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Introduction to the latest market trend in the wearable technology industry

Case Study:
Wearable technology on body motion analysis and Elderly Fall Prevention System (with demonstration)

Speaker:
Mr. Gordon Lee

VP, Business Development

Booguu Company Limited

www.booguu.bio
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BOOGUU COMPANY LIMITED

BOOGUU

Wearable Healthcare Platform
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OUR MISSION

Reduce Elderly Falls
&

Improve Therapy Outcome
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BooGuu
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PROBLEM: ELDERLY PHYSICAL DECLINE & FALLS

4 N
Falls are a leading cause of injury among older adults
30% of 65 years and older suffer from falls each year
75% of falls results in fractures and head trauma
\. y
4 )
Age related declines in balance, strength, and mobility
25% loss of muscle mass between ages 30 to 70
Balance declines starting in the 40s
\.
4 )
Existing prevention and assessment tools are insufficient
3 Primary care based screenings have limited accuracy
Instrumented assessment are expensive, long, with limited access
\. .
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Multiply by Growing
Worldwide Ageing Trend

Aged 65+ (2021)

HK: 1.4 Million
China: 176
Million

Japan: 36 Million
‘ illion

Accelerated
by Covid Isolation



= SN “hkpe

Prevention - Traditional Assessment Methods
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Beyond Eyes can see

Gait Variability and Fall Risk in Community-Living Older a7 BYAS 2
Adults: A 1-Year Prospective Study = &ﬁi{%ﬁ
Jeffrey M. Hausdorff, PhD, Dean A. Rios, BS, Helen K. Edelberg, MD G O I -I- VO rl O b | | I Ty

“Stride time variability wa @ “Logistic regression also showed that stride
30ms in subjects who subsequently fell”  time variability predicted falls (p < .05)”
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SOLUTION:
FALL RISK STRATIFICATION & THERAPY MONITORING

1 « Identify at-risk individuals using wearable sensor — quickly and accurately
&

« Provide therapy based on risk levels and risk factors
« In community, outpatient, and inpatient settings — everywhere

Monitor and track patients progress using
mobile app and wearable sensor

Vod A

| Tandem Standing Single Leg Lift Single Leg Side Lift

& Ovia Wikon

Performance Overview

W Totol Minutes W Mobitey score @ Dolonce score

167 70.6

J

‘ Balance, Mobility, and Strength Data

MAKE SMART WE Enable therapists to better identify and treat at
SMARTER o™~ risk patients using accurate data and actionable

| . .
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A Award winning wearable healthcare platform to reduce
‘-_ risk of falls and improve therapy outcome with objective
SHRLHOTIO bodamovement analysis

spire”

Inpatient & Outpatient
Fall Risk Prevention and Management

ASPIRE BALANCE ™
Aspire Motion Connect

- AI and Machine Learning
- Wearables & Digital Health

Balance Rehabilitation Training

MAKE SMART ll. Remote Therapy Monitoring
SMARTER

|
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INNOVATION: PATENTED BODY MOTION ANALYSIS

Greater accessibility to clinical grade metrics

)

Single Sensor

Multiple Analysis

Balance
22PN o %o lx
O=0Z—0> ~ .
SR o Hoe

%5 QL@

Strength
Machine Learning
Avrtificial Recurrent [

Neural Network
Gait & Mobility

Secured Cloud Platform

Data Integration API

Balance & Postural Sway
+ Sway Length & Area

* Romberg Ratio

* Smoothness

Sit to Stand Transitions

* Movement Power and Force
+ Stability and Control

* Unsafe Movement Patterns

Walking Gait

+ Cadence

+ Velocity

* Single Support & Double Support
+ Variability and Stability

*  Symmetry

* Ground Reaction Force

» Power and Energy

Data in Singapore
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KEY BENEFIT

Data Driven Risk Analysis
At Scale & Cost Effective

Gold Standard Validated

+ GAITRite ® Electronic
Walkway Mat

+ Bertec® Force Plate

« Noraxon® myoMotion™ IMU
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Fast - Accurate
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Exam & Data flow
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Personalized Assessment Report
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“The body system as a whole may be represented, from a mechanical standpoint, by its CoM.”

