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Sports Technology...



“Sports Technology” refers to methods, systems, devices,

and any sporting equipment which being used to help
prevent and
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1. Appropriate Equipment Protection:
* Impact garments, helmets, mouth guards, and other protective gear.
« Utilising advanced materials and design to enhance athlete safety.

2. Technical and Risk Assessment

* Motion analysis techniques to assess movement patterns and identify potential ris

« Assessing muscle strength, range of motion, and conducting imaging tests like M§
ultrasound, and infrared thermography.
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3. On-Training Load Monitoring:

« Wearable devices to track training loads.

« Utilising computer vision techniques for facial and posture recognition to asse
form and technique.

4. Effective Recovery Measures:

* Recovery techniques such as water baths, cryotherapy, pulsed electromagnetic fig
therapy, hyperbaric oxygen therapy, and vibration platforms.

« These measures help promote tissue healing, reduce inflammation, and impro
recovery.

5. Big Data Analysis:
« Centralised databases that integrate training records, nutrition data, and g
» Utilising artificial intelligence and predictive analytics to analyse this da

patterns and trends to optimise performance and prevent injuries.

6. Robot Assisted Devices:
» Using robots to assist in the training of elite athletes to improve ef
injury.

Able to simulate different conditions otherwise not possible.
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1. Appropriate Equipment Protection: L

Cotton Jacket

R

Colleglate Glove

Novice Bag

Practice Epee Weapon

Standard Mask

Latest Equipment: Smart Mouth Guard

[T arcemeacy Built-in impact sensors alert the a
head impact (Red — devastating
impact, Green — low impact)
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Competition Suits (Rowing) A
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EEME SR
Understanding of Sports Identify requirements of Functional design
characterise - the sports L (Aesthetic design)

. Speed . Heat balance . Ergonomic

. Agility . Muscle support . Sportswear construction

. Strength . Joint support . Pattern

. Power - Joint extension/ flexion . Fabric

. Muscular endurance . Free movement . Texture

. Aerobic endurance . Protection . Finishing

. Body awareness/ dynamic balance - Injury prevention . Colour

*  Flexibility L. * Shape ..
. Reaction time/ Anticipation . Proportion HKRITA

Cooling Cap Competition S

- Preventing Heatstroke and UV Protection
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1. Appropriate Equipment Protection: sEmE R

Latest Equipment: High-tech Helmet

Advanced materia
and design for
reducing injury 4
potential

High-tech helmet with liquid shock &
absorbers reduces brain injuries by a third

9 Jun 2023 | Stanford University scientistsjhave developed a helmet for American
football players that contains liquid shock absorbers that could reduce the
impact of blows to the head by one-third.

All these technologies allows athletes
, Injury-free and improve performanc
and competition
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2. Technical and Risk Assessment: =%

Well established standard
to evaluate key injury
factors

- Poor posture

- Excessive Joint loadi

- Inappropriate kinetj

- abnormal EMG

(muscle weakneg
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2. Technical and Risk Assessment: =%

Movement analysis (video-based

Calibrated with marker-bag
system for posture and
analysis

No physical or psyc)
constraint

Reduce athlete
time allowing
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2. Technical and Risk Assessment:

£ _— World camera
Boccia Training System (markerless-based) /mX A
Eye camera ¢ - - =

(under development): 3
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2. Technical and Risk Assessment: =%

Advance Computer Vision — Markerless Motion Analysis (minimal human operation

Overview and features of AI gymnastics scoring system FU‘j‘i’Tgu

Helping judges to judge more accurately

View the performance from all 360 degree angles

N - e [l O R 2@
Convert gymnastics performance to 3D data y‘ yo - _“
3D Sensor Skeleton Recognition o
&5 L o
' /
i ¢
cUrrmgy,psrm_wm}a Heread.of 2 3D 'sensor ST <0 - 1T Displays the angle of legs, jump height, etc.
Get 3D data of acting Al locates human joints and T —
without markers recognizes skeleton /A’
y h.

