a41(in8)

a42(in9)

a43(in10)

L1 RB2B3

in2

in3 a2(var1)
in4

Min Max

L3 RB1B5

in1

var1 b(out4)
var4

Min Max

L1 RB3B2

in5

in6 a3(var2)
in7

Min Max L2 RB5B4

var2

var3 a5(var4)
Min Max

L1 RB4B1

in8

in9 a4(var3)
in10

Min Max

b(out4)

Fig. 2. The system of fuzzy hierarchical derivation ofrisk assessment of the implementation of

projects of automated information systems in the notation of the program fuzzyTech 6.0
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3. Implementation and experimental evaluation of the method

The implementation of the method of risk assessment of the implementation projects of

non-commercial AIS based on hierarchical fuzzy inference was carried out using the fuzzyTech 6.0

package. For a set of input variables, the value of the output variable b was not once calculated.

The obtained results coincide with the intuitively obtained ones. For some of the data sets, the risk

is quite high, therefore, additional measures are required to manage risks or cancel this version of

the project in general.
The adequacy of the improved method for assessing the risks of non-commercial AIS im-

plementation projects is verified using experiments conducted by the authors on various non-com-
mercial OTSs. So in [21] and [22] it is carried out it with respect to the OTS for the management of

law enforcement units; in [23], this is carried out in relation to systems for teaching students and

students in a foreign language.
Let’s consider in more detail the experiment conducted by V. Melenchuk [13] on the basis of

the Department ofRepair and Maintenance ofAutomotive and Special Equipment of the Military

Academy (Odesa). For the experiment, let’s select data on the use of AIS logistics, which occurred

during the performance of official tasks at different times. During the experiment, the following
project risk indicators are evaluated: the time that is spent on project risk assessment; the quality of

the decision – the riskassessment coincides with the known (correct decision), the assessment does

not match (incorrect decision).
The results of the time experiment for riskassessment are presented in Fig. 3, a by the qual-

ity of decisions made – in Fig. 3, b.

The results of the experiment indicate that the program module “Project Risk Assessment”,
which implements an improved method for assessing the risksof AIS projects ofmaterial and tech-
nical support ofmotor units of state institutions, provides the opportunity:

– reduce the time for project risk assessment by 1.23 times and increase the reliability of

decisions by 1.68 times in comparison with the implementation of the project risk assessment in a

“manual” way;

– reduce the time to evaluate the project risk by 1.14 times and increase the reliability of

project management decisions by 1.32 times compared with the use of another method.

The development of a software module based on the algorithm of the method as part of au-
tomated information systems of government institutions will reduce the time to assess the risks of

AIS implementation projects.

4. Discussion of research results

The studies presented in the article are primarily theoretical-analytical in nature, based on

the results of experiments described in the available literature. The improved method for assessing
the risks ofAIS implementation projects is the basis for improving the risk management method of

AIS implementation projects.
The basis of improvement is the use of hierarchical fuzzy inference. Let’s believe that this

study is an extension of its application in a new subject area – project risk assessment. The ad-

a b

Fig. 3. The results of the experimental verification:

1 – “manual” method; 2 – automation (statistical approach); 3 – automation (developed approach);

a– verification of time for risk assessment, b – verification of the quality of decisions
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equacy of this approach is confirmed by other studies in other subject areas when it comes to

weak formalization or not the possibility of formalization in general. In most cases, the situation is

complicated by uncertainty. As a result, the application of the apparatus ofprobability theory and

mathematical statistics here gives the worst results.

However, it should be noted that the use of fuzzy logic apparatus requires the creation of

additional components as part of the OTS:

a) unit that carries out a number of actions to perform the fuzzy logic algorithm (working
with statistics, working with knowledge, building a fuzzy inference system, etc.);

b) presence of highly qualified personnel in the field of mathematics, analytics and work

with knowledge and the like;

c) construction in OTS ofa system for formalizing, accumulating, processing and applying
statistical data, knowledge, and the like.

5. Conclusions

So, the article presents an improved method for assessing the risks of the implementation
of AIS for non-commercial OTS by the example of a study of the projects for introducing AIS of

material and technical support for motor units of state institutions. It is found that:

a) the apparatus of probability theory and mathematical statistics does not allow to assess

the risks ofprojects for the implementation of automated information systems of non-commercial

OTS, the activities of which are carried out in conditions of uncertainty;
b) improved method differs from the known ones by using a hierarchical fuzzy inference

system. An increase in the number of input variables leads to an increase in complexity (an increase

in the number of rules) for constructing a fuzzy inference system. The construction of a hierarchi-
cal system of fuzzy inference and knowledge bases can reduce complexity (the number of rules);

c) the method makes it possible to quantify, reduce the time to assess the risks of projects
and improve the quality of decisions on projects for the implementation ofAIS of non-commercial

OTS. The practical implementation of an improved method requires the development of new or

adaptation ofexisting methods ofworking with explicit and implicit knowledge. It is also necessary

to formalize the experience gained by experts, in which all project participants (developers, users,

etc.) can be involved, is the prospect of further research in this direction;

d) studies are given that can be developed to assess the risk of other projects and the entire

class of automated information systems of the OTS in the face of uncertainty.
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Abstract

Recently, many uses ofartificial intelligence have appeared in the commercial field. Artificial intelligence allows comput-

ers to analyze very large amounts of information and data, reach logical conclusions on many important topics, and make difficult

decisions, this will help consumers and businesses make better decisions to improve their lives, and it will also help startups and

small companies achieve great long-term success. Currency exchange rates are importantmatters for both governments, compa-
nies, banks and consumers. The decision tree is one of the most widely artificial intelligence tools used in data mining. With the

development of this field the decision tree and Gradient boosting decision tree are used to predicate through constructed intelli-

gent predictive system based on it. These algorithms have been used in many stock market forecasting systems based on global
market data. The Iraqi dinar exchange rates for the US dollar are affected in local markets, depending on the exchange rate of the

Central Bank of Iraq and the features ofthat auction. The proposed system is used to predict the dollar exchange rates in the Iraq
markets Depending on the daily auction data of the Central Bank of Iraq (CBI). The decision tree and Gradient boosting decision

tree was trained and testing using dataset of three-year issued by the CBI and compare the performance of both algorithms and

find the correlation between the data. (Runtime, accuracy and correlation) criteria are adopted to select the best methods. In

system, the characteristic of artificial intelligence have been integrated with the characteristic of data mining to solve problems

facing organization to use available data for decision making and multi-source data linking, to provide a unified and integrated
view of organization data.

Keywords:decision trees, gradientboosting decision tree, correlation, accuracy, run times, exchange rates.

DOI: 10.21303/2461-4262.2020.001132

1. Introduction

The increases use of data in digital form and databases in a wide range in different fields led

to the large quantity of these data, it was necessary to develop tools and algorithms to help extract in-
formation from these data and find useful information. Therefore new field in artificial intelligence,
called data mining, it has emerged as a technique aimed for extractingknowledge [1]. This technique
has become more popular in the information age through the exploration of large quantities of data

using the techniques of (Pattern Recognition, integration of mathematical methods and statistical

information technology) led to possibilities to predict future behavior that helps in decision-making.
One method widely used in data mining is Decision trees which is one of the methods used for the

purpose ofclassification and finding a regression to predict the value of a variable object In addition

a more accurate prediction method was proposed [2, 3], in this paper introduced view of boosting

algorithm as iterative functional gradient descent algorithms. To improve machine learning methods

at an acceptable cost for increased learning and accuracy ofresults in Decision trees. The proposed

system is used gradient boosting decision tree (GBDT) as a way to predict the exchange rates of dol-

lar based on the CBI’s annual reports of auction daily auction price, quantity and cash for the market

price and comparison results for the use of decision trees.

Maan Y. Anad Alsaleem

Safwan O. Hasoon

COMPARISON OF DT & GBDT ALGORITHMS FOR

PREDICTIVE MODELING OF CURRENCY EXCHANGE

RATES
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2. Decision Tree (DT)
It is one of the most popular machine learning algorithms and has been widely used in var-

ious modern machine learning and data mining applications [4]. General structure consist ofroot,
branches and leaves typically upside down the leaves are at the bottom. There are two main type of

it Classification tree and used depends on the desired results of the algorithm. The tree is built in

the same way as building ID3 where the contract is chosen based on the concept ofentropy which

is based on the following equation:

Entropy(t)=~%p(i 11)log,p(i 11),(1)
−1c

=−∑ the datasetandhavenexamples,mfeaturesandк ensemblelearning, whatwanttopredict isу(x).Entropyt pit pit (1)equation[6].y{x)k =X/(x )’(2)
i

| log |,2

= 0

where cis the number of class and p(i|t) Indicates the probability ofrecords belonging to that class.

3. Gradient boosting decision tree

It is method used to produce a strong learner and data mining applications [5]. Let ∈iRxis

the dataset and have nexamples, mfeatures and kensemble learning, what want to predict is ()kyx .

The output of this method is the sum of the prediction values of these trees Using the following

equation [6].

k
k

() ()
1

=∑yx fx (2),

i =

where fis output of regression tree.

4. Implementation and Result

Proposed Systemwas based on data published by the Central Bank of Iraq for the daily
auction of dollars for the years (2015–2016–2017), respectively, which amounted to 479 auction

sessions after the deletion of the holidays where there is no auction. As these indicators reflect the

comprehensive views of currency exchange rates at the official auction price, market price and

quantity offered. The algorithms (GBDT)&(DT) was adopted to predict the market price and com-
pare the result for the same data. The steps ofworkflow as show in Fig. 1.

The result of two methods were compared for selected the best technique to apply for pre-

dictively ofproposed system.

Data collection from

CBI

Preprocess

Data mining (DT-

GBDT)

Training Data

Models

Testing Data

Results

Evaluate and compare

results

Fig. 1. Proposed Frame Work
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4.1. Data collection

At this stage was adopted data of the Central Bank of Iraq, which published on its official

site for the years (2015–2016–2017), Table 1.Available on the site https://www.cbi.iq/.

4. 2. Preprocess
In preprocess the configure of data should be standardizing by applying normalization

,

delete the empty and duplicate values for fields of various years adopted and converting these into

a formula (CSV) dataset for use in data mining.

4.3. Data mining (DT-GBDT)
An exploration program was applied using both methods (DT) ,(GBDT) on the same data-

set, which was configured to measure execution time and accuracy of results to make comparison
between two method and choses the best depended on.

The results of this research are divided into two sections, first that commercial price forecast

and a second that includes comparing the performance oftwo algorithms for these data.

As a result of the market price of the dollar for the Iraqi dinar for the data approved were

according as showing in Fig. 2.

As shown in the Fig. 2, the trade exchange rate of the US dollar compared to the Iraqi dinar

for the sample of the research is 1264.985.

No. Session Date MarketPrice AuctionPrice Volume Cash Credits

2924 06-Apr 1,292 1,166 119,020,000 12,200,000 106,820,000

2925 07-Apr 1,292 1,166 108,540,000 14,950,000 93,590,000

2926 08-Apr 1,321 1,166 116,044,000 15,050,000 100,994,000

2927 09-Apr 1,327 1,166 104,770,000 10,650,000 94,120,000

2928 12-Apr 1,302 1,166 161,241,189 34,200,000 127,041,189

2929 13-Apr 1,297 1,166 165,852,225 38,475,000 127,377,225

2930 14-Apr 1,297 1,166 117,789,137 11,800,000 105,989,137

2931 15-Apr 1,297 1,166 110,948,963 36,500,000 74,448,963

2932 16-Apr 1,290 1,166 140,522,917 32,100,000 108,422,917

2933 19-Apr 1,295 1,166 126,470,740 28,850,000 97,620,740

по

100

90

80

fr 70

S 60
3

о

£ 40

30

20

10

0

1,210 1,220 1,230 1,240 1,250 1,260 1,270 1,280 1,290 1,300 1,310 1,320 1,330 1,340 1,350 1,360 1,370 1,380

The market price of the us dollar against the Iraq dinar

Table 1

A subset of the year dataset

Fig. 2. A diagram of the process
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4. 4. Correlation

Correlation is a statistical term that refers in general use to the proximity of the two vari-

ables and relationship with each other [7–15]. The correlation between fields and their effects as

showing in Table 2.

From Fig. 4 let’s note that the time consumed for GBDT is more than the DT because GBDT

is generates several sub-trees and calculates the sum ofthe main tree and sub-trees. These process-
es can’t be implemented in parallel to reduce the runtime Because of the serial operations that the

algorithm calculates.

4. 5. Prediction ofDT & GBDT

The prediction chart is one of important tools that give visibility to the distribution of the

samples and the predictive values as shown in Fig. 5, 6, Table 3.

Attribute Auction price Cash Credits Market price Volume

Auction price 1 –0.276 –0.711 0.255 –0.581

Cash –0.276 1 0.407 –0.089 0.580

Credits –0.711 0.407 1 –0.535 0.867

Market price 0.255 –0.089 –0.089 1 –0.365

Volume –0.581 0.867 0.867 –0.365 1

The weights ofeach fields used as shown in Fig. 3.

Credits

AucationPrice

Cash

Volume

0 0,1 0,2 0,3

Credits

AucationPrice

Cash

Volume

0 0,10,20,30,4

a b

Runtimes is the time consumed for each algorithm used for prediction is shown in Fig. 4.