Goldstein H, Poole C, Safko J. Classical Mechanics. 3rd Edn. London, UK: Pearson Education Ltd (2002).

“Parameters concerned with the BCM? are the most important since movements of the BCM are the end
result of all the complicated physiological mechanisms and biomechanical events involved in walking.”

Crowe, Alan & M. Samson, Monique & ]. Hoitsma, Marja & A. van Ginkel, Alexandra. (1996). The influence of walking speed on parameters of
gait symmetry determined from ground reaction forces. Human Movement Science. 15. 347-367.

1CoM = Center of Mass
2BCM = Body'’s Center of Mass
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Aspire Gait Algorithms Background

Results based on Machine Learning Algorithms trained with over 40,000 steps
using artificial recurrent neural network

Example of Raw Data

Time ML VT AP
0 0.00§737 0.954%2 -0.30212
0.008 0.004839 0. A N
0.019  0.002! X . vV v o ’ - Y T 1
0.029 -0.00061 Y | [ .
0.039 -0.00159
0.048 0.001465
0.058 -0.00098
0.068 0.000854
0.079 0.002075
0.089 -0.00208
0.098 0.000977
0.108 0002197  0.9646 X
0.118 0.000366 0.961792 -0)
0.128 -0.00183 0.963013 -O.
0.137 -0.00195 0.963745 -O.
0.148 -0.00024 0.961426 -
0.158 -0.00037 0.960205 -
0.168 -0.00195 0.958984 -0.30615

_—W AP — Anterior-posterior (z)

Raw AP

Distinguishing Left and Right Leg

\ | 1 — 1 ! I 2. Determine time of Heels Strike and
VT — Vertical (y)

: Toe Off for every step

3. Calculate phases and parameters of
the Gait Cycle

0178 000061 0957031 -030676 y ’ S

0.187 0001465 05752 -030713

0.197 0.0021987 0.958618 -0.30664

0.208 0000854 0957275 -0.30396 .

0218 0002197 0958374  -0.3075 ML — Medio-lateral (x)

0228 0004028 0959473 -0.30652 o p ==
0238 000354 0960571 -0.30811 ‘ 1 | N f A
0.247 0.005249 0969238 -0.30884 Il l o - A ‘,“ 1
0.257 0.005615 0.970459 -0.30688 — % oA~ kN YINVA A A : \
0268 0.001343 096582 -0.30896 wl” M“ RV aYA| ‘l‘"\" AV ‘”VI\I‘ N ,\,‘;’/‘M' l‘\v Vo~ ”‘\"]I‘ \ /\\,.w'J'L‘ W \"'k/ N
0276 -0.00342 0965332 -0.31079 - 4 - i I8 e H il
0.287 -0.00208 0.963867 -0.30884 V | ' I \ | Il

0.297 -0.00098 0.965576 -0.30908 I \

Normal and Reference ranges : '
are based on published journal <:| L A A
Right heel Left toe Left heel Right toe Right heel

values and adjusted using Asia Gonasof contact ol o
. - pe ¢ B Right swing phase 40%
population specific database. : e
ﬁ Left swing phase 40%

! Double- ;

+ limb ) Single-limb support + limb ) Single-limb support
+ support * on right + support ! on left
O10% 40% io10% 40%
I v/ I H K E 5 M FI R T . . Traditional subdivisions of the gait cycle. (From Neumann DA: Kinesiology of the

system: fo ions for physical r ilitation, ed 2, St Louis, 2010,

[ | Mosby, Figure 15-11.
SMARTER x = ’
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IMUs

Force Plate
under
GAITRite

GAITRite
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Golden Standard Comparison

GAITRite mat

Walkway _

- ELBRRHE
51U % x S5EHRA
< 4I¥5 x 108

Bertec® Force Plate

IMUs

Force Plate

© 2023 Booguu Co. Ltd.