» Recognised human pose for different sports
» Supervised Al training approach
» Machine learning to classify performance quality and injury rlsk potentlal




A

HONG KONG
SPORTS INSTITUTE

2. Technical and Risk Assessment: T
Nordbord (hamstring test)
s

* Nordic Hamstring
Exercise to measure t
torque/force of hams

——

-----———-; i » [ ] i
=7 _ e To detect limb

Ao

T - e -

7 Lo-

‘ e Asymmetry
==L : : Increased
rofile Postion: 10 hamstrin '
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2. Technical and Risk Assessment (before injury): e
Advance Imaging Modality

US Imaging for US Imaging for tissue US Imaging for US imaging for
tissue morphology elastic properties tissue composition tissue
= (oxygenation) microcirculation

Ultrasound US Elastography US Photoacoustic
Volume imaging imaging

Thermal Imaging for inflamed tissues

Through comprehensive inj
assessments, the advanc
technologies and appro
programs can be impl
the competitiveness

Infrared thermoqrap
PIRE - TRAIN = EXCEL
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Al In Sports

Enhancing Athlete Injury Prevention and
Performance Rehabilitation

Personalized Fan

@ Smart Ticketing and
Engagement

Dynamic Pricing
How Al

Revolutionizing
Sports

@ Virtual Reality and
Augmented Reality in Sports

Creating custom
training regiments

A
Y

Al in Sports Broadcasting

1. “Al in Sports: How Artificial Intelligence Impacts the Sports Industry?”, ht
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The Interrelationship Between Big Data, Machine Learning, and Al in Sports é

HONG KONG
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Big Data

(Data Sources) (Data Analysis) (Decision Making)

metrics and health * Predictive Models * Biolnsightsmechani
data  Performance cal analysis

* Video / Camera Insights « Strategy

« Sensors / Wearable * Injury Risk Optimization
Gadgets Assessment « Injury Prevention

« Game Statistics ...

=7ersg
ke

Catapult
SWING VISION
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Project 5 - Training Tools for Karate Athletes Using Markerless A

HONG KONG

Motion Capture and Al Technology TREMA R

iR 67.8°
ERIFIRBERAE: 119.3°

Summary of Project Deliverables

E=l L
5 & 8 8

1. Capture Karate motion data with markerless

system for timely analytic report

2

2. Develop Karate Computer Vision Al

0
0
180
160 {
140 4
Z ~ 1201
100 ]

e

/////H“f4‘44' ST

algorithm and user-friendly software package

S S S—
AR AE:  52.5°

to support 3D model reconstruction from 2D ERIATBRE 6047

EERRATRE(")
o 8 & 8 8 8
5
g é
.

video downloaded from the existing sources
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Project 7 - Al Wearable Wireless Micro Motes for Real-Time Motion Analytics éa

of Gymnastics and Wushu Athletes spllONG KONG

EEEE =
NN
o 4 D D User Interface
g . a (Web/APP)

==
11 N L .
WITeless MOTIon
Network

Cloud Server
. Data
(‘ 1) if_"; Storage Phase based Vaulting Analysis Software
—— Sesor ) Sangor
Wireless Motion Readngs | [ Treprocessie " Fusion Machine Leami
Trackers Gatewsy l b e Sum['m
Diatabase . Pliase
Siomgs Segmentation . o

Summary of Project Deliverables

1. Create a lightweight wearable motion tracking system with Al to monitor ang
analyse gymnastics vaulting and Wushu motions, giving real-time feedback
2. Automate analysis with Al to reduce manual processing time for analytic

reports

MEEBRE-RWAR INSPIRE - TRAIN - EXCEL



Project 10 - Game Analytics and Tactic Planning for Table Tennis A
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Summary of Project Deliverables
1. Provide timely training feedback and game tactics

2. Develop a one-stop solution for game reviews, tactic analysis and recg

using network science, intelligent pattern mining, visualization, and n
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3. On-Training Load Monitoring: e

