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3 Maya Staikova

INTRODUCTION
Relevance of the dissertation topic

Today, we stand on the threshold of Industry 5.0, which signifies the continuous
evolution of information and communication technologies in society's daily life. For a
society to be sustainable, economically efficient, and have a high quality of life,
technologies must be woven into its very fabric. This preparation, beyond the family
environment, also occurs within the educational system. However, the pace at which
technology is advancing fails to synchronize with the educational system in Bulgaria.

The imbalance between technology and education has its roots in the 19th
century, an age of numerous discoveries and unprecedented progress, driven by
individuals' desire for advancement. Today, it is a known fact that the lifespan of a
phone is two years, after which it is already considered outdated; however, the
education system does not undergo renewal at the same pace.

In Bulgaria, the education system is in a state of crisis. Conversely, the labor
market is technologically advancing, striving to sustain a robust society. Overcoming
this functional collapse and catching up can be achieved through the application of ICT
and STEM education. These are four global sciences unified into one, with the goal of
their collaborative teaching within a single lesson. This teaching method has the
potential to rebalance the educational system..

If the educational goal is for students to become adaptable and critically thinking
young people, capable of solving the cases of tomorrow, then the following skills,
which form the foundation of the STEM concept, must be fostered in them:

« Creative Thinking

« Critical Analysis (Analytical Thinking)

o Teamwork

« Initiative

. Mathematical Literacy

« Algorithmic Thinking

« Social-Emotional Skills (Empathy, Active Listening)

This dissertation is organized in the following manner:

CHAPTER 1 traces the historical development of the STEM educational method.
It investigates its origins, its transformation, and its global dissemination. The chapter
examines when this method reached Bulgarian shores, whether it has managed to
integrate into our educational system, and if it has been adopted with continuity or has
undergone modification. A review, analysis, and systematization of STEM education
up to the present day, both in Bulgaria and worldwide, is provided.

CHAPTER 2 examines information technologies, communication technologies,
and integrative technologies. It elucidates their essence, significance, and applicability
in contemporary education. Artificial Intelligence (Al) is explored, incorporating a
study conducted among students to assess their understanding of Al.

CHAPTER 3 introduces various educational robots, each analyzed in terms of
hardware, software, and technological features. The study proposes STEM lesson
solutions and develops algorithms for integrated lesson applications. The majority of
these STEM approaches have been validated through trials with students and teachers,
with corresponding tests or experimental results presented for each robot.
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Purpose and tasks of the dissertation

The aim of this work is to demonstrate how information and communication

technologies are applied in STEM education. More specifically, it shows how robots
can facilitate technological education that encompasses information technology,
mechanics, physics, engineering, mathematics, and other related fields.

To achieve this aim, the following objectives have been set::

To conduct a critical analysis of the STEM teaching methodology.

To analyze the interrelationships between the STEM methodology and technologies.
To investigate technologies.

To examine technologies within STEM education.

To present original solutions for working with specific robots.

The objectives are formulated to support the hypothesis that ICT is a valuable

tool for use in education and serves as a unifying element for different subjects within
STEM learning.

Approbation of the results

Various parts of the results obtained have been reported at the following forums,
conferences and workshops:

4th Interdisciplinary PhD Forum with International Participation”, ,,Labyrinth
with Codey Rocky;

»12th International Conference “TechSys 2023” — ENGINEERING,
TECHNOLOGIES AND SYSTEMS“ —-TU, Plovdiv — ,,Artic Max Robot as a
STEM Education Tool Through Integration Technology, Math and English
Language

»13th International Conference “TechSys 2024” — ENGINEERING,
TECHNOLOGIES AND SYSTEMS* TU, Plovdiv - “Al algorithms for object
and gesture recognition with mobile robot XGO-mini 2 dog”

22"d TECIS 2024 IFAC Conference ot Technology, Culture and
International Stability — “Students understanding for AI in different
educational levels

International Conference Automatics and Informatics 2024 (ICAI'24) -
,Distributed 3D camera distance measurement system for intelligent mobile
robots*

»14th International Conference “TechSys 2025” — ENGINEERING,
TECHNOLOGIES AND SYSTEMS* — TU, Plovdiv - ,,Gaining Python Skills
Through Interactive Education robot Ozobot EVO.*

Seventh International Scientific Conference 'Innovative STEM
Education™

STEMedu-2025, npeacraBsine Ha mnpe3eHTamusi Ha Tema: ,,Educational
Mobile Robots as a tool for STEM education through the integration of
technology, mathematics, and the Bulgarian language “
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Publications on the dissertation topic

Scientific publications in referred journals and indexed in world-renowned
databases (Web of Science, Scopus).

» Maya Staikova. “Gaining Python Skills Through Interactive Education robot
Ozobot EVO”. "14th International Scientific Conference TechSys 2025—
Engineering, Technology and Systems", 100, 1, MDPI , Engineering
Proceedings, 2025, DOl:doi.org/10.3390/engproc2025100015,
https://www.mdpi.com/2673-4591/100/1/15

» Nayden Chivarov, Radoslav Vasilev, Maya Staikova, Stefan Chivarov.
“Development of an Educational Omnidirectional Mobile Ma-nipulator with
Mecanum Wheels”. 14th International Scientific Conference TechSys 2025—
Engineering, Technology and Systems, 100, 1, MDPI , Engineering
Proceedings, 2025, DOl:doi.org/10.3390/engproc2025100016,
https://www.mdpi.com/2673-4591/100/1/16

» Staikova, M., Vasilev,.R., Chivarov, N. “Al algorithms for object and gesture
recognition with mobile robot XGO-mini 2 dog”. Proceeding, 13th International
Conference “TechSys 2024” — ENGINEERING, TECHNOLOGIES AND
SYSTEMS*®, 3274, 1, AIP Publishing, 2025, DOI.doi.org/10.1063/5.0259622,
https://pubs.aip.org/aip/acp/article/3274/1/040003/3338119/Al-algorithms-for-
object-and-gesture-recognition

» Vasilev,.R., Chivarov, N., Staikova, M. “Distributed 3D camera distance
measurement system for intelligent mobile robots”. Proceeding, International
Conference  Automatics and Informatics 2024 (ICAI'24), 2025,
DOI:10.1109/ICAI163388.2024.10851561, 233-239,
https://ieeexplore.ieee.org/document/10851561

» Ivanova, V., Chivarov, N., Staikova, M. “Combining Software Algorithms and
Machine Learning in Business Data Processing”. 22nd IFAC Conference on
Technology, Culture and International Stability, TECIS 2024, 58, 3, Conference
Proceedings, 2024, ISSN:24058963, DOI:10.1016/j.ifacol.2024.07.150, 198-
202. SJR (Scopus):0.4,
https://www.sciencedirect.com/science/article/pii/S2405896324002337

» Staikova, M., Ivanova, V., Chivarov N. ,,ARTIEMAX robot AS A STEM
education TOOL THROUGHT Integration technology, math and English
language. Proceedning, 12th International Conference “TechSys 2023”7 —
ENGINEERING, TECHNOLOGIES AND SYSTEMS®“, AIP Conference
Proceedings, 2024, ISSN:0094243X, DOI:10.1063/5.0208311, SJR
(Scopus):0.189, https://pubs.aip.org/aip/acp/article-
abstract/3078/1/020007/3284708/Artie-max-robot-as-a-STEM-education-tool-
through?redirectedFrom=fulltext

» Staikova, M., Ivanova, V., Chivarov, N. “Students understanding for Al in
different educational levels”. 22nd IFAC Conference on Technology, Culture
and International Stability, TECIS 2024, 58, 3, Conference Proceedings, 2024,
ISSN:24058963, DOI:10.1016/j.ifacol.2024.07.147, 182-186,
https://www.sciencedirect.com/science/article/pii/S2405896324002301
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» Yovkov S., Chivarov N., Chivarov, S., Staikova, M.. Educational Mobile Robot
Equipped with Intelligent Camera Huskylens. Conference Proceedings, 9th
International Conference on Control, Decision and Information Technologies,
CoDIT 2023, IEEE, 2023, ISBN:979-835031140-2,
DOI:10.1109/CoDIT58514.2023.10284418, 2269-2274,
https://ieeexplore.ieee.org/document/10284418

Scientific publication in non-refereed journals with scientific review

» Staikova, M., Chivarov, N., lvanova, V., Chivarov, S. ROBO STEAM -
INCLUSIVE TECHNOLOGIES. The volume is dedicated to the International
Science Conference "Educational Technologies - 2023", volume 38 (1), Union
of scientists in Bulgaria - branch Sliven, 2023, ISSN:1311 2864, 33-40,
https://streamitproject.eu/scientific-articles/scientific-article-robo-steam-
inclusive-technologies/

Citations as of Sept 2025

» Shaohui Du, Zilong Liu, Wengin Chen, Zhihan Tan, and Jian Chen. 2025. A
Study of Remote Updating Techniques for Data from End-side Devices of the
Hongmeng Operating System. In Proceedings of the 4th Asia-Pacific Artificial
Intelligence and Big Data Forum (AIBDF '24). Association for Computing
Machinery, New York, NY, USA, 112-1109.
https://doi.org/10.1145/3718491.3718512

» Radoslav Vasilev, Nayden Chivarov, Valentina Ivanova, "Integration of Object
Recognition, Color Classification, and QR Decoding for the Purposes of an
Intelligent Mobile Robot”, WSEAS TRANSACTIONS ON SIGNAL

PROCESSING, vol.21, pp.66, 2025.
https://ieeexplore.ieee.org/document/10851561/citations?tabFilter=papers#citat
ions

CHAPTER 1. STEM EDUCATION
Origin and Emergence of STEM

Definition
STEM is an acronym for science and technology education, or an educational
approach that comprises four core disciplines: Science, Technology, Engineering, and
Mathematics. A key nuance here is that the "Science” component encompasses all
classified scientific branches such as Biology, Physics, Chemistry, etc.
There is no official definition for STEM, but today the acronym is used as a
brand that describes the integration of science, technology, engineering, and

mathematics into educational programs. In other words, students are tasked with
Abstrats of Dissertations 2026 (6) 3-55
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7 Maya Staikova

solving real-world problems using all of these sciences together. This approach aims
to foster innovation. [8, 9]

Concept
The concept provides an answer to how to overcome the "dull", unsatisfactory
performance of pupils/students on standardized exams in mathematics and natural
sciences. [8] The level we have reached today in Bulgaria as well.
STEM can be visualized through several variants using the following models shown
in Fig. 1 [8] Models of the interdisciplinary relationships in STEM:

SCIENCE ) wal framig &

knowledge and skills

ENGINEERING | Loore 5 M ._ PROBLEM

< %
O G &
MATHEMATICS 3 @ S
" TP —— G G ==
i t o momees e

knowledge and skills

Fig. 1 Models of STEM Subject Relationships

STEM education proposes connecting scientific inquiry through formulating
research questions in order to familiarize the student before they engage in the
engineering design process for problem-solving. [16]

In STEM education, the student is at the center of the learning process. Creativity
Is encouraged, and the traditional dynamics of teaching and the relationship between
teacher and student are transformed. Learning occurs through experience,
experimentation, and problem-solving, with a focus on the practical application of
developed skills and acquired knowledge. Furthermore, STEM builds upon traditional
education by also focusing on creating interdisciplinary connections and teamwork, not
only among students but also among educators.

The goal of STEM education is to encourage students to develop critical
thinking, problem-solving, communication skills, and to be equipped with these soft
skills for real life after reaching adulthood.

Despite the clarification of STEM up to this point, there is no internationally
accepted definition for STEM. The most commonly used definitions are:

. Teaching and learning between two or more STEM subject areas or between
STEM school subjects. [17, 18, 19]

. An effort to combine some or all of the four disciplines—science, technology,
engineering, and mathematics—into a single class or lesson, which is based on
connections between subjects and real-world problems. STEM curriculum
models may include learning objectives focused on a single subject, but the
contexts come from other subjects. [20, 21]

« The approach to teaching STEM content spans two or more areas, united by
STEM practices in an authentic context with the goal of connecting these
subjects to enhance student (adolescent) learning. The process must involve
scientific inquiry, engineering practices, and mathematical, analytical thinking,
and technological literacy. [22]

Abstrats of Dissertations 2026 (6) 3-55
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Founder of the STEM Concept
The name mentioned as the founder of STEM education is Georgette Yakman,
who earned a master's degree from the Virginia Polytechnic Institute and State
University and introduced the integrated Science-Technology-Engineering-
Mathematics educational program into the university's curriculum in 2006. From an
earlier period, the name Judith Ramaley is also encountered; she used the abbreviation
SMET as far back as the 1990s..
The Evolution of STEM Education Over Time
Despite the common association of STEM with the 2006 reading, materials can
be found from much earlier periods that bear witness to its principles, such as the
Morrill Act of 1862. This act established land-grant universities to promote agricultural
science. The act also later created engineering programs. Subsequently, more land-
grant institutions emerged, and STEM education developed beyond academia, entering
the workforce.

STEM Education on a Global Scale — A Retrospective
Countries that can be ranked at the forefront in terms of science and its
development according to the OECD [23, 24] are:

« South Korea, with 32%, recorded the largest decline in the top ten, down from
39% in 2002, although the country retained its leading position in the OECD list.

« Germany, with 31%, ranks third in the average annual number of STEM
graduates (about 10,000), placing it after the US and China.

« Sweden has 28% and ranks after Norway in the use of computers in the
workplace, including for applications such as programming. More than three-
quarters of the active population use computers at their workplace.

. Finland is the country with the highest proportion of STEM graduates - over
30% of university graduates have a STEM degree, not just STEM training.

« France can boast that its graduated STEM researchers are hired by industry,
rather than by universities or the government.

« Although Greece ranks sixth, it spent only 0.08% of its GDP on scientific
research in 2013, one of the lowest rates among developed countries. This fact
explains why the percentage of those with STEM education fell from 28% in
2002 to 26% in 2012.

. Estonia holds the seventh position thanks to its female STEM graduates. They
have the highest percentage - 41% in 2012.

« Mexico managed to increase STEM education by 1%, from 24% in 2002 to 25%
in 2012, even though the government removed tax incentives for business
investment in R&D.

. Despite its ninth place, Austria reaches 25% and ranks second in the highest
number of doctoral graduates in STEM of working age, with 6.7 per 1000
women and 9.1 per 1000 men.

« Portugal can also boast that 25% of its students graduate with a degree in
STEM. The country also has the highest percentage of PhD holders - 72% -
working in the education sector among all European countries studied.

Abstrats of Dissertations 2026 (6) 3-55
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. Canada ranks 12th out of 16 countries in the percentage of graduates who
studied in STEM programs, at 21.2%. This is a higher position than the US, but
lower than France, Germany, and Austria.

« Another country outside the EU is India, with a total of 2.6 million STEM
graduates in 2016. These specialists contribute exceptionally to the development
of the Indian economy. The ascending development of the economy is largely
due to the skills of STEM specialists.

« The country that provides many opportunities and materials, and where STEM
education officially originated — the United States — had 9.0 million STEM
workers in 2015. Approximately 6.1% of all workers were in STEM professions,
compared to 5.5% in 2010.

Employment in STEM occupations grew much faster than in non-STEM
occupations over the past decade (24.4% compared to 4.0%, respectively). From 2014
to 2024, this growth for STEM occupations is expected to be 8.9%, compared to 6.4%
growth for non-STEM occupations.

STEM workers receive higher wages, earning 29% more than their non-STEM
counterparts (2015 data).

Almost three-quarters of STEM workers have at least a college degree,
compared to just over one-third of non-STEM workers.

Each year, the number of STEM jobs in the US doubles.

STEM promotes equality among genders, minorities, and other communities.

STEM Education in Bulgaria

In 2014, the document "Strategy for the Effective Implementation of
Information and Communication Technologies in Education and Science of the
Republic of Bulgaria (2014-2020)" was adopted. The main goal of the Strategy was to
ensure equal and flexible access to education and scientific information at any time and
from any location—via a desktop computer, laptop, tablet, or mobile phone. For the
first time, a unified information environment serving school education, higher
education, and science was created.

Discussions about STEM began in Bulgaria about a decade ago, starting as far
back as 2014 when non-governmental organizations initiated the topic and gradually
paved the way for its integration into the Bulgarian educational system. In 2018,
Bulgaria joined as a full member of the European STEM Coalition. This is a network
of national STEM platforms and organizations responsible for implementing national
STEM strategies. Today, eight years later, there is a national strategy for STEM
education, a National STEM Center at the Ministry of Education, one cycle of
integrating STEM spaces in schools across the country has been completed, and a
second cycle encompassing all state educational institutions—schools—is currently
underway.

Despite the statistics and chronology, STEM was happening in Bulgaria even
earlier, but it didn't have a name. As early as the last century, the so-called Sendov
System laid the first steps towards modern STEM education. Education based on the
Sendov system was implemented in Bulgaria between 1974 and 1996.

The foundation of the Sendov system is the philosophy that the driving forces of the
educational process should be the child's curiosity and cognitive needs, not coercion
d the threat of s%géi%}sg_ ﬂnd that the child should be an active participant and

strats of %]lssertatlons



INFORMATION AND COMMUNICATION TECHNOLOGIES IN STEM EDUCATION 10

discoverer, not a passive listener. Learning by doing and the interdisciplinary approach,
which blurs the boundaries between separate subjects (for example, instead of biology,
physics, and chemistry, 'nature' was taught), are other distinctive characteristics of this
model.

STEM education also emphasizes projects, experiments, learning through play,

and so-called "interdisciplinary connections," which show students that what is learned
In one subject can have applications everywhere in life and is connected to other
subjects.
All education systems in the EU include the topic of sustainability in their curricula.
Sustainability competencies are often incorporated in an interdisciplinary manner,
through cross-curricular links or project-based learning. However, sustainability is
included in curricula as a separate, often optional subject in only 6 EU countries
(Cyprus, Hungary, Romania, Slovenia, Spain, and Sweden), according to a 2024
European Commission report.

Transformative pedagogical approaches are necessary to promote sustainability
competencies. These pedagogies are action-oriented, characterized by elements such
as self-directed learning, participation and collaboration, problem-oriented learning,
inter- and transdisciplinary approaches, and linking formal, non-formal, and informal
learning. Transformative approaches include asking students to explore different
cultural perspectives (reported by 73.0% of teachers) or different social and economic
perspectives (64.1%). More action-oriented examples are less common, such as
working in small groups on various issues (46.5%), role-playing (20.0%), students
proposing topics for subsequent lessons (18.4%), or projects involving gathering
information outside of school, such as neighborhood interviews (13.1%). [26]

CHAPTER 2. TECHNOLOGIES IN STEM

The term Information and Communication Technologies (ICT) has a broad
meaning, encompassing all known ways and means of exchanging information, such
as radio, television, mobile phones, computer software and hardware, satellite systems,
etc.

The concept of Information Technology (IT), in its modern sense, was first
used in 1958 in an article in the Harvard Business Review, where the authors Harold
J. Leavitt and Thomas L. Whisler noted that "the new technology does not yet have a
single established name. [27] We shall call it information technology (IT)."

Information and Communication Technologies act as an integrator in
STEM education. They connect content from various disciplines.

2.1.Information Technology in STEM Education

Information Technology is a group of technologies designed for collecting,
processing, storing, exchanging, creating, and disseminating textual-informational,
graphical, audio, and online information, using for this purpose devices based on
microelectronics, computers, printers, scanners, and mobile and telecommunication

equipment. Information Technology encompasses the practical a Blication of hardware
Abstrats of Dissertations 2026 (6) 3-55
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and electronics, and computer science, as well as software technologies, and in this
regard shares some common features with engineering disciplines. [28, 29]

The contemporary understanding of ICT used in education refers to
technological tools and resources used for communicating, creating, disseminating,
storing, and managing information.

Computer science originates from and is closely related to mathematics,
linguistics, electronic engineering, and other sciences.

Technologies should not be associated only with digital media and new
technologies. The definition of technology is any device or innovation created to meet
a human need or desire.

Communication Technologies in STEM Education

ICT is aterm used to denote all computer and communication technologies. That
Is, this term has a broad meaning, encompassing all known ways and means of
exchanging information, such as radio, television, mobile phones, computer software
and hardware, satellite systems, etc., as well as various types of related services and
applications, such as video conferencing and distance learning.

As mentioned earlier, in 2014, with the adoption of the "Strategy for the
Effective Implementation of ICT in Education and Science™ in Bulgaria, the foundation
for ICT in education was laid. The development of ICT in education progressed into e-
learning, computer-based learning, and computer-mediated learning.

During the health epidemic, the types of communication became clearly
distinguished, and previously created ICT programs for learning were put to the test.
In this context, two types of communication can be distinguished — synchronous and
asynchronous. They can be seen in Fig. 2.

Asynchronous Synchronous
E-mail Web conferences
Social Networks Chat
Multimedia VolP

Web-based multimedia platform |Audio podcasts

Virtual libraries Virtual worlds
Fig. 2 Asynchronous and Synchronous Communication

Integrative Technologies

2.1.1. Robotics

Robotics falls into many different fields and is therefore multidisciplinary,
dealing with the design, construction, operation, and application of robots, as well as
the computer systems necessary for their control. It encompasses engineering,
electrical engineering, computer science, and other branches of science. Robotics finds
application in various spheres, including industry, medicine, military technology,
aerospace, and even in children's daily lives.

The word robotics originates from the word robot, which in turn was first used
by the Czech writer Karel Capek in his play R.U.R. (Rossum's Universal Robots),
which was staged in 1920. [32] The word robot comes from the Slavic word "robota"
—work, labor. The play begins in a factory that makes artificial people called robots —
creatures that could be mistaken for humans — very similar to the modern idea of
androids. In fact, Karel did not invent the word. He wrote a short letter about the
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etymology of the word to the Oxford English Dictionary, in which he named his brother
Josef Capek as its actual creator. [32]

In 1948, Norbert Wiener formulated the principles of cybernetics, practically
laying the foundation for robotics.

Fully autonomous robots only emerged in the second half of the 20th century.
The first digitally controlled and programmable robot — The Unimate — was installed
in 1961 to lift hot pieces of metal from a die-casting machine and stack them.

This is why, on the threshold of Industry 5.0, it is necessary for children from an
early age to become acquainted with robotics not only as a toy but also as products they
will coexist with, work with daily, and continue to develop. This is also the reason it is
now being introduced into the educational system through STEM education.

Robots combine the advantages of computer systems with the excitement of
human-robot interaction, which inspires the imagination of all students, thus
exemplifying the advantages of STEM education.

Robots have great potential to be used as an educational tool; they add a brand
new digital capacity to the educational system. They can be used as a powerful
educational entertainment platform — combining traditional and innovative didactic
methods and educational content in mathematics, physics, computers, electronics,
mechanical engineering, drawing, music, and even artificial intelligence, with the
experience of game-based learning.

2.1.2. Artificial Intelligence (Al) in STEM

Acrtificial Intelligence (Al) plays a significant role in our lives today. The term
Al was created as part of a project and workshops at Dartmouth College in the mid-
1950s. [36, 37]

Among the emerging challenges is also the attitude of students towards these
changes. [39] To some extent, students as digital citizens are able to use artificial
intelligence to improve their learning outcomes. [38]

In the period from 2010 to 2020, the focus of artificial intelligence split into three
parts: knowledge representation, knowledge acquisition, and knowledge extraction.
[41, 42] This was the beginning of the application of artificial intelligence in education.

Types of Artificial Intelligence

In the period 2010-2020, some trends in scientific research were identified: the
Internet of Things (1oT), multiple intelligences, deep learning and neuroscience, as well
as assessment of the impact of Al in education.

Al began its development in two segments: Al-based tools for classrooms and
the use of Al to understand, measure, and improve learning.

The goals of developing a system integrating artificial intelligence in education
can be grouped into four types: classification, matching, recommendations, and deep
learning.

Over time, educators provide adaptive support for diverse learning environments
with different types of learners.

At this point, artificial intelligence can be classified as "weak Al," "strong Al,"
and "super AL." "Weak Al," for example, includes digital assistants like Alexa and Siri.
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"Strong Al" can solve any task as accurately as a human, like Bard and ChatGPT.
"Super Al" is still not available.

Artificial Intelligence at Different Educational Levels

In Bulgaria, there are four educational stages: primary education, lower
secondary education, upper secondary education (gymnasium), and university.

« Primary School: The artificial intelligence for children, from the "Al
Singapore" project, is entirely aimed at primary school students, who need to
learn the basic concepts of Al and use Al-based tools and applications in an
ethical manner. ("Al Singapore" Project) [59]

. Lower Secondary School: In 2018, the Singapore government announced the
"Al Singapore™ project, aimed at developing students' skills in the field of
artificial intelligence. Two programs for exploring Al were also launched.

« Upper Secondary Level (Gymnasium): |. Lee and B. Perret share their
findings regarding teacher outcomes from conducting two one-week
professional development seminars in the summer of 2021 and share the
improvement suggestions made by the teachers. The participants in the
professional development program were secondary school teachers from the
southwestern and northeastern regions of the United States, representing various
STEM disciplines: biology, chemistry, physics, engineering, and mathematics.
[60]

« University: University students were among the first users of Al. They learned
programming and then developed various applications or other variants of Al.
Al CLASSIFIED BY EDUCATIONAL LEVELS:

« Use of Al in Preschool Age is realized through activities without using a
computer to introduce robots or intelligent agents, such as songs.

« Use of Al in Primary School is realized mainly through programming with
Scratch and the Python language, environmental perception with an Arduino
board, and introduction to various robots.

« Use of Al in High School (Gymnasium) is realized through understanding Al,
introduction to Al applications, laying the foundations of Al, history of Al,
Ethics of Al, Introduction to Neuro-Linguistic Programming (NLP), Al
Language, Parts of Speech, Natural Language Processing, Word Vectors,
Syntactic Analysis, Information Extraction, Knowledge Map, Problem Solving,
Logical Inference, Expanding Logical Inference, Recognition Framework,
Decision Tree Training, Search Engines.

« University students primarily engage in programming languages like C#, C++,
Java, C to explore the possibilities of artificial intelligence and develop it further.
For comparison with already conducted research and the rising wave of Al in

Bulgaria in 2024, | conducted a survey on what is understood by Acrtificial Intelligence
among adolescents/students.

RESEARCH METHODOLOGY IN A PRIVATE SCHOOL

A study was conducted in a private school among students aged between 6 and 18

years. The total number of students participating in the study was 130.

Aim: To understand: "What do students understand by artificial intelligence?"

Research Hypotheses:

« Students correctly understand artificial intelligence and can use it.

Abst;m%pbqents c.orrecgg ggpgggstand artificial intelligence but cannot use it.

ssertations 20
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« Students do not understand what artificial intelligence is, but they use it.
Two methods were used: a task and a questionnaire.
Participants were divided into 4 age groups:

» o Grades 5-7 —11-13 years old;

> e Pre-1st Grade - 6 years old; > e Grades 8-12 — 14-18 years old
»> e Grades 1-4 —7 — 10 years old

Figure 3 shows the distribution of the number of students by age.

AGE M Preschool
Preschool and elementary grade

5%

Elementary
12% stage (1-4

) grade) 30% 100%
70%
36% ' Pre-

secondary
stage (5-7 5%

47% grade)
Secondary Use same app Just play and Could talk See afriendin
Stage (8-12 have fun time with the “face” of
grade) with chat GPT “somebody” - Al

chat GPT
Fig. 3: Student Age Distribution by Educational Stage Fig. 4: Preschool and Primary School

Age Students who participated in the survey, in percentages:
> 47% lower secondary school -

> 5% preschool age (6 years old); Grades 5-7 (11-13 years old);
> 12% primary school - Grades 1-4 > 36% upper secondary school
(7-10 years old) (gymnasium) - Grades 8-12 (14-
18 years old)

The preschool-aged children demonstrated that they can use technology only
with the assistance of an older person. They do not have a proper understanding of the
essence of the applications. They are still in the phase of developing their own
perception of the world around them.

The primary school students also do not understand Al well. Among these
students (aged 7-10), the understanding of Al is slightly more defined. Nevertheless,
some students recognize certain applications that they have already used or have seen
someone around them use. They play and have fun with ChatGPT — 100%.
Interestingly, they are happy to use ChatGPT because they can talk to “someone" —
5%. The result shows that for them, ChatGPT is something fun, not something that
"provides knowledge" in any way. They see a friend in the "persona” of the Al — 70%.
(Fig. 4)

The experiment shows that if we provide them with correct information in a
timely manner, students can understand and learn what ChatGPT is and how to use it
correctly.

In Fig. 5, we can see that 100% of the lower secondary school students already
use Al in the form of various applications in their daily lives or at school. Fig. 5 also
shows that 10% of the students indicated ChatGPT as the platform their teachers use
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for assigning their homework, with an additional 10% noting other applications and
platforms used by their teachers.

Pre - Secondary grade (teen age)

make their lessons more

Teachers use other apps to
10%
attractive and explanatory

Teachers explain about
chatGPT -prepare their J 10%

homework

Use Al with different apps in

their daily life and at school T

Fig. 5: Understanding of Artificial Intelligence in Secondary School

After using ChatGPT to prepare their homework assignments, the students were
surprised to find that the artificial intelligence was not very good at working in
Bulgarian and using the Cyrillic alphabet for questions and answers. They saw that the
information was not entirely accurate. ChatGPT can find information, but this
information is mixed, inaccurate, and in some cases misleading.

Most of the content was inaccurate when using the Bulgarian language. They
had greater success when the content was in English.

Secondary stage 14-16 years old

60%

50%
T 30%
5%

Use chatGPTin To use Al to Contents was Teachers also
the most prepare their incorrectin its gave examples
appropriate presentations bigger part in on how to use

way Bulgarian it for picture

language. They generation -
had greater They had some
success when fun but it took

the content longer time
was in English

Fig. 6: Upper Secondary Education Stage (16-18 years)

Figure 6 shows that 50% of the 14-16-year-old subgroup used ChatGPT
appropriately to prepare the required project. 60% used ChatGPT to create their
presentation for Bulgarian Language and Literature. 30% of the students found that the
content generated by ChatGPT was inaccurate. 5% of the students spent a lot of time
providing more and more parameters to ChatGPT in order to get satisfactory generated
images.

Figure 7 presents the situation with the same "homework" assignment when
stricter criteria were applied. While the teacher provided the same parameters and the
students were not allowed to make any changes, they all received the same result. The
artificial intelligence provided 90% identical information/results to all students for the
same task. When students applied critical thinking and did not fully trust ChatGPT, we
observed a 50% similarity in the project presentations.
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Secondary students 17 — 18 years old

Student show the same
projects when give equel 50%
keewords

Chat GPT produces similar or
equal results when used with 73%
similar or equal parameters

Al gives them equal
information

90%

Fig. 7: Upper Secondary Education Stage (Ages 17-18)

The research investigating the understanding of students aged 6-18 about the use
of Artificial Intelligence in education revealed that students across all age groups
recognize ChatGPT's limitations as a perfect Al tool. While it can provide assistance
and quick information, it cannot comprehensively complete tasks or projects. Although
sometimes efficient and useful, it may also produce inaccurate results and require
substantial configuration time, potentially outweighing its time-saving benefits.

2.1.3. Edge and Cloud Technologies
An "edge device" is a term from the field of computing and networking. It is a
peripheral computing device for data processing.

An edge device is a hardware device that:
« Processes data locally (at the edge of the network)
« Reduces the need to transfer data to the cloud
« Improves performance and reduces latency
« Often includes artificial intelligence for local processing
Cloud technologies are technologies whose data processing is carried out through cloud
computing.
The types of cloud technologies are:
« Public cloud « Hybrid cloud
« Private cloud « Cloud services

The two technologies have their differences, as well as their own benefits and
drawbacks. Edge technology means on-site/local processing. Cloud technology
involves processing data in a dedicated data center. It is suitable for complex analysis,
storing large volumes of data, and large-scale services, but it involves latency. Table 1
presents a comparison between the two technologies, from which it is evident how to
determine which technology to use for which type of task.
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TABLE 1 Key Criteria for Edge and Cloud Technologies

Criterion Edge Computing Cloud Computing
Ver Low | High
Latency Y . . (delay due to transmission to a data
(on-site, real-time processing)
center)
Possible .
Offline Operation (autonomous operation without Not . POSS.'ble
(dependent on internet connection)
network)
Hiah Lower
Data Privacy/GDPR an. (data is transmitted and stored in a
(data is processed locally)
data center)
. Limited Virtually Unlimited
Computing Power (device resources) (scalable in the cloud)

ICT is of interest not only for manufacturing and solving practical case studies, but
Is also interesting for adolescents, who at the school-age stage can become familiar
with the types of technologies, how they work, and their connection with sciences like
mathematics and physics. This way, they will be able to start with scientific research
and practical solutions much faster. This will be explored in the next chapter, where
various practical tasks and solutions using ICT, implemented through the STEM
method, are proposed. Such examples are:

« Primary level: Line following, executed using Edge technology by a robot;

» Lower secondary school: Controlling a robot with gestures, which is also an
Edge technology;

» Upper secondary school (Gymnasium): Object and colour recognition and
distance/depth measurement using Edge technology; the robot decides in real-
time whether to stop/avoid/approach.

« Lower and Upper secondary school: Distance/depth measurement with Edge
technology and Integration with Cloud — creating a classroom Dashboard with
data history.

CHAPTER 3 DEVELOPMENT, RESEARCH AND INTEGRATION OF
EDUCATIONAL ROBOTS IN STEM EDUCATION

3. Research and Development of Robotic STEM Solutions
3.1.1. Ozobot
Figure 10 shows an illustrative picture of the mini robot for the purposes of
visualization and perception of its size.

Fig. 8: Mobile Robot Ozobot Evo Fig. 9: Top View of the Ozobot EVO

,,’As can be seen from Fig. 8, the robot's dimensions are remarkably compact—
only 2.5 cm x 2.5 cm, and it has a mass of just 17 grams. Despite its miniature size,
Figures 9 and 10 provide the characteristics and capabilities of the Ozobot EVO."
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v‘%‘z}k
Fig. 10: Sensors and Ports of the Ozobot EVO Fig. 11: Color-Based Programming with Ozobot

In the absence of a digital interface, the robot utilizes color recognition
technology to interpret color information from drawn paths, which represent simple
programs printed with a color code understandable by Ozobot. Examples of such color
codes are shown in Fig. 11.

At a later stage, when students are able to use computer-like devices, Ozobot
allows them to work via a tablet, phone, or computer. While the youngest students are
learning to read, they can transition to block-based programming. They will arrange
pre-built commands but will be able to read them and understand which commands
they are using. Fig. 12and 12 show the Ozobot block programming interface.

" 1 Pre-reader

| &
|2
Fig. 12: Block—(l)_%aséd Programming for Beginners Fig. 13: Advanced Block-Based Programming

The program is developed across five levels, ranging from a beginner level to a
master level of difficulty.

