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Leading cities across the globe are embracing digital
technologies to transform into smart cities in order to tackle
imminent issues in energy, environment, and transportation
brought by urban development. The University of Macau
(UM) strives to contribute to this transformation and has
been at the forefront of exploring next-generation information
technologies, such as the Internet of Things, big data, and
artificial intelligence, with the aim of building people-oriented,
livable, green, resilient, and sustainable smart cities.

The issue’s Cover Story focuses on research at the State
Key Laboratory of Internet of Things for Smart City at UM. It
showcases the innovative studies conducted by researchers
in the laboratory in two fundamental areas, namely intelligent
sensing and network communication, and urban big data and
intelligent technology, as well as those that aim to support smart
city applications in smart energy, intelligent transportation, and
urban public safety and disaster prevention. The results of
some of these projects have been used by industry partners
to promote smart city development.

Joining forces with the university’s faculties, UM’s residential
colleges (RCs) act as a platform for community and
peer education and knowledge integration, assisting the
development of undergraduate students through experiential
learning. The Topic Insight column explores how the residential
colleges cultivate students’ soft skills through five major
educational measures. The magazine also highlights aresearch
study led by Wang Ruibing, associate professor in the Institute
of Chinese Medical Sciences, on using supramolecular
technology to enhance cancer treatment. Furthermore, Yu
Xingzhong, director of the Institute of Advanced Studies
in Humanities and Social Sciences, shares his insights on
jurisprudence and social theory, while Yuan Yulin, head of the
Department of Chinese Language and Literature, discusses
his experiences and perspectives on linguistics.

The Academic Research column examines the link between
RhsP toxin produced by Vibrio parahaemolyticus and
seafood poisoning and explores the potential applications
of two-dimensional materials through research on polarons.
Lastly, the RC Development column presents Shiu Pong
College’s approach to nurturing worldly-minded students
and Chao Kuang Piu College’s ‘Me to We’ outdoor
leadership programme.
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The new global landscape brought about by the
evolution of the Internet of Things (loT), big data
and artificial intelligence has prompted urban
decision-makers to harness the power of digital
technologies to enhance urban resource allocation
and innovations. As an institution rooted in Macao
with a global perspective, the State Key Laboratory
of Internet of Things for Smart City (SKL-IOTSC) at
the University of Macau (UM) brings together a team
of interdisciplinary researchers to address core
scientific problems facing smart city development
and loT research, with the aim of generating
innovative technologies and sustainable solutions
for smart cities.

Core Innovation Hub for Smart City
Development

As crucial hubs for cutting-edge research, state key
laboratories (SKLs) are institutions established with the
approval of China’s Ministry of Science and Technology
(MOST) in top-notch universities and research
institutes across the country. With the support of the
Macao SAR government and the Macao Science
and Technology Development Fund, UM established
SKL-IOTSC upon the endorsement by MOST in 2018
and it is the first SKL of its kind in China. It is also the
third SKL at UM. In line with the national ‘dual carbon’
strategy to build a salubrious and resilient smart city,
the laboratory conducts fundamental and applied
research through interdisciplinary collaboration to
bring forth technological innovations dedicated to
smart city development.

Led by Chair Professor Yonghua Song, rector of
UM and director of the laboratory, and composed
of interdisciplinary researchers with strong
academic backgrounds, SKL-IOTSC focuses
on research in advanced IoT technologies,
undertaking large-scale national projects and
nurturing talent with both theoretical knowledge
and practical skills. This research will not only
benefit smart city development in Macao, but
also help to gain momentum for the growth of
the Guangdong-Hong Kong-Macao Greater Bay
Area (GBA).

Prof Song says that the laboratory is committed to
achieving technological breakthroughs in strategic
fundamental research that would accelerate
progress towards building sustainable smart cities
and applying research results. ‘Working together

HHEEE - COVER STORY
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UM established SKL-IOTSC, the first State Kay Lab in its area of research,
in 2018.

with professionals from various sectors, we will
create a smart city blueprint tailored for Macao,
stride towards China’s “dual carbon” goals, and
facilitate the development of smart cities across the
country,” he says.

SKL-IOTSC devotes itself to strategically addressing
the national needs for pilot smart city development
and the bottlenecks facing the loT industry. To this
end, the laboratory has established fundamental
technological synergies with technologies such
as wireless communications, urban big data,
and artificial intelligence (Al) to support smart city
applications in smart energy, intelligent transport,
and disaster prevention. All its efforts made in
fundamental and applied research are essential for
laying a solid foundation for smart city development
and industry-academia collaboration.

In terms of fundamental research, considering
intelligent sensing and network communication are
at the core of urban interconnectivity, the researchers
have conducted studies extensively on both
theories and technologies in this field. Significant
breakthroughs have been made in intelligent
reconfigurable surface-empowered communications,
integrated sensing and communication, and
space-air-ground integrated network, strengthening
the internet of everything for cities.

Urban big data and Al are also key domains of
fundamental research which the laboratory has
been exploring and where researchers have been
generating new findings. Substantial progress

TR KEEE - 2023 UMAGAZINE 27 8
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has been made in spatiotemporal representation
learning, spatiotemporal modelling, inference
of large-scale and complex knowledge graphs,
cross-city  multi-granular  knowledge  transfer,
algorithmic game theory, and multimedia big
data forensics and security, and these research
achievements will support urban decision-making
and smart governance.

With respect to applied research, researchers
have conducted in-depth studies on theories
and methodologies for optimising the operation
and flexible power distribution of integrated
energy systems (IES) for the ‘dual carbon’ goals.
Significant progress has been made in energy data
mining and utilisation, flexible power demand side
management, IES security and protection, and
R&D and application of key components for flexible
power distribution. In addition, the researchers
have developed efficient sensing, control, and
decision-making technologies for autonomous
driving. They have also explored intelligent
transportation innovations through large-scale
traffic data processing and integrated traffic
planning, which further reinforces the intelligence
in future transportation systems. Moreover, the
researchers have investigated the mechanism of
coastal marine disasters, especially under extreme
climate events, and proposed advanced methods
for structural health monitoring and intelligent
operation and maintenance, which are significant

BREER

Smart Energy

BHERE A

Intelligent

HHAfES
BKERA

Transportation

Urban Public Safety
and

Disaster Preventiol

SAREHREREEQAY

3 Application Research

o

MAEEAERZT RIS

2 Fundamental Research

BREMRR

IR/ | A SRR IEE + = K EREAEE
Research layout: two fundamental fields and three typical application fields

9 2023 UMAGAZINE 27 - JBA¥:E

in improving urban public safety and resilience.