Acute:Chronic Workload Ratio (ACWR)
To monitor an athlete’s training load and the risk of injury

Example variables to measure log

‘Sweet Spot’ ‘Danger Zone’ * Training or competition time[13]

. 3 s ‘ * Training or competition frequency[14
l Ry risk T Ry risk * Type of training or competition[15]

 Time-motion analysis[16]

» Power output, speed, acceleratig

* Neuromuscular function (e.qg.
isokinetic dynamometry and
plyometric push-up)[18]

* Movement repetition cou
throws, pitches, serves,

* Distance (e.g. kilometg
cycle)[20]

* Acute: chronic worls
[ratio explains 539
subsequent inj

Likelihood of subsequent injury (%)

Acute:Chronic Workload Ratio

Tim J Gabbett Br J Sports Med 2016,50:273-280
Benefits of scientific monitoring
* Increased understanding of training responses
» Identification of fatigue and accompanying needs for recovery
» Ensuring therapeutic levels of load to minimise the risk potentia
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3. On-Training Load Monitoring: e

Resplratory Gas Analyser (Cardlopulmonary Exercise Test)

Respiratory gas analysers (MetaMa
Breath-by-breath measurement

Cardiopulmonary Exercise Te

Reflect athlete’s performance
exchange data

Respiratory exchange ratig
Measure maximal oxyge
Determination of anae
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3. On-Training Load Monitoring: e

Blood Lactate Analyser

Portable lactate Lab-based lactate analyser

analyse_fw_ : Monitoring Blood lactate

concentration
Indication of training load & intey
Lactate profile is essential for
performance assessment
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Advances in Field Testing for Human Health and PerformanA
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3. On-Training Load Monitoring: e

Heart Rate Monitor T _ " oon 2

I Friday, Occ &, 2021 15:43 | Polar Vantage M2 = e

. . Y — s 3 AN -
- = High 145 bpm 590 W @ ey
¢ D034 E : i - o S~y
j D21 55 ebees werage hear rate awer 2 . s
2} Duratio Coaraties sl ' Max 156 | Minaa 4 Pz 804 : i —

Real-time HR feedback
Allow monitor training zones for optimal zQ
Easy-to-use, portable, convenient on fie

HR profile of a cycling session (ak
: " k. - Synchronise data from power & ca
Lol Y Analyse training data across traig
Arm band Chest strap

(Optical sensor) | (ECG sensor)
BB - RWRR INSPIRE - TRAIN  EXCEL




Advances in Field Testing for Human Health and PerformanA

3. On-Training Load Monitoring:

Portable Device Deployment

» Smartphone plays important role in
sport technology and especially in
remote coaching

( A Qualitative and Quantitative

MEBE-RWAR INSPIRE - TRAIN - EXCEL
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» Can video filming, data collection, and
communication.

» How they play? How much training
load that they have done?

DISCONNECT

1 2 4 GER
Time (mlnutea)

- .
10 15
Intensity (g)

20 25 3

o % S
.« * 8 »

DR T .

e T

4
Interva]z (sec) a

Peaks

Heart Rate
(RPM)

HeartRate (BPM)

0
0 50 100 150 200 25030
Data

Device(s):
Recording
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3. On-Training Load Monitoring: e
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3. On-Training Load Monitoring: e

Aerodynamics and Posture Analysis System (Under Development)

All aerodynamics, posture and GPS data
integrated in Single Dashboard for record and
monitoring during field training

Reconstruction
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3. On-Training Load Monitoring: e

Smart Wearable Monitoring Devices HR speed, exertional level, sun exposure, sweating monitoring,
calories, ECG, Creatine Kinase monitoring, respiratory rate

) ) Core temp, ] 3 Sweat biomarkers:
Apple Watch [NIsSESIfel] SoWatch [EslelleNel RN Sleep GBEUNY Hera Leto HbO2 Point Fit Cortisol. lactate