When students observe the actual execution of the program in the form of the
robot moving or singing, they gain a deeper understanding of what they are creating.

When they are 12 to 13 years old, students can transition to the real programming
language Python. At that point, they are introduced to libraries, concepts such as arrays,
and other important topics which they will gradually master.

This exemplar lesson from the Computer Modeling and Information Technology
curriculum demonstrates the integration of the Ozobot EVO robot. The lesson
incorporates specific Python code fragments compatible with the Ozobot platform to
facilitate the execution of programming tasks. A core component of this lesson
involves the development of a movement algorithm designed to replicate the
choreographic pattern of a Thracian folk dance (specifically, the Buchinsko Horo). The
programming code required for this task is algorithmically structured to generate a star-
shaped pattern, which emerges from the dance's sequence of steps. The corresponding
instructional code is presented in Figure 14, while a proposed optimized version of the
algorithm, leveraging the Ozobot's motion capabilities, is illustrated in Figure 15.
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<« O (%) httpsy//beta.python.ozobot.com

. Run Python code (with the
Put Interactive Python Anywhere on the Web connected robot) New Program

Customize the code below and « Share!

ozobot
math radians

bot = ozobot.get robot()

n (5):

bot.movement.move(@.1, ©.02)
bot.movement.rotate(radians(216), radians(9@))
bot.movement.move(@.1, ©.02)
bot.movement.rotate(radians(72), radians(9e))

Fig. 14: Thracian Horo Code in Trinket Python®ur. Fig. 15: Thracian Horo Code in Ozobot Python
In this context, beyond physical movement, the student's exploration of
computer science concepts can be further enriched by integrating music programming
and implementing algorithms to generate a Thracian horo — Svornato horo (9/8).

ozobot

bot = ozobot.get_robot()
takt = 1.125

CsapHaro xopo (9/8) bot . sounds . ' no zobot . .G, takt/4)
.s .F, takt/s)
P It o o .Note.E, takt/s
. ug,bgli === = = : o - _Note.G, t:kt/i;
o Do | Pe|Mu | ®a|Con|Na|Cu|Con|®a|Mu|Cen|Pe|flo|flo fo|Mu|dal|Con i ::zg
How | C |D| E | F| G | A|B| G| F|E|G|D|C|C|C|E|F|G
Qzohot 0
Tatt 4 | s | e 14 14 us | us 14 1B | s [IER R R R 3 18 n
i 7 phrase()
Fig. 16: Musical Notation of Svarnato Horo Fig. 17: Svarnato Horo Music algorithm

(9/8) of Ozobot Python

For this task, it is important to identify the musical notes corresponding to the
horo and then systematically encode their phonetic representation. As shown in Figure
16, a part of this task constitutes a separate project, as illustrated in Figure 17 (which
Is part of the music lesson).

The subsequent project phase entails a synthesis of two previously discrete
project components: the development of an Ozobot EVO algorithm designed to
simulate a dancing robot's behavior. This integrated system executes a star-shaped
trajectory while simultaneously generating an audio output emulating a Thracian horo
melody. The implementation specifically involves programming the robotic platform
to navigate a precise star-patterned path concurrent with real-time audio synthesis.
Corresponding algorithm fragments demonstrating this integrated functionality are
documented in Figures 18 and 19.

Furthermore, it is crucial to utilize asynchronous programming paradigms for
this project. The initially proposed implementations used synchronous coding
techniques; however, the current version requires the use of asynchronous libraries to
facilitate the desired concurrent operations.

ozobot

asyncio movelikeAStar(repeat):

math radians (repeat):
movement.amove(0.1, ©.02)

bot = ozobot.get_robot(coro = movement.arotate(radians{-(180-34)), radians(9@))
movement = bot.movement movement . amove(9.1, ©.02)

takt = 1.125 movement.arotate(radians(72), radians(9e))

phrase(repeat): main():
n (repeat): 8 res = asyncio.gather(phrase(9), movelLikeAStar(5))
bot.sounds.aplay note(5, ozobot.Note.G, takt/4)
bot.sounds.aplay note(5, ozobot.Note.F, takt/8) asyncio.run(main())
bot.sounds.aplay note(5, ozobot.Note.E, takt/s)
Fig. 18: Audio Algorithm for Svarnato Horo of Fig. 19: Audio Code for Svarnato Horo (9/8) of Ozobot
Ozobot Python Python with asynchronous
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To illustrate the star shape, a colored marker was attached to the robot, allowing
the robot's movement to be visualized according to the programmed code. Fig. 20.

|

&
-
S
w
~
—_
o
=

Fig. 20: Visualization of Thracian Horo Dance Steps Using Ozobot EVO
This graphical presentation can be precomputed through an algorithmic process,
thereby enabling the subsequent formulation of the control algorithm.

3.1.2. BlueBot

Another mobile robot suitable for the educational system is the BlueBot, shown
in Fig. 21. It is slightly larger, measuring 13 cm x 10 cm x 7 cm, and weighs only 340
grams. Like the Ozobot, it is made of polycarbonate, giving it the advantage of being
durable over time. It has a rechargeable battery, and the charging port is USB type B.
The battery lasts for 6 hours of operation, which fits within a standard work or school
day for using the robot, and it takes 4 hours to charge. It moves on two wheels and
balances on an aluminum ball located centrally beneath its "eyes." The infrared sensors
can communicate with other robots of the same type, and it has a microphone and a
speaker, allowing for recording and playback of audio.

Buttons Sensors Left and
Right Wheels

s ™=  USBport
< On/Off Vollum

On/Off Bluetooth
Blue LED —o ¢
7 \
g Bluetooth \ Speaker
\k' On/Off Button

Fig. 21: BlueBot Configuration
LED lights - these are the eyes that blink or glow steadily in blue. It uses the
Bluetooth system to communicate with other devices such as phones (Fig. 22), tablets
(Fig. 23), computers (Fig. 24), or a reader (TacTile Reader) Fig. 25. It offers
compatibility with Android, Windows 7+, and iOS. The mobile robot can be
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programmed via buttons - manually, or through phone, tablet, or computer applications
using step-by- steE or block-based programming (Fig. 22).

-
o
| -
o =
= :
o
-
0
X
an
o3
D>
CX >
LI >
=

Fig. 22: BlueBot Mabile Application (On smartphone) Fig. 23: BlueBot Tablet Appllcatlon Interface on tablet

AT - | ‘ ‘ -;
Fig. 24: BlueBot Desktop Appllcatlon Interface Fig. 25: Operation with TacTile Reader

The robot also has various attachments that allow for the specification of tasks.
One of these attachments includes an option to hold a marker. This enables the
integration of a STEM lesson with the Bulgarian language (Fig. 26). The lessons can
be conducted using button control, through the reader, or via a computer. Of course,
this involves not only language knowledge but also mathematics—calculating
distances, letter sizes, type of script (e.g., print), paper dimensions, letter size, and so
on (Flg 27 and Flg 28)

Fig. 26: Writing "3 MARCH  Fig.27- Writing "3 MARCH" Fig. 28: Writing "8 MARCH"
Using Buttons Using a Reader

The Blue-Bot moves in 15 cm steps, can rotate 90 degrees, and remembers up
to 200 commands. When programming via an application or using the TacTile reader
with additional command tiles, the robot can be programmed to rotate only 45 degrees
or simply repeat the assigned algorithms. In this context, working on a grid is very
convenient (Fig. 29). This is why various exercises can be practiced using worksheets
with filling in arrows for a given direction or by arranging ready-made cardboard
command cards. Custom grids can be created, or ready-made ones (mats) can be used
for the robot to move on. In Fig. 30, it is moving on a transparent mat/board. In Fig.
24, the board is shown in the form of a map, which is also uploaded into the program.
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Fig. 29: Worksheet — Grid Template for BlueBot

E -} o
in® (s}
e Thette |
Mo B0tO e Cycle of a =
Butterfly
2 " v

D V&2 o

©o()o v

: igatiyng\ObstacIes Fig. 31: BlueBot Online Simulation — The Butterfly's Path
In addition to the previously mentioned methods for working with BlueBot, the
application available at https://bluebot.terrapinlogo.com/ can also be used. This
website is an online simulation where the robot's movements are visible; it is placed on
a map, which can be used to conduct a lesson, in this case, about the life cycle of a
butterfly. Fig. 31.
3.1.3. ArtieMax
Another robot used in experiments and testing with students and teachers for
schoolwork is the educational robot Artie Max and its integration into the learning
process. The robot displays the code in a simulation environment. It presents hardware
challenges when it does not draw the same code on paper as in the simulation. A very
Important aspect is assigning tasks and having students seek solutions for their mental
development and logical thinking from primary school onward. This goal, as |
mentioned earlier, is achieved using the STEM educational approach.
The hardware specifications of the educational robot Artie Max were determined
through reverse engineering, as the manufacturer did not provide such information.
The robot measures 17.5 x 17 cm. The ESP32 (Fig. 32) is a highly efficient and
cost-effective system-on-chip microcontroller with a dual-core system featuring two
Xtensa LX6 processors with Harvard architecture. All embedded memory, external
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memory, and peripheral devices are located on the data bus and/or instruction bus of
these processors. [77]

With a few minor exceptions, the address mapping of the two processors is
symmetrical, meaning they use the same addresses to access the same memory.
Multiple peripheral devices in the system can access the embedded memory via DMA
(Direct Memory Access).

The two central processors are named "PRO_CPU" and "APP_CPU" (for
"protocol™ and "application™), but for most purposes, the two central processors are
interchangeable. [78, 79]

: ;
g &
;

PRO_CPU APP_CPU

Fig. 32: ESP32 Microctroller Fig. 33: System Architecture [77]
Figure 33 shows the block diagram illustrating the system's structure.
The ESP32 can function as a completely standalone system or as a subordinate device
to a host MCU (Micro Controller Unit - a small computer chip found in electronic
devices), reducing the communication stack load on the main application processor.
The ESP32 can interface with other systems to provide WiFi and Bluetooth
functionality through its SPI/SDIO or I2C/UART interfaces.
The system starts with two stepper motors. (Fig. 34)
| g CODING

THE EYES AND THE MOUTH

In oddifion to controlling Arfie Max's movements, you can add commands fo
change it focial expression. Whan using the drag and drop languages, look
for the coding blocks for the Eyes and Mouth, choose the colors you like and
add the code.

Fig. 34: Two Stepper Motors Fig. 35: Four LED "Eyes"

The Power Supply/Battery can be seen
The robot is equipped with: in Fig. 36:

» LED eyes (Fig. 35) » Warranty: 1 year (12
> A speaker months)
» A lithium-ion battery » Brand Name: AUK
» A power charging block with a > Model Number: 18650

USB port 3.7v 2600mAnh lithium-
> A board / ESP32 is a dual-core ion battery

system/ » Type: Rechargeable Li-
» Sensors lon Battery

» Voltage: 3.7V
» Cycle Life: 500 times
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SERVO
MOTOR

Fig. 36: Lithium-Ion Battéry Fig. 37: Control System Schematlc
The control system schematic is illustrated in Fig. 37, which shows the controllers,
drivers, and sensors of the ArtieMax mobile robotic platform.
ArtieMax Software
ArtieMax™ comes supplied with 3 washable ink markers (Fig. 38) - blue, green,
and pink. The product is compatible with all markers having a diameter between 8 -
10.5 mm. [78]

Motor
tor

Beginner niermediate Advanced

o Ran s
o REMOTE
L i S
L 7‘\77 //j | : / /I\

C++

Fig. 38: ArtieMax with Three Markers Fig. 39: Programming Environments - Remote Control

Figure 39 shows the programming environments for the robot. After remote
control, students move on to block-based programming — Blockly, where they become
familiar with ready-made commands, learning how to arrange them to create a shape.
Fig. 40 (a cube) [80][81].

Students begin their educational journey by learning a language through its
written symbols and phonetic meanings. In addition to handwriting the symbols, a
STEM lesson can be conducted by writing the letters of the English alphabet using the
educational robot. This approach combines knowledge reinforcement and builds
interdisciplinary connections - language, information technology, and mathematics.

Fig. 40: Command Cube (Sequencing commands to form patterns)
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In the exemplary lesson, a function for writing the word LONDON will be
utilized. This implementation requires students to program individual letters, research
the geographical location, prepare a presentation about the city, and calculate letter
positioning and dimensions—constituting an integrated STEM lesson.

The algorithm (Fig. 41) follows a structured approach: initially creating
individual letters, subsequently connecting them into the complete word through
teacher-guided mathematical functions. The word appears in the simulation as
demonstrated in Fig. 42, with predefined dimensional parameters ensuring proper letter
spacing and fit within specified page margins (Fig. 43).

From a STEM perspective, this activity incorporates mathematical concepts
including measurement, units of length, distance calculation, and spatial reasoning.
Concurrently, it demonstrates algorithmic writing as a technological literacy
component, while simultaneously reinforcing English language learning objectives.

BLOCKLY

BLOCKLY

G A e

Fig. 41: Block Diagram Algorithm Fig. 42: Simulation

. VIO Move buew us / Fuiw 90
‘Fig. 43: Inter-Character Spacing h Fig. 44: Test Results

The word LONDON as written on paper by the educational robot appears as
follows: Figure 44 - test results.

Fig. 44 shows a deviation in alignment and distortion of the letters after the letter
D. During the testing process, two causes were identified.

One is the slope of the surface, in this case, an unevenness of the table. It turned
out that the robot is very sensitive, and even the slightest slope affects it, but this was
determined through several tests. The deviations were very clearly visible with the
letter O as well. (Fig. 45, Fig. 48, Fig. 50)

Tests Conducted

As already observed, the distortion occurs for two reasons. When one is
eliminated or minimized - the slope of the drawing surface - the software solution
comes into play. In this specific case, a discrepancy is visible between the letter D and
the following O. The corrective solution is to increase the robot's rotation angle or to
increase the distance between them, or both.
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The experiments showed that by correcting and increasing the distance by +10
mm (1 cm) and increasing the rotation (+5°), the letter O separates very clearly from
the letter D and is positioned correctly. Fig. 45 and the simulation in Fig. 46, where the
letter O is clearly tilted to the right in the simulation, but on paper the letter is upright.

ARTIE ., =
max 8

4./ Move bace IM/ $yrn 95

Fig. 45: The letter O is clearly distinguished | F|g46 Simulation demonstrating clear
from the letter D and is correctly positioned rightward inclination of the letter O

In the experiment, increasing the distance by +5 mm (0.5 cm) and increasing the
rotation by (+5°) shows a tilt towards the right side of the letter O, and accordingly, the
aligned letter N is also rotated towards the right side. Fig. 47 - simulation and Fig. 48
- result. In this case, in both places - in the simulation and on paper - a leaning towards
the right side is visible.

P g Mwe Guznzo/{uru%

Fig. 47? Simulation Fig. 48: Result

In the experiment with an increased distance of +5 mm (0.5 cm) and maintaining

the initial rotation of 90°, the text appears aligned in the simulation (Fig. 49), but on
paper, the letter O is positioned much closer to the letter D (Fig. 50).

L@ l. oy N

o /
\A , IV l ||_/ I|I \‘\J
\/.l, 3. Move boce 420 [{urn 90 I
Fig. 49:‘0E>2beri}nent with Distance Increase Fig. 50: The letter O positioned
of +5 mm (0.5 cm) While Maintaining significantly closer to the letter D

Initial 90° Rotation

The error exhibited by the robot led to the derivation of mathematical models
for the motion of the robot's wheels. ArtieMax is a robot with one driving wheel and
two passive wheels. (Fig.51) To facilitate the visualization of the movement trajectory,
I will use a geometric model of the robot's wheels (Fig.52), utilizing only one of the
passive wheels..
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Fig. 51: ArtieMax Robot Model Fig. 52: Geometric Model with a Single
Passive Caster Wheel

The other passive wheel will move along with it. (Fig. 53)

p ﬁ ' '
D
P
A

Geometrical model 90° Rotation
(with one passive wheel)

Fig. 53: 90° Rotation Model

1 = oo is the travel length of the driving wheel when a 90° rotation is
required. Since the speed of the driving wheel is constant, the travel length 1 is a
function of the movement time, i.e., 1 = £ (t). Therefore, if the rotation angle is less
than 90°, it means the length 1 is less than required. In this case, the travel length of
the driving wheel must be increased, and since the length is a function of time, the
movement time must be increased. (Fig. 53)

Despite the robot's limitations, the implemented lesson featuring an algorithm
for STEM integration—encompassing English language, mathematics, computer
modelling and information technology, art, geography, and history related to London
(United Kingdom)—successfully enhanced student knowledge and engagement,
thereby supporting STEM education objectives. The methodology included a word-
writing algorithm utilizing mathematical functions alongside an error-correction
algorithm.

3.1.4. Artie 3000
The predecessor of the ArtieMax is the Artie 3000. Its dimensions are smaller: 14 x 14
x 15.5 cm, requiring less working area, and it weighs 449.06 grams. It stands more
stably due to having two wheels. It does not have LED lights. It operates on 4 AA
batteries. It also has a USB port for connecting to a computer if reinstallation, updates,
etc., are necessary. Its marker is positioned through the head and body, between the
two wheels (legs) of the robot (Fig. 54).

°
[\ L>/ Beginner ntermediate Advanced
: 3
= 5
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L?;l :nd = : 78 usB port R TE
Fig. 54: Artie 3000 Device Configuration Fig. 55: Artie 3000 Programming Environments
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The robot can be programmed at three levels, each with two modules. Beginners
start with control methods like using a remote control or by clicking and dragging
(Point & Click) the mouse on the computer's simulation grid; the robot will follow the
movement and draw the picture. JavaScript and Python are programming languages
for older students, around grades 6-7. For students between 7 and 12 years old, block-
based programming with Blockly or Snap! is most suitable. (Fig. 55)

Avrtie 3000 also exhibits slight deviations when drawing the assigned code, again
depending on the drawing surface and the material being drawn on. Figure 56 presents
the algorithm for rendering a graphical model from an integrated and validated STEM
lesson (Appendix 1), combining mathematics, computer science, and Bulgarian
language. Figure 57 displays the resultant output, which demonstrates zero deviation

Fig. 56 -Algorlthm for Writing the Word STEM Fig. 57: Olj'[pu'[ Result from Artle 3000 ertlng
Execution

3.1.5. Cody Rocky

Codey Rocky is an educational mobile robot that works with block-based
programming. It also has sensors that can be integrated into the programming, helping
to understand many of the inventions around us, such as lighting that turns on upon
detecting motion. This is achieved using sensors programmed to detect movement and
then execute specific actions. Other applications include chip-based door unlocking,
alarm systems, or various remote controls. Color or line following is also prevalent in
the automotive industry. Although new developments constantly emerge, there is still
a demand for improvements or novel solutions for vehicle movement, home security,
and facilitating the mobility of people or animals. Figure 58 shows the design of the
mobile educational Codey Rocky. It consists of two separable parts — Codey and
Rocky.

Codey is the "head," used for communication with the computer and for
receiving the code to execute. The head is equipped with a power on/off button, a speed
selection button, three buttons that can be assigned different commands, an infrared
receiver and transmitter, a color indicator, a light and sound sensor, a 6-axis gyroscope,
and a speaker.

Rocky is the lower part, featuring tracked wheels on the left and right sides. At
the front, between the wheels, there is a panel with infrared proximity sensors that can
rotate towards the ground and forward. This means it can detect obstacles on the
ground, such as drops like stairs or holes, or obstacles in front of the robot like walls.

Abstrats of Dissertations 2026 (6) 3-55



29 Maya Staikova

Fig.58: mdé} Rocky Component Fig.59: Codey Rockey Fig.60: Codey Rdckey with Lego

Architecture with Lego Spike WeDo 2.0.

The mobile robot uses an ESP32 microcontroller, a DC gear motor, and a dual -
core Tensilica LX6 processor. It has a rechargeable 3.7V LiPo battery. Its dimensions
are 102 x 95.4 x 103 mm (L x W x H), and it weighs 295 grams.

Communication can be established via a USB port (Micro Type B), Bluetooth,
or Wi-Fi.

The robot works with the mBlock software, which can be used online in a
browser or downloaded to a computer for offline use. The software supports block-
based programming similar to Scratch and can also be programmed with Python.

Codey Rocky is compatible with LEGO education bricks — Lego Spike/Lego
WeDo 2.0. (Fig. 59, Fig. 60).

To verify whether the Codey Rocky mobile robot is compatible with the
educational process and where it can be integrated as part of STEM lessons, a lesson
titled "Maze with Codey Rocky" was conducted.

The aim of the research was to determine if the Codey Rocky robot can be used
in class to integrate technology as an aid for the teacher. To achieve this, a mathematics
lesson was created, integrated with robotics, technology, and entrepreneurship. A maze
was constructed for the robot to navigate through using a pre-defined program that
utilized the available programming blocks and sensors.

The first task given to the students was to create a rectangular maze from boxes
or cardboard. The dimensions of the rectangle were to be at least 140 cm x 60 cm.
Subsequently, they were to test whether the robot would collide with the walls or if it
could avoid the obstacles (the walls of the rectangle) before proceeding to create a more
complex maze. (Fig. 61)

Foilme o . - . - o - =

Fig. 61: Rectangular Maze Configuration
The initial practical component of the lesson involved constructing a rectangular
labyrinth and programming the robot to navigate through it without colliding with the
walls (obstacles). Practical observations revealed that students utilized time-based and
power-based commands to control the robot's movement. However, in both instances,
the algorithms (Fig. 62 and Fig. 63) proved unsuccessful. The robot collided with walls,
stopped at incorrect locations, and demonstrated inappropriate speed regulation.
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Analysis of the algorithm diagram in Fig. 64 indicates that while the structure
incorporates a stopping function, it lacks the necessary procedural logic to reinitiate
motion.
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Fig. 62: Obstacle Avoidance  Fig. 63: Obstacle Avoidance Fig. 64: Algorithm Flowchart
Code - Version 1 Code - Version 2

This situation presents a valuable opportunity to motivate students to explore
alternative variables and seek different solutions in order to arrive at the correct
implementation. Through this process, adolescents learn to think critically and persist
in solution-seeking, developing resilience toward unsuccessful attempts.

Figures 65 and 66 illustrate an obstacle-avoidance motion algorithm that
successfully initiates, navigates the maze, and avoids wall contact. Specifically, when
encountering an obstacle, the robot executes a command to stop and change direction.
The corresponding code algorithm is visible in
Fig. 67.
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Fig. 655 Obstacle Avoidance Fig. 66: bbstacle Avoidance Fig. 67: Algorithm Flowchart 1
Code - Version 3 Code - Version 4

Once they had a correct code for the robot's movement, the maze was made more
complex by adding additional walls, as shown in Fig. 68. In Fig. 69, more walls were
added to the previous ones, creating corner obstacles for the Codey Rocky. The
experiment showed that it moves correctly, does not crash into walls, and rotates until
it finds a path to move forward.
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Fig. 68: Labyrinth with 3 Additional Partitions Fig. 69: Labyrinth with 6 Additional Partitions

In a single lesson, we can combine different roles for the students themselves:
as learners, as creators, and as presenters to demonstrate or explain the maze.

From the conducted lesson integrating mathematics, technology and
entrepreneurship, Bulgarian language and literature, and physics, the following
conclusions can be drawn:

e |f the task is unsuccessful, i.e., the maze is not navigated successfully, the
students will use mathematics and physical laws to help them modify the
initially set code and complete the task successfully.

e Students can work in teams of at least two, with a maximum of five
children.

e The maze can be created in various configurations.

e With the available possibilities alone, it is not sufficient to complete the
maze. A change in the code is necessary—its improvement through
measurements, calculations, and the logical sequencing of the code
blocks to successfully navigate the maze.

3.1.6. XGO-mini 2 Dog

XGO-mini 2 Dog is a robot that can be the next step after block-based
programming with Scratch or similar programs, serving as a tangible reality:
programming (software) or a product — a robot (hardware).

The XGO-mini 2 Dog robot is very flexible and features an aluminum alloy
body. It can be programmed using three development environments: Blockly, Python,
and ROS. The XGO-mini 2 Dog offers creative possibilities through software
challenges and hardware upgrades. Here, | will suggest some artificial intelligence
(Al) exercises.

It is important to be familiar with the hardware of the mobile XGO-mini 2 Dog
robot. As the name suggests, it is a dog robot. Its size is compact, like that of a small
dog. Its dimensions are 270 x 150 x 180 mm, and 270 x 145 x 170 mm in a standing
position. Its weight is 915 g. The XGO-mini 2 Dog robot has four legs equipped with
smart 6V servo mechanisms, as shown in Fig. 70. This type of servo provides high
torque and can maintain a stable position under heavy loads.

The mobile robot features omnidirectional movement, six-dimensional position
control, and multiple motion modes that can flexibly adapt to various scenarios and
tasks. Equipped with an IMU, joint position sensors, and current sensors, it provides
real-time feedback on its own orientation, joint angle, and torque, supporting internal
algorithms and enabling further development. [90]

The battery is a standard 18650 with a capacity of 3500mAh and a 3C current.
The POWERPAQ product line is based on cylindrical cells in the 18650 or 21700
format.
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The XGO-mini 2 Dog is equipped with a robotic arm and a gripper (a gripping
part/claw), as well as a built-in Raspberry Pi CM4 module for Al applications (Fig.
70).

LCD Display and high-
resolution camera with Al

module. Rospberry CM4 ESP 32

g
[J PH2.0 4 Pin

y Micro TypeC
servo 6V Silicone&ABS HDMI usB

Fig.70: XGO-mini 2 Dog Fig.71: XGO-mini 2 Dog — the robot's head

The XGO-mini 2 Dog has a memory capacity of 4 GB, enabling it to process
and store large volumes of data. It also features 4 programmable buttons for more
interaction and control possibilities. The Micro HDMI video input interface and the
USB Type-C port allow the XGO-mini 2 Dog to connect to external devices and
transfer data. [92] (Fig. 71)

The robot's head unit is a monitor (Fig. 71) which contains the XGO-CM4
module. This module incorporates a Raspberry Pi CM4 with 2 GB RAM and an ESP32
microcontroller, which provides servo control for the body, an audio DAC (Digital-to-
Analog Converter) and a speaker, an SD (Secure Digital) card slot, four buttons, and a
camera. [91] The ESP32 microcontroller is a dual-core system with two Harvard
Architecture Xtensa LX6 processors [92]. All embedded memory, external memory,
and peripherals are located on the data bus and/or instruction bus of these processors.

When the XGO is powered on, it has three options: Programs, RC, and Try
Demo. Two of the options range from basic speech transcription and keyword
recognition for commands in the "Speech" section, to shape and color recognition, as
well as computer vision demonstrations involving face and gesture recognition. The
"Programs” serve more as template code for developers working with the system. [92]

The robot uses the following modes: "AgeSex", "Emotion", "Recog", "Pose",
"Training", "QR code".

The mobile educational dog recognizes objects based on Yolo. However, in the
case of the dog robot, this is not very useful, as it gets distracted by any person holding
an object and produces inaccurate results in scenes with multiple objects.

ot Walk
Fig. 72: XGO Remote Control Fig. 73: XGO Block Code in the Integrated
via Smartphone Development Environment

The XGO-mini 2 Dog can be controlled independently using the "XGOBOT"
application. While controlling the robot remotely, you also get a live view from the

robot's perspective via its camera (Fig. 72). Abstrats of Dissertations 2026 (6) 3-55
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For basic programming, there is an integrated development environment. When
you open the interface in a browser, it allows you to create and send code directly to
the robot, which then executes it immediately. The environment is loaded via the
"XGO-Blockly" link from the manufacturer's website (Fig. 73). Once the IDE
environment loads, you can use it directly from your web browser.

"XGO-Blockly" is a version of Google's Blockly, which is a block-based
programming environment. It generates Python code, which you can view and edit
manually at any time. This is an easy way to teach students and to create more examples
that can be used.

Tests Conducted with the XGO-Mini 2 Robot

Some of the ready-to-use Al functions are shown in !:iure 74.
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Fig. 74: Al Examples
Before proceeding with the use of the Al Vision module, the robot must be
initialized. This is done in the web environment at xgorobot /working/ [96]. The robot
initialization block is shown in Figure 75.

R XGO-Mini XGO-Mini initialization

Fig. 75: Initialization Block
The XGO-Mini 2 Robot has a range of artificial intelligence recognition capabilities
accessible through the Al Vision module: gestures, YOLO, QR code, face, emotions,
and more (Fig. 76)

' % % XGO-Blockly

° >

Fig. 76: Al-Powered Visual Recognition Module
YOLO is an algorithm for object recognition in images and videos.
Test 1 (Fig. 77) shows a quick code example using YOLO.
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from xgolib import XGO # Geting the coordinate values
from xgoedu import XGOEDU x_coordinate = coordinate_point[0]
XGO_mini = XGO("xgomini") y_coordinate = coordinate_point[1]
XGO_edu=XGOEDU()

# Display information

def yolo(): print("Object:", yolo_object)
print("YOLO Recognition") print("Coordination:", coordinate_point)
while True: print("X:", x_coordinate)
yolo_recognition = XGO_edu.yoloFast() print("Y:", y_coordinate)

if yolo_recognition is not None: print()
print(yolo_recognition)
# Geting the imformation if XGO_edu.xgoButton("c"):
yolo_object = yolo_recognition[0] break
coordinate_point = yolo_recognition[1] yolo()

Fig. 77: Recognition with YOLO Module

The XGO-mini 2 dog robot can recognize specific objects, including: dog, cat,
cow, and others.

Gesture recognition is a technique for interpreting gestures made with hands or
other body parts, with the aim of communicating with a computer system. This
technology is used in various fields such as computer vision, interactive systems,
virtual reality, gaming, and others. One of the primary applications of gesture
recognition is in controlling contactless interfaces, which offer a natural way to interact
with devices.

Some key stages in gesture recognition include:

» Data Preprocessing » Gesture Recognition
> Feature Extraction nterpretation and Response
» Model Training

This technology continues to evolve and find new and innovative applications
across various fields.

The XGO-mini 2 Dog can recognize the following gestures (Fig. 78):

"1, 2", 3", 4", "5", "Good", "Ok", "Rock", "Stone"]

bbv W

Fig. 78: Gestures Recognized by the Robotic Dog
Here are some possible interpretations of these gestures:

« "1" to "5": Corresponds to showing one to five fingers. This can be used to
indicate a number or to execute a specific command.

« "Good" (Thumbs Up): This gesture can be associated with positive
confirmation or approval. For example, when a user makes the "Good" gesture,
the system might interpret it as a signal to confirm or approve an action.

« "OK": This gesture is typically used to confirm understanding or acceptance of
something.

« "Rock": This gesture might be used to initiate a specific action or to signal a
particular state.

. "'Stone' (Fist): This gesture could be used to indicate a specific position or a
state that requires stability or immobility..
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Fig. 79: Finger Recognition

We can observe that the artificial intelligence recognizes the number of fingers
and displays the number on the left side of the monitor (Fig. 79). Despite the presence
of multiple background objects, this test was fast and accurate.

| propose three QR code-based algorithms for controlling the mobility of a
canine-inspired mobile robot. When presented with specific QR codes, the robot
executes predefined movements — completing rectangular, square, or circular
trajectories around a designated object.

Test 3 involves the source code for reading the created QR codes 1, 2, and 3.

from xgolib import XGO # Check the number of parts and
from xgoedu import XGOEDU print information accordingly
XGO_mini = XGO("xgomini") if num_parts == 1:
XGO_edu = XGOEDU() print("QR part 1:"
qr_parts[0])
def qr_decode(): elif num_parts == 2:
while True: partl, part2 = qr_parts
# Check if there is a QR code print("QR part 1:", partl)
qr_recognition = print("QR part 2:", part2)
XGO_edu.QRRecognition() elif num_parts == 3:
if gr_recognition: partl, part2, part3 = qr_parts
# Extract the value from the QR print("QR part 1:", partl)
code print("QR part 2:", part2)
gr_value = qr_recognition[0] print("QR part 3:", part3)
print("Extracted value from the QR else:
code:", qr_value) print("The QR code has more

than 3 parts and cannot be processed.")
# Split the value into parts based
on the space print()
qr_parts = qr_value.split()
num_parts = len(qr_parts) qr_decode()

The program output when the "Circle 450" QR code was provided.
Figure 80 presents the three QR codes used in Test 4, which involved reading,
decoding, and executing the code.

EI%
=
[k

Kpsr 450 Ipasosrenauk 300 400 Ksazgpar 500

Fig. 80: QR Codes — Circle, Rectangle, Square
The example can be modified according to the needs of the overall program and
can include different interpretations of the QR codes.
Motion Algorithm Based on QR Encoding. The movement functions of the
XGO-mini 2 robotic dog: locomotion, turning, and speed, are presented in the
following tables. (Table 2, Table 3, and Table 4):

, , TABLE 2. Movement (Direction, Step)
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(Speed)

Parameter Name| Type Value Description
directi or e X' or 'X' for forward/backward movement, 'y' or "Y' for
irection char X, XYY lefu/ri
eft/right movement
Step is the amount of movement. A positive value means
step int x:[-25,25], y:[-18,18] |forward or left movement, a negative value means
backward or right movement.
TABLE 3. Rotation (Step)
Parameter Name | Type Value Description
tep is the increment. A positive value signifies forward
or left, while a negative value signifies backward or
step int [-150, 150] right. The step represents the rotational speed in
degrees per second, with positive being clockwise and
negative being counter-clockwise.
TABLE 4. Pace Mode
Parameter Name | Type Value Description
This parameter represents the stepping frequency,
mode char | ['normal’, 'slow’, 'high’] |where "normal™ is the standard stepping speed, "low™
is the slow speed, and "high" is the fast speed.

An interesting task for exploring the movements of the mobile dog robot is: The
robot is shown a QR code that encodes information about the type of shape, for
example, a square of a specific size in millimetres. After recognizing the figure, the
dog robot must perform movements corresponding to the decoded shape and its
dimensions. Test 4 involves executing this task based on the following source codes
for the three different movements: circle, rectangle, and square..

from xgolib import XGO
from xgoedu import XGOEDU
XGO_mini = XGO("xgomini™)
XGO_edu = XGOEDU()
import math

mode = 'slow’ #
['normal’, 'slow', 'high']

# For a floor where there
is no slippage with the robot
dog's feet, the value of the
coefficient is 1.0

friction_coefficient =
1.0

# *x* Movement of the
robot dog of rectangle **x

r_step_x = 25 # x:[-
25,25] robot dog step back and
forth.

r_step_y = 18 # y:[-
18,18] robot dog step left and
right.