60,000

50,000

40,000

30,000

20,000

10,000

0,000
Decision Tree Gradient Boosting

Table 2

The correlation table between the fields

Fig. 3. Weights of each field: а – DT; b – GBDT

Fig. 4. Runtimes (MS)
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5. Conclusion

The integration of intelligent techniques and data mining of prosed system is used for pre-

dicting currency rates based on bank records of exchangerates, which reflected the result in terms

of time and accuracy compared with traditional methods. The DT and GBDT are good tools for

decision making to predicate currency rate taking in consideration the DT is a best method to com-

pare with GBDT in term of time (Fig. 3), on the other hand the GBDT is best methods in term of

accuracy see Table 3.
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Gradient Boosting Trees Decision tree

Rootmeansquarederror 22.078+/–1.167 (micro average: 22.106+/–0.000) 23.608+/–1.873 (micro average: 23.667+/–0.000)

Absoluteerror 14.645+/–0.828 (micro average: 14.636+/–16.568) 16.349+/–1.459 (micro average: 16.354+/–17.107)

Relativeerrorlenient 1.14 %+/–0.06 % (micro average: 1.14 %+/–1.27 %)1.28 %+/–0.12 % (micro average: 1.28 %+/–1.30 %)

560.157+/–87.500
(micro average: 560.112+/–1286.439)

Correlation 0.744+/–0.039 (micro average: 0.736) 0.693+/–0.087 (micro average: 0.692)

488.546+/–51.614
(micro average: 488.697+/–1197.970)

Squarederror

Fig. 5. Prediction chart of DT

Fig. 6. Prediction chart ofGBDT

Table 3

Comparison oferror ratio
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Abstract

Today, there is a serious need to improve the performance of algorithms for detecting objects in images. This process can

be accelerated with the help ofpreliminary processing, having found areas of interest on the images where the probability of object
detection is high. To this end, it is proposed to use the algorithm for distinguishing the boundaries of objects using the Sobel operator

and Kohonen self-organizing maps, described in this paper and shown by the example of determining zones of interest when search-
ing and recognizing objects in satellite images. The presented algorithm allows 15–100 times reduction in the amount of data arriving
at the convolutional neural network, which provides the final recognition. Also, the algorithm can significantly reduce the number of

training images, since the size ofthe parts ofthe input image supplied to the convolution network is tied to the image scale and equal
to the size of the largestrecognizable object, and the object is centered in the frame. This allows to accelerate network learning by

more than 5 times and increase recognition accuracy by at least 10 %, as well as halve the required minimum number of layers and

neurons of the convolutional network, thereby increasing its speed.

Keywords:pattern recognition, Kohonen self-organizing maps, search and recognition of objects in the image, satellite and

radar images, region of interest.

DOI: 10.21303/2461-4262.2020.001133

1. Introduction

Currently, the low speed ofdetecting objects in images is one of the main problems of mod-

ern systems for processing various visual data. An increase in the speed of search and recognition
of objects can lead to a significant increase in the performance of systems for analyzing satellite

and radar images, medical images, data from robotic and military systems, unmanned vehicles,
etc., having both technological and serious economic effects.

Victor Skuratov

Konstantin Kuzmin

Igor Nelin

Mikhail Sedankin

APPLICATION OF KOHONEN SELF-ORGANIZING MAP TO

SEARCH FOR REGION OF INTEREST IN THE DETECTION
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One of the ways to increase the accuracy and speed of recognition algorithms is the use of

neural networks (NN), and the most modern type ofNN used in pattern recognition is convolution-

al neural network (CNN) [1]. For the high-quality operation of this type ofnetwork, it is necessary

that the size of the recognized object and the sizes of the objects in the training set be comparable.
If, in addition to the various types of desired objects, there is also a variation in the scale of the

object in the image, the creation of a training sample and training of such a network will take con-

siderable time and computational resources, the number of errors in recognition will increase, and

the speed will be low. The presented algorithm allows to reduce the amount of data analyzed when

searching and recognizing objects in the image by 15–100 times, increase accuracy and save com-
puting resources. This is achieved through the use ofKohonen maps to determine areas of interest

in the input image, in which there is a high probability of finding the desired object.

2. Literature review and problem statement

Today, there are a number of works where the use of the self-organizing map of Kohonen

(Self-organizing map, SOM) for image recognition has been investigated. Some authors use Ko-

honen maps to prepare input data with subsequent analysis by other NNs, while others use it to

directly recognize objects in images. In [2], image segmentation by Kohonen maps is first applied,
and then analysis in a hybrid NN. Kohonen maps were used to reduce the training set for hybrid NN

and to speed up the analysis. The disadvantage of [2] is that the input image is classified as a whole,
without the ability to search for an object. Therefore, when zooming in on the desired fragment
in the input image, recognition will not be performed. In [3], Kohonen maps were used to solve

clustering problems with a large number of objects and to distinguish among them those that have

unusual characteristics.

Articles [4–8] describe the evolution of the R-CNN (Region-based Convolutional Net-

work) algorithm for searching and recognizing objects in images. In [4, 5], the initial version of the

R-CNN algorithm is described. The algorithm extracts about 2000 regions on the input image, each

of which is scaled using the affine transformation, and fed to the input of the convolution network,
which extracts the feature vector (map). The article [5] describes the linear regression training to

refine the coordinates of the object window. R-CNN has several drawbacks, mainly due to the high
time spent on training the network, as well as on direct image processing by the algorithm, so that

processing one image takes about 47 seconds. The following describes the development of this

algorithm (Fast R-CNN [6] and Faster R-CNN [7]) up to Mask R-CNN [8] in which the ability to

predict the position of the mask covering the found object is added.

The article [9] describes the YOLO algorithm (You Only Look Once), which allows search-

ing and recognizing objects in images 103 times faster than R-CNN and 102 times faster than Fast

R-CNN, but with lower accuracy. This algorithm superimposes a grid on the input image and divides

it into cells. Around each cell, the algorithm determines the bounding box of the zone of the possible
location ofobjects with an assessment of the accuracy of detection and the probability ofbelonging to

classes. Then, the accuracy estimate for each zone is multiplied by the probability of the class and the

final value of the probability of detection is obtained. In [10], the SSD: Single Shot MultiBox Detector

algorithm is presented, which is comparable in accuracy and speed to YOLO. The algorithm overlaps
the entire area of the input image with bounding frames, the size ofwhich varies within the set limits,

allowing the detection and recognition of objects ofvarious sizes. Both algorithms perform analysis
from several thousand to several tens of thousands ofparts of the input image.

When detecting and recognizing objects in images, it is necessary to apply algorithms that

divide the input image into a set of images suitable in size for analysis in a convolutional NN. To

save time and resources, the applied algorithm should reduce the amount of data needed for further

analysis. Such an algorithm can be implemented in the following ways:

1) sequentially splitting the input image into frames of the required size with a frame shift

of a certain number of pixels relative to the previous one;

2) using the algorithms R-CNN, Fast and Faster R-CNN, Mask R-CNN, YOLO, as well

as SSD.
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Both of the presented methods require significant time and computational resources. In one

case, several thousand frames are submitted to the subsequent convolutional NN for analysis, into

which each input image is divided [4, 5], and in the other case, the image is analyzed as a whole,
with enumeration of the possible boundaries ofregions of interest and without preliminary screen-

ing of areas ofno interest [6–10].
Thus, there is an obvious need for algorithms that can reduce the amount of data being

analyzed, and thereby increase the speed of search and recognition systems for objects in images.

3. The aim and objectives of research

Interesting objects and the possibility ofrecognizing its type in a convolutional NN.

To achieve the aim, the following tasks are set:

– highlight the boundaries of the objects present in the image;
– perform a search for centers of objects;
– check the selected algorithms on real input data.

4. The algorithm for distinguishing the boundaries of objects located on the underlying
surface

This scientific work is based and is a continuation of the previous study [11], in which the

possibility and prospect of using neural networks and Kohonen maps to determine the centers of

objects in images are investigated, and the performance of these two types of neural networks

is compared.
Before transferring the input image for analysis to the convolutional NN, it is necessary

to carry out preliminary processing.
Between the object in the image and the underlying surface there is always an inter-

face, which is formed due to the difference in brightness or light levels, because the reflec-

tivity of, for example, airplanes is usually higher than that of the underlying surface. Also,
in most cases, the bodies of objects such as tanks or planes cast a shadow on the underlying
surface, which also forms the interface. If to select these boundaries around the objects with

dots in the input image, then the center of the cluster will actually coincide with the center of

the object.
The algorithm for extracting the boundaries of objects located on the underlying surface,

given in [11], has been finalized and now looks like this:

1) input color image is converted to shades of gray;

2) resulting image is contrasted;

3) application of the Sobel operator – a differential operator that calculates the approxi-
mate value of the image brightness gradient;

4) conversion to a binary image, using clipping by the brightness threshold. The resulting
luminance separation boundaries take values 1, all the rest – 0;

5) removal of small objects;
6) filling inside closed borders;

7) removal of the boundaries of the desired object of the selected image parts that are not

characteristic of geomeric forms.

5. Methodology for determining centers of interest

To increase the speed of analysis and reduce the necessary computing resources when ob-

jects of interest are detected in the input image, it is proposed to identify the areas of their possible
location with further sequential analysis of the found areas in the convolutional NN.

To highlight the centers of zones of interest in the input image, it is necessary to train NN

without a teacher, i. e. lack of training sample, as processing of each input image is carried out in-

dependently of the previous ones. The main types of Kohonen networks that use teaching without

a teacher are [12, 13]:
– Kohonen network for vector quantization of signals;
– self-organizing maps of Kohonen.
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In this paper, let’s describe the SOM application to solve the problem of determining the

centers of zones of interest, which is a development [11].
The main goal of SOM is to convert input vectors of arbitrary dimension into a one- or

two-dimensional discrete map with a topologically ordered shape [13]. Kohonen maps are based

on competitive learning. The neurons of the output layer compete for the right to activate, as a re-

sult ofwhich only one output neuron, the winner neuron, is active. One way to organize this kind

of competition between neurons is to use negative feedbacks between them. In the general case,

neurons in SOM are located at the nodes ofa two-dimensional grid with rectangular or hexagonal
cells (Fig. 1). The magnitude of the interaction between neurons in the network is determined by
the distance r

n

between them. The distance between the individual neurons is more consistent with

the Euclidean distance for the hexagonal grid. The more neurons in the grid, the higher the degree
of detail of the SOM result.

The location of the winning neurons determined during the competitive process is ordered

in relation to each other, then ask the ones in the grid a significant coordinate system in which the

coordinates of the neurons are an indicator of the statistical features contained in the input images.
The work of the SOM algorithm usually begins with the initialization of the synaptic net-

work weights and, after the correct initialization, three main processes are launched to form the

map: competition, cooperation and synaptic adaptation.
The principle of operation of the SOM algorithm is considered in more detail in [11].

6. Description of the area of interest search algorithm
A satellite or radar image of the underlying surface with a known scale is fed to the input.

Next, pre-processing is carried out, which is carried out in several stages:
1. Highlighting the boundaries of objects present in the image. For this, the algorithm de-

scribed in paragraph 4 is used, based on the use of the Sobel operator.
2. Search for centers of objects. SOM is used for this.

3. Identification of areas of interest. Around the found centers, an expanded zone of interest

is formed, within which parts of the original image are extracted with a certain “window”. The se-

lected parts of the image should contain the point of the center of the cluster and overlap the vicinity
of the zone of interest. The dimensions of the “window” are selected based on the given dimensions

of the largest detectable object and change when the image scale is changed.
4. In the presence ofclosely located relative to the scale of the desired object network nodes,

the zone of interest expands so as to overlap the common area for these nodes, instead of looking
for the region of interest for each node separately.

5. Analysis in the convolution network. The obtained parts of the input image are submit-

ted for analysis to the convolution network, where the presence of the object on and its type is

determined.

The algorithm for the search for zones of interest is shown in Fig. 2.

This algorithm can be used to search and recognize in the input image not only various

types ofarmored vehicles and aircraft, but also other objects of interest, for example, when analyz-
ing the visual data of unmanned vehicles or when testing robotic systems. For this, it is necessary

r2r1

r1 r2

а b

Fig. 1. The initial arrangement of neurons in the nodes of a two-dimensional grid with cells:

a–quadrangular; b – hexagonal
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to set the maximum and minimum sizes of objects of interest for the algorithm to search for zones

of interest, compose a training sample for these objects and train the convolutional NN.

7. Demonstration of the algorithm on real input data

To search for several objects in the input image, it is necessary to take into account the real

scale of the image and their relative dimensions. In order to avoid missing objects, it is necessary

that the determined number of cluster centers in the image coincides with the number of smallest

objects that can fit on the input image with a known scale. Fig. 3 shows an example of the algorithm
for determining zones of interest in a real color satellite image measuring 671×493 pixels, which

contains several types of aircraft, various underlying surfaces and structures. After preliminary
processing, the input image is submitted for analysis to SOM with the initial arrangement of neu-

rons at the nodes of a two-dimensional grid with hexagonal cells. SOM needs about 150 learning
eras. Based on the scale of the input image, the number ofsmallest aircraft that can fit on the image
is 6×4. Therefore, at the output of the neural network, 24 cluster centers must be defined. Ifthe cen-

ters of the clusters are located relatively close to each other, then their combination into one located

in the center between them is possible. The same applies to “windows” around neighboring cluster

centers if they overlap more than 90 % of the area. It is also possible to exclude from the analysis
the centers located in the immediate vicinity of the edge of the image, since they can’t be the center

of the aircraft, which the convolutional network could recognize during further processing.

As can be seen from Fig. 3, the Kohonen map identified the centers of the clusters in such

a way that all aircraft will be highlighted with a “window” and will be used for further analysis
in the convolution network. The minus of the map is the dependence of the position of the centers

of the clusters on neighboring neurons, which leads to the presence of centers in areas with no

differences in brightness. In this case, after the “window” identifies zones of interest around

the centers of the clusters, about 100 cut frames the size of the maximum aircraft are sent for
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Fig. 2. The algorithm of the search for zones of interest and determining the type of object

Fig. 3. Input image processing with SOM analysis
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further analysis. This is 1000 times less than when using sequential splitting of the input image
into frames or 15–100 times less than when using algorithms similar to RCNN, YOLO and SSD.

Also, the application of this algorithm significantly reduces the required number of training im-

ages of the aircraft for the convolution network, because the size of the “window” is tied to the

image scale and is equal to the size of the largest detectable aircraft. This means that there is no

need to vary the size of the aircraft in training images.
Table 1 shows the performance ofthe Kohonenmap depending on the resolution ofthe input

image and the number of possible objects of minimum size. The calculations фre performed in a

program ofour own design without the use of a GPU (graphics processor), acceleration and optimi-
zation algorithms on a personal computer with the parameters specified in paragraph 4.

