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Welcome Message from the Research Grants Council

BB EED R

The Research Grants Council (RGC) warmly welcomes you to
the Theme-based Research Scheme (TRS) Public Symposium
2024.

Since 2011, the TRS has been providing huge support to the
academic research efforts of the University Grants
Committee-funded universities on themes of strategic
importance for the long-term development of Hong Kong. To
date, the RGC has conducted 14 rounds of exercise, granting a
total of $3.36 billion to 84 projects. Ten projects funded in the
eighth and ninth rounds have been successfully completed or
are approaching completion. We are delighted to have the
project teams to share their achievements, novel discoveries
and the impacts of their frontier research with us today, through
presentations, posters display and demonstrations.

Taking this opportunity, the RGC would like to express our
sincere gratitude to members of the ten project teams and their
universities for their contributions to making this Symposium a
success. We would also like to thank the Research Office of the
Hong Kong University of Science and Technology for organising
the Symposium with dedication and professionalism.

We look forward to seeing the positive impacts of these TRS
projects on the social and economic development of Hong
Kong.

Research Grants Council
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About the Theme-based Research Scheme
FEARETEIEE

Theme-based Research Scheme (TRS) aims to focus FEMRNENENERETABYUBSEHEZETENAENE
academic research efforts of University Grants Committee MR HE  HEEEEREELSKREEMNTE/ETHE -
funded universities on themes of strategic importance to the

long-term development of Hong Kong. HERAENEWREE NETETHRE20EEAKE
There are four designated research themes under the TRS. BH
Under the four research themes, there are 20 grand challenge
topics:
Theme 1: Understanding Diseases and Disease *RE — HITEREERER
Prevention 1. [

1. Infectious Diseases , 2. BN SIS D RS (2
2. Understanding Disease Mechanisms to

Improving Health 3. BB RLEE
3. Stem Cells and Regenerative Medicine 4. FEIRTRMLEERE

4. Disease Prevention and Management

Theme 2: Developing a Sustainable Environment TR BRUSEREMNIRIE
1. Water Pollution and Water Treatment 1. K5 R IKEE
2. Sustainable Built Environment 2. Ol iE R EEIRE
3. Energy Efflc!ency, Conservation, Conversion 3 BB - 554 - E(LRIRE
and Harvesting
4. Air Quality 4. ZRER
5. Food Production and Food Security 5. RMEERRYZE
Theme 3: Enhancing Hong Kong's Strategic FE= MNEaFBERMEKRBFREHEDP ORISR
Position as a Regional and International 1. EEELSFERSHDAOFRKRRE

Business Centre

, ) 2. BB NHB T EEERR
1. Hong Kong’s Future as an International

Financial Centre 3EEEENASEHEZERD
2. Promoting Hong Kong’s Business through 4, M ABETHEIFTEEREEHEAR
NetWOrklng Capablllty 5 %Eﬁ%ﬂ%ﬁ&%%*ﬁ?ﬁ

3. Promoting Hong Kong as a Centre of
Excellence for Business Services

4. Innovation Ecology and Business Creation in
Knowledge Economy

5. Financial Technologies (FinTech) and
Regulatory Technologies (RegTech)

Theme 4: Advancing Emerging Research and TR R EHFEEEEFERNENEREIFIER
Innovations Important to Hong Kong 1. AEER A TE4E

1. Big Data and Atrtificial Intelligence

. Rob I Manut 2. 5% - WA R ERERIS
. Imaging, Robotics and Smart Manufacturing . N .
3. MMERER R EE

3. Urban Infrastructure and Smart City }ﬁ;ﬁ EL/T&EA A

4. Education and Digital Citizenship 4. ABRBB LRSS

5. Quantum Technology 5. B i

6. Integrated Circuits 6. EERXERS
The maximum duration of a project is five years. The ceiling BEEENEHERATLE  WEEBEMEB LIRS 7 T
of direct project cost per project to be awarded by the SEET (REEEERAIE) -

Research Grants Council is $75 million.



Programme

9:45-10:00 Registration

Opening Ceremony (Opening Speech by Chairman of Research Grants Council)
Professor Timothy W. TONG, SBS, JP

10:00 - 10:10

Plenary Session —
Funding Mechanism of the Theme-based Research Scheme
(by Chairman of Collaborative Research Projects Steering Committee)

Professor Paul KL YU

- Presentation Sessions

10:10 - 10:30

9 Venue: LT-C 9 Venue: LT-D
Theme 1 - Understanding Diseases and Disease Prevention Theme 2 - Developing a Sustainable Environment
THEME 1 (A1) THEME 2 (B1)
A Stem Cell Approach to Dissect the Molecular Sustainable Marine Infrastructure Enabled by the
10:30 — 11:15 Basis of Neurodegenerative Diseases Innovative Use of Seawater Sea-Sand Concrete and

Fibre-Reinforced Polymer Composites
Professor Nancy IP

(to be presented by the Deputy Project Coordinator, Professor Tao YU
Professor Zhenguo WU) The Hong Kong Polytechnic University
The Hong Kong University of Science and Technology

11:15-11:30 Tea Break
THEME 1 (A2) THEME 2 (B2)
Potentiating Host Immunity for HIV-1 Functional Cure A Paradigm-shifting, Fully-integrated,
. Compact Wastewater-to-resource Facility (WWRF)
11:30 - 12:15 Professor Zhiwei CHEN
The University of Hong Kong Professor Guanghao CHEN
The Hong Kong University of Science and Technology
12:15 - 13:45 Lunch Break
THEME 1 (A3) THEME 2 (B3)
i) Control of Influenza: Individual and Population Immunity SureFire: Smart Urban Resilience and Firefighting
' ’ Professor Benjamin John COWLING Professor Asif Sohail USMANI
The University of Hong Kong The Hong Kong Polytechnic University
THEME 1 (A4) Theme 4 - Advancing Emerging Research and Innovations
Fighting Disease Recurrence and Promoting Tissue Repair Important to Hong Kong
aﬂer_L!ver Transplantation: Translating Basic Discoveries THEME 4 (B4)
14:30 - 15:15 to Clinical Excellence

Image-guided Automatic Robotic Surgery

Professor Nancy Kwan MAN

Professor Yunhui LIU
The University of Hong Kong

The Chinese University of Hong Kong

15:15-15:30 Tea Break

Theme 3 - Enhancing Hong Kong’s Strategic Position as a THEME 4 (B5)

Regional and International Business Centre Research and Development of Artificial Intelligence in

THEME 3 (A5) Extraction and Identification of Spoken Language
15:30 — 16:15 Contributing to the Development of Hong Kong into a Biomarkers for Screening and Monitoring of

Global Fintech Hub Neurocognitive Disorders

Professor Kar Yan TAM Professor Helen MENG

The Hong Kong University of Science and Technology The Chinese University of Hong Kong

Poster/ Video Presentation/ Model Display

Poster and video presentations, as well as model displays (if any), from the 10 project teams are showcased outside LT-C and LT-D.