COM Sway Length from IMU

350 A

300 A

250 4

200 A

150 1

100 4

Aspire™ vs. GAITRIte ? :

* Heel-strike time: £10ms
* Toe-Off time: +£30ms

190MERA FH#umn 28 - 72

Pearson’s coefficient: r=0.93

50

100 150 200 250 300

COP Sway Length from Force Plate
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Postural Sway validation example
with Bertec ® Force Plate

Teal = Force Plate
Magenta = Booguu IMU Algorithm

70 Year Old Female (EC) 61 Year Old Male (EO)

COP from Force Plate Displacement from IMU COP from Force Plate Displacement from IMU
1254 — Raw X-Y 125 —— TRex APd-MLd 1 —— Raw X-Y 0 —— TRex APd-MLd
10,0 10.0 1519 15
75 75 10 10
5.0 50 54 5
25 25 o 0
0.0 0.0 5 5
=25 =25
—104 -10
-5.0 -5.0
—154 -15
=15 =15
a 2 0 2 a 6 a 2 0 2 4 6 10 5 0 5 10 15 10 5 0 5 10 15
—— FP X-axis
¢ — IMU MLd 10
2 54
0 0
-2 54
-4 _104 — FP X-axis
— IMU ML-d
0.0 2.5 5.0 7.5 10.0 12.5 15.0 17.5 20.0 0.0 25 50 7.5 10.0 125 150 175 20.0
10.0 151
7.5 101
5.0 54
25 0
0.0 5]
-25
104
-5.0
MAKE SMART EN s =1

5 M A RT E R = 00 25 50 75 100 125 150 175 200 oo 2 50 75 160 125 150 17s 200
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ASPIRE BALANCE ™ |
B e fem - ree /

Tandem Stance, Left Leg Today's Recom cAation
4/16/21, 16:21

Single Leg Test Feet Together
Wook  Month  Your ) May 2, 2021
-~ e q 80

7

=) 4

w

Single Leg Side Raise, Right

Tandem Stance

'gu y 4, 2021

) Y

Single Leg
) Apr 27, 2021

Single Leg
Side Raise

) May 5, 20

Right Leg

65

MAKE SMART N
SMARTER
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1. Feet Together

* Baseline test of overall
balance control.

* Common factors such as
medication, certain food
and drinks, stress, and a
poor night of sleep can
impact our balance.

MAKE SMART mEm
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Four Foundational Balance Stances

Each of these stances are important for healthy living. Each test assesses the
various aspects needed for good balance and stability.

.

® o
a ¥

gr o

2. Tandem 3.Single Leg 4.Single Leg Side Raise

* Tests lateral balance * Important for general health * Targets the key muscles that

control of the ankles, hips, and fitness. stabilize the hips.

core, and leg muscles.

* Teststhe necessary * Having good hip stability can

* Impaired lateral stability is foundation to support body reduce hip, knee and foot

a key fall factor among motion. injuries.

older adults.

* Healthy individuals should be * Maintaining this posture
able to maintain single leg requires a strong core and can
balance for at least 20 help with posture.
seconds.

© 2023 Booguu Co. Ltd.
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Compete against your Baseline

g Forward

\.é

Forward ' i \ Right
[ R .\
st \ /
Forward \

-
()
-+
—

@® Start ® End
Left == Right Backward
Left ) Right
@® Start @ End +58 %
Backward
7
7
7
@ Start @ End 7
7
Backward 7 Less movement
7 .
Baseline P than Baseline

7
Ve
7
7
e
Ve
7
7

7
/
/
Vi
7
/
/
/
Vi
7
/
Vi
7
)
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Track Your Improvements

New Best

Baseline

MAKE SMART mEm
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PREVENTIVE THERAPY & MONITORING

I Beneficial for 8 out 10 elders over the age of 65

Walking Strength |
Pattern A Y - am T e v D B Y T e e B o A e
(Gait) Flexibility

7 (- i ;'
ﬁ? -

Cognitive

Brain

Functions

Tailored Therapy, Home Exercise, Orthotics, Nutritig

External
Factors

(e.g. unsafe
footwear)

L >
|

-
|

Chronic
Health
Conditions

\

Visualizing improvements

’L

tﬂ : '—h“y L) ‘e

- 4 Track Progress & Outcome
?/ Remote Assessment and Monitoring

MAKE SMART WM
SMARTER

g
] >
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STEP 1: RAPID COMMUNITY BASED RISK Management

1 Sensor S— =
3 Tests = £
5 Minutes 1. 30 steps Walking Gait —

2. 30 seconds Balance

3. 15 seconds Lower Body Function

* Screen elderly for fall risk in community centres and in-home setting.

