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Abstract. The article discusses the potential of technologies for analyzing
technical and tactical actions in boxing, with an emphasis on the theoretical aspects
of their implementation and use. The purpose of the study is to explore the
capabilities of modern machine learning algorithms, computer vision, and big data
analytics to improve the accuracy of boxing technique assessments and reduce the
subjectivity of traditional analysis methods. Research methods include theoretical
approaches such as analysis, synthesis, abstraction, induction, and deduction, as
well as empirical methods involving the use of real data on the technical and tactical
actions of boxers. The results of the study indicate the significant potential of
artificial intelligence technologies in the development of individual training
programs that take into account the specific needs of boxers. The article analyzes
modern Al-based training applications that offer a variety of features to improve
athletes' physical performance and technical skills. The use of video analysis, motion
tracking, and biometric monitoring systems allows coaches to obtain detailed

information about the execution of technical elements. Key data for collection, such
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as the speed and accuracy of punches, as well as physiological indicators, are
identified, enabling the creation of structured analytical reports for coaches, which
may include graphical representations of data and recommendations for optimizing
the training process. The study's findings emphasize that the introduction of
artificial intelligence technologies can significantly improve the effectiveness of
boxer training, but there are challenges related to the high cost of equipment, the
need to train coaches and athletes, and ethical issues regarding data collection and
use. Further research should focus on developing strategies to overcome these
challenges and optimize the use of artificial intelligence in boxing.

Keywords: boxing, technical and tactical actions, machine learning,
computer vision, big data analytics, video analysis, individualized training,

biometric monitoring, training effectiveness.

BukopuCTAHHS TEXHOJIOTIH IITYYHOI0 IHTEJEKTY ISl AHAJII3y TeXHIKO-
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Anomauia. Y cmammi po32ni10aemvcsi NOMeHYial mexHoi02ii OJisi aHani3y
MEeXHIKO-MAaKMuyHux Oitl y OOKCI 3 AKYeHMOM HA MeopemuyHUx acnekmax ix
VNPOBAONCEHHA MaA GUKOpUcmanHs. Mema 00CHI0MHCeHHA NoA2ae )y BUBUEHHI
MOJACIUBOCIEU CYUACHUX AI2OPUMMIE MAUUHHO20 HAGUAHHS, KOMN IOMEPHO20 30PY
ma aHanimuKy BelUKUX OaHUux 07 NIOBUUEHHS MOYHOCMI OYIHOK OOKCEepPCbKUX
MexXHIK [ 3MeHWeHHs CYO EKMUBHOCMI MPAOUYItIHUX Memooié ananizy. Memoou
00CJIIOMNCEHHA OXONIOIOMb Meopemuydti nioxoou, maxi 5K aHA€i3, CUHME3,