# Limit the values of
step

r_step_x = max(-35,
min(35, r_step_x)) # Interval
restriction [-35, +35] for 'x'

r_step_y = max(-18,
min(18, r_step_y)) # Interval

restriction [-18, +18] for 'y'

# The
determined  according

values
to

are
the

selected step. Increasing the
values decreases the robot dog's
movement time.
r_decreasing_steps_x =
r_step_x * 3.1
r_decreasing_steps_y =
r_step_y * 2.7

r_decreasing_steps_x =
max(1.0, r_decreasing_steps_x)
Interval restriction [1.0,
decreasing_steps_x]

r_decreasing_steps_y =
max(1.0, r_decreasing_steps_y) #
Interval restriction [1.0,
decreasing_steps_y]

+*+

# *x* Movement of the
robot dog of circle #*x=*

c_step_x = 18

c_step_y = 18

# How many
divide the circle into

c_number_parts = 40

# Increasing the values
decreases the robot dog's movement
time.

parts to

c_decreasing_time = 300

# Checking
the number of parts, displaying
the information and calling a
function

if num_parts
== 1:

print("QR part 1:", qr_parts[0])
elif
num_parts == 2:
partl,
part2 = qr_parts

print("QR part 1:", partl)
print("QR part 2:", part2)

if partl
== 'Circle':
#
Call the function xgo_move_circle

xgo_move_circle(part2)
else:
print("There
is no set functionality for this
QR code.")
print()
print (" ##tH

print("Battery level: ",
XGO_mini.read_battery())
print (" ##HE$HH
ll)

print("\n<<< Show the
camera a QR code >>>")

qr_decode()

The provided examples can be used in the educational sphere, as they
incorporate elements of science, technology, engineering, and mathematics,
demonstrating the applicability of the STEM education methodology. In this context,
the XGO-mini 2 Dog mobile robot serves as an excellent tool for STEM classes.

Regarding object recognition using Al, the experiment proved to be very
challenging. The cow had to be positioned very close to the camera, at the level of the
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dog's head, and achieving focus was particularly difficult (Fig. 81 and Fig. 82). The
artificial intelligence only recognized cows with a body, head, and white with black
spots. The Al could not recognize the cow's face or cows of other colors. This test was
conducted using the YOLO module. The camera has a very limited field of view.

vFig. 82: Cow Recogniion — Three out of Three Tests -

During the programming experiments in the online environment, several
challenges were noted, such as significant foot slippage on the floor surface during
movement functions—as mentioned in the "Methods Related to Mobility" section
[97]. There is a lack of precise step number adjustment, which complicates some
experiments and research.

Beyond sensors and hardware, the dog robot also offers various technologies,
including Al. However, currently, aside from the device control aspect intended for
an age group up to 10 years old, it has not been tested with students in higher grades,
where it would be a good tool integrating knowledge from various fields to improve
the currently identified weaknesses and to consider new challenges for its use. The
STEM lesson could combine physics, mechanics, mathematics, natural sciences
(studying habitats), music, physical education (for movement), and more.

3.1.7. Intelligent Mobile Robots

One of the primary challenges still facing intelligent mobile robots is object
recognition, measuring distances to objects, determining their physical dimensions,
and optimizing the computational resources required to perform these tasks [115, 116,
117, 118].
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The presented distributed system is designed for real-time scene analysis,
focusing on two-dimensional objects in a three-dimensional environment.
Consequently, all recognized objects are defined with dimensions in two-dimensional
space (diameter, width, height). Some three-dimensional objects are simplified to their
two-dimensional analogues.

The hardware components include: a microcomputer module based on
Raspberry Pi 5; an Orbbec Petrel A depth camera; a router; and a computer station
(desktop or laptop) [124, 125]. The software components encompass specific programs
that ensure coordinated interaction between the various stages of real-time information
processing.

The depth camera is connected to the Raspberry Pi. The frames captured by the
camera are transmitted via cable or wirelessly through the router to the computer
station. Frame analysis is performed on the computer station. Additional functionality
has been incorporated into the programmable model, which calculates the distance to
recognized objects and their physical dimensions, enabling better analysis of objects in
the three-dimensional space.

In the context of a mobile robot, the system allows the analysis of a 3D scene to
be performed on a remote computer, which has the capacity to process large volumes
of data and generate results in real time. A block diagram of the distributed system is
shown in Figure 83.
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Raspberry Pi 5 Based Depth CAM

) IR e S—
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PCTe to M.2 HAT NVME ‘CAM SDK \lj - -
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L SIGBM2 NVMe 23055D Color classification
=
or 0
SN \vierory buffer |
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=] J wenSoerside
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Fig.84: Microcomputer module, Fig.83: Block diagram of the distributed analysis
based on Raspberry Pi 5 and control system

Hardware Setup

A microcomputer module based on the Raspberry Pi 5 is used. Fig.84 The
module is connected to a mouse, keyboard, Ethernet cable, and an RTC battery.

The tasks of the microcomputer module are as follows:

« To read frames from the camera, process them into a suitable format, and send
them to the computer station for subsequent processing and analysis.

« To provide communication with the computer station by sending and receiving
information. This communication is carried out via a router.

« To transmit and receive information to and from the program responsible for
controlling the mobile robot, labeled in Figure 83 as the "C++ Robot Control
Program".

The depth camera measures the distance to points in space. The Orbbec Petrel A
camera [119] was used in the present research and experiments (Figure 85).
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MENU

emory (RGB + DEPTH images)

=}

Fig.85: Camera Petrel A, Orbbec. Fig. 86: Added Functionality for RGB and
and Depth Image Processing Options

The camera captures both RGB and depth images. The images obtained from the
camera are received by a program running on the Raspberry Pi 5 and are then sent to a
remote computer station.

A specialized program, which runs on the computer station and is labeled as the
"C++ Program Model" in Figure 83, integrates the following capabilities:

« Recognition of various types of Within the context of current
objects (shapes). development, new features have been
o Color classification of the added to this program model:
recognized objects. o Measuring the distance to a
« Decoding of QR codes on recognized object.
objects, if they contain such « Measuring the physical
marked codes. dimensions of the recognized
objec

These new functionalities are implemented by adding Option 5 to the program
menu, as shown in Figure 4.

Option 5 utilizes a programmatic approach for memory sharing [122]. This
approach extracts two images from the shared memory: the first is the RGB image, and
the second is the depth (DEPTH) image. For this purpose, a server program was
developed that runs on the computer station side. This program receives RGB and
DEPTH images from the client (the microcomputer module based on Raspberry Pi 5)
and writes them into the shared memory area, from which the program model can
extract them for processing and analysis. The code added to the model program
calculates the physical dimensions of the recognized objects and the distance from the
camera to them, based on the acquired depth image. Figure 87 illustrates a block
diagram of the main loop.
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Program intialization START PROGRAM { Pro e . START
gram initialization
PROGRAM
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o @
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[ VVait for a short time: ]
Call function Updatef)
This function performs: object recognition, color classification, QR decoding.
If ion is 5: Also object di i and di to objects. N
N
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Displaying results in the console
and image windows
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Fig.87: Block diagram of the image Fig.88: Block diagram of the
analysis program model server program
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The server program is loaded from the computer station and uses the Boost.Asio
library for asynchronous network communication and OpenCV for image processing.
It is configured as a server that waits for incoming connections from a client. The
program uses an acceptor that listens for incoming connections on a specific port.
When it receives an incoming TCP connection, the program accepts RGB and depth
images from the client, decodes them, and then either displays them or writes them to
shared memory. Figures 83 and 88 illustrate the functionality of the client program.

The client program runs on the microcomputer module based on the Raspberry
Pi 5. A block diagram of the program is shown in Figure 89.

Initialization

Initialize network communication START
and depth camera PROGRAM

Connect to server l

v

Read RGB and DEPTH images from the camera ](—

Image Processing

Encode the RGB and DEPTH images in PNG format
and save to buffer

¥

Send the RGB and DEPTH images through the socket ]

T
<
Displaying the RGB and DEPTH images in windows ]

¥

Prepare the camera for the next image ]

S the program ves END
PROGRAM

Flg.89: Block diagram of the Fig.90: The experimntal model
client program — objects and camera

The RGB and depth images are aligned using "Software Depth-to-Color
Alignment" before being sent to the computer station.

Experiment 1

The experimental setup presented in Figure 90 includes several objects. The
distance to the objects is approximately 40 cm. The primary goal of the conducted
experiments is to verify the system's capabilities for object recognition.

Table 5 describes the actual colors and dimensions of the objects.
Table 5. Actual Colors and Dimensions of the Objects in the Model.

P —

Object Color Object Size Dlsggrzzrf;om
Circle Orange Diameter: 63 mm 33.0cm
Square Red Side: 75 mm /75 mm 43.0cm
Circle Yellow Diameter: 70 mm 38.0cm
Rectangle Blue Side: 57 mm /80 mm 34.0 cm

Experiment 2 - Client Side — Microcomputer Module based on Raspberry
Pi5

When the program starts, it captures images from the camera. Figure 91
illustrates RGB and DEPTH images of the experimental setup.
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Fig.91: RGB and DEPTH images Fig.92: RGB and DEPTH superimposed,
of the experimental model and aligned images

Figure 92 shows a composite image, which is a blend of the RGB and depth
images.

The client side sends both the RGB and depth images to the server. Figure 93
illustrates the size of the encoded images in .png format, as well as the minimum and
maximum values of the measured distances for points in space (pixels). The maximum
value is 533 mm (53.3 cm), which corresponds to the actual dimensions of the
experimental setup.

Fig.93: Information about the client-sent Fig.94: Information about the server-received
RGB and DEPTH images.. and DEPTH images

Experiment 3 - Server Side — Computer Station

The RGB and DEPTH images received by the server correspond to those shown
in Figure 91. The server receives these images and outputs information about them to
the console. Figure 94 illustrates that the images sent from the client have been
successfully received by the server, and their size matches that of the sent images
(Figure 93).

Figure 95 presents a depth image received by the server.

time to

e)

Time TO DotTn es GB T
Fig.95: Normalized DEPTH image Fig.96: Average time to receive both images

in color format from the client

The translated text is already in English. Here it is again, slightly refined for
clarity and flow:

The presence of dynamic objects in the observed environment means that
communication delays can result in the loss of critical information about object
positions and movements. At a resolution of 640x480 pixels, the average time to
receive both RGB and DEPTH images from the client is approximately 60 ms (Figure

96).
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For tracking moving objects, image processing speed is critical. Any delay in
the processing cycle can cause a lag in the robot's response, reducing its effectiveness
in tracking moving targets. At 640x480 resolution, the scene analysis program
completes a processing cycle in about 20 milliseconds. This cycle includes object
recognition, color identification, distance measurement to the object, and calculating
its two-dimensional dimensions.

Based on this robot and the hardware enhancements implemented, a novel
distance measurement model has been developed. This model demonstrates the
integration of all core components of Information Technology (IT), Communication
Technologies (CT), Cyber-Physical Systems (CPS), Artificial Intelligence (Al), and
Cloud Computing. It is applicable for STEM education, combining language,
technology, computer science, mathematics, and physics, while also fostering the
essential soft skills required to enhance the technological capability and stability of
society.

The next step for the presented robot involves conducting trials and evaluations
with both students and teachers.

3.1.8. Other Mobile Educational Robots

A team of researchers developed an autonomous mobile robot called Tele-
ROBCO and the necessary software to enable virtual on-site visits to museums.
This is a low-budget autonomous mobile robot, consisting of a differential-type mobile
robot platform, a computer and controllers, a drive system including two 12V LiFePo
batteries and a charging station, and a sensor system. The sensor system includes:
infrared, ultrasonic, a laser scanner, a 3D "Real Sense" sensor, and an integrated
accelerometer, gyroscope, and inertial sensor (Fig. 97).

One of the robot's functionalities is a telepresence mode for a school classroom
(Fig. 98). A "Tele-visit" guided tour of the museum — The robot will collaborate with
the museum tour expert — the guide — and will serve as an avatar for the visiting class
(students), following the thematic presentation of the museum expert. At each exhibit,
the expert guide conducts a discussion, prepared and didactically aligned with the

subject's curriculum

ed \n\e\'\'\e§ . Museum expert
. h-SPE SS { i
H\gh spP! ed a(_(e
(web 92 m
Mobile
‘Jﬁ; robot D H I—]
W R
Distanc{e Ieamin_g students Visitors in place
{ (virtual visitors) (physical visitors)
vh
Fig.97: TELE-ROBKO Fig. 98: Telepresence in a School Classroom
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The trialed lesson demonstrated interdisciplinary connections and the
development of ICT skills integrated with history, geography, and Bulgarian language,
while the technical aspects encompassed mathematics, mechanics, and more,
confirming the principles of STEM education.

Another robot, still in development, is an educational manipulator.
An educational mobile manipulator robot is being developed for the educational
system. This mobile manipulator robot uses a Raspberry Pi Pico W and is programmed
in Python. It is being created to enrich STEM education by providing an interactive
environment for studying robotics from both hardware and software perspectives, i.e.,
learning about sensor integration and programming. The robot is built on a standard
chassis, equipped with mecanum wheels and a robotic arm (gripper), which is
controlled by servo motors. This robot can be programmed in a Python environment
and offers control of both the chassis and the gripper via a web interface, accessible
through the robot's Wi-Fi hotspot (Fig. 99).

This robot is aimed at the high school level and is being tested in specific lessons
that integrate language, mathematics, physics, mechanics, IT, CT, Al, and more, with
the goal of training specialists in engineering sciences.

-

Fig.99: Edubatiorigll manipulator
OUTCOMES

Use of ICT in Primary School: Basic programming with Scratch and Python,
environmental sensing with Arduino, and introduction to various robots.

Use of ICT in Secondary School: Introduction to Al, concepts of Al, use of
multiple sensors, problem-solving through data and algorithms. Al laboratory (e.g.,
robot, face and voice recognition). Python (basic programming and application).

Collaboration and Pedagogy: Bulgarian educators need to collaborate with Al
engineers to bridge the gap between technology and pedagogy. Students understand
that ChatGPT can perform some tasks without human intervention. There is a need for
instructional methods on how to create appropriate tasks and problems so that this
knowledge can be used appropriately in task execution. The primary goal of artificial
intelligence is to transform the teacher from a source of information into a mentor who
guides students towards knowledge in a specific field.

Collaborative Learning: Children had the opportunity to explore and discuss
activities in pairs or small groups. This emphasizes teamwork.

Research and Future Studies: The conducted research on understanding
artificial intelligence in Bulgaria lays the groundwork for many future studies with a
broader group — including students from more and different schools — private and state.
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This study will be used as a basis for future research on how and when education in
STEM and artificial intelligence can be integrated into the students' curriculum.

Teacher Reception and Specific Robots: Trials with teachers also show
continuity and openness to the method, albeit more cautiously. However, it would be
more enjoyable education and a useful teaching method.

« Ozobot EVO: Using RGB technology to read -colors, block-based
programming, and Python 3 programming, it performs tasks with set parameters
measurable for distance, time, etc., achieves set goals, and integrates with
various subjects. In the trialed example in seventh grade, students utilized
Bulgarian language, history, sports, music, information technology,
mathematics, technologies, and entrepreneurship to achieve the final result:
presenting the robot in the role of a boy/girl in national costume, who performs
folk dances and sings a folk song.

« Blue-Bot: The robot is extremely durable, compact, and cost-effective for use
in STEM lessons at the primary level or in kindergartens. Blue-Bot features
Bluetooth technology, an interface, and Edge. Multiple lessons have been trialed
with students aged 6-10 and with teachers who understand the technologies, see
the connections across various subjects: language (Bulgarian and foreign),
mathematics, drawing, computer modeling, homeland studies, the world around
us, technologies and entrepreneurship, music.

. ArtiMax Educational Robot: Has potential for working with students. Even its
imperfections make it more suitable for use, creating new challenges for
students. They must find new solutions, which will generate interest and
curiosity in the students.

« XGO-mini 2 Dog: The dog robot provides good opportunities for educational
purposes in the fields of software, hardware, and artificial intelligence. Since
education also seeks motivational and fun elements, the dog meets both criteria

CONCLUSIONS

This dissertation presents newly developed STEM methodologies and custom
algorithms for various educational robotics platforms. The research includes
comprehensive analysis of hardware and software capabilities for each robot
implementation.

The selected testing protocols were designed to systematically evaluate robotic
functionalities and characterize operational performance. These assessments were
further utilized to validate age-appropriateness and determine suitable student age
groups.

Based on technical capabilities of the robotic systems, complete STEM lesson
plans have been developed and empirically validated through classroom
implementation with students aged 6-18 and their educators.

Information and Communication Technologies (ICT) can be seamlessly
integrated into educational frameworks to deliver comprehensive STEM training,
thereby contributing to the development of a stable society capable of achieving

elevated standards and sustainable economic growth.
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Contributions: Scientific; Scientific-Applied; and Applied
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Development of a novel algorithm for the Ozobot EVO platform that enables
the robot to navigate a complex star-shaped trajectory without line intersection,
demonstrating advanced path-planning capabilities. Implementation of a
complementary algorithm for the execution of rhythmic patterns from
Bulgarian folklore, showcasing the integration of cultural heritage with
educational robotics.

Developed an algorithm for the XGO-mini 2 mobile robotic dog enabling
trajectory execution along circular, rectangular, and square paths around a
designated object with predefined parameters

Hardware Re-engineering of the ArtieMax Mobile Robot.

Developed an algorithm for the ArtieMax robot to facilitate an integrated
STEM lesson combining technology, mathematics, and English language
instruction.

Development of a Mathematical Writing Algorithm and Error-Correction
Protocol for the ArtieMax Robot.

A novel model for object distance measurement utilizing a 3D camera has been
developed. Through the integration of new hardware and software components,
the system introduces enhanced functionality to the proposed platform,
specifically enabling comprehensive three-dimensional spatial analysis. The
architecture employs a distributed computing approach, allocating complex
computational tasks and resource requirements across specialized subsystems,
thereby establishing a foundation for optimized real-time autonomous control
of the mobile robot.

A mixed-methods investigation was conducted to assess both qualitative and
quantitative dimensions of Al comprehension in educational contexts among
students aged 6 to 18 years.

Developed an obstacle avoidance algorithm for the Codey Rocky tracked robot,
designed for integration into mathematics-focused STEM lessons.

An innovative history lesson was developed utilizing the Streaming method
with the educational robot "Robco™ (https://www.youtube.com/watch?v=bJJLvZO6tAg)
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YBOJA
AKTYyaJIHOCT Ha npodsiemMa

Jlnec cme Ha mpara Ha uHayctpus 5.0., KOETO TOBOPM 3a HENPEKHCHATO
pa3BuUTHE Ha MH(OOPMALMOHHUTE U KOMYHUKALMOHHUTE TEXHOJIOTUU B €XKETHEBUETO
Ha o0mecTBOTO. 3a ja ObAe eAHO OOLIECTBO YCTOMUMBO, MKOHOMUYECKH €(hEeKTUBHO
U C BUCOKO KauecTBO Ha JKMBOT TO € HEOOXOJMMO TEXHOJOTHHTE J]a ca BIUIETEHU B
HEroBaTa CTPyKTypa. Ta3u moAroToBKa OCBEH B CEMEHHATa Cpela Ce ClydBa U B
oOpazoBarenHaTa cucrema. bbp3uHara, ¢ KOSITO ce pa3BUBAT TEXHOJIOTHMHUTE HE yCIIsIBa
Jla ce CHHXpOHM3HUpa ¢ 00pa3oBaTeHaTa cucrema B bbirapusi.

JucbananchT MEXKIY TEXHOJIOTMUTE U 00pa30BAHUETO 3al04yBa C JKEJIAHUETO
Ha WHAUBUIWTE Ja ce pa3BuBaT npe3 19 B. Bek Ha MHOro OTKpUTHS U MOJEM B
pa3BUTHETO. JIHEC € U3BECTHO, Y€ )KUBOTA Ha €AUH TeliepOH € JBE TOJMHU U TOU Beue
¢ 0OOHOBEH, HO HE Taka ce OOHOBsIBa cucTeMara Ha 00pPa30BaHUETO.

B boirapus o0Opa3zoBaHuMETO ce HaMupa B KPU3UCHO cbcrosiHue. OT apyra
CTpaHa TPYIOBUSAT Ma3ap B bbiarapus ce pa3BuBa TEXHOJOTMYHO, ONUTBAWKHU C€ J1a
MOJIbPKa €THO 3APaBO 00IIEeCTBO. JIOTOHBAaHETO M U3JIM3AHETO OT (PYHKIMOHAIHUS
CpuB Ha oOpa3oBareHaTa cucTemMa Moxe Jia ce ciayun ¢ momomra Ha UKT u STEM
oOyuenue. Yetupu riod6aiHu HAyKu OOCIUHEHU B €QHO C IIeJ1 Koysabopanusara UM B
MPENOIaBAHETO B €1H yac. ToBa € MeTo]l Ha O0Oy4YEeHHE C YUATO MOMOI MOXE J1a ce
OanmaHcupa oOpa3oBaTesiHaTa CUCTEMA.

Ako oOpazoBaTesiHaTa I1I€Jl € YYEHUIUTE J1a CTaHaT aJalTUBHU U KPUTHYHO
MUCJIEIIM MJIAJU X0pa, KOUTO J1a MOTaT Ja peniaBaTr Ka3yCcH yTpe, y TAX € Hy>KHO Ja ce
MOJIKPEIAT CIETHUTE YMEHUS, BBPXY KOUTO CE OCHOBaBa KoHIenuusara 3a STEM:

« TBopuecko MucneHe (KpeaTUBHO MUCTICHE);

o Kpurtnuen ananus (aHaJIUTUYHO MUCJICHE);

« Pabota B exu;

e HMLMATUBHOCT;

o Maremarnuecka rpaMOTHOCT;

o AJNTOPUTMHYHO MUCIIEHE;

o ConuanHo-eMOIIMOHATTHY YMEHUS (eMIaTHsl, aKTUBHO CIIyLIAHE).

Hacrosimara nucepraiiuoHHa paboTa € CTpyKTypupaHa KakTo CJe/Ba:

B I'JTABA 1 e npociieleHO UCTOPUYECKOTO Pa3BUTHUE HA OOYUMTETHUS METOA
STEM. Bw3aukBaneto my, Tpancopmaiusita my. Kak ce pasnpoctpaHsiBa B CBETOBEH
mamiad. Kora ngoctura m Objarapckure MWMPUHU. YcChsBa JU TO3M METOJ Ja Ce
UMHTETpUpa B HameTo obpazoBaHue. Mmanu npueMcTBEHOCT MU ce MoJaupuuupa.
HampaBen e 0030p, ananu3 u cucremarusanus Ha STEM oOpa3oBanuero 10 JHEC B
bbarapus u o ceera.

B TJIABA 2 ce pasrmexaar HWHGOPMAIMOHHUTE  TEXHOJIOTHH,
KOMYHUKAILIMOHHUTE TEXHOJOTWHU, HHTErpaTUBHU TexHojioruu. [loka3zaHa e TsaxHaTta
CBIITHOCT, 3HAYCHUE W MPUIIOKUMOCT B oOpa3zoBanueTo gHec. Pasrneman e UM u e
HaIpaBEHO M3CJIEABAHE CPEJl YUCHUIIU, KOETO /1a MOKaXKe TAXHOTO pazdoupane 3a M.

B I'JTABA 3 ca npeacrtaBeHHd pa3iiMyHUA Y4eOHH pOOOTH, KaTO 3a BCEKH €IUH €
pasrienaH XapAyepHo, CO(PTYyepHO, OT TjeAHa TOYKa Ha TEXHOJIOTMHUTE, KOHUTO
npejuiara, npemjnokeHu ca pemenus 3a STEM ypoum, u3BeneHU ca pas3IMuHU
AITOPUTMH 32 PEUICHUS B IIpOlleca Ha UHTErPUPaHUs YPOK. ApoOHpaHu ca IOBEYETO
STEM pelieHust ¢ y4€HULIM U YUYUTEIU. 3a BCEKU €UH Ca MPEACTAaBEHH TECTOBE WIIH
€KCIIEpUMEHTAJIHU PE3YJITaTH.
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Iexn u 3a1a4m HA TUCEPTAIUOHHUS TPY/

[len Ha TO3M TPY[ € Aa MOKaxe Kak MH(OOPMAIMOHHUTE U KOMYHUKAITUOHHUTE
TexHojoruu ce npuiaraT B STEM obydennero. [1o KOHKpeTHO Kak poOOTUTE MOTaT
Ja TOMOTHAT B TEXHOJOTHMYHOTO OOYYEHHETO, BKIIIOUBAIIO WHGOPMAIMOHHA
TEXHOJIOTHH, MEXaHWKa, (pr3nKa, NHKEHEPCTBO, MaTeMaTHKa U JP.

3a MoCTUIraHe Ha LIEJTa Ca MOCTABEH! CIIETHUTE 3a0a4M:

o [la ce mpoBene KpUTHYEH aHATM3 Ha MeTo/ia 3a npenofgasaHe STEM;
o [a ce anammsupar Bpb3ku Mexay Metona STEM u texHonoruure;
o Jla ce n3cmenBar TeXHOJIOTMY;
o [Ma ce m3cnenpar Texnonoruute B STEM 06pazoBaHUETO;
o Jla ce mpencTaBsT OpUrHHAHY PEIICHus 3a PaboTa ¢ KOHKPETHH POOOTH.
3agaunTe ca B mojkpena Ha xumore3ara, ye VKT e mose3eH MHCTpyMEHT 3a
M3M0Ja3BaHe B 00pa30BaHUETO U oOeauHsBaIl pa3inunu npeametd B STEM oOydenue.

Anpodauust Ha pe3yJITaTUuTe

PaznmuHu 9acTu OT OMyYCHHUTE Pe3yJITaTH ca JOKJIaBaHU Ha CICTHUTE (GOPYyMH,
KOH()EepeHLIH U CEMUHAPHU:

* 4-Tu MeXAYHApOJEH JOKTOPAHTCKU (OPyM C MEXKIAYHAPOJAHO YydacTHE,
npejcTaBeHa npe3eHTanus 3a audepenunaieH pooot ¢ Bepuru Cody Rocky —
,Labyrinth with Codey Rocky* /Jlabupunt ¢ Codey Rocky - YPOK IIO
MATEMATUKA/;

» ,12-ta mexnaynaponna koHdpepenmms ‘“TechSys 2023” — wuHXEHEpPCTBO,
texHosoruu u cucremu’* — TYC, ko [1noBauB, mpeacTaBeHa cratus 3a pabota
c poOOT 3aIBMKBaH ¢ eaHO Kojieao ArtieMax — ,,Artie Max Robot as a STEM
Education Tool Through Integration Technology, Math and English Language*
/PoborbT Artie Max xaro STEM oOpa3oBaTeneH HWHCTPYMEHT Ype3
WHTETPAIMOHHU TEXHOJIOTHUH, MAaTEMATUKA U aHTJIMACKU €3UK/

* 13-ta wmexnyHapomana koHdepenuus ‘“TechSys 2024” — wuHXeHEPCTBO,
texHonoruu u cucremu’’ — TYC, knoH [1noBauB, npeicraBeHa crarus 3a padbora:
“Al algorithms for object and gesture recognition with mobile robot XGO-mini
2 dog” /“Al anroputmiu 3a pa3no3HaBaHe Ha OOEKTH U 5KECTOBE C MOOUIIEH pOOOT
XGO-mini 2 dog/;

o 227 TECIS 2024 IFAC KondepeHuuss 3a TEXHOJOTUS, KyJITypa H
MEXIyHapOJHa CTaOUITHOCT — mpesacTaBeHa cratus: “Students understanding
for Al in different educational levels” /Pa3bupane na yuenunure 3a UM B
pas3nTuYHU 00pa30BATEITHU HIBA

»  Mexnaynaponna koHbepeHius Apromarnka u napopmaruka 2024 (ICAI24) —
npeacraBeHa cratus: ,,Distributed 3D camera distance measurement system for
intelligent mobile robots* / Pasnpenenena cucrema 3a u3MepBaHe Ha pa3CTOSTHUE
¢ 3D kamepa 3a UHTEJIUTEHTHU MOOUITHU POOOTH/
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IyO0uukanum no JucepTrauoOHHATAa TeMa

Hayynn mnyOaukanuu B wu3gaHusa pedepupaHd W HHACKCHPAHM B
cBeToBHOM3BecTHH 0a3u nanum (Web of Science, Scopus).

» Maya Staikova. “Gaining Python Skills Through Interactive Education robot
Ozobot EVO”. "14th International Scientific Conference TechSys 2025—
Engineering, Technology and Systems", 100, 1, MDPI , Engineering
Proceedings, 2025, DOl:doi.org/10.3390/engproc2025100015,
https://www.mdpi.com/2673-4591/100/1/15

» Nayden Chivarov, Radoslav Vasilev, Maya Staikova, Stefan Chivarov.
“Development of an Educational Omnidirectional Mobile Ma-nipulator with
Mecanum Wheels”. 14th International Scientific Conference TechSys 2025—
Engineering, Technology and Systems, 100, 1, MDPI , Engineering
Proceedings, 2025, DOl.doi.org/10.3390/engproc2025100016,
https://www.mdpi.com/2673-4591/100/1/16

» Staikova, M., Vasilev,.R., Chivarov, N. “Al algorithms for object and gesture
recognition with mobile robot XGO-mini 2 dog”. Proceeding, 13th International
Conference “TechSys 2024” — ENGINEERING, TECHNOLOGIES AND
SYSTEMS*®, 3274, 1, AIP Publishing, 2025, DOI:doi.org/10.1063/5.0259622,
https://pubs.aip.org/aip/acp/article/3274/1/040003/3338119/Al-algorithms-for-
object-and-gesture-recognition

» Vasilev,.R., Chivarov, N., Staikova, M. “Distributed 3D camera distance
measurement system for intelligent mobile robots”. Proceeding, International
Conference  Automatics and Informatics 2024 (ICAI'24), 2025,
DOI:10.1109/ICAI163388.2024.10851561, 233-2309,
https://ieeexplore.ieee.org/document/10851561

» Ivanova, V., Chivarov, N., Staikova, M. “Combining Software Algorithms and
Machine Learning in Business Data Processing”. 22nd IFAC Conference on
Technology, Culture and International Stability, TECIS 2024, 58, 3, Conference
Proceedings, 2024, ISSN:24058963, DOI:10.1016/j.ifacol.2024.07.150, 198-
202. SJR (Scopus):0.4,
https://www.sciencedirect.com/science/article/pii/S2405896324002337

» Staikova, M., Ivanova, V., Chivarov N. ,,ARTIEMAX robot AS A STEM
education TOOL THROUGHT Integration technology, math and English
language®. Proceedning, 12th International Conference “TechSys 2023” —
ENGINEERING, TECHNOLOGIES AND SYSTEMS®“, AIP Conference
Proceedings, 2024, [ISSN:0094243X, DOI:10.1063/5.0208311, SJR
(Scopus):0.189, https://pubs.aip.org/aip/acp/article-
abstract/3078/1/020007/3284708/Artie-max-robot-as-a-STEM-education-tool-
through?redirectedFrom=fulltext

» Staikova, M., Ivanova, V., Chivarov, N. “Students understanding for Al in
different educational levels”. 22nd IFAC Conference on Technology, Culture
and International Stability, TECIS 2024, 58, 3, Conference Proceedings, 2024,
ISSN:24058963, DOI:10.1016/j.ifacol.2024.07.147, 182-186,
https://www.sciencedirect.com/science/article/pii/S2405896324002301
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Staikova, M., Chivarov, N., Ivanova, V., Chivarov, S. ROBO STEAM -
INCLUSIVE TECHNOLOGIES. The volume is dedicated to the International
Science Conference "Educational Technologies - 2023", volume 38 (1), Union
of scientists in Bulgaria - branch Sliven, 2023, ISSN:1311 2864, 33-40,
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Study of Remote Updating Techniques for Data from End-side Devices of the
Hongmeng Operating System. In Proceedings of the 4th Asia-Pacific Artificial
Intelligence and Big Data Forum (AIBDF '24). Association for Computing
Machinery, New York, NY, USA, 112-119.
https://doi.org/10.1145/3718491.3718512

Radoslav Vasilev, Nayden Chivarov, Valentina lvanova, "Integration of Object
Recognition, Color Classification, and QR Decoding for the Purposes of an
Intelligent Mobile Robot", WSEAS TRANSACTIONS ON SIGNAL
PROCESSING, vol.21, pp.66, 2025.
https://ieeexplore.ieee.org/document/10851561/citations?tabFilter=papers#citat
ions

I''IABA1. STEM OBYYEHHE

1.1 Ilpowusxon u 3apaxnane Ha STEM

1.1.1 Omnpenenenue
STEM e akpoHUM 3a HayyHO-TEXHHUYECKO oOpa3zoBaHHME WM 00pazoBaTesicH

MOJAX0JA, KOWUTO ChIAbPKA YETUPH OCHOBHM JUCUUIUIMHU: HAYyKa, TEXHOJOTHH,
WH)KEHEPCTBO M MaTeMaruka. KirouoB Tpuk Tyk e, ue Hayka cbabpxka B cebe cu
BCUYKH KIacupUIMpaHu pa3nenu karo buonorus, ®usnka, Xumus v T.H.

Hsama odunmanna nedununms 3a STEM, Ho gHec abpeBuaTypara ce U3mnoia3Ba
Mapka, KOSTO OINKWCBAa WHTETPUPAHETO HA HAayKaTa, TEXHOJIOTHUUTE,

WHXXEHEPCTBOTO M MaTEMaTHUKaTa B 00pa30BaTEIIHUTE IPOrpaMu. T.e. yYeHUIIUTE UMaT
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3a 3aj1a4a J1a peniaBat mpo0IeMu OT peaHus CBIT C TIOMOIITa Ha BCUYKH TE€3U HAYKU
3aeHO. Taka ce menu cTpeMexk KbM nHoBarui. [8, 9]
1.1.2 Konuenuus

Konuenmusara naBa oTroBOp Ha TOBa Kak Jia C€ MPEOJoJee ,,CKydHOTO, HE
YAOBJICTBOPSIBAIIIO TPEJCTABSIHE HA YUCHHUIIUTE/CTYJACHTUTE HAa CTaHIAPTH3UPAHUTE
W3IIATY 110 MaTeMaTHuKa B MpupoaHu Haykd. [8] HuBoTo kKoeTo aHEeC cMe TOCTHTHAIN
U B bbarapus.