+ Operable by volunteers, even those in their 60s and 70s.

* Results shared remotely with healthcare professionals for recommendations and
actions.

Identify Subclinical Risk Group in Community Settings for Earl
Prevention
MAKE SMART HN

SMARTER &=
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STEP 2: REMOTE THERAPY MONITORING

Home Exercise program

(6/7) Single Leg Side Raise

Hold 30 Seconds
[ Complete 3 Sets
Perform 2 Times a Day

A Right

4

<1

Hold 15 Seconds
J Complete 3 Sets
| Perform 1 Times a Day

Hold 30 Seconds
Complete 3 Sets
Perform 1 Times a Day

Visualizing improvements over time

Assign Home Exercise Program Instant Feedback & Tracking Review and Adjust Therapy

(HEP)

MAKE SMART mEm
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BooGuu ASPIRE MOTIO

Founded in 2016 by Prof. Jeffrey Cheung, Hong Kong Baptist University (HKBU)
« PhD Harvard University

+ Oak Ridge National Laboratory & Rockwell International Science Center

« Distinguished Visiting Professor, Dept of Physics, HKBU

*  Spin-off from HKBU

* Focused on health application using IMU and motion analysis since 2014

* Incubated at Hong Kong Science and Technology Park (HKSTP)

+ Healthy Ageing Platform and Gerontechnology Platform of Hong Kong

* R&D and Sales Teams in US and Asia

+ 2 US and 1 China patents awarded, and multiple patents pending

Shaky Minibus

Award Winning
Research and Product
on Gait & Balance

MAKE SMART HN
SMARTER
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AWARD WINNING

- INNOVATION

2020 FEHRM R
AR 82

2020
S —_—

Cert of Merit
Hventlons © w
ong Kon g ICT AWARDS

O BEMEAR - BRR
I AGE-FRIENDLY
%‘(& INNOVATION AWARD - MERIT

« 3 Gold & 1 Silver Medals at Geneva International Exhibition of Inventions 2017 and
2021

« TechConnect Business Innovation Award, US TechConnect Summit 2020

« Hong Kong Information and Communication Technology (ICT) Smart Living Merit
Awards 2020

+ Hong Kong Jockey Club Age Friendly Innovation Merit Award 2020

MAKE SMART WA « Gold & Grand Award at Invention Asia Hong Kong 2019
SMARTER "5 gaond
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Contact

info@booguu.bio

Tel: 3590 2685
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Aspire Fall Risk Management
B RehE REEENE Sor el B VB E R E
https://youtu.be/W2I1AZzP8H5U

Aspire Balance
SR Re T (AR
https://youtu.be/XZymqZX85UM

https://www.balance.aspiremotion.com/balance-help-videos

Aspire Motion Connect
A S I R (IR
https://youtu.be/RbBeDz1rTz4



https://youtu.be/W2IAZzP8H5U
https://youtu.be/XZymqZX85UM
https://www.balance.aspiremotion.com/balance-help-videos
https://youtu.be/RbBeDz1rTz4
mailto:info@booguu.bio
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Smart Wearables, Watch and
Clock Technology Centre

The Hong Kong Productivity Council (HKPC)
Aug 2023

MAKE SMART W
SMARTER
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:P: Introduction
a

Smart Wearables, Watch and Clock
Technology Centre

(formerly the Hong Kong Watch & Clock Technology Centre),

established with the ITF funding of the Hong Kong SAR Government,

is jointly managed by the Hong Kong Productivity Council (HKPC) and
the Hong Kong Watch Manufacturers' Association Limited (HKWMA).—:.

o
« Smart Wearables, Watch and Clock Technology Centre provides a :
comprehensive range of consultancy and support services for the matt ety | i
smart wearables, watch & clock industry. The Centre offers testing pcnnolant 1
'{ service for: |— e
e  Smart wearables Over 50 different
° ° .L
* Quartz and Mechanical watches teStlng services for =

Smart Wearables, -
Watch and Clock | fi

Parts and Components

MAKE SMART mEm
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= Assist the local smart wearables, watch & clock industry to strengthen their
competitiveness and leading position in the global market.

