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Being a forward-looking comprehensive research university, The Chinese University of Hong Kong
(CUHK) pursues excellent innovative research with passion. We compiled in this booklet some of the
latest CUHK research results. They are grouped under four categories, namely "Biomedical Sciences and
Healthcare Technologies", " Sustainable Development and Green Technologies", "Information and
Communication Technologies" as well as" Robotics and Advanced Manufacturing".

Centre for Innovation and Technology (CINTEC) is the technology transfer arm of CUHK under the
Faculty of Engineering. We serve as a bridge between the university and the industry, facilitating open
communications and industrial collaborations, as well as promoting innovation through technology
transfer to the society and the industry.

An electronic version of this booklet is also available online: https://exhibition.cintec.cuhk.edu.hk.
Moreover, should you have any enquiries, please do not hesitate to contact us by phone: (852) 3943 8221
or email: enquiry@cintec.cuhk.edu.hk.

Thank you for your interest in the innovations of CUHK.

Prof. WONG Kam-fai

Director

Centre for Innovation and Technology
The Chinese University of Hong Kong
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Increasing In Vitro Fertilization (IVF) Success Rate
with Maturation of Unusable Oocytes
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1. NOT 100% Usable! 2. Usable eggs are limited!
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A The low number of usable oocytes in AMA women poses a
huge technical challenge in IVF
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Over the past 40 years, in vitro fertilization (IVF) success
rate has remained poor for women of advanced maternal
age (AMA). The poor outcomes are often associated with
oocyte quantitative and qualitative decline. To compensate
for the poor success rate, AMA women have to undergo
multiple IVF procedures, encountering invasive painful
operations and the risk of embryo issues. This also inflicts
huge financial, physical, and emotional stress. As there are
currently no viable solutions, the project aims to develop a
novel non-invasive approach to alleviate these stressful
experiences by increasing usable oocytes. The animal and
human models have shown substantial improvements in
reproductive outcomes.

Uniqueness and Competitive Advantages

e First cell-based oocyte improvement
e Natural, not genetic transferred and non-invasive
e Compatible with existing IVF procedure

e A unique device developed for consistent robust
performance delivery

e Reduce stresses that follow repeated conventional
IVF

Prof. LEE Tin Lap ZXRII %

School of Biomedical Sciences
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A A unique device developed for consistent robust performance
delivery
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1 US patent, 1 European patent and
UG 1 China patent filed
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Funding BEBh#48 | Research Grants Council, Innovation and Technology Commission, Hong Kong Science and Technology Park

MREBE - AIFREE - BENEE

Collaboration &1EE{# | Assisted Reproductive Technology (ART) Unit of CUHK, Institute for Tissue Engineering and
Regenerative Medicine of CUHK, Department of Biomedical Engineering of CUHK,
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Virus Mutation Prediction and Vaccine Antigen Design
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A Virus evolution trajectory and estimation

Combining  bioinformatics, virology and artificial
intelligence, our team developed a robust model that can
characterize and predict genetic mutations of viruses. The
model could be applied to antigen design to improve
vaccine effectiveness (VE), or to accurately estimate the VE
of different vaccines in-silico. For instance, when applied to
influenza, we could improve seasonal influenza vaccines'
effectiveness by 20-40%. The model could also take
geographical factors into consideration to provide
region—specific antigen designs and VE predictions,
assisting vaccine producers and governments around the
world make better informed decisions. Besides Influenza,
the technology is also transferrable to other viruses.

Uniqueness and Competitive Advantages

e Forwardly—predictive, accurate even when predicted
one year in advance for influenza

e Vaccine antigen designs that improve VE

e Accurate VE estimation without the need of additional
clinical trials

¢ Region-specific designs and predictions

e Transferrable to other viruses and vaccines

1 Patent Cooperation Treaty (National Phase):
China, US, Europe
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A Prediction of vaccine effectiveness using genome information
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Prof. WANG Haitian Maggie E:8XK#iZ

The Jockey Club School of Public Health and Primary Care
ERENHBEREERERSR

Funding ZB##4E | University Grants Committee KEHEENEE D

Collaboration §{EEf¥ | Beth Bioinformatics Co., Ltd B B4EMRIEARAS

The technology is exclusively licensed to Beth Bioinformatics. The company is currently in collaboration with pharmaceutical

companies regarding vaccines.
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Complex Disease Screening Using Human Genome Data
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Specificity

A AUC improvement by our patent technology: Prism Vote. Our
patent analytic platform can be applied to any disease whole
genome sequencing data to improve prediction accuracy
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Complex disease refers to diseases without identifiable
single major cause. Our team chose a couple of diseases
currently known to have strong genetic heritability — such
as Alzheimer’s disease and Schizophrenia — and invented a
novel statistical method to account for the effects of
genome interactions. Using this method, the team successfully
developed a screening test that is significantly more
accurate in risk—assessment than existing methods,
through analyzing human genome data. Paired along with
3rd generation sequencing, we hope to provide quick and
reliable services for primary care, genetic-testing
companies and insurance industry in a wide-range
screening setting.