abcmpacysanus, IHOYKYisi ma O0eO0yKyis, a maKodc eMnipuyHi Mmemoou, wo
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nepeobauaroms BUKOPUCMAHHS PEealbHUX OAHUX NPO MEXHIKO-MAaKMuyHi Oii
ooxcepis. Pezyniomamu 00Cni0xyceHHA c8i0Uamb NPO 3HAYHUL HOMEHYIan
MexXHON02IU WMY4H020 IHmeNeKkmy V @OopMy8anHi I[HOUBIOYANIbHUX NPOSPAM
mpenysamnv, sKi 8paxosyromev cneyugiuni nompebu 6Ooxcepis. Y cmammi
NPOAHANI308AHO CYYACHI 000AMKU O]l MPEHY8aHb, CMEOPEHi Ha 0a3i WmyyHo20
iHmenexkmy, AKi NPONOHYIOMb PISHOMAHIMHI QYHKYIT 0151 B0OCKOHANEHHS Qi3uduHUX
NOKA3HUKI6 1 MEeXHIYHUX HABUYOK CHnOpmcmeHis. Bukopucmauusa cucmem
gideoananizy, mpekiney pyxieé i 0loMempuyHo20 MOHIMOPUHZY 0AE MONCIUBICHD
mpeHepam Ompumyeamu OemaibHy IHGopmayito Npo BUKOHAHHA MEXHIYHUX
enemenmis. Busnaueno xnmouosi dami 011 300py, maki K WEUOKICMb [ MOYHICIb
yoapis, a makodxc hiziono2iuHi NOKA3HUKU, WO OAE 3MO2y CMEOPH8amu
CMPYKMYPOBAHI AHANIMUYHI 36IMU OJis1 MPEHePI8, KL MONCYMb MICMUmMu 2pagidmi
npeocmaesnents OGHUX i peKoOMeHOayii w000 ONMuUMI3ayii mpeHy8aibHo20 NPoyecy.
Bucnoeéku oocnioxycenna niokpecnioroms, WO BNPOBAONCEHHS MEXHONO02Il
WIMYYHO20 THMENeKm)y MOodce CYMMEBO NIOSUUWUMU eheKmUHICmb Ni020MmOoBKU
OoKcepis, O0OHAK ICHYIOMb GUKIUKU, NO8 A3AHI 3 GUCOKUMU BUMPAMAMU HA
00/1a0HaNHS, HeOOXIOHICMIO HABYAHHS MPEeHepi6 | CHOPMCMEHI8, a MAKOINC
eMUYHUMU NUMAHHAMU w000 300py ma eukopucmauus oanux. Illooanvuui
00CNIOJNCEeHHS. NOBUHHI 30CepeOumucs Ha opmysanti cmpameeiii 051 NOOOJAHHS
YUX BUKIUKIE Ma ONMUMI3ayii GUKOPUCMAHHS WMYYHO20 THMeNleKmY 8 OOKCI.
Kniwwuosi cnoea: o6Ookc, mexniko-makmuuui Oii, MAWUHHE HABYAHMH,
KoMn'tomepHutl 3ip, ananimuxa Geauxux OAaHux, 6i0eoananis, IHOUsI0yanizayisi

MpeHy8aHb, OioMempuyHULi MOHIMOPUHe, eqheKMuUBHICMb Ni020MOBKU.

Problem statement. In the modern sports environment, particularly in
boxing, there is an increasing integration of artificial intelligence (hereinafter
referred to as Al) technologies into the analysis of athletes' technical and tactical

actions. This is due to the need to improve the effectiveness of boxers' training,
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optimize training processes, and improve performance in competitions. However,
despite significant progress in the development of machine learning and computer
vision algorithms, there is still a lack of research that systematically studies the
specifics of Al implementation in boxing.

The relevance of this problem is caused not only by the need to improve
methods of analyzing sports actions, but also by the importance of ensuring the
competitiveness of athletes at the international level. In the context of rapid
technological development, insufficient adaptation of traditional methods of
analyzing technical and tactical actions can lead to a loss of potential opportunities
for improving results.

In addition, given the globalization of sport and the increasing competition
between countries, there is a need to introduce innovative technologies into the
training process, which will not only improve the quality of boxers' training, but also
ensure more accurate monitoring of their achievements and identification of
weaknesses in their technique. Therefore, research into the application of Al
technologies for analyzing technical and tactical actions in boxing is of great
importance both for the development of theoretical aspects of the sport and for the
formulation of practical recommendations for coaches and athletes.

Analysis of recent studies and publications. Since boxing is a complex sport
that requires a high level of technical and tactical training, it is important to
determine the possibilities of applying artificial intelligence technologies to improve
these aspects of the training process.

In modern research, there is a noticeable trend towards combining
pedagogical, psychological, and digital approaches. In particular, in the work of A.
Vorontsov [1], a system of specialized tests is proposed for assessing the technical
and tactical skills of female boxers at the basic training stage. As part of a
pedagogical experiment , the author proved the effectiveness of the module for

determining the level of technical preparedness of athletes.
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In the context of the development of innovative means of technical and tactical
training in combat sports, D. Petrushin and E. Krenikova [2] investigated the socio-
historical foundations of the formation of multimedia technologies that provide for
the processing of large amounts of data and the modeling of competitive situations.
Similar attention to digital tools is demonstrated by L. P. Dolzhenko and K. R.
Masyuk [3], who analyze the advantages of distance learning, gamification, and
virtual reality in the physical education of students.

