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ABSTRACT

Introduction: during the last decade, it has become evident that the impact of a referee’s decision in
professional sports turns out to be a turning point in the outcome of a competition, often generating
discomfort among fans and competitors. It is for this reason that technological assistants were implemented
in sports to help in referee decision making.

Objective: review and analyze those technological solutions based on the use of artificial intelligence
techniques capable of serving as technological assistants in support of referee decision-making in highly
competitive professional sports.

Method: the PICO methodology was used for the selection process of scientific publications of the PRISMA
declaration. Finding 21 scientific publications extracted from the SCOPUS database that comply with the
proposed guidelines, which were reviewed and analyzed to obtain information with added value.

Results: it was found that the proposed technological assistants reached a level of precision greater than
90 % in certain sports. Likewise, those limitations were found that reduce the operational quality of these
solutions. As found those algorithms, models, methods and approaches of artificial intelligence most used
and recommended for future research studies.

Conclusions: in conclusion, the implementation of technological assistants based on artificial intelligence in
referee decision making in professional sports has proven to be an effective tool, achieving significant levels
of precision.

Keywords: Technological Assistants; Arbitration Decisions; Artificial Intelligence; Decision Making.
RESUMEN

Introduccion: durante la dltima década, se ha evidenciado que el impacto de la decision de un arbitro en
el deporte profesional, resulta ser un punto de inflexion en el desenlace de una competencia, generando
en muchas ocasiones molestias entre los aficionados y competidores. Es por este motivo, que se procedio6 a
implementar asistentes tecnologicos en el deporte para ayudar en la toma de decisiones arbitrales.
Objetivo: revisar y analizar aquellas soluciones tecnologicas basadas en el uso de técnicas de inteligencia
artificial capaces de fungir como asistentes tecnologicas en apoyo a la toma de decisiones arbitrales en
deportes profesionales de alta competencia.

Método: se uso de la metodologia PICO y para el proceso de seleccion de publicaciones cientificas de la
declaracion PRISMA. Encontrandose, 21 publicaciones cientificas extraidas de la base de datos SCOPUS, que
cumplen con los lineamientos propuestos, los cuales, fueron revisadas y analizados para la obtencion de
informacion con valor agregado.

Resultados: se constato que los asistentes tecnologicos propuestos alcanzaron un nivel de precision mayores
al 90 % en determinados deportes. De igual modo, se encontrd aquellas limitaciones que merman la calidad
operativa de estas soluciones. Como se encontro aquellos algoritmos, modelos, métodos y enfoques de inte
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ligencia artificial mas usados y recomendados para futuros estudios de investigacion.

Conclusiones: en conclusion, la implementacion de asistentes tecnoldgicos basados en inteligencia artificial
en la toma de decisiones arbitrales en deportes profesionales ha demostrado ser una herramienta efectiva,
alcanzando niveles de precision significativos.

Palabras clave: Asistentes Tecnoldgicos; Decisiones Arbitrales; Inteligencia Artificial; Toma de Decisiones.

INTRODUCCION

In recent times, the level of impact of the referee's decision in professional sports has been confirmed,
turning out to be a point of vital importance in the outcome of a competition, often generating discomfort
among collaborators and sports fans, as a result of plays controversial, where an erroneous decision is made,
as a result of the human and technological limitations that exist, thus producing a decrease in the quality of
the game, which is why the idea of having technological assistants capable of operate as support for referees
in decision making. Thus, technological solutions have been progressively implemented by the organizations
that govern the different sports disciplines. On the other hand, in recent times, there has been an exponential
increase in the use of artificial intelligence to solve complex situations and its incorporation into the sports
field, with cases where it allows managing large volumes of information, with respect to certain behavioral
patterns of athletes efficiently, as well as measuring the performance of players and predicting some ailments
and/or risks of injuries. Thus, we have cases of implementation of technological assistants in various sports
disciplines such as cricket and tennis, where tracking cameras are used to analyze the trajectory of the ball and
verify if the ball remained in the game or left the game. Likewise, in basketball and American football, there
is access to videos of automatic replays of incidents to evaluate decision-making during games.” Likewise,
the beautiful sport has also been affected by technology, from the year 2016, in the celebration of the club
world cup, making use of the popular and controversial Video Assistant Referee (VAR), which was built with the
purpose of reducing and/or mitigating those human errors inherent to refereeing and minimizing the impact of
these decisions in the results of football matches by Kubayi et al.®, thus preventing scenarios such as the one
that occurred in the final of the 1966 World Cup, at Wembley Stadium, London, where, in overtime and with a
tied score of 2-2, between England and Germany, the English striker Geoff Hurst shot at the German goal, hitting
the upper crossbar and bouncing over the goal line. Faced with this situation, referee Gottfried Dienst awarded
the goal, despite not be totally sure of what happened, changing the procedure of the match completely,
concluding the match 4-2, in favor of England.® However, with VAR implemented, unfortunate incidents have
occurred, such as in the Qatar World Cup, where, throughout the tournament, controversial penalties were
charged to the Argentina team, which reaffirms Tamir & Bar's position. -eli, in “The moral gatekeeper: soccer
and technology, the case of video assistant referee (VAR)”, where it is emphasized that the implementation of
the VAR in soccer will serve as an assistant in decision-making in cases of Controversial plays, however, will not
completely eliminate refereeing errors, since, for a sports judgment, human intervention is required.

