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Prologue

ince the first contemporary edition
of the Olympic Games held in 1896,
this grand sporting event has been
in constant evolution and, in the
modern era, has become a testing ground
for technological innovation. As the digital
revolution advances, technology plays an
increasingly crucial role in all aspects of the
Olympic Games, from the preparation and
performance of athletes to the fan experience,
organization, and security of the event.

In the 2024 Paris Olympic Games, approximately
10,500 athletes from 32 different sports and
206 different nationalities will participate,
along with 22 adapted Paralympic sports. In all
disciplines, technology will be an undeniable
ally to improve the performance of athletes,
coaches, judges, referees, spectators, and
members of the organization, ensuring that

all events are conducted sustainably,

safely, and without incidents.

The athlete's experience is one of the areas
where technology will have the most significant
impact. Athletes now have access to a greater
variety of digital tools designed to help them
improve their training and recovery, optimizing
performance during competitions. In this
field, one of the emerging trends is the adoption

of virtual reality (VR) and augmented reality (AR)
solutions that allow athletes and coaches to
simulate different competition scenarios,
practice in immersive environments, and
overlay data and instructions directly into their
field of vision during training and competitions.

On the other hand, the rise of generative
artificial intelligence is revolutionizing
how athletes plan their training and
competitions. In this regard, the Paris

2024 Games will mark the beginning of
experimentation with intelligent training
systems that provide detailed information and
personalized real-time recommendations on
athlete performance, helping to identify areas
for improvement and develop more effective
competition strategies.

This trend also includes an increase in the
adoption of wearable technologies, connected
sensors in sports clothing and facilities, as well
as cameras equipped with computer vision that
monitor the biomechanics and movements of
athletes, providing high-value information for
performance improvement.



Another area of innovation in this event will be
related to improving the fan and spectator
experience. The way fans consume sports
content is changing rapidly, and traditional
television broadcasting is shifting towards
streaming platforms, online applications,

and social networks. These new interaction
channels allow viewers to access on-demand
content anytime and from anywhere. Thus,

it is expected that access to hew personalized
content consumption options will become
widespread at the Olympics, through each
viewer's preferred platform. Data indicates that
64% of content related to the Olympics will
already be consumed through online platforms.

One of the main keys that will make the adoption
of these new digital trends possible is improved
connectivity. The high speed and low latency
provided by new 5G networks will allow for
faster and more reliable data transmission,
which is crucial for live event coverage and the
intelligent operation of infrastructures.

5G will enhance the functioning of all connected
devices within sports facilities, from cameras
equipped with computer vision to smartphones,
drones, loT sensors, and any other connected
device. According to the organizers, this year

there will be more than 12,000 connected screens,
8,000 WiFi terminals, and 13,000 computers

connected by over 400,000 kilometers of fiber
optic cable at the Olympics.

Thanks to new high-speed networks, organizers
will be able to manage large volumes of

data transmitted in real-time from all these
connected sensors and loT devices to control
centers. Similarly, they will become the catalyst for
the use of the aforementioned advanced immersive
experience technologies, providing greater real-
time interaction between fans and athletes.

Connectivity advances will also enable the
incorporation of the first "smart stadiums"

into the Olympics. Equipped with networks of
sensors and connected loT devices, the smart
infrastructures of the Games will feature virtual
replicas in the form of digital twins, providing
organizers with detailed and exhaustive data

on event development and real-time updates

with traffic, transportation, pollution, or weather
and climate conditions data. These innovations
are directly linked to Paris' commitment to
conducting the Games in accordance with the
global sustainability initiatives currently
underway. Thus, during the Games, host cities will
implement innovative solutions in areas such as
transportation, energy, and waste management,
seeking to reduce pollutant emissions.

The plan to make Paris the first "Olympic
Smart City" sets a precedent not only

for sustainable Olympics but also for
environmentally conscious sporting events.

All this increased connectivity at the Paris 2024
Games and the exposure to a huge volume

of sensitive data hosted in the cloud make
cybersecurity an increasingly critical concern

at the Olympic Games, making protection
against cyberattacks essential to safeguard
the integrity of athlete data, event infrastructure,
and spectator personal information.

Advances in cybersecurity now include the use

of artificial intelligence to detect and respond

to threats in real-time, and the formation of
dedicated teams for incident monitoring and
response. These efforts aim to ensure the security
of the Paris 2024 Olympic Games.

Finally, Paris 2024 will be the prelude to the arrival
of new disruptive trends such as the integration
of virtual sports as a new Olympic discipline.
Proof of this is that the International Olympic
Committee has already created a specific
commission for eSports this year.

On an even more futuristic level, there is also
debate on the use of technology as a possible
legitimate element to enhance human body
capabilities in sports competitions, which invites
thinking about the creation of future bionic or
hybrid games where human athletes would be
equipped with technological devices that function
as an additional vital organ.

This entire digitization landscape presents

a future full of opportunities for the
development of increasingly technological
Olympic Games, and this event in the French
capital will give the starting signal for many of the
major trends that will shape the course of sports
innovation in the coming decades.
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Athletics

Known as the king of sports in the Olympic
Games, athletics encompasses a variety

of events and competitions based on
fundamental physical skills such as running,
jumping, and throwing. It is considered one
of the oldest and most universal sports,
with roots dating back to the ancient

Greek Olympic Games.

Smart Infrastructure : 6
Innovations in tracks and lighting systems
are being adopted but are not yet universal.
Investment in smart infrastructure is ongoing,
especially in high-level competitions.

Communication Platforms : 7
Training management and strategy software
is well-developed and fundamental in athlete

preparation, although there is still room for
innovation.
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Level of Technological Implementation

Artificial Intelligence : 7
Al is widely used for performance and running
technigue analysis, but not yet fully integrated at
all competition levels, with many development

opportunities ahead.
Data Analysis: 8

Predictive analytics is deeply integrated,
especially at elite levels, where advanced
platforms are essential for training planning
and execution.

Augmented Reality: 5
AR is used mainly for visualizing and analyzing
running techniques but is still limited and
mostly experimental.

Sensors and Wearable Devices : 8

Virtual Reality: 5

Connected sensor technology is highly
advanced and widely used in shoes and

clothing for performance analysis. Such

VR is used in specific training scenarios but
is not widely adopted, although its potential to
improve technique is promising.

devices are common in most professional

teams and national squads.
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1. Al & Data

Performance and technique analysis:

Al solutions analyze athletes' movement
patterns and biomechanics, providing instant
feedback on technique and suggesting
adjustments to optimize training.

Injury prediction: Machine learning
algorithms analyze movement patterns and
training loads to predict and prevent potential
injuries, helping athletes maintain safer and
more efficient training.

2. AR & VR

Immersive training: VR is used to simulate
different race and training scenarios,
allowing athletes to practice in a controlled
environment and improve their technique
before facing real competition.

Technique analysis with AR: Applications
overlay data and diagrams onto training
sessions in real-time, helping coaches
analyze and correct athletes' techniques with
greater precision.

Digital twins: Virtual replicas of specific
organs, such as the heart or legs, enable
coaches and athletes to monitor vital
functioning parameters in real-time and
remotely.
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3. Sensors and Wearable Devices

Smart shoes with sensors: These monitor
real-time metrics like force, speed, cadence,
and running technique, providing detailed
data to enhance performance and prevent

injuries.

Compression clothing with sensors: This
helps coaches and athletes monitor postural
aspects and biomechanics during training,
offering valuable metrics for performance
analysis.



4. Platforms and Software

Training management software:
Intelligent platforms designed to assist
coaches in planning and monitoring
training, managing workloads, and
analyzing athletes' progress.

Computer vision: Systems equipped
with smart cameras use Al algorithms to
analyze images in real-time, automatically
identifying key moments in competitions
and training for later analysis to optimize
athletic performance.

5. Infrastructure Innovations

Tracks with integrated sensors: Tracks
equipped with pressure sensors collect
data on force distribution, speed, and
balance during races, providing critical
information for technique analysis and
supporting judges in result evaluation.

Software-controlled dynamic lighting:
Lighting systems that automatically

adjust during competitions to enhance
visibility, athlete concentration, and energy
efficiency, reducing the carbon footprint of
facilities.
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Cybertech: 5
The use of cybersecurity technologies in athletics
is growing, focusing on protecting personal
and performance data, ensuring competition

Use of Technologies by Category

E-Health: 8
Wearable devices connected to mobile apps and
data platforms are widespread for monitoring athletes'
health and personalizing treatment plans.

Performance: 8
Data analysis platforms are widely
integrated to evaluate and optimize
athletic performance, providing accurate
and reliable data for coaches' decision-
making, but there is still room for full

integrity, and preventing doping through advanced implementation.
monitoring and analysis systems.
Fan Engagement: 6 Audiovisual: 5
Social interaction platforms are growing, with much Immersive training and AR/VR applications are
development potential ahead, especially in integrating emerging and experimental, with uneven usage across
innovative trends like AR and VR. competitions and national teams, more common in

high-profile events and specialized training.

Noah Lyles | 2023




Current Use Cases

Applications like Stryd, Lumo Run, or
RunScribe use sensors integrated into
shoes to analyze athletes' movement
patterns in real-time.

TrainingPeaks or Final Surge advanced
tools designed for athletes and coaches
to improve performance through data
analysis and training planning.

Global universities and research centers
develop Al algorithms to analyze movement
patterns and training loads to predict and
prevent potential injuries in runners.

Facilities like the United States High-
Performance Center equipped with tracks
with integrated sensors collecting data
on force distribution and balance, providing
critical information for technique analysis.

Some athletic championships have begun
using software-controlled dynamic lighting
systems to enhance visibility and athlete
concentration during competitions.

Institutions like the Australian Institute of
Sport use motion capture technology to
analyze runners' biomechanics in detail,

improving technique and reducing injury risk.

U.S. Olympic marathoner Des Linden
the first person to receive a digital twin
replica of her heart.

3D Athlete Tracking (3DAT) creates 3D
models of athletes' bodies, already
being used by some coaches to
optimize performance.
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The Next 10 Years

Generative Al and machine learning applications will become even
more sophisticated, enabling more comprehensive predictive
analyses to anticipate injuries and adjust training strategies in
real-time with greater precision.

AR and VR will be deeply integrated into athletes' daily routines
and fan experiences, with interactive platforms offering unique
competition perspectives.

Biotechnology will advance to provide even greater personalization
in athletes' training and recovery regimens.

Wearable devices will continue to refine their functionality, allowing

continuous and detailed monitoring of athletes' physical and mental states.

Future sports facilities will be equipped with loT infrastructure and
smart sensors, enhancing operational management and the athlete
experience. 5G, and eventually 6G connectivity, will enable unprecedented
interactivity, with personalized experiences for each athlete and fan,
optimizing both training and competition viewing.
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Badminton

Badminton is a racquet sport characterized by

its speed and agility, requiring quick reflexes,
precision, and excellent physical condition.
Originating in Asia and with a strong competitive
presence in countries like China, Indonesia,

and Denmark, badminton has been part of the
Olympic program since 1992 and is distinguished
by its dynamic exchanges and strategic play.

Smart Infrastructure: 5
Innovations in courts and lighting systems are
being adopted but are still minor. Investment
in smart infrastructure is ongoing, especially in
high-level competitions.

Communication Platforms: 6
Training management software is well-
developed and useful for optimizing training
programs, but there is still room for adoption.

Level of Technological Implementation

Artificial Intelligence: 6
Al is mainly used for technique analysis and
training preparation, but its full integration is
still in development. Adoption varies between
competition levels and countries.

Sensors and Wearable Devices: 7
Sensor technology is advancing and used
in racquets and clothing for performance
analysis, but not yet universally adopted.
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Data Analysis: 7
Data analytics is increasingly integrated
into performance and technique evaluation,
although adoption is not yet universal.

Augmented Reality: 5
AR is used primarily for technique analysis
and correction but is limited and experimental.

Virtual Reality: 5
VR is being experimented with in
specific training scenarios and shows
promising potential, but large-scale
adoption is still limited.
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1. Al & Data

Al coaches: Training assistants based on

Al analyze data collected by cameras and
sensors to monitor every athlete's movement
during competitions and training sessions,
providing detailed statistics and suggestions
on players' movements, shot selection,
precision, and endurance levels during
matches.

Motion capture and advanced analytics:
Al systems analyze players' movements to
identify potential injury risk factors or improve
biomechanics and postural habits.

Material customization: Al algorithms
analyze game data (like swing speed, impact
force, and control) to design racquets that
maximize performance, whether by increasing
shot power or improving net play.

Real-time match analysis: Al systems
process live video streams to provide insights
into opponent tactics, predict game patterns,
and suggest optimal strategic planning during
competitions.

2. AR & VR

Immersive training: Use of VR and AR
devices to simulate different match scenarios
and reproduce specific postures or racquet
strokes, allowing players to practice in
controlled immersive environments.

Interactive data visualization programs
and devices: Applications overlay data and
diagrams onto training videos in real-time,
helping coaches analyze and correct playing
techniques.
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3. Sensors and Wearable Devices

Smart equipment: Compression clothing
with integrated sensors offers information

on movement patterns, speed, and overall
physical condition of players. These not only
improve training precision but also contribute
to the growing trend of data-based sports
analysis.

Smart racquets: Equipped with sensors that
measure the speed, force, and accuracy of
shots, providing players and coaches with
real-time performance data, including swing
speed, shot accuracy, and shuttle impact.



4. Platforms and Software

Strategy optimization applications:
Digital tools designed to help coaches
adjust strategies and match plans in
real-time, based on data obtained during
training sessions and matches.

Smart glasses: Allow coaches to visualize
overlaid data with images and correct
players in real-time.