As can be seen from the Table 1, the image processing speed of the Kohonen map has a

non-linear dependence on the image size and the number of search objects, so the size of the input
image should be selected based on the required speed of the algorithm.

According to the results of [11], the main drawback of the SOM algorithm was the frequent
location ofnetwork nodes between objects, and not inside them. This drawback is eliminated using
the algorithm for initializing the network weights according to random examples and changing the

communication function between neurons in such a way that with increasing distance between

them, the interaction quickly decreased. This allows to reduce the number of network nodes outside

the facilities by about 4.7 times.

8. Discussion of the results of the created algorithm for the search for zones of interest on the

underlying surface

Existing algorithms for searching and recognizing objects select several thousand or even

hundreds of thousands of parts on the input image and submit them to the convolution network

for analysis. The algorithm proposed in this article allows one to reduce the number of analyzed

portions of the input image and to reduce the training sample for the convolution network, which

can significantly reduce the time for searching and recognizing objects. This is achieved through
a preliminary search for areas of interest in the image with further analysis of only the selected

areas. The size of the “window” scanning certain areas of interest is determined based on the

image scale and the given dimensions of the largest detectable object. Highlighting the bound-

aries of objects and applying SOM allow to determine the centers of objects in the image and

create zones of interest around them. These solutions make it possible to eliminate variations in

scale and center the desired object, due to which the training sample size of the terminal convo-

lution network is reduced several times, its training is accelerated, and recognition accuracy is

increased.

The disadvantage of the created algorithm is a significant increase in the recognition speed

only when analyzing images on which the boundaries of objects do not occupy most of the space.

For example, in satellite and radar images, when the desired objects are located on a homogeneous
underlying surface of great length. When analyzing images occupied by small objects, the algo-
rithm will determine the entire image as the zone of interest, while still reducing the number ofan-

alyzed portions of the input image. The analyzed parts will be 300–500 times less than when using

sequential partitioning or 3–10 times less than when using algorithms similar to RCNN, YOLO and

SSD. In the future, it is planned to identify unique features of the shape of the boundaries of the de-

The size of the input image,pix. Number of search objects SOM processing, sec.

120×230 3 0,1

200×400 10 0,3

671×493 24 3,3

Table 1

Kohonen map performance
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sired objects, which will help to distinguish these objects against the background of the underlying
surface and the boundaries of objects ofno interest.

The pre-processing algorithm shows a high speed ofextracting the boundaries of the objects
of the input image. The search for cluster centers using a Kohonen self-organizing map allows to

process images with sizes up to 500×500 pixels at high speed. and the number of search objects
about 40 pcs. In the future, it is planned to use Kohonen map acceleration and optimization algo-
rithms for GPU calculations, as well as consider other options for searching for cluster centers, for

example, the Kohonen neural network.

Compared with the previous work [11], the following is done:

– the algorithm for highlighting the boundaries of objects by performing image contrasting,

filling the space inside closed borders, and filtering selected objects in the image which geometric
shape does not match the shape of the boundaries of the desired objects has been improved;

– the algorithm for determining the zone of interest for closely located, relative to the scale

of the desired object, network nodes has been changed. Now the zone of interest is expanded in

such a way as to cover the common area for these nodes, instead of looking for the region of interest

for each node separately;
– improving the initialization algorithm of the initial network weights and the function of

reducing the connections between neurons with increasing distance between them, allows to sig-
nificantly reduce the number ofnetwork nodes that are between objects, and not inside them.

In further work, it is planned to improve the presented algorithm due to a better allocation of

the boundaries of objects and the search for their centers. It is also planned to create and optimize
a convolutional neural network for object recognition, which will create a complete system for

searching and recognizing objects on radar or satellite images of the underlying surface.

9. Conclusions

1. To highlight the boundaries of objects present in the image, an algorithm based on the

use of the Sobel operator is used. The algorithm has high speed, highlighting the boundaries of the

objects of the input image in 0.008–0.03 sec.

2. SOM is used to search for centers of objects, as this is one of the fastest algorithms for

determining the centers of input data clusters.

3. The developed algorithm is tested on real satellite images. Its application allows to

reduce the amount of data analyzed by the convolution network by 15–100 times, which accord-

ingly reduces the time of searching and recognition of necessary objects. Also, the use of this

algorithm reduces the required number of training images for the convolution network, since the

size of the “window” is related to the image scale and corresponds to the size of the largest de-

tected object. This fact and the centering of the object on training images can accelerate network

learning by more than 5 times and increase recognition accuracy by at least 10 %, as well as

halve the required minimum number of layers and neurons of the convolutional network, thereby
increasing its speed.
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Abstract

The solution of inverse problems is considered taking into account the restrictions using inverse calculations. An algorithm
is proposed for solving the inverse problem, taking into account restrictions while minimizing the sum ofthe absolute values of the

changes in the arguments. The problem of determining the increments ofthe function arguments is presented as a linear program-

ming problem. The algorithm includes solving the inverse problem with the help of inverse calculations while minimizing the sum

ofthe absolute changes in the arguments, checking the correspondence of the obtained arguments to the given restrictions, adjusting
the value of the argument if it goes beyond the limits of acceptable values, and changing the varied arguments to achieve the given

value ofthe resulting indicator. The solution oftwo problems with the additive and mixed dependence between the arguments ofthe

function is considered. It is shown that the solutions obtained in this case are consistent with the result ofusing an iterative procedure
based on changing the resulting value to a small value until a given result is achieved, and the results are compared with solving

problems using the MathCad mathematical package. The advantage of the algorithm is a smaller number of iterations compared to

the known method, as well as the absence ofthe need to use coefficients of relative importance. The presented results can be used

in management decision support systems.

Keywords:inverse calculations, inverse problem, linear programming, economic analysis, optimization algorithm.

DOI: 10.21303/2461-4262.2020.001102

1. Introduction

Tasks to be solved in the field of economics can be divided into direct and reverse in the

direction of causal relationship. The direct task is establishing an investigation for well-known

reasons, i. e., to calculate the result based on the available values of its values and the type of de-

pendence between them. This allows to evaluate the current state of the investigated object, make

a forecast for future periods, and study the influence of factors on the output value. An example of

solving a direct problem can be the determination of the profit of an enterprise for given values of

income and expenses, the determination ofrevenue for given values of price and quantity.
The inverse problem is to establish the causes leading to the corollary of interest, i. e., such

a selection of initial values that would ensure a given value of the result. Such problems are con-

sidered incorrect [1] and have become widespread in various fields, including the economy [2–6].
In [7], an inverse computation apparatus is proposed that allows solving an inverse problem

using expert information. Solving problems ofthiskind is relevant, because it allows to answer the

question “how to do it so that...?”, determine the control actions to achieve the desired state of the

economy, which is an integral function of decision support systems. The inverse computing appa-

ratus has found practical application in various sectors of the economy [8–11].
Solving inverse problems using inverse calculations is to obtain the point values of the

growth of the arguments ofa function based on its given value and additional information coming
from the person who forms the solution. In particular, the coefficients of the relative importance
of the argument and the direction of their change (increase or decrease) can be indicated as such

information.

The relationship of indicators can be represented in the form of a tree, at the first level

of which the resulting indicator is located, at the second – indicators that form it. Fig. 1shows a

graphical illustration of the direct and inverse problems in the case ofmultiple dependence for the

function of two arguments: profitability (r) is equal to the ratio ofprofit (p) to cost (c) [12].

Ekaterina Gribanova

ALGORITHM FOR SOLVING THE INVERSE PROBLEMS

OF ECONOMIC ANALYSIS IN THE PRESENCE OF
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r=p/c. (1)

Let’s consider the solution of the inverse problem. Initial data: r=0.2, p=10 (c.u.), c=50 (c.u.).
It is necessary to determine the values of profit and costs that will ensure a profitability of 0.3.

Without additional information, this problem can have set ofsolutions.

r=?

p=10c=50

r=0.3

p=? c=?

a b

Fig. 1.Graphical representation of the problem: a– direct; b– indirect

Let xi– i-th argumentof the functionf(x) (i=1..n, n– the number of arguments), and αi – the

coefficient of relative priority of the i-th argument. Then the solution of the problem using inverse

calculations can be obtained by solving the system of equations:
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initial value and the increment of the resulting function.

So, for problem (1), let’s set the values of the coefficients ofrelative priority of the function

arguments: α

∆xi – the increment of the i-th argument;where x

=0.6 and α2=0.4, and an increase in profit and a decrease in costs should occur.

Then the solution to the problem can be obtained as follows:
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(p–1.5∆c)/(c+∆c)=0.3;

∆c=–2.78;

∆p=–1.5·2.78=4.17.

The values of profit and costs are equal: p=10+4.17=14.17, с=50–2.78=47.22.

The binding to the expert opinion has its positive aspects: several possible solutions to the

problem can be considered, the best change in indicators is indicated from the point of view of

available resources, the coefficients can be set taking into account the real possibility of the di-

rection of the change in the arguments and their interdependence. The resulting decision can sub-

sequently be adjusted taking into account additional conditions. However, sometimes it becomes

necessary to obtain a result without involving expert information. The decision obtained using the

coefficients of relative priority of the arguments is subjective and based on the opinion of a spe-

cialist, the determination of which may be difficult. The tasks, the solution of which can be found
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without involving expert information, in particular, include tasks of searching as close as possible
to the original solution, i. e., with a minimum change in the arguments. Earlier, two methods for

solving such problems were considered.

The first method is considered in [13]; the problem of determining the increments of argu-

ments is represented as the optimization problem ofquadratic programming: the sum ofthe squares

of the increments of the arguments acts as the objective function. Using geometric constructions, a

method for solving such a problem using a system of equations is determined. However, the scope

of this method is limited due to the fact that the dependence function between the arguments can’t

always be formed. In addition, this method minimizes the sum ofthe squares of the changes in the

arguments, while the absolute values of the arguments can be considered as easier to understand

the characteristics of their changes. The sum of the absolute values of the increments of the argu-

ments can be considered as an alternative to the Euclidean distance and suggests a decrease in the

influence of large deviations.

The second method is presented in [14] and is based on the concept of a gradient vector,

showing the direction of the greatest increase in the function. Therefore, moving in this direction,
it is possible to achieve a given value of the function (if necessary, increase it) with a smaller change
in the arguments. This method does not require the formation ofa function ofdependence between

arguments, however, it is heuristic and in the problem under study does not guarantee an optimal
solution from the point of view of the chosen criterion.

In addition, when solving problems, restrictions on the values of the arguments can be im-

posed. Restrictions on the values of indicators can be determined by the area of their acceptable
values, the features of doing business (for example, the amount ofresources used by an enterprise
can’t be more than the available stock), forecast values of indicators established by an expert, etc.

In [15], an algorithm is proposed for solving the problem in the presence of restrictions,

including the gradual change of the resulting indicator to a small step value and the determination

of the argument values using inverse calculations using the coefficients of the relative priority of

the arguments. If the values of the arguments do not satisfy the constraints, then, if possible, the

deficit is filled by other resources. The algorithm ends when the objective function is equal to the

specified value or all resources are exhausted.

In [16], stochastic algorithms for solving the inverse problem under constraints were con-
sidered. In the first version, the global optimization problem is considered, in which the integral
function of the degree of correspondence of the resulting value to the established one and the

growth of arguments to the given importance factors acts as the objective function. An algorithm
is also proposed based on the sequential change of the resulting indicator by a small amount and the

choice of the argument with a probability corresponding to the priority coefficient, due to which a

new value of the resulting indicator is achieved. The algorithm stops when it reaches the set value

of the function or if all arguments are assigned markers, according to which their further change
is impossible.

The disadvantage of the considered work is the need for multiple iterations, therefore, to

solve the problem requires a lot of computing resources. In addition, in the case ofstochastic algo-
rithms, the resulting solution will be suboptimal.

The presented work is devoted to the development of an algorithm for solving the inverse

problem with a minimum total absolute change in the arguments, taking into account the limitations.

Unlike existing works, this algorithm will not require multiple solutions to the inverse problem with a

sequential approximation of the initial value of the resulting indicator to the given one, the maximum

number of iterations will be equal to the number of arguments whose values are constrained.

The aim ofresearch is development of an algorithm for solving inverse problems while min-

imizing the sum of the absolute values of the arguments, taking into account the limitations that

differ from the existing ones, using the approach based on the choice ofvariable arguments, solving
the inverse problem and adjusting the values of the arguments in accordance with the restrictions.

To achieve the aim, the following objectives are set:

– develop a method for solving the inverse problem while minimizing the sum of the abso-

lute values of the arguments;
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– develop an algorithm for solving the inverse problem, taking into account restrictions;
– to compare the solutions obtained as a result of the implementation of the algorithm

with the results of using the methods presented in the literature and the mathematical package
MathCad.

Thus, the proposed algorithm is based on the use of the inverse computing apparatus pro-

posed in [7, 15]. It is modified to solve problems without involving expert information (with a min-

imum amount of absolute values of the arguments), taking into account restrictions on the values

of the arguments.