Once the use of these technological tools and certain controversies in sport have been described, the
dilemma arises, in different sectors, regarding the permanence of their use in current sporting events, the
question being whether in reality the technological assistants used produce accurate results. and suitable for
making an adequate judgment regarding incidents in real-time encounters as in certain cases presented.

In view of the constant discussion on the issue previously raised in different sectors, making use of different
approaches, through investigating research articles found in databases such as Scopus, in fields of communication
sciences and life sciences computing, the relevance of the topic today is determined.

Likewise, the systematic review "The Controversy of Sports Technology” by Dyer® was taken as a starting
point, to expand the information referred to, since the article dates back to 2015, being outdated, excluding
for periodic reasons, the evaluation of systems and models supported by emerging technologies by Dyer® such
as machine learning and/or Deep learning, used for the optimization of software of different types, through
the entry of data or previous experiences.® In addition, it has an approach more associated with the field of
communication sciences than technology. For this reason, an update of knowledge about the technological
tools used in sport is appropriate, which is why a Systematic Literature Review is proposed to evaluate the
results of systems and models based on emerging technologies used as technological tools in different sports
disciplines, with the aim of concluding with the ambivalence, dichotomy and uncertainty generated by the
use of these resources. Likewise, in this review, we aim to understand and record the current panorama of
emerging technological solutions for the sports field.

Thus, the objective of this review lies in being able to review and analyze those technological solutions
based on the use of artificial intelligence techniques capable of serving as technological assistants in support
of referee decision-making in highly competitive professional sports, to Thus, being able to have fairer sporting
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events.

In relation to the structure of the systematic literature review, it consists of the following sections: section
1, the methodology and statement used for the search and selection process of research articles are presented,
thus finding the research questions, criteria of inclusion and exclusion as a graphical representation of the study
selection process. In section 2, the results are found, after having extracted and analyzed the most relevant
data from the filtered research articles. In section 3, there is the discussion section, where the interpretation
of the analyzed results is carried out, in order to reflect a synthesized panorama with respect to the value
provided by these technological solutions. Finally, in section 4, the respective conclusions were developed,
where the most relevant ideas and the main key points to improve in future research studies are mentioned.

METHODOLOGY

In the systematic review of literature presented, PICO is used, which is a methodology that allows the
generation of structured review questions, through specific components, these being Problem or Object of
Study (P), Intervention (I), Comparison(C), Result(0), Context(C), Time Interval(T). It should be noted that
depending on the study scenario, the corresponding components will be used.

Based on this, it was proposed as a review question: what has been the level of precision of the technological
assistants proposed for the issuance of precise judgments for sports arbitration in the different sports disciplines?
This question arises from the need to know if These solutions turn out to be effective for future implementation
and use in sporting events, in turn having derivations from the primary PICO question, these being:

Table 1. Derivations of the primary PICO question

PR.2 What has been the number of scientific
publications found per year?

PR.3 What is the highly competitive sport with the
greatest presence in scientific publications?

PR.4 What solution approaches have been the most
used for the development of technological
assistants?

PR.5 What artificial intelligence techniques have
been most used by technological assistants to
help decisions issued by sports arbitration in
highly competitive sports?

PR.6 What artificial intelligence approaches have
been most used for the development of
technological assistants?

PR.7 What types of artificial intelligence
architectures have been the most used for the
development of technological assistants?

PR.9 What types of artificial intelligence models
have been most used for the development of
technological assistants?

PR.9 What types of artificial intelligence algorithms
have been most used for the development of
technological assistants?

Once the PICO question was defined, based on the components used, the appropriate keywords were
identified.