SKL-IOTSC has led or undertaken various projects
under MOST, the National Natural Science Foundation
of China, and the Macao Science and Technology
Development Fund, and has established several
Guangdong-Hong Kong-Macao joint laboratories
to foster research collaboration in the GBA. The
laboratory has received a substantial number of
national and regional awards for its scientific and
technological achievements, including a second
prize in the State Scientific and Technological
Progress Award, a first prize in the Guangdong
Science and Technology Progress Award, the
Guanghua Engineering Science and Technology
Prize, the Ho Leung Ho Lee Foundation Science
and Technology Progress Award, as well as Macao
Science and Technology Awards. These accolades
are a testament to the laboratory’s recognition in
Macao and across the country.

Macao’s First Smart City Simulation and
Decision-making Platform

SKL-I0OTSC has built the first smart city simulation
and decision-making platform in and for Macao.
The platform consists of various modules,
including urban big data, smart energy, intelligent
transportation, structural health monitoring of civil
infrastructure, and urban flooding simulation, and it
can further facilitate interdisciplinary collaboration
for sustainable smart city development. Based on
a 3D graphic model of Macao, the laboratory has
also established a city-wide simulation system with
digital twin technology, through which researchers
can collect traceable real-time data, develop
simulation models, and conduct pilot tests.

The researchers have implemented effective
interactive simulation models of urban systems in
various settings and obtained fruitful application
results. For instance, they developed a COVID-19
hotspot map for Macao in June 2022 through
the platform (urban big data module) with
spatiotemporal big data and knowledge graph
technologies. The real-time operating system
enhanced the city’s capability in epidemic
prevention. The researchers will continue to
contribute to the city’'s competence in coupling a
physical replica with its digital twin model in order
to provide theoretical and technological support for
intelligent urban regulation and decision-making.

BEREDRFZSANBRENERS

SKL-IOTSC provides science education to a number of secondary schools in Macao

Cultivating High-Calibre and
Interdisciplinary Talent

In line with the national strategy to build a
global powerhouse in science and technology,
SKL-IOTSC spares no effort to nurture high-calibre
and interdisciplinary professionals in the fields
of loT, Al and big data to facilitate the extensive
applications of these technologies. UM’s academic
capacity has encouraged many outstanding
overseas young scholars and local graduates to
pursue their dream as researchers at SKL-IOTSC.
Since its inception, the laboratory has successfully
trained more than 100 graduates with master’s or
doctorate degrees. Through its top-tier faculties
and talent nurturing scheme, the laboratory not
only strives to accelerate the transfer of its research
results and the development of the high-tech
industry in Macao, but also aims to strengthen the
country’s independent innovation capability and
R&D in science and technology.

To enhance digital literacy among adolescents
in Macao and inspire them to become high-tech
professionals in the future, SKL-IOTSC
organises various science promotion activities
for local secondary school students on a regular
basis to stimulate their interest in science
and technology. Activities such as the UM
Open Day, distinguished lectures, seminars,
competitions, and visits to the laboratory
enable local students to better understand the
concept of a smart city and learn more about
the latest developments in IoT. Furthermore, the

HHEEE - COVER STORY

students can enjoy learning through hands-on
experiments and interactions with researchers
and students at SKL-IOTSC. All efforts made to
enhance teenagers’ digital literacy are crucial
to the expansion of the local talent pool.

Advancing Technological Innovation in a
Global Landscape

Looking ahead, SKL-IOTSC will continue to
optimise resource integration by placing equal
emphasis on teaching and research, and adhere
to its position as an institution rooted in Macao
with global perspectives. At the same time, the
laboratory will uphold international standards to
advance technological innovation in loT for smart
city development, making contributions to this
research front that are not only important to Macao
and China, but also to the world.

‘Looking back in history, each industrial
revolution led to radical changes to the global
economic landscape. UM is now at a critical
moment in history where digital technology is
setting off a new round of reform. We will seize
the opportunity to enhance the academic and
research competence of SKL-IOTSC, in order
to help UM leverage its promising innovative
research results to accelerate the development
of novel digital infrastructure, propose a
world-leading smart city blueprint for Macao,
and collaborate with leading enterprises to bring
forth smart city initiatives,” says Prof Song.

SRAHEE - 2023 UMAGAZINE 27 10
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UM and CEM study the use of smart streetlights in Macao

The Internet of Things (IoT) has given rise to an
era of interconnectivity, bridging the gap between
the physical world and the virtual world. It is also
the key technology in the development of smart
cities around the world. The State Key Laboratory
of Internet of Things for Smart City (SKL-IOTSQC)
of the University of Macau (UM) has tasked itself
with solving important scientific and technological
problems facing IoT. In particular, the laboratory’s
intelligent sensing and network communication
group strives to enable information perception
and transmission in a smart city to realise
physical-virtual world integration and lay the
ground for smart technology applications.

Digital Transformation of Cities Driven by
Innovative Technologies

Urban sensing and network communication, two
major loT technologies, have accelerated the pace
of smart upgrading of cities around the world. The
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group aims to tackle core problems and provide
technical support for smart city development,
especially in the development of new loT-based
infrastructure  with ~ comprehensive  sensing
capability, ubiquitous connectivity, low latency,
and high safety standards.

Ma Shaodan, assistant director of SKL-IOTSC
and professor in the Department of Electrical and
Computer Engineering, is an expert in the field
of wireless communication. She says that loT
may be conceived as a big tree, where intelligent
sensing and network communication are the roots
that provide the tree with the nutrients needed
for growth by receiving and transmitting the
information. Urban big data and smart technology
are the tree trunk which tries to understand what
people need through data mining and intelligent
algorithms. The flowers of the tree will eventually
blossom, and the fruits are data for use in major
areas of smart city development, such as smart
energy, intelligent transportation, as well as
urban public safety and disaster prevention. ‘This
can reflect the strategic research layout of the
laboratory,” says Prof Ma.