STEM moxe na ce BU3yaiam3upa 1o HIKOJKO BapuaHTa Ype3 CICTHUTE MOJIEITH
nocouenu Ha ¢ur. 1 [8] Monenan Ha npeaMeTHUTE B3auMOOTHOIICHUS Ha STEM:

e 1 qum%%
5

o
)
b‘#

MPOBNEM

WHMEHEPCTBO KA3YC

TEXHONOMMK

@wur. 1 Mojenu Ha mpeIMeTHUTE B3auMooTHomeHus: Ha STEM
STEM o6pa3oBanueTo mpejjiara CBbp3BaHE Ha HAyYHOTO M3CJIC/IBAHE Ype3
dbopmynupaHe Ha BBIIPOCH, HA KOUTO CE€ THPCAT OTTOBOPU Ype3 MpOYyuBaHe, 3a Ja
3aro3Hae y4eHuKa, Ipe/id Jia ce BKJIIOYHM B MpOIeca Ha MHXKEHEPHO MPOEKTHUPAHE 3a
penraBane Ha mpooemu. [16]
[Tpu STEM o0yuenueTo y4eHHKBT € B IIEHThpa Ha yueOHwus mporec. Hacspuasa
CE TBOPYECTBOTO W C€ NPOMEHs TPAIUIIMOHHATA IWHAMHKA Ha TMperojaBaHe M
B3aMMOOTHOIIICHUATA MEXIYy VYUTS] W YUYCHUK. YUH Ce€ upe3 IPESKHUBSIBAHE,
EKCIIEPUMEHTH, PEIllaBaHe Ha MPOOJIEMHU U C€ ThPCH MPAKTHUYECKOTO MPHUIIOKEHUE Ha
pa3BUTUTE yMeHUs W TpugoOutute 3HaHUA. OcBeH Bcuuko, STEM Hanrpaxma
TPaJAMIIMOHHOTO oOOpa3oBaHue, Kato ce (okycupa U BBPXY Ch3/IaBaHETO Ha
MEXIYTPEIMETHU BPH3KHU U paboTaTa B €KUIT HE CAMO MEXK/y YUCHUIIUTE, a U MEXKITY
neaaro3uTe.
lenta ma STEM o0Opa3oBaHueTo € Ja Hachp4YM YUYCHUIIUTE Ja PA3BUAT
KPUTUYHO MHCIIEHE, MPOOJIEMHO pelllaBaHe, KOMYHUKAIIMOHHU yMEHUS U J1a Obaar
MOATOTBEHW C TE3WM MEKU YMEHMsI 3a pEajqHus KUBOT CJIEI HaBbpIIBaHE Ha
I'BIHOJIETHE.
Boenpekn wusscHsaBaneto Ha STEM nmo Tyk, HsIMa MeEXIyHapOIHO TpHETA
nedunuiusa 3a STEM. Hait-uecto n3nosi3Banu onpeeneHus ca:
» IlpenomaBane u yueHe MEXIy IBE WIH MOBEYE MPEAMETHU 00JacTH Ha
STEM wm mexxny STEM yuwmmumian npeameru. [17, 18, 19]
» Ycwiie 3a KOMOMHHMpaHe Ha HAKOW WM BCUYKH YCTHPU TUCITUTUTHHH
HayKa — TEXHOJIOTMH — MHKEHEPCTBO M MaTeMaTHKa B €/IMH Yac W YPOK,
KOWTO C€ OCHOBaBa Ha BPB3KM MEXKIY NPEIMETUTE W MPOOJIEMH OT
peanHus caT. Mopaenure Ha y4eOHu mporpamu mo STEM morar na
ChABpXKAT yueOHWM 1enu (OKycHpaHW BBPXY €IUH TPEIMET, HO
KOHTEKCTUTE MIBAT OT apyru npeameru. [20,21]
» TlomxonsbT Ha penogaBane Ha STEM cbabpikaHue € Ha IBE MIIHA ITOBEYE
obnactu, 00Bbp3aHo oT STEM mpakTuku B peansHo ChIbp)KaHUE C eI

Jacunea yuesera

MATEMATUKA

IHAHWA A YMEHHA
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CBBp3BAaHE Ha TE€3W MPEIMETH 3a MOA0OpsABaHE Ha OOYYCHHETO Ha
yueHnunure.(nmoapactramure). [IporechT € HeoOXoaumMo Aa BKIIOYBA
HAyYHU  U3CJICIBAaHUSA, HWHXEHEpHAa JCHMHOCT, MAaTeMaTH4ecKo,
AHATUTUIHO MUCJICHE ¥ TEXHOJOTUYHA IPaMOTHOCT. [22]
1.1.3 OcnoBomnoJio:kHUK HA STEM koHnenmusita
Nwmeto, koeTo ce cpema 3a ch3naren Ha STEM oGpazoBanuero e J[xopmker
Axman (Georgette Yakman), koATO € 3aBbpIIIIA MarucTbpcka CTENEH B
[TonurexHuyeckuss MHCTUTYT Ha BupmkuHHUS M UHTErpupaHata oOpa3zoBaTesiHa
nporpamMa IO HayKa-TeXHOJOTUU-WHKEHEPCTBO-MAaTeMaTHKa B 0Opa3oBaTeliHaTa
nporpama Ha JbpskaBHHS yHUBepcuteT mpe3 2006 r. B mo-1babr nepuoji Hazal BbB
BpeMeto ce cpemia umeto Jpxynut Pamanu (Judith Ramaley), kosito ome mpe3 90te
rOJIMHU Ha MUHAJIMA BEK U3M0J13Ba cbKkpamnieHuero SMET.
1.1.4 Pa3Butue BbB BpeMeTo Ha STEM o00yuennero
Bonpeku 0nu3kus npouut ot 2006 r. Morar ga ce HaMepsT U MaTepuaiu A0CTa
Mo-Ha3aJl BbB BPEMETO, KOUTO cBUAeTeNncTBaT 3a STEM, karo 3akona Ha Mopwui ot
1862 r., KOMTO Ch31aBa YHHUBEPCUTETH 3a NMIPEAOCTABAHE HA 3€MS 32 HAChPYABAHE Ha
CEJICKOCTOIIaHCKaTa HayKa. 3aKOHBT Ch3/1aBa U MHKEHEPHH NMPOrpaMH Ha MO-KbCEH
etan. B mocneacTBre Bh3HUKBAT MOBEYE WHCTUTYILIMHU MpefocTaBsany 3ems u STEM
00y4EeHHETO ce pa3BUBa U OTBBJ 0OOPa30BaHUETO U HABJIM3a B pabOTHATA CHJIA.

1.2 STEM o6pa3oBaHue B cBeTOBEH Maniad — peTpocneKius

JIbpkaBUTE KOUTO MOTAT J1a CE HAPEAT Ha MPEJICH TUIaH IO C€ OTHACS JI0 HayKa
u passutueto u copea OUCP (OECD) [23, 24]ca:

HOxna Kopes ¢ 32% otbensiza Haii-ronemMus cniaja B yenHaTa jecerka, ot 39%
npe3 2002 r., BBOPEKH Y€ CTpaHaTa 3ala3Ba MO3UIMATA CHM HA4yeJo B CIHUCHhKA Ha
OUCP.

I'epmanus ¢ 31%, ce Hapex1a Ha TPETO MACTO MO CPEAHO T'OJUIIHO 3aBbPIIAIIN
STEM crynentu (oxomo 10 000), ¢ koeto ce Hapexna cinenx CAI n Kuraid.

[MIBemna wuma 28% wu ce Hapexna cinen Hopeerws mo oTHomieHue Ha
M3MO0JI3BAaHETO HA KOMITIOTPU HA pAOOTHOTO MSICTO, BKIIFOUUTEIHO 32 TPUIIOKEHUS KaTO
nporpamupane. [loBedue OT TpH YETBBPTUM OT AKTUBHOTO HACEJIEHHE H3IOJI3BAT
KOMITIOTPU Ha pabOTHOTO CH MSCTO.

duHnaHaUs € IbpiKaBaTa ¢ Ha-roysM Asu1 Ha 3apbpimmin STEM obGpazoBanue
- Hax 30% ot 3aBBpmIMINTE YHUBEpPCUTETH ca ¢chec STEM cmenmanHocT, a He caMo
STEM obyuenue.

OpaHnusi MOXXe Ja Ce TOXBald, Y€ 3aBbPIIWINTE OOpPa30BAaHUETO CHU
uscnenoBarenu B STEM ce HaemaT OT MHAYCTpHSTA, a HE OT YHUBEPCUTETUTE WIU
MPABUTEJICTBOTO.

Boenpekn, e I'bprus ce Hapexkaa Ha mecto MsacTo paszxoasa camo 0.08% ot
bBII na ctpanara cu 3a Hay4yHu u3cneaBaHus npe3 2013 r., KOWUTO € eauH OT Haii-
HUCKHUTE CpeJll pa3BUTUTE CTpaHU. To3u ¢akT 00sicHsABA 3amio NpoleHThT Ha STEM
obOpazoBanute craaa ot 28% mnpe3 2002 r. Ha 26% npe3 2012 roauHa.
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EcTtonus 3aema ceqma mo3unus 6narojapeHue Ha xeHurte 3apbpinian STEM.
Te ca c Haii-BuCOK npoueHT - 41% npe3 2012 ronuHa.

Mekxkcuko e yersna na ysenuun STEM obydennero ¢ 1 % ot 24% npes 2002 r.
1o 25% mpe3 2012 r., BBOPEKHM Y€ MPABUTEICTBOTO € NPEMAXHAJIO JAaHBUYHHUTE
OOJIeKYeHHs 3a MHBECTHIIMUTE Ha OM3HEcCa B HAyYHOM3CIIEIOBATENICKa U pa3BOiiHA
JNEUHOCT.

ABcCTpus 3aeMa JEBETOTO MSCTO U JocTura 25% Taka ce Hapekla Ha BTOPO
MSCTO ¢ Hali-roJisiM 6poit fokTopanTu B STEM B Tpyaocnoco6Ha Bs3pact, 6.7 Ha 1000
xeHu 1 9.1 nHa 1000 mbxke.

[Topryranusi cbiio Moke Ja ce moxBaiu, 4e 25% or oOyuaBamure ce, ce
auruioMupat cbe cteneH B STEM. CtpaHnata € U ¢ Haif-BUCOK IIPOLIEHT IOKTOPAHTH -
72%, xouTto paboTAT B 00J1acTTa Ha 0Opa30BaHUETO, Ha ()OHA HA BCUUKHUTE U3CJICIBAHU
€BPOIEICKU CTpaHH.

Kanaga ce napexnma Ha 12 -TO MsAcTo OoT 16 mbpKaBuM IO IPOLEHT OT
3aBbpIIiINTe, KOouto ca yumau B STEM mporpamu ¢ 21,2%. ToBa e mo-Bucoka
no3urus crpsamo CAILLL, Ho mo-Hucka ot @pannus, I'epmanus u ABcTpus.

Hpyra nepxaBa u3BbH EC e UHmus ¢ o6mr Opoit Ha 3aBbprmnute STEM
oOpazoBanue - 2,6 munuona npe3 2016 r. Te3u cnenuanaucT UMaT U3KIIOUYUTEIICH
MIPUHOC 3a Pa3BUTHETO HA HMHAMICKAaTa MKOHOMHMKA. BB3XOAsImioTo pa3BUTHE HA
MKOHOMUKATA C€ IbJDKU IJIABHO HAa YMEHUsATa Ha cnenuaiuctute mo STEM.

JIbpkaBara, KOSTO JaBa MHOI'O BB3MOXHOCTH M MaTEpHaNId, OT KBAETO U
Bb3HUKBa oduimanno STEM o6yuenunero — CAI, npe3 2015 r. uma 9,0 munmona
STEM pa6otauiu. Okono 6,1 % ot Bcuuku pabotHunu ca B STEM mnpodecuu,
crpsmo 5,5 % npe3 2010.

3aetoctra B STEM mnpodecunte HapacTBa MHOTO MO-ObP30 OT 3a€TOCTTa B HE-
STEM npodecunte npe3 mocieaHoTo aecetuietue (crotBeTHo 24,4 % crpsmo 4,0
%), xato ce 3a nepuoaa 2014-2024 ce ouakBa ToBa HapacTBaHe 3a STEM npodecunre
naec 8,9 %, B cpaBHenue ¢ 6,4 % pactex 3a He-STEM npodecuu;

STEM paOoTHUIIMTE MOJy4yaBaT MO-BUCOKHM 3arliaTd, KaTo mneyensT ¢ 29 %
MoBeUe OT CBOMTE KoJjieru, kouto He ca STEM (nannu ot 2015 1.);

[Toutu Tpu yeTBBpTH OT STEM paboTHULIMTE UMAT MOHE BUCIIE OOpa30BaHuUE,
B CpaBHEHHUE C MAJIKO MOBeYE OT eHa TpeTa oT He-STEM paboTHuUIUTE;

Bcesika ronuna 2 mbtu HapacTBa Opost Ha pabotHuTe Mecta mo STEM B CAIL.

STEM HachpuaBa paBEHCTBOTO MEXKIY IOJOBETE, MAaJlMHCTBaTa W Ap.
OOIIHOCTH.

1.3 STEM o6pa3oBanue B bbarapus

[Ipe3 2014r. ce mpuema nokymeHTt ,,CtpaTerus 3a e(peKTUBHO MpUIlaraHe Ha
MH()OPMAITMOHHU M KOMYHHMKAIIMOHHU TEXHOJOTMU B 00pAa30BAHMETO M HaykaTa™ Ha
Peny6muka bbarapus (2014-2020). OcHoBHata nen Ha CTparerusra € Jla OCUrypu
PaBEH U I'bBKAaB JIOCTHI 10 00pa30BaHUE U HAy4yHA WH(OpMAIUs [0 BCAKO BPEME U OT
BCSIKO MSICTO - OT CTAllMOHAPEH KOMITIOTHP, JANTOM, TabJieT Wiu MoousieH TenedoH. 3a
I'bPBU BT CE€ Ch3/laBa €AMHHA MH(QOpPMALMOHHA cpela, 00CIyKBalla YYHIUITHOTO
o0Opa3oBaHue, BUCIIETO 00Opa30BaHUE U HayKara.

B boirapus ce 3aroBopu 3a STEM nipenu efHO neceTusneTre, olie B JajeqyHara
2014 HenpaBUTENCTBEHN OpraHU3all{ 3all0YHAaXa TEMAaTa M JIeKa MOoJieKa IpoKapaxa
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ObT 110 oOpa3oBaTenHata cucrema Ha bwarapus. Ilpes 2018 1. bearapus ce
NPUCHEANHH KaTo MbJIHOMpaBeH wieH KbM EBpomneiickata STEM koanumms. Tosa e
Mpexka oT HamuoHanHu STEM mmardopmum w  opranusanuu, OTrOBOpHH 32
U3MbIHEHHETO Ha HanuoHanHute STEM ctparerun. /[nec 8 roannu mo KbCHO MMa
HanmoHaHa ctparerus 3a STEM obpaszoBanme, Hammonasien STEM neHTHp KbM
MunuctepcTBo Ha obpazoBanueTo (MOH), mpoBeaeH € eauH UKBI OT UHTETPUPAHE
Ha STEM mpoctpancTBa B yYWIIHINA U3 CTPAaHATa, B XOJ € M3MMBJIHEHUETO Ha BTOPHU
[UKBJI, KOUTO 00XBallla BCUYKH IbP>KaBHU 00pa30BaTEIHN MHCTUTYIUN — YUUJIUIIIA.

Bonpeku cratuctukaTta u xponosorusita STEM ce cinyusame B boarapus u o
Hampea BbB BpeMeTo, HO HsMaile uMme. Olle nmpe3 MUHANMS BEK TaKa M3BECTHATA
CennoBckaTa cucTeMa Ch3ZaBa MbPBUTE CTBIKM KbM MoAepHOTO aHec STEM
obyueHmue.

OO6yuenuero no cuctemata Ha CEHJIOB y Hac ce € peanusupaino mexay 1974 r.
nl99%r."

B ocnoBara nHa CeHaoBckara cuctema e guiocodpusara, ye ABUTATE]l Ha
o0pa3oBaTeIHUAT TMpolec TpsOBa Ja ca JOOOMUTCTBOTO U I[IO3HABaTelHATA
MOTPEOHOCT Ha JETETO, a HE MPUHYIaTa U 3arjiaxata OT CAaHKLIHS, KAKTO U Y€ JETETO
TpsI0Ba Ja € aKTHUBEH YYAaCTHUK U OTKPHUBATEI, @ HE MACUBEH CIIyLIaTeNl. Y YeHETO Ype3
MpaBE€HE U MHTEPAUCUUIUIMHAPHUAT MOJAXOJ, MPU KOWTO C€ 3aluyaBaT T'PaHULIATE
MEXIYy OTAEIHUTE MpeaMeTu (BMecTo OuoJiorus, (pU3MKa U XUMHs HalpUMeEp ce €
IpenojaBajio IpHUpoJia), ca APYTrd OTIMYUTEIHU XAPAaKTEPUCTUKU HA BBIPOCHUS
MOJEIL.

STEM o0yuenuero chIlo HabIAra Ha TMPOEKTUTE, EKCIIEPUMEHTHUTE, YICHETO
ype3 urpa v T.Hap. "MEXIYyNpPEeIMETHH BPB3KH', KOUTO MOKA3BAT HA YYCHUIUTE, Ye
M3Yy4YaBaHOTO MO €IMH y4eOeH NMpeAMET MOXKe Ja MMa TMPUIOKEHHE HaBCSIKBIE B
’KMBOTA U € CBbP3aHO U C APYTUTE YUEOHU MTPEIMETH.

Benuku oOpazoBarennu cucremu B EC BKiIoUBaT TeMara 3a yCTOWYMBOCTTA B
cBOUTE yueOHM nporpamu. KomnereHuuuTe 3a yCTOWYMBOCT YECTO Ca BKJIIOYEHH IO
WHTEPAMCLMIUIMHAPEH HA4YMH, C MEXAYNPEAMETHH BpPB3KM WIM 4Ype3 MPOEKTHO-
0aszupaHo oOydeHHe. YCTOMYMBOCTTa € BKIJIIOUEHA B Y4YEOHHUTE MpPOTrpaMu KaTo
oTHeNeH, yecto u3dbupaem npeamer camo B 6 crpanu or EC (Kumbp, YHrapus,
Pymbuus, CnoBenusi, Wcnanus wu IlIBeuus) cnopen noknana Ha EBpormeiickara
Komucus (EK) 3a 2024 r.

TpanchopmaTuBHUTE MEJATOTMYECKU MOAXO0IM ca HEOOXOIMMU 32 HAChpUaBaHe
Ha KOMIIETEHLIMUTE 3a YCTOMYMBOCT. TakuBa MENAarorMku ca OPHUEHTHPAHU KbM
NENCTBUE, XapaKTEpU3HPaALU CE C €JIEMEHTH KaTO CAMOCTOSITEIIHO YYEHE, YUaCTHE U
ChTPYJHUYECTBO, OPUEHTHpAHE KbM MPOOJIEMH, HHTEpP- U TPAHCAMCUUILIMHAPHU
MOJXOAUM W CBBbp3BaHE Ha (opManaHOo, He(POpMaTHO U CAMOCTOSATEIHO YUEHE.
TpanchopmaTuBHUTE MOAXOAM BKJIKOYBAT MCKAaHE KbM YUYCHHUIIMTE Ja H3CJIEIBAT
Pa3JIMYHU KYJATYPHH MIePCIIeKTUBH (choO1eHu oT 73,0% OT yUUTENUTE) WU Pa3IuIHUA
COLIMAJIHM U HKOHOMHUYECKH mnepcrekTuBu (64,1%). Ilo-psako cpemanu ca 1mo-
OpUEHTHUPAHUTE KbM JICHCTBUE MPUMEPH 3a padoTa B MaJIKU TPYIU MO Pa3IUnYHU
BbIIpocu (46,5%), poneBa urpa (20,0%), npennaraHe OT y4Y€HHMUIM Ha TeMHU 3a
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nocneaBamu  ypouu (18,4%) wnm TOpoekTH, KOUTO BKIIOYBAT ChOMpaHE Ha
uH(pOpMAaIKs U3BBH YUHIIHINE, KATO HAlpUMep UHTepBIOTa B KBapTtaia (13,1%). [26]

I''IABA 2. TEXHOJIOI'MA B STEM

TepMunbT uHPOpMAMOHHM U KomyHuUKannoHHH TexHonorun (MKT) e ¢
IIMPOKO 3HAaYeHWeE, 00XBAlllalll0 BCHUYKHM MMO3HATH HAYMHHU U CPEJCTBA 32 OOMEH Ha
uH(popMaIus, KaTo paanuo, TeJIeBU3Us, MOOUIHU TelaedOHH, KOMITIOTbpPEH codTyep U
xapayep, CaTEJIUTHU CUCTEMH U T.H.

[Tonstuero mHdpopmanmonnu texHojgornu (MT) nma anrmmiicku: Information
tehcnologies B ChbBpeMEHHUS C CMUCHII € U3IT0JI3BAHO 32 PHB BT Ipe3 1958 roauna
B cTaTus B XapBapa busnec Pesro, kpaero asropure Xaposa JIuiisut u Tomac Yucisp
oTOEIIA3BAT, Y€ ,,HOBaTa TEXHOJIOTHUS BCE OIIIC HAMa ONpPe/IeiICHO HauMeHoBaHue. [27]
Ho 3anouBame aa s Hapuuame unpopmarmonna trexuonorus (UT).

NudpopmanmoHHuTe W KOMYHUKAIMOHHW TEXHOJIOTMM JICHUCTBAT  KaTo
unrerparop B STEM oOydenuero. Te cBBp3BAT ChABPKAHUE OT PA3IUYHU
JTUCHUTUIAHH.

2.1 HNudpopmanuonnu texHosornu B STEM obpazoBanuero

NHdpopManmoHHUTE TEXHOJOTMU ca Ipyna TEXHOJOTMH, NpeIHa3HAYeHH 3a
chOupaHe, o0OpabOTKa, ChbXpaHEHHE, OOMEH, Ch3/JlaBaHE€ U Pa3NpPOCTPaHEHUE Ha
TEKCTOBO-MH(OpPMAIIMOHHA, TpaduyuHa, 3BYKOBa, OHJIAMH HH)OpMaIus, KaTto ce
M3MOJ3Ba 3a Ta3W 1€l 0a3upaHd Ha MUKPOEJIEKTPOHHKATA YCTPOMCTBA, KOMIIOTPH,
MIPUHTEPU, CKEHEPHU M MOOMITHA U TEJIEKOMYHUKAIIMOHHA TeXHUKa. MIHbopMalimoHHuTe
TEXHOJIOTMHM 00XBaIlaT MPAKTUUYECKOTO MPUJIOKEHHUE Ha Xap/ayepa U eJIeKTpOHUKATa,
1 UHpOpPMATHUKATA, KAKTO U COPTYEPHUTE TEXHOJIOTHH, U B TOBA OTHOIICHHUE CIIOICIIAT
HSAKOHU OOIIM YEPTU C MHXKEHEPHHUTE AUCHUILIHHE. [28, 29]

CoBpeMmennoTo pazoupane 3a MUKT, kouTo ce u3noia3BaT B 00pa30BaHUETO CE
OTHACsl 3a TEXHOJOTWMYHU MHCTPYMEHTH U PECYpCH, KOUTO C€ H3IMOoJ3BaT 3a
KOMYHUKAIMsI, Cbh3JaBaHe, pa3lpOCTPAHEHHE, CbXpAHSIBAHE W YIpaBJICHUE Ha
uH(popmarus.

NudopmaTukara mnpousian3a OT M € TICHO CBBbpP3aHa C MaTeMaTHKATa,
JIMHTBUCTUKATA, €JIEKTPOHHOTO UHXKEHEPCTBO U IPYTH HAYKHU.

TexHonoruuTe He OMBa Ja ce CBBP3BAT CaMO C UU(POBUTE MEIUU U HOBUTE
TexHoiorud. OnpenesieHUeTo 32 TEXHOJOTUSI € BCSAKO YCTPOWCTBO WJIM WHOBAIIMS,
Ch3/IaJICHH J1a MOCPEUIHAT YOBEUIKA HY KA UJIU KETaHUE.

2.2 KomyHukauumoHHHU TexHoJioruu B STEM oGpa3oBanuero

UKT e TepMuH, KOWUTO ce M3MOI3Ba 32 0003HAYaBaHE HA BCHUKH KOMITIOTHPHU
¥ KOMYHUKAIIMOHHU TEXHOJIOTUU. T.€. TO3W TEPMUH MMa IIUPOKO 3HAUYCHHE, 00XBaIa
BCUUYKHM TO3HAaTH HAYMHU WU CPEACTBA 3a OOMEH Ha wuH(OpMaIms, KaTo pajuo,
TEJeBU3MS, MOOWIHM TeleOoHH, KOMIIOTHPEH codTyep W Xapayep, CaTeJIUTHU
CUCTEMH U T.H., KAKTO U Pa3IU4YHHU BUJOBE YCIYTH M MPUIIOKEHUS, CBbP3aHU C THAX,
KaTo BUEO KOH(EPEHIIMHU U TUCTAHIIMOHHO O0YUYEHHUE.

Kakto mo rope ce crnomena mpe3 2014r. B bearapus ¢ npuemaHeTo Ha
,Ctparerus 3a epextuHo npunarane Ha UKT B o6pa3oBaHueTo u HaykaTa® ce mosara
ocHoBara Ha IKT B oOpa3zoBanueto. Pazsurrero Ha UKT B 0OpazoBanueTo npemuHa
B €JIEKTPOHHO o0yueHue (e-learning), KOMOIOTBPHO-0a3upaHo o0yueHue (computer-
based learning) u 00y4enue, mocpeacTBoM KoMioThp (computer-mediated learning).
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ITo Bpeme Ha 3/paBHAaTa €MUIEMHUS MHOTO SICHO C€ pa3rpaHMuYMXa BHUJIOBETE
KOMYHHKaIlMM U ce u3npobOBaxa Beue ch3gagaeHute UKT nmporpamu 3a oOyuenue. B
Ta3u Bpb3KAa MOrar Ja C€ pa3rpaHHyar JiBa BUJAa KOMYHHUKAIUSI — CUHXPOHHA U
acuaxpoHHa. Ha ¢wur.2 mMorar na ce BUIAT.

ACUHXPOHHO CHUHXPOHHO
e E-mail * Yeb KoHepeHuus
e CoumanHu Mmpexn e Yar
e Mynrumenu * VoIP
e Ye0 0azupanara miardopma 3a * Ayawuo noakacToBe
o6pasoBaHue * BupTtyanHu ceeToBe
e Bupryanuu 6ubnuoreku

®ur. 2 ACHHXpOHHA U CHHXPOHHA KOMYHHUKAIIHS

2.3 WHTerpaTMBHH TEXHOJIOTHH

2.3.1. PoGoTuka

PoGotukata momaga B MHOrO pa3iuMyHd oOjJacTM U 3aToBa €
MYJITUANCIMILINHAPHA U CE 3aHMMaBa C JWU3aifHa, KOHCTPYUPAHETO, YIPABICHUETO U
MPUIOKEHUETO Ha pOOOTH, KAKTO M KOMITIOTHPHUTE CUCTEMH, HEOOXOTUMU 32 TEXHUS
KOHTpos. T oOXBalmla WHXEHEPCTBO, EIEKTPOTEXHUKA, WH(GOpPMATHKA H JAPYTH
KJIOHOBE Ha Haykara. PoOoTukara Hamupa MpUIOKEHUE B pa3MyHu cdepu,
BKJIFOUMTEITHO MTPOMHUIIUIEHOCTTA, METUIINHATA, BOGHHATA TEXHUKA, KOCMOHABTUKATA U
JIOpY B €XKEAHEBUETO Ha JIe1aTa.

Hymara poOoTMKa mpousiu3a OT AyMara poOOT, KOSATO OT CBOSI CTpaHa €
M3MOJ3BaHa 3a MpbB MbT OT yenikus nucaren Kapen Yanek B nuecara my R.U.R. (Ha
yemku: Rossumovi univerzalni roboti), kosro e usnecena mpe3 1920 r. [32] dymarta
poOOT uBa OT ClaBsHCKaTa AyMma ,,robota™ - pabota, Tpya. [luecara 3amouBa B eqHa
(dabpuka, KOSITO IPaBU U3KYCTBEHU XOPa, HAPEUCHU POOOTH — ChIIIECTBA, KOUTO MOTAT
na 6b1aT 00ObpPKaHU ¢ XOpaTa — MHOTO TIOJIOOHH Ha ChBPEMEHHATA UJIes 32 aHAPOUJIH.
Bepmocer Kapen He wusmucna agymara. Todl € Hammcan KpaTKO IMHMCMO KbM
etumoutorusita Ha nymarta B Oxford English Dictionary, B kosTo Toi1 mocouBa Opat cu
Hosed Yarek kaTo peaneH ch3uarel Ha gymara. [32]

[Ipe3 1948 r. HopOept Bunep ¢gopmynupa npuHUMNHTE Ha KUOEpHETHKATA,
MpaKTUYECKH Ha 0a3zara Ha poOOTHKATA.

HambiHO aBTOHOMHM pOoOOTH Ce MOSIBABAT €/[Ba Mpe3 BTOpara mojioBuHa Ha 20
BeK. [IbpBusAT mudpoBo ympasisiBaH u mnporpamupyem poOoT — The Unimate, e
MHCTAJIMpaH npe3 1961 r., 3a moBauraHe Ha ropemy napyera MeTaa OT MallvHA 3a
JieeHe U HaTpyIBaHe.

ETo 3amo Ha mpara Ha Muayctpus 5 € HeoOXoauMo nenara oT paHHA JETCKa
BB3pACT J1a CE 3aM03HAasT ¢ pOOOTHKATa HE CaMO B Ka4YeCTBOTO CHU Ha UTpaydka, HO U Ha
OPOAYKTH, C KOUTO IIE CHKHUTEICTBAT, pabOTAT €KEIHEBHO M 1€ MPOABIKAT Ja
pa3BuBar. ToBa € u mpuuuMHaTa T4 Aa ObJe MOJAHECEHa Beue B oOpa3oBaTeiHaTa
cuctema upe3 STEM oGyuenuero.
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PobGoTuTte chueTaBaT mpeauMCcTBaTa Ha KOMIIOThPHATA CUCTEMA C BBJIHEHHETO OT
B3aMMOJICIICTBHETO YOBEK-POOOT, KOETO BIBXHOBABA BHOOPAKEHHWETO HA BCHYKU
YYEHHUIIM, KaTo MO TO3M HAUYMH HachpuaBaT upe3 mpumep npeaumctBata Ha STEM
00pa30BaHUETO.

PoGotute mmaT rossiM moTeHIMan ga ObaaT M3MOJ3BAHU KAaTO OOpa3oBaTENICH
UHCTPYMEHT, T€ A00aBSAT YMCTO HOB IHM(PPOB KamamuTeT KbM 0Opa3zoBaTesIHATa
cuctema. Te moraTr Aa ce U3MOJ3BAaT KATO MOIIHAa OOpa3oBareiHa pa3BieKaTellHa
wiatopma - KOMOMHHUpANKU TPAAULIMOHHUTE U NHOBATUBHU JUIAKTUUECKA METOIU U
00pa30BaTENHOTO ChAbpPKAHUE MO MaTeMaTHKa, (pU3MKaA, KOMIIIOTPHU, €JIEKTPOHUKA,
MAaIIMHHO UH)XKEHEPCTBO, PUCYBAHE, My3UKa U JIOPU U3KYCTBEH MHTEJEKT, C ONUTA Ha
UTPOBOTO OOYyUYEHHE.

2.3.2. U3kycTrBen untenekt (M) B STEM
N3kyctBenusatr untenekt (M) urpae 3HauuTesnHa poJis B HAIIUS KHUBOT JTHEC.

TepmunsbT Al € Cb37aJI€H KaTO 4acT OT NPOEKT U CEMUHAPU B JJapTMYyTCKUS KOJEXK B
cpenara Ha 5S0-Te rOAMHM HA MUHAIUA BEK. [36, 37]

Cpenl Bb3HUKBAILIUTE MPEAU3BUKATEIICTBA € M OTHOLICHUETO HAa YUCHUIIUTE KbM
Te3u npomeHu. [39] Jlo u3BecTHA CTENEH YUYEHHUIIUTE KaTO IUTUTAJIHU IPAXKIAHU €A B
CBhCTOSTHUE JIa U3MOJI3BAT M3KYCTBEHUSI MHTEIIEKT, 3a J]a OJA00PAT Pe3yaTaTUTe CU B
y4eHerTo. [38]

B nepuona ot 2010 mo 2020 r. poKyCchT Ha U3KYCTBEHUSI UHTEJIEKT CE pa3ieis
Ha TP YaCTHU: NPEJICTaBsHE Ha 3HAHUS, MPUI0O0MBAaHE HA 3HAHUS U W3BJIMYAHE Ha
3HaHus. [41, 42] ToBa Oellle HAYAJIOTO HA MPUJIATAHETO HA U3KYCTBEHUS WHTEJICKT B
00pa30BaHUETO.

Bunose M3KyCTBEH MHTEJICKT

B nepuona 2010 — 2020 r. 6sixa uaeHTU(PUIMPaHU HAKOU TEHACHIIMY B HAYYHUTE
u3cienBanus: uaTepHeT Ha Hemara (IoT), MHOXeCTBEHAa MHTEIUIEHTHOCT, JBhJI0OOKO
oOy4yeHHe U HEBPOHAYKa, KAaKTO U OLIEHKAa Ha e(eKTa OT M3KYyCTBEHHUS MHTEIEKT B
00pa30BaHUETO.

WU 3anouBa cBOETO pa3BUTHUE B JIBA CErMEHTA: MHCTPYMEHTH Ha O0a3ata Ha U 3a
KJIaCHUTE cTau W u3noyizBaHe Ha MU 3a pazOupane, u3mepBaHe U MOJ0OpsBaHE Ha
YYEHETO.

[lenute Ha pa3pabOTBAHETO HA CHCTEMa, MHTErpUpAIla U3KYCTBEH MHTEJEKT B
oOpa3oBaHMETO, MOTraT Ja ObJaT TPyNUpaHU B YETUPH THUMA: KiacuduKaims,
CBIIOCTaBsIHE, MPENOPHKU U TBIO0KO 00yUeHHE.

C TeueHMe Ha BpPEMETO IMENArO3UTE OCUTYpsABAT aJalTHBHU MOANOPH 32
pa3Ho00pa3Hu yUeOHU CPeH C pa3IMyHU TUIIOBE yUally.

B TO3u MOMEHT M3KYCTBEHUAT MHTEJIEKT MOXE Ja ObJe KiacHuPHUIMpaH KaTo
,»HUCHK M3KYCTBEH HWHTEJEKT, ,,BUCOK H3KYCTBEH HHTEIEKT U ,,CyNep BHUCOK
M3KYCTBEH HWHTENEeKT . ,,HUCKUAT M3KYCTBEH HHTENEKT Hampumep ca LU(poBU
acucteHTu karo Anekca (Alexa) u Cupu (Siri). ,,BUCOKMAT U3KYCTBEH HMHTENEKT
MOXe Jia peraBa BCsiKa 3ajlaya TOYHO KaTo 4oBek, kato bapn v yat IxulluTu (Bard,
chat GPT). ,,Cynep BUCOKMST U3KYCTBEH UHTEJICKT * BCE OIlIE HE € HAJIMYEH.