2. Solution of the problems of economic analysis, taking into account the limitations

The problem of determining a solution with a minimum sum of the absolute values of the

argument changes in the presence ofrestrictions has the form:

1 2
... min,∆ +∆ + →x x

/, < x t+Ax(</?,,(2) wherei-thenumberoftheargument,thevalueofwhichisconstrained(i=\..m,m-thenumberof+∆ =fx x yTo solvethisproblem,let’sconsideranapproachthat consistsin solvingthelinearprogram-

≤ +∆≤
i i i i
l x x h (2)willshoweitherapositiveornegativesignwhenthe moduleis opened.So,for example,in the

where i – the number of the argument, the value ofwhich is constrained (i=1..m, m– the number of

arguments the value of which is constrained); l
i
and hi – the lower and upper bounds of the interval

to which the values of the i-th argument must belong.
To solve this problem, let’s consider an approach that consists in solving the linear program-

ming problem with one constraint (f(x+∆x)=y) and then adjusting the solution in accordance with

the established boundaries l hi
.Let’sconsider a solution to the linear programming problem with one restriction. Depend-

ing on the type of model and the increase in the result, the arguments of the objective function (2)
will show either a positive or negative sign when the module is opened. So, for example, in the

case of the additive model (f(x)=x1+x2), an increase in the result with a smaller amount of absolute

changes in the arguments will be achieved with positive changes in the arguments.
After the module is expanded in the case of a linear constraint (f(x+Δx)=b1(x1+Δx1)+

+b2(x2+Δx2)+…+bn(xn+Δxn)) (b– the numerical values for the arguments in the constraint) the prob-
lem (2) is a linear programming problem [17]. The classic method for solving it is the simplex
method. However, with the only restriction and equality of numerical values for arguments in the

objective function to unity, the problem can be solved by a simpler method. Its solution is reduced

to finding an element with a large absolute numerical value b with an increase in the argument in

the constraint and solving the equation for this argument [18].
If there are several such maximum values, then when solving the problem, either a uniform

change of these arguments can be performed to achieve a given value of the result, or their change
in accordance with the coefficients of relative importance specified by the expert, or a change in

one of the arguments chosen randomly. When implementing software systems, the equation is

solved using classical methods for finding roots (for example, by the Newton method), the article

discusses the analytical solutions to such problems.
If the restriction has a nonlinear form, the considered problem relates to nonlinear program-

ming problems [19]. To convert the constraint into a linear one, Taylor series expansion can be used

(the initial values of the increments arezero):

and
i

∂
∆∆ ∆ = ∆

∂∆
∑

n

n i

i i

f
f xxx x

x
)1 2( , ,..., .

=1

(3)

~ ~
=~ ~∆~ ~i

i

f
b

x

d
Consequently, the value of the partial derivatives at the zero point is consid-

d

ered as numerical values in increments of the arguments.

73



Original Research Article:

full paper

(2020), «EUREKA: Physics and Engineering»
Number 1

Mathematical Sciences

Thus, the algorithm for determining the solution of the inverse problem using inverse com-

putation, ifthere are restrictions on the values of the arguments, includes the following steps.
Step1.Solving the problem of determining the increments ∆xi ofvariable arguments in such

a way that the sum oftheir absolute values is minimal:

1 2 ...
min,∆ +∆ + →x x

() .+∆ =fx x y (4)

Change the argument values by the obtained increment value: x
fy the constraints, then the algorithm

stops. If there is at least one argument that does not satisfy

Step2.Verify compliance of mutable arguments with given constraints. If all values satis-

fy the constraints, then the algorithm stops. If there is at least one argument that does not satisfy
the restrictions, then the value of the nearest boundary is assigned to it, and such an argument is

excluded from the list of mutable arguments. If the list of mutable arguments is empty, then the

algorithm ends.

In the presented algorithm, in step 1, the solution ofproblem (4) occurs, however, minimiza-
tion of the sum of the squares of the increments and the change in the increments of the arguments
in accordance with the elements of the gradient vector can be considered. This algorithm will allow

to find a solution to such problems in the presence ofrestrictions.

=x
i
+∆x

ii

3. The results of solving inverse problems with restrictions

Let’s consider the application of the described algorithm for the additive and mixed de-

pendence between the arguments of a function. Relative priority coefficients are excluded from

the tasks.

The volume of delivery Qof products to the outlet consists of the delivery volume of the

first, second and third type ofproduct:

Q=Q1+Q2+Q3, (5)

where Q1, Q2, Q3– the volume of delivery ofproducts of the first, second and third kind, respectively
der given

constraints. Since the value of the resulting function needs to be increased, this can be

The initial values of the arguments are: Q1=15 kg, Q2=17 kg, Q3=20 kg. The initial value of

the resulting indicator Qis 52 kg. It is necessary to determine the volume ofdelivery ofproducts of

the first, second and third type so that the total volume is 60 kg ofproducts.
At the same time, the following restrictions are set for argument values:

0≤Q1≤25;

0≤Q2≤17.5;

0≤Q3≤25.

Let’s carry out the solution of the inverse problem with the help of inverse calculations un-

der given constraints. Since the value of the resulting function needs to be increased, this can be

achieved with positive gains in these arguments. The task has the form:

1 2 3 min;∆ +∆ +∆ →Q Q Q

( )( ) ()1 1 2 2 3 3 60;+∆ + +∆ + +∆ =Q Q Q Q Q Q

1 2 3, ,
0.∆ ∆ ∆ ≥Q Q Q

The numerical values for ∆Q1, ∆Q2 and ∆Q3 are equal. Let’s consider the case when the

change in the growth of arguments occurs evenly.
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The system ofequations has the form:

System solution:

∆~
=~

∆~~
∆~

=

~ ∆
~

+∆ + +∆ + +∆=~~

Q

Q

Q

Q

Q QQ

Therefore,

1

2

1

1
Therefore,

1
03=22.667+1.083=23.75.

3

AQl:=0 AQ2 := 0 AQ3 := 0 Q1 := 15 Q2 :=17Q3:=20
15 17 20 60.

1 2 3

∆Q1=∆Q2=∆Q3=2.667.

Q1=15+2.667=17.667,

Q2=19.667, Q3=22.667.

The argumentQ2does not satisfy the restrictions; let’s assign this argument the value of the

boundary 17.5 (Q2=17.5). The list ofmutable arguments left Q1and Q3Fig.2. ProblemsolutioninMathCad

The system ofequations has the form:

System solution:

∆~
=~

∆~~
+∆ + ++∆=~

Q

Q

Q Q

Therefore,

1

3

1,

() )( 17.667 17.5 22.667 60.
1 3

∆Q1=∆Q3=1.083.

Q1=17.667+1.083=18.75, Q2=17.5,

Q3=22.667+1.083=23.75.

The solution corresponds to the obtained solution using the MathCad program (Fig. 2).

ΔQ10:=ΔQ20:=ΔQ30:=Q115:=Q217:=Q320:=

fΔQ1ΔQ2, ΔQ3,( )ΔQ1ΔQ2+ ΔQ3+:=

Given

14Q1ΔQ1+~ 25~16Q2ΔQ2+~ 17.5~18Q3ΔQ3+~ 25~

Q1ΔQ1+()Q2ΔQ2+()+ Q3ΔQ3+()+ 60=

ΔQMinimizefΔQ1, ΔQ2 ,ΔQ3 ( ):=

Q1Q1ΔQ0+ 18.75=:=

Q2Q2ΔQ1+ 17.5=:=

Q3Q3ΔQ2+ 23.75=:=

Fig. 2.Problem solution in MathCad
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Fig. 3 shows the change in the values of the arguments during ten iterations when solving
the problem using the iterative procedure presented in [15]. The result obtained corresponds to the

solution in Fig. 2.

Let’s consider the mixed dependency between function arguments. Profit (M) of an enter-

prise is defined as the difference between income and costs [20, 21]:

M=Num(Price–Cu), (6)

where Price– the unit price of a product; Num – amount ofproduct sold; Cu– unit cost ofa product.
The initial value of the profit from the sale of products of the type in question is 4,018 c.u.,

the unit price is 60 c.u., the quantity is 98 units, the unit cost ofproduction is 19 c.u. It is necessary to

determine the value of the price, cost and quantity in this way so that the profit is equal to 4500 c.u.

Constraints for variables: 80≤Num≤130, 50≤Price≤62.5, 18.5≤Cu≤25.

Let’s calculate the partial derivatives of the constraint function f(∆Num, ∆Price,∆Cu)=
=(98+∆Num)·(60+∆Price–19–∆Cu)–4500:

∂f
= 41

∂∆
ЭДCm

Num

∂f
Price

=

∂∆
98,

∂f
Cu

=−

∂∆
98.

The absolute value of the partial derivative is greater for price and cost increment. Let’s

consider the uniform change in these indicators:

∆~ =−~
∆~

~⋅ +∆ − −∆ =~

Price

Cu

Price Cu

System solution: ∆Price=2.459, ∆Cu=–2.459, Price=62.459, Cu=16.54. The cost value does

not satisfy the limit. Consequently, Cu=18.5, ∆Price=4500/98–62.459+18.5=1.959.

1;

( )9860 19 4500.

The value of the price does not satisfy the restriction, therefore,

Price=62.5,

Num=4500/(62.5–18.5)=102.273.

The resulting value satisfies the constraint, the calculations are completed.

25

The
value
of
the 23

argument 21

19

17

15

13579

Iteration number

Q1

Q2

Q3

Fig. 3. Changing argument values over ten iterations
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The solution also coincided with the solution of problem (1) in the MathCad program.

Table 1 presents the results obtained using the considered algorithm in the case ofminimiz-

ing the sum of the squares of the changes in the arguments.

4. Discussion of the results of the development of an algorithm for solving inverse problems
with constraints

An algorithm is proposed for solving the inverse problem using inverse calculations while

minimizing the sum of the absolute changes in the arguments, taking into account restrictions on

the values of the arguments. The results of applying the algorithm are consistent with the solutions

obtained using the mathematical package and applying the iterative procedure presented in [15].
The advantage of the proposed algorithm is that, unlike the approaches considered in [15, 16],

it does not require multiple iterations, during which the resulting indicator is successively changed
until a given value is reached. In the proposed algorithm, the number of iterations is determined by
the number of arguments that do not satisfy the constraints. The algorithm, in contrast to the meth-

od proposed in [13], which considers minimizing the sum of the squares of the arguments, does not

require the formation of a function of dependence between the arguments and suggests finding a

solution while minimizing the absolute deviations of the arguments (a task in such a formulation

may be more understandable for a specialist).
The disadvantages of the proposed method include the need to calculate partial derivatives

of the function in the case of a nonlinear dependence between the arguments of the function.

The presented algorithm does not require the use of the simplex method and can be used to

solve linear programming problems of the considered type in other areas of research. The disad-
vantage of the proposed algorithm is the requirement that the number of constraints that include

different variables should be equal to unity, which narrows the range of tasks.

The directions of further research are related to the modification of this algorithm for the

case of discrete data, i. e., if there is a requirement that the arguments of the function are integer.

5. Conclusions

1. An algorithm is proposed for solving the inverse problem while minimizing the sum of the

absolute increments of the arguments, taking into account restrictions on the values of the arguments.
The application of the algorithm allows one to obtain results that are consistent with the results of us-
ing mathematical packages and an iterative method, which involves changing the resulting indicator

by a small amount until the specified value is reached. Confirmation of this is given in the results

of the numerical solution of two inverse problems in which the additive and mixed dependence be-

tween the arguments isconsidered. A feature of the algorithm is the absence of the need for multiple
iterations, as well as the ability to determine a solution with a minimum total absolute change in the

arguments. This is achieved by presenting the problem as a linear programming problem with one

restriction. Its solution reduces to determining the maximum absolute numerical values for the argu-
ments in the constraint and solving the inverse problem using inverse calculations.

2. The presented algorithm can be implemented in decision support systems, providing or-

ganization specialists with the opportunity to solve inverse problems using inverse calculations if

there are restrictions without using expert information. The approach will allow to determine the

solution to problems with a minimum total absolute change in the arguments, i. e., the one closest

to the current one, and ensure the speed of such software systems.

Iteration number Num Price Cu

98 60 19

1 99.02 62.223 16.777

2 99.667 63.65 18.5

3 102.273 62.5 18.5

Table 1

Argument values while minimizing the squared argument changes
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Abstract

In recent years, in the oil and gas industry of Azerbaijan, the use of electric submersible pumps (SEP) as one of the ef-

fective way to increase the level of production ofwell products. Currently, electric centrifugal pumping units (ECPU) are widely

used both on land and in offshore fields. Currently, a total of about 15 % of SOCAR’s oil wells are produced using electric sub-

mersible pumping units.

ECPU effectiveness is largely determined by both the period of their operation and the frequency of repair and resto-
ration work.

It is established that the use of ECPUs contributes to an increase in the service life of equipment and the effectiveness of a

mechanized method ofoil production. To assess the benefits ofthe latter, the most important factor is the inter-repairperiod (Tir) of

the equipment.

Existing methods for determining the inter-repairperiod of oilfield equipment are accompanied by large errors, which sig-

nificantly reduce their reliability.

In this regard, the article is tasked with developing a more practical and reliable method for determining the inter-repair
period, where the point of change in the nature of the failure rate is adopted as the determining parameter.

Keywords:electric submersible pumping units, oil well, repair frequency, failure rate.

DOI: 10.21303/2461-4262.2020.001105

1. Introduction

Oil and gas sectors of Azerbaijan are the determining factors of the fuel and energy complex

(FEC) of the republic. More than 60 % ofthe country’s budget is formed here and therefore, issues

related to improving the efficiency of technological processes and equipment resources used in this

industry are relevant.

At present, in the republic’s oil producing fields, along with fountain and rod-pumping
methods, a production method using electric submersible pumping units is also used. About 15 %

of SOCAR’s oil wells produce oil using electric submersible pumps (ESP) [1].
Prediction of the time between ESP failures before launching into the well, as well

as assessment of its residual life during operation, will determine the operating time to fail-

ure, plan repair measures and prevent the maximum wear of their components. One of the

main parameters characterizing the performance of oil pumping equipment is their inter-

repair period.
The aim ofresearch is development ofa new solution in the determination of the inter-repair

period (Tir) of electric submersible pumps, using the point of change in the nature of the intensity
of their failures.

2. Theoretical background of the problem
Field data on malfunctions and premature failure ofparts and assemblies ofESPs shows that

the nature oftheir occurrence varies in time and a sharp fracture occurs at a certain point (Fig. 1),
which leads to dangerous failures [2].