At present, the group aims to build an effective
loT-based sensing and transmission system. Through
the R&D of advanced sensing and communication
technologies, the researchers hope to drive the
digital transformation of cities to usher them into the
era of smart interconnectivity. As the leader of the
group, Prof Ma says, ‘things’ that can be connected
to the network exist in every corner of a city, from
buildings, streets, and bridges, to stairways, vehicles,
and even underground pipes. To effectively connect
various ‘things’ and achieve intelligent sensing, it is
necessary to implement a far-reaching network that
can cover all urban spaces.

Intelligent Sensing Comparable to the
Five Senses

Focusing on intelligent sensing and network
communication, the researchers conduct
fundamental research to expand |oT
technology and lay a solid foundation for the
interconnection of all elements in an urban
environment. According to Prof Ma, intelligent
sensing operates like the five human senses,
collecting information in the physical world,
such as images, videos, temperature, road

conditions, and energy consumption, in order
to sense the pulse of the urban operation.
At the same time, network communication
technology paves the way for smooth and rapid
information transmission in feedback channels
to inform city control, realising interactions
with the physical world and leading to smart
city management and operation with minimal
human intervention.

The new loT development raises the demand for
better intelligent sensing and network communication
technologies. The existing challenges include massive
connectivity, assessing the dynamic and complex
communication environment with limited resources,
the diverse sensing and communication needs,
applying the technology across different industries
and domains, and maintaining efficient and secure
transmission. To overcome these challenges, the
researchers carried out studies such as intelligent
reconfigurable surface-empowered communications,
integrated sensing and communication, and
space-air-ground integrated network. They have
made significant progress, offering solid support for
new loT-based infrastructure.

Building Efficient Massive MIMO Systems
It is difficult to achieve efficient information
perception and  transmission  without a
well-established communication network. As a
new digital technology, 5G network enables big
data transmission in cities, but at the same time
requires enhanced speed, efficiency, and reliability
of wireless communication. The researchers
study communication systems based on massive
antennas in order to build more efficient information
transmission systems. The research focuses on
the key requirements of 5G system, such as low
latency, massive connectivity, high speed, and
ultra-reliability. Prof Ma says that the researchers
are building a better environment for network
communication, and providing a new means for
intelligent sensing.

The group has successfully built its own massive
multiple-input  multiple-output  (MIMO) system.
Using beamforming techniques, the system
takes advantage of spatial resources to realise
simultaneous connections to a massive number of
users in the same space and at the same frequency.
The system also uses massive antennas through
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beamforming to subdivide space into tiny areas
and ensure that each area supports simultaneous
transmission of data, thus increasing network
capacity and realising low latency communications.

The group has also developed new theories and
optimisation methodsto overcome challengesposed
by massive MIMO systems, such as high-dimension
channel matrix and complex channel structure,
laying the theoretical and technical foundation
for 5G and the design and implementation of the
next-generation mobile communication system. The
research result received a third prize in the Natural
Science Award category of the Macao Science and
Technology Awards.

Developing an Intelligent Sensing System
Suitable for Macao

In addition to a highly-efficient network, the speed
of information feedback to the brain of a smart city
also depends on smart sensors that act as ‘nerve
endings’ to quickly and accurately grasp the pulse
and dynamics of the city. Moreover, the collaboration
between academia and industry is crucial to building
an intelligent sensing system. In recent years, leading
cities around the world have used smart streetlights
as the building blocks of their smart city sensing
systems. Macao is no exception. UM and Companhia
de Electricidade de Macau conducted a collaborative
project in 2020 to investigate the implementation of a
smart streetlight system in Macao.

To understand the conditions required for
implementing smart streetlights in Macao, the
group set up a pilot site on the UM campus to
explore the development of the various modules in
the smart streetlight system and the design of the
control platform.

According to Prof Ma, the poles of smart
streetlights can perform various functions,
including intelligent lighting, pedestrian and
traffic ~ flow  management, environmental
monitoring, and information interaction, and are
therefore the cornerstones of a comprehensive
sensing network in a smart city. The group will
persist in bolstering its capacity to offer technical
support in wireless communication and sensing
networks for Macao, thereby facilitating the
city’s smart development.
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Based on data from COVID-18 Epidemic Map
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The Macau COVID-19 HotSpot Map developed by UM integrates spatiotemporal big data and knowledge graph technologies
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Driving Smart Applications — Urban Big Data and

Intelligent Technology
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The detection e-tool Fake Pictures Crusher
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The inauguration ceremony and the joint foru
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The Joint Laboratory of Artificial Intelligence and Robotics jointly established by UM and the Shenzhen

Institute of Advanced Technology of the Chinese Academy of Sciences

The new generation of information technologies,
including big data and Al, is the driving force behind
smart city development, promoting smart applications
in advanced cities around the world. To facilitate such
applications, a research group on urban big data and
intelligent technology of the State Key Laboratory
of Internet of Things for Smart City (SKL-IOTSC) at
the University of Macau (UM) conducts fundamental
research to design highly-efficient algorithms in order
to enhance the computational thinking capabilities of
smart cities and extract valuable information to assist
decision-makers.

Developing Algorithms to Support Smart
City Applications

With the support of big data, intelligent technologies
are transforming all aspects of our lives, from
government decision-making and services, to
the way people live, to industrial layout and urban
planning. The research group is committed to
solving fundamental scientific problems facing
big data analysis and processing by developing
mathematical models, principles, and computational
methodologies. Through big data analytics, the
researchers can extract accurate and useful
information to inform decision-making and improve
products based on the practical needs of residents
in order to develop more human-centred cities.

Computational science is not only an important

symbol of China’s competitiveness in science and
technology, but also a discipline that UM developed
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Prof U Leong Hou

in recent years. The solutions to many major scientific
problems rely heavily on fundamental algorithms and
computational models. Currently, the researchers
are developing a number of high-performance
fundamental algorithms and exploring multisource
data fusion techniques for smart city development.
They have made breakthroughs in creating methods
for knowledge graph construction with big data and
an intelligent multimedia information processing
system based on deep learning.