The development of digital analytics in sports in Ukraine is considered in the
works of D.S. Volsky [4], which substantiates the need to create complex
algorithms for optimizing sports training and studies international experience in their
application. V. S. Starikov, M. L.Bugayova, and O. M. Polyanychka [5]
summarized approaches to the technical, physical, and psychological training of
athletes, systematizing current research trends in the field of boxing.

Within the framework of interspecies analysis, O. Broyakovsky, O. Alekseev,
and A. Rebryna [6] studied the implementation of artificial intelligence in table
tennis, emphasizing its role in the formation of personalized training programs
through the analysis of athletes' technical and tactical actions. At the same time, N.
Y. Zozulia, A. M. Tregub, and I. V. Telelima [7] are researching the impact of
digital technologies on social communications, in particular the transformation of
interactions between people and organizations under the influence of artificial
intelligence.

A special emphasis on the ethical and prognostic aspects of the application of
artificial intelligence is made in the work of A. Chepelyuk, V. Bigun, and O. Golub
[8], which examines the issues of sports event analytics and the moral and legal
challenges of digitalization. Further research by P. Yu. Andreeva, O. V. Dubovoy,
and V. V. Dubovoy [9] discusses the need for active use of digital technologies in
physical education, professional training, and adaptation of the educational process
to the conditions of the COVID-19 pandemic.
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In conclusion, Yu. O. Kharitonova, O. |I. Kbharitonova, and
Yu. O. Tolmachevskaya [10] draw attention to the expanding role of artificial
intelligence in sports, particularly in the organization of the training process and the
development of new forms of sports activities, such as e-sports. The authors
emphasize the need for legal regulation to ensure the fairness of competitions and
compliance with ethical principles in sports.

Given the limitations of previous scientific research, the proposed study
emphasizes the need for a systematic approach to the use of artificial intelligence
technologies in boxing. Such an approach can significantly improve the
effectiveness of competitive activities and the overall level of preparedness of
athletes. The scientific value of the work lies in the development of new methods
for analyzing and evaluating the technical and tactical actions of boxers, which will
contribute to their professional growth and strengthen their competitive positions in
the international arena.

Identification of previously unresolved parts of the general problem.
Despite a significant number of studies, there is insufficient attention in the scientific
literature to the integration of artificial intelligence technologies into the systematic
analysis of sports performance. Most works focus on traditional assessment
approaches, such as video analysis or subjective observations by coaches, which
limits the possibilities for a deeper understanding of the specifics of technical and
tactical actions in boxing. Existing publications hardly take into account the
potential of machine learning and computer vision algorithms capable of automating
the analysis process and minimizing the subjectivity of evaluation. This lack of
analytical approaches creates gaps in knowledge about the effectiveness of various
boxing techniques and tactics.

In this context, the aim of the proposed study is to overcome these limitations
by introducing innovative methods of analyzing boxing actions using artificial

intelligence technologies. The use of machine learning algorithms not only
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automates the process of data collection and processing, but also ensures a more
accurate and objective assessment of the technical and tactical components of
training.

Thus, the implementation of this approach will contribute to the formation of
new knowledge in the field of sports science, opening up prospects for improving
the training process, increasing the effectiveness of coaches' management decisions,
and increasing the competitiveness of athletes in the international arena. Thus, this
work is important for modernizing the system of training boxers and developing
intellectual technologies in sports practice.

Formulation of the article's objectives (task setting)

The purpose of the article is to analyze the potential of artificial intelligence
technologies in the study of technical and tactical actions in boxing, taking into
account the theoretical principles of their implementation and practical application.