Uniqueness and Competitive Advantages

e Better accuracy in risk assessment

e Could incorporate clinical parameters to further
increase accuracy

* Tolerant to various format of human genome data
sets

e Caters to human genome data of people of Asian
ethnicity

e Could be used for other complex disease in the future

Prof. WANG Haitian Maggie E:BX¥iS

The Jockey Club School of Public Health and Primary Care
BERgAHBEREEEESMR

Funding ZBi#4E | University Grants Committee KEBHBEENEE T
Collaboration §{EEf¥ | Beth Bioinformatics Co., Ltd B BEYRHEBIRAS]

The technology is exclusively licensed to Beth Bioinformatics. The company is currently in collaboration with gene—testing companies.
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A Could incorporate with 3rd generation sequencing device to
provide analysis on the site in the future
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Automatic Retinal Image Analysis Technology for
Identifying Risk of Autism and Other Chronic Diseases
ARt E BREREMEMFREIEN 'ZBEREE
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A (From right) Ms Maria LAI, Assistant Director; Prof. Benny ZEE, A Retinal images captured by the non-mydriatic fundus
Director of the Centre for Clinical Research and camera can reflect cardiovascular health and brain health.
Biostatistics of the Jockey Club School of Public Health and EBESRIPEY TIREME) o FIARBOEN S R ISSEE

Primary Care at CU Medicine; and Ms Sally CHIU, Educational
Psychologist at Schools of Hong Chi Association, which is the
partner of this research project.
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The Automatic Retinal Image Analysis (ARIA) technology is MBS RBBIRE 2D BUEO6% R 1%

developed to assess the risk of autism spectrum disorder

(Autism). Study results show that autism subjects have  HRAAEEGR ST E—EEE - T EEMBHHENR
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to identify autism were 96% and 91% respectively. 1%;K?:F1§"E% B BRI Eb%kﬁnﬂaﬁﬂgﬁiﬂi‘f
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The use of retinal image analysis is non-invasive, fully MEE:EE T A -

automatic and relatively convenient. Retinal images can be

obtained from very young children to assess their risk of HEEE T (EEh

suffering from autism. This technique provides an objective

screening method that can be implemented in a community

setting and provides an efficient tool to assess the risk

o AJEH D ERRIETE

before clinical and behavioural assessment. o EFERMRBIBEN D RISEIC% K%
Uniqueness and Competitive Advantages © ®Al > ZEBFELSE

* Fast evaluation in a few minutes

e High sensitivity and specificity that reached 96%

and 91%
e Non-invasive, fully automatic and relatively
convenient Prof. ZEE Chung Ying Benny {R{h§#Z%
The Jockey Club School of Public Health and Primary Care
JNid.¢ ) Obtained US, China and Taiwan Patents BREANGEREBERSER
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Collaboration §{EEf¥ | Hong Chi Association EHE



Brain Method to Forecast Infants’ Future
Language Development
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A Prof. Wong said that the test can now be A Prof. Leung said that most babies can

applied to Cantonese and Mandarin
speaking communities, while the research
team is studying the accuracy of the test

take the EEG test once they are born,
which allows parents to learn about their
children’s potential language problems

/]

A Ms. Chow’s daughter conducts the EEG
test at CUHK Brain and Mind Institute.
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on English language development.
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The project has developed a test to predict infants’ future
language ability by electroencephalography (EEG). With
EEG, a method is then devised to forecast language
developmental outcomes. By intervening at the earliest
possible time, the severity of potential language impairment
will be reduced and provide optimised language learning for
all children.The predictive models this project constructed
using neural measures substantially outperformed models
constructed using traditional clinical factors such as birth
weight and gestational age. With early intervention,
language can be improved, as the nervous system is at its
most plastic in the early years. Interventions that are
delivered early have higher economic returns than those
administered later in life.

Uniqueness and Competitive Advantages

e The way how infant’s central nervous system
encodes and differentiates speech sounds may
effectively predict the language development

e A simple EEG test is the most suitable method for
infants with no speaking abilities

e Precise enough to make prediction about an
individual child's development

Prof. WONG Chun Man Patrick ={&3 2%

Department of Linguistics and Modern Languages
M RRRES R

Prof. LEUNG Ting Fan £

Department of Paediatrics
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Funding ZBh##1& | Innovation and Technology Commission BIFifH%E
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one to two vyears earlier than the
traditional methods.
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Prof. LAM Hung San Hugh Simon #5454 2%

Department of Paediatrics
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Non-invasive Diagnosis of Liver Fibrosis
EREYN ey 13-

A Relative collagen content of the liver of 8 patients measured using our technology: No liver fibrosis (a-d); Early-stage liver

fibrosis (e-h)

BMABBAXMTEFOEHTBREORRE  RAEFEEE (a—d) ; FEFMMEEERE (e-h)

This project provides advanced medical solutions for
non-invasive diagnosis of liver fibrosis based on MRI and Al
technologies. The current gold standard for diagnosis of
liver fibrosis is liver biopsy, which is invasive and impractical
for screening and treatment monitoring. The existing
non-invasive diagnostic techniques still have significant
limitations. The project aims to develop a product to fill the
gap of diagnosis of liver fibrosis. Our solutions are convenient
and easy to operate. The diagnostic value of our technology
has been demonstrated in pilot clinical studies.

Uniqueness and Competitive Advantages

e Quantifies liver fibrosis directly rather than indirect
stiffness measurement. This reduces the influences
from confounding factors and improves the accuracy
of detecting early—stage fibrosis.

¢ Does not require extra hardware and has a convenient
workflow. This reduces the cost.