Building Urban Knowledge Graphs

Knowledge graphs integrate information and data
available on the network to make them easier to
compute and understand, thereby enabling rapid
responses and reasoning. The research group uses
data streams that are constantly changing and
affecting urban operations to build a dynamic
information system. The system can generate
knowledge graphs and provide city managers with
comprehensive monitoring information.

In July 2022, a team led by U Leong Hou, interim
head of the Centre for Data Science and associate
professor in SKL-IOTSC, developed the Macau
COVID-19 HotSpot Map, an efficient real-time system
based on spatiotemporal big data and knowledge
graph technology. With the large variety and volume
of epidemic data in hand, the group used the
laboratory’s urban data platform and knowledge graph
technology to analyse spatiotemporal data in relation
to the transmission chains of different viral strains. The

study shed light on the origin and development of the
outbreak in Macao and was one of the group’s major
contributions to Macao against COVID-19.

To build an analysis and demonstration system,
the research group proposed a hotspot algorithm
that could run between 10 to 100 times faster than
existing algorithms. However, the time complexity
of the analysis made it difficult to achieve real-time
responses. The group then developed a series of
optimisation algorithms to reduce the search space
and computational complexity, and as a result,
the system produced almost real-time responses.
They have presented the research results at several
international data engineering conferences.

Building the Largest Super Intelligent
Computing Centre in Macao

UM’s third-generation HPC Cluster (Coral) comprises
130 servers, offering over 4,200 computing units and
37 graphics processing units. It also provides eight
high-memory computing nodes that contain a total of
24TB of memory. The laboratory has also established
the Super Intelligent Computing Center in Macao,
the largest of its kind in the city. Equipped with a
management and computing server cluster, cloud
computing platform software, high-speed network
equipment, a high-capacity storage server, and
NVIDIA DGX-2, the centre has the immense computing
power to assist researchers in handling massive data
streams and trillions of parameters, satisfying the
demanding requirements for Al technology. These
facilities and equipment significantly increase the
computational speed of Al and can effectively meet
the needs of smart applications for urban big data
analysis and processing.

Image Tampering Detection System

At present, the intensive development of
communications infrastructure in smart cities
revolves around cloud computing. However, the
development has also increased security risks due
to the high amount of data shared in the process.
To address security loopholes in the dissemination
of information on the network, a team led by Zhou
Jiantao, associate professor in the Department of
Computer and Information Science and SKL-IOTSC,
has developed a robust image tampering detection
system based on Al algorithms. The system is
designed to prove the authenticity of images in the

HHEEE - COVER STORY

face of ever-evolving anti-forensic techniques.

In 2021, the team proposed a new Al detection
algorithm that can locate the forged area of a
tampered image within 0.5 seconds. The algorithm
stood out from over 1,500 teams at the Security
Al Challenger Contest and won the championship
in the image forgery track, as well as the third
prize in the detection track, and was used by the
judicial community to identify tampered images.
Furthermore, the team was later invited and
sponsored by Alibaba to develop Fake Pictures
Crusher, a more powerful detection e-tool, which
was made available to the public in 2022. Through
industry-academia collaboration, the team strives to
address security issues in smart city development.

The rapid development of cloud computing and
the widespread use of various data acquisition
and storage devices have led to increasing
demands for better multimedia technology and
social network security. To address key issues in
multimedia and social network security, such as
social network interference, poor generalisation
ability, and low security reliability, the team took
theinitiative to establish an analysis mechanism for
different social media platforms. The researchers
developed highly robust multimedia forensic
technologies and feature learning algorithms with
data privacy protection. The project was awarded
a third prize in the natural science category of
the Macao Science and Technology Award and
has been widely cited and applied by scholars in
China and abroad.

Exploring the New Generation of Digital
Technology

Building on the strength of the joint laboratory
between UM and the Shenzhen Institute of
Advanced Technology of the Chinese Academy
of Sciences, the research group is constantly
exploring the relevance and patterns of large urban
datasets and expanding innovative Al research, with
a focus on developing the new generation of digital
technology. The group’s fundamental algorithmic
research will play a key role in supporting smart
city applications, such as smart energy, intelligent
transportation, and urban public safety and disaster
prevention, enabling cities to achieve rational
resource allocation and self-regulation.
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The University of Macau Smart Integrated Energy Management Platform provides practical experience for the application of smart grids in urban settings
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Creating a Low-Carbon Smart Energy System with

High Efficiency
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An optimal dispatching strategy for the urban integrated energy system
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Energy, the lifeblood of a city, is crucial for sustainable
smart city development, and researchers in a smart
energy research group at the University of Macau
(UM) State Key Laboratory of Internet of Things for
Smart City (SKL-IOTSC) tirelessly advance clean,
low-carbon, efficient, and secure urban smart energy
systems by developing essential technologies, such
as new integrated energy systems, and partnering
with leading energy companies to create pioneering
examples for the energy sector.

Promoting Energy Transition among Cities
To achieve the low-carbon or zero-carbon
operation of the energy system in smart cities of
the future, researchers in the group have studied
the operation and control methods of energy
systems based on the Internet of Things (loT). Chair
Professor Yonghua Song, rector of UM and director
of SKL-IOTSC, is an expert in power systems and
the head of the smart energy research group. Prof
Song explains, ‘Our group members have various
interdisciplinary studies to address the pressing
needs of high-density load cities, such as Macao,
where there has been a substantial increase in
the use of new energy, data centres, and electric
vehicles. Our goal is to overcome challenges
presented by the smart energy system through
innovative research findings.’

As a city with a high-density load, Macao’s energy
consumption structure is similar to most other cities.
Studies in the laboratory show that direct energy
consumption in electricity, transportation, and
buildings accounts for nearly 90 per cent of Macao’s

BB
Prof Dai Ningyi

21 2023 UMAGAZINE 27 - JBA¥:E

local carbon emissions. To reduce this consumption,
it is necessary to use a combination of technologies
such as electrification, smart grid, clean energy
substitution, and low-carbon buildings.