5. Infrastructure Innovations

Courts with integrated sensors: Courts
equipped with sensors strategically located
in different parts of the court and on the
perimeter lines detect and record the
shuttle's position, movement speed, and
racquet impacts in real-time.

High-speed cameras: Integrated
within courts, they capture every game
movement, providing precise data for
subsequent performance analysis or
referee decisions.

Lighting and climate control systems:
Advanced home automation systems help
maintain optimal temperature and humidity
conditions on the courts, creating a more
comfortable and safe playing environment.




Cybertech: 6
Significant advancements have been made
recently. National federations and sports
organizations are adopting protocols to protect
against cyber threats such as hacking and data
fraud in competitions.

Fan Engagement: 5
Mobile apps and social media platforms are being
developed to interact with fans, but the implementation of
AR and VR experiences is still growing.

Use of Technologies by Category

E-Health: 7
Wearable devices and mobile apps are used to monitor
players' health and personalize recovery plans.
While adoption is not universal, it is widespread.

Performance: 7
Al Coaches and data analysis platforms
are widely adopted as performance
evaluation and optimization systems,
although there is room for improvement
in their implementation.

Audiovisual: 5
Immersive experiences and AR/VR applications
are available, but usage is not uniform across
competitions, being more common in high-profile

events and specialized training.
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Current Use Cases

Babolat's smart racquets equipped with
sensors that monitor the force, speed, and
accuracy of shots, providing detailed data
to help athletes improve their technique
and prevent injuries.

Spanish Olympic player Carolina Martin
states that advanced data analytics
helps her know if she has recovered,
if she is ready for the next training loads,
prevent injuries, and better understand
her opponents, being better prepared
for future matches.

3. The US. Department of Science and

Innovation (GIST) and MIT developed

the MultiSense Badminton Dataset, a
biomechanical dataset based on
wearable sensors that includes 7,763
badminton swing data points collected from
25 players of different skill levels, providing
advanced metrics like eye and body tracking,
muscle activity, or foot pressure. Motion
Capture Technology used by institutions like
the Australian Institute of Sport to analyze
runners' biomechanics in detail, improving
technique and reducing injury risk.
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The Next 10 Years

loT device and sensor connectivity will enable access
to increasingly precise and valuable data sets.

Integration of Al and machine learning tool will continue
revolutionizing how players train and refine their game, taking
badminton performance to unprecedented levels.

AR and VR integration will become part of players' daily
routines and fan experiences.
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Basketball

Invented in 1891 by James Naismith, basketball
has evolved into one of the most popular

and widely played sports worldwide, with
prominent leagues such as the NBA.

The game is characterized by its speed,

with constant changes of possession

and strategic movements, including

dribbling, passing, and shooting.

Smart Infrastructure: 6
The adoption of loT sensors in the court and
smart lighting is growing. However, more
investment in smart infrastructure is needed
to develop its full potential.

Communication Platforms: 7
Team and tactic management software is
well-developed and fundamental in team
preparation, though full adoption of real-time
communication tools still has much room for
development.

Wearables / Sensors: 8
Sensor technology is highly advanced and
widely used in equipment and balls for
performance analysis. Devices like smart
jerseys and shoes are already common in
most professional teams.

Level of Technological Implementation

Artificial Intelligence : 7
Al is widely used for data analysis and strategies
but is not fully integrated at all levels of play. The
sophistication and accessibility of these tools still vary
among different leagues and competition levels.
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Data Analysis: 8
Data analytics is deeply integrated into
all aspects of basketball performance
and tactics, especially in the NBA, where
platforms like Second Spectrum are essential
for planning and executing strategies.

Augmented Reality: 6
AR is mainly used for play visualization and
analysis, but its adoption is still experimental.
However, it is one of the most promising
innovations for transforming basketball
training experiences.

Virtual Reality: 6
VR is used in specific training scenarios, such
as shooting or dribbling simulations, but is
not universally adopted, although its potential
for recreating real game situations is being
explored by pioneering teams.

16
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1. Al & Data

Personalized performance analysis:
Programs and mobile apps track and record
shots, successes, failures, and positions. Al
evaluates player techniques and offers instant
performance metrics, allowing real-time
adjustments during training and competitions.

Smart scouts and selectors: Generative
Al solutions compare metrics of emerging
players to identify talent, select players, or
determine the best lineup for each game.

2. AR & VR

VR-specific scenario simulation: Virtual
reality devices create immersive experiences
where players can practice shots, dribbles,
pivots, or complex defensive movements that
may occur in real competition.

AR for play analysis: Video analytics
software with AR features processes images
after games, providing detailed information by
overlaying data and tactical diagrams on key
plays.

3. Sensors and Wearable Devices

Smart jerseys with biometrics: Equipment
with sensors monitors real-time metrics such
as heart rate, blood oxygen levels, and muscle
workload.

Smart basketballs: Equipped with sensors
to measure rotation and trajectory, providing
tactile feedback through vibrations. Data is
sent to a mobile app for real-time analysis.
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4. Platforms and Software

Training management software: Platforms
for planning detailed training sessions,
managing workloads, and analyzing player
progress, optimizing training program
efficiency and ensuring continuous
performance tracking.

Computer vision platforms: Connected with
mobile devices and screens to observe player
movements and biomechanics on the court
during training, correct shooting techniques,
or prevent injuries. They also help coaches
communicate strategies, reorganize player
positions, and adjust tactics in real-time
during games.

17



5. Infrastructure Innovations

Courts with integrated sensors: Flooring
with pressure sensors collects data on
player movements and interactions with
the surface, offering valuable information for
game and training analysis.

Domotic controls: Smartly controlled
LED lighting systems automatically adjust
during the game to enhance visibility and
reduce energy consumption.

3D printing: Additive manufacturing
techniques optimize the design and
production of sports equipment such as
balls or shoes.




Use of Technologies by Category

E-Health: 7
Monitoring health and physical parameters of players
through digital tools is widely adopted and used to personalize
treatment and rehabilitation plans.

Cybertech: 6 Performance: 8
Teams and federations are implementing Tools like Catapult and Hudl are
advanced measures and multi-factor integrated to evaluate and optimize
authentication systems. However, greater performance, providing accurate
integration of dedicated teams and continuous and reliable data for decision-making,
threat analysis is needed to prevent and but there is still room for innovation
detect new cyber intrusions. in these tools.
Fan Engagement: 7 Audiovisual: 6
Mobile apps, social media, and gamification platforms High-definition broadcasts and immersive experiences
are well-developed for interacting with fans, but the are available, but their use is not uniform across all
implementation of AR and VR experiences still has competitions, being more common in high-profile

Stephen Curry | 2014
much room for growth. leagues like the NBA.



Current Use Cases

HomeCourt an advanced mobile basketball
training app using Al and computer vision
to help players improve their skills.
HomeCourt uses the mobile device's camera
to capture player movements and analyze
their performance in real-time.

Cleveland Cavaliers implemented VR
systems allowing players to practice
free throws and other shots in a simulated

environment, replicating real game conditions.

This helps players improve their accuracy and
prepare for high-pressure situations.

Wilson Sporting Goods developed smart
basketballs with integrated technology to
measure and analyze each shot, providing
real-time data through a mobile app. This
allows players to adjust their shooting
technigue based on instant feedback.

4. CoachMePlus used by many basketball

teams for planning training sessions,
monitoring player health, and adjusting
tactics on the fly. This platform optimizes
team management and ensures continuous
performance tracking.

Kinexon used by several NBA teams to
monitor performance through precise data on
workload and player physical condition, helping
to prevent injuries and improve recovery.

Toronto Raptors use Al tools and advanced
analytics for player scouting, analyzing
thousands of data points to identify talent and
adjust recruitment strategies.

Drones used in training and games to
capture images from unigue angles, providing
detailed material for technical and tactical
analysis. NBA teams like the Dallas Mavericks
have experimented with this innovation to
improve game analysis.

Hudl allows coaches and analysts to

cut and tag game videos for detailed and
personalized analysis of key plays. This
facilitates the identification of strengths and
weaknesses at both individual and team levels.

Golden State Warriors: Implemented AR
applications allowing fans to overlay real-
time statistics and tactical diagrams
during games, enhancing understanding
and enjoyment of the game.
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10. Toronto Raptors and IBM use IBM's Watson

11.

12.

Al analytics system to analyze a vast set of
data points, including shooting information,
effectiveness percentages, and various
metrics related to specific game situations.

NBA Top Shot a blockchain-based platform
that allows fans to buy, sell, and trade
officially licensed NBA highlight moments
as collectibles. Each highlight is represented
by a unigue non-fungible token (NFT), giving
fans a sense of scarcity, exclusivity, and
authenticity.

Paralympic Basketball: Also leverages
advanced data analytics and connected
wearables to obtain real-time performance
metrics, helping athletes and coaches make
smarter decisions, adapt training, or perfect
techniques.

20
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The Next 10 Years

Machine learning algorithms will not only analyze
every aspect of individual games but also predict
patterns and suggest increasingly specific and
personalized improvements.

Wearable devices and integrated sensors in
sportswear will provide real-time data on physical
and technical performance, allowing immediate
adjustments during training and games.

Game broadcasts will greatly benefit from
AR and VR. These technologies will offer
immersive experiences for both
spectators and players/coaches.

VR simulations and immersive experiences will
continue to grow in popularity as methods for
practicing plays and strategies in controlled
environments.

Blockchain technology and tokenization

will have a significant impact on basketball
management and commercialization. Smart
contracts will simplify player contract administration
and sponsorship deals, while tokenization will allow
teams and leagues to create new revenue streams
through tokens and NFTs related to highlights,
exclusive merchandise, and unigue fan experiences.

Other disruptive innovations like 3D printing
and loT sensing will transform how current
infrastructures, courts, and sports equipment
are built and presented.
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N / Level of Technological Implementation
7 AN

Artificial Intelligence: 7
Al is widely used for data analysis and strategy but is

still developing. Accessibility to these tools varies
a n a by competition level and country.

Data Analysis: 8
Smart Infrastructure: 5

Data analysis is deeply integrated into all
aspects of handball performance and tactics,
especially at elite levels, where advanced
platforms are essential for training
planning and execution.

Innovations in courts and lighting systems

are being explored, and initial integrations

have been seen, but much development
is still needed.

Communication Platforms: 7
Training and strategy management software

is well-developed and fundamental
in team preparation. The adoption of AR in handball is limited

and mainly experimental.

Augmented Reality: 5

Handball is a fast-paced and physical team

sport characterized by rapid offensive and Sensors and Wearable Devices: 8 Virtual Reality: 6
defensive movements, Pr§0|§e p.assmg, Integration of sensors in jerseys, kneg | The adoption of VR in handball is in its early
and powerful throws. Originating in Europe pads, and balls for performance analysis is stages and far from universal, but its potential
in the late 19th century, handball has gained advanced. Such devices are common . - L L

to improve decision-making is very promising.
worldwide popularity and is known for its in most professional teams.

intensity and dynamism, being an Olympic
sport since 1972 for men and 1976 for women.

22
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1. Al & Data

Real-time intelligent analysis: Al tools
analyze player movements and strategy in
real-time, providing instant feedback and
suggesting tactical adjustments to optimize
team performance during the game.

Al-based planning: Generative Al solutions
allow coaches to compare metrics from
previous competitions, select players for each
game based on specific parameters, and
fine-tune strategies according to competitor
profiles.

2. AR & VR

Play simulations: VR allows simulating
different game and training scenarios for
players to practice before competition,
including shooting, defense, and decision-
making under pressure.

Smart strategic analysis: Devices

and applications overlay information on
retrospective images of key plays or real-time
cameras, helping coaches analyze and adjust
team strategy more precisely.

3. Sensors and Wearable Devices

Smart jerseys and knee pads: Equipment
with integrated sensors monitor posture,
workload, and force distribution during ball
throws in real-time, providing detailed data to
improve technique and prevent injuries.

Smart balls: Balls equipped with sensors
measure the speed, rotation, and trajectory
of throws, offering valuable information

for performance analysis and technique
improvement.
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4. Platforms and Software

Training monitoring programs: Planning
and management platforms for coaches to
manage workloads, analyze player progress,
compare metrics, and optimize training
programs.

5. Infrastructure Innovations

Smart courts: Designed to enhance the
game experience, incorporating computer
vision systems, smart LED lighting, and
motion and biomechanics sensors.

23



Cybertech: 5
There is growing awareness and training in
cybersecurity among players, coaches, and
technical staff to ensure a secure and reliable
digital environment in all aspects
related to basketball.

Fan Engagement: 6
Mobile apps and social media platforms are being
developed to interact with fans, but the implementation
of AR and VR experiences is still growing.

Use of Technologies by Category

E-Health: 7
Monitoring players' physical condition through wearables
and fitness trackers is very common, and the use
of Al for personalizing treatments and dosing loads
iS becoming more common.

Performance: 8
Data analysis platforms are integrated
to evaluate and optimize performance,
providing accurate and reliable data for
decision-making, but there is still room
for full implementation.

Audiovisual: 5
Immersive experiences and AR/VR applications
are available, but their use is not uniform across all
competitions, being more common in high-profile

events and specialized training.
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Current Use Cases

Kinexon sports analytics application uses
sensors to analyze player movements
and strategy in real-time, providing
instant feedback on technique and tactics,
and suggesting adjustments to improve
performance.

Hexoskin smart jerseys equipped with
sensors that monitor heart rate, breathing,
and physical activity in real-time.

SELECT smart balls equipped with
sensors that monitor the speed, rotation,
and trajectory of throws, providing detailed
data to help athletes improve their technique
and accuracy.

Sportlyzer a tool used by handball teams
to plan and monitor training sessions,
manage workloads, and analyze player
progress, optimizing training programs.