The first wearal
to track your b

UHMWPE
Membrane — MIP

-
~——— &

, Flexi ircui

Mechanical Housing 3 (OECT)

Flexible Circuit Board

Wearables include sensors ang
embedded in textiles, watche
earbuds to enhance user’s

Mouth guard

Clothing m

Give real-time physiolog
data

Allow precise trainig
mitigate injuries
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3. On-Training Load Monitoring: e

Integration of Smart Wearables (Human Telemetrics)

All Data integrated in Single Dashboard B oot Giwky doon [
for training and field monitoring

— core body temperature

— skin temperature

— land surface temperature
— hydration status

— sweat rate

— sweat composition

— heartrate and ECG

— cadence

— pace
— foot mechanics

» Comprehensive understanding of
athlete’s status & injury risk

» Ready for big data analysis for 0311 0314 4251 021747
proactive steps to prevent injuries & S R e

improve overall health

® human
telemetrics
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4. Effective Recovery Measures: e

Vibration Platform

Oxygen Tent Cold Water Immersion Hyperbaric Chamber

Pulsed Electromagnetic Promote recovery process
Field (PEMF)

Promote tissue healing

Improve muscle metal

Control inflammatig

Use of multi
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4. Effective Recovery Measures: E
Example 1. Ankle Sprain Management

Acute Control

Ligament :

Sprain Inflammation

Injuries > Promote metabolic restoration
» Decrease pain intensity

Chronic e > Low-Fz PEMF for Stress fracturg

Overuse Osteoporosis

Injuries e » High-Fz PEMF for muscles ag

tendons problems (Achille
tendinopathy)

2. Hyperbarlc Chamber (HBO) Increase Tissue Maturation
nutrients supply & regeneration

—. <

/ |~ Growth plate

'a{ ! | . Hyperbaric chamj
W m — pressure and O3

5. > Increase cell rg
M t
ﬂ Enhance O2 §
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Advances in Field Testing for Human Health and PerformanA
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4. Effective Recovery Measures: E
Example 2: Chronic Overuse Injuries Management

Reduced Symptoms

Low-Fz PEMF for Stress fracture
Osteoporosis

» High-Fz PEMF for muscles a
tendons problems (Achilles/}
tendinopathy)

> Decrease pain intensity
» Promote metabolic re

Anti- Healing _
Aging Support T
Help
Circulation

Chronic Overuse
Injuries

BEBE-XWTR INSPIRE - TRAIN -
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4. Effective Recovery Measures: E
Example 3. Post-training Muscle Recovery Management

Muscle Recovery

Muscle Fatigue

> Promote metabolic restoration for muscle
relaxation, cellular repair and oxygenatio

3. Vibrati
p|;tf§trfn Muscle Hypertrophy

|
.\
‘-

-’ ’ = /|
HE B - RWRE INSPIRE » TRA%'C

» Force muscles to contr;
blood flow

» Regain original musg
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Some Enhancing Athletic Recovery and Performance with Innovative Techniques and
Equipment (easy to self-administer)

Recovery Tools

Athletes employ compression, cold/hot wraps, sleep monitoring, recovery scoring, massage,
and near-infrared technology for enhanced recovery and performance.

Hyperice - Reathlete Air
Hypervolt 2 Compression
Pro Massager
Infrared
Viberoll Sauna

Blanket

I &l -vbe
S

|
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5. Big Data Analysis: e L

Common database (Smartabase)

Athletes Input (wellness, fatigug

u EAM I Sleep, IIIR ---.)
]

Finess
Training sparis

Center 4 Medicine 2::: — ——
Fuly Avaliable 7 150 ] . “ | 300 I 119
Testing Records Injury Notes o | ’ —
FORCEDECKS
GV MARE ‘
Sports Sport Nutrition |||| 1. | I |
ﬁssassmant”' Monitoring (= '”I |||| IIII |I| !