*Theme-based Research Scheme projects showcased in Public Symposium 2024 are funded by the
Research Grants Council in the Eighth Round (2018/19) and Ninth Round (2019/20) exercises.
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THEME FR& 1 \ Understanding Diseases and Disease Prevention

Bt KRR TER

T13-605/18-W

Project Coordinator
Professor Nancy IP

Participating Institutions
City University of Hong Kong

The Chinese University of Hong Kong

The University of Hong Kong

Short Biography of Project Coordinator

Professor Nancy Ip received her PhD degree in Pharmacology from Harvard
University, after which she held the position of Senior Staff Scientist at Regeneron
Pharmaceuticals Inc. in New York. Professor Ip joined HKUST in 1993 and is
currently The Morningside Professor of Life Science and Chair Professor in the
Division of Life Science. She is internationally renowned for her significant
contributions to the field of neuroscience, particularly in understanding the complex
mechanisms that underlie proper brain functions and in drug discovery for
neurodegenerative diseases. Her outstanding research has resulted in more than
330 scientific papers and over 70 patents. She was elected as Fellows of the
Chinese Academy of Sciences, the US National Academy of Sciences, and the
American Academy of Arts and Sciences, among other academies, and is a recipient
of numerous awards and honors, including the National Natural Science Awards and
the LOREAL-UNESCO for Women in Science Award.

Project Summary

Mission: Address the urgent need for new and innovative therapies that can
treat age-related neurodegenerative disorders.

Goal: Use human induced pluripotent stem cell (iPSC) and genome-editing
technologies to investigate the pathological mechanism of
Alzheimer's disease (AD).

Objectives: -« Establish a human iPSC core for in vitro modeling and functional

studies.
» Examine how genetic variants contribute to AD.

« Perform drug screening and preclinical drug development using
iPSC-derived platforms and established animal models.

Deliverables: ° Identify and elucidate the molecular pathways that contribute to
AD pathogenesis.

» Use genome-editing technologies to introduce or correct specific
mutations in iPSCs.

« [dentify potential molecular targets for therapeutic intervention of AD.
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A Stem Cell Approach to
Dissect the Molecular Basis of
Neurodegenerative Diseases
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The level of amyloid plaque deposition (white shades in area
encircled by green dotted lines), a pathological hallmark of AD, is
high in the brain of AD mouse (left) and decreases after the
application of the genome editing therapy throughout the brain (right).
AD/NEARIE (£B8 ) PAEAERNEREIE - ERADRIEN
RIEMRGRY (HBEKBRETHNEBRE ) - KBERKFELER
% DeRTpETR (A8 ) -



First Members’ Meeting held on 12 Dec 2018 BEREEAEN2018F128512HEH

Abstract

This project represents our continuing effort to address the urgent need for new and
innovative therapies that can treat age-related neurodegenerative disorders, such as
the highly prevalent and devastating AD. We have established the capability and
platforms for iPSC differentiation into specific brain cell types and brain organoids. The
current project builds upon these findings and further explores the pathological
mechanism of AD using innovative approaches that harness advanced stem cell and
genome-editing technologies. With these technologies, we have succeeded in
generating and utilizing patient-derived iPSCs that carry genetic risk variants for AD to
conduct detailed investigations on the disease pathophysiology. The establishment of
the iPSC-derived neuronal platform provides a useful tool to evaluate the efficacy and
safety of drug candidates on human neurons. Furthermore, we have developed a novel
strategy using brain-wide genome-editing technology that can reduce AD pathologies
in genetically modified AD mouse models. This advanced technology has garnered
significant attention and awards, including the 2021 "Major Breakthrough in
Neuroscience" award from the Chinese Neuroscience Society and a Gold Medal at the
49th International Exhibition of Inventions Geneva, for its potential to be translated into
a novel long-acting therapeutic treatment for AD patients. It is among the first selected
for the “Research, Academic, and Industry Sectors One-plus (RAISe+) Scheme” by the
Innovation and Technology Commission of the HKSAR Government.

Research Impact

We have succeeded in developing advanced capabilities and generating valuable
data towards establishing groundwork to develop novel therapies to treat incurable
neurological diseases, such as AD, and hence addressing critical unmet medical
needs and easing the associated financial burdens. In the long run, these newly
established advanced capabilities and technologies will drive research excellence
at local institutions, increase collaborations with mainland China and international
institutes, provide training opportunities for young scientists, place Hong Kong on
the map for advanced neural regenerative medicine and stem cell research, and will
ultimately strengthen Hong Kong's position as an international innovation and
technology centre.

Bt s
Theme-based Research Scheme Project {T13-605/1
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Astem Cell Approach ta Dissect the Molecular Basis of

Fourth Annual Symposium

9 January 2024




THEME F& 1 | Understanding Diseases and Disease Prevention

Bl m R B iR TR

T11-706/18-N

Project Coordinator

The University of Hong Kong

Participating Institution

Short Biography of Project Coordinator

Professor Zhiwei Chen is an expert in the field of HIV/AIDS and emerging infectious
diseases. He is an inventor/co-inventor of two AIDS and two COVID-19 vaccines,
which have been developed from the laboratory to human phase | trials in the
Mainland and Hong Kong. His invention of PD1-based DNA vaccines and bi-specific
antibodies against HIV/AIDS serves the core of this project. Prof Chen has obtained
many grants, including TRS, the General Research Fund, the Collaborative
Research Fund, and Health and Medical Research Fund in Hong Kong, as well as
international fundings from National Institutes of Health and the Bill & Melinda Gates
Foundation. With his coordination, the research team generates consistently
high-impact research outputs and promotes the technology transfer of the “made in
Hong Kong” immunotherapeutic products for clinical development.

Project Summary

To determine correlates of PD1-based vaccine and BilA-SG- induced protection in
SHIVSF162P3CN-infected rhesus macaques.

Professor Zhiwei CHEN

The Chinese University of Hong Kong

Potentiating Host Immunity for
HIV-1 Functional Cure

EsaTE R BIRHIV-1ThEEH AR
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W9 PD-1 383270 DNA BE 25 RUHEEE SHIV
SF162P3CN BURMIE TR P HERREN S

To determine immunogenicity and efficacy of GLP-grade human PD1-based
vaccine and BilA-SG in animal models in support of Investigational new drug (IND)
application.

B3 GLP MBI PD-1 137 DNA BETISR RILE
ERREPIRERIETINY - LU iSHRMHRTE (IND)
i -

To investigate the possible functional cure of HIV-1 infection in patients by
PD1-based vaccine and BilA-SG immunotherapies.

The research team working in Laboratory
EBRETFRMEREK

X7y PD-1 323250 DNA B ERHEURERERASR
HIV-1 BETHRE A B T BE!

Professor Kwok-Yung Yuen visiting ICVAX clinical trial onsite
REBHIRIFIGERIEEICVAXER RIS
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Abstract

HIV/AIDS has been a major health burden worldwide, with more than 39.0 million
people living with HIV-1 (PLWH) currently. In Hong Kong, there are more than 11943
accumulative cases reported in total nowadays. Although combined anti-retroviral
therapy (cART) is available, this life-long treatment is expensive and may cause
adverse effects or drug resistance in PLWH. This TRS project aims to develop a
promising immunotherapeutic strategy to suppress HIV-1 infection to undetectable
viremia levels in PLWH without life-long cART.

