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Cudu, dating back 2000 years in China, has been recognized by FIFA as the earliest form of football
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INTRODUCTION

Sports analytics and entertainment are rapidly
evolving with advancements in machine learning
(ML) and computer vision. This paper introduces an
Al-driven system designed to transform the soccer
penalty-kick  experience into an interactive,
personalized entertainment product. By analysing a
user’s kicking motion in real-time video, the system
identifies stylistic similarities to professional soccer
players and generates engaging feedback using Al-
generated content (AIGC). Traditional sports analytics
focus on performance optimization, but few systems
bridge the gap between athletic motion analysis and
fan engagement. Our work addresses this by
combining pose estimation, motion feature extraction,
and generative Al to create a novel entertainment
platform. The system’s core contributions include:

1. Real-time motion recognition using computer
vision to decompose a user’s penalty kick into
biomechanical features.

2. Style-matching prediction via a deep learning
model trained on a dataset of professional players’
kicks.

3. AIGC-enhanced output that  synthesizes
comparisons with soccer stars in a visually
compelling format.

This approach not only democratizes access to
sports analytics but also reimagines how fans interact
with their favourite athletes” playing styles.

METHODS

The proposed system comprises three modular
components: video input processing, style-matching
prediction, and AIGC-based output generation.

Video Input Processing

A pre-trained convolutional neural network (CNN)
from the user’s video. A recurrent neural network
(RNN) processes frame-by-frame key points to
capture dynamic motion patterns.

Style-Matching Prediction

The system was trained on a curated dataset of 526
penalty kicks from five elite soccer players,
categorized as follows:

Category 0 (CR—Cristiano Ronaldo): 100 videos
Category 1 (LM—Lionel Messi): 93 videos
Category 2 (BZ—Karim Benzema): 128 videos
Category 3 (KK—XKaka): 102 videos

Category 4 (Mod—Luka Modri¢): 103 videos

Each video was annotated with player-specific
stylistic labels by domain experts. A Siamese network
embeds user motion features into a latent space
alongside the professional dataset for feature
extraction. Cosine similarity quantifies alignment
between the user’s kick and the nearest player cluster.
The top-3 matches are retained for AIGC output.

AIGC-Based Output Generation

A fine-tuned LLM (e.g., Google Gemini) generates a
narrative comparing the user’s technique to matched
players. A generative adversarial network (GAN)
overlays the user’s pose onto a professional player’s
kick or renders a stylized animation.

LIMITATION AND RESULTS

The limitation was due to performance degrades
with poor lighting or occlusions in input video. Future
work could integrate multi-camera setups. This
framework extends to other sports offering scalable
entertainment and training tools. By fusing computer
vision, ML-based style analysis, and generative Al,
this work pioneers a new paradigm for sports
entertainment. That is interactive, personalized, and
accessible. The system’s success underscores the
potential of AI to enhance sports fan experiences
beyond traditional analytics.

ACKNOWLEDGEMENT

The study was financially supported by the Grant
from the Hong Kong Polytechnic University (Ref. No.
P0053673). The authors thanked all the participants in
this study.




Techrnology Edge

Kinematic Kinetic PolyU Supervised ML Soccer-native Ai
Algorithm

Unlocking Pro-Players’ Shooting Skills by Capturing Bio-*l)gzhanics data and feeding
into Sports-Native Machine Learning




Macro Pain Points

"For a long time, the development of our nation's soccer, volleyball and basketball on the
men's side has been unsatisfactory. Men's soccer, in particular, is slumping. The soccer
industry now has a number of problems, and fails to live up to people's expectations," Gao, a
deputy to the 14th National People's Congress, said in an interview on Sunday following a
plenary meeting at the Great Hall of the People in Beijing.

"Achieving good results in men's soccer, basketball and volleyball are important yardsticks for
a sporting superpower. So, leveling up our strength in these sports is a must for us to become a
stronger sports nation."

The sports minister's interview instantly became trending news on Chinese social media. The
hashtag "Sports minister bids to boost three big-ball team games" was viewed over 90 million
times in just five hours, with most netizens expressing frustration at the stagnation in men's
basketball, volleyball and, especially, soccer.

FIFA World Cup in Qatar, even with the ad™
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Chinese men's soccer hit a historic low when the national team failed to qualify for last year's
1) Of|naturalized players.
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Traditional Training VS..u Ai - based

Luka Modri¢: 96.96%

Cristiano Ronaldo: 2.68%

Kaka (Ricardo Izecson dos Santos Leite): 0.31%

Highlight!