3 USA patents granted, 1 USA patent and
414 3 China patent applications pending
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Prof. CHEN Weitian [REF RS

Department of Imaging and Interventional Radiology
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Funding ZBh#%4& | Innovation and Technology Commission, Hong Kong Science and Technology Park BIFiRHEE - HERIRE



Biohybrid Soft Microrobots with Rapid Endoluminal
Delivery and Imaging
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A (From left) Prof. ZHANG Li, Prof. Philip CHIU and
Prof. Joseph SUNG (zoom image on screen)
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The soft microrobots are mainly composed of stem cells
(~98%) and a tiny portion of magnetic particles (~2%),
possessing an elastic modulus close to the human brain
tissue. The stem cells can be harvested from the host to
minimize immune responses during the in vivo delivery. The
project has also developed endoscopy-assisted magnetic
actuation with a dual imaging system (EMADIS). Endoscope
offers “express lane” for soft microrobots to avoid the
direct contact with complex physiological environment. The
microrobots not only have rapid response and precise
targeting capability under the magnetic field, but also show
excellent adaptability to the complex surroundings by
self-alternating the shape during navigation inside the
body. The technology has the potential for treating various
diseases in tiny and tortuous Iumens which are
hard-to-reach or inaccessible by regular medical devices.

Uniqueness and Competitive Advantages

e First to integrate soft microrobots, endoscopy,
magnetic navigation and ultrasound imaging for
endoluminal delivery

e Greatly extends the reach and functionalities of
endoscopy

» “Express lane” for soft microrobots to avoid the
direct contact with complex physiological
environment and bio-barriers

* Rapid deployment of soft microrobot in tiny &
tortuous lumens (~ 1 m in minutes)

Prof. ZHANG Li 3EIT3IS

Department of Mechanical and Automation Engineering
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Prof. SUNG Jao Yiu Joseph EfHZEZS

Department of Medicine and Therapeutics
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Prof. CHIU Wai Yan Philip #{@{-2US

Department of Surgery

SEBR

Soft Microrobots

A Endoscopy-assisted magnetic actuation with a dual imaging
system (EMADIS) and stem cell microrobots

LN IREHBN RSN A R EH AR B A

BEMEMEEHABRARE (91598%) HHERKRME
MR F (49152%) 4R - RIREAUWABRKREAES -
HEr IR EIRTEE > FLEEAKRRERERFRIFIRR
B -IHETHBETEENGARHUES R R

(EMADIS) - RERIRABIMIEMEEMARMT —ELZE
By MRERE ) BREMAVEIRIRIE o WA RIS ERE)
T MEFRERE R EEHEE BRI » ERTREER
BIRPE > UBBEAEMIRENESR > ReBRFNE
Sy > At — L ERB R EI AR AR AVEMIEST
AN -

HRRES

s BERESUTEMEEMA « NIk - HISEENTBE RN
&> AREREESH

o BEAXIRRAIRAIEEHENINEE

o MRAMBE BREMEEMARZHBFEEMNEE
RIGNENREIE

o FIRIRIRIGZE IR IR ERAS il B AR A B B A il N R T
HIREREE (B0 BN REEEN—KIERE)

Funding ZEB)##t8 | Research Grants Council, Innovation and

Technology Commission
MREENF - BIFIRHRE

Collaboration | Chow Yuk Ho Technology Centre for

E1EEB ¥ Innovative Medicine of CUHK,
T. Stone Robotics Institute of CUHK,
Department of Imaging and Interventional
Radiology, CUHK
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Intelligent Magnetic Anchored and Guided Endoscope
for Minimally Invasive Surgery
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A The prototype of magnetic anchored endoscope
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Annotation Segmentation
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(@)

A The robotic magnet controller (Left); illustration of magnetic
actuation principle (Right)
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(b)

A Al assisted instrument detection, comparing performance of
human (left) and machine (right). Both the single
instrument (a) and double instruments (b) cases were explored
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Conventional laparoscopes are not suitable for minimally
invasive surgery as they limit the surgeon’s field of view and
may collide with other instruments. They also occupy much
port space and hence bigger incision or additional port is
required. Concerning these problems, the project has
developed an intelligent magnetic anchored and guided
endoscope. The system included a robot arm that controls
an external magnet above the patient’'s chest. The
endoscope staying just beneath the chest wall is guided by
the magnetic force, providing multiple perspectives for
surgeons. An A.l. assisted instrument detection allows this
system to track the surgeon’s tools. Surgeons can work
intuitively without worries of endoscope control.

Uniqueness and Competitive Advantages

e More freedom inside patient and better views for
surgeons

¢ Autonomous instrument tracking

* Avoids port crowding, ideal for single port surgery

¢ Prevents collision with other instruments

e Multiple cameras (multi-view of surgical target)

Gold Award, EMedic Global 2019
20194 EMedic Global &

Bronze Award, International Exhibition of
Inventions Geneva 2021

20215 H AN ELEIFR 22 AR SR 42

J\i44s) 1US patent granted and 1 China patent granted
=7 —IEEEEFF I —IEPEHIEFF)

A |ung wedge resection successfully performed using the
system. Test completed inside a human chest simulato
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Prof. LI Zheng ZEIB£iZ

Department of Surgery
IMEIE 2

Funding BEBH##E | Research Grants Council, Innovation and Technology Commission FAZRZ NG * RBIFTRHLE
Collaboration §EEf# | Multi-scale Medical Robotics Center Bt A BIET AT/




Electromagnetically Actuated Soft-tethered (EAST)
Colonoscope
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Soft Tether

A Prototype of the soft-tethered endoscopic device
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Colorectal cancer can be prevented and cured in case of
early diagnosis. However, conventional flexible colonoscopes
which are most commonly used for colon inspection and
treatment still have two major limitations: (i) patient
discomfort related to the colonoscopy procedure without
sedation; (ii) high skill requirements for endoscopists.

This project proposes and designs an electromagnetically
actuated soft-tethered (EAST) colonoscope which is also
equipped with regular diagnostic and therapeutic functions.
It can achieve painless colonoscopy without sedation due to
the active locomotion under external magnetic fields as well
as the gentle interaction with the human colon. A system
with autonomous navigation and polyp detection based on
artificial intelligence is also developed to introduce easy
and intelligent manipulation of the colonoscope, which thus
reduces the skill requirement and workload of
endoscopists, and helps enhance the social acceptance and
availability of regular colon inspection.