Our research team has set up collaborations with two biomedical companies for the
manufacture of Good Laboratory Practice/ Good Manufacturing Practice
(GLP/GMP)-graded PD-1-based DNA vaccine (ICVAX vaccine) and bi-specific
antibody (BilA-SG). The preventive or protective efficacies against AIDS, as well as
their underlying mechanisms, were tested in the SHIV-infected rhesus macaque
model. Collectively, both immunotherapeutic strategies work efficiently and
effectively in prophylactic administration at the pre-exposure and/or post-exposure
of viral infection. After obtaining various approvals of GMP, IND, research ethics,
etc., we successfully brought the ICVAX vaccine into Phase | clinical trial. Our 5-year
TRS project illustrated the translational process of our scientific discoveries into
clinical development. It leads a promising “made in Hong Kong” immunotherapeutic
candidate to the future hope of local and international AIDS communities.

Research Impact

Our overall objective is to potentiate host immunity to achieve a functional cure for
HIV-1 infection, a status of suppressed viremia below the limit of detection, for
benefiting PLWH without receiving ART. First, our research team successfully
brought the ICVAX vaccine into Phase | clinical trial and illustrated the translational
process and the underlying mechanisms of our scientific discoveries into clinical
development step by step. It leads to a promising “made in Hong Kong”
immunotherapeutic candidate for the functional cure of AIDS. Second, by
establishing a Hong Kong consortium of outstanding scientists and biomedical R&D
companies, we generated GLP/GMP-grade vaccines or antibodies for preclinical
and clinical studies. We also developed the PD-1-based vaccination platform not
only in the field of HIV/AIDS, but also in other diseases such as COVID-19 and
cancer with 2 patents granted and 1 patent filed. Third, we generated 20
peer-reviewed publications in leading scientific journals and 17 international
conference papers during this project period. Moreover, we have obtained research
grants from other sources to work on 4 new projects, which evolved directly from
this TRS project. These projects further promote our future biomedical research and
drug development in the area of infectious diseases.

ICI=] Dby
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THEME FR& 1 \ Understanding Diseases and Disease Prevention
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Project Coordinator

The University of Hong Kong

Participating Institutions

The University of Melbourne

Short Biography of Project Coordinator

Professor Ben Cowling is currently Chair Professor of Epidemiology, Head of the
Division of Epidemiology and Biostatistics and Helen and Francis Zimmern
Professorship in Population Health in the School of Public Health at the University
of Hong Kong, and co-Director of the WHO Collaborating Centre for Infectious
Disease Epidemiology and Control. He conducts research on the epidemiology and
control of respiratory infections, particularly respiratory virus infections including
COVID-19 and influenza. He’s a Clarivate Web of Science “Highly Cited
Researcher” since 2021 and among the “top 1% most cited scientists” since 2014.

Project Summary

Influenza causes more health impact than any other infectious disease in Hong
Kong, each year, prior to the COVID-19 pandemic.

Professor Benjamin John COWLING

The Chinese University of Hong Kong

Control of Influenza: Individual
and Population Immunity
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Influenza vaccines are the most used seasonal vaccines in the world (more than
500 million doses administered worldwide each year, more than 1 million in Hong
Kong), but their effectiveness is not as good as we would like in some years.

This funded project has been studying human immunity to influenza with the aim
of improving our scientific knowledge, enhancing efficiency of vaccines, and more
generally reducing the health impact of influenza in Hong Kong each year.

MREEEHR FREANTHLES (ZXEEEAEE
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We redirected efforts towards COVID-19 research in the first two years of the
pandemic, making important contributions to evidence-based policies to reduce
the impact of the pandemic.

EMFIIEEEHES 2019 BIRBEHRARTHE - RED
ARTHENEERRFHTEZER/M -

International Conference on Individual and Population Immunity to Respiratory Viruses, held on November 8-10, 2023
2023 F 11 B8 £ 10 BET 7L "EAMMBHIRERZNRE . RENEREEZ
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Photo of Project Team and Scientific Advisory Board 75X AR A EZE R R

Abstract

Influenza is a major threat to global public health. Seasonal influenza viruses cause
annual epidemics with significant morbidity and mortality but existing vaccines are
not optimal. Our own studies have shown that hemagglutination inhibition antibody
titers, which are the current correlate of protection against influenza, only explain
around 57% of the protective effect of conventional inactivated vaccines. These
antibodies are even less correlated with the protection provided by live attenuated
influenza vaccines or new vaccines currently in development.

Therefore, key knowledge gaps addressed in this project: (a) what are the immune
correlates of protection against influenza infection or severe disease; (b) which of
these are induced temporarily or permanently by prior natural infection or different
types of vaccination; (c) what are the factors which contribute to increased
susceptibility of populations to influenza epidemics; (d) how should we best deploy
new and existing influenza vaccines to reduce the impact of influenza epidemics and
pandemics; and (e) what are other immunological mechanisms relevant to the
development and evaluation of new influenza vaccines. The relevance of these and
other previously undefined mechanisms for protection against infection and disease
in humans is the major knowledge gap.

Research Impact

Our research program has produced important and high-impact scientific findings on
individual and population immunity to influenza, and made essential contributions to
evidence-based policy making during the COVID-19 pandemic. Our multidisciplinary
influenza research group is recognised as world-leading, and demonstrated our
value to Hong Kong SAR, greater China, and the world during the COVID-19
pandemic where we published a large number of top-tier publications, advised local,
national and international health agencies, and frequently communicated our
knowledge and recommendations to the public via traditional and social media.
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Project Coordinator

Professor Nancy Kwan MAN

The University of Hong Kong

Participating Institution

The Chinese University of Hong Kong

Short Biography of Project Coordinator

Nancy Kwan Man, MBBS, MS, PhD, is the Chair Professor of Transplant Oncology
and Immunology in Department of Surgery, The University of Hong Kong. She is the
Director of Clinical and Translational Research Laboratory, Director of Liver
Transplantation and Liver Cancer Research, and Director of the Laboratory for
Organ Transplantation and Regeneration. She is also the President of Hong Kong
Society for Immunology, and President of Hong Kong Scientist Association.

Dedicated to enhancing the outcomes of liver transplantation through reducing graft
injury and cancer recurrence, Nancy leads research endeavours encompassing
basic, clinical, and translational studies resulting in major advances on transplant
oncology and immunology in the world. As the top 2% Scientists Worldwide on
Stanford List, Nancy has published more than 210 papers in leading international
journals with 17000 citations (H index 74). She and her team received numerous
international awards including Basic Science Established Investigator Award and
Rising Star Awards from International Liver Transplantation Society (ILTS), and
Mentor/Mentee Awards from The Transplantation Society (TTS).