= As a central body to transfer relevant technologies to support Hong Kong
manufacturers

= Provides independent testing services in quality assurance, particularly in areas
where tests are unavailable commercially, to improve product quality and
Ty management capabilities.

hkpe

siaarl Wearables,
) Watch and Clock
i Technology

MAKE SMART mEm
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Technology Development Services

~: = Smart Wearables Technology
Customised Watch Testing Equipment
Smart Manufacturing Technology
Plastics and Composite Technology
= Metals Processing Technology

= Surface Finishing Technology

@ . .
MAKE SMART ®

SMARTER
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:“ Smart Wearables Testing
a

Testing and R&D services are open to public

For industry,
= \Watch & Clock
= Electronics

s = Fashion & Textile

= = Jewellery & Accessories
= Eyewear & Glasses

= Medical & Healthcare #£_
= InnoTech & Startups |

MAKE SMART mEm
SMARTER x =
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Fg ¥ Smart Wearables Testing
a

EENES

Performance Assessment
 Step Counting
* Heart Rate

 Blood Pressure

« Oxygen Content in Blood

.. == All above accuracy assessment tests are
<= performed by advanced systems, which
simulate the human activities with the
actual human dynamic data and

physiological values collected in advance.
]

MAKE SMART mEm
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y Smart Wearables Testing
a

loT Cyber Security Assessment

1
. 7 . Intelligence hardening . ..
[ ] \ ﬂ 4

Security-by- \
6 Defensive Security . Pri(\’;sclyq-gv- a \° Train & develop 9
default it
Compliance-
by-default
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Smart Wearables Testing

Reliability Testing
 Environmental Stress Testing
* Printed Circuit Board Testing

 Design of Accelerated Life Test, Life Data
Analysis such as Weibull Analysis

Electromagnetic Compatibility Testing
« Emission testing

~: .« Radiated and conducted iImmunity testing |SEE e /’

« ESD immunity testing N 3 o

il

(Supported by Electromagnetic
MAKE SMART B&& Compatibility Centre, HKPC)
SMARTER x =

o 3 |/ '\‘- 2 B i HKPC

Wireless Product Testing
» CE/FCC testing




:;: Smart Wearables Testing
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General Testing

Mechanical Test
Biological Test ¢ _ =
Physical Test _r
Chemical Test
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XR Technology Application

Career Pathways related to Wearable Technology, Industry support and cases sharing

Speaker:

Mr. Brendon Yu

Consultant,

Metals and Industrial loT Technology,
Smart Manufacturing Division,

Hong Kong Productivity Council
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X R Extended Reality

AR

Augmented Reality

FIEST (AR) - EEEBARE
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°
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VR

Virtual Reality
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Mixed Reality

BEEEH (MR) - 455 AR I VR
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SEA R EREFIITR



VR HE

MAKE SMART mEm
SMARTER x =

Copyright @ 2023 HKPC All rights reserved

=

*hkp




. . ™ [ tE‘ %L}'{_L
SR B (B VRIS

MAKE SMART WM
SMARTER

Copyright @ 2023 HKPC All rights reserved

I KGR EEE Y

wcams® ~@w 40E @ N W




=
= i BT 4%

m B A

L

i

[=]

sl

MAKE SMART mEm
SMARTER x =

Copyright @ 2023 HKPC All rights reserved




; *hkpc
i | tEND

MRBTHE

LISEE

3IDERBFHEE

2
'R

MAKE SMART mEm
SMARTER x =

Copyright @ 2023 HKPC All rights reserved




- *hkpc’

Digital Twins
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Thank you

Hong Kong Productivity Council
HFEEENRER

HKPC Building, 78 Tat Chee Avenue, Kowloon, Hong Kong

BENEEZRTHREENKE
Tel: +852 2788 5678 Whatsapp: +852 5283 4131
www.hkpc.org
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