Universities and research centers have
developed Al algorithms that analyze
movement patterns and training loads
to predict and prevent potential injuries in
handball players.

German High-Performance Center facilities
equipped with courts that collect data

on force distribution and movement,
providing critical information for technique
and strategy analysis.

Dynamic lighting systems controlled

by software are used in some handball

championships to improve visibility and
player concentration during matches.

Institutions like the Biomechanics Institute of
Valencia use motion capture technology
to analyze players' biomechanics in detail,
improving technique and reducing injury risk.
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The Next 10 Years

Coaches will use these tools to analyze player performance with greater
precision, identifying patterns and areas for improvement from large
volumes of data.

Sensors and wearable devices will become increasingly common,
providing real-time data on players' physical condition, allowing for
personalized training and more effective injury prevention.

AR and VR will integrate into training enhancement and fan experiences
through interactive platforms offering unique game perspectives.

In refereeing and game management greater integration of technology is
expected to improve decision accuracy and fairness. The use of computer
vision and automated foul detection systems will be refined, reducing
human errors and speeding up decision-making processes.
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Boxing is a traditional sport known for its physical
intensity, tactical strategy, and the technical

skill of the fighters, who must combine agility,
endurance, and mental toughness to achieve
victory. As a popular sport worldwide, boxing

has a long history and is renowned for its world
championships and as one of the standout
events in the Olympic Games.

Smart Infrastructure: 5
Innovations in rings and lighting systems
are being adopted, but investment in smart
infrastructure is in its early stages, even in
high-level competitions.

Communication Platforms: 6
Training management software is well-
developed and useful for optimizing training
programs, but full adoption is still in progress.

Wearable Sensors: 7
Sensor technology is advancing and used in
gloves and helmets for performance analysis
but is not universally adopted.

Level of Technological Implementation

Artificial Intelligence: 6
Al is mainly used for technique analysis and injury

prediction, but its full integration is still developing.

Accessibility to these tools varies by
competition level and country.
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Data Analysis: 7
Data analytics is increasingly integrated
into performance and technique evaluation,
although adoption is not universal.

Augmented Reality: 5
AR is primarily used for technique analysis
and correction but is limited and experimental.

Virtual Reality: 5

VR is used in specific training scenarios but
is not widely adopted, although its potential to
improve technique is promising.
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. Al & Data

Advanced analytics applications: Al-
based tools analyze boxers' movements,
providing instant feedback on technique
and suggesting adjustments to optimize
performance.

Fitness trackers: Monitor all physical activity,

including heart rate and sleep patterns, to
optimize conditioning and recovery routines.

Al-powered training robots: Can observe
and learn a boxer's style, adapting their
responses or recommendations accordingly,
acting as virtual coaches.

2. AR & VR

Immersive training experiences: Allow
boxers to engage in simulated, interactive
scenarios to practice specific combat

situations and refine their movements against

virtual opponents from their homes or gyms.
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3. Sensors and Wearable Devices 4. Platforms and Software

« Smart gloves and helmets: Integrate « Live strategy applications: Tools that allow
sensors that monitor and track the speed, coaches to adjust strategies and fight plans
force, and trajectory of each punch. This in real-time, based on data obtained during
information allows real-time adjustments training sessions and fights.
or post-training technique refinement,
highlighting areas of strength or improvement.

« Wrist sensors: Provide comprehensive
metrics on punch volume, speed, and
intensity, helping boxers and coaches tailor
training sessions more precisely.

« Corner boxing trackers: Small devices
placed under boxing gloves track the speed,
power, and combinations of punches.

5. Infrastructure Innovations

» Rings with integrated sensors:
Equipped with pressure sensors that collect
data on force distribution and balance during
bouts, providing critical information for
technigue analysis.
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Use of Technologies by Category

E-Health: 7
Wearable devices and mobile apps for monitoring boxers' health
and personalizing treatment plans are advanced and
universally used in elite categories.

Cybertech: 6
The level of cybersecurity adoption in boxing
varies significantly among different organizations
and championships. Major leagues and promoters
are typically better equipped with advanced
cybersecurity measures.

Performance: 7
Data analysis platforms for evaluating and
optimizing performance are increasingly
used, with generative Al solutions playing
an increasingly relevant role.

Fan Engagement: 5 Audiovisual: 5
Mobile apps and social media platforms are growing, but Immersive experiences are available in boxing but are
interaction with spectators through AR and VR far from reaching mass adoption, beyond elite

is yet to be fully explored. and specialized training.




Current Use Cases

FightCamp uses sensors in gloves to
analyze boxers' movements in real-time,
providing instant feedback on technique
and suggesting adjustments to improve
performance and prevent injuries.

VR programs like PunchlLab allow boxers
to practice in a virtual environment,
simulating different combat scenarios and

improving their technique without injury risk.

CAJAVR a popular tool in boxing training
with virtual reality, transforming workouts
into immersive experiences based on
the boxer's rhythm.

Hykso smart gloves equipped with sensors
that monitor the force, speed, and accuracy
of punches, providing detailed data

to help athletes improve their technique
and prevent injuries.

U.S. Olympic Training Center equipped
with smart rings that collect data on force
distribution and balance, providing critical
information for technique analysis.

Dynamic lighting systems controlled by
software to improve visibility and boxer
concentration during matches.

Everlast and PIQ wrist device analyzes
punch speed, retraction time, and
impact, providing valuable information
to improve performance.

Botboxer a high-speed robotic punching
bag designed to improve boxers' precision,
speed, and reflexes. Uses computer vision
to track and react to a boxer's movements,
dodging punches like a real opponent.

Striketec combines connected sensors
with an Al algorithm to track and record
punch data, providing real-time feedback.




The Next 10 Years

Al applications for automated training and preparation
plans will become universal.

More advanced extended reality applications will be used
by more trainers and boxers to recreate punches and perfect
techniques through immersive experiences.

AR and VR integration will deepen into the fan experience,
with interactive platforms offering unique perspectives of matches.

Rings equipped with sensors and loT devices will continue
to improve, with increased investment in infrastructure enhancements.
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Breaking

Breaking, also known as breakdancing, is an
urban dance that emerged in the 1970s in the
Bronx, New York, as part of hip-hop culture.
Characterized by its combination of acrobatic
movements, agility, strength, and creativity,

it is structured around four main elements:
toprock, downrock, power moves, and freezes.
Its inclusion in the 2024 Paris Olympic Games
marks its first appearance as an Olympic
discipling, reflecting an effort to modernize the
Olympic program, attract a younger and more
diverse audience, and recognize the athletic
and artistic value of breaking.

Smart Infrastructure: 4
Innovations in dance floors and lighting
systems are being adopted but are not

yet universal. Investment in smart
infrastructure is ongoing.

Communication Platforms: 5

Training management software is well-
developed and useful for optimizing training

programs, but full adoption is still in progress.

Wearable Sensors: 6
Sensor technology is advancing and used
in clothing and protectors for performance
analysis but is not universally adopted.

Level of Technological Implementation

Artificial Intelligence: 6
Al is mainly used for technique and style analysis
and injury prediction, but its full integration is still
developing. Accessibility to these tools varies by
competition level and country.

Virtual Reality: 5
VR is used in specific training scenarios but
is not widely adopted, although its potential to
improve technique and style is promising.
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Data Analysis: 7
Data analytics is increasingly integrated
into performance and technique evaluation,
although adoption is not universal.

Augmented Reality: 5
AR is primarily used for technique and style
analysis and correction but is limited and
experimental.
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1. Al & Data

Technique and style analysis: Various

tools use Al to analyze dancers' movements,
providing instant feedback on technique and
style and suggesting adjustments to optimize
performance and choreography.

Injury prediction: Machine learning
algorithms analyze movement patterns and
training loads to predict and prevent potential
injuries, helping dancers maintain safe and
efficient training.

2. AR & VR

« Virtual and augmented reality training:
Use of VR to simulate different competition
and training scenarios, allowing dancers to
practice in a controlled environment and
improve their technique without injury risk.

« Technique analysis with VR: Applications

overlay data and diagrams onto training

videos in real-time, helping coaches analyze
and correct athletes' technique and style with

greater precision.

3. Sensors and Wearable Devices

Compression clothing with sensors:
Equipped with sensors that monitor posture,
balance, and workload during training,
providing information for performance
analysis and injury prevention.

4. Platforms and Software

Training management software: Platforms
that allow planning and monitoring breaking
training, managing workloads, and analyzing
dancers' progress, optimizing training
programs.
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Live strategy applications: Tools that allow
coaches to adjust training strategies and
plans in real-time based on data obtained
during training sessions and competitions.

5. Infrastructure Innovations

Dance floors with integrated sensors:
Equipped with pressure sensors that collect
data on force distribution and balance during
routines.
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Use of Technologies by Category

E-Health: 7

Wearable devices and mobile apps help monitor dancers' \

health and personalize treatment plans, although adoption is not
universal across all competition levels.

Cybertech: 7 Performance: 8
The state of cybersecurity in breaking as a Data analysis tools and platforms are
professional sport is developing, with a growing integrated to evaluate and optimize
focus on protecting personal data and digital performance, providing accurate and
systems used by athletes, coaches, reliable data for decision-making, but
and organizations. there is still room for full implementation.
. |
Fan Engagement: 7 Audiovisual: 6
Mobile apps and social media platforms are developing Immersive experiences and AR/VR applications
to interact with fans, but the implementation of AR and VR are available, but their use is not uniform across all
experiences is still growing. competitions, being more common in high-profile

Victor Montalvo | 2017
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Current Use Cases

DanceNote for technique and style
analysis, a movement analysis tool called
DanceNote has been developed to analyze
dancers' body movements and provide
detailed information about them.

AR training and simulation with Dance
Reality, this application uses augmented
reality to teach and guide dancers in
real-time while they practice. For example,
the app can show a hologram of a dance
instructor or even display real-time
graphics and animations to guide

the user in their movements.

3. DanceForms motion capture tool helps

choreographers design and visualize dance
movements in 3D space and export them
to various formats, such as VR, AR, or
games. This helps predict the possibility
of injuries in a controlled environment.

University of Ljubljana researchers
used a wearable device consisting

of a 3D accelerometer with a
microelectromechanical system
(MEMS) attached to one leg to estimate
dancers' rhythm, improve movement,
and prevent injuries.

Move.Al Motion Capture technology uses
motion capture technology to analyze
dancers' biomechanics in detail.

6. University of Bath's Sound Pad project

focuses on developing technology

for dance, emphasizing the inclusive
participation of people with visual
disabilities. It uses sensory technology
with collaborative platforms and sounds
to guide blind dancers.

Breaking in Chinese university entrance
exams some universities in China have
introduced breakdancing as a subject in their
entrance exams, which will grow this sport
and boost the surrounding technologies.
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The Next 10 Years

Al and machine learning applications will become
more sophisticated, allowing predictive analysis
to anticipate injuries before they occur and adjust

training strategies in real-time with greater precision.

AR and VR will integrate more deeply, not only
in training but also in the fan experience, with
interactive platforms offering unique
competition perspectives.

Biotechnology advances will provide even
greater personalization in dancers' training
and recovery regimes.

Wearable devices will become more accurate
and less invasive, allowing continuous monitoring
not only of physical but also mental health.

Sports center floors will be equipped with pressure
and motion sensors capable of detecting and
analyzing each step, jump, and turn in real-time,
providing instant feedback to dancers

via a holographic interface.

Smart lighting will be completely adaptable,

with intelligent LED lights that follow and highlight
dancers' movements, creating a visual spectacle
synchronized with music and rhythm.

Interactive high-definition screens on walls
will allow dancers to view instant replays, perform
detailed movement analyses, and receive virtual
instructions from coaches worldwide.
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BMX
-reestyle

BMX Freestyle is an extreme cycling discipline
that focuses on performing spectacular
tricks and stunts using bicycles designed to

withstand high stress and complex maneuvers.

Practiced in a variety of environments such
as skate parks, ramps, half-pipes, and urban
settings, cyclists execute jumps, spins, and
flips with great precision and creativity.
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Level of Technological Implementation

Artificial Intelligence: 5
BMX riders are beginning to use generative Al
solutions to consult metrics and profile competitions,
but this trend is still in its early stages.

Smart Infrastructure: 6
Innovations in BMX parks and lighting
systems are being adopted, but they are not
yet universal. This is an area with significant
opportunities for integrating loT sensors and
other advanced features like smart cameras.

Communication Platforms: 7
Training management software is commonly
used, similar to other cycling and urban
sports disciplines.

Sensors and Wearables: 6
The use of wearables is widespread and used to monitor riders' physical
patterns and measure power, height, and speed of jumps. However,
implementing connected sensors in parks is more challenging since
competitions are held in urban environments.

Data Analysis: 7
Data analysis is integrated into the very nature
of BMX Freestyle performance and technique,
especially at elite levels. Advanced data
analysis platforms are common
in these categories.

Augmented Reality: 5
AR application has much potential in this
discipline, but its application so far is
experimental.

Virtual Reality: 5
VR offers a great opportunity to simulate
competition scenarios in the park and perfect
riders' technique, but the trend
is still underdeveloped.
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1. Al & Data

Technique and maneuver analysis:
Applications incorporating Al algorithms to
analyze cyclists' movements and techniques
in real-time, helping to improve technique and
prevent falls.

Result prediction with Generative Al:

Use of conversational generative Al tools to
analyze data from previous competitions, park
conditions, competitor statistics, and other
factors to predict cyclists' performance and
potential results.

2. AR & VR

« Virtual reality training: Use of VR devices to

simulate competition scenarios in the park,

allowing cyclists to practice tricks from home.

3. Sensors and Wearable Devices

Physiological monitoring devices: Clothing
and wearable devices that monitor physical
patterns (heart rate, breathing, and other
health indicators).