Project Summary

To understand the role of regional specialization of immune system in tumor
recurrence and hepatitis B after liver transplantation by the approach of systems
biology integrated with a series of clinical, basic and translational studies. The
new concept of immunotherapies will be developed by educating the intragraft
immune micro-environment to prevent tumor recurrence after liver transplantation
and to achieve the long-term survival.

To establish a new modeling system that integrates high-throughput sequencing
data and biology/immunology parameters not only for predicting disease
recurrence and prognoses, but also for therapeutic guidance.

To explore the mechanism of marginal liver graft injury and to establish novel

therapeutics to overcome graft injury by using bioengineered cells targeted for
regional tissue repair and functional regeneration.
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Fighting Disease Recurrence and
Promoting Tissue Repair after Liver
Transplantation: Translating Basic
Discoveries to Clinical Excellence
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Abstract

During the past two decades, we have successfully built an internationally renowned
liver transplantation centre in Hong Kong. We pioneered in living donor liver
transplantation (LDLT) using the right lobe liver graft in the world. This surgical
innovation has successfully rescued almost 1500 patients with end-stage liver
diseases and liver cancer in this sole transplantation center of Hong Kong. However,
the prevalence of hepatitis B virus (HBV) infection, high incidence of liver cancer
(Hepatocellular carcinoma-HCC) and the shortage of deceased organ donors in
Hong Kong has burdened heavily on the healthcare systems. We face the grand
challenges of recurrent diseases and liver graft injury after transplantation. Our TRS
aims to improve the long-term outcomes of liver transplantation by tackling two major
recurring diseases including cancer recurrence and HBV reactivation in Hong Kong
through exploring underlying mechanisms, identifying efficacious biomarkers, and
developing potential treatments by integrating basic, translational and clinical
research. We hypothesize that novel approaches promoting liver tissue repair and
regeneration will abrogate the limit of donor organ shortage. We have established a
Biobank with comprehensive clinical database for more than 20 years with around
50000 tissue and liquid biopsies from almost 1400 adult recipients with 100% of
patient follow-up. Based on this Biobank, we will establish a modeling system that
integrates high-throughput sequencing data and biology/immunology parameters
not only for predicting disease recurrence and prognoses, but also for therapeutic
guidance. We will develop cost-effective immunotherapies as novel prophylaxis,
especially for the pre-treatment of living donors, to benefit the recipients’ long-term
outcomes with both societal and economic impact. The proposed multidisciplinary
collaborative project will not only strengthen our local and regional excellence, but
also enhance Hong Kong as an internationally leading centre of excellence in liver
transplant. In addition to patient and economic benefits, this project will cement Hong
Kong’s international stature in science, medicine and education.

Research Impact

We will address the key issues of disease recurrence after liver transplantation
through exploring the underlying mechanisms, identifying efficacious biomarkers,
and developing new concept targeting immunotherapies as well as precise stem cell
treatments through the integration of basic, translational and clinical research. The
proposed study will not only generate scientific publications and patents, but also
provide many opportunities to train future research talents. In addition to bibliometric
output and education, we will also develop a unique computer modeling system
essential for both disease prognoses and therapeutic guidance. Such novel
digitalized platform and database will be durably important to form the infrastructure
for precision medicine in transplantation. Discovery of druggable targets and
exploration of new therapeutic strategies targeting disease recurrence after
transplantation will open a new window for collaboration with local industries to
enhance technology transfer. Development of novel immunotherapy will benefit the
recipients’ long-term outcomes with both societal and economic impact.
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Project Coordinator
Professor Tao YU

The Hong Kong Polytechnic University

Participating Institutions
City University of Hong Kong

The Hong Kong University of Science and Technology
Southern University of Science and Technology

University of Macau
Vanderbilt University
University of London

Short Biography of Project Coordinator

Professor Tao YU is a Professor in Structural Engineering in the Department of Civil
and Environmental Engineering and an Associate Director of the Research Institute
for Sustainable Urban Development at The Hong Kong Polytechnic University.
Professor YU’'s research focuses on infrastructure applications of composite
materials, with emphasis on innovative hybrid structures enabled by fibre-reinforced
polymer (FRP) and FRP-seawater sea-sand concrete (SSC) structures. Professor
YU has authored or co-authored over 160 research papers, which have received
over 9000 citations. Professor YU is one of the main contributors for the Chinese
national standard “Technical Standard for FRP in Construction (GB50608-2020)" and
an inventor of several novel high-performance structural elements incorporating FRP.
Professor YU received many prestigious awards, including the Distinguished Young
Researcher Award from the International Institute for FRP in Construction (IIFC), and
the 2018 Golden Wattle Award (Top Ten Outstanding Australian Chinese Youth).

Project Summary

The fundamental mechanisms of seawater sea-sand concrete (SSC) have been clarified,
and various types of SSC have been developed through mix proportion optimisation.
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Sustainable Marine Infrastructure
Enabled by the Innovative Use of
Seawater Sea-Sand Concrete and
Fibre-Reinforced Polymer Composites
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Various innovative forms of FRP-SSC structural members and connections have
been developed, and reliable design methods have been established for them.

Various types of sensors, including pH, moisture, chloride, sulphate sensors, have
been developed and integrated into a sensing system for hybrid monitoring of the
long-term performance of FRP-SSC structures.

A performance simulation platform based on multi-scale multi-physics modelling of
deterioration at the material and structure levels and the accelerated and field
exposure tests has been established for predicting the long-term performance of
FRP-SSC structures.
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Test on FRP-SSC Beam-Column Connection
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Abstract

Coastal cities like Hong Kong rely heavily on their coastal and marine (referred to as
“marine” hereafter for brevity) infrastructure for social-economic development.
There are two major challenges for marine infrastructure. One is steel corrosion,
which is the main cause for infrastructure deterioration. Another is the shortage of
fresh water and river sand for making concrete. This project aims to address both
challenges by developing a new type of concrete structures to achieve sustainable
marine infrastructure: seawater sea-sand concrete (SSC) structures reinforced with
fibre-reinforced polymer (FRP) composites (referred to as FRP-SSC structures). As
FRP composites have excellent corrosion resistance, they are gaining increasing
acceptance as replacement of steel in conventional reinforced concrete structures
in aggressive environments. By capitalising on the durability of FRP composites,
seawater and sea-sand can be directly used in constructing marine infrastructure.
The project team has developed mix proportions for SSC of different grades,
various innovative forms of FRP-SSC structural members and connections, as well
as various sensing technologies for long-term monitoring of FRP-SSC structures.
Furthermore, the project team has developed a performance simulation platform for
the long-term performance of FRP-SSC structures.

Research Impact

As demonstration projects, the project team has succeeded in constructing
FRP-SSC paving slabs for the road of a sewage treatment plant in Hong Kong as
well as an FRP-reinforced seawater concrete structure in mainland China.
FRP-SSC structures are also being used in two other demonstration projects in
Hong Kong, for the reconstruction of a pier and for the construction of a wave wall,
respectively. With continuous efforts of the project team and the relevant
government departments and industry partners, wider applications of the new type
of structures in Hong Kong and beyond can be expected.