The tasks of the article are

1)  to investigate how modern machine learning and computer vision
algorithms are used for detailed analysis of the technical and tactical actions of
boxers, increasing the accuracy of assessments and reducing the subjectivity of
traditional methods;

2) to formulate recommendations for the implementation of artificial
intelligence technologies in the training of boxers, in particular the creation of a
system for collecting and processing data on technical and tactical actions;

3) describe the potential benefits of wusing artificial intelligence
technologies and outline the challenges and limitations associated with their
application in a sports context, with a view to developing strategies for further
research in this area.

Presentation of the main research material. Sport is undergoing significant
transformations thanks to the integration of modern technologies, among which Al

plays an important role. This innovative approach opens up new opportunities for
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analyzing and improving the technical and tactical actions of athletes, which is
especially important in such rapidly changing disciplines as boxing. Tracking groups
of tactical actions using Al is carried out through the analysis of boxers' preparatory,
offensive, and defensive actions. Preparatory actions, which include taking an
advantageous position and using introductory movements, are identified using
computer vision and machine learning algorithms, which makes it possible to
determine the optimal strategies for attack or defense. Offensive actions, such as
punches to the head or torso, as well as combinations of punches, are classified and
analyzed to identify the effectiveness of attacking techniques. Defensive actions,
which include dodging, blocking, and retreating, are studied to improve a boxer's
response to an opponent's punches.

Al is actively being integrated into various sports disciplines, including
boxing. Technology makes it possible to analyze boxers' techniques, improve
training processes, and optimize combat strategies. Table 1 provides an overview of
the main Al technologies used in sports.

Table 1

Overview of Al technologies in sports

Machine learning Algorithms that enable systems to learn from data

Computer vision Technologies that enable computers to detect and analyze
images

Natural language Analysis of comments and feedback on speeches, automation of

processing reports

Robotics Use of robotic systems for training or analysis

Big data analytics Data analysis to identify patterns and trends

Source: [11, p. 35; 12; 13, p. 194].
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As can be seen from Table 1, Al technologies have unique characteristics that
contribute to improving the efficiency and accuracy of the analysis of technical and
tactical actions in boxing. Machine learning is a powerful tool for processing large
amounts of data about boxers. Thanks to algorithms that identify patterns in
historical data, coaches obtain valuable information about the strengths and
weaknesses of athletes, which allows them not only to optimize training programs,
but also to make predictions about future performances. For example, analyzing
fight results can reveal trends that help in preparing for specific opponents [11, p.
35].

Computer vision also plays an important role in the development of boxing.
The use of video analysis to evaluate striking and defensive techniques allows
coaches to provide athletes with objective feedback, which is especially important
in boxing, where even minor changes in technique can significantly affect the
outcome of a fight. Computer vision automates the analysis process, significantly
reducing the time spent on manual data processing [11, p. 35].

Natural language processing opens up new opportunities for analyzing
communication and feedback about boxers. The use of natural language processing
technologies makes it possible to automate the collection and analysis of textual
information from social networks, news articles, and fan comments, giving coaches
quick access to public opinion and sentiment, which is useful for shaping the image
of an athlete or team [12].

Robotics in boxing also shows significant potential. The use of simulators and
trainers allows boxers to practice in conditions that are as close as possible to real
fights, without the risk of injury. This is especially important for contact sports,
where injuries can be frequent. In addition, robotic systems provide variety in
training, which helps to maintain the motivation of athletes [13, p. 194].

Finally, big data analytics allows for the processing of vast amounts of

information not only about boxers' performances, but also about general trends in
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the sport. This technology can be used to identify new opportunities for improving
training and fighting strategies. For example, by analyzing data on audience
behavior and preferences, competition organizers can optimize marketing
campaigns and increase audience engagement. The integration of Al into boxing is
becoming a key factor for success and innovation in this field [11, p.135].