" Nutdton ﬂliiﬂ'!h‘uhﬂ!!ﬂ m_;wiﬂﬂ

Testing Records Biochemistry
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5. Big Data Analysis: Common database B

(under development)
Data/ ReCOI‘d UPDATE ATHLETE INFORMATION |\/|()b||e

=] s s ‘ ., — R - . : . -tre Today, April 26, 2022 Sort by date V
L & - [ BRI J ijS
e e : AlanYH Last Record Update
T s L g > Tom Mok 85264729557 April 26, 2022 (Cuptee )

m. Andy Wang Last Record Update
Home 50060029 April 26, 2022 @
Jayce Cheung Last Record Update I
- ( update
% 85200407401 April 26, 2022
B Suresh Kumar Last Record Update pTrrr
90027262 April 26, 2022 \__Update )

4 describe your experience of the following

T s
s} Sl Wass sl rseverity, § means very severe)
Tisitm T3d0e T30 15 Tisit 105 Visdm v

1. Do you experience arm pain caused?

P00 ee@

~ Microsoft
V Dynamics 365

0518 0435 0dEl | S42 591 LITRET B i) 2. Do you experience thigh issues?

0315 0w s | s | s sm o sn we wm —

[T TR T [TRRTTNT @ Q? @ O @
R a R B [ o 1.0 you experience back paln caused?

A T T Data Injection

OO0V @®

4. D0 you experience pelvic issues?

OO0V @®

061 _usl s

5% e sm se wx | 13

Data Visualisation

— - Aatdats Repore B Hevat
Avalzble Modfed Unavailatle Fest Travel Modified 585 0
i ! L] o g . Vg Y
R ar . . 16 Stable Stable Stable 80
| —— = | I J | PEEEEEEEN - -
sify
Dashboard o s PR U SO 1) 55 gt ntin

148 438 56 12.79% sl sennnnn

& w ey
Reporting e 3 e :

MEBE-RWAR INSPIRE - TRAIN - EXCEL




A

HONG KONG
SPORTS INSTITUTE

5. Big Data Analysis: E
Future: Use of Al for Injury Prediction

Muscle strength . )
Shoulder ROM machine learning

Kinematics ———

Al supervised Ultrasound imaging

» Tissue composit

Sports performance

e Clinical tests
* Injury records
e Treatment notes

« Training load
+ Physiology status

Tissue dime
Tissue mic

» New imaging features for prognosis of shou
Injuries & injury risk prediction

» Individualised injury monitoring & recover

achieved for faster and safer return-to-pl
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2. Technical and Risk Assessment: =%

Advance Computer Vision — Health/Wellness Analysis (Convenient daily record

02 Saturation

" O Smartphone cam to scan t

Computer vision algorit

& General Wellness < Respiration Rate
' W) Heart rate '@) Oxygen Saturation
Temperature W’ 4 P Heart rate variability 5 Stress Level

36'8 o¢ ' : @ Blood pressure qg Mental Health

rPPG Signal .||||

Heart Rate

76 bpm

training
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6. Robot Assisted Devices:

Athletes utilise robots to hone their techniques, assist in
strength and conditioning training, and as a training
dummy to optimise their performance and prevent injury

Ball Joint /]

Arm- S

Motor '
\ / \

Hinged £ i !

Joint AY Btass :
{ /i gency ) _
/f Stop HP-07 ROBOT

Ball Joinl ~

+ CATCH NET

Ultrasonic | b
Range Finder -

/ : + 80 BALLS

Chassis Motor

with Brake - 1 L
Safety Edges
Ultrasonic == v e
Range Finder * .
. p—
oot with . ’
Contact Swich 5 Battery
\ Ultrasonic
Safety Edges =—* Range Finder

encing Robho
BMEBEBE-EWTR INSPIRE * TRAIN - EXCEL
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6. Robot Assisted Devices: apiioNS KoNe

EEEE 2R

Future Mind Table Tennis Training Robot

Features
A smart table tennis serving robot that can control ball serving at different speeds, positions and spin

for training

j%ISiIE'HE'xwﬂl‘PR INSFIRKE * IKAIN " CALVECL



A

HONG KONG
SPORTS INSTITUTE
HEEEHE2R

6. Robot Assisted Devices:
On-Field Training Dummy

Key Function
A Robotic Sport Training Devices that is the Al-program, remote controlled, self-righting, padde
training dummy.