The research outcomes of this project constitute a major technological breakthrough
in marine infrastructure which is of great importance to Hong Kong as a coastal city.
With their many advantages, FRP-SSC structures will revolutionise the construction
of marine infrastructure. The research outcomes of this project will also provide a
strong basis for Hong Kong to export the related technologies in sustainable marine
infrastructure to mainland China and beyond.
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Project Coordinator

Participating Institutions

The Hong Kong Polytechnic University
The Chinese University of Hong Kong

City University of Hong Kong
The University of Hong Kong
Delft University of Technology
University of Cape Town
Ghent University

Short Biography of Project Coordinator

Professor Guanghao CHEN is a Chair Professor in the Department of Civil and
Environmental Engineering and the Division of Environment and Sustainability at the
HKUST. He is the founding director of the Hong Kong Branch of the Chinese National
Engineering Research Center for Control and Treatment of Heavy Metal Pollution.
He serves as the Director of Water Technology Center and Associate Director of the
Institute for the Environment at HKUST. Professor CHEN is a mentor at the Global
Sanitation Graduate School and a member of the Strategic Council of the
International Water Association (IWA). He is also an editor of Water Research.
Recognized as an IWA Distinguished Fellow in 2016, Professor CHEN has produced
pioneering work including the well-known SANI® process for sludge-minimized
biological wastewater treatment, and other new technologies such as SOSA®,
LEEQ®, and ECO® for sludge reduction, sludge odor control, and landfill leachate
treatment. He has won more than 10 domestic and international awards and
obtained over 20 invention patents in the Mainland and the United States.

Project Summary

Develop an energy-efficient, compact, and waste-minimized wastewater treatment
process

Increase water resources cost-effectively while minimizing energy/chemical usage

Help produce/recover value-added biochemicals

Reduce the carbon footprint and environmental impacts of wastewater treatment
plants

Pilot-scale testing of a novel wastewater technology—SANIA
SANIA B T &5 e Pt it 58
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Professor Guanghao CHEN

The Hong Kong University of Science and Technology

A Paradigm-shifting, Fully-integrated,
Compact Wastewater-to-resource
Facility (WWRF)
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Pilot-scale hybrid forward osmosis and reverse osmosis system
for high-quality water production from wastewater
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Abstract

Water scarcity is threatening the sustainable growth of cities worldwide, including
Hong Kong, which imports approximately 70% of its freshwater from mainland China.
The city has also adopted a dual-pipe system that supplies potable water for
commercial and domestic purposes, while providing seawater for toilet flushing,
saving 22% of its freshwater resources. Although effective in combating water
scarcity, this dual-pipe system is expensive to maintain, and water importation costs
are rising annually by 6%. A conventional solution to urban water scarcity is to reuse
wastewater. However, three major issues persist. First, current reuse practices often
involve costly and space-/energy-intensive post-treatments. Second, many
wastewater technologies in use today are inefficient in terms of space utilization,
energy consumption, and resource recovery. Third, most of these technologies
produce substantial amounts of solid waste and brine wastewater, which are difficult
to treat. To address these challenges, leading experts in water science and
technology have collaborated with top researchers and engineers to develop a
revolutionary wastewater treatment and reuse system known as the
WasteWater-to-Resource Facility (WWRF). The fully-integrated, compact facility
leverages novel membrane, chemical, and biological technologies to efficiently
produce potable water and valuable biochemicals from saline wastewater, minimizing
waste disposal.

Research Impact

This project team has developed a paradigm-shifting wastewater system for treating
and reusing saline wastewater. A pilot-scale plant has been built at a local sewage
treatment facility to test, optimize, and showcase the novel technologies and
system. The trial is scheduled for completion by 2025. Embracing a comprehensive
approach to water management, the new system integrates fresh, grey, saline, and
brine water resources under the principle of “water is water, resource is resource.”
In the short term, the project outcomes could facilitate the retrofitting of existing
water treatment plants or the implementation of new systems, providing an
alternative source of potable water and fostering sustainable urban development. In
the medium term, the project aims to mitigate freshwater scarcity challenges in
island and coastal areas, as well as supporting the development of floating cities to
adapt to rising sea levels caused by global warming. Our research team has
published over 170 peer-reviewed papers in reputable journals, including 59 papers
in Nature Index journals. Our textbook, “Biological Wastewater Treatment, 2nd
edition,” with Professor Guanghao CHEN serving as the lead editor, was awarded
the Best Scientific Book prize from the International Water Association (IWA), the
world’s largest water professional network. Two technologies developed in this
project, the “Economic Energy-Efficient Membrane Bioreactor” (3E-MBR) and the
“Low Energy Electrical Odor control of sludge” (LEEO®) technology, received the
Silver Medal at the 48th International Exhibition of Inventions Geneva. The pilot
study for LEEO® at Siu Ho Wan Sewage Treatment Works was honored as the
Champion for the Mechanical Innovation and Implementation Award by the
Institution of Mechanical Engineers (HK Branch). LEEO® also received the first
round of RAISe+ funding from the HKSAR Government. Furthermore, this project
has nurtured over 80 postgraduates, postdocs, and research personnel.

2023 National & International Water Summits for Key Green Water Tech Research and
Development (June 4-9, 2023)
2023EAEBRKE S IERERKAECKEHRMR AR (2023FXBNENH)
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SureFire :

T22-505/19-N

Project Coordinator

Tsinghua University

University of Edinburgh

Short Biography of Project Coordinator

Professor Asif USMANI is Chair Professor and head of Department of Building
Environment and Energy Engineering (BEEE). Professor USMANI is Project
Coordinator (PC) for SureFire. His research focuses on understanding the
thermo-mechanical behaviour of civil infrastructure in real fires using analytical and
computational approaches validated with experimental data. The aim is to enable
current practice to move on from prescriptive design of structural fire resistance by
developing new and rational design methods in which realistic representations of
demand (fire hazard) are set against scientifically robust estimates of structural
capacity in order to ensure reliable performance. His research output includes over
200 peer-reviewed publications, authored and edited books, and many technical
reports. He has obtained research grants in excess of HK$100 million, including the
Research Grants Council (RGC) funding for SureFire.

Project Summary

The key thrust of research effort in this project is to build all the components of the
SureFire system so that it has forecasting capability. The roles of the key
components of the system are as follows:

« Digital twin:
Use the Building Information Model (BIM) to create a digital twin of targeted
buildings incorporating the sensor network and create an Internet-of-Things (IoT)
based framework for regular updating of the digital twin. Develop efficient
methods to construct geometric model of an existing building where a BIM model
is unavailable.

» Communication networks for data collection:
Real time data from the emergency location is collected from sensors and
relayed to the emergency response command and control (C&C).

« Data analysis, incident simulation and forecasting:
The concept of Event Library Forecasting (ELF) is developed and adopted. The
ELF database with big data analytics and Al/machine learning techniques train
the Al model and enable SureFire for practical implementation. Sensor steered
“simulation tools” based on pre-trained Al models forecast the evolution of the
fire, establish its impact on the structure and analyse intervention alternatives
and evacuation strategies. All of this happens faster than the evolution of the
emergency in real time.