Researchers in a project led by Prof Song have
developed a demand-side load regulation system
containing a high proportion of new-energy-based
power systems. The new pathway for flexible load
regulation capacity to follow the changes in power
generation has given rise to a number of innovative
theories and technologies. Not only have these key
technologies found extensive applications in China
(in the power grids in 11 provinces and cities) and
abroad, but they are also expected to play a major
role in facilitating China’s realisation of its ‘Dual
Carbon’ goals and in supporting Macao’s low-carbon
development strategy. According to Prof Song, UM’s
research results will provide guidance to the highly
developed cities along the southeast coast of China.

Smart Integrated Energy Management
Platform

The research group develops smart technologies
to enhance the power grid of Macao. These
technologies can address Macao’s needs based on
its urban characteristics, such as its high building
density, high electrical loads and intensity, and
many buildings. In terms of demand-side loads,
the researchers are studying the incorporation
of the flexible load mode into normal power
system operation, so as to carry out flexible and
automatic dynamic power supply for large electrical
equipment, including electric vehicles and central
air-conditioners. The group also conducts studies
on energy storage, DC power distribution, and other
urban smart grid technologies to boost the quality
and capacity of electricity supply, as well as the
affordability and safety of power grids.

At the same time, the group has focused on
enhancing the smart energy monitoring system
and methods for energy data modelling and
visualisation. They built the University of Macau
Smart Integrated Energy Management Platform to
realise mathematical modelling of campus buildings,
power systems, key equipment, and other entities.
With this platform, voltage, frequency, node
energy consumption, and other energy data may
be monitored in real-time. Researchers have also

studied topics such as smart load management,
multi-energy optimal dispatching, energy usage,
and safety protection, accumulating practical
experience for the application of smart grids in
urban scenarios in the future.

At present, SKL-IOTSC is collaborating
with organisations such as Companhia de
Electricidade de Macau, GREE Electric, State
Power Investment Corporation, Guangdong
Power Grid Corporation, and Zhejiang University
to develop technologies based on |oT, big data,
and artificial intelligence to realise panoramic
sensing and imaging, smart operation control,
abnormality monitoring, and safety protection
in integrated energy systems for electricity, gas,
and cooling/heating. These technologies will be
applied in Macao and mainland China to further
enhance the efficiency of urban energy use and
ensure the safety of urban energy supply. In
addition, the laboratory has been working with
State Power Investment Corporation to study
the optimisation of Hengqin's regional cooling
system, which will serve as a good example
of energy saving and emission reduction in an
urban scenario.

Research on EV Smart Charging to Reduce
Carbon Emissions

The large-scale development of electric vehicles
(EVs) has created a significant impact on the power
grid. The laboratory therefore collaborates with CEM
and Tsinghua University on a study of the long-term
development of EV charging in Macao. Using
advanced technologies such as new energy, artificial
intelligence, loT, and big data, researchers aim to
predict the load level of EV charging in different
scenarios in the future development of Macao,
analyse the possible impact on the power grid, and
systematically study such issues as the planning
of Macao charging facilities, the optimisation of
the charging operation, and the development of
a full revenue cycle model. Through these efforts,
researchers hope to promote EV smart charging,
increase the efficiency of the power grid, and ensure
the quality of the urban electricity supply.

The group also conducts research on the future
business model of EV smart charging and explores
the feasibility of future EV time-of-use pricing
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policies, with a view to promoting the development
of EV and charging facilities through economic
incentives and providing reference for relevant
development plans. The group estimates that
Macao can reduce carbon emissions by about 19
per cent through the electrification of transportation.

Building a Low-Carbon Greater Bay Area
Together

UM and China Southern Power Grid recently
established the Joint Laboratory of Smart Power
and Energy for Carbon Neutrality, which is the first
industry-academia collaboration platform in the
field of energy between Guangdong and Macao.
The joint laboratory is dedicated to scientific
and technological research, talent training, and
industrial promotion in the field of smart power
and energy, in order to realise the deep integration
of industry, universities, and research institutes.
Dai Ningyi, assistant dean of UM’s Faculty of
Science and Technology and associate professor
in the Department of Electrical and Computer
Engineering and SKL-IOTSC, says that the growth
of EVs and the urban renewal process have
increased the burden on the power supply in
Macao, making it difficult to maintain consistent
energy levels in older districts of the city. Through
research cooperation, universities and enterprises
can find solutions to these new challenges that
plague smart city development and contribute to
the innovative development of the energy sector
in the Guangdong-Hong Kong-Macao Greater Bay
Area (GBA) and across the country.

To help Macao, Shenzhen and other GBA cities
meet their target of energy conservation, the
laboratory has advanced loT technologies for
regulating energy efficiency to ensure the flexible
distribution of resources in power grids. Its
research strategy highlights four aspects, namely
time-varying modelling, information interaction,
regulation and control, and interaction verification.
Itis currently working with Shenzhen Power Supply
on an industrial project announced by China
Southern Power Grid for research institutions in
Hong Kong and Macao, namely ‘key technologies
for flexible resource assessment and interaction
in loT-based urban power grids under the double
carbon goals’, with the goal of applying the
research results in the GBA.
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Developing Safe and Efficient Autonomous

Driving Technologies
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Text / Kelvin U, Trainee UM Reporter Zhu Jiangge - Photo / Jack Ho, with some provided by the interviewee -

English Translation / Winky Kuan
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An intelligent transportation research project from SKL-IOTSC has won
the second prize in an international Al competition
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Intelligent transportation is a key component of
smart cities as it enables people to avoid risks
on the road. Among the many technologies in
this field, autonomous driving and the intelligent
networking of vehicles and infrastructure have
drawn a lot of attention and become global
technology battlegrounds. Focusing on these
core technologies in the future of transportation,
an intelligent transportation research group of the
State Key Laboratory of Internet of Things for Smart
City (SKL-IOTSC) at the University of Macau (UM)
strives to solve scientific problems to enable the
coexistence of manual and autonomous driving in
large-scale, complex, and uncertain environments.
This will contribute to the development of a safe,
efficient, and intelligent transportation system.

Key Intelligent Driving Technologies

Autonomous driving technology, an iconic application
area of artificial intelligence, is trending in the global
automobile industry today. However, implementing
this technology still presents many challenges.
The research group, led by Xu Chengzhong, dean
of the Faculty of Science and Technology, interim
director of the Institute of Collaborative Innovation
and chair professor in the Department of Computer
and Information Science, focuses on two major
scientific topics. These topics include ‘swarm
intelligence and cooperative control of connected
vehicles in large-scale and complex situations’ and
‘high robustness and adaptability of autonomous
driving in uncertain open environments.” The
group studies the applications of advanced
technologies such as the Internet of Things
(loT), 5G communications, cloud computing,
and artificial intelligence in autonomous driving.