Habibov Ibrahim Abulfaz
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In the main period of operation, the physics of failures contains elements of both wear-out

and sudden failures, but with a large predominance of wear-out gradual failures with some char-

acteristic increasing function of the failure rate
hidden defects, but it quickly is “aging”, then the failure rate and the reliability

function Pit), that.λt In fact, if the pump element has almost no

hidden defects, but it quickly is “aging”, then the failure rate and the reliability function P(t), that

is, the probability of failure-free operation, should be well approximated by Weibull law with a

parameter of>1 or a normal law [6].
In the case when the consequences of failures can be the occurrence ofdangerous situations

and injuries of staff, existing in the theory of reliability methods for determining the inter-repair
period (IRP), based on the analysis and minimization of operating losses, for example [3–5], be-

come unacceptable.
The results ofnumerous experiments and analysis of the evaluation data for the operation of

electric submersible pumps (ESP) allow to divide the nature oftheir intensity into two cases: before

the point of intensity breakdown and after. In this work, the intensity tipping point t* is deter-

mined using the nonlinear corrosion-regression approximation of the empirical intensity functions

() ()1 2
andλ λe e

t t
, respectively, to the fracture point and after. The point t* obtained in [7] using a

linear approximation of the above empirical functions is taken as the initial approximation.
After the fracture point, the failure rate increases sharply due to the physico-mechanical and

physico-chemical processes occurring in the nodes and parts of the equipment. The frequency of

these deviations is described as follows:

1
λ = =−−

ftTheappearanceofdangerousfailuresis considered to be possible[2],iftheratioofneigh-

boring (at intervals)valuesoftheempiricalfailure rate satisfies therelation
()1.

()
dPt

t
Ft Pt dt

, (1)

where ()λt – the failure rate; ()Pt – the probability of failure-free operation associated with

the distribution function ()Ftand the distribution density ()ft of the time between failures by
the ratios:

() ()1 ,=−Ft Pt

()
() ()

= =−
dFt dPt

ft .

dt dt

The appearance of dangerous failures is considered to be possible [2], if the ratio ofneigh-
boring (at intervals) values of the empirical failure rate satisfies the relation

λ()t

λ()2te

λ()2t

λ()1t
λ()1t

e

t tt

Fig. 1. The nature of the change in the frequency offailures occurring in electric submersible

pumps: λ1,(t) λ2(t) – theoretical and λ1,e (t),λ2e (t ) –empirical failure rates
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() ()2 2/ 2,e e

t tλ λ ≥ (2)

where ()1λet and ()2λet – the empirical failure rate before and after the fracture point.
To estimate the value of the point ofa breakdown in the failure rate, as a firstapproximation,

it is enough to find the intersection of straight lines, which are linearization of the curves ()1λet and

()2λet in the vicinity of the point “suspicious” of the presence of a fracture in the intensity of the

failure. Such a point (let’s denote it by *

∧

~~t) must, firstof all, satisfy relation (2) and is defined

as the intersection point of two linear regressions

∧

λ = +t atb ()2 2 2

∧

λ = +t atb (3)()1 1
Here1

coefficients
1 ,

a 1b and 2,a 2b are estimated by the method of least squares (OLS).

Equating the left and right sides of equations (3), let’s obtain:

valueoftheinter-repairperiodT.

1 2 2 1 .

∧ ∧∧ ∧∧~ ~~ ~
= − −~ ~~ ~

~ ~ ~ ~
t bb a a

∧

jaSubstituting the last least-squares equation ,
∧

jb into the last equation of the coefficient

ja andafterthefracturepoint,thecorrespondingintensity functionsX,(?)andX,(?)arefoundby ( )1,2=jb j ,
let’s reduce to the following formula [7]:

~ ~
− + ⋅ −

⋅~ ~~ ~
mm m m

D D

k k

∧

λ λ

λ λ

*

2 1

t

2 1

2 1

1 2

=

k k
−

.

λ λ
2 1

D D
2 1

(4)

Here

1 jn
()

= ∑j n

nj

m t

n
1

j
,

=

1
nj

= λ∑ ()()je

j n
m t

n
,λ

j
1j =n

(5)

1 jn

)
2

( ()
= −∑ j

j n j
nj

D t m

n
,

= 1

n

~ ~
= − λ −

~ ~∑j1

,λ λ
k t m t m

n
(

j

()

1

) ()()j je

nj j n j
nj =

( )1,2,=j

(){}1t and
n

1,=n n
1

(){}2t –points from the left-side and right-sided neighborhood of the “suspi-
n

1,=n n
2

∧

tcious” point *; (){ }11
λ e

t and ()(){}2
2λe

n

t – the values of the intensities ()1λet and ()2λet at the
n

points ()1
=

n
t t and ()2

∧

t found by formula (4) is taken in [8] as the
n

t t respectively. The value *
=

,

value of the inter-repair period Tir .

The refinement of estimate (4) is achieved by smoothing the intensity curves ()1λet and
~

()2λet by the nonlinear regressions. Let ()1λ
~

tand ()2λt be the best nonlinear approximations of

functions ()1λet and ()2,λe t obtained using the 2D program. The solution to the t equation

~~

t t (6)() ()1 2
λ =λ

∧

=t t where *

∧

t is determined by formula (4), it gives a more accurate

estimate of the inter-repair period Tir. The solution ofnonlinear equation (6) for a given initial approxi-
mation is easily found using the corresponding program in the MATHCAD or MATLAB system.

It should be noted that when crossing the fracture point *,t the form of the distribution

function may also change. Then, with the known distribution functions ()1ft and ()2ft before

and after the fracture point, the corresponding intensity functions ()1λt and ()2λt are found by
formula (1), and instead of equation (6), the equation is solved concerning t

for a given initial approximation 0 *,
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() ()1 2 ,
λ =λt t (7)

∧

=t t where *

∧

t is determined by formulas (4)–(6), in which ()λýj tat the initial approximation 0 *,
is replaced by ()λ

j
t Ф(.y)—f -=e2d£, )1,2.=j

In particular, for the exponential distribution law with distribution density

for Weibulldistributionwithdistribution density

0 at 0,

at 0,
λ

<~
=~

λ ≥~ t

t

ft
e t

(8)

failure rate

pled data)doesnotaddanythingtothe knowledge of probability P(t), obtained on the basis of.λ≡λt (9)

For a truncated normal distribution law with a distribution density

distribution( W )witha= 1.2969 andb= 1.9470.л
)0

2exp ,
22

~ ~−~ ~
= −~ ~

σσπ ~~~ ~

taC (
ft

0
1/

,

~ ~
= Φ ~ ~~ ~σ

a
C

where

x 21
1 −ξ

Φ = ξ
π

∫() 2x e d
2−∞

is the distribution function of the standard normal law, the failure rate is determined by the formula

−~−~~~~~λ=φσΦ ~ ~~~ ~~~~ ~~σ σ~ ~ta a t
t ()0() 0

,

21

2
1 − x

x e (10);ϕ =

2π

for Weibull distribution with distribution density

() { }1

exp ,−=λ−λ b bft bt t
1

,λ=
a

failure rate

−λ =λ b
t bt (11)

1() .

3.Research results

r

In this case, statistics ,ν= are used where r –the number of failed samples for the run-

ning time tof the Nsamples put to the test, and the probability of failure-free operation ()Pt is

related to νby the ratio () 1 .=−νPt

The reliability characteristic determined by the value ν is sufficient statistics [6]. This

means that knowledge of any other statistics (that is, a random variable depending on the sam-

pled data) does not add anything to the knowledge of probability (),Pt obtained on the basis of

statistics ν [10, 13].
Statistical processing of volume data 12=n from the last column of Table 1shows that

they obey the truncated normal distribution law (N) with
0

0.636=a and 0.336σ= or the Weibull

distribution (W) with 1.2969
∧

=a and 1.9470.
∧

=b

Let’s denote 1/β= b and 1/,
∧ ∧

β= b where 1.9470
∧

=b – the parameter b estimate obtained

in [9] using nonlinear regression. Confidence limits for the true value of the parameter b can be

obtained using statistics /,
∧

=ββW from the table ofvalues ofwhich are given in [11]. It is possible
to select such statistics ,Wvalues for example, 1/2−αW and

/2,αW that

N

82



Original Research Article:

full paper

(2020), «EUREKA: Physics and Engineering»
Number 1

Engineering

~ ~
β~ ~

≤ ≤ =−α~ ~
ρ~ ~~ ~

PW W (12)
.∧

1 /2 /2−α α
1

This inequality can be rewritten in the form

∧ ∧

β β
≤β≤

W W
/2 1 /2α −α

Assuminga=0.1,from[11]let’sfindfor n=12andr=12andW095=1.60.Therefore,

for the example under consideration with a confidence probability P = 0.9, the true value of the)100 1%− −α two-sided confidence boundaries for the parameter bof the Weibull

distribution are:

where the

.∧
∧

α

⋅ ≤≤⋅bW b bW (13)1 /2−α /2

Assuming 0.1,α= from [11] let’s find for 12=nand 12=rand 0.951.60.=W Therefore,
for the example under consideration with a confidence probability0.9,=P the true value of the

parameter satisfies the inequality

0.601.9470 1.351.9470,⋅ ≤≤ ⋅b

so

1.1682 2.6284.≤≤b (14)

The failure rate, obeying the Weibull distribution c 2,>btends to increase sharply. Since in

our example the parameter,b according to (14) can have a value greater than 2, dangerous failures

can occur.

Operating
interval, days

The number of failures by category of wells

The number of failures in

the operating time intervalnormal «N» sand «S» corrosion «C»

corrosion-sand

«CS» «CS′»

0–15 – – 22 38 60

15–30 – – 28 87 10 125

30–45 – 19 30 90 30 169

45–60 15 23 26 70 36 170

60–75 20 30 12 40 44 146

75–90 35 34 – 8 28 105

90–105 45 29 6 5 15 100

105–120 60 22 – – 4 86

120–135 48 18 – – – 66

135–150 43 12 – – – 55

150–165 37 5 4 – – 46

165–180 24 – – – – 24

180–195 327 192 128 338 – 1,152

Table 1

Statistical indicators of submersible ESP failures
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4. Discussion of research results

Based on the experimental data, a series of failure values of submersible ESPs is construct-

ed, which is presented below:

60; 125; 169; 170; 146; 105; 100; 86; 66; 55; 46; 24. (15)

A series of statistics v corresponds to series (15) (the failure rate r among the total number

of pumps N=1152).

0.0521; 0.1085; 0.1467; 0.1475; 0.1267; 0.0911;
0.0868; 0.0746; 0.0573; 0.0477; 0.0399; 0.0208. (16)

Having ordered series (16) by increasing its members, let’s obtain the so-called varia-

tional series:

0.90208; 0.0399; 0.0477; 0.0521; 0.0573; 0.0746;

0.0868; 0.0911; 0.1085; 0.1267; 0.1467; 0.1475. (17)

As shown in [9], a number of developments (15) up to t=86 are rather well described by the

normal distribution with parameters а
0
=0.636 and σ=0.336, and after t=86 – by the Weibull distri-

bution with parameters 1.2969
∧

=a and 1.9470.
∧

=b

Let’s take the point t=86 or, which is the same thing, v=0.673 for the suspicious point of

fracture of the failure rate. Let’s assume that up to the point v
*

=0,673, the statistics vobeys the

truncated normal law

− ~ ~~ ~ ~~
=φ σΦ~ ~~~~ ~ ~ ~~~ σ σ~ ~

va a

fv (18)1 ()
0 0

with parameters а0 =0.636 and σ=0.336 and with intensity

() 0 0

1 ,

− ~ −ν~~ ~ ~ ~λ =φ σΦ~ ~ ~ ~~ ~
~~ ~~σ σ~ ~

va a

v (19)

and after the point v
*

=0.673 – to the Weibull distribution with density

() 12 exp
−

~ ~
= −~ ~

~ ~
b b

b b
fv v v

a a
(20)

∧

=a and 1.9470
∧

=b and intensitywith parameters 1.2969

−λ =

b
b

v v

a
2 ()

1
. (21)

Regression equations for statistics vcan be written as

∧

λ = +v avb ()2 2 2

∧

λ = +v avb()1 1 ,1 . (22)

For the left-sided neighborhood of the point v
*

=0.673, points from the sequence are taken

{} { }
1

(1)

1,
0.0521;0.161;0.303;0.455;0.582;0.673

=

=

n
n n

v ( )16,=n

and for the right-hand neighborhood – points from the sequence
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{v" 2)}„-ur ={°- 673; °-759 ; °-839; °- 891 ; °- 939 ; 0.979; 1.0}(n2= 1).
2

(2)

1,
0.673;0.759;0.839;0.891;0.939;0.979;1.0

=

=

n
n n

v where(v)andA,, (v)arerepresentedby formulas(19)and(21),respectively, undertheinitial )2
7,=n whichcorrespondstotheoperatingtime

The function ()Φx is calculated by the approximate formula [12]

Φ =−φ ⋅ αξ∑
3

Table 2showsthe dataonthe average(T ) andmaximum (T ta jinter-repairperiodsfor the1 i
x x (23)

1

,i

i =

where

( )1/1,ξ= +⋅px 0.33267,=p 1 0.4361836,α= 2 0.1201676,α=− 3 0.9372980.α=

The error of formula (23) is estimated as

() 510.−ε ≤x

Equation solution

() ()1 2 ,λ =λv v (24)

where ()1λv and ()2λv are represented by formulas (19) and (21), respectively, under the initial

condition
*

0
0.576= =v v gives

*

0.612,=v (25)

which corresponds to the operating time

*

90.=t (26)

*

90=t is the end of the time interval [75, 90], which corresponds to the intensity
v=0.582, the closest to the value

*

0.612=v and not exceeding
*

v the value
*

,
t determined by

value (26) is taken as the value of the inter-repair period

Since

Тir .

Table 2shows the data on the average (Tav) and maximum (Tmax) inter-repair periods for the

operation of ESP-type submersible units in various oil and gas production units for Azneft. As can

be seen from the Table 2experimental data on the average Tavvalue of the inter-repair period for

Azneft Production Association of the Azerbaijan Republic using ESP in difficult operating con-

ditions, the Tavis in the range 63
...