» Feedback to incident venue:
Updated forecasts are relayed continuously to actuators, C&C and incident
commander (IC) in forms easily assimilated by the recipients for aiding decisions.

» Smart emergency response:
Effective coordination between C&C, IC and firefighters using unambiguous
execution support helps them implement effective response without delay.

SureFire focuses mainly on the 2nd and 3rd components (Networking and

Forecasting) as they represent the most fundamental research challenges in
achieving the desired capability.
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Professor Asif Sohail USMANI
The Hong Kong Polytechnic University

Participating Institutions
The University of Hong Kong
University College London

SureFire: Smart Urban Resilience
and Firefighting
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Fire test with HK FSD (2021)
BEBHEGRETIKER (2021)

Abstract

SureFire integrates smart building technology, state-of-the-art fire simulation, event
library forecasting database (big-data) to develop an Artificial Intelligence (Al)
based tool providing timely forecasts of critical events to assist firefighters in making
informed decisions. A high-level framework divides the project into three work
packages. Through Digital Twin, SureFire coordinates BIM and IoT technologies to
dynamically project the physical world into the digital world. The system
continuously monitors a building or other infrastructure facility, and the event of a
fire engages the Al subsystem to begin generating forecasts and relays decision
support information to fire crews and alerting them to probable critical events and
the time and place they may occur.

Research Impact

The primary goal of the project is to develop tools for data-assisted critical event
forecasting in a fire emergency. The tools can be used to support emergency
response in real time. SureFire has the potential to revolutionise the practices of
urban fire services to the benefit of the general public, improve the efficiency and
effectiveness of firefighting, enhance the safety of fire fighters, and improve the
day-to-day fire safety management of buildings and urban infrastructure. Faculty of
Construction and Environment, PolyU made an Impact Case Study video to
showcase the SureFire project. It is one of the seven most impactful Sustainable
Urban Development and Smart City researches.

The project team is collaborating with a local start-up company, RaSpect
Intelligence Inspection Limited, to apply for the Innovation and Technology Fund
(ITF) project together and commercialize the device and systems proposed in the
project. The project has led to two start-up companies, one focuses on the smart
dynamic exit signage system powered by SureFire forecast engine, and the other
focuses on the autonomous robotic firefighting driven by SureFire system. The
research has resulted in 7 patents to date.

Robot
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Impact

Demonstrate firefighting robot to children at Geneva (2024)
TEHAEBRTHMROK R A (2024)

ICI=] by

SureFire &5 7 B2 RN - RTENKKEE - SHIFA
BERE (KRB ) URHRERATIEER (Al) WERIR
REBEABERES - DinbE S MERERRER - REBIR
ABZERDB=ERE - BBENEERIM - SureFire 137
LR (BIM ) FMEA (loT ) ifi - iSYIEtH REAE
IR RIBAIE R - ZARTEEITZ AN EMER RN
AEME - EREKXKFKRE) Al FRARBIER - WEH
BEIEEEN  REUERENBREBMHLRITERENR
BIAMUE -

MEEE

FEENTZARERFEXKEZER THBBERERS
RENGRENTE - WARERESER - SureFire #§ 0] 5E1H
AL MR ATOB L 2 IR - RS - DR
BREMZERE  WEREANHERRENEEXKRZ
=EE - BTRERRKIRIFEZRA SureFire JRERF 7 A
MAGRIE - ERUFEMDERNEZNT LEREZENH
BEHZ—-

15 B B B IE £ 8 — R A i %) 8l 2 8] RaSpect Intelligence
Inspection Limited &1F - #FEBBAIFHRILE D (ITF) 1B
B UHEEPRENRENAKEEL - ZEBSLERT
MR AEIATAIL - —HKFERE SureFire ERAIEZIERE)
WESHELOIETRSE - B—FKEEH SureFire 2458
BHBEEIHBARX - BEAIRL  BEMRSKERST 7
TEEF -

SureFire Workshop at Tsinghua (2023)
TERE RSB SureFire T1EH5 (2023)

SureFire system Demo for fireman training facility
SureFire Z 4t E 08 BRIl 4R T

19



THEME E£#& 3 | Enhancing Hong Kong’s Strategic Position as a
Regional and International Business Centre
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Project Coordinator

Participating Institutions
City University of Hong Kong

The Chinese University of Hong Kong

The University of Hong Kong

The Education University of Hong Kong

Short Biography of Project Coordinator

Professor Kar Yan TAM is Chair Professor of Information Systems, Business
Statistics and Operations Management at The HKUST. He is a researcher in Fintech
and the diffusion of innovations in organizations, and serves on the editorial boards
of several academic journals. Besides, he is a Board Member of the European
Foundation for Management Development, and was the Past President of the
Association of Asia Pacific Business Schools. He is also actively involved in public
services, being the Chairman of the Hong Kong Committee for Pacific Economic
Cooperation of the Hong Kong Government and a member of the Hong Kong
Exchange Fund Advisory Committee of the Hong Kong Monetary Authority.

Project Summary

Explored the economic implications of blockchain technology by analyzing
validators’ behaviors and the impact of transaction fees and economic incentives
in permissioned blockchains, providing insights into potential improvements for
blockchain-based payment systems in fintech.

Conducted an evaluation of the effectiveness of cybersecurity protection schemes
for financial institutions, including the implementation status of C-RAF measures,
and published a report to raise awareness about cybersecurity gaps.

Conducted robo-advising risk profiling through content analysis and developed a
statistical model to understand potential clients’ traits and attitudes in the Hong
Kong financial market.

Collaborated with a bank in Hong Kong to analyze investment behaviors of
robo-advising adopters and non-adopters; and developed a robo-advising system
based on a novel risk estimation model that recommends Hong Kong stock
portfolios based on risk preferences.

Professor Kar Yan TAM

The Hong Kong University of Science and Technology

Created FInBERT, a deep learning-based language model for financial text
analysis, and FinSent, a financial sentiment analysis application. Both applications
are free for public use.

Developed a real-time systemic risk monitoring system using Advanced
High-Frequency and High-Dimensional Analytics Techniques, and quantified
market risk through statistical modelling.

Conducted a large-scale survey on the adoption of virtual banks and insurers and
studied seven global fintech hubs to bridge gaps between fintech development
and regulatory frameworks.

Conducted industry-wide studies on fintech talent development, focusing on core
competencies, talent supply projections, and strategies to address talent shortages.
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Contributing to the Development of
Hong Kong into a Global Fintech Hub
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The project team released findings from the survey on Public
Attitudes Towards Virtual Assets at a press conference on 17
October 2023 — Prof. Allen HUANG (Co-Pl) and Ms. Christy
YEUNG of the HKUST Fintech and Green Finance Projects
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Abstract

The project aimed to build the intellectual foundation of a grand strategy on fintech for
Hong Kong. In light of the impact of fintech on individual investors, financial institutions,
regulators, and the finance industry as a whole, the project addressed the fundamental
issues that sit at the intersection between technology and financial services, such as
digital payment, financial product design and distribution, public disclosures and
distributed ledger applications. A range of topics were addressed, including
blockchain, cybersecurity, personalized risk assessment, robo-advising, applications
of Al/machine learning in multimodal analysis of financial disclosures, modelling
systemic risk using advanced quantitative techniques, analyzing fintech services to
address policy questions, and fintech manpower development. The project generated
significant research findings, as well as practical applications and policy
recommendations that are instrumental in enhancing fintech development for Hong
Kong, particularly in terms of regulatory environment, innovation pipeline, cooperation
between incumbents and startups, and the recruitment and nurturing of fintech talent.