In 2020, a research project led by the group, titled
‘Key Technologies and Platforms for Collaborative
Intelligence-driven  Autonomous Vehicles’ was
awarded funding by the Macao Science and
Technology Development Fund as a key R&D project
in artificial intelligence, becoming one of the largest
research projects in Macao’s history. The project
brought together a number of leading institutes in
the field of autonomous driving in China. In the past
three years, UM has collaborated with the Shenzhen
Institute of Advanced Technology of the Chinese
Academy of Sciences (CAS) and proposed a new
model robustness evaluation for autonomous driving
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technology, laying the foundation for a truly safe
autonomous driving system. The research results
were presented at the Conference on Computer
Vision and Pattern Recognition (CVPR) 2021, which
had a paper acceptance rate of only 4.59 per cent.
CVPR is one of two important conferences in artificial
intelligence. The team’s results were also presented
at the Conference on Neural Information Processing
Systems 2022, and will be showcased again at
CVPR in 2023.

In addition, the group has made breakthroughs in
the perceptual, cognitive, decision-making, and
planning ability of intelligent driving technology and
has published over 100 papers in top conferences
and journals, such as international academic
conferences recommended by the China Computer
Federation (category A and B) and IEEE journals.
The group has also won several awards in major
international competitions, including the CVPR2021
Security Al Challenger and CVPR2022 3D Object
Detection Competition.

Autonomous Bus

On the road, traffic scenarios vary with a high degree
of complexity and diversity, so it is difficult to cover
all scenarios with data-driven models. This is a key
issue to address in the field of autonomous driving.
To enable safe and intelligent driving, the group is
constantly working to improve vehicles’ ability to
detect the external environment by using various
perception technologies. The group has developed

the first autonomous bus in Macao in collaboration
with experts from the Shenzhen Institute of Advanced
Technology of CAS, the National University of
Defense Technology, Baidu, and Shenzhen Haylion
Technologies. In the project, the researchers
combined technologies such as artificial intelligence,
big data, loT, and cloud computing to collect traffic
information. Based on a transfer learning method,
the autonomous bus is able to operate safely and
reliably in an open and uncertain environment,
integrating itself with the environment to form an
efficient transportation system.

According to Prof Xu, in autonomous driving
mode, the bus can detect both static and dynamic
obstacles, including vehicles and pedestrians, as
well as traffic signs, zebra crossings, and traffic
lights, by using a depth perception model based on
data collected by multiple sensors. The bus would
know when to slow down or stop based on the
actual situation on the road. The group also applied
a high-precision positioning method that integrates
laser radar, inertial navigation, and simultaneous
localisation and mapping (SLAM) algorithm to realise
self-planning and navigation of the autonomous bus
to improve driving safety.

In August 2022, the autonomous bus left the
UM campus for a 17-day intelligent driving
performance test. The bus travelled across the
border via the Lotus Bridge between Macao
and Henggin and navigated the roads within
the Traditional Chinese Medicine Science and
Technology Industrial Park of Co-operation
between Guangdong and Macao, where the
Zhuhai UM Science & Technology Research
Institute Phase Il is located. By combining the
results of performance tests on the UM campus
with the latest research findings, the researchers
managed to significantly enhance the bus’s
capabilities in environmental adaptability and
perception, localisation, obstacle detection, and
path planning. Moreover, the group deployed
a 5G-based vehicle-infrastructure cooperative
system on the bus to strengthen its capabilities
using cloud and edge computing technology.

Asthenextstepintheproject, theresearchteam will
conduct in-depth studies on vehicle-infrastructure
cooperation in complex traffic environments,
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intelligent driving technologies based on cloud
and edge computing technology, as well as
test platforms for industrial applications. The
autonomous bus will be further tested on open
roads in Macao and roads within the UM campus.
It is expected that UM members will experience
autonomous driving technology on campus in
the near future.

Combined Virtual and Real Transportation
Platform

Toinvestigate the swarmintelligence and collaborative
control of networked vehicles in complex situations
in which manual and autonomous driving coexist,
the group has built the Combined Virtual and Real
Transportation Platform that allows autonomous
vehicles to be tested virtually in scenarios that are
difficult to simulate in the real world. Using the
platform, the group also performs stable, reliable,
and controllable tests on single vehicle intelligence
as well as vehicle-infrastructure cooperation systems
to further improve the robustness and adaptability
of autonomous vehicles in open and uncertain
environments, so as to realise panoramic perception,
precise navigation, intelligent decision-making, and
efficient control.

In November 2022, using the platform and
metaverse technology, the group built the Macao
Car Racing Metaverse (MoCAM) Platform, the first
of its kind in Macao, aiming to create world-leading
simulated and real scenarios. The MoCAM Platform
can simulate the flow of vehicles and people and
superimpose real autonomous vehicles to create
a multi-dimensional and mixed-reality metaverse
platform. It can also calculate the adaptability of
autonomous vehicles to various traffic scenarios on
the road to prevent accidents.

According to Prof Xu, the group will make good
use of UM’s advanced technology in the field of
intelligent driving and leverage the policies and
geographical advantages of the Guangdong-Macao
In-Depth Cooperation Zone in Henggin. It will also
provide automation and standardisation testing
and certification services for autonomous vehicle
manufacturers in Guangdong and Macao, and strive
to build a first-class international intelligent driving
test site in the Guangdong-Hong Kong-Macao
Greater Bay Area.
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Enhancing Structural Health Monitoring and Disaster

Response Capabilities
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English Translation / Anthony Sou
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The laboratory conducts digital health monitoring for infrastructure projects
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SKL-IOTSC researchers carry out simulations and risk assessments to study the marine disaster chain Prof Zhou Wanhuan

caused by extreme weather events in coastal cities

As the populations of major cities continue to
grow, the challenges facing the maintenance and
operation of civil infrastructure have become more
and more complex. In particular, the reduction of
safety hazards and mitigation of natural disasters
are two alarming contemporary issues. In view of
this, a research group on public safety and disaster
prevention of the University of Macau’s (UM) State
Key Laboratory of Internet of Things for Smart City
(SKL-IOTSC) studies the marine disaster chain
caused by extreme weather events in coastal cities,
and strives to build an intelligent maintenance and
risk assessment system for monitoring structural
health and issuing early warnings, in order to
protect the lives of urban residents.