N3KyCTBEH MHTENEKT B Pa3IMYHUTE 00pa30BaTEIHU CTEIIEHU

B bbarapus uma udetupu oO0pa3oBaTeNHM CTENEHU: HayajgHO OOpa3oBaHUE,
cpeaHo oOpa3oBaHUE, TMMHA3Us U YHUBEPCHUTET..
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Havanno yuwmimie. M3KyCTBEHHSI MHTENEKT 3a J€La, OT MPOeKTa ,,M3KycTBeH
uHTeNeKT CuHranyp®, € HacCO4YeH M3II0 KbM YUCHHIM OT HAYaTHOTO YUUJIUIIE, KOUTO
TpsiOBa Jla Hay4yaT OCHOBHUTE KoHueniuu Ha MW u na u3mon3Bat MHCTPYMEHTH U
MPUWIOKEHUS, Oa3upaHu Ha HEro, 1o eTudyeH HauuH, [IpoekT ,,J I Cunramyp* [59]

Cpennoro yuunume. IIpe3 2018 r. mpaButenctBoTo Ha CuHramyp oOsSBU
npoekra ,,Al Singapore®, ynsTO 1€ € Ja pa3BHe YMEHUSITA Ha YUCHUIIUTE B 001acTTa
Ha W3KYCTBEHMS MHTENEKT. bsixa cTapThpaHu W JABE NporpamMu 3a HU3CIEIBAHE Ha
U3KYCTBEHHS UHTEJIEKT.

I'mmuasuanen eran. WM. JIunt u b. Ileper ciopenar 3akinrodueHusATa Cd OTHOCHO
pe3yJITaTUTE 3a YYHUTEINUTE OT MPOBEKIAHETO HA JBA €IHOCEIMHYHHM CEMUHApa 3a
npodeCUOoHaTHO pa3BUTHE Tpe3 JATOTO Ha 2021 r. ¥ cHoAensT MpeyIoKEHUsATa 3a
MOJ00pEHMs, HaMpaBeHW OT YYUTEIUTe. YYacTHUIUTE B Iporpamara 3a
PO ECUOHAITHO pa3BUTHE ca OWIIM YUUTENU OT CPEAHH YUWIHINA OT FOT03alaIHUTE U
CEBEPOM3TOUHUTE peruoHu Ha CheIMHEHUTE IIaTH, KOUTO MPEJICTABISABAT Pa3InuHU
TUCHUIUIMHA OT obsiactta Ha STEM: Ouonorus, Xxumus, (u3nKa, UHXKEHEPCTBO U
MareMaturka. [60]

YuuBepcuter. CTyJIEHTUTE B YHUBEPCHUTETa OWIM IMBPBUTE MOTPEOUTETN HA
NN. Te ce Hayywin Ha MNOporpamMupaHe M cliel TOBa pPa3padOTIIM Pa3IUYHU
MIPUJIOKEHUS WM APYTH pa3HoBUAHOCTH Ha M.

NN CE KITACUDOUILINPA I10 OBPA3OBATEJIHU HMBA:

N3non3Bane Ha U3KYCTBEH UHTENEKT B ITPEAYYUIIUIIHA Bb3PACT CE OCHIIECTBIABA
ype3 AerHocTH 0e3 M3MOJI3BaHE Ha KOMITIOTHDP 3a 3all03HaBaHE C POOOTH WU
MHTEJIMTEHTHHU areHTHU KaTo MECHHU.

N3non3Bane Ha UM B Ha4aIIHOTO y4ywiIMIIE CE€ OCBHIIECTBABA OCHOBHO 4YpE3
nporpamupane cbc Ckpau (Scratch) w mnporpamen e3uk Iladiten (Python),
BB3MpPHUEMaHEe Ha OKOJIHATa cpefa ¢ 1wiatka ApayuHo (Arduino), 3amo3HaBaHe ¢
pa3IMyHu poOOTH.

M3non3sane Ha UM B rumHazusATa ce ochliecTBsiBa upe3 pazoupane na NN,
3amo3HaBaHe ¢ npuioxenust Ha MU, nocraBsHe Ha ocHoBu Ha MU, nctopust na U,
ETtuka na U, BpBenenue B HeBponmmHreuctTuuHo nporpamupane (HJIIT), Ezuk na U,
Yactu Ha peurta, OOpaboTKa Ha €CTEeCTBEH €3UK, Bekropu Ha aymu, CHHTaKTUYEH
ananu3, M3Bnuuane Ha nnopmanus, Kapra Ha 3HaHusiTa, PemaBane Ha npoOsieMu,
Jlormyecko 3akmroueHue, PasmmpsiBane Ha JOTMYECKOTO 3akiroyeHue, Pamka 3a
pasno3HaBane, OO0y4yeHue Ha TbPBO Ha perieHus, Tbpcayku.

CrylieHTUTE B YHHUBEPCUTETUTE CE€ 3aHMMAaBAaT OCHOBHO C MPOTpaMHpaHE Ha
nporpamuute e3unm: C#, CH++, Java, C, 3a na u3cieaBar BH3MOKHOCTHUTE Ha
M3KYCTBEHUSI MHTEIIEKT U Jia TO pa3BUBAT JOMBJIHUTEIHO.

3a cpaBHEHHE C BeUe MPOBEJACHU TPOYUYBAHUS U HaJauramaTa ce BbiaHa Ha U B
boearapust mpe3 2024 roguHa mMpoBeOX MPOyUYBAHE 3a TOBA KAKBO C€ pa3dmpa moj
N3KkycTBEH MHTENEKT Cpe/l MOAPACTBALINTE/ YICHUIIUTE.
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METOAOJIOTUSA HA U3CJIEIBAHETO B YACTHO YUUJINIIE
[IpoBenox u3cienBaHe B YACTHO YUWJIMIIE CPEJl YUEHUIIM HA Bb3pacT MEXay 6
u 18 rogunu 3a m3nomBaneto Ha M B oOydennero. OOmmsaT Opoil Ha YUCHUITUTE,
y4yacTBasid B u3caenasanero € 130.
Ien: na ce paszbepe: ,,KakBo pa3dbupar y4eHHUIIUTE MO U3KYCTBEH UHTEIEKT? .
XUIIOTE3U HA U3CIIEIBAHETO:
» YueHunure pazOupar MpaBUIHO M3KYCTBCHHS MHTEIEKT W MOTAaT Ja TO
U3IOJ3BaT.
» YueHUIUTE pa3Oupar MpaBUIIHO U3KYCTBEHUS WHTEIEKT, HO HE MOTaT J1a
r'O U3MOJ3BaT.
» YueHUIUTE HE pa3dupaT KaKBO € U3KYCTBEH MHTEJICKT, HO TO M3MOJ3BAaT.
bsixa n3non3BaHu JBa METO/IA: 3a/1a4ya U BHIIPOCHUK.
VYyacTHuim 0sixa pa3zesneHu B 4 Bb3pacTOBU IPYIIU:
» Ilox 1 kmac — 6 roauHy, » 5-7 kmac — 11-13 roaunu;
» 1-4 knac — 7 — 10 ronunu; » 8-12 knac — 14 — 18 roquau
Ha ¢wur. 3 e mpeacraBeHo pasnpeneacHueTo Ha Opost Ha YICHHUITUTE CTIOPE Bh3pacTTa
HM.

Bb3pacT Ha yueHUUUTE B MpeayynnuuwHa n HayaneH etan

npoueHTu No eTanu
N MpeaoyynanwH

0,
5% a (6 years old) 80% 100% ) 0%
12% 5%
36% L B HavyaneH
M3nonssat WUrpaart u ce Morat ga Buxkaat

etan(l1-4

47% efHaKkBM 3abaBnABaTC rOBOPATC npuaTten B
knac) npunoxenuna Chat GPT "HAKoro"-  nuueto Ha UW

Chat GPT
Our 3: B’bSpaCT Ha YYCHUIIUTE B MPOLCHT Owur. 4: HpeI[yHI/IJ'II/IHlHa 1 Ha4YaJIHa YYUJIUIIHA
10 €eTanu BB3pacT

VY4eHurm, KOUTO ca y4acTBaJId B IPOYYBAHETO, B MPOIECHTH:
» 5 % npenyunnuinHa Bb3pact (6 TOIUHM);
» 12 % navanno yuwmmie — 1-4 kmac (7 — 10 ronuan);
» 47 % cpenno yuwmmiie — 5-7 knac (11 — 13 roguam);
» 36 % rumuazus — 8-12 xnac (14 — 18 rogunm)

Jlemata B TpeaydywIMIHA BB3pACT I[IOKa3axa, Y€ MoOrar ja H3IM0I3Bar
TEXHOJIOTUUTE CaMO C TOMOINTAa Ha IMO-Bh3pAaCT€H YOBEK. Te HsAMAT MPaBUIHO
pa3bupaHe 3a ChITHOCTTA Ha MpUiIokKeHusTa. Te Bce orie ca B (pa3ara Ha ch3aBaHE HA
COOCTBEHO BIKIAHE 3a 3a00MKAJISIINASI T'H CBAT.

VYyeHunuTe B HAYAIHOTO YUYWIHILE ChIIO HE pa3doupar noope kakso e M. Tlpu
Te3W y4eHHUI (Ha Bb3pacT 7-10 ronunu) pazdoupanero 3a MU e manko no-nogo0HO.
Bce nmak HiKoM yUeHHUIIN pa3no3HaBaT HAKOW MPUIIOKEHHSI, KOUTO BEUE ca U3IOI3BAIIN
WM Cca BIDKIAIH HSKOW OKOJIO TSX Ja M3MOJI3Ba. Te CM WUrpast u ce 3abaBisiBaT ¢
ChatGPT — 100%. UutepecHo e, 4ye Te ca mactiausu Aa u3noa3at ChatGPT, 3amoro
MOTaT Jla pa3roBapsr ¢ ,,HIKOTo* — 5%. Pesynrarst mokassa, ue 3a Tax ChatGPT e
HeIo 3a0aBHO, a HE HEIIO, KOETO IO HAKaKbB HAYWH ,,lIpeI0CTaBs 3HaHu ‘. Te BIKIaT
npusren B ,,uieTo” Ha U — 70%. (Dur. 4)
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ExcriepyMeHTHT IMOKa3Ba, Y€ ako MM MPEJOCTaBUM MpaBUiHA WHOOpMaLUs
HaBpeMe, YUYEHUIIUTE MoraT Ja pazoepar u ga Haydat kakBo € ChatGPT u xak ga ro
M3II0JI3BAT MPABUIIHO.

Ha ¢ur. 5 moxem ga Bugum, ge 100% OT ydeHHUIIUTE B CPETHOTO YUHITUIIE BEUE
usnomBaT UM non ¢opmaTta Ha pasnuyHM TMPUIOKEHHUS B €XKEIHEBHUETO CH WIH B
yunnuiie. Ha ¢ur. 5 Bmxaame coino, ge 10% ot yuenurure ca ordenszanu ChatGPT
KaTo rardopmara, KosITO TEXHUTE YUYUTENIN U3MOA3BAT 32 ONPE/ICIISIHE Ha JOMAIITHUTE
UM 3a7a4d, a AonbaHuTenHo 10% oTOens3BaT qpyru NpUIIOKEHUsS U IIaTPOpMHU,
U3I0JI3BaHU OT TEXHUTE YUUTEIIH.

NMporMmHasuaneH etan

Yyutenute n3nonssat Apyru NPUIoKeHus, :I 10%
()
3a [ HanpaBAT ypouuTe CU NOo-...

Yuutenute nsnonssat ChatGPT 3a :I 10%
()
onpeaensHe Ha 4OMaLLHUTE 33434u

YyeHnumnte nanonssat UM ¢ pasnnyHm

| 100%
npuUNoXKeHunAa B exxeaHEBUETO CU U B...

0% 20% 40% 60% 80% 100% 120%

@ur. 5: Pa3dbupane Ha N3KYCTBEHUS UHTEJIEKT B CPEAHOTO YUUIIUILE

Cnen karo uznonsaxa ChatGPT 3a moaroroBka Ha JOMAaIIHUTE CH 3aJayH,
YUYEHUIIUTE OAXa U3HEHA/IaHU, Y€ U3KYCTBEHMT UHTEJIEKT HE € TOJIKOBA J100bp B TOBA
— J1a paboTH Ha OBJITApCKU €3MK U J1a N3I10J13Ba KUPUIIULIA 332 BBIIPOCUTE U OTTOBOPUTE.
Te Bunpsxa, ye uHpopmauusara He € HanbaHO ToyHa. ChatGPT moxe ga Hammpa
uHpopmanusi, HO Tazu HUHGPOpPMAIMs € CMECEeHa, HETOYHA M B HAKOM Clydau
MOJIBEXKAAILA.

[To-rosmsiMaTa 4acT OT ChABPKAHUETO O€IIe HETOYHO, KOraTo CE€ M3IOJI3BAlle
Obarapcku e3uk. [To-rossiM ycnex umaxa, Korato ChbAbp KaHUETO Oellle Ha aHTJIMICKU
€3UK.

MmaHasus, 14-16 roguiuHu

80%

60%

40% o EE—

20% "l I 7
0% \

M3non3saHe Ha ChatGPT no M3non3Baxa M3KYCTBEH CbabprkaHueTo bele MHoro Bpeme OTHe, CbC
NnoAXoAALL HAYMH NPU  UHTENEKT, 3a Aa NOATOTBAT HENpPaBW/IHO B NO-ronamaTta 33/aBaHe Ha
noAroToBKaTa Ha CBOMUTE Npe3eHTaLmmn CWM Y4acCT Ha BBArapPCKU €3UK  AOMBAHUTENHM NapaMeTpu
HeobxoaMMMA NPOEKT kbm Chat GPT.

®ur. 6: 'mmuasuained eram 16 — 16 roguiau

Ha ¢ur. 6 moxxem na ce Buau, ye 50% ot noarpynara Ha 14-16-rogumiHute ca
mnoiBau ChatGPT mo moaxossn; HaYMH TpU MOATOTOBKaTa Ha HEOOXOIUMUS
poekT. 60% ca u3nomsBanu ChatGPT 3a ch3maBane Ha pe3eHTAIMATA TIO OBJITAPCKU
e3uk u jureparypa. 30% OT ydeHHIHTE ca YCTaHOBWJIHU, Y€ ChABPKAHHUETO,
reHepupano ot Chat GPT, e HerouHo. 5% OT y4eHHUIIUTE ca IpeKapaa MHOTO BpeMe
B MIPEIOCTAaBSIHETO HA Bce moBeue u noede napamerpu Ha Chat GPT, 3a na momyuar
32/I0OBOJINTEIIHA TeHEepHUpaHu U300paKCHHS.
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Qurypa 7 mpeacTaBsi CUTyalusiTa CbC ChIlara ,,JOMalIHa pabora®, Korato ca
3aJ1aJICHH MTO-CTPUKTHU KpUTEpUH. [JoKaTO yUnTENAT JaBa eIHU U ChIIU MapaMeTpu U
YUYEHUIIUTE HE MOraT Ja MpaBAT HUKAKBU MPOMEHH, T€ TOJIy4yaBaT €IWH U ChII]
pesynrat. U3kyctBenusT uHTenekt aaBa 90% emHakBa wH(pOpMalus/pe3ynTaT Ha
BCUYKM YYEHHUIIM 3a €Ha U Chlla 3a7ava. Korato ydyeHuuTe nposBIBaT KPUTUIHO
MUCJICHE U He ce JoBepsaBar HambiaHo Ha ChatGPT, nomxyuyaBame 50% paBeHCTBO mpu
IPEICTaBSIHETO HA IPOEKTA.

f'MmHasus, 17-18 roguwiHuTe

ChblUM NapaMeTpu - CbLUUAT pesyaTaT 90%
Mopo6eH nnu paBeH pesynTaT C... 73%

Moao6Hu pesyntatu c AobaseHu... 50%

®ur. 7: I'mmuasuaned eran 17-18 rogumau
N3cnenBanero Ha pa3OupaHeTo Ha ydeHHIUTe oT 6 10 18 roxuiHa Bb3pacT 3a
M3M0a3BaHeTO Ha V3KyCTBEHMsI MHTENEKT B OOYYEHHMETO MOKa3a, 4ye yUYCHHUIIUTE Ha
BCUYKH HUBa ochb3HaBat, ue ChatGPT He e chbBBpIIIEH N3KYCTBEH UHTENEKT. Tol Moxke
J1a TIOMOTHE, J1a J1aje 0bp3a uHGOopMaIMsl, HO He MOXKE J1a U3ITBJIHU ISUIOCTHO 3aja4a,
MIPOEKT U T.H. B HsiKoM citydan Mmoxke 1a 0b1e 100bp 1 Obp3, HO B IPYTH CIy4au MOXKE
na ObJle HETOYEH M Jia M3UCKBA MOBEYE BpPeME 3a KOHPUTYpHUpPAHE, OTKOJIKOTO Ja
CIIECTH BpEME, KOETO MOXKE J1a Ob/Iec HETIOCTAThK.
2.3.3. Edge na ycrpoiicTBoTo 1 06;1a4nu (cloud) TexHosorun
Edge ycrpoiictBo" (Ha anrmmiicku: edge device) e TepMuH OT 00JsiacTTa Ha
W3YHCITUTEITHUTE TEXHUKA U MpexuTe. To € mepudepHO N3UUCIUTEIIHO YCTPOUCTBO 32
00paboTKa Ha TaHHU.
Edge yctpoiicTBOTO € XapryepHO YCTPONCTBO, KOETO:
o (OO0paboTBa naHHU Ha MCTO (B mepudepuara Ha MpexaTa)
« HamansaBa HeoOX0auMOCTTa OT IIPEHOC HA JIAHHU KBM 00JIaKa
o IlomoOpsiBa OBp30ACHiCTBHETO M HAMaJIsIBa 3a0aBSIHUATA
o UecTo BKJIIOYBA U3KYCTBEH MHTEINIEKT 3a JIOKaJIHA 00paboTKa
OO6nayHUTE TEXHOJOTMM — Ca TEXHOJIOTHMH, 4YMiITO 00paboTkKa Ha JaHHU Ce
M3BBPIIBA MOCPEICTBOM 00JIAYHU U3UUCIICHHUS.
BunoBere Ha 001aunu texnosoruu (cloud) ca:
o IlyGnuuen obnak (public cloud) o Xubpuzaen obnax (hybrid cloud)
o Yacren o6nak (private cloud) o O06maunu ycnyru (cloud services)

JIBeTe TEXHOJIOTMM MMAT CBOWUTE Pa3jMKH W CBOWTE MOJBM M HemocTaTbiu. Edge
TEXHOJIOTHUSITa 03HAaYaBa 00paboTKa Ha MsicTo. OOIayHaTa TEXHOJOTHS € 00padoTKa Ha
JaHHM B IIEHTHP 32 TaKWBa JaHHU. Ts € MOAXO0AAIIA 32 CIIOKHH aHAJN3U, CbXpPaHECHNE
Ha royisiM o0eM OT JaHHM, MAIlaOHU YCIYTH, HO TyK uMma 3abaBsiHe. B Tabmuua 1
NpeJICTaBs CpPaBHEHHE MEX]y [BETE TEXHOJOTWH, OT KbJIETO BHUIHO MOXE Ja Ce
OTIpe/ieNu 3a KakBa paboTa KOsl TEXHOJIOTHS /1a C€ U3I0JI3Ba.
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TABJIMLIA 1 KntouoBu kputepun Ha Edge u 061auHu TEXHONIOTHH

Kpurepuii Hepudeprn nzuncnenns (Edge) O6naunn nzuncienus (Cloud)

JlatenTHOCT Muoro Hucka Bucoxka
(oOpaboTka Ha MSCTO, B DEaHO (3aKpCHEHHE TOpagW TPEHOC [0 Jara
BpeMe) LEHTBP)

Odaitn pabota Bw3moxHa Hepb3MOXKHA
(aBTOHOMHA paboTa 6e3 Mpeska) (3aBHUCH OT UHTEPHET BPbH3Ka)

IMosepurennoct/GDPR/ Bucoka IMo-Hucka
(maHHHTE ce 00pabOTBAT JIOKAIHO) (maHHHWTE Cce mpemaBaT W CHXpaHABAT B Jara

IICHTBHP)

V34CaNTEIHA MO Orpanndena [IpakTryecku HeorpaHmyeHa (Mamadupyema B

(pecypcu Ha YCTPOHWCTBOTO) obmaka)

HUKT npencrasnsiBa MHTEpEC HE CaMO 3a IPOU3BOJACTBOTO M PEIIABAHETO HaA
IIPAKTUYHU Ka3yCH, HO € HHTEPECHO U 3a MOJIPACTBAIINTE, KOUTO HA €Tall YYHJINIIHA
BB3PACT MOTar J1a Ce 3al103HAAT C BUJOBETE TEXHOJIOTUHU, KaK paboTAT, Bpb3Ka C HAYKH
KaTo MaTeMaTrKa 1 (pU3MKa 1 MO TO3W HAUMH I1I€ MOraT MHOTO MO-0bp30 Ja 3all04HaT
C HAy4YHH NNPOYYBAHUA U NMPAKTUYECKH penieHns. ToBa e ce npocieau B CIeABalara
IJIaBa, KBAETO Ca MPEJIOKEHN PA3IUMYHHU NMpaKTU4YecKH 3anadn u pemenus ¢ UKT,
cinyuBaiiku ce npe3 meroga STEM. TakuBa npumepu ca:

Hauasen eram: ciienBaHe Ha JIMHUS, KOSTO ce U3MbJHABa ¢ Edge TexHomorus ot
poborT;

[lporumuasusi: ympaBieHWe Ha poOOT C JKecrtoBe, KoeTo chio ¢ Edge
TEXHOJIOTHS,;

['MMHa3us: pasno3HaBaHE Ha OOCGKTM UM LBETOBE U HM3MEpBaHe Ha
pascrosiHue/IbOounHa ¢ Edge TexHomorus; poOOTHT pelraBa Jajd Ja
cIpe/3a00MKOIN/TIPUOIMKU B pEATTHO BpEME.

[IporuMHa3usi ¥ TUMHa3Ms: M3MEpPBaHE Ha pas3cTosiHue/AbioounHa c¢ Edge
texnosorusi u Uarerpupane ¢ Cloud — cb3naBane Ha kiacHo Tadio (Dashboard)
C UCTOpHUS Ha JaHHUTE.

I''TABA 3. PABPABOTKA, N3CJIEABAHE N UHTEI'PUPAHE HA YYEBHHU
POBOTU B STEM OBYYEHUE

3.1. M3caenBane u pazpadorka Ha podorusupanu STEM pemenus

3.1.1. Ozobot
Ha ¢ur. 8 e npencraBena mwirocTpaTiBHa KapTUHKA HA MHHH pO0OTa 3a IIEJIUTE

Ha BU3yaJIn3aluAa U Bb3IPUCMAHC HA pasMepa.

®ur. 8: Mobunen podot Ozobot Evo @wr. 9: N'open m3rnex Ha Ozobot EVO
,Kakto ce Bmwkaa ot ¢ur.10, pasmepure Ha pobOoTa ca 3a0ENEKUTEITHO

KOMITAKTHM — eBa 2,5 cM X 2,5 ¢cM M umaT Mmaca or easa 17 rpama. Benpeku
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MUHUATIOpHHS cu pasmep, @urypu 8 m 9 mpemocTaBiIT XapaKTEPUCTHKUTE H
Bb3MOxHOCcTUTE Ha OzZobot EVO.“.

FopHK LED CBETNMHM ByTOH 3a 3axpaHBaHe

3ByKOBa cUCTEMa

3

—/ Bluetooth

5
I'Iop'rg-\ggpemaue M’ALED CBETIHH
— : -0
coool

CeH30p 3a 61M30CT U ONTHHEH

Censopyn [4 BHCOKOrOBOpUTEN

T Nmm—
Konena @ 3npas nonkkapboHaTeH
~ 3 _. .
—

Kopnyc

®wur. 10: Cenzopu u noprose Ha Ozobot EVO @wr. 11: [Iporpamupasne no usst ¢ Ozobot

B cnyudaii, ye Hsima nurutaneH uHrepdeiic, poOOThT U3MOI3Ba TEXHOJIOTHS 32
[[BETHO pa3lO3HABaHEe, 3a Jla MHTEpIpeTHpa I[BETOBAa MH(MOpMAIUs OT HAPUCYBaHU
'bTEKU, KOWUTO TMPEJCTABISBAT MPOCTU MPOrpamMu, OTIEYaTaHU C IBETEH KO/,
pazoupaem 3a Ozobot. [Ipumepu 3a TakbB LIBETEH KO ca Moka3zanu Ha ¢wur. 11.

Ha mo-xbceH eram, KOrato yYEHHIIMTE MOTaT Ja H3II0J3BAaT yCTPOWCTBA,
1o,100HM Ha KoMImroTpu, OZ0bOt M mo3BosIsBa 1a pPabOTAT Ype3 TabJIeT, TeIePOH WIH
KOMITIOTBp. J[oKaTo ce yuaT Hali-MaJKHTe YUYEHHUIIM J1a Y€TaT, T¢ MOTaT J1a IIPEMHHAT
KbM OJIOKOBO Mporpamupane. Te mie moapexaaT mpeaABapuTeIHO Ch31aIeHH KOMaH/IH,
HO IIIe¢ MOTaT Jia TH YeTaT W Ja pa3oupaT KakBW KOMaHIu u3moi3Bar. dur. 12 un 13
nokasBat uHTepdeiica 3a 6J10koBO mporpamupane Ha Ozobot.

2 Beginner s 4 Advanced 3 5 Master

" 1Pre-reader

=
e e o -n]- o

®wur. 12: biokoBo nporpamupane 3a HaunHaenw @wur. 13: BiiokoBo nmporpamMupane 3a HanpeTHAIN

[Iporpamara e pa3paboTeHa Ha MET CTENEHH, BapUpaIy OT HUBO 32 HAUMHACIIIN
110 MaliCTOPCKO HUBO HA TPYIHOCT.

Koraro ydenunute HaOMr0aBaT peaylHOTO HW3MBJIHEHHWE HA Mporpamara B
JUIIETO Ha poOoTa, KOWUTO Ce JBUXKU WM Mee, T MPUI00MBaT Mo-1bJI00K0 pazdupaHe
3a TOBa, KOETO Ch3/1aBar.

Koraro ca na 12 1o 13 roguam — y4eHUAIMTE MOTaT Aa NPEMUHAT KbM PEATHUS
nporpamex e3uk Python. ToraBa um ce mpeacraBsaT OMOJUOTEKH, KOHIEMIIUA KAaTO
MAacCHBH U JPYTH BAXKHU TEMU, KOUTO III€ YCBOSIBAT MOCTETICHHO.

Eto kak Ou w3rnexnaan eaudH ypok 1o KoMmioThbpHO MoOAEIUpaHe U
WH()OPMAIMOHHN TEXHOJIOTHH, KOUTO BKJIOYBA U podoTa Ozobot EVO. YpoksT e ¢
KoHKpeTHH (parmeHTu oT Python koxm, xouto ca ceBmMecTumMu ¢ pobota Ozobot,
MIO3BOJISIBALIM M3MBJIHEHUETO HA MPOrpaMHUpaHM 3aayu. ENWH TakbB ypOK BKIIKOYBA
pa3pabOTBaHETO HA AJITOPUTHM 3a JIBIDKCHHE, MpEIHA3HAYeHA Ji1a BBH3MPOU3BEC
JBYDKEHUETO Ha Tpakuicko xopo (byumHcko xopo). HeoOxomumusr 3a Ta3u 3amada
MporpamMeH KOJl € CTPYKTYpPUPaH aJrOPUTMHUYHO, 32 J1a Ch3/1aJ1e 3B€37000pa3eH MOJIEN,
KaKbBTO C€ IOJydaBa OT CTBIKWTE Ha XOpoTo. CHOTBETHHAT y4eOEH KOI €
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wiocTpupat Ha ¢ur. 14, nokaro npeasiokeHara nogoopeHa Bepcus Ha alropurbMa 3a

u3mbiHeHne ¢ Ozobot 1 HEroBUTE Bb3MOKHOCTH 3a IBI)KCHHE € TTOKa3aHa Ha ¢wur. 15.
&« G (%) httpsy//beta.python.ozobot.com

ket o,

) Run Python code (with the
Put Interactive Python Anywhere on the Web connected robot) New Program

Customize the code below and « Share!

ozobot
math radians

>m - o4 - BRemix

<>

bot = ozobot.get_ robot()

n (E))H

bot.movement.move(@.1, ©.02)
bot.movement.rotate(radians(216), radians(90))
bot.movement.move(@.1, ©.02)
bot.movement.rotate(radians(72), radians(9e))

11
@ur. 14: Konx 3a Tpakuiicko xopo B Trinket Python ®wur. 15: AnropursM Ha TpakHiiCKO XOpO B
Ozobot Python

B TO3u KOHTEKCT, OCBEH (U3MYECKOTO [BM)KCHUE, W3CICABAHETO Ha
KOMIIOTHPHUTE KOHIEMIIMK OT CTpaHa Ha y4YEHHUKa MOXeE Ja ObJe JOMBJIHUTEIHO
000raTeHo 4ype3 MHTETPUPAHE HAa MY3UKAIHO MPOTPaMUpaHE W peaJu3upaHeTo Ha
AITOPUTMH 32 TeHEpUpaHe Ha Tpakuiicku xopo — CBopHarto xopo (9/8).

3a Ta3m 3amaya € BAXHO Ja C€ WIACHTUPUIMPAT MY3UKATHUTE HOTH,
ChOTBETCTBAIIM Ha XOpPOTO, M CJEeJ TOBa Ja C€ KOAupa TAXHOTO (HOHETHUHO
MIpe/ICTaBsiHE TI0 cucTeMaTuyeH HaunH. KakTo e mokazaHo Ha ¢urypa 16, yact ot tazu
3aJlaua MpeJICTaBIIsABa OTJEICH MPOEKT, KAKTO € WIIOCTPUpPAHO Ha ¢urypa 17 (Kouto e
4acT OT Yaca Mo My3HuKa).

Csopato xopo (9/8)

HaeSSs S S =SS

Do [ Pe [ Mu [ @a | Con | Na | Cu | Con| ®a| Mu|Con[Pe| o flo | Ao [ Mu | ®a | Con

Hom | | |
Hom | C|D|E|[F|le|ale|e|F|lE|lc|[D]c[c]cle]F|e
Qzobot:
Tamt |14 | UB| UE | 1A | U4 | US| US| 14 | LB | U8 | 14 | 14| 18 | 14 | 14| UB | 18| 38
s,

@wr. 16: Hotu Ha CBOpHATO XOPO ®ur.17: AnroputsM 3a my3ukaTta Ha CBOpHATO
xopo (9/8) B Ozobot Python

Karo cnenpai eram ot T03u poekT € ¢aszaTa, KOATO BKIOUYBA KOMOMHAITUS OT
JBaTa €MHUYHA MPOEKTa WU TOBA € Ch3AaBaHeTo Ha anropuThM Ha Ozobot EVO 3a
CUMyJallys Ha TMOBEICHUETO Ha TaHIlyBalll poOOT, KOWTO M3MBJIHSIBA 3BE3/I0BHIHA
durypa W €IHOBPEMEHHO W3ITBIHSABAI XOPOB CHIPOBOJ WM TOBa BKJIIOUYBA
mporpaMupaHe Ha poboTa Ja ce JBMXKH IO 3BE3J000pa3Ha TPaeKTOpHs, KaTo
€IHOBPEMEHHO TPOM3BEKIA ayauo W3XOA MoJ (opmaTa Ha MEJOIWs, HAOMHSIIA
Tpakuiicku xopo. ChOTBeTHHTE (parMEHTH OT aJrOpUThbMa, WIFOCTPUpAIU Ta3u
(yHKIIMOHATHOCT, ca npencTtaBenn Ha Gurypu 18 u 19.

OcBeH TOBa, € Ba)KHO Jla C€ M3MOJI3BAaT ACHHXPOHHU MIPOTPAMHU TApaJurMH 3a
TO3U TpoeKT. [IbpBOHAYAIHO TPEJJIOKEHUTE pean3allMi M3M0JI3Baxa CUHXPOHHHU
TEXHUKH 3a KOJIUpaHE; TEKyIlaTa BEpPCHUs H3UCKBA HM3MOJ3BAHETO HAa ACUHXPOHHU
OMOJIMOTEKH 3a YJIECHABAHE Ha JKEJIAaHUTE €THOBPEMEHHU ONepaIliy.
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ozobot
asyncio
math radians

movel ikeAStar(repeat):
n (repeat):
movement .amove(@.1, ©.82)

bot = ozobot.get robot(core =
movement = bot.movement

movement .arotate(radians(-(186-34)), radians(99))
movement .amove(@.1, ©.62)

G o .9 movement .arotate(radians(72), radians(9@))
a = - 5

main():
res = asyncio.gather(phrase(9), moveLikeAStar(5))

phrase(repeat):
n (repeat):
bot.sounds.aplay_note(5, ozobot.Note.G, takt/4)
bot.sounds.aplay _note(5, ozobot.Note.F, takt/8)
bot.sounds.aplay_note(5, ozobot.Note.E, takt/8)

®ur. 18. AnropuThM Ha ayiuoTo Ha CBOpPHATO ®wur. 19: AnroputrbMm Ha ayanoto Ha CBBpHATO
xopo Ha Ozobot Python xopo (9/8) ma Ozobot Python ¢ acuaxpon

3a wWiocTpUpaHe Ha 3Be3HaTa (Gopma KbM poOOTa € IPHUKPENCH IBETCH
dbaymacTep, 3a J1a Ce BHJH JBMKCHHUETO Ha poOOTa CIIOPEA 3aJIacHUS aJITOPHUTHM.
®ur. 20.

asyncio.run(main())

V0L /€0 @ @ o

@ur. 20: PucyBane Ha CTBIIKHTE Ha Tpakuiicko xopo ¢ Ozobot EVO
Ta3u rpadguunHa npe3eHTanus Moxe 1a ObJie MPEABAPUTEIIHO U3UUCIIEHA, KOETO
CC IObJDKM Ha AAJITIOPUTbBM MW IIO3BOJIIBA IIOCJICABAIATA Q)opMyanOBKa Ha
yIIpaBiIsABaIUs AJITOPUTHM.

3.1.2. BlueBot
Jpyr moOujeH poOOT moaxo 111l 3a oOpa3zoBaTenHata cucreMa ¢ BlueBot. dur.
21. Toii e ¢ manko no-rosiemu pasmepu 13 cm x 10 cm x 7 cm. Texu camo 340 rp. Toii
kakTo u Ozobot e u3paboTeH OT MOJIMKapOOHAT, KOETO MY JlaBa MPEIUMCTBOTO Aa ObJie
yCTOMUMB BBB BpeMeTo. Mma mpe3apexaiia ce 6atepus, nopta 3a 3apexaane ¢ USB
type B. barepusita u3gbpxa 6 yaca 3a paboTa, KOETO C€ BMECTBa B PabOTHUS WU
YYeHHUYECKus JeH 3a paboTa ¢ poboTa, 3apexa ce 4 Jaca.