Uniqueness and Competitive Advantages

e Equipped with regular diagnostic and therapeutic
functions as the conventional flexible colonoscope

e Painless colonoscopy without sedation

e Low skill requirements and workload for
endoscopists with easy manipulation and assisted
functions of the colonoscope, such as autonomous
navigation and poly detection

o High autonomy, enabling rapid colonoscopy and
enhancing the availability of the regular colon
inspection

Prof. LI Zheng ZEIFHIZ

Department of Surgery
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A Prototype and components of the electromagnetic actuation
system for proof-of-concept
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Laser-based Non-contact Body Temperature Sensor
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A | aser-based sensor tested in a temperature controllable gas
cell
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Under COVID-19, there is an urgent requirement for fast
and precise temperature measurement. However, the
existing contact thermometers are likely to cause
secondary infection, while the non-contact ones have low
reliability and are easily affected by external environments.

Concerning these problems, a precise and fast optical
thermometer based on tunable diode laser absorption
spectroscopy is developed for breath diagnostics with
relevance to non-contact body temperature measurements.

Uniqueness and Competitive Advantages

¢ Non-contact measurement

* Fast response (1s real-time)

e High accuracy (< 0.16 C error)

e Active measurement without needs for pre—calibration
e Highly integrated data

system and intelligent

post—processing program

1 China patent filed
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A Temperature measurement results of our laser-based sensor
(black line)

BENEER (BR)

EREREIET - R EERNERIEAEEE - 281
RAENEBIRRTAREER KRR > TARE ; IF
EREIERTIEERAEER - BEZREIINTRET
g - ARRIL » AIREER AR ASEBOCIRITER
flr - BRET T —SIBERIREE BRI - 5%I8E
FTLARCEST B AR H AR EE ARG - PJRRIERE

BRAE -
R RIES

« JHEBAIE

c EREEIR (1SERAIE)

« QIBERER (FRZ/]\R0.167C)
o FEVHIE > BERE

s SEEZANARRERNRERERS  FRAREIE
BARMEF R

Prof. REN Wei {F {213

Department of Mechanical and Automation Engineering

M EE{ETIEEA




Soft Robhotic Hand for Stroke Rehabilitation
ERERFE

A Prototype of the Soft Robotic Hand
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A Computer simulation of the Soft-Elastic Composite Actuator
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This project provides the portable wearable robotic hand
for rehabilitation of patients after stroke. It also integrates
the professional rehabilitation guidance and evaluation,
enabling the patients to conduct the training at home and
complete activities of daily living (ADL) with the device.

The key component of soft robotic hand is our design of
Soft-Elastic Composite Actuator (SECA) that includes an
elastomer bladder reinforced with fiber wrapping and
torque—-compensating layers. It is driven by fluidic pressure,
which flexion is controlled on fluid pressurization and
extension is controlled on depressurization, respectively.

Uniqueness and Competitive Advantages

e Light weight (< 20g), fast production (<15 minutes),
low cost (<HKD 500) and it supports 3D printing
customization.

e QOperation process of SECA is safe and comfortable
due to the inherent compliance of soft materials that
are like human tissues.

e The powered flexion and extension of body joints
upon the wearing of SECA are controlled actively
following patients’ mind, e.g. surface electromyography
(SEMG), motion data, etc.

Prof. TONG Kai Yu Raymond ;SRS

Department of Biomedical Engineering
EYBBEIREA
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High Sensitive and Selectivity Plasmonic Systems for
Ultrafine Particulate Matter (PM) 0.1 and 0.3 Detection

FAR 1 R A EaH 4 PMO.1FIPMO. B S EFEEEY
ZEFEERMA
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A Surface plasmon periodic arrays fabricated by interference
lithography.
The large area array, with length ~1.5 cm, is very uniform:
when viewed at different angles, the color is almost the same
across the entire sample.
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A Real time detection of different PM sizes.
DI water without PM particulates (Top); 0.1 PM particulates

FEAZILM B RN RE S TS EHAET - (Middle); 0.3 PM particulates (Bottom).
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Particulate matter 0.1 and 0.3 are influential to human
health and the environment. Particularly, most viruses ABAREERIPMO. 1R B] A FHEB R PMO. 38 A B R R 1S

including COVID-19 have sizes ranging from 0.1 to 0.3 um 2 _ s ) S g %
and are difficult to be detected by current PM sensors. We RRBALE - BIE2019F BB RRSENIIAS HRH

have developed the plasmon-mediated light scattering 2 > A/VEBTEO.1ZRO.3HKRISEEEA » (EAIZEMUKE AN
effect to improve the performance of PM sensors. Metallic U ERERMEAEIR o HIBEEFB T S FEENENY
nanostructures at low cost have been prepared and 0 B0 T 42 A B (B L SRR AL > BB R AS B4R K

integrated into conventional PM sensors to enhance their _ ) e . s
efficiency by 10 times, leading to the detection limit lower TSRS > WAFRMA\ BRI EEE T  FBULER

than 1 pg/m3 for 0.1 and 0.3 particulates. WEIEH101F » 0.1F010.3 FKFEERAAYIZAIBR TN E LEBERF
BEZE1pg/m3UTF -

Uniqueness and Competitive Advantages

R ES

* Capable of detecting small PM sizes down to 0.1 um . " N
o AR NEOMKRIAR/\FEHIAY)

e Possible integration to current light scattering based

PM sensing technology o BHEHERENRCHSNEREREMES
o Real time detection (less than 5 min) o ERFEA (DR5DEE)
e Portable and cost-effective o FIERMELES