Studying the Marine Disaster Chain in
Coastal Cities

Cities in the Guangdong-Hong Kong-Macao Greater
Bay Area (GBA) are located on the westward path of
typhoons originating in the Western Pacific. During
typhoon season, these cities are frequently hit by
typhoons and may experience severe urban floods,
landslides, and other secondary disasters. With storm
surges and geotechnical hazards as the focus, the
researchers conduct simulations and risk assessments
to study the marine disaster chain caused by extreme
weather events in coastal cities.

SKL-IOTSC inaugurated the UM Satellite Ground
Station in February 2023. The station can receive
data from meteorological satellites and high-definition
satellites, which greatly improves the observation
accuracy for detecting key elements of disasters
as well as regional mobile detection capability. The
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establishment of the station also marked the deep
integration of marine science, the Internet of Things,
and remote sensing technology, which can facilitate
future studies on topics such as climate change,
typhoons and rainstorms, the marine environment,
and air pollution in coastal cities.

The group built the Urban Flooding Simulation
Platform to collect various data. The data include
the results of hydrodynamic processes that
simulate storm surge events, information about
tide levels and relevant warning signals, the
spatiotemporal distribution of surface flood flows,
the measurements at each meteorological and
hydrological station, as well as the spatiotemporal
distribution and depth of flood discharges in the
underground pipe network during flood events.
These data help researchers better understand the
marine disaster chain and improve the integrated
capability of coastal cities in disaster response.

Assessing Structural Safety in a Timely
Manner

The group is committed to exploring the impact of
natural disasters on people, vehicles, and important
fundamental facilities in an urban environment. The
researchers have conducted many cutting-edge
studies on topics such as structural health
monitoring, intelligent operations, and intelligent
maintenance, with the goal of enhancing the
resilience of coastal cities. Many of them have
received grants from national or provincial research
funds and have achieved fruitful results.

To monitor the health of civil infrastructure, the group

has proposed innovative Bayesian methodologies
to assess structural safety, predict structural
performance changes, and issue early warnings for
unexpected events in a timely manner. Yuen Ka Veng,
distinguished professor of the Department of Civil and
Environmental Engineering, is a long-time researcher
of Bayesian analysis and applications. Headed by Prof
Yuen, the group has built a Bayesian framework for
structural health monitoring, which not only ensures
the safe operation of fundamental facilities, but also
provides an important theoretical basis and technical
support for relevant studies in the field.

Large buildings occasionally experience emergencies,
and in the worst-case scenario, face a risk of
collapse. ‘We strive to detect structural damage
in buildings in the shortest possible time using
intelligent algorithms,’ says Prof Yuen. In view of the
complexity of the operation of large structures, the
researchers proposed a novel Bayesian distributed
identification algorithm for structural parameters
based on a wireless sensing network. The algorithm
can address the problem of non-synchronised data.
When a sensor failure occurs, the algorithm can also
help to find the faulty sensor to ensure the accuracy
of data analysis. These results have been published in
a Springer monograph.

3D Intelligent Operation and Maintenance

It is challenging to ensure the safe operation of
sea-crossinginfrastructure considering the complex
conditions in a coastal environment and the risk of
natural disasters. To reduce their combined effect,
the researchers have been studying intelligent
algorithms and assessments for sea-crossing
infrastructure. In 2019, SKL-IOTSC began working
with the Hong Kong-Zhuhai-Macao Bridge (HZMB)
Authority and other units to promote the intelligent
operation, monitoring, and maintenance of the
bridge with cutting-edge technologies. Two such
projects are under the National Key Research and
Development Programme and the Guangdong
Provincial Key Research and Development
Programme, respectively. The national-level project
focuses on the applications of smart technologies
in the operation and maintenance of HZMB, while
the provincial-level project investigates intelligent
safety monitoring and emergency control for
sea-crossing projects.

Focusing on these weak connecting parts and the
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deformable connecting parts between the immersed
tubes, the researchers designed a 3D deformation
sensing system for the bridge based on fibre grating
technology. Combining technologies such as physical
modelling, edge computing, wireless network
transmission, and intelligent algorithms with big data,
the system can effectively predict and assess the
health of different parts of the bridge. Zhou Wanhuan,
head of the Department of Civil and Environmental
Engineering and professor in SKL-IOTSC, is the lead
researcher of the project. ‘Our 3D deformation sensing
system is based on fibre grating technology. It can
monitor the immersed tube over an extended period
of time and detect signs of deformation in real-time
to ensure that necessary maintenance measures are
taken promptly,” Prof Zhou says.

Monitoring the Health of Sea-crossing
Infrastructure in the GBA

The research group takes advantage of theoretical
developments in Bayesian system identification,
stochastic model updating, and probabilistic
machine learning. Through the platform, the
researchers analyse data from the environment, wind
load data, and dynamic responses to monitor the
health of structures such as the Qingzhou Channel
Bridge, the Second Henggin Bridge, and the N21
Research Building at UM. The platform can achieve
intelligent analysis on massive environmental data
and load data, and demonstrates research results
such as the finite element model of the benchmark
structure, as well as the extraction and prediction of
key health indicators.