Al-based boxing training apps offer a variety of features to help improve
physical performance and technical skills. Boxing timers, in particular, allow you to
organize your training process by setting the number of rounds and the duration of
breaks, which increases the effectiveness of your workouts. Apps such as Boxing
Training and Cyber Boxing provide instructional videos and voice prompts to help
improve punching technique and physical fitness. Tools for creating personalized
training programs, such as PunchFit and Boxtastic, allow users to tailor their
workouts to their needs. Data analysis features in apps like Everlast and P1Q allow
boxers to get detailed information about their punches, which helps them improve.
That is why Al-based apps are becoming important tools for boxers of all levels,
contributing to their progress in the sport [14].

The use of Al algorithms enables in-depth analysis of boxing techniques to
improve athletes' performance. The main areas of application of Al in the analysis
of boxing techniques include video processing and motion analysis, as well as
comparing the accuracy of Al-generated assessments with traditional methods.

Video analysis systems such as Dartfish and Coach's Eye use computer vision
algorithms for detailed frame-by-frame analysis of boxing techniques. The platforms
allow coaches and athletes to carefully study each punch and movement, identifying
mistakes and shortcomings in execution. Al algorithms automate the analysis,
significantly reducing the time required to evaluate exercise performance. One key
aspect is the use of motion tracking systems such as MyoMotion and Xsens. These
technologies make it possible to analyze the speed, trajectories, and amplitude of a

boxer's movements. With biometric monitoring, including heart rate (HR), stress
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levels, and blood oxygen levels via Polar, Garmin, or WHOOP devices, coaches get
extra info on the athlete's physical condition during training. Cloud platforms such
as Kinduct and Smartabase provide storage, analysis, and exchange of training data,
making it possible to create personalized training programs based on the data
obtained and the individual needs of the athlete [15, p. 10].

Traditional methods of analyzing boxing technique often rely on the
subjective assessment of a coach, which can lead to errors in identifying technical
flaws. Al algorithms, on the other hand, provide an objective approach to evaluating
exercise performance. Studies show that the accuracy of assessments obtained using
Al can be significantly higher than traditional methods. For example, frame-by-
frame analysis of punches and movements using Al allows even minor technical
errors to be identified that may go unnoticed during normal observation. In addition,
Al algorithms are able to adapt to the individual characteristics of an athlete, making
them more effective in predicting fatigue and adjusting training plans. Al-based
systems such as Kitman Labs and Zone7 use data on an athlete's physical condition
to personalize workloads and prevent injuries [15, p. 11].

Al also opens up new opportunities for training athletes. One of the key
elements of successful training for boxers is the development of a data collection
system that provides detailed analysis of technical and tactical actions. To do this, it
IS important to identify the necessary data for collection. These include technical
indicators such as types of punches, their speed and accuracy, as well as tactical
aspects such as positioning in the ring and reaction to the opponent's actions.
Physiological indicators, such as heart rate and fatigue levels, are also important for
a comprehensive analysis of an athlete's training.

The next step in implementing Al technologies is to develop analytical reports
for coaches. These reports should be structured and understandable, containing
graphical representations of data, such as diagrams and tables, to help visualize the

results of the analysis. The content of the reports should include a detailed analysis

https://pedagogical-academy.com/index.php/journal/about ISSN: 2786-9458

VBech KOHTEHT JineH30Bano 3a ymoBamu Creative Commons BY 4.0 International license



Bl © PepacocicAL ACADEMY:
. SCIENTIFIC NOTES

of the performance of technical elements, comparisons with previous results, and the
identification of trends and errors. In addition, it is important to provide specific
recommendations for the athlete based on the data obtained.

Coaches must learn to use these analytical reports effectively to optimize the
training process, which includes personalizing training programs according to the
individual needs of the athlete, monitoring progress, and regularly evaluating results
to adjust training plans. Setting achievable goals based on data analysis is also an
important aspect of a coach's work. Thus, the introduction of Al technologies into
the training of boxers through the creation of a data collection system and the
development of analytical reports has the potential to significantly increase the
effectiveness of the training process and the results of athletes.