Research Impact

Our research has significantly enhanced Hong Kong'’s fintech capabilities on
multiple fronts:

* Industrial Impacts:
We developed a number of practical applications using emerging technologies,
such as FInBERT and FinSent, which have been widely recognised. We also
collaborated with the Joint Financial Intelligence Unit (JFIU) of the HK Police
Force to streamline the processing of Suspicious Transaction Report using
AI/ML, providing guidelines for implementing a large-scale anti-money
laundering (AML) digital infrastructure.

¢ Policy:
Drawing upon our in-depth study of seven fintech hubs, we offered a long-term
roadmap with policy recommendations for Hong Kong in a report published in
March 2022. According to the government’s fintech strategy, multiple large-scale
surveys on virtual banks, e-HKD, and virtual assets were conducted to provide
relevant insights to the industry and policymakers.

* Talent Development:
We produced a range of reports that provide strategies to address talent
shortages in fintech. We developed initiatives like the ECF-Fintech (Professional
Level) Program and the Cyberport Financial Practitioners FinTech Training
Programme to enhance fintech education for industry professionals. A dedicated
jobs and skills portal was built to bridge industry skill gaps.
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HKUST Business School and HSBC collaborated on the “Hypothetical e-HKD” pilot program to
explore and experiment on the application of CBDC in Hong Kong, under the guidance of the
Hong Kong Monetary Authority (HKMA)
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* Knowledge Exchange and Collaboration:
The project established a platform to foster collaborations among fintech
companies, startups, financial institutions, and regulators. Joint research
initiatives, such as a partnership with HSBC on e-HKD readiness, and a
“Hypothetical e-HKD” pilot run at HKUST, were developed to promote the wider
adoption of fintech.
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THEME % 4 | Advancing Emerging Research and
Innovations Important to Hong Kong
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Project Coordinator

Participating Institutions
City University of Hong Kong
The University of Hong Kong

Short Biography of Project Coordinator

Professor Yunhui Liu is currently Choh-Ming Li Professor of Mechanical and
Automation Engineering, the Director of the CUHK T Stone Robotics Institute,
and the Director/CEO of Hong Kong Centre for Logistics Robotics funded by the
InnoHK clusters. He has published more than 500 papers in refereed journals
and conference proceedings and was listed in the Highly Cited Authors
(Engineering) by Thomson Reuters in 2013. His research interests include
vision-based robotics, machine intelligence, and their applications in
manufacturing, logistics, healthcare, and construction. Professor Liu has
received numerous research awards from international journals and
international conferences in robotics and automation and government agencies.
In recent years, he has been actively transferring robotics technologies
developed at university labs to industries and founded or co-founded VisionNav
Robotics, CornerStone Robotics, and Zanecon Robotics. He is an IEEE Fellow
and a HKAES Fellow.

Project Summary

Development of crucial technologies for next-generation surgical robots with
automation and intelligence functions to improve the safety and quality of
robotic surgery.

Addressing scientific and technological challenges in sensing, perception,
planning, safe motion control, and high-level intelligence of surgical robots.

Development of the state-of-the-art approaches/solutions to cope with
real-time sensing, data-driven surgical planning, visually servoed robot
controllers, and Al-based skill learning form surgical experts.

Validation of the technologies and the integrated robotic surgical systems in
ex-vivo and or clinical trials.

Close collaboration among the local and international research institutions to
establish a world-class surgical robotics research centre in Hong Kong.

PZIE B MM ARBERE
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Professor Yunhui LIU
The Chinese University of Hong Kong

Image-guided Automatic
Robotic Surgery
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Abstract IEEHEN

Existing surgical robots work in a remote-control mode, where a surgeon attentively
tele-controls all the robots’ motions. It is widely considered that they will be replaced
by next-generation surgical robots that can assist surgeons with automation functions
and surgical intelligence. The next-generation surgical robots are expected to
effectively alleviate surgeons’ physical and mental workload to reduce human errors
and, hence, improve the overall quality of the surgery. This project aimed to develop
state-of-the-art solutions to crucial technical problems, including real-time sensing,
operative planning, instrument motion/action control, and surgical data analysis in
semi-automated or automated robotic surgery. The research outputs have been
integrated into surgical robotic systems, which were validated through cadaver
experiments or clinical studies on human subjects. In addition to the academic
research and technology development, parts of the research outputs have been
commercialized by two startup companies spun off by the team members. The project
could not have been completed successfully without close collaborations among the
engineering experts, surgeons, local universities, and international institutions.

Research Impact

1) We have developed state-of-the-art technologies in sensing, planning, control and
intelligence towards automated robotic surgery and the related intellectual
properties, as evidenced by a large number of publications/presentations in the top
journals or international conferences; 2) Commercialised parts of the research
outputs via two startup companies, CornerStone Robotics Ltd and Agilis Robotics
Ltd, which were established by the team members. The two startups have become
leading players in multi-port surgical robots and miniature flexible surgical robots,
respectively. 3) Developed the first one-surgeon-four-arms system and conducted
the first clinical trials on Al-assisted semi-automated surgical robot; 4) The work has
received international recognitions, as evidenced by the Best Paper award in
medical robotics at the 2021 International Conference on Robotics and Automation
etc.; 5) The research outputs largely contributed to the establishment of the InnoHK
Centre: Multi-scale Medical Robotics Centre, which has been one of the leading
centres in medical robotics in the world.

An open-source surgical robotic learning simulation platform

BB F A ZESEBNRERER TS

R FHEMARREREFEETFN - IRBERE
FHETMERIERIMARNPAEEE - APISER S UM
8 — URES0 /B SN B8 R 1R AR BR SR 1 B RO IR A FTERAC - B
B)EAE BRI WA B £ RFRE0 BN EIMIBERNS O
BIE B ARBER  EMESFNNES - REEEROM
REHERRMEERRS R - @FFEDAZEEF MM
ARBWERER - iAIAR2 - PRI F BRI -
BER LHMARENRREREFMHMAZRR - WBBRE
MBI ERMA R RN ITETRARE - FREI 7Bl
M BOMERRERERAEAINMERITERTETH
E(LE - ZEEFINSHEMSERNREREEELEETE
MERFRNRIRERARZ BNETEE -