Prof. ONG Hock Chun Daniel F{a{&%1i%

PATENT 1 US provisional patent application
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A Safe, Scalable and Low-cost Energy Storage
System for Smart City and Micro-Grid Applications
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Enable Renewable Energies

Uninterruptable

Electricity Transmission Power Supply
Supporting
A The lab-scale flow battery prototype EV Charging Supporting Micro-grid Supporting
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A Potential applications of flow battery energy storage devices in
smart cities and smart micro—grid
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Advanced energy storage system (ESS) is the crucial
technology for the future target of carbon neutralization.
Renewable energy sources such as solar and wind power,
are naturally unstable. The large-scale utilization of
renewable energy requires energy storage systems as the
buffer to provide a reliable electricity supply. The objective  SEiEREEEER ST (ESS) EEIBRF T BEREE
Iof this project is toﬂdeveblop an inherently safe, scalable_?r:\d M7 - BIEAERSE » MNAISAEFIEL: » BB RAREEIIS
ow-cost aqueous flow battery energy storage system. This e AN

: 4 EAFIEERATEEEERFNEE » URHAIENE

flow battery system incorporates advanced electrolytes, e ~
electrodes and separators, to provide a safe and  JIfHfE - RIEEMNBEEEME—ERLSE » AEELLEEK

economical solution for grid energy storage. ARKZBEMEMFHERR - IHRRENES T ENS
R~ BIRUIREE AEAERFEREZZAKEBEER
Uniqueness and Competitive Advantages RIBRTIZR
HiRES
¢ Inherently safe, non-toxic and nonflammable
s CUHKIRRENAE tZE - BERAAR
e |Low-cost
o AN

e Uses eco-friendly materials

o {EREREM R

. o . o AJFRAE(E
e The highly selective ion-selective membrane can . ——
improve the cycle-life of the battery o BB T RIMER RSB S 0

e Scalable

Prof. LU Yi Chun B4 &S

Department of Mechanical and Automation Engineering
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Polysulfide-based Redox Flow Batteries with Long Life
and Low Levelized Cost Enabled by Charge-reinforced
lon-selective Membranes

ATARMERAENAE TERiEs®

RURE AR

A Crossover comparison between CUHK’s charge-reinforced
ion-selective membrane (CRIS, right) and commercial Nafion
membrane (N117, left)

RIS TEEIERBERFEEUR (F) RBFR LR FERG
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This project designs a novel charge-reinforced ion-selective
(CRIS) membrane for sulphur-based redox flow
batteries, with 15 consecutive hours of runtime and over
2,000 hours cycling without obvious capacity decay is
developed. The new battery has taken a significant step
forward in the practical application of redox flow batteries
in grid—scale storage for renewable energy, by resolving the

problems posed by its poor lifetime and low cost-effectiveness.

Uniqueness and Competitive Advantages

* Increases the stability and the lifetime of batteries
and provides an effective application in grid—scale
energy storage devices.

e An ultralow capacity decay rate (0.005% per day),
achieving record high cycling stability and calendar
lifetime with over 2,000 hours cycling

e The coulombic efficiency is more than 99.9%

» A competitive levelised cost of storage (LCOS) when
continuously operated and discharged for more than
15 hours

Prof. LU Yi Chun E18E XIS

Department of Mechanical and Automation Engineering
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Portable Formaldehyde Sensor with Sub-ppb Sensitivity
EREASESRRREREAE

Formaldehyde sensor prototype

Design of a multipass gas cell
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0025 - : » T T
£
i | 3 R
3 5 2
el R? = 0.9992 £ &
«gn‘ms - E S s
= 0 200 400 600 800 1000 1200 1400 1600 1800
- Time (s) =
Zoonf 1 §
2 7 "B ® [0 Frequency count £
b~ 020 —— GaussAmp fitting (=3
] o
0.008 |- T '-g- e Numbers: 9000
£ o0 HWHM: 1.2 ppb
B g STDEV: 1.49 ppb
0000 = *

. L . "
100 200 300 400 500

0 500 1000 1500 2000

Concentration (ppb)

Sensor performance

BRI SR

This project developed a battery—driven handheld optical
sensor for calibration-free and ultra—sensitive formaldehyde
detection. The proposed formaldehyde sensor adopts the
recently developed optical method using multipass—assisted
wavelength modulation spectroscopy with low cost and low
power consumption. The sensor achieves a minimum
detection limit of 0.6 ppb at 1 s measurement time and the
detection is free of interference from other gases in the
ambient environment.

Uniqueness and Competitive Advantages

e |Infrared laser absorption sensor

* Ultra—sensitivity (sub—ppb) of formaldehyde
e Ultra-fast (1 second) detection

e Low power consumption (battery driven)

e Portable sensor
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Water-tube-based Triboelectric Nanogenerator (WT-TENG)
7J< I F?*Tn\w

XEH

A This project discovered that by filling half of the tube with
water, the output charge is the highest, as was the output
voltage after multiple experiments.
ﬁ“‘}iE A NEERIRAFANIRBE—+ > EERLE