Once the key words were defined in relation to each component used, the following search equation was
generated: (TITLE-ABS-KEY(decision OR “Matching recognition” OR “Error recognition” OR “Decision making” OR
“Real-time detection” OR “Video-assisted refereeing” OR var OR “Fault detection” OR “video assistant referee”
OR “video assisting refereeing system” OR “Decision support systems” OR “Decision error indicator” OR “Ball
tracking” OR “player tracking”) AND TITLE-ABS-KEY(ai OR “artificial intelligence” OR “Deep residual network”
OR “machine learning” OR “deep learning” OR “neural network” OR “bayesian network” OR convolutional) AND
TITLE-ABS-KEY(referee OR umpire OR judge) AND TITLE-ABS-KEY (soccer OR football OR sport OR volleyball OR
tennis OR basketball)).

The generated search equation was applied in the Scopus database, obtaining 62 results, concerning the
topic raised.
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Table 2. PICO question

Components Compositions Keywords
P Problem/ Object of Technological assistants decision OR "Matching recognition® OR "Error
study recognition” OR "Decision making” OR "Real-time

detection” OR "Video-assisted refereeing” OR var
OR "Fault detection” OR "video assistant referee”
OR "video assisting refereeing system” OR "Decision
support systems" OR "Decision error indicator” OR "Ball
tracking” OR "player tracking"

| Intervention Artificial intelligence techniques aiOR "artificial intelligence" OR "Deep residual network”
OR "machine learning” OR "deep learning” OR "neural
network” OR "bayesian network" OR convolutional

0 Results Judgments issued by sports referee OR umpire OR judge
arbitration
C Context Different sports disciplines soccer OR football OR sport OR volleyball OR tennis
OR basketball

Having applied the search equation to Scopus, the selection process began. To do so, a search was used
based on the PRISMA statement, which is a methodology focused on the systematic selection of literature,
based on protocols, standards and exclusion and inclusion criteria, to obtain quality, reliable and accurate
studies. The exclusion criteria that have been developed are the following:

Table 3. Exclusion criteria

CE.1 Research articles such as conference reviews and review articles
will not be taken into consideration.

CE.2 Research articles in which machine learning techniques are
applied for purposes that differ from arbitration assistance will
not be taken into consideration.

CE.3 Research articles found prior to the period 2014-2023 will not be
taken into consideration.

CE.4 Those research articles where technological solutions to the
problems identified in sporting events have not been proposed
will not be taken into consideration.

CE.5 Those research articles that propose technological solutions
without techniques related to artificial intelligence will not be
taken into consideration.

On the other hand, the following are the inclusion criteria:

Table 4. Inclusion criteria

Cl.1 Original research articles, conference papers and book chapters
will be considered.

Cl.2 Research articles in languages, Spanish and English will be taken
into consideration.

Cl.3 Those research articles that apply artificial intelligence
techniques focused on identifying incidents during sporting
events will be taken into consideration.

Having defined the required criteria, the selection process begins, consisting of 4 phases. Firstly, the
automatic filters of the Scopus database are used, supported by the exclusion criteria (CE.1 & CE.3), obtaining
13 research articles excluded for not meeting the criteria used, obtaining 49 articles, that they met the
established criteria. Secondly, with the remaining 49 articles, the titles, keywords and summaries are reviewed,
excluding a total of 5 articles and leaving a total of 44 research articles. Thirdly, a search process was carried
out for the remaining full-text articles, a total of 9 articles could not be recovered and 35 research articles
were recovered. Finally, an exhaustive review of the full-text research articles was carried out in depth,
applying in turn the remaining exclusion and inclusion criteria, obtaining a total of 14 excluded articles and
leaving a total of 21 selected research articles. to be used as part of the systematic literature review. This
prism flow is described graphically through the following graph:
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Figure 1. PRISM flow

RESULTS

Based on the discovery and selection of review articles obtained for the systematic literature review, the
results are analyzed. Having defined the article extraction period 2015 - 2023, a total of 21 research articles
were found, where a greater presence of conference papers was evident compared to other categories of
scientific publications. Likewise, a greater number of scientific publications were found in 2020, compared to
the others.