ByToHu 3a CeHaopu
i USB Konena —
#{Y‘L 3axpaHBaHe NSBO U AACHO
‘
& Bkn./U3kn. 3ByK
Cuna LED y Bkn./U3kn. Bluetooth

BI/ICOKOI'OBOpMTeI'I

Bkn./U3kn.

@ur. 21: YcerpoiictBo Ha BlueBot
JIBI>KM ce ¢ ABE KoJiena U ce OajlaHCHpa Ha C ATlyMUHUEBO TOITYE, HAMUPAIIIO Ce
no cpena noxa ouurte. MHbpayepBeHUTE CEH30pU MOraT Ja KOMYHHKUpAT C JIPyTH
poOOTH OT ChILUA THUIl, UMa MUKPO(OH U BUCOKOTOBOPHUTEI, KOETO MO3BOJISBA Ja CE
MPABAT U BB3IPOU3BEXKIAT 3anmuchu. LED CBETIMHM — TOBa Ca OUUTE, KOUTO ITPEMUTBAT
WJIM TIOCTOSIHHO CBETAT B CHMHBO, m3moi3Ba Bluetooth cuctemara 3a komyHuKamus ¢
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Apyru ycTpoiictBa kato Tenedonu(pur.22), tadbnetu(pur.23), kommtotpu (¢ur.24)
wim gerer (TacTile Reader) ¢ur.25, npennara ceBMectumoct ¢ Auapouns (Android),
Yunnoyc Bepcus 7+ (Windows 7+) u i0S. MoOumHIS poOOT MOKeE J1a ce Mporpamupa
4ype3 OyTOHH — PBYHO, UPE3 MPUIIOKEHHS 3a TeledoH, TabIeT, KOMIIOTHP CTHIIKOBO
wiH 0J10K0BO ((hur.22).

@ur. 24: [TpunoxeHue Ha BlueBot Ha KOMIIIOTHP ®ur.25: Pabora ¢ yerery TacTile Readr

Po6ota nma 1 pa3nuyHu TPUCTaBKH, YpE3 KOUTO MOKE J1a CE 3a]]aBa KOHKPETHKA
Ha 3a7avara. EnHa oT mpucTaBkHTE € ¢ omius na ce cnara u duymacrep. Tosa
M03BOJIsiBa MHTErpupane Ha STEM ypok ¢ Obarapcku e3uk. (gur. 26) Ypouure morar
7a ObJIaT MPOBEACHU KAKTO C yIpaBJieHHE ¢ OyTOHH, Taka W IMpe3 yeTelna Wiu mpe3
KOMITIOThpa. Pa3bupa ce Tyk uaBa HEe caMO MO3HAHMSATA MO €3UK, HO U MaTeMaTHuKa,
W3UUCIISIBAHE Ha PA3CTOSHUS, pa3Mepu Ha OyKBHUTE, BUJ HM3MHUCBAaHE — IE€YATHO

HaanMep, pa3MepH Ha JIUCTA, TOJIEMUHA Ha OykBara u T.H. (gur. 27 u (1)1/11“ 28)

®ur.26: Usnncsane Ha ®ur.27: Usnucsane na 3 MAPT ®ur.28: Usnucsane na 8 MAPT
3 MAPT c 6yronun C uerel

Blue-Bot ce nBuxu Ha cThIKH OT 15 cM, MOXe 1a ce 3aBbpTa Ha 90° U 3arOMHS
10 200 xomauau. [Ipu nporpamMupane upe3 mpuioxeHue uin usnoiaszpane Ha TacTile
YeTell C IOMbJIHUTENIHU TUIOUYKH OT KOMaH/IU, MOXKETe Jla ce mporpamupa podora aa ce
3aBbpTa caMo Ha 45° WM NpoCTO Aa MOBTAps 33aJaJ€HUTE aIrOpuTMH. B Ta3u Bpb3ka
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¢ MHOro ymoOHa paborata B kBaapatHa mpexa. (¢ur.29) Eto 3amo moxe ma ce
YIPaXXHABAT PA3IUYHU XOJIOBE HAa PaOOTHU JIMCTOBE, C MOITBJIBAHE HAa CTPEIKU 3a
JalieHa MOCOKa WM Ja C€ pPeIsIT TOTOBM KapTOHYeTa ¢ KoMaHaw. Moratr ga ce
n3paboTBaT Tabna B KBagpaTHU MpPEXH WJIA Ja C€ U3MOJA3BaT TOTOBU
TakuBa(KHUJIMMYETa), BbPXY, KOUTO Ja BbpBU pobOoTa. Ha ¢ur.30 ce nBuxu BBpPXY
npo3pavyHo kuiaumue/Tadno. Ha ¢ur. 24 ce Buxaa TabmoTo BHB BU Ha KapTa, KOETO €
Ka4yeHo | B IIporpamara.

4 15 . .
15
3 y
2 a2
1
A 3 B r il E

®dur.29: Paboren muct — KBagpaTHa mpexa 3a BlueBot

o (s}
Blue-8ot Online Emutator Cycle ofa -

Butterfly
EXAMPLE. Bow- B8 Lassonn » v

Javet. [ Mars hama ~06
= @)

5 @ &
9o '

(o~ R~ °

o) o ~

07 °
v -
®ur.30: BlueBot ﬁpeMMBa MPENSATCTBUS ®ur.31: BlueBot onnaiin cumynanus — [IbTaT

Ha Iernepyaara
OcBeH Beue cmoMeHaTUTe HauYMHU 3a paboTa ¢ BlueBot, Moxe 1a ce nznosizea u
npuioxkeHueto: https://bluebot.terrapinlogo.com/, callT KOHTO MpeacTaBIIsiBa OHJIAMH
CUMYJIallMsl, OTHOBO CE€ BIJKJIAT XOJIOBETE€ Ha poOOTa, TOM € MOCTaBEeH Ha KapTa, 1o
KOATO MO3KE J]a C€ M3ITBJIHU YPOK B CiIyyasi 32 pa3BUTHETO Ha nenepyaara. @ur. 31.

3.1.3. ArtieMax
Crnensarnr poOOT, C KOUTO ca IPOBEICHU €KCIIEPUMEHTH U anpoOaIus ¢ y4eHUIN
W yuuTenu, 3a pabora B ydmwidile € oOpa3zoBarenHusi pobor ArtieMax wu
UHTETPUPAHETO MY B yueOHHsI TIporiec. POOOTHT Imokas3Ba B CHMYJIAIIMOHHA Cpeia KoJa.
PoGoThT moKasBa xaplyepHHU MPEIU3BUKATEIICTBA, KOTATO HE PHUCYBa CHIIUSA KOJ Ha
XapTUsATa, KaKTO B CHUMYyJalusATa. MHOTO BaKHA YacT € JaBaHETO Ha 3aJadd U
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THPCEHETO Ha PEIICHUSI OT YYCHUIINTE 32 TIXHOTO YMCTBEHO Pa3BUTHE H JIOTUYECKO
MUCJICHE OIlle OT HaYaJIHOTO YYHJIUIIE. Ta3u 1esl KaKTo Be4e CIIOMEHaX Ce MOCTUTra ¢
nomotITa Ha oOpazoBarenuus noaxonaa STEM oOyuenue.

XapayepHoTo o0opyaBaHe Ha yueOHms poOoT ArtirMax, mpeacTaBisiBa oOpaTeH
WH)KEHEPUHT, Thid KaTO MPOU3BOIUTEIS HE € TIPEOCTABIII TaKaBa WH(OPMAITHS.

PoGoTbT € ¢ pasmepu 17,5 x 17 cm. ESP32 (¢pur.32) e BucokoeeKTHBEH U
pEeHTaOMIICH MUKPOKOHTPOJIEP BBbpPXY YHII C JBYSApPEHA CHCTEMa C JBa MpoIecopa
Xtensa LX6 ¢ xapBapjcka apxutekTtypa. LlsmaTa BrpajeHa namer, BRHITHATA TTAMET U
nepudepHUTe YCTPOHCTBA ca Pa3IoJIOKECHU Ha IMHATA 3a JJaHHU W/WIH Ha IIMHATA 32
MHCTPYKIIMU Ha TE€3H Mporecopu. [77]

C HSIKOM MaJIKH M3KIIIOYEHHS apecHOTO pa3NpeaesieHre Ha 1BaTa Mpolecopa €
CUMETPHYHO, KOETO O3HA4aBa, Y€ T€ M3MOJI3BAT €IHHU U CHIIU aJIPecH 3a JOCTBHII JI0
elHa U Chla MaMeT. MHOXXeCTBO Mepu(epHH YCTpOicTBa B cHCTeMara MoraT Ja
OCBIIECTBSBAT JIOCTBHII J0 BrpajcHara nameT upe3 DMA (Direct Memory Access).

JIBata nentpanau npouecopa ca HapeueHu "PRO_CPU" u "APP_CPU" (3a
"mpotokon" u "mpuioxkeHue"), HO 3a MOBEYETO LIEJIM JIBaTa LIEHTPAJIHU Ipolecopa ca
B3auMHO3aMeHsiemu. [78, 79]

Aupexren
AocTen A
nameTTa

Brpasera
namer -~
Mpodecno MNpunosmen

wanen Mpouecop
npouecop

Mepndepro
ycTpoiicreo

®dur.32: MI/IKpOKOHTpOJIepSP32 ®wur.33: CtpykTypa Ha cuctemara [77]

Ha ¢wur. 33 e mokazaHa OJjok-cxemara, KOATO WIIFOCTpHpa CTPyKTypaTa Ha
cUcCTeMara.

ESP32 moxe na (yHKIMOHHMpA KAaTO HAIIBJIHO CaMOCTOSITENIHA CHCTEMa WIIU
KaTo TMOAYMHEHO yCTpoMcTBO KbM xoct MCU(Micro  Controller  Unit,
MUKPOKOHTpPOJIEpHA €IMHUIA — MaJIbK KOMIIOTHPEH YHWIl, KOWTO Ce€ Hamupa B
€JICKTPOHHU YCTPONCTBA), KATO HAMAJISIBA HATOBAPBAHETO HA KOMYHHUKAITMOHHUS CTEK
Ha OCHOBHUS IpUJIOkKeH mporecop. ESP32 mMoxke aa ce CBbpKE ¢ APYTrd CUCTEMH, 32
na ocurypu WiFi u Bluetooth ¢ynkmuonamnoct upe3 csoute SPI/SDIO wmm
I2C/UART wunrepdeiicu.Crucremara cTapTipa ¢ JBa CThIIKOBH ABuratens. (dur.34)

g™ NMPOrPAMUPAHE
O4Yn N YCTA

5 LED cBeTNMHY, KOMTO A C& NPOTPAMKPAT B PasnuykK LiseTose

®wur.34: JIBa CTHIIKOBU IBUTATEISI ®wur.35: 4 6post LED oun
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Po6oTsT € 000pyaBaH c: 3axpanBane/batepus Moxe na ce
» LED ouu ®wur.35. BUM Ha ur. 36:
» ToBoputen » Tapannus: 1 ronuna (12 mecerna)
» Jlutueso-iioHHa OaTepus » Hwme Ha mapkaTta: AUK
» brnok 3a 3apexmaHe Ha » Homep Ha mogmena: 18650 3.7v
3axpanBaHeTo ¢ USB mopt 2600mah JIUTUEBO-HUOHHA
» Ilnatka / ESP32 e nBysnapeHa Oatepus
cucrema/ » Tum: AxkymynatopHa 6arepus 3a
» Cenzopu akyMmynatopau 6arepuu Li-lon

» Hanpexenue: 3,7 V
XKusot Ha 6atepusra: 500 nukbiIa

®ur.36: JIutueso-iionHa 6arepust @ur.37: Cxema Ha cucTemara 3a ynpaBieHUE
CxeMa Ha cucTeMara 3a yIrpaBJeHUE € WIIOCTpUpana Ha (ur. 37, KoATo Mmoka3Ba
KOHTPOJIEPUTE, JPAUBEPUTE U CEH30pUTE HA MOOMITHATA pOOOTH3MpaHa IaTGopma Ha
ArtieMax.
Codryep Ha ArtieMax
ArtieMax™ ce nmocraBs ¢ 3 mapkepa ((ur.38), chabpKaly MHEIIO C€ MaCTHIIO

(cuH, 3€JIEH ¥ PO30B), KaTO MPOAYKTHT € ChbBMECTUM C BCHUKH MapKEpH C JUAMETBD 8
- 10,5 mm. [78]

Beginner niermedlate Advanced

REMOTE

JAVASCRIPT

C++

@ur.38: ArtieMax ¢ Tpu mapkepa  ®dur.39: Cpeau 3a nmporpamMupaHe - AUCTAHIIMOHHO YIIPAaBICHUE

Ha ¢wur. 39 ca moka3zanu cpenute 3a mporpammpane Ha poborta. Cruen
JMCTAHIIMOHHO ympaBieHue (remote control) ce mnpeMuHaBa KbM OJOKOBO
nporpamupare — Blockly, kbpmeTo ydeHuiuTe ce 3amo3HaBaT ¢ TOTOBH KOMaHJIH,
HaydyaBalKM Kak J1a T MMOAPEXK/IaT, 3a 1a HanpaBsaT Gopma. dur.40 (ky0) [80][81]

VYdeHUIMTe 3armo4Bar CBOS BT B 00Pa30BaHUETO C M3ydaBaHE Ha CIUH €3UK
Yype3 HErOBOTO M3MKMCBaHE ChC CUMBOJIM M 3BYKOBO 3HaueHHE. B NOMbIHEHHE KbM
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MHACAHETO Ha CUMBOJIMTE Ha pbKa, MOxke aa ce nposeae u STEM ypok upe3 nucane Ha
OyKkBHUTE OT aHrjMiickata a30yka ¢ momorira Ha oOpa3oBaTenHusi pooot. Ilo To3m
HAYMH C€ ChYETaBa 3aTBbP)KJAaBaHE HAa 3HAHMATA, U3TPAXKAAT CE MEXKIYNPEIMETHU
BPB3KHU - €3UK, HHPOPMAIIMOHHU TEXHOJIOTUH, MAaTEMATHKA.

BLOCKLY e

AICH & LEARN

®ur.40: KyOue (koMaHI1, yueHe KaK Jia ce MOAPEIKIAT, 3a Ja ce MoIydd Gpurypa)

B npumepHus ypok 1mie u3noi3BaM (YHKIMS 3a HM3MMCBAHETO HAa JyMara
JIOHJIOH. (LONDON). ToBa 03HauaBa, Y€ yYEHHUIIUTE Ca U3MPOTPaAMHUPAIH TI0 eHA
OyKBa, 3aI03HAaTH ca C HACEJIEHOTO MACTO, NOATOTBAT MPE3eHTalUs 3a JaJACHUS Tpa,
M3YUCIISIBAT Pa3oyIoKEHUETO U pa3Mepa Ha OykBute — uHTerpupad STEM ypok.

AnroputbmbT (ur. 41) e TbpBO Ja ce HaMpaBsT OYKBUTE U CIIe]] TOBA Jia Ce
CBBpIKaT B lymMaTa ¢ IIOMOIIITa Ha YUUTENS upe3 MaTemaThuecka pyHkuus. Jlymara ce
NOsIBSIBA, KAKTO € TMOKa3aHO Ha ¢ur. 41 Ha cumyrnanusTa, KaTo MpeIBapUTEIIHO ca
HAIPaBeHU Pa3MEpPHU 3a CbOTBETHUTE PA3CTOSHUSA MEXy OyKBUTE, Taka 4e Ja MOratr
Ja ce nmodepar Ha JMCT ¢ onpeeneHa AbbkuHa ¢ur. 43. Koeto oT rienHa Touka Ha
STEM e u3non3BaHe Ha MaTeMaTUKaTa - U3MEPBAHE, MEPHU €AWHUIIU, PA3CTOSHHUE,
MPOCTPAHCTBEHO BWkAaHe. OT Apyra CTpaHa ce MUIIE C aITOPUTHM - TEXHOJIOTMYHA
OykBa. 1 chI1110TO Taka TOBa € €3MKOBO OOYYEHHE 10 aHTJIMKMCKH €3UK.

Hymata LONDON Ha xapTusita u3nucasa ot o0pa3oBaTeaHusl poOOT U3rIIex/1a
o cnenHus HauuH: Ourypa 44 - pe3ynrartu ot TecTa.

Ha ¢ur. 44 ce Buwxaa OTKIOHEHHE OT pela U M3KPUBSIBAaHE HAa OYKBUTE CIlell
oykBata D. B mpotieca Ha TecTBaHe 0sixa OTKPUTH JBE TPUUHHH.

BLOCKLY B 8 =

BLOCKLY

ToOLBOX  ERERVTAT - mﬂ
o, i

®ur.42: Cumynarus
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e

VA e G ws [ Fuw 90

|
|
®ur.43:PazcTosiHre MeXTy OYKBUTE ®ur.44: Pe3ynratu OoT TecTa

Ennarta € HaKJIOHBT HAa MOBBPXHOCTTA, B TO3M CIIydail TOBAa € HEPABHOCT Ha
macara. Oka3a ce, 4e poOOTHT € MHOI'O UYBCTBUTEJIIEH U HAW-MaJKHUAT HAKIOH MY
BJIMsIC, HO TOBA O€IlIe YCTAHOBEHO € HAKOJIKO TecTa. OTKIOHEHUTA C€ BUIIXa MHOTO
sicHo U ipu OykBata O. (dur. 45, pur. 48, pur. 50)

IIpoBeaenu Trecrose

KaxTo ce Bu»K1a, U3KpUBSIBAaHETO C€ NOJIy4aBa 1o ABe npuuuHu. Koraro enxnara
MIPUYMHA CE€ OTCTPAHU WM MUHUMHU3UPA - HAKIOHBT Ha MOBBPXHOCTTA, BBPXY KOSITO
ce yeprae, uaBa COPTYEepHOTO pelieHue. B KOHKpeTHus ciydail ce BHXKJA, 4e uma
pazMuHaBaHe Mexay OykBute D u cinenpamoro O. Pemiennero 3a Kopekuus € 1a ce
YBEJIMYHU BI'BJIBT HA 3aBbpTaHe Ha poOOTa WM Ja CE€ YBEJIUYH PA3CTOSTHUETO MEXTY
TAX, WIHA U JIBETE.

ExcnepuMeHTHTE TIOKa3axa, Y€ NPU KOPUTHMPAHE U YBEIWYaBAHE Ha
pascrosiaureTo ¢ + 10 mm (1 cM) 1 yBennuaBane Ha 3aBbpTaHeTo (+5°) OykBaTta O ce
OTJIEJIsl MHOTO SICHO OT OykBaTta D u ce pasnonara npaBuiHo. @ur. 45 u cumynanusra
Ha ¢ur. 46, Ha KosTO OykBaTta O € SCHO HAKJIOHEHAa KbM JsCHATa CTpaHa, HO Ha
xapTuaTa OyKBaTa € u3lpaBeHa.

LD

‘Vl-l Move bace 125 [ $urm 95

¢ O

®ur.45: byksara O ce 0T/€e1s1 MHOTO SICHO ®ur.46: Cumynanusata, Ha KOSTO
oykBara O ot 6ykBata D u ceau npaBuiIHO € SICHO HAKJIOHEHA KbM JIICHATa CTpaHa

Ha excnepumenrta yBenmuaBaHeTO Ha pascrosiHuero ¢ + 5 mm (0,5 cm) u
YBEIUYAaBAaHETO Ha 3aBbpTaHETO (+5° ) MoKa3Ba HAKJIOH KbM [IICHAaTa CTpaHa Ha
OykBara O ¥ CHOTBETHO MOApaBHEHaTa OykBa N CBIIO € 3aBbPTSIHA KbM JsSCHATA
ctpana. @ur. 47 - cumynauus u ¢ur. 48 - pezynrar. B To3u ciydaii ¥ Ha 1BeTEe MecTa
- Ha CUMYJIALIMATa U HA XapTUATA - CE BUK/A HAKJIaHAHE KbM JIICHATA CTPaHa.

159

¢ V12, Move Goe 429 fduru 95
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@ur.47: Cumynauus ®ur.48: Pesynrar

ExcnepuMeHTHT mpu yBenuuaBaHe Ha pasctosHueTo ¢ + 5 mm (0,5 cm) u
3ama3BaHe Ha MI'bPBOHAYATHOTO 3aBbpTaHe Ha 90°. Ha cumynanmsTa HaAOUCHT
u3riexa miochbk (gur. 49), Ho Ha xapTusita OykBaTta O € MHOTO I0-0J130 110 OyKBaTa

\- ! lll \J
V‘-‘. 3. Move ém:u 120 /{,ur'n K72
dur.49: ExcniepuMeHT npu yBenr4aBaHe ®wur.50: bykBara O e MHOTO TI0-0JIH30
Ha pazcTosauero ¢ + 5 mm (0,5 cM) U pu 1o Oyksara D

3ama3BaHe Ha MbPBOHAYAIHOTO 3aBbpTaHe Ha 90",
I'pemikata, koATO TposiBABalle poOoTa JOBEAEC [JI0 M3BEXKAaHE Ha

MaTeMaTUYECKUTE MOJEIIH 3a JIBIKEHUE Ha KoJiesiata Ha poboTa. ArtieMax e po6oT ¢
CJIHO 3aJIBIDKBAIO KOJIEJO W JBe mnacuBHU Kojena. (Pur.51) 3a yrmecHenue Ha
BU3yaJIM3alisITa HA TPACKTOpHSTA Ha JABMKCHHETO IIE H3MOJ3BaM TE€OMETPHYCH
MoOJied Ha KoJjiejnata Ha poborta (pur.52), kaTo U3Moj3BaM camMoO €IHO OT MAaCHUBHUTE
KoJIena.

Bopeuo koneno =D Bopeuwo koneno =D

. —§* ®nymacrep =P . — 1 Paymactep =P

o ®
A

TeomeTpuyeH Mmoaen

MacuBHK KoNena = A MNacmeHM Konena = A
(c eaHO NacuBHO Koneno)

Mopgen Ha pabota Mopaen Ha pabota

®ur.51: Monen Ha pobora ArtieMax @ur.52: Cp3naBaHe Ha TEOMETPUYECH MOJIEI C €THO
IIACUBHO KOJIEJIO

JIpyroTo macuBHO KOJIEJIO IIIe CE& IBMXKH 3aeaHO ¢ Hero. (Pur.53)

A

FeomerpuyeH mogen 90° 3aBbpTaHe
(c egHO nacueHO Koneno)

®wur.53: Mogen cbe 3aBbpTane Ha 90°
| = DD’ e gpmxuHaTa Ha 3aJBUXKBAIOTO KOJIEJIO, KOTaTO HU € HEOOXOIUMO
3aBbpTaHe Ha 90° ThHH KaToO CKOPOCTTAa HA ABMIKEIIOTO C€ KOJIEIO € KOHCTaHTa,
nbokrHaTa Ha apmwkeHnero (l) e gpynkius nva Bpemero na asmwkenue. T.e. | = f (t).
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Taka 4e ako BrbIBT HA JABMKCHHUE € TI0-MaTbK 0T 90 °, TOBa 03HAYaBa, Y€ AbDKUHATA |
€ Mmo-Majka OT Heo0XoauMoTo. B To3u ciydvail TpsOBa na yBelIWYUM AbKUHATA Ha
JBMKCHHME Ha MOJIBIYKHOTO KOJIENO U Thi KaTO AbJDKUHATA € (QYHKIUS Ha BPEMETO -
TpsiOBa J1a yBeTM4IUM BpeMeTo Ha JBmkeHue. (dur.53)

Boenpekn munycuTe Ha pobOoTa € ampoOupaHus YpPOK C ajarOpuThM 3a
uHTerpupane Ha STEM ypok BKIIIOUBAIll aHIVIMICKU €3UK, MATEMAaTHKa, KOMITIOTBPHO
MojelnupaHe U MHGOPMAIIMOHHUA TEXHOJIOTUU, PUCYBaHe, reorpadus U UCTOpUs 3a
Jlonnon(BenukoOputanusi) goBeie 10 3HAHUS U UHTEPEC HAa YUYEHUIIUTE, B TIOJIKperia
Ha STEM oOyuenuero. IlpenctaBeH € ajaropuTbMm 3a HU3MNKHCBAHE Ha JyMa C
MareMaThyecka (PyHKIIUS U aJITOPUTHM 32 KOPEKIIHSL.

3.1.4. Artie 3000

[IpeamectBenuka Ha ArtieMax e Artie 3000. PazmepuTe ca no-manku: 14 x 14
X 15.5 cm, koeTo WM3MCKBa MO MaJKO IUIoml 3a padora, Texu 449.06 rpama, 1o-
cTabuieH cenu, nopaau ¢akrta, ye € ¢ ase kosena. Hama LED cBetnuau. Padotu ¢ 4
O6arepunn Tun AA. Mima u USB mopT 3a Bpbh3Ka C KOMIIIOTBP aKO C€ Hajara
MpenHCTaalus, akTyanu3amus u ap. Herosus diaymactep ce Hamupa mnpes riiaBata u
TSUIOTO, MEXKAY JIBETE KoJiena (Kkpaka) Ha pobota (dur.54)

-

g
n Brn./Makn.
L Y

®dnymacre) } -~ Elig nner ntermediate Agvanced

\ \ POINT &
- . ek JAVASCRIPT
Konena \ USB noprt
580 W Ao A REMOTE
( f s, | s | prmon

<

®ur.54: Artie 3000 ycTpoiicTBoO ®wur.55: Cpenn 3a nporpamupane Ha Artie 3000

Po6oThT MOXKeE N1a ce mporpamMupa B TPU CTEMEHHU, BCIKO OT KOUTO MUMa 1O JBa
Moxayna. Haunnaemure 3armo4Bar ¢ yrnpapieHUEe KaTo JUCTAHIIMOHHO (remote control)
i karo mectat muinkara (Point & click) Ha koMmioTBEpa BEPXYy CHMYyJIAllMOHHATA
Mpeka poOoTa I Ciie/iBa IBIXKCHHETO U 1€ HapucyBa kaptuna. JavaScript u Python
ca pOrpaMHM €3UIIM 3a TO-TOJIEMH YUYEHUIM KbM 6 — 7 KJ1ac. 3a yUYEeHUIIU MKy 7 U
12 ronvHu HA-MIOAXOAIIO € 0J0KOBOTO Mporpamupane Ha Blocky wiu Snap!. (¢ur.
55)

Artie 3000 cpmro naBa JIeKM OTKJIOHEHHS KOraTO W34YepTaBa 3aJaJCHHS KO,
OTHOBO B 3aBUCHUMOCT OT TTOBBPXHOCTTA, Ha KOATO CE YepTae U OT MaTepuaja, BbPXy
KOWTO ce ueprae/pucyBa. Ha ¢ur. 56 e mokaszaH anropuThM 3a H3UepTaBaHe Ha
rpaduyeH monen ot uHTerpupad u ampodbupan STEM ypox (Ilpunoxenue 1) mo
MaremaTuka, HHpopMaThka U OBJIrapcku €3uK U Ha (Gur.57 € mokaszaH pe3yirarsbT,
KOHTO € 6€3 OTKJIOHEHUSI.

Pesynrat ot n3nuceanero Ha Artie 3000
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3.1.5. Cody Rocky

Codey Rocky e obOpa3zoBaTtenen MoOWIIEH poOOT, KOHTO paboTH C OJIOKOBO
nporpamupane. Toil ©Ma U CEH30pH, KOUTO MOTaT JIa C€ BKIIIOYAT B MIPOTPAMHUPAHETO
U 4Ype3 TAX Ja ce pa3depaT MHOTO OT 3a00MKAJSIIIUTE HH H300pETEHUs, KaTo
OCBETJICHHE KOETO C€ BKJIIOYBA IPHM 3aCHYaHE Ha JBIMKCHHE. TO Ce OCBIINECTBSIBA C
MTOMOIITa Ha CEH30pH, KOUTO Cca MPOTrpaMHUPaHU Jia 3aCHYaT JIBIKEHUE M CJIS] TOBA J1a
U3ITBJIHABAT ONpe/eiieHn aercTBrs. OTKIFOYBAHE C YW HA BpaTH, ajJapMEHU CHCTEMHU
WIA PAa3INYHU TUCTAaHIMOHHU. Cle/leHe Ha IBAT WJIM JIMHUS CHINO € 3aCTHIICHO B
aBTOMOOMIJIHATA MHIYCTpHUs. BBIpeku, ye nMa Bce HOBU M HOBH Pa3pabOTKH, BCE OIIE
Ce TBPCAT TMOJOOPEHUS WM HOBHU PEIICHUS 3a JBWKCHHETO Ha aBTOMOOWJIHTE,
CUTYPHOCTTA Ha JIOMOBETE, yJIECHEHUS TIPH MPUABIKBAHE HA XOpa WM KUBOTHH. Ha
¢ur. 58 e mokazaHo ycrpoiictBoTo Ha MoOunHus ydeben Codey Rockey. Toii ce
CBhCTOM OT JABE "YacTH, kouto ce pa3aeiitT — Codey u Rockey. Codey e rmaBara upes,
KOSITO C€ KOMYHHKHPA B C KOMITIOTBhPA ¥ CE IIpe/iaBa KoJia, KOKUTO J1a M3mbJIHU. [ 1aBara
¢ CHa0JIeHa ¢ KOITJe 3a BKIIOYBAHE U M3KIIIOYBAHE, KOITYE 32 CKOPOCTH, TpU OyTOHA, Ha
KOUTO CE¢ KauyBaT pa3IMuyHU KOMAaHJIU, UMa WH(pavyepBeH MPUEMHHUK M TpeaBaTell,
I[BETOBU HWHJHUKATOP, CBETJIMHCH M 3BYKOB CEH30p, 6 OCEH KHPOCKOII, TOBOPHUTEIL.
Rockey e moHaTa yact, Ha KOSITO C€ HAMHUPAT BEPHIKHUTE KOJIesa, OT JIABO U OT JIICHO,
OTIIPET MEXJy KoJielaTta ce HaMupa IaHel ¢ MHPpPaYepBEHH CEH30pH 3a OJIM30CT,
KOHTO MOJKE JIa C€ 3aBbpTa KbM I0JIa ¥ HAIIPEI, T.€. MOXKE Jla HHIUKHAPA MPEIATCTBUS
HAa T0/1a, 32 MajJ[aHe, aKo MMa CTHJIOW WJTU JTyTIKa, HJIU 33 CTCHA U IPYTH KOUTO ca Mpe.
pobora.

@ur.58: YcerpoiictBo Ha Codey Rockey @ur.59: Codey Rockey ®ur.60: Codey Rockey ¢ Lego
¢ Lego Spike WeDo 2.0.

Moo6uaausaT podot u3nonaszpa ESP32 mukpokontposep, DC MoTop ¢ peaykTop,
nBysiapen nporecop Tensilica LX6. [pe3apexnaria ce LiPo 6atepust 3.7V. Pazmepute
My ca: 102 x 95.4 x 103 mm (/] x LI x B), Terno - 295 rpama.

Pexxum Ha KoMyHUKausa Moxe Aa ce ocbiecTBy upe3 USB nopt(tun B Mukpo),
Bluetooth nmu Wi-Fi.

PoGoThT pabotu ¢ mporpamara mBlock, kosiTo Moke Ja ce U3MoJI3Ba OHJIAlH B
Opay3bp, WIIM MOJKE J1a CBAJIM Ha KOMITFOThPA | J1a ce paOOTH HE3aBUCUMO OT MHTEPHET.
IIporpamara paboTu 6;10K0BO Mo ogoOue Ha Scratch, Mmoxke 1a Ob1e U MporpaMupaHo
¢ Python.

Codey Rockey uma cBmectumocT ¢ LEGO 6iokuerara 3a o6pa3zoBanue — Lego
Spike/Lego WeDo 2.0. ¢ur. 59 dur. 60
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3a ma ce mpoBepu manu mobmHuAT podboT Codey Rockey e cpBmecTumu ¢
y4eOHMsI TIPOIIeC U KbJe MOXKe Aa ce mHTerpupa kato STEM yporu 6e npoBeaeH ypok
,,JJabupunt ¢ Codey Rockey*.

I{en na m3cnenaneto € po6orbT Codey Rocky moske nu na Obe M3Moa3BaH B
y4eOHHM YacoBe, 3a J1a ObJle MHTErpupaHa TEXHOJIOTHATA B MOMOII HA y4HTENs. 3a
MOCTUTHE Ha Ta3W 1ed 0€ Ch3IaZeH YpOK MO0 MaTeMaThKa MHTETpUpaH ¢ poOoT U
TEXHOJIOTUM U TmpefanpuemadectBo. Ch3naze ce JaOUPUHT Mpe3, KOUTO POoOOTHT aa
MpeMUHE T[0 3a/aJiecHa MporpaMa H3MOJ3BaKM MPEMJIOKEHUTE OJIOKOBE 3a
MporpaMupaHe U CEH30pH, C KOUTO pasmoara.

[IspBaTa mocraHoBKa O€ yUYEHMIIMTE Ja Ch3JafaT MPaBObI'bICH JAOMPUHT OT
KalllOHW WK KapToH. Pa3mepuTte Ha NpaBObI'bJIHUKA Ja ca MUHUMYM 140 cm x 60 cm.
Cnen koero na ce TectBa poOOTa Jaiu Iie ce Obcka B CTEHUTE WUIIM IIE MOXKE Ja
n305rBa NMpensATCTBUATA (CTEHU Ha MPAaBOBI'bIIHUKA), 32 J1a MIPOIBIKAT ChC Ch3/1aBaHe
Ha 1a0upuHT. Our. 61

«, P
®

v

@ur.61: [IpaBOBI'bIHUK 32 JJAOUPUHT

MPENATCTBNE

&k stop moving
E show image
&L tum left ©) @ degrees until done

&% left wheel tums at power o % and right wheel at power @ %

&& stop moving

(& show image
&L tum left ) @ degrees until done

&L move forward at power m 9% for o secs

3ABLPTU HA
NsIBO/ASICHO 90 °

ﬁ show image

& left wheel tums at power @ % and right wheel at power o %

E show image
&= move forward at power @ % for @ secs

®ur.62: AnTopuTHM 32 ®ur.63: ANTOpUTHM 3a MPEMSTCTBUC ®ur.64: lnarpamara Ha
MPENSITCTBUE  BapuaHT | BapuaHT 2 anropuThMa

[IppBaTa mpakTHyecka 4acT Ha YpPOK € — IIOCTpOsiBaHE Ha JaOUPUHT U
nporpaMupaHe Ha poOoTa Ja ce JIBWXXHM B Hero, 0e3 Jna ce Oibcka B CTEHUTE
(npensTCTBUS) HA JTAOMPUHTA MPAaBOBIBIHUK. [IpakTukara mokas, ye y4eHUIUTE ca
M3TIOJI3BAIIH JICHCTBUS C BpEME U MOIIIHOCT, 3a Jla HakapaT poboTa na ce aBmwku. Ho u
B JIBaTa ciiy4ast anropuTbMbT (dur. 62 u dur. 63) Oemie HeycnenieH. PoOoT ce 0abcka
B CTCHUTE, CITPA Ha HETIPABUITHO MSCTO, CKOPOCTTA HE € TIOIXOA1Ia. AKO pasriename
auarpamara Ha anropuTbMa (ur. 64, 1me BUINM, 9e TOi NMa Bh3MOXKHOCT J1a CIIpe, HO
HE MOXE J1a C€ CTapTHpa OTHOBO.