.100, which is consistent with our calculated value t*=90 days.

Name of «Azneft» oil

and gas production
units

Standard sizes of ECPUsubmersible units and information on Т
av

and Tmax(in days)

ECPU-5-200 ECPU-6-160 ECPU-6-250 ECPU-6-350

n Tср Tmax n Tav Tmax n Tav Tmax n Tср Tmax

«Balakhanyneft» OGPU – – – – – – – – – – – –

units

«Surakhanyneft» OGPU 1 63 100 2 54...67 89…92 – – – – – –

G. Z. Tagiyev OGPU – – – – – – – – – – – –

«Bibieybatneft» OGPU – – – – – – 1 66 78 – – –

Total: 1 63 100 2 54…6789…92 1 66 78 – – –

Table 2

Data on the average (Tav) and maximum (Tmax) inter-repairperiod ofoperation of EDP-type submersible units

in various oil and gas production units for Azneft
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4. Conclusions

1. The use of electric submersible pump units in oil production is promising and is highly
efficient.

2. The indicator of the inter-repair period (Tir) of equipment is a generalizing parameter

characterizing the performance of electric submersible pumps.

3. The proposed method for assessing the inter-repair period of operation of electric sub-

mersible pump units is practical and can be used in engineering tasks related to the analysis of the

reliability of technical equipment.
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Abstract

Based on the results ofa numerical-field analysis ofthe distribution ofthe magnetic force field in the working area ofthe disk

magnetic separator, designed to clean bulk substances from ferromagnetic inclusions, the influence of the magnetic material of the

poles ofthe magnetic system on the field distribution is determined. A consistent study of two magnetic systems assembled on the

basis of magnetic materials of different classes is carried out. The finite element method implemented in the COMSOL Multiphysics
software environment is used to calculate the distribution of magnetic induction in a disk magnetic separator with rare-earth and

ferrite magnets. Due to the complexity of the spatial geometry of the force field in the working area of the diskmagnetic separator, a

three-dimensional model ofthe magnetic system is developed. A comparative analysis ofthe distribution ofthe magnetic force field

in the working area ofthe disk separator with a highly coercive magnetic system and with a magnetic system based on ferrite blocks

is carried out. As a result of the analysis, it is found that the indicators of the intensity and heterogeneity of the magnetic field for a

highly coercive magnetic system significantly exceed the corresponding parameters of a ferrite magnetic system. It is proved that

when choosing magnets for the magnetic system of a disk separator, preference should be given to highly coercive alloys, the mag-

netic properties of which significantly exceed the magnetic properties of ferrite magnets. To reduce the cost of the magnetic system

of the disk separator, the use of a combined magnetic system assembled from magnetic materials of different classes is proposed.
Studies ofcombined magnetic systems with various mass fractions ofmagnetic materials are done. The ratio ofthe mass fractions of

magnets ofvarious properties in the poles of the magnetic system is determined, at which sufficiently high magnetic characteristics

are provided in the working area. It is shown that the presence of a ferrite fraction in the magnetic poles not only reduces the cost of

the magnetic system of the separator, but also reduces the mass ofthe system. The tasks of further research are justified.

Keywords:disk separator, magnetic induction, permanent magnet, combined magnets, ferromagnetic inclusions.

DOI: 10.21303/2461-4262.2020.001106

1. Introduction

The widespread use of magnetic separators for cleaning bulk materials from ferromagnetic

inclusions, primarily in the food and related industries, actualizes the task of increasing their efficien-

cy, which is understood to ensure maximum reliability of removal. One of the ways to increase the

efficiency of devices for magnetic separation is the use ofpermanent magnets [1–4]. To improve the

quality ofpurification ofraw materials and finished products from magnetic impurities, the perma-

nent magnets of the separators must have high magnetic properties and stable magnetic parameters.

Moreover, the layout of magnetic systems, including using various types of magnetic materials, to

ensure the necessary distribution of the magnetic force field in the working area of the device.

Iryna Shvedchykova

Inna Melkonova

JuliaRomanchenko
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Permanent magnets, in particular ceramic magnets based on barium or strontium ferrites,
have been used in magnetic separators for many years to clean bulk substances from ferromagnetic
impurities. Practical experience in operating magnetic systems of separators [5, 6] has shown that

the widespread use of ferrite magnets is due to their relatively low cost, high stability of magnetic
properties and corrosion resistance. Thus, the work [5] summarizes the experience ofusing ferrite

magnetic systems of permanent magnet separators in the food, pharmaceutical, animal feed and

other related industries for the purification ofbulk substances from ferromagnetic inclusions. It has

been shown that with sufficiently long-term use of such systems (about 30 years), the decrease in

magnetic induction does not exceed 4 %. When developing magnetic systems for pulley separators,
as shown in [6], it is advisable to use ferrite permanent magnets due to their relatively low cost.

In recent years, the construction of magnetic systems for separators has found application of

highly coercive rare-earth permanent magnets based on a neodymium-iron-boron (Nd-Fe-B) alloy.
Permanent magnets of this alloy are characterized by a sufficiently high residual magnetic induction

Br(up to B
r

=1.44 T), temperature stability (up to 150 °C), have a small volume per unit ofenergy.

The disadvantages of magnets include the low operating temperature of some brands, as

well as low corrosion resistance, which is eliminated by coating the surface of the magnets with

protective layers ofcopper, zinc, nickel, chromium [7].

Today, Nd-Fe-B-based magnets have no analogues in magnitude of magnetic induction and its

stability over time. It is advisable to use magnetic systems of separators with irreplaceable magnets
where it is necessary to improve the quality ofcleaning with the minimum dimensions of the separa-

tor. So, in [2], the prospects ofusing magnetic systems based on neodymium magnets for the purifi-
cation ofbulk substances from weakly magnetic impurities at food industry enterprises are justified.
In [8], a method is presented for separating small metallic non-ferrous particles from two-component
metallic non-ferrous mixtures using a new type of permanent magnet separator. It is also promising
to use Nd-Fe-B alloy magnets in magnetic systems for high-gradient separation [9, 10], in particular
in biomedicine, for targeted delivery and localization ofmagnetic nanoparticles in a given area of a

biological object [11, 12].
When constructing magnetic systems of separators based on permanent magnets, a combi-

nation of various types of magnetic materials is also used. According to the results of experimental
studies in [13], combined layout solutions ofmagnetic systems ofdrum-type separators are proposed,
which provide for the use of both ferrite and rare-earth permanent magnets. Ferrite magnet blocks

are recommended for magnetizing the extreme rows ofNd-Fe-B alloy magnets and for improving the

conditions of the east of ore material from the surface of the drum. Moreover, at a distance of20 mm

from the surface of the drum, the magnetic induction is 0.2 T, and its gradient is 5 T/m.

In [14], the characteristics of combined magnets are analyzed, which are assembled from

different types ofmagnets and are considered as a new class ofpermanentmagnets. It is shown that

the properties of such magnets are determined by both magnetic properties and the volume content

of their components, and by the assembly scheme. It is concluded that the theoretical and experi-
mental studies of combined magnets are promising for the purpose of their practical application.

Thus, as the analysis of publications [1–14] shows, a reasonable choice of material of per-

manent magnets and layout solutions of magnetic systems is an important stage in the design of

new types ofmagnetic separators. At the same time, the question of the effect of the material of the

magnets on the distribution of the magnetic field in the working zones of the magnetically separat-

ing devicesrequires attention.

The aim ofresearch is analysis of the distribution of the magnetic force field in the working
area of the disk magnetic separator and determination of the effect of the magnetic material of the

poles of the magnetic system on this distribution.

To achieve this aim it is necessary:

1) to conduct a comparative analysis of the distribution of the magnetic force field in the

working area of the disk separator for various types ofmagnetic materials of the poles of the mag-

netic system;

2) to substantiate the feasibility of using combined permanent magnets in the construction

of the magnetic system of the disk separator.
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2. Materials and methods

To clean bulk materials transported by belt conveyors from unwanted ferromagnetic impu-
rities, a new design of a disk magnetic separator is designed, shown in Fig. 1. On the surface of

the stationary ferromagnetic disk 1 there are permanent magnets 2 located in a spiral at the same

distance from each other with alternating polarity of the poles, both in the direction of deployment
of the spiral and in the radial direction. In the presence of a non-magnetic rotating discharge disk

(not shown in Fig. 1), this configuration of the magnetic system ensures its self-cleaning.

In [15], the results of previous studies of the influence of the spiral geometry of the

magnetic system (Fig. 1) on the distribution of the magnetic field in the working region of the

separator are presented. An analysis of the spatial distribution of the magnetic field induction

in the working area of the magnetic separator, presented in [15], shows that a sufficiently
strong magnetic field (Вmax=0.6...0.65 T) is formed in the working volume of the separator on

the surface of the magnets, sufficient for extraction of ferromagnetic inclusions. Studies on the

effect of magnetic materials and their layouts on the distribution of the magnetic force field

are not conducted.

The magnetic field in a system with permanent magnets in the absence of electric current

is described by the Maxwell system of equations, which in the magnetostatic approximation takes

the form

0,∇× =H

0,∇⋅=B (1)

where H– the magnetic field vector; B– the magnetic induction vector.

Equations for permanent magnets has the form

0 ,r
=µµ +

r
B H B (2)

where µr, B – the relative value of the magnetic permeability and residual induction of the perma-

nent magnet material, respectively.
The equation ofmagnetic state for a ferromagnetic disk (pos. 1, Fig. 1) and the environment

(air) can be written as

r

0 ,
r

=µµBH (3)

where µr– the relative value of the magnetic permeability for the ferromagnetic disk (µr=1000) and

air (µr=1), respectively.

2

S
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Fig. 1. The magnetic system of the disk separator: 1 – ferromagnetic disk; 2 – permanentmagnets
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Based on expressions (2)–(4), a differential equation can be obtained for calculating the

vector magnetic potential А()=∇×B A

0( )0.r rАB∇µµ∇− = (4)

Due to the complexity of the spatial geometry of the force field distribution in the working
area of the disk magnetic separator, differential equation (4) is solved using the numerical finite

element method in the COMSOL Multiphysics 3.5a 2008 software package.
To solve the first task of conducting a comparative analysis of the distribution of the mag-

netic force field in the working area of the diskseparatorusing various types ofmagnetic materials,
a computational experiment is conducted. A three-dimensional geometric model of the device’s

magnetic system with a finite element grid applied to it is shown in Fig. 2, a. When constructing
the finite element model, an arbitrary tetrahedral grid is selected. The number of grid points is

18191, the number of elements is 102,663, and the number ofboundary elements is 10922, respec-
tively. As the boundary conditions at the external borders of the computational domain, the mag-

netic isolation condition А=0 is used (Fig. 2, b). At the same time, the continuity condition А 1–А2=0
is set at the internal boundaries, which is the standard setting of the boundary conditions in the

COMSOL Multiphysics software environment.

In the study, the vertical component of the magnetization of the permanent magnets is di-

rected along the Z axis (Fig. 1). The properties of the permanentmagnets are set using equation (2)
in the Subdomain Setting module of the COMSOL Multiphysics software environment. This equa-

tion makes it possible to better take into account the effects of demagnetization under the action of

an external field directed against the vector of the current magnetization.
For ferromagnetic disk 1 (Fig. 1), made of soft magnetic structural steel, the assumption

is made that the relative magnetic permeability µr of the disk material is constant (µr=1000).
The design parameters of the magnetic system of the separator, taken as the base, are (Fig. 3):
δ=25 mm, a=67.6 mm,b=51.7 mm, t=12.5 mm. The dimensions of the ferromagnetic disk 1 (Fig. 1),
on which the permanentmagnets are placed, are taken as follows: the disk diameter is 700 mm, and

the thickness is 15 mm.

a b

лд
Дд-—Jr\ А-А

&

Fig. 2. Three-dimensional geometric model of the magnetic system

(1 – ferromagnetic disk, 2 – permanent magnets): a – with a applied grid from finite elements;
b–indicating the boundary conditions of the computational domain

Fig. 3. Design parametersof the magnetic system of the separator
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The influence of the magnetic material ofpermanentmagnets on the distribution ofmagnet-
ic induction Bis studied in an arbitrarily selected air gap of the magnetic system of the separator for

characteristicpoints 1 (or 3) and 2 (Fig. 4) along the vertical Z axis at a distance from the surface of

the magnets up to 60 mm. It should be noted that for points 1 and 3, symmetrically located relative

to the Z axis, the nature of the distribution of the magnetic field is identical.

In the research, it is assumed that the effect of the material is the same for any air gap of the

magnetic system located both inside the disk and on its periphery.

3. Research results of the influence of the material of permanent magnets on the magnetic
field distribution

At the first stage, two magnetic systems assembled on the basis of magnetic materials of

different classes are sequentially investigated. For the first magnetic system, magnets based on

barium ferrite Fe-Ba are chosen (relative magnetic permeability µr=1, residual magnetic induction

В =0.4 T, layer 2 in Fig. 3is absent), for the second – permanent magnets based on highly coercive

Nd-Fe-B neodymium-iron-boron alloy (relative magnetic permeability µr=1.06, residual magnetic
induction В

r
=1.2 T, layer 1 in Fig. 4is absent). The results of calculating the vertical component

of magnetic induction B(along the vertical axis Z) for characteristic points 1 and 2 (Fig. 4) are

presented in Fig. 5.

r

To assess the heterogeneity degree of the magnetic field, the modulus of the magnetic induc-

tion gradient is |gradB|iat i-th points (і=2, …, n, n=6). Calculation of |gradB|
i
is carried out at three

points according to the formula

i ii
B BB Z

+ −= − ∇ (5)) ()1 1grad /2( ,

where ∆Z– the distance between the points where the magnetic induction is determined (∆Z=10 mm).