The use of Al technologies to analyze technical and tactical actions in boxing
opens up new opportunities to increase the effectiveness of training and improve
competition results. Al can help identify weaknesses in boxers' techniques, optimize
training programs, and provide detailed analysis of opponents. However, along with
the advantages, there are certain challenges that can affect the successful
implementation of these technologies. Table 2 contains a comparative analysis of
the advantages and challenges associated with the use of Al technologies for
analyzing technical and tactical actions in boxing.

Table 2
Advantages and challenges of using Al technologies in boxing

In-depth analysis of boxing techniques High costs of equipment and software
Individualization of the training process Need to train coaches and athletes

Increased reaction speed and decision-making ~ Complexity in data processing and interpretation
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Increased competitiveness of athletes Dependence on technology

Optimization of combat strategies Ethical issues regarding data collection and use

Table 2 presents the key aspects of using artificial intelligence technologies to
analyze technical and tactical actions in boxing, grouped into two areas: advantages
and challenges. One of the main advantages is the ability to conduct an in-depth
analysis of the technical elements of boxing. Thanks to artificial intelligence
algorithms, coaches receive detailed information about the execution of movements,
which allows them to identify mistakes in a timely manner, correct technique, and
increase the effectiveness of the training process. An important advantage is the
individualization of athlete training, as intelligent systems can adapt training
programs to the physical characteristics, fighting style, and level of preparedness of
each boxer. In addition, increased reaction speed and decision-making during
competitions are also significant positive aspects. Algorithms are capable of
analyzing data in real time, which ensures a faster response to changes in the tactical
situation and contributes to the optimization of combat strategy. As a result, this
increases the competitiveness of athletes and the quality of their training.

At the same time, the use of artificial intelligence technologies comes with a
number of challenges. Significant financial costs for the purchase of equipment and
software can be an obstacle for sports clubs and federations. In addition, the
implementation of such systems requires additional resources and time to train
coaches and athletes to work effectively with them.

Another significant limitation is the complexity of data processing and
interpretation. Without proper experience, users may draw false conclusions or
misinterpret results. Excessive reliance on technology can weaken an athlete's

intuitive perception of their own actions during a fight. The ethical aspects of using
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artificial intelligence require special attention, in particular the issue of athlete data
confidentiality and preventing possible misuse of the information collected.

Thus, artificial intelligence technologies open up significant opportunities for
improving the effectiveness of the analysis of technical and tactical actions in
boxing, but their implementation requires a balanced approach that takes into
account both the advantages and potential risks in order to ensure ethical and
effective application in sports practice.

Conclusions. The study made it possible to justify the feasibility of using
artificial intelligence technologies in the training system for boxers. The use of
machine learning and computer vision algorithms provides a qualitatively new level
of analysis of athletes' technical and tactical actions, making it possible to move from
subjective assessment to the use of objective quantitative indicators. This contributes
to a deeper understanding of the structure of movements, more accurate correction
of technique, and more effective development of individual training programs.

It has been found that the use of intelligent systems in boxing creates a basis
for the development of new approaches to modeling the training process and
integrating biomechanical and psychophysiological parameters into a single
analytical platform. At the same time, the application of such technologies is
accompanied by a number of limitations, ranging from the high cost of equipment
to the need for special training of users and the regulation of data ethics issues.

The results confirm that the introduction of artificial intelligence into sports
practice is not only practical but also conceptual in nature: it changes approaches to
understanding the training process, opens up new opportunities for the scientific
justification of technical and tactical training, and forms the basis for the digital
transformation of modern sports.

Further research may focus on optimizing data processing, training coaches
and athletes to work with intelligent technologies, and studying the ethical aspects

of their use. The implementation of such areas will not only contribute to increasing

https://pedagogical-academy.com/index.php/journal/about ISSN: 2786-9458

VBech KOHTEHT JineH30Bano 3a ymoBamu Creative Commons BY 4.0 International license



(8] [€l PEDAGOGICAL ACADEMY:
E’ SCIENTIFIC NOTES

the competitiveness of boxers, but also to forming a deeper understanding of the

impact of technology on the quality of sports results.
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