’1 o

) < Multiple small WT-TENG units can
7 be easily combined and integrated
7 as one larger unit and realise
multiplied electric outputs.
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This project developed a water-tube-based TENG
(WT-TENG) to convert ocean wave energy into electricity
efficiently. Water is encapsulated in a tube of 6 cm long
with a diameter of 1 to 2 cm. When waves hit and water
moves in the tube between regions of the two electrodes,
triboelectrification happens and electric currents can be
generated. Taking advantage of the flexibility of water, the
WT-TENG can be operated in various modes. Moreover,
WT-TENG addresses the problem of low electric charge
density of conventional triboelectric nanogenerators
(TENG) which is often based on solid/solid contact. Due to
the high contact intimacy of water and the tube surface, the
output volumetric charge density of the WT-TENG is

significantly enhanced, reaching 9 mC/m? at a frequency
as low as 0.25 Hz, which is the highest recorded among all
the existing TENGs for low-frequency energy harvesting.
Uniqueness and Competitive Advantages

e Low cost

e Can generate electricity at a low—frequency mechanical
motion when operated under rotational mode

e Can be formed into different combinations of
units according to the needed output charge

e Reaches the highest volumetric output charge
density among all the existing TENGs for

low—frequency energy harvesting (9 mC/m?)

Prof. ZI Yunlong £ERELHIZ

Department of Mechanical and Automation Engineering
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A This project places a box with 34 WT-TENG units in the sea
to collect ocean wave energy. The peak power
generation is enough to drive 150 LED light bulbs.
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A 1 unit of WT-TENG can reach the highest electric voltage
of 100 to 1 unit of WT-TENG can reach the highest electric
voltage of 100 to 150V, while a dry cell only holds 1.5V.
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Al System for Detecting COVID-19 Infections in CT Images
TRARNATLES
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Al model training on cohorts .‘,ﬁm
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: - % medical image analysis
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A OQverview of our Al scheme to develop a privacy—preserving CNN-based
model for detecting CT abnormalities in COVID-19 patients with a
multinational validation study. The privacy—preserving Al system was
developed with CT data from three hospitals in Hong Kong using
federated learning, and then the generalizability was validated on external

cohorts from Mainland China and Germany.

KIEEASENATERE (A) ERBESRESE
B » DARASEIA R E] A A BEF

Using new federated learning techniques, the Al system is
trained on multicentre data in Hong Kong without the need
to centralise data in one place, thus protecting patient
privacy. The established Al system is validated on multiple,
unseen, independent external cohorts from mainland
China and Europe, showing the potential and feasibility to
build large—scale medical datasets with privacy protection,
so as to rapidly develop reliable Al models amidst a global
disease outbreak such as the COVID-19 pandemic.

Uniqueness and Competitive Advantages

e Can accurately evaluate the CT data in around 40 ms

e Wide validation and applicability on cohorts with
various imaging scanners and different demographics
show outstanding robustness and generalisability of
the established Al model in complex real-world
situations

¢ Rapid and accurate detection of COVID-19 infections
in CT images

Prof. DOU Qi EHHIZ
Prof. HENG Pheng Ann EFE&ZHiZ

Department of Computer Science and Engineering
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Dr. SO Yuen Tung Tiffany #f%8fZ58
Prof. YU Chun Ho Simon R{EZ=#iS

Department of Imaging and Interventional Radiology
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Case studies with longitudinal CT scans relying
on dense scoremaps of lesion regions for lesion
burden estimation. The raw images are shown
accompanied with dense prediction scoremaps,
more hot color denotes higher estimation score.
The CT images are chronologically ordered from
left to right, top to down, in accordance to the
scanning date.
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Real-Time Fog Computing Technologies for Next
Generation Smart Lampposts

XF SR ERENERERT B i

A The figure shows the smart lamppost node (yellow triangle)
deployed in the first phase (Phase 1) of the project. The lines
in the figure indicate the wireless communication topology
of the lamppost, and node O is linked to the campus network
for public network access.

FBRIEEE—PEREENER (FER=AF) > BRERER
BIEREREBERERGE - HPEhts 0 BRRIRER -

Smart lampposts are widely regarded as the key infrastructure
of smart cities, which can realize a range of applications
including intelligent transportation, assisted/autonomous
driving, real-time monitoring and public safety response,
and city—scale public Wi-Fi services. Our goal is to develop
the most advanced smart lamppost wireless communication
technology based on the batch sparse coding (BATS code)
proposed by The Chinese University of Hong Kong, which
can achieve high throughput even after dozens of hops of
lossy wireless links. Thus our approach avoids the
installation and deployment of expensive optical fiber links.
The research content of this project includes 1) Real-time
fog computing system based on edge nodes of smart
lampposts. 2) Multi-hop dynamic routing wireless
communication protocol. 3) Vehicle-road collaboration and
data fusion in autonomous driving scenarios.

Uniqueness and Competitive Advantages

e The smart sensors deployed on the lamppost nodes
support a variety of Al applications

e The lamppost testbed developed in the project
provides interfaces to deploy a variety of Al
applications

e The designed multi-hop communication protocol
supports high—bandwidth wireless communication

e Supports the reconstruction of network links under
extreme conditions such as interference and noise,
and provides stable communication quality

e Wi-Fi applications are deployed on lamppost nodes
to provide users with a wide range of wireless
communication support
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o BIEENRE BN E BRI S ZEAIER
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A The actual deployment of smart lamppost node
BEEHEHBEERE

Increased sningrange  Origial sensing range
2m d kT

A An example of Lidar point cloud data fusion. In Figure (a),
red and green dots represent the Lidar point cloud data on
the roadside and smart vehicles, respectively. Through data
fusion, it can effectively expand the range of intelligent
vehicles' perception of the environment.
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Machine Learning Technologies for Advancing Digital Biomarkers
for Alzheimer's Disease
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A The illustration of the entire framework.
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Early identification of people at risk of developing
Alzheimer's Disease (AD) and timely intervention to slow the
onset and progression of AD are crucial.