Tyk uzmBa BB3MOXHOCTTAa Ja CE€ MOTHBUPAT YUYEHUIUTE Ja THPCU APYTd
NPOMEHJIMBH, Ja ThPCAT APYTU pElIeHUs, Taka, Y€ Jla CTUTHAT 0 MPaBHIHOTO
pemienue. [1o To3u HaYMH MOJPACTBALIUTE CE yUaT J1a MUCISAT KPUTUYHO U JIa ThPCAT
pellIeHus, 1a He Ce CTpaxyBaT OT HEYCIEIIHUTE OMUTH.

Ha ¢ur. 65 u dur. 66 Mmoxxem 1a BUANM aqTOPUTHM 3a JIBHIKEHHE KOETO Ja
n305rBa MPENsSTCTBUS, KOUTO CTapTUpa, OOMKass JJaOUPUHTA M HE JOKOCBA CTCHHTE.
T.e. ako nMa mpensAaTCTBUE poOOTA U3ITHIHIBA KOMaH/a JIa CTIPE U J1a CMEHH ITOCOKaTa
cu. AIropuThMa Ha KOJia MOKE J1a ce BUaAM Ha ¢wur. 67.
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MPEMNATCTBUE

& stop moving

E show image 3™
& tum left ) @ degrees until done

left wheel turns at power (€ % and right wheel at power % & umleft 9 degrees until done
& power ) g power €D

[ show image E show image m
BL Ieft wheel tums at power @ % and right wheel at power @ % 2 moveforward v at power @ %
BLPBU

D — HANPEQ

3ABBLPTH HA

I NABO/OSICHO 90 *

TOKAXM
TLE B

®ur.65: Anroputbm 3a npensatctBue Our.66: AnroputsMm 3a npensrcrue dur.67: luarpama Ha
BapuaHTt 3 BapuanT 4 anroputbma 1

Crnen kato uMaT Beye KOPEKTEH alITOpPUTHhM 3a JIBM)KEHHE Ha poboTa, ce
YCJIOXKHU JIAOUPHUHTA KaTo ce CoXKat aApyru cteHu ¢ur. 68. Ha ¢ur.69 ca nobasenu
Ollle CTEHU KbM MPETUIIHUTE, Taja Ye ce Moy4yaBar brioBH npensrctBus 3a Codey
Rockey. ExcriepumenTa mnokasa, ye BbpBHU IIPABUIIHO U HE ce€ OJIbCKa B CTEHU, BBPTH
ce€ JOKaToO HaMepH OMNIUS 3a ABUKECHHUE HAIIPE.

@

™ .-‘
-

O®ur.68: JIabupuHT ¢ 3 1oNMbIHUTENHU cTeHH Pur.69: JIabupuHT ¢ 6 JOIIBIHUTEIHN CTEHU

B equH ypok MokeM 1a KOMOMHHpaMeE Pa3IuyHu POJIH 32 CAMUTE YUYCHHIIH, KaToO
o6yanaH11/I CC, KAaTO CBb3IAaTClIM, Oa IIPC3CHTHUPAT, 34 Oda IIOKaXXaT HJIN 00SICHAT
nabupuHTA.

Ot nmpoBeaeHHss yYpOK  ChYE€TaBall MAaTeMaTWKa, TEXHOJOTMU U
MpeanprueMayecTBo, OBJTapCKU U JUTEpaTypa, (U3MKa MoraT Ja C€ HalpaBsT
CJIICOHUTC U3BOOM.

» Npu HEyCIeX Ha 3ajavara, T.e. HE C€ NPEMHHE YCIICIIHO JTaOMpUHTA
YYEHULIUTE 111€ U3M0JI3Ba MaTeMaTuka U (PU3NYHU 3aKOHU, KOUTO Ja UM
IIOMOTHAT Ja MPOMEHAT NBPBOHAYAIHO 3aJaJ€HUST KOJ U J1a U3IBJIHAT
YCIICHIHO 3a/ladara,

YYCHUITUTE MOTaT Ja padoTAT Hali-MaJIko TI0 IBaMa, MaKCUMYM 5 Jiena,
Ch3/IaBaHE Ha JaOMPUHTA MOXKE J1a € B Pa3IMYHA BapUAHTH.

C HAIIMYHUTC BB3MOKXHOCTH HC € IOCTATHYHO Ja CC IIPCMHHC Ha6HpI/IHTa.
HGO6XOI[I/IMO ¢ IMpOMsHA Ha KOJa, HCTOBOTO HOI[O6peHI/Ie C IMoMo1ITa Ha
HU3MCPBAHUA, IIPCCMATAHUA U JIOTHYCCKO ITOAPCIKIAHC HAa KOAOBCTC, TaKa
Ye Ja ce MpeMuHe JaOupuHTA.

VVVYY
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3.1.6. XGO-mini 2 Dog

XGO-mini 2 Dog e po6ot, KOHTO MOXke Ja ObJe cleaBamara CThIKa CIe[
010KOBO TporpamMupane Ha ScratCh wim apyru mojgoOHH MporpaMu, KaTo BH3yaslHA
peaHoCT: porpamupane (codpTyep) Wiu IpoAYKT — poOOT (Xapayep).

Po6otsT XGO-mini 2 Dog € MHOTO Ir'bBKaB M IMa KOPITYC OT aTyMUHHUEB CIUIAB.
Mose na Obae mporpaMupaH C TOMOINTa Ha TpH cpeau 3a paspabotka: Blockly,
Python u ROS. XGO-mini 2 Dog mnpennara Bb3MOKHOCTH 3a TBOPYECTBO 4Ype3
copTyepHU MPETU3BUKATEICTBA U XapayepHU bOrpedan. Tyk Ie mpeasioxka HIKOU
YOPa)KHEHUS ¢ U3KYCTBEH UHTENEKT (Al).

Baxno ¢ 1a mo3naBame xapayepa Ha MoomitHusg pooot XGO-mini 2 Dog. Buaxo
OT UMETO CH TOBa € poOoT Kyde. HeroBusar pazmep € KOMIakTeH, KaTo Ha MaJIKO Kyde.
Pazmepute my ca 270 X 150 X 180 mm 1 270 X 145 X 170 MM B U3MIPaBEHO ChCTOSIHUE.
Ternoro My e 915 r. Poborsr XGO-mini 2 Dog pasmonara ¢ 4eTHpH Kpaka,
000pyIBaHU ChC CMApT CEPBO MEXaHU3BM 6V, KakTo € moka3ano Ha ¢wur. 70. To3u Bux
pPYJIEBO yIpaBlIEHHE MMa TOJIIM BBHPTSI MOMEHT M MOXE Ja MOAIbpXKa CTaOMIIHA
MTO3UIINS TTPH TEKKWA HATOBAPBAHUS.

MoOuiHuAT poOOT pasmnonara ¢ OMHHUIMPEKIHMOHATHO JBUKEHUE, IIECT
M3MEpPEH KOHTPOJ Ha MO3UIUATA U MHOXKECTBO PEKUMHU Ha JIBKEHUE, KOUTO MOTAT
I'bBKABO JIa pearuparT Ha pa3iMuHu clieHapuu u 3agaun. O6opyasan e ¢ IMU, cenzopu
3a MOJIOYKEHUE Ha CTAaBUTE U CEH30pU 3a TOK, TO OCUTYpsIBa B PEaHO BpeMe oO0paTHa
uH(popmarus 3a coOCTBEHaTa CU OPHUEHTAIIMsI, BI'bJ HA CTABUTE M BBHPTSII MOMEHT,
MOJAKPENSHKA BBTPEIIHUTE AJITOPUTMU U TO3BOJISIBAMKU JIOIMBJIHUTEIIHO Pa3BUTHE.
[90]

barepusita e cranmaptHa 18650 c xkamamurer 3500mAh um Toxk 3C.
[IponykroBara nmuaus POWERPAQ e 6a3upana Ha IMJIMHIPUYHU KJIETKUA BBB (popMat
18650 nnu 21700.

Kydero XGO-mini 2 Dog ¢ o6opyaBaHo ¢ poOOTCKa pbKa U IpUIIEp, 3aXBalliaiia
yacT(IIMIKa), KaKTo U ¢ BrpajeH Moayn Raspberry Pi CM4 3a mpusioxxeHus 3a
u3KycTBeH nHTenekt (dur.70).

Poka [oBoputen

Kamepa

ByTtoH B

Bkn./Makn

BytoH A

Mwukpo SD
KapTa

Byton D
BytoH C

PH2.0 4

\_J Mux '

Mwukpo HDMI Mopt TMIn C

®ur.70: XGO-mini 2 Dog ®ur.71: XGO-mini 2 Dog — riaBa Ha poboTa

Kamanurerst Ha mamerra Ha ,,XGO-mini 2 Dog“ e 4 GB, koeTo mo3BOJIsIBa
o0paboTka W ChbXpaHEHHE Ha rojeMu obemu maHHU. To¥l paszmonara cemo ¢ 4
mporpaMupyeMu OyTOHA 3a TOBEYE BH3MOXKHOCTH 3a B3aWMOCHCTBHE W KOHTPOJL.
Buaeosxonuust untepdeiic Micro HDMI u USB nopt tun C no3sossisat Ha ,,XGO-
mini 2 Dog “na ce cBbp3Ba ¢ BHHIIHN YCTPOUCTBA U J1a TipeHacs AaHHu. [92] (Dwur.71)

I'maBata Ha poOoTa mnpeacraBisiBa MOHUTOP (DPur.71), KOUTO ChabpPIKaA MOTYJ
XGO-CM4, crabpka Raspberry Pi CM4 ¢ 2 GB RAM u mukpokontposiep ESP32,
KOSITO OCHTYpsiBa CEpBO yIpaBiieHHe 3a Tsuioto, ayaumo DAC (Digital-to-Analog
Converter) u roBoputenn, ciot 3a SD (Secure Digital) xapta, uetupu OyToHa U Kamepa.
[91] Muxkpokontposnepa ESP32 e nBysapen cucrema ¢ aBa mporecopa Harvard

Kpak cbe cepBo 6%

3500mah
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Architecture Xtensa LX6 [92]. Besika BrpaneHa maMer, BbHIITHA TaMeT U niepudepHu
YCTPOICTBA ca pa3NoyIoKeHH BbpXY LIMHATA 32 JaHHU W/WJIM IIMHATA 32 UHCTPYKINUU
Ha TE3H MPOIIECOPH.

Koraro ce Bkmoun XGO wuma Tpu omnmuu: Ilporpamu, RC u omnwurait
aeMoHcTpauu. JIBe oT ommuuTe BapupaT OT OCHOBHA TPAHCKPHUIILMSA Ha ped U
pa3no3HaBaHE Ha KJIIOYOBU JyMM 3a KOMaHIM B pasnen ,,Ped’, no pasno3HaBane Ha
dbopMU U 1BETOBE, KaKTO M JEMOHCTpAIlMM Ha MAaIIMHHO BIKAAHE, BKIIIOUBAIIU
paslo3HaBaHe Ha JiMla U xecToBe. [IporpamuTte ciaykat nopeuye KaTo 11a0JI0HEH KO
3a pa3paboTunIuTe, padoTeIn ¢he cucTemaTa. [92]

PoGoTta usnon3ea ciaeguute pexumu:, AgeSex®, ,,Emotion, ,,Recog®, ,,Pose*,
,,O0yuenue®, ,,QR code* .

MobuiiHus yuyebeH Kyde pa3no3HaBa o0ekTH, 6azupano Ha Yolo. Ho B ciyuas
Ha poOoTa Ky4ye HE € MHOI'O IOJIE3HO, Thil KaTo ce pa3ceiiBa OT BCEKU YOBEK, KOHTO
IBPXKH MPEAMET, JaBa OTKIOHEHUS MIPH CLIEHU C MHOKECTBO OOEKTH.

®

L)

B XGO-Mini initialization

e ~ Execut Lisdownw action @
e D D O DO D
Tt ) " we s

®ur.72: XGO AucTaHIIMOHHO yIIpaBiIeHUE ®ur.73: XGO biokoB KoJ1 B UHTErpUpaHaTa
npe3 TenedoH cpena 3a pa3paboTka

XGO-mini 2 Dog e Moke 11a ce ympaBisiBa CAMOCTOSITEITHO C MPHIIOKEHUETO
,XGOBOT*. JlokaTto ce ympaBisiBa TUCTAHIIMOHHO pPOOOTA, CBHIIEBPEMEHHO C€
MoJTyYaBa M U3IJIE] OT TJIeJHAaTa TOYKa Ha poOoTa upe3 kameparta (dur.72).

3a OCHOBHO NporpaMUpaHe UMa UHTErpUpaHa cpeja 3a pa3paboTka, KoraTto ce
0TBOpH MHTep(eiica B Opay3bpa TOM MMO3BOJISIBA J]a C€ Ch3/1aBaT M U3MpaaT KoJao0Be
JUPEKTHO KbM poOOTa M jAa crapThpa BenHara. CpenaTa ce 3apekia 4pe3 JIMHKa
,XGO-Blockly* ot caiita na npousBogutenure. (Pur.73) Koraro IDE cpenara ce
3apeid, MOKETE /1a Ce U3I0JI3Ba IUPEKTHO OT yed Opay3bpa.

,XGO-Blockly“ e Bepcus na Blockly na Google, xosto e cpema 3a
nporpamupane, ¢ 6mokose. ToBa e renepupane Ha Python kon, koiiTo MoxeTe aa ce
BUIU M PEAAKTHpPa PHYHO MO BCSIKO BpeMe. ToBa € JeceH HayuH 3a Oo0y4yeHHe Ha
YYEHHUIIM U Ch3/1aBaHEe Ha MOBEUYE MPUMEPH, KOUTO MOTAT Ja ObIaT U3IMOJI3BaHH.

[TpoBenenu tecroBe ¢ Po6orsT XGO-Mini 2

[i’> — EXAMPLES 123 J EXAMPLES —13/23
®& 9 0 & .
& A 0

0 & @ | O]

Sk

dur.74: I IpUMEpPH
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Hskon oT ¢yHKIMUTE HAa W3KYCTBEHHUS HMHTEJICKT, FOTOBH 3a H3IIOJI3BaHE
JTUPEKTHO, ca TTOKa3aHu Ha Gurypa 74.

[Tpenn na ce MPOABIDKY € U3IOJI3BAHETO HA MOJIYJIA 32 M3KYyCTBEHO 3peHue (Al
Vision), poOoThT TpsiOBa 1a ObJIc MHUIMATIM3UPAH. T0Ba ce U3BBLPIIBA B yeb cpemara
xgorobot /working/ [96]. BiokbT 3a nHHIMATU3aIMA Ha poOOTa € MMoKa3aH Ha ¢ur. 75:

B XGO-Mini XGO-Mini initialization

@®ur.75: biok 3a MHULMAIU3ALMS
Po6orsT XGO-Mini 2 pasznoniara ¢ peauiia Bb3MOKHOCTH, CBBP3aHU C
pasmo3HaBaHe Ype3 U3KYCTBEH UHTEJIEKT, KOUTO ca AOCThITHU upe3 Mmoyna Al 3penue:
xectoBe, YOLO, QR kox, muie, emoruu u ap. (dur.76).

= % % XGO-Blockly

>

Logk

Loops

Conditions

definitions

@ur.76: Monyin 3a BU3yanHo pasno3HaBase upe3 M
YOLO e anroputhbM 3a pa3no3HaBaHe HAa 00EKTH B U300paKeHUS U BUJEA.
TectpT 1 (Pur. 77) mokazsa 66p3 ko, uzmon3sam Y OLO.

from xgolib import XGO # Geting the coordinate values

from xgoedu import XGOEDU x_coordinate = coordinate_point[0]
XGO_mini =XGO("xgomini") y_coordinate = coordinate_point[1]
XGO _edu=XGOEDU()
# Display information
def yolo(x: print("Object:", yolo_object)
print{("YOLO Recognition™) print("Coordination:", coordinate_point)
while True: print("X:", x_coordinate)
yolo_recognition = XGO_edu.yoloFast() print("Y:". y_coordinate)
if yolo_recognition is not None: print()
print(yolo_recognition)
# Geting the information if XGO_edu.xgoBufton("c"):
yolo_object = yolo_recognition[0] break
coordinate_point = yolo_recognition[1] yelo()

®ur.77: pazno3HaBane ¢ YOLO moayn

Po6otsT XGO-mini 2 dog Moxe 1a pasno3Hae onpeaesieHd 00EKTH cpe.l KOUTO:
Ky4e, KOTKa, KpaBa u Jip.

Pasmno3naBaHeTo Ha JKECTOBE € TEXHHKA 3a ThJIKYBAaHE Ha KECTOBE, KOUTO CE
NPaBAT C PhIEC WIM IPYTH YacTH HA TAJIOTO, C €] KOMYHHKAIMsS C KOMITIOThPHA
cucreMa. Ta3W TEXHOJIOTHS C€ H3MOJI3BA B PA3IUYHHA 00JACTH KAaTO KOMITIOTHPHO
3peHHe, WHTEPAKTHBHH CHCTEMHM, BHUPTyallHa PEAaTHOCT, MIpU W Apyrd. EaHo ot
OCHOBHHTE MPUJIOXKCHHUS Ha Pa3lO3HABaHETO HA KECTOBE € B YIPABICHUETO Ha
0e3KOHTaKTHHU UHTEP(EHCH, KOUTO MpejiaraT eCTECTBEH HAYUH 32 B3aUMOJICHCTBHUE C

YCTpPOMCTBA.
Hsxou ocHOBHU eTamnu B pa3lo3HaBaHETO HA KECTOBE BKIIOUBAT:
» IlpenBapurtenna o0padoTkKa Ha » OOyuaBaHe Ha MoJeJIa
JNAHHHUTE > Pa3no3HaBaHe Ha JKeCTOBe
» WM3Banuane Ha » HWHTepnpeTanus M peaxius
XapPaKTePUCTUKH
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Ta3u TexHOJIOTHS POABDKABA JIa CE Pa3BHBa U J1a HAMUPa HOBH U MHOBATHBHU
MIPHJIOKEHUS B PA3IMYHU 00JIACTH.
XGO-mini 2 Dog Mosxe na pasno3Hae ciieqauTe xectope (Pur.78):

’,1“’ ,’2“’ ,’3“’ ,’4“’ ’75“’ ’7G00d“’ 29 k“’ ’7R0Ck“’ ”Stone“]
ETO HAKOU BE3MOKHU THIIKYBaHHS Ha TE3U KECTOBE:

Our.78: )KeCTOBeTe, pa3no3HaBaHu OT POOOTa Kyde

»1% 110 ,,5 — oTroBaps Ha KECT C €IMH MPbHCT, KOUTO MOXKE J1a C€ M3MO0JI3Ba 3a
03HAa4aBaHE HAa YMCJIO WJIY 3a U3ITBJIHEHHE HAa KOHKPETHA KOMaH/Ia.

,,J100pe“(Good) — Tos3u xecT Moke Ja ObJIE CBBpP3aH C IOJOKUTEITHO
MOTBBPKJEHUE uUiu ojoOpeHue. Hampumep, xorato moTpeOWTEN HaIlpaBu >KecTa
,»,Jl00pe*, cucTeMara MoOKe /1a TO MHTEPIPETUPa KaTO CUTHAJ 33 MOTBbPKACHUE WITU
0/100peHue Ha JeHCTBHE.

,»OK*“ — To3u xecT 0OMKHOBEHO C€ M3MO0J3Ba 3a MOTBbPKAABaHE HA pa3OupaHe
WJIY TIpUEMaHe Ha Hello.

,,POK* (Rock)— Moske n1a ce u3moii3Ba 3a MHUIIMHPAHE Ha KOHKPETHO JCHCTBHE
WM 32 0003HaYaBaHE HA OMPEACIICHO ChCTOSIHUE.

,,Kambk* (Stone ) —Moske 1a ce u3Mmosi3Ba 3a yKa3BaHe Ha onpesiesicHa MO3UIHs
WJIM ChCTOSIHUE, KOETO M3UCKBA CTAOUITHOCT MJTM HEMOABMYKHOCT.
'l‘ ~j | '— | 1l

— '
@ur.79: [IppcTOBO pa3no3HaBaHe

MoskeMm J1a BUIUM, 4e U3KYCTBEHUSIT MHTEJICKT pa3no3HaBa Oposi Ha MPBCTUTE U
U3IMCBA YUCIOTO OTIISIBO Ha MOHKUTOpA (Dur. 79). Benpeku HATHYMETO Ha MHOYKECTBO
0o0ekTH Ha oHa, TO3M TeCT Oelie ObP3 U TOUEH.

IIpennaram Tpu anropurbMa 3a QR KoJOBE 3a MpHABMKBAHE HAa MOOMIHUS
poboT kyde. Koraro My ce mokaxe ompeneneH QR kox na HampaBu JBHIKEHUE B
MPaBOBI'BIHUK, KBAAPAT UM KPBI' OKOJIO 0OEKTA.

Tect 3 e BbBENICH COPC KOJIa 3a 4yeTeHe Ha ch3aagaeHute QR komose 1, 2 u 3.

from xgolib import XGO while True:
from xgoedu import XGOEDU # Check if there is a QR code
XGO_mini = XGO("xgomini") gr_recognition =
XGO_edu = XGOEDU() XGO_edu.QRRecognition()

if gqr_recognition:
def qr_decode():
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# Extract the value from the QR

code
gr_value = gqr_recognition[0]

print("Extracted value from the QR

code:", qr_value)

# Split the value into parts based

on the space
qr_parts = qr_value.split()
num_parts = len(qr_parts)

partl, part2 = qr_p
print("QR part 1:",
print("QR part 2:",
elif num_parts == 3:
partl, part2, part3
print("QR part 1:",
print("QR part 2:",
print("QR part 3:",
else:
print("The QR code
than 3 parts and cannot be processed.")

# Check the number of parts and

print information accordingly
if num_parts == 1:
print("QR part
qr_parts[0])

elif num_parts == 2:

print()

S qr_decode()

Pesynrar ot nporpamara npu nogaaer QR kox ,,Circle 450
Extracted value from the QR code: Circle 450QR part 1: Circle

QR part 2: 450

arts
partl)
part2)

= qr_parts
partl)
part2)
part3)

has more

Ha ¢ur. 80 ca npencrasenu tpure QR koja, c kouto e mposezeH Tect 4 uerene,
JEeKOAMpaHe Ha KOJa U M3IbJIHEHHE Ha KO/a.

EI%
=
[m]

Kpsr 450

IIpaBobreanux 300 400

Ksagpar 500

®wur.80: QR kom0Be — KpbI, IPABOBI'BIHKK, KBaIpaT

[IpumepbT MOXe na ObAe MOIU(UIMPAaH CHOPEN HYXIUTE Ha LSAJOCTHATA
mporpamMa ¥ Jia BKJIIOYBa pa3inyHu HHTEepnperanuu Ha QR xomoseTe.
AnropuTbM 3a nBmkeHue, 6azupana Ha QR xoaupane. OyHkMM 3a TBUKEHUE

Ha poOoT kyue XGO-mini 2 Dog: nBwkeHKe, 3aBbpTaHe, CKOPOCT ca MPEJICTABEHU B
creaBaiuTe Tadbauiy (Tabdumna 2, Tabnuna 3 u Tadnuia 4):

TABJIMIIA 2. IBmwkenue (IIOCOKa, CTHIIKA)
Nme na Tun CroitHocT Onucanue
napaMeTbspa
ot e v X' or 'X' mgBwkeHMe Hampen wid Haszaza, 'y or 'Y
char XOXOYY
II0COKa JABHKCHUC HaA JIIBO WU JACHO
CThIIKa € HampelBaHe, MOJOXKUTEIHOTO O3HavyaBa
CTBIIKA int x:[-25,25], y:[-18,18] |aBmkeHme Hampex WM HAISBO, & OTPHIATEIHOTO
O3HayaBa JBIKCHUE Ha3aJl WM HAJSICHO..
TABJIUIIA 3. 3aBppTaHe (CTHIKA)
Mme Ha napamerspa | Tun CroiiHOCT Omnwucanue
THIIKA € KpaukKa, MOJOKUTEIHOTO O3HayaBa Hampen
WJIN HAJISIBO, @ OTPHLATETHOTO — Has3aJl WM HA/IACHO.
CTBIIKA |nt [_150’150] Crerkara npeacraBjiiBa CKOPOCT Ha BBPTCHE B
rpajycu 3a CeKyH/a, IOJIOKHTENHA € M0COoKaTa I0
YaCOBHUKOBATa CTpeJka, a OTPHUIlaTesHa — oOparHa
HA YaCOBHHKOBATa CTPEJIKA.
TABJIMIIA 4. PexxuMm Ha TeM1io (CKOpOCT)
Wwme na mapamerspa| Tun CroiiHocT Onucanue
[normal’, Tozu napameT'T’)p NpPEe/CTaBIsABa 4YecToTaTa Ha
\ \ KpadykuTe, KaTo "normal" e craHgapTHaTa CKOPOCT Ha
PEKUM char slow’, " s 1n
'high] kpaukure, "low" e OaBHara ckopoct, a "high" e
Obp3aTa CKOpOCT.
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NHTepecHa 3aaya 3a U3CiieBaHe Ha ABMKCHUATA HA MOOWIHHS pOOOT Kyde €:
Ha po6ota ce moka3Ba QR kox, xoiiTo xoampa wHbOpManus 3a Buaa Ha dopmara,
HampUMep KBaJpaT C OmpeleneH pasMep B MuwinMmeTpu. Crien pa3no3HaBaHETO Ha
¢durypara, poOOTHT Kyue TpsiOBa 1a U3MBIHU IBUKCHUS, KOUTO CHOTBETCTBAT Ha
AexonvpaHara Gurypa u HelHuTe pasmepu. TecT 4 e mpoBexkIaHe Ha 3a7adarta Ha 0asa
CIIETHUTE aJTOPUTMU B TPUTE PA3TUUHH JBUKCHHS — KPbT, IPABOBI'BIIHUK U KBAJPAT.

from xgolib import XGO
from xgoedu import XGOEDU
XGO_mini = XGO("xgomini")
XGO_edu = XGOEDUQ)
import math

mode = 'slow' #
['normal’, 'slow', 'high']

# For a floor where there
is no slippage with the robot
dog's feet, the value of the
coefficient is 1.0

friction_coefficient =
1.0

# *x** Movement of the
robot dog of rectangle **x

r_step_.x = 25 # x:[-
25,25] robot dog step back and
forth.

r_step_,y = 18 # y:[-
18,18] robot dog step left and
right.

# Limit the values of
step

r_step_x = max(-35,
min(35, r_step_x)) # Interval
restriction [-35, +35] for 'x'

r_step_y = max(-18,
min(18, r_step_y)) # Interval
restriction [-18, +18] for 'y'

# The values are
determined according to the

selected step. Increasing the
values decreases the robot dog's
movement time.
r_decreasing_steps_x =
r_step_x * 3.1
r_decreasing_steps_y =
r_step_y * 2.7

r_decreasing_steps_x =
max(1.0, r_decreasing_steps_x) #
Interval restriction [1.0,
decreasing_steps_x]
r_decreasing_steps_y =
max(1.0, r_decreasing_steps_y) #
Interval restriction [1.0,
decreasing_steps_y]

# *** Movement of the
robot dog of circle ***

c_step_x = 18

c_step_y = 18

# How many parts to
divide the circle into

c_number_parts = 40

# Increasing the values
decreases the robot dog's movement
time.

c_decreasing_time = 300

# Checking
the number of parts, displaying
the information and calling a
function

if num_parts
== 1:

print("QR part 1:", qr_parts[0])
elif
num_parts == 2:
partl,
part2 = qr_parts

print("QR part 1:", partl)
print("QR part 2:", part2)

if partl
== 'Circle':
#
Call the function xgo_move_circle

xgo_move_circle(part2)
else:
print("There
is no set functionality for this
QR code.")
print()
print (" ##HH

"""Il)

print("Battery level: ",
XGO_mini.read_battery())
print ("#i#HHHEH RIS

print("\n<<< Show the
camera a QR code >>>")
qr_decode()

[Tocouenute nmpumMepu Morat jJa ObJaT U3MOI3BaHU B 0Opa3oBaTenHaTa cdepa,
HO T€ ChIBPKAT KAKTO HayKa, TEXHOJOTHS, MH)KEHEPCTBO M MaTeMaTUKa WIIN TYK Ce
BIDKJIa, Y€ MOXKe Ja ce u3noiizBa meroga STEM obpaszoBanue. B Ttasu Bpb3ka XGO-
mini 2 Dog, Mmo6uieH poboT Ky4e ¢ 100bp HHCTPYMEHT 3a YacoBeTe mo STEM.

[To oTHOmIEHHe Ha pa3mo3HaBaHe Ha oOekt ¢ MU ekcnepumenTta 6 MHOTO
TpyneH. KpaBara tpsa6Ba ga 0b1€ MHOTO OJM30 10 KamepaTa, Ha HUBOTO Ha rjlaBaTa Ha
Ky4deTo, U (pokycwsT € MHOTO TpyneH (Pur. 81 u ¢ur.82). MU3KycTBEHUSAT UHTEIEKT
pasmno3HaBa caMO KpaBU C TsJIO, IJlaBa M Osuia ¢ uepHu netHa. MM He moxke na
pas3rno3Hae JUIETO Ha KpaBaTa Wiau Apyrud nBeroBe. Tecra e mposeaeH ¢ YOLO

MOJyJia. KaMepaTa HMa MHOTO OIrpaHH4YCHa BUJIUMaA 30HaA.
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®ur.82: Pasno3HaBaHe Ha KpaBa — TPU OT TPH TeCTa V

[To Bpeme Ha eKCIIEpUMEHTHUTE 3a IporpaMupaHe B OHJIAlH cpefia ce 3abensa3axa
HSAKOM MPEIU3BUKATEICTBA, KATO TOJIIMO MPUILTh3BAHE HA KpaKaTa Mo MOBBPXHOCTTA
Ha roja npu GyHKIUUTE 32 JBIKEHUE — CIIOMEHATH B paszena ,,MeTou, CBbp3aHu
¢ mobunmHoctTa® [97]. JlumcBa HacTpoiika Ha TOYHO YHUCJIO HA CTBIKUTE, KOETO
3aTpyHSABA HAKOW €KCIIEPUMEHTH U U3CIIC/IBAHUSA.

PoGoTa kyue, OCBEH CEH30pH, Xapayep MNpeajara ¥ pa3jiudHu TEXHOJIOTUHU
BrItounTenHO U M. Ho kbM MOMEHTa OCBEH HYacTTa C yIPaBJICHUE MPE3 YCTPOUCTBO
1 TO 3a Bb3pacToBa rpyrma o 10 roauHu He € anpoOupaH cpell YYCHUIIU B MO-TOPHUTE
KJIACOBE, KbJIETO 111e ObJIe T0OBbp MHCTPYMEHT, ChUeTaBalll 3HaHUS OT pa3audHu cepu,
3a J1a ce moJA00PSAT KbM MOMEHTA YCTAaHOBEHUTE CJIa0U MeCTa U Jia C€ MUCIHU 3a HOBU
MpEeIU3BUKATEICTBA 32 HEroBOoTO m3noi3BaHe. STEM ypoka moxe na cpueraBa
¢dur3MKa, MEXaHWKa, MATEMaTHKa, IPUPOIHNA HAyKH (M3ydaBaHe Ha XabuTara), My3uKa,
¢du3ngecko (3a IBIKEHUE) U JIP.

3.1.7. UuTeITMreHTHH MOOUJITHH POOOTH

EnHo oT OCHOBHMTE NpeAu3BUKATENCTBA BCE OIIE MPEA HHTEIUTCHTHUTE
MOOWIIHUA POOOTH € pa3no3HaBaHETO Ha OOEKTH, U3MEPBAHE HA PA3CTOSHUS 10 OOCKTH
U ONpejeNisHe Ha TEeXHUTE (PU3MYECKH pa3Mepu, KaKTO W ONTHUMHU3UpPaHE Ha
M3UUCITUTEIHUTE PECYpCH, HEOOXOAUMU 3a M3MbJIHEHHE Ha Te3M 3aaauu [115, 116,
117, 118].

[IpencraBenata pasmpeaenuTeNIHATA CHUCTEMa € MPOEKTHpaHa 3a aHajiu3 Ha
CIICHH B peajHO BpeMe (DOKyCHpailki ce BBpPXY ABYMEPHHU OOCKTH B TpUHU3MEpHA
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cpena. Ilo To3u HaYMH BCUYKHM PA3MO3HATH OOCKTH ca JAePUHHpPAHU C pa3MEpU B
JABYMEpPHOTO MPOCTPAHCTBO (AMAMEThp, LIMpUHA, BUCOUYWHA). Hskoum TpumsmepHu
00EKTH ca OMPOCTEHH JI0 CBOUTE ABYMEPHH aHAJIOTHH.

XapayepHuTe KOMIIOHEHTH BKIIIOYBAT: MUKPOKOMITIOTBPEH MOy, Oa3upaH Ha
Raspberry Pi 5; kamepa 3a npn6ounna Orbbec Petrel A; pyTep 1 KoMIIOThbpHA CTaHIUS
(meckron miu nantom) [124, 125]. CodryepHuTe KOMIOHEHTH 00XBaIIaT cieupuIHu
pOrpaMu, KOUTO OCUTYpPSBAT KOOPAMHHPAHO B3aMMOJICHCTBUE MEXKAY PA3TUUHUTE
etanu Ha 00paboTka Ha HH(OpPMaIUATa B PEaTHO BpeMe.

