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The collection includes materials of reports of conference participants, which 
are united by thematic areas of the conference.

The collection will be useful for professionals and employees of companies 
engaged in the field of IT, as well as for teachers, masters and students of higher 
education institutions studying in the areas and specialties of computer software and 
automated systems, applied mathematics and information processing, will be useful 
to professionals on computer modeling and development of computer games.

The results of research in the collection are a kind of slice of the current state 
of affairs in these areas of knowledge, which can help both professionals and 
university students to get a general picture of the development of information 
technology and related issues.

Scientific papers are grouped by areas of the conference and are listed in 
alphabetical order of the authors.

Materials (abstracts) are published in the author's edition. The author is 
responsible for the quality and content of publications.

Recommended for publication by the Academic Council of the Educational and 
Scientific Institute of Computer Systems and Technologies "Industry 4.0" them. P.M. 

Materials are submitted in Ukrainian and English.
Editor of the collection Sergii Kotlyk.
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participants at once. And if users did not join the group immediately, then they have the opportunity 
to read the early correspondence. 

Supergroups are convenient for holding various events, for example, online conferences, 
training or just for communication. 

3. Channel microblog. 
There are no restrictions on the number of subscribers for channels. Broadcasting in 

monologue mode: author-audience. But at the same time, you can insert polls, votes, likes/dislikes, 
links, etc.

In it, you can notify about current events at the educational institution, news, etc.
4. Bot you can use ready-made or create your own. A bot is a set of commands or functions 

that a user can interact with.
You can use ready-made or create your own. With the help of the bot, you can translate texts, 

create tests and surveys, publish material, do step-by-step training, etc.
A bot can be a convenient tool for a student. This can help in tracking assignments, deadlines, 

and grades. It can also provide reminders about upcoming tests and events. This can be very 
convenient for keeping in touch with classmates and teachers. There are bots designed specifically 
for students, and there are general-purpose bots that can be used for a variety of purposes. Some 
popular student bots include: 

Study Buddy Bot: This bot helps students stay organized and keep up with their studies. You 
can use it to set reminders, track assignments, and get tips on effective learning. 

Test Prep Bot: This bot helps students prepare for upcoming tests. It can be used to get 
practical questions, view material, and track progress.

Summing up, we can say that Telegram is not just a messenger. This is a program that replaces 
the exchange of familiar messages. Thanks to a huge number of advantages and opportunities 
combining functions and user interaction, Telegram opens up a wide range of learning 
opportunities. 

References:
1. Malikova V. N. Using the Telegram program as a means of mobile learning // Innovative 

trends in the development of the education system: materials of the VI MNPC.  Cheboksary: 
Central Nervous System "Interactive Plus", 2017. PP. 75-78. 

2. Kosareva E.V., Popova T.I., Shchukina K.A., Antsiferova O.V., Afanasyeva N.A., 
Yerofeeva I.N., Kolesova D.V. Telegram channel as a means of Lifelong Learning for a teacher of 
the Russian Academy of Sciences // Professorial Journal, 2022. - PP. 31-38.

3. Guzueva E.R., Ashakhanova M.Z. The use of chatbots in the educational process // 
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UDC 510:378.147/003.24
TECHNOLOGIES FOR MAKING MATHEMATICS ACCESSIBLE 

TO BLIND STUDENTS
(masilko@teiresias.muni.cz, necas@teiresias.muni.cz)

Support Centre for Students with Special Needs (Czech Republic)

Overcoming barriers in maths education of blind people requires understanding the 
differences they display when working with mathematical content offered in digital or printed 

-based devices work with 
digital and printed information, especially when it includes symbolics, and which technologies are 
used in order to make mathematical documents accessible. 
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1. Introduction

There are many categorisation models of visual impairment but we will consider only that one 
related to the possibility of using sight (partially sighted people) or not (blind people) when working 
with digital/printed formats of information. In the case of blind people, all the visual sources of 
information must be offered to them in an adapted format so they can use tools and working 
methods that substitute for vision. 

1.1 How blind work with digital and printed materials

Digital documents should be editable so any piece of text can be reproduced verbally by a synthetic 
human voice or tactually by a refreshable braille display. Both these text outputs are managed by 
programs called screen readers that enable blind people to read/write electronic documents, e-
mails, or textual data offered by operating systems or other programs, play audio or video files, 
work with common applications, etc. The printed version of materials must be offered in Braille 
notation that may be supplemented by tactile graphics replacing diagrammatic information such as 
schemes, graphs or maps.

1.2 Digital formats for writing mathematical symbols and formulae

The most common method of producing digital/printed mathematical documents is to typeset its 
LaTeX source code and then translate it to formats in which mathematical symbols and formulas 
are visualised (e.g. PDF documents). In the case of internet websites, mathematical expressions are 
coded in MathML and again visualised by internet browsers. This visualisation can cause a barrier 
for blind readers as screen readers do not receive a proper representation of mathematical elements 
that can be reproduced verbally or tactually. If blind users have an access to LaTeX or MathML 
source files that are text-based, they are able to read the content by screen readers, but it is difficult 
for them to understand as

the LaTeX typesetting is extensive and, moreover, not semantically consistent, since LaTeX 
authors can use many ways to write a single expression or even create their own commands 
to shorten or simplify the notation;
MathML, as a subset of XML, is a markup language used exclusively to encode 
mathematical content; it is not a suitable tool for humans to read or write mathematical 
symbols.