In this project, we will build an indoor monitoring system
that deploys different types of sensors and collect the
corresponding data to develop a multi-modal fusion algorithm
for daily activities and behavior detection. Besides, we will
develop a new federated learning framework, which not
only ensures the real-time of related algorithms but also
protects users’ private data. After that, we will predict and
identify individuals who are at a higher chance of developing
dementia and provide high—quality feedback to the users.

Uniqueness and Competitive Advantages

e The collected data are stored in the local repositories
and are neither being transmitted nor leaked, thus
protecting the users’ privacy

e Uses depth cameras to collect depth images of users’
daily activities, which don’t reveal face information

e Provides users with the high—-quality early identification
of developing AD and timely intervention to slow the
progression of AD

Prof. XING Guoliang FiRE] R %1%

Department of Information Engineering
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A Examples of detecting activities using motion features. The
left column shows a dining scenario; the right column shows a
TV viewing scenario.
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(a) Non Fall (b) Fall

A A demo of our fall detection system. (a): The man is standing.
Fall has not happened. (b): Fall has happened. Our system can
immediately give feedback to the caregiver so that the fallen
people can be rescued in time.
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A Bilingual Speech Recognition System for the
Elderly and Disabled Population with Speech Disorders

H@ASERAERNERNZREABRNEEEE:

Original transcript | THREE § NINE § ZERO . SEVEN § EIGHT
CUHK System
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A CUHK English Dysarthric Speech Recognition Demo System
PAEEBEEREEHAIERAMR

This project aims to develop a bilingual speech recognition
system that can accurately recognize continuous sentence
level Cantonese and English speech inputs from impaired
adult speakers with varying forms of speech disorders. The
system targets both conversational speech that is essential
for daily use, and more formal style speech. The recognition
vocabulary covers over 80,000 common and uncommon
words. The average recognition error rates will be below
half of those obtained using the Google speech recognition
engine. This system can aid the communication of the
elderly and disabled people with speech disorders, improve
their quality of life, social inclusion and the cost-effectiveness
of the care they require.

Uniqueness and Competitive Advantages

e Large accuracy improvements over commercial

speech recognition systems

e Robust performance across varying forms of speech
dysarthria

e Fast user adaptation using minimum data
¢ Audio-visual disordered speech recognition

¢ Low published word error rate
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Original transcript
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A CUHK Cantonese Dysarthric Speech Recognition Demo System
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SignTown — The World First Multi-language Online Sign
Language Game with Automatic Sign Language Recognition
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A sign language experience built with Google
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A SignTown provides information about deaf culture in various
regions.

BEANMEARHERNEAXIE

SignTown is a web-based, real-time sign recognition
game, where users take control of an avatar to
communicate with other characters in sign language to get
things done. The game employed an end-to-end open
source platform for machine learning, TensorFlow™, to
train the sign language recognition model. It enables users
to learn and express themselves in sign language and to get
feedback about their signing simply with a computer and a A }[Jhse@ COEG?(L different items by selecting and performing
webcam. SignTown is designed around various common e sign 1o the camera. :.

categories agnd themes. It a?so provides information about R BB RN F R R EE A &

deaf culture in various regions. Users can enjoy the
experience of signing into Hong Kong sign language and
Japanese sign language in the game.

Uniqueness and Competitive Advantages

e Can track facial expressions and non-manual
features without the need for special equipment or
specific settings

e Can switch between HKSL and JSL in the game

e More accurate results on sign recognition

Prof. TANG Wai Lan Gladys BEFHBUR A Multiple machine learning models are used to track the
) . phonetic features of sign language.
Department of Linguistics and Modern Languages (6P S iE e s R R B Y F B A B Y
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A Customisable Multi-turn Chatbot Based on
Query-Context Attentions and Few Shot Learning
EREHR LT CEFEMIMERZ BRI EH
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A A visualisable logic tree for easily customise the chatbot logic without any coding.

AIR{ERYEIERT - BB ARISEIFTIER A E SRR LI N EEE -

For a chatbot to generate proper responses, it should have
both short-term and long-term memories, so that the
chatbot can associate the relationship between the past
and the current conversation in the response. One of the
major challenges in this project is to effectively associate
the relationship between a user query and the previous
dialogue. We solve this problem by using query-content
attentions. In addition, common practice for chatbot
training is to feed as much data as the model can take
which increases time cost for data collection/annotation
and computational cost for model training. To reduce such
cost, we employ few-shot learning in chatbot training that
requires less data to train a model. Low amount of training
data means a significant reduction in the costs related to
data collection/annotation and the computational costs.

Uniqueness and Competitive Advantages

e Able to handle multi-turn dialogue
e Able to handle multi-context conversation

e Able to extend to multi—-domain based on few shot
learning mechanism

e Easily customizable without coding
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Soliste — A Social Listening System for Understanding
Your Customer
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A “Soliste” actively listens Government press releases and >

media reports. It also helps to search and understand what
the media is interested in and can let us understand how we
may capture the attention of the readers of the media.
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Searching, organizing and summarising what the customers
are thinking on the Internet or social media can help
companies better understand their potential consumers’
interests and needs for tailored marketing strategies.
However, such kind of data collection and analysis is labor
intensive, time consuming and error prone. In collaboration
with the Consumer Council, our project team developed
Soliste, an artificial intelligence social listening system
which helps analyse consumer data and comments on the
Internet.