Magnetic induction gradient modulus calculation results |gradB|ifor characteristic point 2

(Fig. 3) are given in Table 1.

z
s

\J Л

\ \\
=3

л;
~~~J

Kp// s

1^

a b

Fig. 5. The distribution of magnetic induction along the verticalZ axis (when constructing
a magnetic system based on: 1 – barium ferrite, 2 – based on the Nd-Fe-B alloy):

a– for characteristic point 2; b – for characteristic point 1

Fig. 4. The location of the characteristic points in the study area:

1 – ferrite magnets; 2 – magnets based on Nd-Fe-B alloy
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As can be seen from Fig. 4, the magnetic system based on the Nd-Fe-B alloy creates a mag-

netic field that is 2.75...4 times higher than the magnetic field intensity from ferrite magnets. Higher
induction gradient |gradB|i values should also be indicated in the working area of the magnetic

system. For characteristic point 2, the gradient of magnetic induction |gradB|ifor poles based on

Nd-Fe-B alloy exceeds, on average, 2
...

4.3 times the corresponding indicator for ferrite magnets.
These results are in good agreement with the results of studies obtained by other authors [2].

Thus, when choosing magnets for the magnetic system ofa disk separator, preference should

be given to the Nd-Fe-B alloy, the magnetic properties of which significantly exceed the magnetic

properties of ferrite magnets.
At the next stage, the magnetic systems of a separator of a combined type, built on the ba-

sis of magnets of different classes (combined magnets), are investigated. The layers of magnetic
materials at the poles of the magnetic system are arranged as shown in Fig. 3: ferrite magnets are

adjacent to the surface of the magnetic disk ( Fig. 1) (layer 1 in Fig. 2), and the upper layer of the

poles contains a highly coercive Nd-Fe-B alloy ( layer 2 in Fig. 2). With this alternation of layers
of magnetic materials, a certain magnetization of the upper layer of magnets from the Nd-Fe-B

alloy occurs.

Magnetic induction is determined for characteristicpoints 1 and 2 (Fig. 3) along the vertical

Z axis at a distance from the surface of the magnets to 60 mm, starting with a fraction of ferrite

magnets of 50 % in each individual pole of the magnetic system. After that, the proportion offerrite

magnets gradually decreases, while the magnitude of the magnetic induction in the working gap of

the combined magnet approaches the corresponding parameters of the magnetic system assembled

entirely on the basis of the Nd-Fe-B alloy.
The results of calculating the magnetic induction Balong the vertical Zaxis for combined

magnets compared to magnets based on the Nd-Fe-B alloy for point 1 are given in Table 2, and for

point 2 – in Table 3, respectively.
As the Tables 2, 3 show, the intensity of the magnetic field in the working zone of

the separator depends on the proportion of ferrite magnets in the total mass of the combined

magnetic system. So, with a ferrite magnet fraction of 50 %, magnetic induction in the corner

zone on the surface of a permanent magnet (point 1 or 3 in Fig. 3) is even equal to the mag-

netic induction that the city has when using highly coercive blocks of magnets, and amounts

to 0.62 T. At the same time, at a distance from the surface of the poles magnetic induction is

significantly reduced.

With a proportion of ferrite magnets in the total mass of 25 %, combined magnets are in-

ferior to Nd-Fe-B magnets at distances up to 40 mm. At the same time, at large distances (50 and

60 mm), such arrangements create the same magnesium field as Nd-Fe-B magnets. When the pro-

portion of ferrite magnets in the total mass of the magnetic field is about 18–20 %, the magnetic

i

Z, mm
Number of the

point і

Nd-Fe-B alloy magnets Barium ferrite magnets

В, T |gradB| i,
T/m В, T |gradB|i, T/m

0 1 0.220 0.080

10 2 0.210 3 0.070 1.5

20 3 0.160 5 0.051 1.6

30 4 0.110 4 0.038 1.25

40 5 0.080 3 0.025 1.15

50 6 0.050 3 0.015 0.7

60 7 0.040 0.011

Table 1

|gradB|i
calculation results for characteristic point 2
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induction in the working area of the magnetic system with combined magnets approaches the val-

ues of magnetic induction in the Nd-Fe-B magnetic system.

Thus, the research results show that when constructing magnetic systems for disk separa-

tors, it is advisable to use combined magnets with such a fraction of the ferrite component in the

total mass ofpoles of the magnetic system that does not exceed 20 %. Using this arrangementwill

also result in:

– to reduce the mass of the magnetic system of the separatorby 10 % (the calculated mass

value for the magnetic system based on Nd-Fe-B is 14.72 kg, and for the combined magnetic
system – 13.25 kg, respectively);

– to reduce the cost of the magnetic system of the separator by 25 % (the estimated cost of

the magnetic system based on Nd-Fe-B is 880 USD, and the combined magnetic system – 660 USD,

respectively).

4. Discussion of research results

A comparative analysis of the distribution of the magnetic force field in the working
area of the newly designed disk separator makes it possible to quantitatively evaluate the ad-

Z, mm

Magnetic induction В, T

Nd-Fe-B alloy magnets
Combined magnets with a share offerritemagnets in the total mass ofthe magnetic field, %

50 25 18

0 0.620 0.620 0.620 0.620

10 0.300 0.200 0.240 0.300

20 0.180 0.120 0.150 0.160

30 0.110 0.080 0.100 0.100

40 0.080 0.050 0.070 0.065

50 0.050 0.030 0.050 0.050

60 0.040 0.020 0.040 0.040

Z, mm

Magnetic induction В, T

Nd-Fe-B alloy magnets
Combined magnets with a share of ferrite magnets in the total mass ofthe magnetic field, %

50 25 18

0 0.220 0.160 0.210 0.220

10 0.210 0.150 0.200 0.210

20 0.160 0.110 0.150 0.150

30 0.110 0.080 0.100 0.100

40 0.080 0.050 0.070 0.070

50 0.050 0.030 0.050 0.050

60 0.040 0.020 0.040 0.040

Table 2

The results of calculating the magnetic induction Bof the combined magnets compared to magnets based on

the Nd-Fe-B alloy for point 1

Table 3

The results of calculating the magnetic induction Bof the combined magnets compared to magnets based on

the Nd-Fe-B alloy for point 2
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vantages of a highly coercive magnetic system over a magnetic system based on ferrite blocks.

The main indicators characterizing the efficiency of the magnetic separator, that is, its ability
to reliably remove and retain ferromagnetic inclusions, are indicators of the intensity and het-

erogeneity of the magnetic field in the working area. As calculations show, these indicators

for a highly coercive magnetic system significantly exceed the corresponding parameters of a

ferrite magnetic system.
In recent years, there has been a downward trend in the cost ofrare earth magnets. How-

ever, the cost of ferrite magnets still remains significantly less than the cost ofmagnets based on

a neodymium-iron-boron alloy. Therefore, to reduce the cost of the magnetic system of the disk

separator, it is proposed to use a combined magnetic system assembled from magnetic materials

of different classes. At the same time, it is important to select such a ratio of mass fractions of

magnets of various properties in the poles of the magnetic system, at which sufficiently high

magnetic characteristics are provided in the working area. In the research process, such a ratio

is found. The presence of a ferrite fraction in the magnetic poles not only reduces the cost of a

quarter of the magnetic system of the separator, but also reduces the mass of the system.
It should be noted that ferrite magnets of complex shape are not produced due to the diffi-

culties of their manufacture. Therefore, certain difficulties may arise in the manufacture of ferrite

poles of sector-like shape adopted in a disk separator. To justify the feasibility of using simpler
forms of magnetic poles, for example, prismatic, additional studies of the distribution of the mag-

netic field in the working area of the magnetic separator are necessary.

5. Conclusions

When choosing magnets to build the magnetic system ofa diskseparator, preference should

be given to the Nd-Fe-B alloy, the magnetic properties of which significantly exceed the magnetic

properties of ferrite magnets. So, the magnetic system of a disk separator based on the Nd-Fe-B

alloy creates a magnetic field that is 2.75...4 times higher than the magnetic field intensity from

ferrite magnets. The magnetic induction gradient for a system based on the Nd-Fe-B alloy exceeds,

on average, 2...4.3 times the corresponding indicator for ferrite magnets.
To reduce the cost of the design of the disk magnetic separator, it is advisable to use com-

bined magnets with a fraction of the ferrite component in the total mass of the poles of the magnetic

system not higher than 20 %. This arrangement of magnetic materials will lead to a decrease in the

mass of the magnetic system of the separator by 10 % and to a decrease in its cost by 25 %.
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Abstract

In the current research, the valorization of olive mill solid waste as beneficial admixture into clay bodies for developing

greener ceramic materials with lower thermal conductivity, thus with increased thermal insulation capacity towards energy savings,
is investigated. Various clay/waste mixtures were prepared. The raw material mixtures were characterized and subjected to ther-

mal gravimetric analysis, in order to optimize the mineral composition and maintain calcium and magnesium oxides content to a

minimum. Test specimens were formed employing extrusion and then sintering procedure at different peak temperatures. Apparent

density, water absorption capability, mechanical strength, porosity and thermal conductivity were determined on sintered specimens

and examined in relation to the waste percentage and sintering temperature. The experimental results showed that ceramic produc-
tion from clay/olive-mill solid waste mixtures is feasible. In fact, the mechanical properties are not significantly impacted with the

incorporationofthe waste in the ceramic body. However, the thermal conductivity decreases significantly, which can be ofparticular
interest for thermal insulating materials development. Furthermore, the shape of the produced ceramics does not appear to change

with the sintering temperature increase.

Keywords:ceramics, green materials, circular economy, olive mill solid waste, porosity, thermal conductivity, thermal

insulation.

DOI: 10.21303/2461-4262.2020.001116

1. Introduction

Innovative technologies that incorporate different forms of biomass and other alternative

solid products (produced from various waste treatments) into red ceramics seem to develop rapidly
at a global level. Actually, biomass energy potential is addressed to be the most promising among

the renewable energy sources, due to its spread and availability worldwide [1–3]. The interesting
points in these technologies are that they:

a) can act as an efficient disposal method;

b) exploit the biomass energy content into clay bodies for fuel savings;
c) use of materials with organic matter as pore-forming agents [4, 5].
Olive-mill solid waste is the main waste produced during the process of olive-pomace oil

production. Particularly in Greece, approximately 250,000 tons of (olive stone wooden residue

(OSWR) are produced annually [6, 7]. OSWR is mainly used as alternative fuel due to its high
calorific value (18,828–20,577 MJ/Kg) [8, 9].
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Introduction of olive-mill solid residue into clay-based ceramics can be considered as a

promising alternative solution for the valorization of this solid residue. Effluent olive-mill waste-

water sludge was already embedded into fired laboratory produced clay bricksby Hamza et al. [10].
Moreover, Cotes Palomino et al. [11, 12] have studied the influence of the amount ofwet pomace

(containing water, olive stone and pulp residue) into ceramics materials for optimization of their

technological properties in order to meet the standards for use as structural construction bricks.

Actually, the addition of olive-mill solid residue as a pore-forming agent into ceramic brick clays
must be carefully controlled. High % addition into the ceramic body will liberate heat at an exces-

sive rate and localized heating may cause defects in the products [13].
The aim of the present research is to provide broader insight into ceramic microstructures

elaborated starting from standard industrial ceramic clays and OSWR powder, in the context of

circular economy towards sustainable development. Emphasis is placed on the development of

greener ceramic materials with lower thermal conductivity, thus focusing on the potential for im-

proved thermal insulation capabilities with the beneficial utilization ofthis solid residue as admix-
ture into ceramics. Particularly, the decomposition of OSWR in the ceramic body upon sintering
is expected to influence the porosity and consequently the thermal conductivity of the produced
ceramic material.

2. Materials and methods

2.1. Raw Materials

2.1.1. Chemical Analysis
The ‘Viokeral’ clay mixture used in the present study is a blending at certain proportions

of three clays collected from various locations of Central Greece and provided by “TERRA S.A.”.

Table 1 contains chemical analysis results of these clays.

OSWR is the main residue of olive-pomace oil production processes. The OSWR used in

the present study was obtained from a local olive press treatment plant after dewatering. Table 2

presents physicochemical analysis results for this OSWR while Table 3 shows a typical physico-
chemical analysis of OSWR.

PARAMETER
CONSTITUENT CLAY (%)

A B C

L.O.I.** 11.95 9.87 16.54

SiO2 49.40 52.79 51.02

Al2Ο3 12.89 13.53 8.55

Fe2O3 7.10 7.57 4.66

CaO 8.58 6.29 11.62

MgO 4.86 4.31 3.89

Κ
2
Ο 2.88 3.19 1.55

Na2O 1.56 1.57 1.42

TiO2 0.818 0.855 0.621

CaCO3(eq) 14.72 – 24.46

CO2 6.47 – 10.75

Note: *
– source: TERRA S. A.; **

– L.O.I.=Loss on Ignition

Table 1

Chemical analysis ofclays
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An advantage ofOSWR is that CO2emissions for this additive come from the biomass (free
of calcium carbonate), which means that, regarding CO2emission trading, this is a way to reduce

the assigned quantities of CO2and lower the carbon footprint, because biomass is weighed with a

zero emission factor [14].

2.1. 2. Thermal Analysis

Fig. 1 shows the thermal analysis results, specifically TGA/DTA curves (Setaram STA

1600), for the “Viokeral” clay mixture. In these curves, it is observed that up to 150 °C, release of

hygroscopic water is taking place and the process is endothermic. From 155 °C to 425 °C, loss of