Kamepara 3a apnboumna e cBbp3aHa ¢ Raspberry Pi. 3acHerute kagpu oT
Kamepata ce IpenaBaT dYpe3 Kaben wiM O€3KHYHO MOCPEICTBOM pyTepa KbM
KOMIIIOThPHATA CTaHIMs. AHAJIM3bT HAa KAJAPUTE CE M3BBPIIBA HA KOMIIOTHpHATa
cranius. JJobaBeHa € JombIHUTENHATa (PYHKIIMOHAIHOCT B IPOTPaMHUPyEMUsT MOJIEN,
KOSITO M3YUCISIBA PAa3CTOSHUETO IO pa3lo3HAaTUTE OOEKTH U TEXHUTE (PU3NYECKU
pa3MepH, KOETO TMO3BOJSBAa MO-A00Bp aHamu3 Ha OOEKTHTE B TPUU3MEPHOTO
MIPOCTPAHCTRO.

B koHTekcta Ha MoOOWJIEH poOOT cHcTeMmaTa I[I03BOJISIBA aHAIU3bT Ha
TpUH3MEpPHA CIIEHa Jla C€ M3BBHPIIBA Ha OTAAJCUYeH KOMIIOTHP, KOWTO pasmoiara ¢
KanamuTeT 3a 00paboTKa Ha rojisiM 00eM JaHHU U T€HEpUpPaHe Ha Pe3ydTaTH B pEaIHo
Bpeme. biiok-cxema Ha pasnpezeneHaTa cuctemMa e nmokasana Ha @urypa 83.

Texuuuecko 3penme  Kamepa 3a gunbouuna
KBMHIOTLPHB CcTaHuuA

" eomponen osn
sﬂ.—““‘:‘:ﬁ .. C++ nporpameH mogen
== . mporpana Crme
SDK ta kamepara
=
e 2,
TR o T
o= 0 o B
= CrpaHa Ha cLpBLpa
o oL Monyuasa n3o6paeHus no WiFi u
ipenama e 4 AT
Ynpagnenue wa Pobor - - AaHHn
®ur.84: MUKpOKOMIIOTBPEH MO, @ur.83: biokoBa cxema Ha paslpezeseHaTa CUCTeMa
0a3upan Ha Raspberry Pi 5 3a aHAJIU3 U YIIpaBJICHUE

XapayepHO OCUTypsIBaHE
MukpokoMITIOTbpeH MOfyJ, Oasupan Ha Raspberry Pi 5, xpM Momyna ca
CBBP3aHU MUIIKA, KJ1aBuarypa, Ethernet ka6en u RTC 6arepus.

3amaunTe Ha MUKPOKOMITIOTHPHUS MOYJI Ca CIICTHUTE:

o Jladgere kagpu OT Kamepara, J1a T 00padoTBa B y100Ha popMa 1 1a TH U3Mpaiia
KbM KOMITIOThPHATa CTaHIM 3a TocieaBaiia o0padoTKa U aHAIU3.

o Jla ocurypm KOMyHHMKanus C KOMIIOThpPHATa CTaHIUS 4Ype3 H3MpallaHe H
nojiyqaBaHe Ha wuHpopManus. Ta3m KOMyHUKAamHMs C€ OCBHIIECTBIBA
TIOCPEZICTBOM PyTEP.

o Jla mpemaBa m momyuyaBa mH(pOpMaIMs KbM W OT IMporpamMa, OTTOBOpPHA 3a
YIpaBJICHUETO Ha MOOWUIHUS poOOT, oOo3HaueHa Ha ¢urypa 83 karo ,,C++
mporpama 3a yrnpaBlIeHUe Ha poOoT*.

®wur. 84. MukpokoMITIoTepeH MoayJ, 0asupan Ha Raspberry Pi 5.
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JIb1004YMHHATA KaMepa U3MEpPBa Pa3CTOSHUETO 10 TOUYKU B MPOCTPAHCTBOTO. B
HACTOAIIOTO M3CIeABaHE M eKCIepuMeHTH Oerne u3nmoii3BaHa kamepa Petrel A Ha
Orbbec [119] (durypa 85).

Kamepata 3acuema RGB wu nbabGounnHu wuzoOpaxkenus. [lomyuenure
M300paKeHMsI OT KaMepaTa ce IprueMaT OT mporpamMa, peannsupana Ha Raspberry Pi 5,
Y CJIe]l TOBA CE€ U3IpAIlaT KbM OTJaJeueHa KOMITFOTbPHA CTAHIHU.

Crneunanusupana nporpama, Kosiato (pyHKIIMOHHpA HAa KOMITIOThbPHATA CTaHIUS
u e obo3HayeHa kato ,,C++ nporpamua mojen‘ Ha purypa 83

®ur.85: Kamepa Petrel A, Orbbec. ®ur.86: JlobaBeHa € B3MOXHOCT 3a H300p Ipu paboTa
c
RGB u 1p1604rHHN N300paykeHUs

Tazu rporpama o0enuHsABa B KOHTEKCTa Ha TEKYIIOTO Pa3BUTHE
CJIETHUTE Bb3MOXXHOCTHU: KbM TO3M MOJIEJI Ha mporpamara ca
o PasnosznaBane Ha  paznUYHU N00aBEHU HOBU Bb3MOXHOCTH:
TumnoBe 00ekTH (popmu); o H3mepBaHe Ha pa3CTOSIHUETO J0
o Knacudpukamms mno uBsAT Ha pas3no3HaT OOEKT.
Pa3MoO3HATUTE OOCKTH; o UM3mepBane Ha (Qusuyeckure
o Jlexonupane Ha QR konoBe Ha pa3MepH Ha pa3no3HaTHUs 0OEKT

00€KTH, aKo T€ ChAbpPXKAT

MapKHpaHU KOJOBE.

Te3n HOBM (PYHKITMOHATHOCTH C€ peaslM3upat 4pe3 J00aBsHE HA OMIHS 5 KbM
IIPOTPAMHOTO MEHIO, KakTo € nokazaHo Ha durypa 4.

N360p 5 m3non3Ba mporpaMeH MmoaxoJ 3a crhojeisHe Ha mameT [122]. C to3m
MOAXOJ C€ W3BIMYAT JBE H300pa)keHUsi OT obOmiata namer: mbpBoto € RGB
M300paKEHUETO, a BTOPOTO — H300pakeHueTo ¢ AbjidounHa (DEPTH). 3a nenra e
pa3paboTeHa CBHpPBBPHA TMporpamMa, KOSTO (YHKIIMOHMpAa Ha CTpaHaTa Ha
KOMITIOThpHaTa cranius. Ta3u nporpama noixyyaBa RGB u DEPTH u3o0paxkenus ot
KJIMeHTa (MUKPOKOMITIOTBPHUS MOJYJ, Oazupan Ha Raspberry Pi 5) u ru 3ammcBa B
crojiesieHaTa 00JIacT, OT KOSITO MOJETBT Ha IMporpamaTa MOXKE J1a TM WU3BJIMYA 3a
oOpaboTtka u aHanu3. [[oOaBeHWSAT KOJ KBbM MOJEIHATa MporpamMa H3YUCIsIBA
(U3UYECKUTE pa3MEPH Ha PA3IIO3HATUTE OOCKTH U PA3CTOSTHUETO OT KaMepaTa Ji0 TsX,
Oasupaiiku ce Ha TOJy4eHOTO u3o0pakeHue ¢ abioounHa. Gurypa 87 umoctpupa
OJIOK-CXeMa Ha OCHOBHUS IIUKBII.
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WHuuymanusauma

" o Hauano wa
HUUMaAuzauna HAUNEAM3ALHA Ha NpOTpamMaTa nporpamara
HMLMaNH3AUNA Ha NpOTpaMaTa H H
i 1 nporpamata H |

Oreopw TCP npuem:

MeHio

Wauakail 8pvska ¢ KnnenTa

i

Mpouery pasmepa u AaxHuTe Ha RGB Y nokaxu

1

NpoyeTH pasmepa u AaHHHTe Ha DEPTH Vi nokamu Tae

1

[ 3anazu RGB 1 DEPTH U306paikeHUATa B COAENEHA NAMET

06paboTia Ha H3oBpaKeHmeTo

¥

— T

Vayaxaii 3a upaTro

06pa6oTka Ha uaobpakeHHeTo

Knuenta ce HE

u3kNoUBA

®ur.87: briok-cxemMa Ha MoJieNna Ha porpamara ®ur.88: biiokosa quarpama Ha
3a aHAJIN3 HA U300PaKSHUETO ChpPBBpHATA Iporpama

CobpBbpHaTa mporpamMa ce 3apexia OT KOMIIIOThbpHATa CTAHIMS U M3IOJ3Ba
oubnuotexara Boost.Asio 3a acuHxpoHHa MpexoBa komyHukaiusa U OpenCV 3a
oOpaboTka Ha u300pakeHusd. Ts e KoH(pUrypupaHa KaToO ChPBBpP, KOHTO HM34aKBa
BXOJSIIIM BPB3KU OT KJIUEHT. [Iporpamara u3nosn3Ba MPUEMHUK, KOUTO Ciylla 3a
BXOJAIIM BPB3KM Ha omnpeneneH nopr. Koraro momyun Bxomsam TCP Bpb3ka,
nporpamarta npuema RGB u 1p100urHHEN U300pakeHUs OT KIUEHTA, EKOAUpa T U
CJIeNT TOBA T'M MOKa3Ba WJIW 3alMCBa B criojeneHaTta namer. @urypu 83 u 88 mokaszpar
(hyHKIIMOHATHOCTTA Ha KJIMEHTCKAaTa Mporpama.

Knuentckara nporpama paboTu Ha MUKPOKOMMIOTHPHUS MOAYJI, Oa3upaH Ha
Raspberry Pi 5. biokoBa auarpama Ha mporpamMara € nokasana Ha ¢urypa 89.

Nporpamata
NPHEMOHHAM?

wa0BpaeHuero

Koanpaii RGB 1 DEPTH naoBpaxeriaTa & PNG $opmar n rv sanmwn & Bydepa

]

ManpaTi RGB 1 DEPTH u30bp:

!

[ MoKaseare Ha RGB v DEPTH W306pameHuaTa 8 Npo3opum ]

06paGorka Ha

MoaroTosKa Ha kamepara 3a cneagalioTo uzobpanenie

| A
®ur.89: biiokoBa Anarpama Ha KJIMEHTCKaTa ®ur.90: EkciepuMeHTaIHUAT MOJET
nporpama — 00CKTH U KaMepa

RGB u gpnbounHHUTe H300paxeHus ce ChriaacyBart 4pes ,,Software Depth-to-
Color Alignment* mpeau ga ObAAT U3MPATCHU KbM KOMITIOTHPHATA CTAHITHSI.

Exkcnepumenr 1

[IpeacraBenusatr Ha ¢urypa 90 excrnepuMeHTaqeH MOJEN BKIIOYBA HSIKOJIKO
obekra. Pascrosausta no obekture e mpuOmmsurenHo 40 cMm. OcHOBHAra 1€l Ha
MIPOBEICHUTE CEKCIICPUMEHTH € Jia C¢ MOTBHPASIT BB3MOXKHOCTUTE Ha CHUCTEMaTa 3a
pasno3HaBaHe Ha 0OEKTH.
Tabnuia 5 onucBa peaTHUTE IBETOBE U pa3Mepu Ha OOCKTUTE.
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Ta6J'[I/IIIa 5. Peanan HOBCETOBC 1 pa3sMCpH HA O00EKTHUTE OT MoJ€ia.

OoekT L(I)EZ[;TI? Pa3mep Ha o0ekTa Pai;ﬁ:p?:i“
Kpsr OpamxeBo MuameTsp: 63 MM 33.0 cm.
Keaapar Yepeero | Crpana: 75 mm / 75 Mm 43.0 cm.
Kpsr XKparo Huametsp: 70 MM 38.0 cm.
HpaBﬁ:rBHH Cunbo Crpana: 57 mm / 80 MM 34.0 cm.

Excniepument 2 - KnueHTcka cTpaHa — MUKPOKOMITIOTBPEH MOy, Oa3upaH Ha
Raspberry Pi 5

Korato nporpamara craptupa, ce 3acHeMat u3o0paxeHus oT kamepara. Gurypa
91 umoctpupa RGB u /IbBOUYNHHMU n3o0paxenus Ha eKCriepuMEHTATHUS MOJIET.

AGB + DEPTH

®ur.91: RGB u u300pakeHus ¢ IpI00YHHA Ha
SKCTICPUMEHTATHUS MOJIEI

®ur.92: RGB u n3o00paxeHus ¢ IpI00UHHA,
HAJIOXKCHU ¥ TIOJIPAaBHEHU U300paKEeHUS

Qdurypa 92 nokasBa KOMIO3UIIMOHHO U300paKE€HNE, KOETO MPECTABIISIBA CMEC
oT RGB u nzo0paxenus ¢ 161004nHa.

Knuentckata crpana wmsnpama RGB u u3zo0paxkenus ¢ nbpiabodynHa KbM
cbpBbpa. Durypa 93 mwirocTpupa pazMepa Ha KOJUPaHUTE U300pakeHus BB opMar
.png, KakTo 1 MUHUMAJTHUTE U MAKCUMAJTHUTE CTOMHOCTU Ha U3MEPEHUTE PAa3CTOSTHHUS
3a TOYKUTE B IPOCTPAHCTBOTO (TIMKcenuTe). MakcumanHaTa ctoiHocT € 533 mm (53,3
CM), KOETO ChOTBETCTBA Ha PEATHUTE Pa3MEpU Ha €KCIIEPUMEHTATHUS MOJEIL.

Tepth image min value; 0, max value; 533

®ur.93: Uudopmaiius 3a RGB u u3o0paxeHust
¢ IBJI00YNHA, TIPETOCTABEHH OT KIIMEHTA.

®ur.94: Nndopmanus 3a RGB u m306paxkenusra
C IBJIOOYMHA, TIOYYEHH OT CHPBBHPa

Exkcnepumenr 3 - CtpaHulia Ha CbpBbPA — KOMIIOThPHA CTAHIIMS

[Tonyuenute ot cbpBbpa RGB u DEPTH u300pakeHust CbOTBETCTBAT HA TE3H,
nokazanu Ha ¢urypa 91. CepBBpBT moONydaBa TE3U H300paKEHUS M HU3BEXKIA
uHpopmarus 3a TIX B KoH3onata. durypa 94 wumoctpupa, 4e H300pakKeHHSTA,
M3MPATEHU OT KJIMEHTA, Ca YCIEITHO MOMyYeHH OT ChbPBbPa U TEXHUST pa3Mep ChBIIajIa
C TO3HW Ha u3MpareHuTe n3odpaxenus (purypa 93).

®durypa 95 npencrass u3o0pakeHue Ha AbJI00YMHA, TTOJIYYEHO OT ChPBBHPA.
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both i a

both ima

both ima

both ima

both i )

both i s (RG ) from the clie

®ur.95: Hopmanuzupano uzo0pakeHue ®ur.96: CpenHo BpeMe 3a Iomy4aBaHe Ha
Ha ABJIOOYMHATA B LIBETEH (hopmar WIIIOCTPALIUK U OT JIBaMaTa KJIMCHTa

[Ipn Hanmuuue Ha IUHAMHYHKA OOEKTH B HaOJOJaBaHaTa cpena, 3adaBeHaTa
KOMYHHKaIIMS MOKE Ja JIOBeJIe 70 3ary0a Ha BaxxHa MH(OpMaIUsi OTHOCHO MO3UIUATA
U JIBIDKEHUETO Ha 0O0EKTHTE B OKoJiHata cpena. [lpu pesomonus 640x480 nukcena,
CpeaHOTO BpeMe 3a moiyudaBaHe v Ha ABere uzobOpaxenus (RGB u I’ bBOUYNHA),
U3IPATEHH OT KIIMeHTa, ¢ npubiamsureano 60 mc (durypa 96).

[Ipu nBmxenm ce 0OEKTH, CKOPOCTTa HAa 00pabOTKa HAa MU300PAKEHUETO € OT
penraBamio 3HaueHue 3a YCIenrHoTo GyHKIIMOHUPAHE HA CHUCTeMaTa, Thil KaTo BCAKO
3a0aBsiHE B IIMKBJIA MOXKE Jla JIOBele J10 3a0aBsiHE B peakuusTa Ha podoTa U J0
HaMajieHa e()eKTUBHOCT MpU MPOCIeIBaHe Ha JABWKENN ce 1enu. [lpu pesomtonus
640x480, mporpamMara 3a aHald3 Ha CIIEHATa W3MBIHSABA IIMKBI Ha 00paboTka 3a
npubim3uTenHo 20 MunucekyHau. To3u aHanu3 BKIIOYBA pa3llo3HaBaHE Ha O0EKTa,
oTnpesesiHE Ha HETOBUS I[BST, M3MEPBAaHE Ha PA3CTOSHUETO JO0 O0EKTa U HETOBUTE
JIBYMEPHHU pa3zMepH.

C 1031 po0OT 1 NOJOOpEHUATa U3BBPIIEHU B XapAyepHaTa 4yacT € pa3padoTeH
HOB MOJIEJ 332 U3MEPBaHE Ha Pa3CTOSHHUE YpEe3 KOETO Ce MOKa3Ba Kak TOM oOXBalla
Bcuuku komnonenTu Ha UT, KT, KOC, U1, Cloud u e npunoxum 3a STEM o00yuenue,
ChYETaBAIIO €3UK, TEXHOJOTHH, MH(OpPMATHKa, MaTeMaTuKa, (U3uKa U Ipujara MHOTo
MEKH yMEHHS HEOOXOJMMH Ha BCEKH €IWH 3a yBeJMuaBaHE Ha TEXHOJOTMYHOCTTA U
CTaOMJIHOCTTA Ha OOIIECTBOTO.

C npeactaBeHust poOOT MPEACTOST anpodaAUK Cpej] YUYSHUIU U YUUTEIH.

3.1.8. Ipyru Mmo0usiHu o0pa3oBaTeIHH Po0OTH

Exun ot wu3cnenoBatenu pa3pabotuxa aBTOHOMEH MoOuiieH pobor Tele-
ROBCO u HeoOxommmusi codTyep 3a OCUTYpsSIBAHE Ha BUPTYAJIHU MPUCHCTBEHU
MTOCEIICHHS Ha My3€H.

ToBa € HHUCKO OIOJ)KETEH aBTOHOMEH MOOWJIEH pPOOOT, CBCTOSI] C€ OT
maTdopMa 3a MOOMITHU pOOOTH OT AUdEpPEHIIUANICH TUIl, KOMITIOTHP U KOHTPOJIEPH,
eJICKTpO3aJIBMKBaIlla cuctema, BkiatouBaia ase 12V LiFePo 6arepun u ctanuus 3a
nmpe3apexaaHe U CEH30pHA CHCTeMa, BKITIOUYBAIa: HHPpauepBeH, yITPa3BYK, Ja3epeH
ckenep, 3D cenzop - “Real Sense” u HMHTErpupaH akceIepoOMETBp, KUPOCKOI U
UHEpHHOHEH ceHsop (dur. 97)

Enna oT ¢GyHKIMOHATHOCTHTE Ha POOOTa € PEKHM Ha TEJICHPHCHCTBUEC B
yurnieH kinac (gur. 98). Obukonka ¢ eKCKyp30BoJ ,, T enenocenieHue Ha My3esi—
Po6oThT 1€ cM CHTPYIHUYM C EKCIepTa Mo OOWKOJIKaTa Ha My3esl - TUI U IIe
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MpeIOCTaBH aBaTap Ha IMOCellaBalis Kiac (YYEHHIIM), KaTo ClieBa TeMaTHYHAaTa
npe3eHTalus Ha My3eilHus ekcrepT. [Ipeq BcekM eKCIOHaT eKCHEepTHUST BOAAY
npoBexaa O6ecena, M3rOTBEHA M AMIAKTUYECKH choOpa3eHa ¢ yyeOHaTa mporpama mo
IpeIMETa.

i Myseen

epuie’t
oyt uHTEP ERCIEPT/CRCKYP30BOL

oxoekOP o)
8,9 Mob6n.ien
kﬁ; pobor D ﬂ ﬂ
- bE®
,“lll(‘l‘xllll("llllllﬁ "ﬁ}“l‘d(‘hlll V\"IL‘IIIII(II Pt‘ﬂ. HH HOCCTHTCIH
(BHPTYAIHH NOCCTHTE.TH) na Myses
®ur.97: TELE-ROBKO ©®ur.98: TenenpuchbCcTBHE B yUUIIUIIEH KIac

AnpoOupaHus yac noka3pa MexaynpeaMeTHa Bpb3ka u pa3sutueto Ha UKT ¢
ucTopusi, reorpadus, OBIrapcKd €3UK, TEXHHYecKaTa 4yacT 0OXBallla MaTeMaThKa,
MEXaHUKa U Jp., B OTBbp)kAeHUE HAa STEM oOydenuero.

Hpyr poboT Bce o1iie B pa3paboTka € yueOeH MaHUITYJIaTop

Pa3pabotBa ce MoOuieH poOOT MaHMITYyJIaTOp 3a 0Opa3oBaTelIHATa CUCTEMA:
MOOWIIEH poOOT - MaHUMyJaTop, KoWto u3noi3Ba Raspberry Pi Pico W u ce
nporpamupa Ha Python. Toii ce ch3naBa c nien ga oboratu STEM o6pazoBanueTo, KaTo
NpeloCTaBsl HMHTEPaKTUBHA CpelJa 3a H3ydyaBaHEe Ha pOOOTHMKAaTa XapAyepHO U
copTyepHo, T.e. U3y4yaBaHE Ha CEH30pHA MHTErpauus U nporpamupane. PoboTsT e
MOCTPOEH BBPXY CTAaHAAPTHO IacH, OOOpyJBaH C MEKaHOM KoJjieda U podo
pbKa(rpurep), KOSTO ce yIpaBisiBa OT CepBO MOTOpU. To3u poOOT Moxke aa ce
nporpamupa B cpena Ha Python, mpeanara ynpaBneHne KakTo Ha MIaCUTO, TaKa U Ha
rpunepa upe3 yeb unrepdeiic, nocrenet upe3 Wi-Fi xorcnora Ha podota. ¢ur. 99.

To3u poOOT € HacOYeH 3a TMMHA3HMAJIEH €Tall U ce anpoOupar no cnenupuyHu
YpOLIM UHTErpUpaIiy €31k, MaTemaTuka, ¢pusuka, mexanuka, UT, KT, U u np., ¢ nen
oOydeHue Ha CTIeUANTNCTH B MH)KCHEPHUTE HAYKH.

®ur.99: O6pa§013aTeneH MaHUITYJIaTOP
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U3BOIU

Nznonssane Ha UKT B HawamHoTo yurumiie: OCHOBHO Tporpamupane ¢ Scratch
u Python, Bp3mpuemane Ha okonHaTta cpena ¢ Arduino, 3amo3HaBaHe C pa3IMYHU
pooOOTH.

N3nomnseane Ha UKT B cpegnoro yumnume: Beeenenne B MU, Bp3npustusa 3a
WU, wusnon3BaHe Ha MHOTO CEH30pPH, peEllaBaHE Ha MNpoOJIeMH Upe3 JaHHU U
anroputmu. Jlaboparopus no MU (manpumep poOOT, pa3no3HaBaHe Ha JIMIA U TJiac).
Python (ocHOBHO NporpamMupane 1 IPUIOKEHUE).

brarapckute nenaro3u TpsioBa a paboTAT C MHKEHEPH 10 U3KYCTBEH UHTEJEKT,
3a J]a IPEOoJI0JIEAT PA3JIMKUTE MEXKTYy TEXHUKATA U MeJarOruKaTa.

Yyenunuure pazoupar, ye ChatGPT moxke na u3mbiaHsSBa HSAKOM 3aaauu Oe3
YOBEIIKa Hameca.

Hyxnaem ce OT IMOAaKTHKa 3a TOBA KakK Jia Ch3JlaBaMe MOIXOJSAIIM 3aJa4l U
poOJIeMU 3a peniaBaHe, Taka Y€ TOBa 3HAHME J1a MOXE Ja Ce M3I0JI3Ba M0 MOIX OIS
HAYMH [IPU U3ITBITHEHUETO Ha 33/1a4uTe.

OcHoBHATa 11eJ1 Ha U3KyCTBEHHS MHTEINEKT € Ja MPEBbPHE YUUTENS OT U3TOUHHUK
Ha WHQOpMAIMs B MEHTOp, KOMTO HACOYBA YUYCHUIIMTE KbM 3HAHHS B OMpeEJeiieHa
o0nacr.

Jlenata nMaxa Bb3MOXKHOCT Jja M3CJIEABAT U 00CHKAAT NEHHOCTUTE MO ABOWUKH
WIM B MaJIKu rpynu. ['oBopuM 3a paboTa B €KHII.

[TpoBeneHoTO MpoyuBaHe 3a pa3dUpaHETO HA U3KYCTBEHUS UHTENEKT B bbirapus
MIOCTaBsI OCHOBUTE 32 MHOT'O ObJICIIH MPOYYBaHUS B O-IIMPOKA Fpyna — BKIIOYUTEITHO
YUEHHULH OT NMOBEYE U pa3IU4HU YUWINIIA — YACTHU U Ibp>KaBHU. TOBa MpoyYBaHe I11e
ObJe HU3MOI3BAaHO KaToO OCHOBa 3a ObJEUIM MpPOyuYBAaHMS 3a TOBA KaKk M Kora
oOpa3zoBanuero B oOnactta Ha STEM u u3KyCTBEHUSI MHTENEKT MOXE na Obae
WHTETPUPAHO B yueOHATa Mporpama Ha yUYeHHUIUTE.

AmpobanusTa ¢ yYuTeNHd CBHIIO TMOKa3Ba MPUEMCTBEHOCT W OTBapsSHE KbM
MeTo/a, Makap U no-miaxo. Ho 6u 0umno no-3abaBHo o6pazoBaHue U OU OUIIO MOJIE3EH
HAYMH Ha TPETIO/IaBaHe.

Ozobot EVO wusnonssaitku RGB TexHOMOrns 3a 4eTeHe Ha IBETOBE, KaTO TH
ynaBsi, OJJOKOBO TporpamuipaHe u mporpamupa Ha Python 3 m3mbnHsBa 3amaum ¢
MOCTaBEHU MapaMeTpH, U3MEPUMH 3a Pa3CTOSHUSA, BpeMe U Jp., MOCTUra 3aJa/leHU
LEJIUTE U CE MHTErpUpa C pa3iInyHu npeaMeTu. B anpoOupanus npumMep B ceIMH Kiac,
YUYCHULUTE TMpEeMUHaxa IMpe3 ObJArapcku €3WK, HWCTOpHUsi, CIOPT, MY3HUKa,
MH(POPMALIMOHHU TEXHOJIOTUH, MATEMAaTHKa, TEXHOJIOTUH U MPEANpreMadyecTBo, 3a Jia
JOCTUTHAT 1O KpalHus pe3yaTaT Jna Obae mnpeicTaBeH poOoTa B poJyid Ha
MOMHYE/MOMYE B HOCHsI, KOETO UIpae HapOJAHH TAHIU U 11ee HapOJHA MECEH.

Po6oTa e M3KIIOYUTENHO 37paB, KOMIAKTEH U PEHTAOWJIEH 3a M3I0JI3BaHE B
STEM yporu B HauajgeH eTan wuid JAeTcku TpaauHu. BlueBot pasmosara c
texHosorusata Bluetooth, unrepdeiic u Edge. Anpobupanu ca MHOXKECTBO ypPOILH C
yueHun 6 — 10 roguiiHa BB3pacT U C YUYHUTENU, KOUTO pazdupar TEXHOJIOTHUTE,

Asmopegpepamu Ha ducepmavuu 2026 (6) 57-109



101 Masa Credanosa CraiixoBa

BIDKJAT BPbB3KATa B PA3IU4YHU ypOLH, €3UK (OBJIrapcku M 4yXkJa), MaTeMaTHKa,
pHUCYBaHE, KOMIIOTHPHO MOJEIUpPAHE, POJAUHO3HAHUE, OKOJIEH CBST, TEXHOJOTHUH U
npeInprueMadyecTBO, My3HUKa.

O6pazoBarenHusar po6ot ArtiMax uMma nmoTeHuuan 3a padora ¢ yuenuuu. Jlopu
HECBHBBPILICHCTBATA MY IO MpaBIT ounie Mo-yaodeH 3a padora. IlpaBeilku HOBU
MpeIM3BUKATENICTBA 32 yUeHHIUTE. Te TpsOBa aa HaMepsT HIKOM HOBU PEIICHUS,
KOETO I1I€ Ch3/a/l€ MHTEPEC U JIFOOOIUTCTBO B YUECHUIUTE.

XGO-mini 2 Dog — poboTa Kyde JgaBa A0OpH BB3MOKHOCTH 3a IIEJIUTC Ha
oOpa3oBaHMETO B OOJACTUTE Ha M3y4yaBaHE Ha codryep, Xapayep U H3KyCTBEH
UHTENEKT. Thi Karo B OOpa3soBaHMETO CE€ THPCH W MOTHUBALMOHHUS M 3a0aBHUS
€JIEMEHT Ky4€eTO OTrOBaps U Ha JBaTa.

SAKIIFOYEHHUE

Hacrosiimums gucepranuonnus Tpy npeiara paspadborenn STEM meTonuku u
pa3pabOTEHH aNTOPUTMHU 32 PA3IUYHU YUYEOHH pOOOTH.

Pazrnenanu ca xapayepHu u copTyepHU Bb3MOXKHOCTH Ha BCEKU €JIMH POOOT.

HampaBenute TectoBe ca mo0paHu Taka, 4e Ja U3CieBaT Bb3MOKHOCTUTE Ha
poOOTHUTE U J]a IPeIOCTaBIAT HHPOpMaIMs 3a TaxHaTa padora. [la Obnat anpobupanu
JIaJIH ca MOAXOMASIIN 32 YUYEHHUIIU U 32 KAKBU Bb3PACTOBH I'PYIIH.

Ha 6a3a TexHu4ecku BB3MOKHOCTHM Ha poboTute ca mpenacraBenun STEM
ypOIlM, BCUYKK T€ ca ampoOupaHU B peajHa cpefa ¢ y4YeHUIU Mexay 6 — 18 r. u
YUUTEIH.

UKT morat ¢ nekora a ce MHTErpupaT B 0Opa30BaHHMETO U Ja MPEJIoxkKaT
STEM o0yueHue ¥ MOJArOTOBKA Ha €QHO CTAaOMJIHO OOIIECTBO KOETO Ja JOCTHUTHE
BHCOKH CTaHJIAPTH ¥ HKOHOMHYECKH TTOJIEM.
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[TPUHOCHU

IIpunocu: Hayunn; Hayuno-npunoxuau u [punoxau:

>

Paspaboren anroputrsm 3a Ozobot EVO 3a mpunsmxBane Ha pobOoTa 1o
TpaekTopus BbB (hopMa Ha 3Be3/1a, 6e3 MpecuyaHe Ha JUHUH U aITOPUTHM 32
U3IIBIHEHUE HA PUTMHU OT OBITapCKus (HOIKIOP.

Pazpaboten anroputsbm 3a MobuiieH podot XGO mini 2 Dog 3a nBuxeHue Ha
po0oTa B KpbI', IPABOBI'BIHUK U KBAJAPAT OKOJIO 33J1a7IcH OOCKT U 3aJ1aJIeHU
napameTpHu.

,,PEe-MHKEHEPHUHT** Ha XaplyepHaTa 4yacT Ha MOOWJIeH poOoT ArtieMax.
Pazpaboten anroputsM 3a podoT ArtieMax 3a unterpupan STEM ypok mo
TE€XHOJIOTUU, MaTeMaTUKa U aHTJIMMCKU €3UK.

Pa3paGoTeHn anropurbM 3a HU3NHCBAaHE HA KOHKpPETHAa AyMa C podoTa
ArtieMax, upe3 maremarnuecka (yHkuus. I[IpencraBen € u aaropuTsm 3a
KOPEKLHMS PY HEMPABUIIHO M3MUCBAHE Ha JyMarta.

Pa3paboTreH HOB Mozen 3a H3MEpBaHE Ha PA3CTOSHUETO JO0 OOEKTH,
m3non3pai 3D kamepa. Upe3 nuHTerpanysi Ha HOBU XapyepHHU U COPTyepHU
KOMIIOHEHTH, cHCTeMaTa J00aBi HOBM  (PYHKUMOHAIHOCTH  KbM
MpeasioKeHaTa IporpaMa, CBbp3aHu C aHaJIU3 B TPUHU3MEPHO MPOCTPAHCTRO.
Cucrema pasmnpeneins CIOXHUTE W3YHUCICHUS W PECYpCHUTE HM3UCKBAHUSA
MEXAY Pa3InYHUTE KOMIIOHEHTH, KOETO MOKE J1a JOBEJAE 10 ONTUMH3ALUSA U
no0-e()eKTUBEH aBTOHOMEH KOHTPOJI B peaJiHO BpeMe Ha MOOMIIHUS POOOT.
N3cnenBaHa e KayecTBEHa M KOJMYECTBEHA OLEHKAa Ha pa30MpaHeTo Ha
ydeHuuure ot 6 10 18 roguiiHa Bb3pacT 3a U3MO0JI3BaHETO Ha M3KycTBEeHMs
HUHTEJIEKT B 00YYCHHUETO.

Pazpaboten anroputbm 3a BepwxkeH pobor Codey Rockey 3a nBuxenue
KOETO Ja u30sirBa mpensTcTBUA C¢ uen uHrerpupane B STEM ypok no
MaTeMaTHKa.

Pazpaboten anroputhM 3a pobot Artie 3000 3a mzuepraBaHe Ha pa3IUIHU
rpa@u4HA MOJENH.

Pa3paboTeH MHOBAaTHBEH ypOK MO HCTOpHs Ha OazaTa Ha Iuiargopmara
streamit, TIO3BOJIABAI] JMCTAHIIMOHHO IIOCCIICHHE Ha My3eH, upe3
pobotusupan run “Robco” (https://www.youtube.com/watch?v=bJJLvZO6tAQ)

baarogapuocTu

[Tognacsim cBoWTE 0IAr0OAAPHOCTH KHM HAYUHUSAT MU PBKOBOAUTEN TIPod. A-p
Haiinen IlluBapos. bnaromaps Bu 3a ToBa, ye OsXxTe MOH MEHTOp, 3a MOJKpENaTa,
HACOKHU Y TpaJIMBHA KPUTHKA, 32 JIa CE€ CIy4YU TO3U JUCEPTAIMOHEH Tpyad. brmarogaps
Bu 3a cbBMecTHa TBOopuecka paboTa, 1o BpeMe Ha KOSITO OsiXMe OT/Ja/ICHU Ha HayKaTa
U CIIOJIEIsIME OO MHTEPECH.

bnaromaps u Ha Bcuukm koserm ot MUKT ot cekuusa ,,KOC* u cekuuda
,PazmpeneneHn HMHPOPMAIMOHHKM W yIpaBisBaIlld CHUCTEMH, C KOUTO CHU
CHTPYAHUYUXME.
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