Jump meters: Applications that collect
data from sensors connected to BMX bikes,
measuring data related to speed or height
achieved in jumps and tricks.
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4. Platforms and Software

Training management software: Connected
platforms that allow planning and monitoring
of BMX Freestyle training, analyzing statistics
related to progress in tricks, jumps, and
maneuvers to reinforce training programs.

5. Infrastructure Innovations

Smart BMX parks: Facilities equipped with
sensors that collect data on force distribution
and movement during maneuvers, providing
critical information for technique and strategy
analysis.
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Use of Technologies by Category

E-Health: 8
Wearable devices and fitness watches are very
helpful for recovery in case of injuries and for measuring
riders' physical condition.

Cybertech: 7 Performance: 8
Cybersecurity is a priority for this sport given Mobile applications connected to data
the large volume of data it handles, and its analysis platforms are commonly used
implementation is in progress. to evaluate and optimize performance

in BMX Freestyle, especially
in elite categories.

Fan Engagement: 7 Audiovisual: 6
Mobile apps and social media platforms are There is still much room for adoption and development
well-developed for interacting with fans. of the great opportunities offered by immersive

experiences in this discipline.

Logan Martin | 2021



Current Use Cases

Applications like Dartfish or Kinovea
allow real-time analysis of cyclists'
movements, providing instant feedback
on technique and strategy, and suggesting
adjustments to improve performance

and prevent falls or injuries.

Wearable devices like Whoop Strap
are commonly used to monitor heart
rate, breathing, and other physical
indicators in real-time.

3. Training management applications like
TrainingPeaks are used by BMX Freestyle
teams to plan loads and monitor progress.
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The Next 10 Years

Generative Al applications open up a range of opportunities for
monitoring metrics in such a data-rich discipline. In the future, more
sophisticated and specialized applications are expected to emerge
in this sport, enabling much more accurate predictive analysis.

Augmented and virtual reality presents an untapped area and will be more
deeply integrated, not only in training but also in the fan experience, with
interactive platforms offering unique perspectives of competitions.

loT sensor technology presents a great opportunity to perfect jump
and trick monitoring systems in parks and evaluate riders' performance.
However, its implementation is more complex compared to other
disciplines since Freestyle is practiced in various environments, including
skate parks, ramps, half-pipes, and adapted urban areas for tricks.

Other innovation areas like computer vision will also begin to be
experimentally implemented, allowing real-time jump analysis or
automatically identifying the most spectacular tricks and spins.
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Level of Technological Implementation

Artificial Intelligence: 8
Al is widely used for data analysis and predictions,

though full integration is still in development
and varies by competition.

\ Smart Infrastructure: 7 Data Analysis: 8
? a C | n Innovations in BMX tracks and lighting Data analysis is deeply integrated into all
g systems are being adopted and are more aspects of BMX Racing performance and
common than in other cycling disciplines, technique, especially at elite levels where
but not yet universal. advanced platforms are essential for

training planning and execution.

Communication Platforms: 8
Training management and strategy software

is well developed and fundamental in cyclists' Augmented Reality: 7
preparation, though full adoption still has AR is mainly used for visualization and
room to grow. technique analysis, but its adoption is limited

and primarily experimental.

BMX Racing is a cycling discipline focused

on high-speed races on specifically designed Sensors and Wearables: 7 Virtual Reality: 7

dirt tracks featuring jumps, tight tums, and Sensor technology in smart bikes is not as VR is used in specific training sessions to
obstacles. Cyclists must maneuver with skill advanced as in other cycling disciplines, but simulate race scenarios, improving cyclists'
and agility to overcome the challenges of the there is significant development potential. decision-making and technique, though its
circuit. The goal is to cross the finish line first, adoption is not universal.

requiring a combination of explosiveness,
technique, and strategy.
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1. Al & Data

Real-time technique and performance
analysis: Al tools analyze cyclists'
movements and techniques to optimize
conditions such as biomechanics, cadence,
and bike movements.

Result prediction: Use of generative Al to
analyze data from previous competitions,
track conditions, and other factors to predict
cyclists' performance and potential results.

2. AR & VR

Virtual training: Use of VR devices to
simulate different race conditions, allowing

cyclists to practice in controlled environments

as if they were on the actual tracks.

3. Sensors and Wearable Devices

Smart bikes: Equipped with sensors that
monitor posture, force distribution, and
cyclists' biomechanics during races. They
also provide numerous metrics on speed
and cadence that coaches and cyclists can
analyze to improve performance.

Physiological monitoring devices:
Connected watches, sensor-equipped
clothing, and wearable devices monitor
cyclists' physical condition to optimize
training and recovery.

. Platforms and Software

Training management software: Digital
platforms for planning and monitoring
training sessions, where cyclists share their
performance data for coaches to analyze
workload and progress.
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5. Infrastructure Innovations

« Smart BMX tracks: Facilities equipped with
sensors that collect data on force distribution
and movement during races, providing
critical information for technique and strategy
analysis.

+ Software-controlled dynamic lighting:

Intelligent lighting systems that adjust
automatically during training sessions and
competitions to improve lighting conditions
and reduce energy consumption.
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Use of Technologies by Category

E-Health: 9
The adoption of wearables and mobile apps to monitor
cyclists' health and personalize treatment plans is
almost universal at elite levels.

Cybertech: 7 Performance: 8
Cybersecurity is a priority, though full Data analysis platforms are commonly
implementation and universal adoption used in teams and integrated to evaluate
are still in progress. and optimize cyclists' performance.

Fan Engagement: 8 Audiovisual: 7
Efforts are being made to develop and improve mobile Immersive experiences and AR and VR applications
apps and social media platforms to enhance fan are available but still have significant room for

interaction and broadcast spectacular events. development and adoption.
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3.

Current Use Cases

Applications like TrainingPeaks or Coach’s
Eye are used by BMX Racing teams to plan
and monitor training sessions.

Kinovea is a sports analysis program that
uses cameras and software to analyze
cyclists' movements in real-time, providing
feedback on technique and strategy.

The BMX club in Blegny, in the province
of Liege (Belgium), has installed an
innovative intelligent LED lighting
system on its track, which can be
controlled by organizers from a mobile
phone, tablet, or smart watch.

The British BMX Racing team is one
of the most technologically advanced,
having adapted software previously
used in drone trials to improve
cyclists' performance.

IDLab, a research group at Ghent
University, has leveraged data mining,
machine learning, and computer
vision to make BMX Racing more
attractive to spectators.

ONONONO
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The Next 10 Years

Augmented and virtual reality will become
more common for immersive training and
enhancing the spectator experience.

Biotechnology will continue to advance, providing cyclists
with increasingly advanced physical monitoring tools.

The implementation of smart bikes equipped
with sensors will move out of the initial phase,
and their use will advance rapidly.

Sensor-equipped tracks will become more commmon, allowing
for much more comprehensive performance metric control and
improvements in other aspects such as spectator experience
and energy management.
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Mountain
S1KINg

Mountain biking is an exciting and challenging
discipline practiced on natural and rugged
terrains such as forest trails, mountains, hills,
and technical descents. Cyclists use specially
designed bikes with robust suspensions

and wide tires to tackle obstacles like rocks,
roots, and steep slopes, offering a unique
experience that combines adrenaline

with a connection to nature.

Smart Infrastructure: 6
Innovations in integrating technologies into
mountain routes require further development,
though investments and developments
are underway.

Communication Platforms: 8
Training and strategy management software
is well-developed and fundamental in
cyclists' preparation, though full adoption
still has room to grow.

Sensors and Wearables: 7
Sensor technology in smart bikes is available
and becoming common in elite teams,
but it is still in the deployment and

experimentation phase.

Level of Technological Implementation

Artificial Intelligence: 8

Al is widely used for data analysis and predictions,

though full integration is still in development.
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Data Analysis: 9
Data analysis is deeply integrated into all
aspects of mountain biking performance and
technique, especially at elite levels where
advanced platforms are essential for training
planning and execution.

Augmented Reality: 5
Some applications are in development, but
adoption is still limited in this discipline.

Virtual Reality: 5

Although there is development potential
for immersive training, recreating realistic
scenarios is more complex than in other

cycling disciplines, and adoption

is still limited.
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1. Al & Data

Technique and performance analysis:

Al tools incorporating intelligent tracking
systems to analyze cyclists' movements and
techniques in real-time.

Predictive result analysis: Algorithms
embedded in generative Al tools analyze
data from previous competitions, terrain
conditions, and other factors to predict
cyclists' performance and potential results.

2. AR & VR

Immersive training: Use of VR to simulate
different race conditions on varied terrains,
allowing cyclists to practice in a controlled
environment and improve their technique
without the risk of injury.

3. Sensors and Wearable Devices

Smart bikes: Equipped with sensors

that monitor posture, workload, and force
distribution in real-time during races,
providing detailed data to improve technique
and prevent injuries.

Physiological monitoring devices: Jerseys,
shorts, helmets, and compression garments
equipped with sensors that analyze heart rate,
breathing, and other indicators related to the
cyclist's physical condition.

4. Platforms and Software

Route and training management platforms:
Digital tools that help plan and monitor
mountain routes, evaluate critical points,

and establish split forecasts per kilometer to
prepare for competitions or assess progress.
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5. Infrastructure Innovations

Mountain routes with integrated sensors:
Integration of connected devices at critical
points on the routes to automatically collect
and analyze data related to passage speed or
exact positions.

Drones with computer vision: Unmanned
aerial vehicles with smart cameras to process
images of races from different viewpoints,
enhancing the experience for spectators and
cyclists.
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Use of Technologies by Category

E-Health: 8
Wearable devices and mobile applications for monitoring
cyclists' health and physical condition are widely adopted
at all competition levels.

Cybertech: 7
Federations and race organizations increasingly
prioritize cybersecurity to protect race safety given
the large volume of data handled.

Performance: 9
Applications like TrainingPeaks or Strava
are commonly used and integrated as
essential elements for evaluating and
optimizing athletes' performance.

Fan Engagement: 7 Audiovisual: 6
Efforts are underway to improve spectators' viewing Immersive experiences and VR applications are
experience, and trends like drones, 10T sensor technology, starting to be available, but professional use
and computer vision offer significant opportunities. is not yet widespread.

|
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Current Use Cases

Strava is one of the most commonly used
applications by mountain biking teams.
This platform connects with wearable
devices and allows recording training
sessions, comparing metrics and results
obtained on routes such as pace per
kilometer or fastest split times.

Bikes with built-in Al, like CAROL and
Renpho, use sensors and biometric data
to personalize training based on power,
pedaling force, or cadence. Renpho, for
example, uses training algorithms that
automatically adjust the resistance level.

Bike Vender VR is one of the pioneering
tools in creating immersive virtual
reality scenarios for mountain biking.
Using a stationary bike and a VR headset,
the application recreates mountain
scenarios where users can practice

at a non-professional level.
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The Next 10 Years

The integration of generative Al as a regular tool in training and
competition planning, as well as the automatic measurement of
comparative performance metrics in races.

AR and VR have a vast experimental field ahead, and in the coming years, we
could see the emergence of more precise and advanced applications to help
professional cyclists prepare for competitions and improve race technique.

Bikes, sensor-equipped clothing, and wearable devices will continue to offer
increasingly advanced features, allowing each cyclist to measure their
performance in detail and monitor their health in real-time.
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Track cycling is a discipline that combines
speed, endurance, and strategy in a controlled
environment. The bikes used in track cycling
are optimized for speed and aerodynamics,
requiring cyclists to maintain precise control
and use the track's inclinations to achieve high
speeds. This sport blends the dynamism of
short-duration competitions with the tactics
and endurance needed to excel in a highly
competitive setting.
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Level of Technological Implementation

Artificial Intelligence: 8

Al is widely used for data analysis and statistical
learning, as well as for rider selection

Smart Infrastructure: 8
Innovations in velodromes and lighting
systems are being adopted, but further

investment is needed for universal adoption.

Communication Platforms: 8
Training and strategy management software
is well-developed and fundamental in cyclists'
preparation, though full adoption still
has room to grow.

Sensors and Wearables: 8
Sensor technology is advancing, and smart
riding is already a prominent trend in track
cycling, pending future advancements in tool
features and sophistication.

and result prediction.

Data Analysis: 9
Advanced data analytics is already deeply
integrated into all aspects of performance
control and technique and biomechanics
improvement in track cycling.

Augmented Reality: 7
AR is already applicable in technique
visualization and analysis, but there
is still significant room for improvement
and adoption.

Virtual Reality: 7
VR is very useful for studying and
perfecting aerodynamics. Its adoption is
still experimental, but it presents a field of
significant potential opportunities.
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1. Al & Data

Technique and performance analysis: Al
tools analyze cyclists' movements, cadence,
biomechanics, and techniques in real-time,
providing instant feedback and suggesting
adjustments to optimize performance.

Predictive result analysis: Machine learning
systems analyze historical and current
datasets related to previous competitions,
track conditions, and other factors to predict
expected performance and likely competition
outcomes.

2. AR & VR

« Virtual aerodynamics: Track cycling
has significant potential for integrating
virtual simulation tools to study cyclists'
biomechanics and find ways to adopt more
aerodynamic positions.

« Real-time race analysis: AR applications

overlay data and diagrams on training and
race images, allowing coaches and cyclists
to analyze and correct techniques more
precisely based on data.

3. Sensors and Wearable Devices

« Smart bikes: Equipped with sensors and
smart devices placed strategically, such as
on the pedals or saddle, to monitor posture
force, and pedaling cadence in real-time.