Lionel Messi: 0.05%

Karim Benzema: 0.01%

Segmented Analysis

o B ]

Time: 1.0s Time: 3.0s Time: 5.0s Time: 8.0s Time: 10.0s
. 100% 89% 100% 100% 100%
1/‘
v ; Cristiano Ronaldo Luka Modri¢ Luka Modri¢ Luka Modri¢ Luka Modri¢

o Undersupply of qualified/professional coaches Accessible anytime and anywhere
>> overbooked class

o High ratio of students : coach Optimization based on big data

>> Monotonous training ‘ ))> Comprehensive performance analysis

o Top Coach availability only in 1-tiers cities Personalized and Tailored made
>> Unaffordable pricing Cost-effective




Market size A
Top 5 Ball Sports by Annual Revenue (2023)

Rank | Sport Revenue (USD) Fans Key Revenue Drivers
4.0B+ fans o : .
+
1 Soccer $80B (55% of world population) Media rights, sponsorships, merchandise
2 Basketball | $25B 2.2B fans (US/China-centric) NBA, endorsements, broadcasting
3 Tennis $15B 1.1B fans (global elite events) Grand Slams, endorsements, events
4 | Cricket $10B ﬁfﬁi‘;‘m (India, UK, Australia- IPL, ICC events, broadcasting

5 Volleyball | $5B 900M fans (strong in Europe/Asia) Leagues, sponsorships, int’l competitions
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Value of Ai and Blg Data to Soccer Clubs

T
I\ # Global Sports Betting Market,
: N ©AcumeN 2023-2032 (USD Billion)

231.2

2020 2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 20

Player Performance Metrics ‘\\\o(\‘o
Talent |dentifications .30 o\
Team Formations % L
)=
Game Strategy and oS RN
Injury Prevention oN %)




What is the reasonable market price for Ai-SportNative Training System to Sports

(D) Other

27%

(C) USD 138K - the above features plus

comprehensive ML with real-time analytics,

Training Drills Optimisation, Fatigue

Monitoring and integration with existing
platforms;
19%

Association/Clubs/Institutes/Team ?
Ans: HK (take the conservative estimation)

= (A) USD 45k - Biomechanics Analysis, Technique Optimisation and
Performance Prediction;
(A) USD 45k - Biomechanics
Analysis, Technique Optimisation
and Performance Prediction; » (B) USD 98K - the above features plus Advanced Kinetic & Kinematics
31% Analytics, Injury Prevention, Personalised Correction and Training;

(C) USD 138K - the above features plus comprehensive ML with real-
time analytics, Training Drills Optimisation, Fatigue Monitoring and
integration with existing platforms;

(D) Other

(B) USD 98K - the above features plus
Advanced Kinetic & Kinematics Analytics,
Injury Prevention, Personalised Correction \

and Training; o) )
23% /
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3-year Financial Plan and Scalability ...

Each Shooting-Native Ai = HKD 650k; annual 15% Total Available Market size (Global
. Units Sold Top-Tier Soccer Teams = 3000)
12 months PoC with Azure/Google/IBM and PolyU Soccer team
24 months 2 1,300,000 0.07%
36 months 4 2,600,000 0.20%
. 2 195,000
R&D (1,400,000)
Other Running Cost (900,000)
1,195,000 | 0.2% has 1.8 mil profit
Market Share
LA L Still have lots of room to
0.60% 5,385,000 e (62 03]
1.00% 8,975,000




Google for Startups Cloud Program Team 8 November 2024 at 12:14 AM a
[Approved] CuJu World Limited: You're Approved for the Google for S... £
= Go gle Cloud Q e To: soccer@cuju.world, Details '

Reply-To: cloudstartupsupport@google.com

Contact Us '

Our Scale tier accelerates growth Go gle for Startups
with more exclusive offers,

benefits, and resources

Eligibility requirements

Welcome to the Google for Startups Cloud Program!

Startups will be matched with the tier As a member of the Program, your company will receive Google Cloud credits,

and benefits that best suit their stage. Google Cloud training, business and technical support, and Google-wide offers to

. . help you grow.
Startups eligible for Scale tier must: Pyene

Google Cloud Credits
* Have received startup equity
We're pleased to offer your startup Google Cloud credits over the next 2 years.

funding* from pre-seed to Series
A (if Series A, raised within the In year two, you'll get 20% of your usage costs covered, up to an additional
last 12 months) by an institutional $100,000 USD in credits.
investor or common Web3
funding sources

* Have been founded within the last
10 years

Your first year of Google Cloud and Firebase usage is covered up t¢ $100,000 USD.

An initial $10,000 USD in credits is now in your account. Each month, we will issue

additional credits based on your prior month's usage.

Credits can be used for Firebase and Google Cloud Platform Services such as

. BigQuery and Cloud Run as well as Select Google Cloud Offerings like Looker. You
* Have not received more than

$5,000 in Google Cloud credits
N\

can view your credits and track usage in your Google Cloud console.

j). ')"| ] Google Cloud Customer Care
%)

Sign up for Enhanced Support and get access to 24/7 technical support. You have

$12,000 USD ir] Google Cloud Enhanced Support credits in your account, valid for 1

cloud.google.com year. Get fast response time for your technical support needs, when you need it.
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9 e'Sports Association
Credits e Government
All Credits Spend-based Milestones

eUniversity Research
View and download credit details here. Active committed use discounts are not
included here and can be viewed on the Commitments page.

e Training Academies

= Filter Filter credits ® ¥ m COOperation
Credit name ( Remaining value\ Start date
2024 GFS Cloud Program - Scale Y1 §$777,045.01 November 8, v

2024
2024 GFS Cloud Program - Enhanced Support $93,245.41 November 8, \v4
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Free Trial $2,331.14 November 5, v
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