1) B S ST ¥IR0AN - SFTARE ~ EFIFR BB EF MM ARG
KRR BEMMEERE  TERRBHSNERSE LBERA
Fl i3 2) Bl LW R £7 &£ A 8 B % B BE ( CornerStone
Robotics ) #T5# 71 ( Agilis Robotics ) - BUR E M £ R 1
BEER - EMRATE DRSSO F M AMME =
HFMHMANES RS, ) MEE@E " —BIF, SRR
AZ& - TEATEEHDNEEEFHEHMARR TER R
RaBR; 4) ZIEE BT T 81F 2021 EF M A LB EEE R
(ICRA) BREMXELSEKRRD ;5 MRAMARTE—FSEAT
InnoHK 1 B &M A BIFT =M P ORI - ZPLOLERS
HRBLNEREEMAPLZ— -

“One-surgeon-four-arm” semi-automatic human-robot surgery collaboration system
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Project Coordinator

Professor Helen MENG
The Chinese University of Hong Kong

Participating Institutions

The Hong Kong Polytechnic University
The Hong Kong University of Science and Technology

Short Biography of Project Coordinator

Professor Helen Meng is Patrick Huen Wing Ming Chair Professor of Systems
Engineering and Engineering Management at The Chinese University of Hong
Kong. She joined CUHK in 1998 and has served as Department Chairperson, as
well as Associate Dean of Research for CUHK’s Faculty of Engineering. Professor
Meng has been leading various joint partnerships, including with Microsoft Research
Asia (MSRA), MIT, Tsinghua University and Dr. Stanley Ho Medical Development
Foundation. Her collaboration with MSRA led to CUHK's first engineering laboratory
to achieve the national status of a Ministry of Education Key Laboratory. In 2019, her
interdisciplinary team was awarded the first Al project under the HKSARG RGC
Theme-based Research Scheme, which aims to develop Al technologies for
screening dementia. In 2020, she led the establishment of CUHK’s InnoCentre on

Al, named Centre for Perceptual and Interactive Intelligence, and serves as Director.

Since 2019, Helen has been serving as head of curriculum development of the
CUHK-HKJC Al4Future Project, leading the creation of Hong Kong's first pre-tertiary
Al curriculum, with a focus on Al ethics. The Al4Future Project was recognized with
the Gold Award of the Hong Kong ICT Awards Smart People Award 2021. The
curriculum will be taught in all local secondary schools starting in 2024. Helen and
her team have won many other awards, including the Gold and Silver medals of 49th
International Exhibition of Inventions Geneva 2024, 2023 and 2024 INTERSPEECH
Best Student Paper Award, the US National Academy of Medicine's Healthy
Longevity Global Grand Challenge 2024, the First Prize of the international
DialDoc@ACL 2022 Challenge, Hong Kong's SciTech Challenge 2021 Open
Category Championship, 2019 IEEE SPS Leo Beranek Meritorious Service Award
for service and leadership, etc. Helen has also served as the elected Editor-in-Chief
of the IEEE Transactions on Audio, Speech and Language Processing, a top journal
in her field. Helen is a Fellow of the IEEE, ISCA, HKIE and HKCS.

Project Summary

Designed and collected CU-MARVEL, a speech corpus from older adults with
varying levels of cognitive functioning

Developed the Hong Kong Grocery Shopping Dialog Task for effective and
ecologically valid cognitive assessment

Linked neural activity, cognitive deficits, and speech via fMRI using a novel
movie-watching task

Built an automated pipeline for NCD screening using advanced spoken language
technologies

Developed NCD screening apps with analytical and generative Al

Piloting NCD screening apps in community setting

24

Research and Development of
Artificial Intelligence in Extraction and
Identification of Spoken Language
Biomarkers for Screening and
Monitoring of Neurocognitive Disorders
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Abstract

Population ageing is a global issue. The WHO projects that by 2050, 22% of the
world's population will be aged 60 or older, with Hong Kong's population aged 65+
rising to 35%. Population ageing is associated with high-burden geriatric
syndromes, increasing public healthcare costs and threatening societal
sustainability due to a shrinking workforce and tax base. Neurocognitive disorders
(NCD), including dementia, are especially prevalent among older adults, with care
costs estimated at USD 1 trillion today, expected to double by 2030. Effective
disease screening and management are crucial. Current NCD diagnoses rely on
clinical professionals using neuropsychological tests, which are limited by clinician
shortages, subjective assessments, and cultural biases. To address these issues,
an automated, objective evaluation platform will be developed using inexpensive
spoken language biomarkers for NCD screening and monitoring. This platform will
enable remote monitoring, generating patient alerts for timely treatment. Collecting
individualized data over time will help detect early cognitive decline, improving
disease management and reducing care costs. Spoken language biomarkers will
be targeted, as they are non-intrusive and can be easily captured remotely.
Al-driven technologies will extract these biomarkers, providing sensitive cognitive
assessments. This research aligns with WHO's goals and aims to support patients
and caregivers in Hong Kong through Al-enabled healthcare.

Research Impact

This project addresses the growing prevalence of neurocognitive disorders
(NCDs) in an aging global population, with the 60+ demographic set to double by
2050. In Hong Kong, over 100,000 older adults may go undiagnosed due to long
wait times and high care costs. We develop Al-driven spoken language analysis
technologies for automated, non-intrusive NCD screening, offering cost-effective,
scalable, and accessible cognitive assessments. With the CU-MARVEL corpus,
the largest for NCD research in Hong Kong, we advanced deep learning for
spoken language biomarkers. Integrating speaker diarization, speech recognition,
and NLP, we created an Al-enabled screening pipeline with strong results in both
English and Cantonese. Novel tasks like the Hong Kong Grocery Shopping Dialog
and fMRI movie-watching have improved screening via memory and
communication. Our screening apps are being piloted in the community. This work
aligns with important initiatives such as Healthy China 2030 Blueprint, WHO'’s
Global Action Plan on Dementia, and the UN’s 2030 Agenda for Sustainable
Development by enhancing healthcare access and reducing inequalities.
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Demonstration for the project’s app in the CUHK Medical Centre
Innovation Week (December 15, 2023)
TEEBPXARBERAMBEES P ARREREINERER

| B (PKR) - MERA

The inter-disciplinary and inter-university team for the project: (front-left)
Professor XM Gong (CU), Professor XX Wu (CU), Professor Thomas
Lam (CU), Professor Bonnie Lam (CU), Professor Brian Mak (HKUST),
Professor MW Mak (PolyU), Professor Helen Meng (CU), Professor
Vincent Mok (CU), Professor Helene Fung (CU), Professor Timothy Kwok
(CU), Professor Diana Lee (CU), Professor XJ Ma (HKUST), Professor
Kelvin Tsoi (CU), Professor Andrew Liu (CU, absent), Professor Patrick
Wong (CU, absent) and Professor Jean Woo (CU, absent); (upper)
students, postdoctoral, research assistants and supporting staffs.
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Citi Lecture Theater (LT-A)
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Lam Woo Lecture Theater (LT-B)
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Padma and Hari Harilela Lecture Theater (LT-C)
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Lee Wing Tat Lecture Theater (LT-D)
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Chow Tak Sin Lecture Theater (LT-G)
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Chiang Chen Lecture Theater (LT-J)
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