« Smart equipment: Clothing specifically
designed to enhance aerodynamics and
performance, incorporating sensors to

measure muscle temperature, heart rate, and

breathing in real-time.
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4. Platforms and Software

Training management software: Metric
measurement platforms analyze parameters
such as speed or endurance and provide
personalized estimates on optimal workloads
for each cyclist.

5. Infrastructure Innovations

Smart velodromes: Tracks equipped with
sensors that collect precise data on test
execution and passing speed. They also
incorporate loT-connected device networks
and smart home systems to remotely control
all aspects of lighting and efficient energy
consumption.
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Use of Technologies by Category

E-Health: 8

Personalized injury treatment plans and health monitoring
via wearable devices are widely adopted.

Cybertech: 8
Cybersecurity is a priority, with advanced
encryption and blockchain technologies to protect
data and transactions, though full implementation
and universal adoption are still in progress.

Fan Engagement: 7
Mobile apps and social media platforms are well-
developed for interacting with fans, though their adoption
is not yet universal.

Performance: 9
Mobile apps integrated with data analysis
platforms are commonly used to evaluate
and optimize cyclists' performance,
providing precise and reliable data for
decision-making.

Audiovisual: 8
Immersive experiences and AR and VR applications
are already available for analyzing and improving
aerodynamics and biomechanics, though there is still
room for improvement.
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Current Use Cases The Next 10 Years

1. Bkool Cycling, one of the first indoor
cycling software launched on the market.
Through a bike, a trainer, and cadence and
power sensors, it allows simulating cycling

competitions in various disciplines, including loT Sensoring and Smart Velodromes the evolution Virtual and Augmented Reality, these technologies
track cycling. of connected devices and control applications will will continue to develop, leading to hew specialized
continue to present opportunities for measuring race applications in track cycling that allow cyclists to
parameters, enhancing spectator experience, and optimize their posture and improve biomechanics
2. VeloViewer, one of the most used achieving more precise and efficient lighting and to unprecedented levels.
applications by elite cycling teams in various energy management.

disciplines, including track cycling, where the
platform allows coaches to analyze cyclists'
performance in real-time across segments
and make strategic adjustments on the fly.

Smart Riding Advances, innovations in smart riding
will continue to guide technological progress in bikes,
incorporating increasingly advanced performance

control features.
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Road
Cycling

Road cycling is a discipline practiced on paved

roads, ranging from short urban circuit races
to grueling multi-week endurance events like
the Tour de France. It requires a combination
of physical endurance, speed, and excellent
decision-making skills, attracting a large and
passionate global audience.

Smart Infrastructure: 8
Investment in smart infrastructure is ongoing,
especially in high-level competitions, and
significant advancements are already being
seen in major tours.

Communication Platforms: 9
Training and strategy management
software is well-developed and fundamental
in cyclists' preparation, though full adoption
still has room to grow.

Sensors and Wearables: 8
Sensor technology is highly advanced and
widely used in bikes and equipment for
performance analysis. These devices are
common in most professional teams.

Level of Technological Implementation

Artificial Intelligence: 8
Al is widely used for data analysis and statistical
learning, as well as for predicting results based on

race conditions and physical parameters of the riders.
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Data Analysis: 9
Advanced data analytics is deeply integrated
into all aspects of performance control and
improvement of technique and biomechanics
in road cycling.

Augmented Reality: 7
AR is already applicable in visualizing
and analyzing pedaling technique, posture,
and aerodynamics.

Virtual Reality: 8
Used for perfecting aerodynamics and
recreating race scenarios. Road cycling is
one of the disciplines where this trend has
advanced the most.
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1. Al & Data

Al-designed clothing: Some professional
teams use generative Al to design jerseys

and shorts, requesting proposals for color

combinations, styles, and fit models.

Bike and component design: Al is used in
designing bikes for professional teams to
optimize performance and efficiency. Through
simulations and data analysis, Al can evaluate
the aerodynamics of designs, identifying
shapes and materials that reduce wind
resistance or enhance speed.

Training and nutrition planning: Al analyzes
each cyclist's physical and performance

data, combining it with the type of route and
weather conditions for each stage or race,
offering predictions on expected calorie
expenditure and the most appropriate training
level for each cyclist.

2. AR & VR

Immersive training: Using VR simulators,
cyclists can train on virtual replicas of specific
race routes and stages, allowing them to
familiarize themselves with the terrain, curves,
slopes, and other critical details without being
physically present.

Aerodynamic optimization: Extended reality
is used to analyze and improve pedaling
technique and posture on the bike, visualizing
biomechanics in more detail and from
different angles.
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3. Sensors and Wearable Devices

Cadence and speed sensors: Integrated
into key elements of the bikes, these
connected devices wirelessly transmit
pedaling frequency data in real-time to be
monitored through mobile applications.

Smart clothing: Garments equipped with
cutting-edge technology, such as jerseys with
smart sensors that measure performance
indicators like heart rate, speed, and distance.
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4. Platforms and Software

Training and data analysis applications:
Online platforms where cyclists and team
directors can track performance. They
analyze patterns in speed, power, heart
rate, and cadence to adjust training plans
and race strategies.

5. Infrastructure Innovations

Advanced timing systems: Using RFID
chips and GPS systems at key race points
for more precise and real-time timing.
These systems provide accurate tracking
of each cyclist's position and split times
at various points on the route, offering
instant and precise data to organizers and
spectators.

Cameras with computer vision: Installed
on bikes, motorcycles, and support cars,
these cameras allow spectators to enjoy
live broadcasts from multiple angles,
offering a more immersive and exciting
view of the races while automatically
capturing crucial race moments.

Drones: Provide comprehensive views of
the race through aerial images and help
maintain greater security and surveillance
during the competition.
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Use of Technologies by Category

E-Health: 8

Personalized injury treatment plans and health
monitoring via wearable devices are widely adopted.

Cybertech: 8 Performance: 9
Cybersecurity is a priority, with advanced Mobile apps integrated with data analysis
encryption and blockchain technologies to protect platforms are commonly used to evaluate
data and transactions, though full implementation and optimize cyclists' performance,
and universal adoption are still in progress. providing precise and reliable data for

decision-making.

Fan Engagement: 7 Audiovisual: 8
Mobile apps and social media platforms are well- Immersive experiences and AR and VR applications
developed for interacting with fans, though their adoption are available for analyzing and improving aerodynamics
is not yet universal. and biomechanics, though there is still room for

improvement.




Current Use Cases

Leading professional teams like Jumbo-Visma,
UAE, Ineos, and Movistar use Al systems

to deeply analyze their cyclists' metrics
and determine calorie consumption and
preparation plans for each race.

Major bike manufacturers like Decathlon use
generative Al design systems to develop
their new aerodynamic bike models.

Applications like TrainingPeaks and
Strava are commonly used in road cycling.

4. There are many VR applications that

recreate road cycling scenarios,
such as CycleVR and CadenceVR.

The company Core, maker of the body
temperature sensor of the same name,
claims that about 70% of the professional
peloton already uses its tool to measure
skin temperature, heat stress index, and
precise heat stress scores for each rider.

ONONONO
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The Next 10 Years

Greater integration of Al and Machine Learning

will be used to analyze real-time performance data,
optimize race strategies plan stages, and establish
personalized training regimes.

Enhanced Use of AR and VR will play an increasingly crucial
role, allowing cyclists to train in realistic simulations of routes
and improving spectator experience with live data overlays.

Innovations in materials and equipment design
continued development of lighter, more aerodynamic,
and durable structures.

Advanced connectivity more precise and detailed real-
time tracking will improve team coordination and race safety.
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Sport
Climbing

Sport climbing is a form of climbing practiced
on pre-established routes on natural or artificial
walls, using fixed protection equipment such as
anchors and bolts to ensure ascent. Focusing
on physical and technical challenges, climbers
use ropes, harnesses, and climbing shoes to
tackle demanding routes without worrying about
placing protection, unlike traditional climbing.
Sport climbing competitions are divided into lead
climbing, bouldering, and speed climbing, each
with its own challenges and techniques. This
discipline was included in the Olympic Games
for the first time in Tokyo 2020.
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Level of Technological Implementation

Artificial Intelligence: 7
Al is widely used for data and technique analysis,
but full integration is still in development.
Accessibility to these tools varies between

competition levels and countries.

Smart Infrastructure: 6 Data Analysis: 8

Innovations in climbing walls and lighting Data analysis is deeply integrated into

systems are being adopted, but not yet all aspects of climbing performance and
universal. Investment in smart infrastructure is technique, especially at elite levels where
ongoing, especially in high-level competitions. advanced platforms are essential for training

planning and execution.

Communication Platforms: 7
Training and strategy management software
is well-developed and fundamental in
climbers' preparation, though full adoption
still has room to grow.

Augmented Reality: 5
AR is mainly used for route visualization
and analysis, but its adoption is limited
and primarily experimental.

Sensors and Wearables: 6 Virtual Reality: 6
Sensor technology is in the development VR is used in specific training, but not widely
phase and used in portable devices and adopted, although its potential to improve
clothing for performance analysis. technigue and planning is promising.
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1. Al & Data

Technique and strategy analysis: Some
apps use Al to analyze climbers' movements,
providing instant feedback on technique

and suggesting adjustments to optimize
performance.

Injury prediction: Machine learning
algorithms analyze movement patterns and
training loads to predict and prevent potential
injuries.

2. AR & VR

Virtual reality training: Use of VR to simulate
different climbing routes and conditions,
allowing climbers to practice in a controlled
environment and improve their technique
without risk of injury.

Route analysis with AR: Applications that
overlay data and diagrams on climbing routes
in real-time to help climbers and coaches
analyze and plan strategies more accurately.

3. Sensors and Wearable Devices

« Performance monitoring climbing walls:
Interactive walls with LED sensors help
climbers optimize their climbing routes and
monitor their performance.

« Wearables: Clothing, footwear, harnesses,
and other gear integrated with sensors
that monitor posture, balance, and applied
force during climbing, providing valuable
information for performance analysis.
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4. Platforms and Software

Training management software: Intelligent
platforms allow planning and monitoring of
climbing training, managing workloads, and
analyzing climbers' progress, optimizing
training programs.

Live strategy applications: Tools that enable
coaches to adjust strategies and climbing
plans in real-time based on data obtained
during training sessions and competitions.
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5. Infrastructure Innovations

« Climbing walls with integrated sensors:
Walls equipped with pressure sensors
that collect data on force distribution and
movement during climbs, providing critical
information for technique and strategy
analysis.
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Use of Technologies by Category

E-Health: 7
Wearable devices and mobile applications help monitor
climbers' health and personalize treatment plans, though
adoption is not universal at all competition levels.

Cybertech: 7 Performance: 8
Cybersecurity in professional climbing is Tools with data analysis platforms are
implemented through advanced technologies, integrated to evaluate and optimize
including secure networks, data encryption, performance, providing precise and
multifactor authentication, and secure passwords. reliable data for decision-making, but
Security audits and awareness programs are also there is still room for improvement in full
conducted, but full implementation and universal implementation.

adoption are still in progress.

i

Fan Engagement: 6 Audiovisual: 6
Mobile apps and social media platforms are being Immersive experiences and AR and VR applications
developed to interact with fans, but the implementation of are available, but their use is not uniform across all
AR and VR experiences is still growing. competitions, being more common in high-profile

Nonaka Miho | 2018
events and specialized training.
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Current Use Cases

Zlagboard uses sensors and software
to analyze climbers' movements and
technique in real-time, providing instant
feedback and suggesting adjustments to

optimize performance and prevent injuries.

Kilter Board an interactive climbing
panel using app-controlled LED lights
to guide climbers through different
problems. The panels are adjustable in
angle and equipped with various holds.
This technology allows climbers to

train on a variety of routes and difficulty
levels, recording their climbs and sharing
problems with a global community.

The Climbing Guide a mobile app designed
to help climbers identify and navigate
climbing routes. By pointing the phone's
camera at a rock or wall, the app uses
augmented reality to recognize and
instantly display 3D routes. Users can
also view 3D scans of routes from home,
with detailed information such as height
and angles, and receive precise

mapping guides to the location.

ValoClimb Walls integrate augmented
reality games and interactive features to
gamify the climbing experience. These
walls can adjust difficulty and provide
real-time information to climbers.

5.

Bruno Kessler Foundation's Sensors
developed a set of sensors integrated
into a climbing harness and shoes. This
system includes pressure and motion
sensors that capture detailed data on the
climber's technique and performance.
The data collected by these sensors
are transmitted to a mobile application,
where they are analyzed to provide
real-time feedback on aspects such

as grip strength, weight distribution,

and movement coordination.

Tension Board App offers an Al-based
virtual coach called Skillscape. This
coach suggests new climbing problems,
identifies training needs, and helps
design personalized sessions.
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The Next 10 Years

Smart climbing facilities will feature smart walls
equipped with advanced sensors that provide
real-time data on climbers' strength, technique,

and performance.

This data will be analyzed by artificial intelligence,
offering instant and personalized feedback to
improve skills and prevent injuries.

Climbers will use smart clothing and equipment
with integrated sensors to monitor their vital signs
and adapt training accordingly.

4 VR and AR will play a crucial role, allowing

climbers to practice in virtual environments
that simulate extreme conditions and complex
routes without needing to be physically present.
These technologies will also enable global virtual
competitions, where climbers worldwide can
compete in real-time on digitally replicated routes.

Bioengineering will develop lighter and more
durable materials for climbing gear, improving
safety and performance.

Interaction between climbers and technology
will become more intuitive, with user interfaces
responding to voice commands and gestures, making
the climbing experience more immersive and efficient.
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Fencing

Fencing, also known as sport fencing, is a
combat sport in which two competitors face off
using bladed weapons such as the foil, epee,
and saber, following a specific set of rules.
The objective is to touch the opponent with
the tip or edge of the weapon, depending on
the type of fencing practiced, to score points.
Fencing is known for its speed, precision, and
strategy, and is practiced both recreationally
and competitively, including its inclusion in the
Olympic Games. This sport combines physical
skills such as agility and coordination with
mental skills such as anticipation and quick
decision-making.