Features

1. All-terrain

2. Reduce head
injuries

3. Reduce player-on- |
player contact

4, Smart control

MEEBRE-RWAR INSPIRE - TRAIN - EXCEL
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6. Robot Assisted Devices:
RoboGym

Key Function
A robotic exoskeleton device on maintaining muscle strength and bone mass for astronauts who 3
spending extended periods of time in zero-gravity.

Features
Natural
Versatile
Adjustable
Seamless
Safety

ar®OdE

natural

free weight
range of motion

BB - R AR INSPIRE - TRAIN = EXCEL
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6. Robot Assisted Devices:
Strength & Conditioning Training Device (under development):

Key Function
A S&C Robotic Training Devices that integrated with Al sensing system to provide assisted force g
similar to spotting during squat and bench press activities.

Features

1. Provide isokinetic, isometric
and isotonic, assistive
repetition training

2. Smart control and provide
assistive forces

I Hip extension
- left side
mematlc wor
2o

and Muscle ¢ W

100F T F 0.0 1
, variables| Hip extension ———
: LAY, & R \\ sor right side E 051 Jﬁ,\w

: b = — . & 00
- v . % 200 400 600 800 1000 " ' ' '
N : : 100F — : T T Y S 0.0251 W
G . \View of camera 2 Knee extension £ 0000 v

= | = sor left side o

| B 021
i 0 g ;..AMJA
‘ 0 200 400 600 800 1000 .AE 0.0 1 . . .

100 : d ) : ' 2 1
Knee extension 5 |

S0r  right side % 0.00
16 lIS 2‘0 2‘2

600 800 1000 time (s)



Take Home Messages A
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» Technology can be applied to every aspect of elite sports from
training, injury recovery, and performance analysis:
» Appropriate equipment selection
» Technical and risk assessment
» On-training load monitoring
» Effective recovery measures
» Big data analysis
» Robot assisted devices

» Smart sensor and computer vision application

» Increase practicality to support elite training and competition to
Injury risks

» Accumulate health, training and treatment data

» Provide insights into injury prevention and optimising traind

» Robot assisted devices
» Simulate conditions for safety training and enhance t

» Appropriate sports injury prevention can allow athlg
potential for major Games and improve long-term

B - RWMABR INSPIRE * TRAIN » EXCEL
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Thank you for your listening!

MEEBRE-RWAR INSPIRE - TRAIN - EXCEL



	Default Section
	Slide 1: Advances in Sport Technology for Human Health and Performance
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Slide 6
	Slide 7
	Slide 8: Competition Suits (Rowing)
	Slide 9
	Slide 10
	Slide 11
	Slide 12
	Slide 13
	Slide 14
	Slide 15
	Slide 16: AI in Sports
	Slide 17: The Interrelationship Between Big Data, Machine Learning, and AI in Sports
	Slide 18: Project 5 - Training Tools for Karate Athletes Using Markerless Motion Capture and AI Technology
	Slide 19: Project 7 - AI Wearable Wireless Micro Motes for Real-Time Motion Analytics of Gymnastics and Wushu Athletes
	Slide 20: Project 10 - Game Analytics and Tactic Planning for Table Tennis
	Slide 21
	Slide 22
	Slide 23
	Slide 24
	Slide 25: Portable Device Deployment
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30
	Slide 31
	Slide 32
	Slide 33
	Slide 34: Recovery Tools
	Slide 35
	Slide 36
	Slide 37
	Slide 38
	Slide 39
	Slide 40
	Slide 41
	Slide 42
	Slide 43
	Slide 44
	Slide 45
	Slide 46: Thank you for your listening!