3
2
U 1 I ]

2018 2019 2020 2021 2022 2023

M Conference Paper M Article

Figure 2. Number of scientific publications from the period 2015 - 2023

https://doi.org/10.56294/dm2024188


https://doi.org/10.56294/dm2024188

Data and Metadata. 2024; 3:188 6

Likewise, a greater number of research articles were found, focused on the implementation of technological
solutions to Cricket, in contrast to other popular sports such as soccer, tennis and/or basketball.
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Figure 3. Number of scientific publications

this, in order to achieve precise decision making and a fair game, through event detection by having automated approaches for the detection and monitoring of

players, balls and referee movements.
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Figure 4. Solution Approaches for the development of technological assistants

In the selected articles, it was found that the types of problems can be evident in more than one sports
discipline, as well as the objectives of their research. Thus, in soccer we have problems related to the detection
and monitoring of players in incidents related to offside plays, caused by the pace of the game such as fouls
due to divided balls.">2% Similarly, in tennis, we have problems detecting incidents that occur in plays with
the ball and without the ball, as a result of not having an automated approach to be able to have precise
judgments, thus, the objectives of these investigations arise, being able to find a technological solution focused
on the detection and tracking of players and balls.(¢'72% Likewise, we found that, in cricket, figure skating
and wushu, similar problems are evident, such as having an obsolete and tedious process for detecting sporting
repercussions in games of these sports, as well as for modifying the score of game markers and for detection
of movements of players as referees for the issuance of a precise judgment, this being the origin of the reason
for their studies, which seek to detect the movements of sports objects and referees for the detection of
game moments such as automating processes to updating game scores. ©810.11,12,18.21,22,23.25) | jkewise, in other
sports such as basketball, hockey, fencing, handball, race-walking, skateboarding, we also find problems with
presence in more than one sporting discipline, which lie in having a traditional approach for detecting sports
incidents. 7% 11,13,14.19.20) A[(
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In the research studies presented, a wide range of technological solutions capable of addressing the problems
and objectives presented were proposed. Having proposals of various characteristics as well as various artificial
intelligence approaches for its development, it is thus that we have the development of an algorithm focused
on the detection and monitoring of the trajectory of the ball as the game progresses, based on Transfer learning
using principles of Deep learning by Kamble et al. ?¥, the development of systems capable of detecting and
classifying sports actions with respect to snick moments in cricket games as well as for the detection of
referee movements, making use of Neural networks Inception V3(CNN), VGG19 networks, techniques related
to an approach based on Deep learning and Machine Learning.??? Likewise, there is a segmentation method
for predicting and evaluating the quality of actions performed in a figure skating competition, using Deep
Learning.® Thus, we can show that the most useful artificial intelligence approaches for the development of
solutions focused on the detection and monitoring of players, sports objects, and the identification of referee
movements make use of Deep Learning and Machine learning principles and techniques. Likewise, it was found
that there is a greater presence in the use of Convulsion Neural Networks (CNN) and Artificial Neural Networks
(ANN) in the development of technological solutions, this is because they are useful for solutions focused on
image and video processing, thus allowing us to detect and follow sports agents and objects.
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Figure 5. Artificial Intelligence approaches for the development of technological assistant
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Figure 6. Artificial Intelligence Techniques

Addressing the structure by which the proposed proposals were designed and developed, studies were found,
where the CNN architecture is used in sports disciplines such as football, cricket and tennis, for the automated
identification and tracking of players and sports instruments used during gaming matches. (10152126 | jkewise, we
have other studies focused on making use of unusual architectures such as IRIS architecture, for the automation
of scoring processes in figure skating by Matsuyama et al.®, in turn, we have a technological solution, whose
purpose lies in the detection of incidents in handball games, using a You Only Look Once Architecture (YOLOv3).
1 Going deeper into the models used for the composition of technological solutions, studies were found in
which they make use of models related to the CNN architecture, this being the CNN model, for the development
of algorithms, systems, methods and processing frameworks for the recognition and classification of sporting
events that occur in sports such as football, cricket and hockey. ®:1%.1821.24) At the same time, we have studies that
make use of the SVM model to develop solutions for the identification of movements of players and referees by
Nandyal et al."? and lyer et al.("® such as those solutions that use a CNN model. Despite having two models with
a similar approach, a greater preference was evident in the use of a CNN architecture and model. The reason is
totally related to the objective, solution approach, Al approach and techniques used, since, turn out to be most
useful for the development of solutions that aim to identify, track and classify sports objects (players, balls,
sports instruments) on a playing field, to determine certain controversial plays to achieve precise judgments in
matches. sports in different disciplines.
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Figure 7. Artificial Intelligence Techniques
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Figure 8. Types of Al models used for the development of technological assistants

Having analyzed the algorithms used in the research presented, it was found that there is a greater presence
in the use of the support vector machine (SVM) algorithm, this is due to the fact that a large percentage of
articles by Mili et al.®, lyer et al."™®, Kowsher et al.?", Khan et al.®® and Shahjalal et al.? aims to detect and/
or identify movements of players and referees, thus allowing the use of this algorithm, as it is focused on the
detection of events that occur through the processing of images and videos.