Smart Infrastructure : 5
Innovations in fencing pistes and lighting
systems are being adopted, but not yet
universal. Investment in smart infrastructure is
ongoing, especially in high-level competitions.

Communication Platforms: 7
Training and strategy management
software is well-developed and fundamental
in fencers' preparation, though full adoption
still has room to grow.

Level of Technological Implementation

Artificial Intelligence: 7
Al is widely used for data and technique analysis,
but full integration is still in development.
Accessibility to these tools varies between
competition levels and countries.

Sensors and Wearables: 8

Sensor technology is very advanced and
widely used in suits and weapons for
performance analysis. These devices are
common in most professional teams.
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Data Analysis: 7
Data analysis is deeply integrated into
all aspects of fencing performance and
technique, especially at elite levels where
advanced platforms are essential for training
planning and execution.

Augmented Reality: 7
AR is mainly used for technique visualization
and analysis, but its adoption is limited

and primarily experimental. However, companies

are increasingly focusing on developing
solutions in this area.

Virtual Reality: 6
VR is used in specific training, but not widely
adopted, although its potential to improve
technique and planning is promising.
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1. Al & Data

Technique and strategy analysis: Tools
like video analysis systems use Al to analyze
fencers' movements, providing instant
feedback on technique and suggesting
adjustments to optimize performance.

Injury prediction: Machine learning
algorithms analyze movement patterns and
training loads to predict and prevent potential
injuries.

2. AR & VR

Virtual reality training: Use of VR to simulate
different combat and training scenarios,
allowing fencers to practice in a controlled
environment and improve their technique
without risk of injury.

Technique analysis with AR: Applications
that overlay data and diagrams on training
videos in real-time, helping coaches to
analyze and correct their athletes' technique
and strategy more precisely.

3. Sensors and Wearable Devices

Smart suits with sensors: Equipment

with sensors that monitor posture, force
distribution, and movement precision in real-
time during combat.

Smart foils: Weapons equipped with sensors
that measure speed, precision, and impact of
strikes to improve fencers' technique.
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4. Platforms and Software

Training management software: Various
platforms allow planning and monitoring of
fencing training, managing workloads, and
analyzing fencers' progress.

Live strategy applications: Tools that enable
coaches to adjust strategies and combat
plans in real-time based on data obtained
during training sessions and matches.
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5. Infrastructure Innovations

« Fencing pistes with integrated sensors:
Pistes equipped with pressure sensors
that collect data on force distribution and
movement during matches.
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Use of Technologies by Category

E-Health: 7
Wearable devices and mobile applications help monitor fencers'
health and personalize treatment plans, though adoption is not
universal at all competition levels.

Cybertech: 7 Performance: 8
Cybersecurity in fencing is primarily implemented Tools and data analysis platforms are
through the protection of electronic systems and integrated to evaluate and optimize
data management used in competitions and performance, providing precise and
training. This includes the security of competition reliable data for decision-making, but
management platforms, electronic scoring there is still room for improvement
systems, and athlete and coach databases, in full implementation.

but full implementation and universal adoption
are still in progress.

Fan Engagement: 6 Audiovisual: 7
Mobile apps and social media platforms are being Immersive experiences and AR and VR applications
developed to interact with fans, but the implementation are available, but their use is not uniform across all
of AR and VR experiences is still growing. competitions, being more common in high-profile

events and specialized training.
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Current Use Cases

Fencing Platform used by fencing teams
to plan and monitor training, manage
workloads, and analyze fencers' progress,
optimizing training programs.

UNAM Virtual Reality Project developed

a VR system for fencing training. This
simulator uses sensors placed on the
fencer's wrist, forearm, and back to record
their movements and recreate them in
avirtual environment. The goal is for
athletes to practice fencing movements
and strategies without the need

for a physical coach.

3. Fencer VRis a virtual reality fencing trainer

designed to improve fencing skills through
gamified exercises. It uses Oculus Quest
VR glasses combined with a real sword
or an accessory integrated with its
platform. Users practice different fencing
techniques, such as attacks, defenses,
and parries, through a series of interactive
exercises that help develop muscle
memory and precision.

Leon Paul Smart Sabers are equipped
with sensors that monitor the speed,
precision, and impact of strikes, providing
detailed data to help fencers improve their
technique and precision. These sabers

are known to be used by professionals
preparing for the 2024 Olympic Games.

5. Calibur Scoring System uses Al to track

scores in real-time. The technology
consists of a compact wireless scoring
device that fencers connect to their foils
and link to a mobile app. This system
allows recording touches and
transferring information wirelessly.

Rhizomatiks Research uses augmented
reality technology to visualize the trajectory
of sword tips in real-time. It has evolved

from using markers to detecting sword tip
positions solely from camera images.
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The Next 10 Years

One of the main changes will be the adoption of
advanced technologies to improve accuracy and
tracking during competitions. Fencing suits and
weapons will be equipped with more advanced
sensors that will not only detect touches more
accurately, but also record detailed data on the
speed, force, and angles of attacks.

Artificial intelligence will play a crucial role in
performance analysis and training personalization.
Advanced algorithms will analyze large volumes of
data to identify patterns and recommend specific
improvements for each athlete, optimizing both
technique and strategy.

Augmented reality and virtual reality will transform
the way fencing is trained and enjoyed. Coaches
and athletes will be able to use VR simulations to
practice in virtual environments that replicate real
competition conditions. For viewers, AR could provide
an immersive viewing experience, displaying additional
real-time information on strategies, athlete history, and
movement analysis, all overlaid on the live stream.

Al programs will also help prevent injuries by
detecting early signs of stress or overuse in fencers,
allowing for proactive interventions.



sSoccer

Soccer, known as football in most countries,

is a team sport played by two teams of eleven
players on a rectangular field with goals at each
end. The objective is to score more goals than
the opponent, using primarily the feet to control
and shoot the ball, except for the goalkeeper
who can use their hands. It is the most popular
sport in the world, globally regulated by FIFA,
which organizes the World Cup, one of the
largest sporting events. Soccer promotes
teamwork, strategy, and cooperation, and is

an integral part of culture in many societies.
Additionally, soccer is a prominent discipline

in the Olympic Games, where both men's and
women's teams compete for Olympic glory.

Smart Infrastructure: 7
Innovations in soccer fields and lighting
systems are being adopted, but not yet

universal. Investment in smart infrastructure is

ongoing, especially in high-level competitions.

Communication Platforms: 8
Training and strategy management
software is well-developed and fundamental
in team preparation, though full adoption still
has room to grow.

Level of Technological Implementation

Artificial Intelligence: 8
Al is widely used for data and strategy analysis,
but full integration is still in development.
Accessibility to these tools varies between
competition levels and countries.

Sensors and Wearables: 9

Sensor technology is highly advanced and
widely used in jerseys, footwear, and balls
for performance analysis. These devices are
common in most professional teams.
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Data Analysis: 9
Data analysis is deeply integrated into all
aspects of soccer performance and tactics,
especially at elite levels where advanced
platforms are essential for training planning
and execution.

Augmented Reality: 7
AR is mainly used for strategy visualization
and analysis, but its adoption is limited and
primarily experimental.

Virtual Reality: 8
VR is used in specific training, but not widely
adopted, although its potential to improve
decision-making and technique is promising.
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1. Al & Data

Performance and strategy analysis: Some
tools use Al to analyze player movements
and strategies in real-time, providing

instant feedback and suggesting tactical
adjustments to optimize team performance.

Injury prediction: Machine learning
algorithms analyze movement patterns and
training loads to predict and prevent potential
injuries, helping players maintain safe and
efficient training.

2. AR & VR

Virtual reality training: Use of VR to simulate
different game and training scenarios,
allowing players to practice in a controlled
environment and improve their technique and
decision-making without risk of injury.

Strategy analysis with AR: Applications

that overlay data and tactical diagrams on
training videos in real-time, helping coaches
analyze and adjust team strategy with greater
precision.

3. Sensors and Wearable Devices

« Smart equipment: Gear with sensors
that monitor posture, workload, and force
distribution in real-time during play.

- Smart balls: Balls equipped with sensors
that measure speed, rotation, and
trajectory, providing valuable information for
performance analysis.
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4. Platforms and Software

Training management software: Various
platforms allow planning and monitoring of
soccer training, managing workloads, and
analyzing player progress.

Live strategy applications: Tools that enable
coaches to adjust strategies and game plans
in real-time based on data obtained during
training sessions and matches.
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5. Infrastructure Innovations

« Soccer fields with integrated sensors:
Fields equipped with pressure sensors
that collect data on force distribution and
movement during matches, providing
critical information for technique and
strategy analysis.

« Smart lighting: Some soccer stadiums
incorporate smart lighting to grow the grass
more efficiently, save energy, or adjust
lighting based on match needs.
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Use of Technologies by Category

E-Health: 8
Wearable devices and mobile applications help monitor players'
health and personalize treatment plans, though adoption is not
universal at all competition levels.

Cybertech: 8

Performance: 9
Cybersecurity in soccer has advanced significantly Tools and data analysis platforms are
in recent years, with many clubs and organizations integrated to evaluate and optimize
adopting robust technologies and practices to performance, providing precise and
protect their systems and data. Professional reliable data for decision-making, but /

soccer teams now employ advanced measures there is still room for improvement

like multi-factor authentication, data encryption, in full implementation.

and the implementation of firewalls and intrusion

detection and prevention systems. However, as in \
many other sectors, there are still challenges and |
areas for improvement. HEATR0Y »

Fan Engagement: 8
Mobile apps and social media platforms are
well-developed for interacting with fans, and the
implementation of AR and VR experiences is growing.

Audiovisual: 7
Immersive experiences and AR and VR applications
are available, but their use is not uniform across all
competitions, being more common in high-profile
events and specialized training.

Alexia Putellas | 2024
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Current Use Cases

Catapult, uses sensors and Al software to
analyze player movements and strategy
in real-time, providing instant feedback

on technique and tactics, and suggesting
adjustments to improve performance. This
tool is used by 1200 soccer teams worldwide,
including clubs like Real Madrid, Chelsea FC,
and national organizations like the French
Football Federation.

Stats Perform uses Al to analyze player
movements through its Opta platform. This
technology collects and processes large
volumes of data in real-time, offering detailed
and precise metrics on every action on the
field. Al models identify patterns and
generate advanced analyses, helping
teams make informed decisions about
tactics, performance, and recruitment.

Hudl uses Al to enhance player movement
analysis in soccer through its advanced
platform that combines video and data.
Tools like Hudl Focus, Sportscode, and
WIMU Pro allow automatic video capture,
personalized performance analysis, and
monitoring of athletes' physical performance,
improving each player's training.

Bundesliga AR Experience the German
Bundesliga has developed augmented
reality experiences for fans using the ARISE
platform from Immersiv.io. This allows fans in
the stadium or watching from home to access
real-time statistics, 3D player visualizations,
and replays of key plays through AR-enabled
devices or smart glasses.

ESPN AR Technology uses augmented
reality to enhance its soccer broadcasts.
It overlays interactive graphics and data
visualizations on the live broadcast to provide
viewers with additional information and
context about the game.

6. Xtadium, Meta Quest, and Oculus Venues
platforms that allow fans to watch live
soccer matches in a virtual reality
environment, providing a more
immersive viewing experience.

7. Rezzil offers VR training platforms for

professional soccer teams and players.
These immersive environments allow athletes
to practice skills and tactics in simulated
game scenarios without the risk of injury.

8. YouCare Sports Shirts from AccYouRate
Group, these shirts are equipped with
sensors that monitor heart rate, breathing,
and physical activity in real-time, providing
detailed data that helps players improve
performance and prevent injuries.

9. Adidas miCoach Smart Ball, features
Bluetooth and a mobile app to provide
information on power, visual trajectories,
spins, and impact points through the miCoach
SMART BALL app. These data can be used
to train players, providing guidance on how to
adjust shooting techniques.

10.

11.
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Al Rihla Smart Ball used in the Qatar 2022
World Cup, manufactured by Adidas. This
ball incorporates a 500 Hz IMU (Inertial
Measurement Unit) sensor inside, providing
real-time data on its movement, helping
referees and VAR make more accurate
decisions. This technology allows detailed
analysis of each play, improving precision and
game dynamics. A similar smart ball will be
used in the Paris 2024 Olympic Games.

Johan Cruijff Arena features an
innovative LED lighting system that
ensures grass growth; smart sensors

to monitor the field; a sustainable heating
system to prevent field freezing; and water
cooling in locker rooms and offices.

73



OLYMPICS & TECH | SOFTTEK

The Next 10 Years

Al and Data Analysis Integration will continue
to revolutionize how soccer is played, trained,
and enjoyed. Advanced sensors and smart balls
will become standard, providing real-time data on
ball speed, trajectory, and force, as well as player
positions and movements.

AR and VR Enhancements will further integrate

into the soccer experience. Coaches and players
will use VR simulations to practice strategies and
game situations in a controlled and highly realistic
environment. For fans, AR will enhance the viewing
experience by overlaying statistical data and
real-time analysis during live broadcasts, providing
a more immersive and educational experience.

Player tracking technology, such as wearables and
smart cameras, will be refined to monitor physical
and performance parameters with greater accuracy.
Coaches will have access to detailed metrics
that allow them to adjust workloads and tactics
based on each player's individual needs.

Innovative Broadcasting the use of drones and
high-definition cameras to capture innovative
angles and aerial perspectives will enrich
broadcasts and post-match analysis. These
devices will provide more comprehensive views of
the field and tactical positioning, facilitating a deeper
understanding of game strategies.