molecular water takes place and the process is also endothermic. From 425 °C to 775 °C, several

endothermic and exothermic peaks are noticed due to combined dehydroxylation of the silicate

lattice, combustion of organic matter and decomposition reactions [15]. From 775 °C to 858 °C,
the process is endothermic due to the dissociation of carbonates. According to these results, the

“Viokeral” mixture does not belong to the Kaolinitic group, since the characteristic peak of the

kaolinic clays at about 980 oC is absent. The mass loss upon clay sintering at 1105 °C reaches

11.9 % w/w, which may be attributed to the elimination of organic matter by combustion, the elim-

ination of water due to dehydroxylation, and the decomposition of carbonates.

In Fig. 2, the TGA/DTA curves for the OSWR used are presented. In these curves, the fol-

lowing endothermic and exothermic regions are noticed:

1) Up to 152.7 °C: Dehydration (endothermic);

2) 152.7–438 °C: Combustion of organic matter– Dehydration (endothermic);
3) 438–575 °C: Combustion oforganic matter (exothermic);

4) 575–649 °C: Combustion of organic matter (endothermic);
5) 649–682.8 °C: Combustion oforganic matter (strongly exothermic).

Physical characteristics

Net Calorific Value 17,818 MJ/kg

Gross Calorific Value 19,269MJ/kg

Chemical characteristics

Carbon 48.68 % w/w

Hydrogen 6.84 % w/w

Note: * – source: TERRA S.A.

Table 3

Physicochemical Analysis ofOSWR*

Physical characteristics

Gross Calorific Value** 20,962 MJ/kg

Moisture 12.3 % w/w

Ash 1.9 % w/w

Combustibles*** 85.8 % w/w

Chemical characteristics

Carbon 48.59 % w/w

Hydrogen 5.73 % w/w

Oxygen 44.06 % w/w

Nitrogen 1.57 % w/w

Sulphur 0.05 %w/w

Note: *
– Source: 1) Laboratory ofApplied Thermodynamics; 2) Process design Laboratory, Aristotle University of

Thessaloniki; **
– Dry basis; ***

– Wet basis

Table 2

Physicochemical Analysis ofOSWR

98



Original Research Article:

full paper

(2020), «EUREKA: Physics and Engineering»
Number 1

Chemical Engineering

In Fig. 3,the TGA/DTA curves for the “Viokeral”/6 %w/w OSWR mixture are provided.

In these curves (Fig. 3), the following endothermic and exothermic regions are noticed:

1) Up to 110 °C: Dehydration (endothermic);
2) 110–322.27 °C: Loss of molecular water (endothermic);

3) 322.3–383.6 °C: Loss of molecular water – Combustion of organic matter (exo-
thermic);
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Fig. 3. TGA/DTA curves for “Viokeral”/6 %w/w OSWR mixture

Fig. 2. TGA/DTA curves for OSWR

Fig. 1. DTA/TGA curves for the “Viokeral” clay mixture
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4) 383.6–434.3 °C: Loss of molecular water – Combustion of organic matter (endo-

thermic);
5) 434.3–723.7 °C: Combustion of organic matter (exothermic);

6) 723.69–774 °C: Dissociation of carbonates (endothermic).

2. 2. Synthesis of ceramic specimens
Ceramic bodies were produced using each time 0, 3, 6 and 9 % w/w OSWR powder

as an additive in the clay mixture. The various clay/OSWR mixtures were ground to particle
size <1 mm. Then, they were kneaded with water and shaped into specimens using a laborato-
ry pilot-plant vacuum extruder provided with manual cutter. The rectangular specimen cross

section bars were 80×43.5×18 mm. Extruded test pieces were optically checked and weighed
for moisture determination using a thermos-balance. Subsequently, the specimens were first

dried at room temperature for 12 hours and then in an oven at 110 °C for at least 24 hours, un-

til reaching a constant weight. Finally, the dried specimens were sintered in a programmable
electric furnace following a protocol of gradual heating up to a peak temperature (850, 950,

1050 or 1150 °C).
A schematic diagram of the proposed method is shown in Fig. 4.

2. 3. Characterization of ceramic specimens
2. 3.1. Water absorption capacity & open porosity
The specimens were immersed in water (25–30 °C) for 24 hours. Water absorption (WA)

capacity and open porosity (OP) are obtained from the following equations:

W-W

100
−

WA
W W

wet dry
=

sityofwater(1g/cm3);V-volumeofthesamples(cm3).
W

dry

(1)

culatedfromthefollowingequation[16]:
100

W W
OP

−

wet dry
=

ρ V
,

s (2)

where W
wet

– weight of saturated with water samples (g); Wdry– weight of dry samples (g); ρ – den-

sity of water (1 g/cm3); Vs – volume of the samples (cm3).

2. 3. 2. Three-point bending strength (Modulus of Rupture)
Strength of sintered specimens was determined upon three-point bending using a Universal

Testing Machine (UTM) type INSTRON MTS 3382, and the Modulus ofRupture (MOR) was cal-

culated from the following equation [16]:

( )
2

3
MPaMOR =

PL
,

2 bw
(3)

where P– force (N); L– the opening width (36 mm); b– width of sample (mm); w– thickness of

the sample (mm).

Water

Mixing ExtruderDrier Kiln Clay/OSWR
CeramicsClay

Dried powder
OSWR

Fig. 4. Schematic diagram of the ceramic production process,

using OSWR powder as admixture
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2. 3. 3. Thermal conductivity
Thermal conductivity coefficient (k) of sintered ceramics was measured at 25 °C by apply-

ing the guarded heat flow meter method using an Anter Unitherm Model 2022.

2. 3. 4. Scanning Electron Microscopy (SEM) characterization

SEM analysis of the ceramic specimens was conducted using a JEOL 6610LV microscope.

3. Results

3.1. Mass loss on sintering and appearance color

Fig. 5 depicts the weight loss and the consequent change of the bulk density of the speci-
mens, as a result of the sintering process.

3. 2. Water absorption capacity and open porosity
In Fig. 6, the influence of the OSWR proportion in the clay/OSWR mixtures on the water

absorption (WA) capacity and open porosity (OP) is shown.

3. 3. Mechanical Strength (Modulus of Rupture – MOR)
In Fig. 7, the dependence of mechanical strength calculated in terms of modulus ofrup-

ture (MOR) upon three-point bend testing of the specimens on the OSWR percentage in the

clay/OSWR mixtures is presented.
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Fig. 6. Influence of the added OSWR percentage on Water Absorption (WA) and Open Porosity

(OP) of sintered specimens (Tsint=950 °C)

Fig. 5. Specimen weight loss and bulk density variation as a function of % OSWR content due to

the sintering process (Tsint=950 °C)
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In Fig. 8, the variation ofMOR in relation to sintering temperatureis shown.

3. 4. Thermal conductivity
In Fig. 9 the change in thermal conductivity coefficient in relation to % w/w OSWR in the

clay/OSWR mixture is presented.
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Fig. 9. Thermal conductivity coefficient (k) at 25 °C in relation to % OSWR addition, for sintered

specimens (Tsint=950 °C)

Fig. 7. Three-point bending strength (Modulus ofRupture – MOR) in relation to OSWR

percentage in clay/OSWR mixtures, for sintered specimens (Tsint=950 °C)

Fig. 8. MOR in relation to sintering temperature (6 % w/w OSWR content)
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Fig. 10 depicts the effect ofsintering temperature on thermal conductivity.

3. 5. Microstructure

In Fig. 11,SEM micrographs of ceramic microstructures with 0–9 % w/w OSWR con-

tent, obtained at 950 °C, are presented. SEM micrographs of 6 % w/w OSWR content micro-

structures produced at 850–1,150 °C are given in Fig. 12to provide broader insight in the

densification process.

In addition, photographs of real ceramic specimens, with OSWR (6 % w/w) and without

OSWR (prototype) are provided in Fig. 13.
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Fig. 11. Representative SEM micrographs of

ceramic microstructures obtained at 950 °C, incorporated with OSWR:

a–0 % w/w; b – 3 % w/w c – 6 % w/w; d – 9 % w/w

Fig. 12. Representative SEM micrographs of6 % w/w OSWR

content ceramic microstructures obtained at:

a– 850 °C; b – 950 °C; c – 1050 °C; d – 1150 °C

Fig. 10. Effect of sintering temperature on

thermal conductivity coefficient (k) at 25 °C
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4. Discussion

The experimental results (Fig. 5) showed that the sintering process causes significant

weight loss, without significant change of the volume of the specimens. This results in an almost

linear depletion of density with OSWR content increase. Raising the sintering temperature (Tsint)
from 850 °C up to 1050 °C does not affect either the outlook or the geometry of the specimens.
At T

sint
=1150 °C however, significant changes are observed: the color becomes dark brown, the

texture vitreous and the samples almost waterproof (water absorption measurements confirm this

observation), and also intense sample shrinkage occurs. Nevertheless, the specimen geometry is

kept without any distortion, despite the large ratios of width/thickness (>2.3) and length/thickness

(>4.3). The observed weight loss is attributed to the loss of the added OSWR. In particular, for

clay/OSWR (6 % w/w) mixtures, the weight loss corresponds to more the 97 % of the OSWR mass

(950 °C<T
sint

<1050 °C) or more than 80 % of the OSWR mass (Tsint>1050 °C or T
sint

<950 °C). The

above observations confirm that OSWR can act as pore-forming agent. Moreover, increasing the

OSWR content in the clay mixtures results in the weakening of the terracotta color of the speci-
mens, which become paler.

Water absorption capacity (WA) and open porosity (OP) of the ceramic specimens ob-

tained (Fig. 6) do not change significantly as far as the OSWR percentage in clay/OSWR mix-

ture is up to 6 % w/w. A noteworthy increase in the parameters under study seems to occur for

9 % w/w OSWR use. It can, therefore, be assumed that, for clay/ OSWR mixtures with up to

6 % w/w OSWR content, formation of closed pores is possibly favored (significant weight loss

but stable water absorption).
With regard to bending strength (Fig. 7), for OSWR up to 6 % w/w in the clay/OSWR

mixture, the modulus of rupture (MOR) of the sintered specimens is reduced by approximately
20 % compared to those produced from clay (0 % w/w OSWR). This trend seems to decelerate

significantly for OSWR percentages higher than 6 % w/w. Moreover, raising firing temperature
from 850 °C to 950 °C (Fig. 8), the MOR remains stable. However, from 950 °C to 1050 °C, the

MOR increases by approximately 27 %, while for sintering temperatures above 1050 °C, the MOR

strongly increases (by approx. 140 % up to 1150 °C). For comparison, laboratory prepared samples
of clay-bricks with us much as 6 % olive-mill wastewater sludge were also reported to successfully
undergo mechanical and environmental tests [10]. Savings ofraw materials into ceramic samples

incorporated with wet pomace from olive oil industry are further referenced in the scientific liter-

ature, with the best results obtained for 3 wt % addition [11, 12].
In the present research, especially the reduction of thermal conductivity by approx. 20 %

achieved for only 3 % w/w OSWR addition in the clay mixture (Fig. 9) should be underlined.

Indeed, for more than 3 % w/w of OSWR, thermal conductivity is further decreased even to

30 % for 9 % w/w OSWR. This means that even small quantities of OSWR in the clay mixture

lead to increased porosity thus improving considerably the heat transfer resistance of the ce-

ramic material produced. For 6 % w/w OSWR in the clay mixture, ceramic specimen thermal

conductivity is reduced (Fig. 10) by 18.1 % at T
sint

=850 °C and by 25.3 % at T
sint

=950 °C, while,
at 1,050 °C, a more pronounced reduction in specimen thermal conductivity is observed. This

means that the incorporation of the pore-making agent OSWR into ceramic bricks promotes the

a b

Fig. 13. Representative photographs of ceramic specimens obtained at 950 °C,

incorporated with OSWR: a – 0 % w/w (prototype); b – 6 % w/w
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insulating properties even at lower sintering temperatures and much more at higher tempera-
tures. These findings can be of particular importance for the development of thermal insulating
ceramic materials.

Beyond the beneficial effect of OSWR acting as pore-former in the bulk of the ceramic

bodies, any possible impact on ceramics properties by using different sources and years ofharvest

of OSWR are rather considered negligible, given the limited residue percentages incorporated. In

fact, the SEM examination of the specimens indicates a relatively limited effect of the incorpo-
ration of OSWR in the ceramic microstructures obtained, except of desirable increased porosity
(Fig. 11). On the other hand, the microstructure becomes more compact by increasing the firing
temperature from 850 °C to 1025 °C (Fig. 12, a–c). Indeed, by further raising the sintering tem-

perature up to 1150 °C (Fig. 12, d) an extended diffusion involving viscous flow in the ceramic ma-

trices produced is clearly shown, resulting in a certain decrease in porosity, thus, at least partially,

explaining the above stated increase in modulus ofrupture (MOR).

5. Conclusions

Adding OSWR (the main solid residue of olive-pomace oil production processes) into clay
mixtures typically used by the ceramic industry for brick manufacturing does not hinder neither

the extrusion, nor the drying and firing processes.

A decrease in the fired bulk density from approximately 1.62 g/cm3 to 1.33 g/cm3 is attained

for an OSWR addition of 9 % at 950 °C. Mechanical (bending) strength is not modified significant-
ly, when OSWR content does not exceed 3 %, while MOR is reduced by 20 % when OSWR per-

centage attains 6 %, and this trend seems to decelerate furthermore at higher % OSWR contents.

Nevertheless, by sintering at 850 °C or 950 °C, the brick bending strength remains stable, while, at

1050 °C, it increases by approximately 27 %, and much more at 1150 °C.

Particularly, thermal conductivity of the produced ceramic bricks is reduced by as much as

21.2 % for only 3 % addition ofOSWR into the clay mixture (0.385 Wm-1K-1), while the three point

bending strength (M.O.R.) remains around 7 MPa.

In conclusion, beneficial utilization of OSWR can be attained in two ways:

a) production ofhigh density bricks, at low % addition of OSWR as a body fuel;

b) production of lower density bricksat OSWR percentages greater than 3 %, both as a body
fuel and pore-former agent.

Hence, the valorization of an olive-oil industry by-product can be achieved, while the fired

clay brick industry can benefit from lower fuel consumption during the manufacturing process.

The novel and greener ceramics so-produced are almost equivalent to the traditional ones, while

also exhibiting lower thermal conductivity thus increased thermal insulation capability.
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