Uniqueness and Competitive Advantages
e Actively listens what was happening around you

¢ Consolidates information from multiple sources into
one platform for easy information management

e Visualizes topics and trends
* Predicts the impact of the current information

¢ Notifies the users whenever an interesting news is
identified

Prof. WONG Kam Fai =888

Department of Systems Engineering and Engineering
Management
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A Data Compact System for 5G Media Streaming

Applications

FEFAR5G 2 S B REIRN SR B4R R4t

Binocular video Mononized video

A Conceptual illustration of back—compatible binocular videos
URBABBEERREE
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Restored stereo frames

ﬁ Encoding network Decoding network

Input stereo frames Mononized frame

A Framework of generating and decoding mononized videos

2DATEHERRIBE

With the development of 5G technology, the ultra—high
speed and super—low latency network will bring many new
media applications to industry. For example, 8K + 360
panorama + 3D live video streaming will become possible.
We propose to develop a new data compact system for 5G
media streaming applications, which could achieve the goal
of converting 3D content into 2D format, without losing the
3D information. By developing an artificial intelligence
system, we achieve the goal of hiding depth(3D)
information in pictorial spaces, so as to be able to recover
the 2-D media content into a 3-D media content with no
perceivable inconsistency. In terms of practical usage, via
compressing the data on the media recording side and
recovering on the back end terminals, the transmission
efficiency of 5G network could be further improved, which
will bring better media streaming visual experience in live
broadcast, virtual reality and online education industries.

Uniqueness and Competitive Advantages

¢ |nnovative 3D-2D media compact system

® Al based media processing system

® Industry oriented technology

¢ High quality compact system with efficiency

e 5@G applications supported
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Input
binocular views

Mononized view

A Visualized result demonstration
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The Cable-Driven Brick Structure Construction
“CU-Brick” System

FCU-Bricky #RIZERMIIEHEMA RS
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A The gripper contains a distance sensor that can be used to
detect the location of brick.
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The “CU-Brick” system consists of a gripper end-effector
and cable actuators which can be mounted on a range of
different environments, from metal frame structures to the
walls and roofs of buildings. The design is performed
through developed intelligent software. The system will then
automatically generate the structure to be built, while
keeping the robot within the designated operational region
and ensuring the number and location of bricks remain
unchanged. It can turn innovative designs into executed
complex brick placement operations. With the ability to
work 24/7 and error-free, “CU-Brick” can perform the
same task with higher precision and consistency compared
to the current techniques which are constrained by several
factors including building time and costs. It also better
addresses the problems of labour costs and worker safety.

Uniqueness and Competitive Advantages

e High portability and convenient setup
e Higher precision

e Can easily execute more complex designs with the
same costs

e Different construction materials can be used,
including wood, bricks and cement

| !Ll L.

A A cubic frame with 4m each side can build
walls about 3m in height.
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A The system calculates the corresponding location of each
brick and constructs the design precisely with cables and
the gripper.
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Multi-functional Prosthetic
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A The prosthetic can give easier control of the strokes of the bow o HEh|ECE
to play beautiful and harmonic violin music. . N eas
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The project designed a multi-functional prosthetic to fit
users’ daily needs. The new design is equipped with a
custom made “adapter” which is firmly screwed to the
stump and allow quick change of various kind of “tools” to
accomplish daily tasks; for example, an extender used to
improve contact angle of violin bow to string, and a spatula
or spoon used for cooking. A function-based prosthetic is
more practical and cost—effective. Thus, “function” will be
the primary consideration.

The project proposed to install more flexible and precise
movement by adding a motor onto the prosthetic or even
making automated adjustments to angles by tracking users’
movements.

Uniqueness and Competitive Advantages A Amputees can use the prosthetic with a spatula attached

for cooking.

* Low cost BB ARAEET RNEEYE -

e Light material

A The computer rendering images of the adapter (top left),
tool for playing cards(top right) attaching to the prosthetic
and the tool for holding the bow (bottom).
TREBRNEE (£L) > ARERESNIE (BL)
RESEEIR (T) NENEE -

e Practical and cost—effective

Prof. LAU Tat Ming Darwin ZIiE$220i%
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“Universal Ink” for Direct Laser Writing
FREZIFER TEaEEK)

A Examples of double metal (platinum and gold) printing. Taichi
double fish pattern (left); panda (right) (The scale bar
represents 50 pm)
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Stemming from fundamental physics principles, the
research team came up with a brand-new idea for material
deposition. They combined the optical tweezer technique
and semiconductor photoelectric effect, by introducing
semiconductor nanoparticles suspension into metallate
solution to form the “universal ink”. The focused laser
beam triggers both effects simultaneously and induces
chemical reduction reactions on the nanoparticles. The
reduced metal particles accumulated on the semiconductor
nanoparticles work as “glue” to join each other into a solid
structure and attach to the substrate. By changing the
focus position, selective deposition at an arbitrary position
on the substrate is achieved. Through the change of “ink”
recipes, the team realized deposition with various materials
on different substrates.

Uniqueness and Competitive Advantages

e Enables fabrication of complex images made of
different materials

e Can be realised with simple equipment and be easily
adapted everywhere

* Environmental-friendly in terms of its low-cost and
recyclability

e Can integrate an optical detection/measurement
device with this laser writing platform to monitor the
deposition quality in situ

-

1 European patent, 1 USA patent and
1 China patent granted
—TREONER - —TREZEIEF R—IRFEE

A 3D printed topography in iron (top) (The scale bar represents
100 pm); Schematic drawing of flexible devices and the
repairing of the circuits (bottom)
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A The research team discovers that carbon ink used by
traditional Chinese calligraphy and ink painting is one of the
best choices as the nanoparticles in this technology
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If you are interested in any of the projects listed, please contact
Centre for Innovation and Technology, The Chinese University of Hong Kong.
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