Blockchain Integration will ensure transparency
and security in managing contracts and player
transfers, minimizing the risk of fraud and improving
confidence in transactions.

74



Artistic
Gymnastics

Artistic gymnastics is a sport that combines
elements of strength, flexibility, agility,
coordination, and balance. Competitors
perform on different apparatus, such as the
balance beam, floor exercise, uneven bars,
and vault for women, and pommel horse,

rings, parallel bars, horizontal bar, and floor
exercise for men. This sport demands both
technical skills and great artistic expression.

In the Olympic Games, artistic gymnastics is
one of the most popular and oldest disciplines,
present since the first modern Olympic Games
in 1896. Gymnasts compete for individual and
team medals, and the event is a highlight of the
Olympic calendar.

Smart Infrastructure: 6
Innovations in gyms and lighting systems
are being adopted, but not yet universal.

Investment in smart infrastructure is ongoing,
especially in high-level competitions.

Communication Platforms: 7
Training and strategy management
software is well-developed and fundamental
in gymnasts' preparation, though full
adoption still has room to grow.

Level of Technological Implementation

Artificial Intelligence: 8

Al is widely used for data analysis and predictions,

though full integration is still in development.
Accessibility to these tools varies between
competition levels and countries.

Sensors and Wearables: 7

Sensor technology is highly advanced and

widely used in clothing and equipment for

performance analysis. These devices are
common in most professional teams.
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Data Analysis: 8
Data analysis is deeply integrated into all
aspects of performance and technique in
artistic gymnastics, especially at elite levels
where advanced platforms are essential for
training planning and execution.

Augmented Reality: 7
AR is mainly used for technique visualization
and analysis, but its adoption is limited and
primarily experimental.

Virtual Reality: 7
VR is used in specific training to simulate
routines and apparatus, improving
decision-making and technique, though

its adoption is not universal.
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1. Al & Data

Technique and performance analysis:
Advanced platforms use Al to analyze
gymnasts' movements and techniques
in real-time, providing instant feedback
and suggesting adjustments to optimize
performance.

Result prediction: Al algorithms analyze
data from previous competitions, conditions
of the apparatus, and other factors to predict

gymnasts' performance and potential results.

2. AR & VR

Virtual reality training: Use of VR to
simulate different routines and apparatus,
allowing gymnasts to practice in a controlled
environment and improve their technique.

Routine analysis with AR: Applications that
overlay data and diagrams on training videos
in real-time, helping coaches analyze and
correct their gymnasts' techniques.

3. Sensors and Wearable Devices

Smart clothing and motion sensors:
Equipped with sensors that monitor posture,
workload, and force distribution in real-time
during routines, providing detailed data to
improve technique.

Physiological monitoring devices:
Wearables that monitor heart rate, breathing,
and other health indicators, helping gymnasts
optimize their training and recovery.
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4. Platforms and Software

Training management software: Platforms
that allow planning and monitoring of artistic
gymnastics training, managing workloads,
and analyzing gymnasts' progress.

Live strategy applications: Tools that enable
coaches to adjust strategies and routine
plans in real-time based on data obtained
during training sessions and competitions.
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5. Infrastructure Innovations

« Smart gyms: Facilities equipped with
sensors that collect data on force
distribution and movement during routines,
providing critical information for technique
and strategy analysis.
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Use of Technologies by Category

E-Health: 8
Wearable devices and mobile applications help monitor
gymnasts' health and personalize treatment plans, though
adoption is not universal at all competition levels.

Cybertech: 7
Cybersecurity and digital technology in artistic
gymnastics focus mainly on data protection
and the integrity of systems used to manage
events and analyze athletes' performance.
Gyms and sports organizations implement
cybersecurity measures such as encryption of
gymnasts' personal and biometric data, multi-
factor authentication for access to management
systems, and constant network monitoring to
prevent unauthorized access and cyberattacks,
though it is still in the process of development
and implementation.

Performance: 8
Tools and data analysis platforms are
integrated to evaluate and optimize
performance in artistic gymnastics,
providing precise and reliable data for
decision-making.

Fan Engagement: 8 Audiovisual: 7
Mobile apps and social media platforms are Immersive experiences and AR and VR applications are
well-developed for interacting with fans, and the available for training and analysis, but their use is not
implementation of AR and VR experiences is growing. uniform across all competitions, being more common in

Simone Biles | 2016
high-profile events and specialized training.



Current Use Cases

Fujitsu and FIG Al judge assistance
system uses Human Motion Analytics
(HMA) technology to improve scoring
accuracy. It captures and analyzes human
movements in four dimensions, providing
detailed feedback and reducing estimation
errors in scoring.

Fujitsu Al Scoring Software analyzes
gymnasts' routines by examining their
three-dimensional body coordinates
and comparing them with a database of
routines. Used in major competitions like
the World Gymnastics Championships, it

provides objective and precise evaluations.

3. EzML uses computer vision to analyze

and track the intricate details of
gymnastic movements, providing
coaches with precise information on
technigue and performance metrics. It
generates multi-dimensional skeletal maps
and can compare positioning metrics
across different routines to identify areas
for improvement.
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The Next 10 Years

Augmented reality and virtual reality will allow
gymnasts to train in simulated environments that
replicate competition conditions, providing instant

and detailed feedback on their performance. These virtual
environments will help athletes perfect their routines

and mentally prepare for important competitions.

Artificial intelligence will play a crucial role in analyzing
movements and preventing injuries. Sensors embedded
in sportswear and monitoring devices will capture biometric
and motion data in real-time.

Al will analyze this data to identify patterns and suggest
technical adjustments, optimizing performance and reducing
the risk of injury. In addition, Al algorithms will be able to
evaluate gymnasts' performance during competitions,
helping judges make more accurate and fair decisions.
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Trampoline
Gymnastics

Trampoline gymnastics is an acrobatic discipline
where athletes perform jumps, twists, and flips
on a trampoline. It requires great coordination,
strength, and body control to execute precise
and spectacular routines in the air. Introduced

at the Sydney 2000 Olympic Games, this
discipline allows gymnasts to compete
individually in events that highlight their technical
and aesthetic difficulty. Gymnasts are evaluated
based on the difficulty, execution, and height of
their movements.
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Level of Technological Implementation

Artificial Intelligence: 8

Al is widely used for data analysis and predictions,
though full integration is still in development.
Accessibility to these tools varies between

Smart Infrastructure: 8
Innovations in gyms and smart trampolines
are being adopted, but not yet universal.
Investment in smart infrastructure is ongoing,
especially in high-level competitions.

Communication Platforms: 7
Training and strategy management
software is well-developed and fundamental
in gymnasts' preparation, though full adoption
still has room to grow.

Sensors and Wearables: 6
Sensor technology is widely used in clothing
and equipment for performance analysis,
but not specifically for trampoline gymnasts.
These devices are common in most
professional teams.

competition levels and countries.

Data Analysis: 7
Data analysis is deeply integrated into
all aspects of trampoline gymnastics
performance and technique, especially at
elite levels where advanced platforms are
essential for training planning and execution.

Augmented Reality: 6
AR is mainly used for technigque visualization and
analysis, but its adoption is limited and primarily
experimental.

Virtual Reality: 6
VR is used in specific training to simulate
routines and conditions, improving decision-
making and technique, though its adoption is
not universal.
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1. Al & Data

Technique and performance analysis:
Various tools use Al to analyze gymnasts'
movements and techniques in real-time,
providing instant feedback and suggesting
adjustments to optimize performance.

Result prediction: Al algorithms analyze
data from previous competitions, trampoline
conditions, and other factors to predict

gymnasts' performance and potential results.

2. AR & VR

Virtual reality training: Use of VR to
simulate different routines and conditions,
allowing gymnasts to practice in a controlled
environment and improve their technique
without risk of injury.

Routine analysis with AR: Applications that
overlay data and diagrams on training videos
in real-time, helping coaches analyze and
correct their gymnasts' techniques.

3. Sensors and Wearable Devices

Smart clothing and motion sensors:
Equipped with sensors that monitor posture,
workload, and force distribution in real-time
during routines, providing detailed data to
improve trampoline technigue.

Physiological monitoring devices: Clothing
and wearables that monitor heart rate,
breathing, and other health indicators.
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4. Platforms and Software

« Training management software: Platforms
that allow planning and monitoring of
trampoline gymnastics training, managing
workloads, and analyzing gymnasts' progress.

« Live strategy applications: Tools that enable
coaches to adjust strategies and routine
plans in real-time based on data obtained
during training sessions and competitions. .
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5. Infrastructure Innovations

« Smart gyms: Facilities equipped with
sensors that collect data on force
distribution and movement during routines,
providing critical information for technique
and strategy analysis.

« Smart trampolines: Equipped with
sensors that monitor the gymnast's
performance and the trampoline's
response in real-time.
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Use of Technologies by Category

E-Health: 8
Wearable devices and mobile applications help monitor
gymnasts' health and personalize treatment plans, though
adoption is not universal at all competition levels.

Cybertech: 8
Cybersecurity is a priority with advanced
encryption and blockchain technologies to protect
data and transactions. Event management

systems and athletes' personal data are protected
through encryption and multi-factor authentication.

High-speed cameras and sensors are used to

capture and analyze gymnasts' movements in
real-time, though full implementation and universal

adoption are still in progress.

Performance: 9
Tools and data analysis platforms are
integrated to evaluate and optimize
performance in trampoline gymnastics,
providing precise and reliable
data for decision-making.

Fan Engagement: 8 Audiovisual: 7
Mobile apps and social media platforms are Immersive experiences and AR and VR applications are
well-developed for interacting with fans, and the available for training and analysis, but their use is not
implementation of AR and VR experiences is growing. uniform across all competitions, being more common in

high-profile events and specialized training.
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Current Use Cases

University of Dresden researchers have
developed machine learning models

to automatically detect and classify
different types of trampoline jumps
using inertial measurement units (IMU).
The most accurate models achieved over
96% accuracy in classifying jumps based
on sensor data. This technology can help
judges count somersaults and twists to
determine routine difficulty.

North Minzu University, Hebei Sport
University, and Baoding Technical

and Vocational Institute have applied
deep learning techniques to analyze
key steps and events in trampoline
somersaults. By breaking down the
movement, Al can recognize and classify
different actions, providing information for
training and performance analysis.

3. Fukui University of Technology

developed a motion detection method
on a trampoline using a smartwatch.
They present a method to detect
movements on a trampoline using
accelerometer data from a smartwatch,
potentially providing feedback to
gymnasts during training.
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The Next 10 Years

The incorporation of sensors and biometric monitoring
devices will allow coaches and gymnasts to collect precise
data on each jump, twist, and movement, optimizing training
programs through detailed and personalized analysis.

Al will play a crucial role in evaluating and perfecting routines.
Advanced algorithms will analyze executions in real-time,
providing instant feedback on technique and execution.

Augmented reality and virtual reality will transform both training
and spectator experience. Gymnasts will practice in virtual
environments replicating competition conditions, allowing
for more comprehensive and detailed preparation. For
spectators, these technologies will offer innovative viewing
angles and an immersive experience, enabling them to follow
every detail of the performances with real-time information
overlaid on the difficulty and precision of the movements.
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Rhythmic
Gymnastics

Introduction Rhythmic gymnastics is a sport
that combines elements of ballet, dance, and
gymnastics with the use of apparatus such

as the rope, hoop, ball, clubs, and ribbon.
Gymnasts perform choreographed routines
that emphasize grace, coordination, and
flexibility, accompanied by music. Since its
inclusion in the 1984 Olympic Games, rhythmic
gymnastics has been a highlight event, where
gymnasts compete in both individual and
team categories. Evaluations are based on
the difficulty, artistic execution, and technical
performance of the routines.

Level of Technological Implementation

Artificial Intelligence: 8
Al is widely used for data analysis and predictions,
though full integration is still in development.
Accessibility to these tools varies between

Smart Infrastructure: 8 competition levels and countries.

Innovations in gyms and smart apparatus
are being adopted, but not yet universal.
Investment in smart infrastructure is ongoing,
especially in high-level competitions.

Communication Platforms: 8
Training and strategy management
software is well-developed and fundamental
in gymnasts' preparation, though full
adoption still has room to grow.

Sensors and Wearables: 9
Sensor technology is highly advanced and
widely used in clothing and equipment for

performance analysis. These devices are
common in most professional teams.
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Data Analysis: 9
Data analysis is deeply integrated into all
aspects of performance and technique in
rhythmic gymnastics, especially at elite levels
where advanced platforms are essential for
training planning and execution.

Augmented Reality: 7

AR is mainly used for technique visualization

and analysis, but its adoption is limited and
primarily experimental.

Virtual Reality: 7
VR is used in specific training to simulate
routines and conditions, improving
decision-making and technique, though
its adoption is not universal.
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1. Al & Data

Technique and performance analysis:
Some tools use Al to analyze gymnasts'
movements and techniques in real-time,
providing instant feedback and suggesting
adjustments to optimize performance.

Result prediction: Al algorithms analyze data
from previous competitions, floor conditions,
and other factors to predict gymnasts'
performance and potential results.

2. AR & VR

Virtual reality training: Use of VR to
simulate different routines and conditions,
allowing gymnasts to practice in a controlled
environment and improve their technique
without risk of injury.

Routine analysis with AR: Applications

that overlay data and diagrams on training
videos in real-time, helping coaches analyze
and correct their gymnasts' techniques with
greater precision.

3. Sensors and Wearable Devices

Smart clothing and motion sensors:
Equipped with sensors that monitor posture,
workload, and force distribution in real-time
during routines, providing detailed data to
improve technique and prevent injuries.