Likewise, the technological solutions, when tested in their test environment, demonstrated considerable
effectiveness, thus meeting the expectations for which they were raised, having among the most encouraging
results, a solution focused on the development of a real-time image processing framework. based on real
network (CNN-RTIPF) to classify the movements made by hockey players, which managed to achieve an accuracy
of 98,7 % by Jiang et al.®, as well as a solution based on a method of identification and detection of referee

movements, on the cricket field."?
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Figure 9. Algorithms used for the development of technological assistants
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Finally, we have the series of limitations presented when operating these solutions, where it was found that
the problem with the greatest recurrence lay in the incorrect identification of sports objects in sports such
as cricket, football, basketball, hockey, skateboarding and handball, sometimes, product of the dynamism of
sporting events.
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Figure 10. Limitations presented in operations of technological solutions
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DISCUSSION

In the review study presented, it was confirmed through the analysis of results, a greater predominance
and/or interest in the research and development of technological solutions in the field of Cricket, in
comparison to sports with greater relevance such as soccer, basketball and /or tennis. This is due to important
factors described in these articles, first, we have that cricket turns out to be one of the emblematic sports
in European and Asian countries, where there is a large monetary acquisition, which allows the promotion
of projects. for research and development of technologies. Secondly, sport has been one of the founders in
the implementation of technological solutions for its intervention in cricket games, thus generating optimal
conditions for the application of technological items. In addition, it is one of the sports in which the premise
of its collaborators is to seek to obtain precise decisions in the shortest possible time, to achieve a fair game.
Finally, due to the conditions of the game, which are a large field, which makes it difficult to perceive some
incidents.®10.12.21,22.23.25 | jkewise, with respect to the problems and objectives of the proposed solutions, we
can infer from the evidence of the results shown, that the premise of the technological assistants lies mainly
in the detection and monitoring of sports objects as well as in the identification and classification of sports
incidents, with cases in articles by Nandyal et al.(", lyer et al.™®, and Ravi et al.??, in which systems capable
of identifying and classifying the actions that occurred are used to be able to issue precise results, in order
to have game games fair, in turn, this being the primary principle of the development of research articles.
Likewise, the effectiveness in the operation of the technological solutions in their respective environments is
evident, where promising results greater than 90 % were obtained Nandyal et al."?, Jiang et al."® and Reno
et al.@ which led to the implementation of the proposals. At the same time, having verified the considerable
level of precision of the proposed solutions and analyzed their composition, the effectiveness of the SVM and
CNN models was evident, to perform functions related to the detection, monitoring and classification of sports
objects in variable sports with regarding their scenarios and interactions between game participants.

CONCLUSIONS

In conclusion, technological solutions of various characteristics were found, ranging from the proposal of
methods capable of detecting referee movements in cricket to algorithms capable of determining whether an
offside action occurred in a soccer match. Thus, it was found that one of the main problems in the research
landscape lies in being able to identify the participants in a sporting event, together with the associated
instruments they use to perform in sport, all of this, to be able to identify incidents that occurred such as LEG'BY,
FOUR, WIDE events, offsides, game infractions. To achieve this, have sporting events with precise and quick
decisions, thus allowing for game games with a greater effective playing time and without controversial plays.
Likewise, a sense of innovation and continuous improvement was seen in the field of cricket in the research
and development of technological solutions. Addressing the technical aspects, the architectures, models and
algorithms most used by the studies reviewed were based on Machine Learning and Deep Learning techniques,
obtaining results with a level of precision in the range of 85 % to 99 % when tested in their respective test
environments. Thus, having analyzed the percentage of precision of the solutions, it is recommended that for
the development of technological assistants, whose purpose is the detection and monitoring of sports objects,
these being the participants of the game, ball, game instruments, to the identification of sports incidents
(offside plays, misplays, snicks), the use of architectures, models and algorithms related to Convolutional
Neural Networks (CNN) and Support vector machine (SVM), since they present an approach which allows the
identification of objects in spaces of variable dimensions and the monitoring of their trajectory, in addition to
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being able to be trained to improve their performance, thus producing solutions with a continuous improvement
nature.
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