There exist much more mainstream tools to produce mathematical expressions, but all of them 
display accessibility issues for blind users.

1.3 Linear way of reading/writing in comparison with visual 2D representation of 
mathematical ideas

There is a certain difference in the perception of mathematical formulas by blind and sighted 
people. The standard notation of mathematical formulas is two-dimensional as can be seen in Figure 
1. Looking at the expression, one can quickly recognise its structure and begin with its 
simplification. 

Figure 1: A compound mathematical expression
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If such an expression is transformed into Czech 6-dot Braille Code (see Figure 2), a blind reader 
follows it in a linear way. He/she does not have the possibility to abstract from details not very 
i

Figure 2: The expression in Figure 1 translated into Czech 6-dot Braille Code

The same problems we encounter when following voice representation of the formula, in this case 
proceeded by the Chatty Infty, a specialised authoring tool of maths documents for blind users: 

squared, over denominator, left round parenthesis, x plus one, right round parenthesis, left round 
parenthesis, x minus one, right round parenthesis, frac end, plus, fraction, numerator, x squared, 

2. Technologies for enabling access to mathematics for blind and partially sighted people

Tools for working with mathematical content can be divided into those that allow blind students to 
read the text passively and those that also allow them to write the text and do calculations. Without 
the use of a computer, it is only possible to work with text printed on paper in Braille and to write it 
using a mechanical typewriter. In the case of digital mathematical content, it is recommended to 
work with tactile output; reading a more complex formula by voice output is slow and lacks 
flexibility as can be understood from the example in chapter 1.3.

Since the computer keyboard does not allow insertion of mathematical symbols, it is necessary to 
enter them using a special code or by selecting from a menu. If the mathematical notation needs to 
be readable for the teacher, the software also has to allow the text to be visualised.

2.1 Digital image recognition of mathematical documents

The first step to making a mathematical document accessible is usually to convert the printed text 
into digital form. There are several projects focusing on optical character recognition (OCR) of 
mathematical prints or handwritten formulas. One of the most advanced is InftyReader [3]. It can 
convert an image of a mathematical formula into LaTeX or MathML code. The process is usually 
not error-free and further corrections are necessary.

2.2 Technologies to produce printed mathematical content

Standard software for typesetting mathematical formulas (like LaTeX or MathType [4]) does not 
allow printing documents in Braille, they must be converted using special tools. The most widely 
used system is Duxbury DBT [5], but it does not support mathematics Braille code according to 
Czech rules, so in our centre we use our own program BUF [6]. 

2.3 Tools for reading and editing a document with mathematical symbols

Digital documents can be read using tools that offer speech output using a screen reader, such as 
MathType, ChattyInfty or MathJax. To work fully with longer mathematical formulas, it is essential 
to have braille output. There are few tools on the market that allow this, and most of them only 
support a limited set of languages. Common tools for the English Braille standard (Nemeth Braille 
code or UEB Math) are Lambda editor [7] or (with some limitations) MathType. Czech language is 
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supported in Lambda editor or we can use the tools we are developing in our centre: BlindMoose 
(reading and editing, MS Word addin) and Limpet (passive reading, web applet).

The Lambda editor is the only tool that contains functions helping blind students to navigate 
complex mathematical formulas. It is a stand-alone application with its own code that is not easy to 
import or export. Its braille output also has some specifics, using an eight-dot Braille code with 
which the user must first become familiar.
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IMAGE PROCESSING AND CLASSIFICATION OF DIGITAL IMAGES
Mukhametzhanova B.O. (grek79@mail.ru)

Abylkas Saginov Karaganda Technical University (Kazakhstan).

Automated image processing and object recognition systems are constantly being technically 
improved through the introduction of innovative technologies in the production of components for 
them, thereby increasing their performance at the hardware level. At the software level, 
optimization of information processing processes, including digital images, is also required, 
including for operational analysis of image content. Image recognition is the task of converting 
input information in graphical form in certain formats, as which some parameters and features of 
the recognized images are considered into an output that represents a conclusion about which class 
a particular image belongs to.

The latest technical developments in the field of computer and information technology, 
including allow you to see the real world quite well, recognizing objects. The technology of 
building automated systems that can detect, track and classify objects is called "computer vision". 
Such systems can also be called "Automated Image Processing and Object Recognition Systems". 
These artificial systems get information from images. They can make conclusions about the types of 
objects, about their relationships, classify by belonging to a certain class, for example, determine 
the presence of text and recognize it, etc. The essence of the recognition task is to determine 
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