Physiological monitoring devices: Clothing
and wearables that monitor heart rate,
breathing, and other health indicators.
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4. Platforms and Software

« Training management software: Various
platforms allow planning and monitoring of
rhythmic gymnastics training, managing
workloads, and analyzing gymnasts' progress,
optimizing training programs.

« Live strategy applications: Tools that enable
coaches to adjust strategies and routine
plans in real-time based on data obtained
during training sessions and competitions.
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5. Infrastructure Innovations

Smart gyms: Facilities equipped with
sensors that collect data on force
distribution and movement during routines.

Smart apparatus and floors: Equipped
with sensors that monitor gymnasts'
performance and apparatus response in
real-time, providing precise data to improve
technique and safety.
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Use of Technologies by Category

E-Health: 8
Wearable devices and mobile applications help monitor
gymnasts' health and personalize treatment plans, though
adoption is not universal at all competition levels.

Cybertech: 8

Cybersecurity in rhythmic gymnastics is
implemented through various measures to

. Performance: 9
protect athletes' personal and professional data, .

: ) . Tools and data analysis platforms are
as well as the integrity of competition and event _ o
management systems. Federations and clubs m:regrated to. eviluite.and opt|m|.ze
use data encryption, multi-factor authentication, pe (?rrnance 'h "yt m|c'gymnast|cs,
and secure networks to safeguard information. providing prec.|s.e and rsllable data for
Additionally, intrusion detection and monitoring gecision-making.

systems are employed to prevent unauthorized
access and cyberattacks, though
full implementation and universal
adoption are still in progress.

Audiovisual: 7
Immersive experiences and AR and VR applications are
available for training and analysis, but their use is not
uniform across all competitions, being more common in
high-profile events and specialized training.

Fan Engagement: 8
Mobile apps and social media platforms are
well-developed for interacting with fans, and the
implementation of AR and VR experiences is growing.

Darja Varfolomeev | 2024
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Current Use Cases

Cuatroochenta and Ros Collaboration
developed an augmented reality
experience for rhythmic gymnastics
and other Olympic sports at the EDP
multinational pavilion. This technology

allows visitors to virtually compete in sports
challenges, including rhythmic gymnastics,

with virtual competitors displayed on a

giant screen. The experience was designed

for the 60th International Sample Fair of

Asturias and uses advanced technology to
create immersive and dynamic interactions.

Chinese Researchers implemented a
computer-assisted motion design

system for rhythmic gymnastics based

on the characteristics and rules of the
sport. The system uses various motion
capture, editing, synthesis, and musical
feature extraction technologies. This
system assists coaches throughout

the motion design process for both
individual and team athletes.

Huaibei University built a series of
mobile multimedia classrooms for
rhythmic gymnastics. These facilities
integrate various technologies, including
virtual reality, to enhance the teaching
and learning experience of rhythmic
gymnastics. It incorporates analysis
software, multimedia presentation
software, and social networking
software to create a comprehensive
teaching model.

Chinese Researchers developed a virtual
reality tool for rhythmic gymnastics that
uses image recognition and digital
twins to create detailed simulations

of gymnasts' movements. This system

allows coaches and athletes to analyze and

refine technigues in a virtual environment,
providing instant and accurate feedback.

OORONO
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The Next 10 Years

Virtual reality and augmented reality will be integrated
into training, allowing gymnasts to practice in simulated
environments that replicate competition conditions and
providing real-time feedback on the precision

and aesthetics of their movements.

Digital twins will enable detailed simulation of gymnasts'
performances, facilitating deep and personalized analysis
to improve techniques and strategies.

Artificial intelligence will play a crucial role in the evaluation
and refinement of routines. Sensors and monitoring devices
will collect biometric and movement data in real-time, which will
be analyzed by Al algorithms to identify areas for improvement
and prevent injuries by detecting early signs of stress or fatigue.

The broadcasting and viewing experience of competitions
will be enhanced with high-definition cameras, drones,
and 360-degree capture technology, offering viewers
an immersive and detailed experience.
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Golf is an outdoor sport played on extensive
natural courses where technique, precision,
and strategy are essential, as players

must calculate factors such as force, wind
direction, and terrain topography. Known for its
competitive and recreational nature, golf is also
valued for its social component and its ability to
offer a tranquil and scenic environment.

Smart Infrastructure: 7
The development potential of automated
golf courses is enormous, and investment in
smart infrastructure is ongoing, but innovation
in areas like sustainability and loT sensing
needs to continue advancing.

Communication Platforms: 9
Training and strategy management software
is well-developed and fundamental in player

preparation.
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Level of Technological Implementation

Artificial Intelligence: 8
Al is widely used for data analysis and strategy
development, but full integration is still in progress.

Data Analysis: 9
Data analysis is deeply integrated into all
aspects of golf performance and tactics,
especially at elite levels where advanced
platforms are essential for training planning
and execution.

Augmented Reality: 7
AR for visualizing and analyzing courses with
data overlaid on images is available but still has
room for development and evolution.

Virtual Reality: 8

Sensors and Wearables: 9

Sensor technology is highly advanced and
widely used in gloves, shoes, and clubs for
performance analysis.

Golf is one of the disciplines with the greatest
adoption of VR as a simulation system
through immersive experiences, though there
is still room for growth in this trend.
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1. Al & Data

Swing and strategy analysis: Employs

a combination of advanced technologies,
including high-speed cameras, motion
sensors, and machine learning algorithms.
These tools capture and analyze detailed
data on body movement, club speed and
trajectory, and ball impact, providing precise
and personalized feedback.

Performance improvement: Al-based data
analytics help golfers better understand

their technique and physical condition,
accelerating improvements achieved through
training and conditioning.

Material design: Using advanced
algorithms and machine learning techniques,
manufacturers can optimize the creation

and improvement of clubs, balls, and other
equipment.

2. AR & VR

Immersive courses: VR allows players

to experience famous or customized golf
courses from their homes. These simulators
offer detailed recreations of courses, including
terrain, weather, and obstacles, enabling
players to practice and strategize as if on the
actual course.

Trajectory analysis: AR can show expected
ball trajectories before taking a shot. This is
achieved by projecting lines and curves in the
air, helping players visualize the ball's path
and better plan their shots.
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Course analysis with AR: Applications that
overlay data and diagrams on the golf course
in real-time, helping players and coaches
analyze and plan strategies with greater
precision.

Biomechanical visualization: Extended
reality solutions that precisely visualize
golfer movements and identify postural
improvements in swing or hitting techniques.
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3. Sensors and Wearable Devices

Smart gloves and shoes: Equipment with
integrated sensors that monitor posture,
pressure, and force distribution in real-time
during the swing, allowing comparison with
the ball's trajectory to perfect technique.

Smart clubs: Equipped with sensors that
measure swing speed, trajectory, and impact,
offering valuable information for subsequent
analysis of technique, shot angle, and club
force.

4. Platforms and Software

Digital solutions for training and
competition management: Mobile
applications designed to plan and monitor
real-time data, manage performance metrics,
and analyze tournament results.

5. Infrastructure Innovations

Smart golf courses: Courses equipped with
loT networks that measure ball trajectory
and connect with software that collects data,
providing valuable information for judges and
players, such as determining the exact point
of ball landing.

Connected visors: Smart devices with
cameras and options to control field
temperature or measure ball height.
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Robotic caddies: Equipped with computer
vision and GPS, these caddies help players
transport their gear and quickly identify ball
location.

Al-powered precision agriculture:
Enhances turf management, ensuring water
savings and reducing waste, contributing to
more sustainable infrastructures.
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Use of Technologies by Category

E-Health: 8

Wearable devices and mobile platforms
for physical monitoring are widely accepted
and commonly used at elite levels.

Cybertech: 8
Cybersecurity is a priority in golf,
and organizations are committed to
information protection standards.

Fan Engagement: 7
Interactive data platforms and image visualization
are available and used to increase viewer engagement,
but there is still room for improvement, especially
in AR and VR.

Performance: 9
Mobile solutions and data analysis
platforms to evaluate and optimize

performance are commonly used in golf.

Audiovisual: 7
Immersive experiences and AR and VR
applications are available, and golf is one of the
most advanced disciplines in this area, but there
is still room for further exploitation.

Scottie Scheffler | 2023




Current Use Cases

Arccos Caddie and TrackMan, these

tools use sensors in golf clubs to
analyze swings, ball trajectory, and

overall gameplay in real-time, suggesting
adjustments to improve performance.
They also offer strategies based on
historical data, course conditions, and
other relevant statistics. PGA Tour players
like Bryson DeChambeau and Rory Mcllroy
use these tools to refine their skills.

SensoGlove Smart Gloves equipped
with sensors, these gloves include a
device with integrated software that
measures factors such as grip pressure
and hand sweat levels, helping monitor
posture and technique during the swing.

Cobra Connect Smart Clubs connected
to the Arccos mobile platform, these
clubs' integrated sensors track

and monitor metrics.

Digital Platforms like Rapsodo and
Foresight Sports used by golfers of all
levels, providing data and insights
previously available only to elite
golfers.

PGA Tour ShotLink a data collection
and swing analysis system invaluable
for players and caddies in developing
game strategies, considering factors like
course layout, weather conditions, and
predictions based on historical results.

Callaway and TaylorMade, these
manufacturers use Al to design
materials like clubs and balls to
improve their performance. Callaway's
MAVRIK driver line, for example, used an
Al supercomputer to iterate 15,000 face
architecture designs, optimizing each
one to maximize performance.

Virtual Golf Platforms like Topgolf,
growing in popularity, these platforms
incorporate Al features to provide
advanced immersive experiences.
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The Next 10 Years

The use of sensors and devices embedded in
clubs and balls will continue to advance in order to
improve player performance, providing increasingly
accurate and detailed Al-based data analytics.

Customizing equipment using 3D printing and
intelligent design of advanced materials will
optimize performance according to the individual
characteristics of each player.

Virtual and augmented reality will continue to
improve their performance, giving rise to increasingly
realistic immersive training and simulations.

Robotic caddies and Al caddies will offer not only
equipment transport, but also strategic assistance
based on real-time analytics.

5

In terms of golf course management, l0T (Internet of
Things) technology will facilitate more efficient and
sustainable management of resources, optimizing
maintenance and reducing resource expenditure.

Mobile apps and digital platforms will enrich fan
interaction and engagement, offering detailed
statistics and immersive experiences.

The popularity of indoor golf simulators and digital
training programs will democratize access to the
sport, making it more accessible and popular for
people of all locations and skill levels.

95



Y/% Level of Technological Implementation
N %

Artificial Intelligence: 6
Al is mainly used for technique analysis and
injury prediction, but full integration is still in
development. Accessibility to these tools varies
between competition levels and countries.

Weightlifting

Weightlifting, also known as Olympic
weightlifting, is a strength sport that involves
lifting the maximum possible weight on a
barbell loaded with weight plates, following
specific techniques. This sport requires not
only brute strength but also precise technique,
speed, flexibility, and balance. Together, these
skills make weightlifting a demanding sport
that combines physical strength with technical
precision and a competitive mindset to achieve
successful lifts and personal goals.

Smart Infrastructure: 5
Innovations in lifting platforms and lighting
systems are being adopted, but not yet
universal. Investment in smart infrastructure is
ongoing, especially in high-level competitions.

Communication Platforms: 6
Training management software
is well-developed and useful for optimizing
training programs, though full adoption
is still in progress.

Sensors and Wearables: 7
Sensor technology is advancing and used in
equipment and lifting bars for performance
analysis, but not yet universally adopted.
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Data Analysis: 7
Data analysis is increasingly integrated into
performance and technique evaluation,
although adoption is not universal.

Augmented Reality: 5
AR is primarily used for technique analysis
and correction, but its adoption is limited and
experimental.

Virtual Reality: 5
VR is used in specific training, but not widely
adopted, though its potential to improve
technique is promising.
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1. Al & Data

Technique and performance metrics
analysis: Digital tools using Al algorithms
analyze lifters' movements in real-time,
providing instant feedback and suggesting
adjustments.

Smart nutrition: Al-based systems offer
personalized recommendations on calorie
intake according to each preparation stage or
the goals of each lifter in terms of recovery or
muscle mass increase.

Injury prediction: Machine learning
algorithms based on historical data and
personalized metrics predict and prevent
potential injuries, improving aspects such as
postural hygiene.

2. AR & VR

Immersive visualization with AR: Extended
reality applications that overlay data and
diagrams on real-time lifting images, helping
coaches analyze and correct their athletes'
technique or biomechanics with greater
precision.

3. Sensors and Wearable Devices

Smart belts, gloves, and knee sleeves:
Equipped with sensors that provide real-time
data on posture, balance, body temperature,
and force distribution during the lift.

Barbells with sensors: Collect and transmit
data to measure factors like speed, force, and
lifting trajectory, offering valuable information
for later analysis.

4. Platforms and Software

Training management software: Digital
platforms that help lifters and their teams plan
and monitor training, manage workloads, and
measure progress.
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5. Infrastructure Innovations

Lifting platforms with integrated sensors:
Platforms equipped with pressure sensors
that collect data on force distribution and
balance during the lift, providing critical
information for technique analysis or result
measurement.

Software-controlled dynamic lighting:
Lighting systems that automatically adjust
during competitions to improve athletes'
visibility and concentration.
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Use of Technologies by Category

E-Health: 6
Wearable devices and mobile applications help monitor athletes
health and personalize treatment plans, though adoption is not
universal at all competition levels.

Cybertech: 6 Performance: 7
Cybersecurity is a priority with advanced Tools like SmartSpot and data analysis
encryption and blockchain technologies platforms are integrated to evaluate and
to protect data and transactions, but full optimize performance, providing precise

implementation and universal adoption are an