Urban resilience is a prerequisite for risk prevention
and control in a city. The numerous existing and
ongoing large-scale infrastructure projects in the GBA,
including sea-crossing bridges, underwater tunnels,
and high-rise structures, all face challenges brought
by long-term maintenance and safe operation. They
will also affect the integrated development of coastal
cities in the region. ‘Using intelligent and automated
means, we are able to locate damage and evaluate
the severity as early as possible in order to buy time
to reinforce the structure,” says Prof Yuen. ‘We will
continue to accumulate practical experience in
disaster prevention and mitigation in coastal cities
and structural health monitoring, in order to further
improve the urban public safety system.’
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The RCs offer non-credit-bearing tutorials and extracurricular workshops as academic support for students
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The RCs offer a variety of experiential learning programmes to enable
students to develop different competencies

HBEIFET « TOPIC INSIGHT

RATEBE] > ARRNBELEEFFEE -

ERASERENEED —UERABBAENHES
HARBMEZNIEEEN > EHEN > BUMY
HHNEBEBRENMERG  TRRERMHESEFEH
EMIEETBREBERAS - BERENZER
BIUMPINEAER  CHREENESNREHSE
BERERMESR -

EEMXFLIE > ATRR2RAMEXZRGIER
PRAER B IRREFc BT E R EETEEN AR - B
AEMENHEE  RESIUNEEREBHRIE
Ko BERUEBMBERAZRNESARESR
B o MR KRIFERBMER - oL R HE
ARREEMBEUI > THAREEZ2MNEE
R ANTEEEE  BAUREERXF - B
HBREUNFEBETLACIERRERIN B E L
UhGHREBSEREBMEHS o

BB E L ERE

EELEMBERG I E  SRLFESHBIRIESE
ENEERS - ATE-TBLCRENTERSE T
FNTEERBAABETE » BAE2022/2023
BEMAGRMANENSEHEE RS ELRBEE
EARBIMEE (EXBERIMEZTELREER

e )

= I TR

AL s S (s iy 00
Bl sl sl

[

~ v AN T 4

BURAER—FRB2L BEBRNERMESH

Each first-year student at UM is given two identities, one by the faculty
and another by the RC
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Walking on Alumni Avenue at the University of Macau
(UM), one can see colour-coded buildings on both
sides. The buildings with blue roofs are faculty buildings,
while those with walls in hues of orange are residential
colleges (RC). During peak hours, the avenue is bustling
with students rushing to classrooms for lessons or
returning to RCs to have meals, rest, or study. At UM,
the RCs are not only a place of accommodation, but
also a platform for community and peer education and
knowledge integration.

Exploring Residential College Education

College-based education systems can be found in
the history of both China and Western countries,
from the Bailudong Academy in the Song dynasty to
colleges of the University of Oxford and the University
of Cambridge in the 13" century, and they provide
valuable experience for the implementation of modern
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Students are encouraged to have meals with professors for
mutual inspiration
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college systems. Blessed with a unique historical
background and advantageous geographical location,
Macao became a centre for exchanges between
Chinese and Western civilisations. UM, as a university
rooted in the city, has inherited the Chinese tradition
and has introduced elements of Western educational
systems into its education layout, and the RC system
is an important component.’

UM has developed its RC system for more than ten
years, starting with the establishment of two RCs
in 2010, namely Pearl Jubilee College (now known
as Henry Fok Pearl Jubilee College) and East Asia
College (now known as Stanley Ho East Asia College).
Over the years, the RC system has evolved from a trial
project to an integral part of the university’s ‘4-in-1’
education model, which consists of discipline-specific
education, general education, research and internship

education, and community and peer education.

Providing a Stimulating Environment for
Students

One of the features of UM’s education setup is the
integrated education system in which faculties
and RCs achieve synergy by complementing each
other. Serving as a platform for community and peer
education and knowledge integration, the RCs help
undergraduate students achieve development through
experiential learning outside the classroom. ‘We are
committed to providing a stimulating environment and
adopting an experiential learning approach, with the
goal of cultivating well-rounded students equipped
with intellectual and moral capabilities. After ten years
of development, the RC system has evolved into a
distinctive model for talent cultivation at UM,” says
Mok Kai Meng, vice rector (student affairs).

Prof Mok is an expert in civil engineering with nearly 30
years of education experience at UM, where he served
as dean of the Faculty of Science and Technology and
founding dean of the Honours College. Since 2017,
he has been the interim college master of Henry Fok
Pearl Jubilee College, a position he continues to hold
today even after assuming the role of vice rector in
2022. Over the past year, he made frequent visits to
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A leadership training activity for RC students
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the ten RCs to meet with college masters, associate
college masters, college fellows, and students to
listen to their suggestions on how to improve the
RC system, hoping to more effectively promote the
holistic development of students.

Accommodating students from all over the world,
the RCs strive to create a home-like atmosphere
in a multicultural environment, where students can
achieve personal growth with guidance from their
colleges and peers throughout their university life, a
momentous stage of their development. Graduates
who have lived and studied in the RCs over the years
have come to appreciate the college environment
that is conducive to whole-person education. The
RCs not only cultivate practical skills in students, but
also instil in them good moral character, team spirit,
respect for others, and a positive attitude towards
learning. These soft skills can benefit students greatly
throughout their lives,” says Prof Mok.

Improving the RC System to Achieve
Educational Goals

Following UM’s relocation to its current campus on
Hengqin Island in 2014, Pearl Jubilee College and
East Asia College were renamed Henry Fok Pearl
Jubilee College and Stanley Ho East Asia College,

o
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respectively. Since then, UM has also established
eight new RCs, namely Chao Kuang Piu College,
Cheng Yu Tung College, Cheong Kun Lun College,
Choi Kai Yau College, Lui Che Woo College, Ma Man
Kei and Lo Pak Sam College, Moon Chun Memorial
College, and Shiu Pong College. The establishment
of the ten RCs signified the full implementation of the
RC system, which not only offers students a full range
of experiential learning opportunities, but also defines
the competencies that students need to develop
through community and peer education.

Serving as an important vehicle for community and
peer education and an integrated learning platform
at UM, the RCs provide effective guidance and
full support for students to achieve success in the
other three aspects of whole-person education,
namely discipline-specific  education, general
education, and research and internship education.
More importantly, the RCs work in synergy with the
faculties to create an environment conducive to
multidisciplinary and multicultural interchange, as
well as collaborative learning.

In 2019, the RC system began a phase of development
and enhancement based on previous experience, and
defined new educational goals by encapsulating the
outcomes of RC education into seven competencies.
These competencies include responsible citizenship,
global competitiveness, knowledge integration,

BEME
Student Assistants

teamwork and collaboration, service and leadership,
cultural engagement, and healthy lifestyle, with
each competency consisting of four attributes that
complement each other. ‘RC education is designed to
promote whole-person development. Along with the
professional knowledge students gain in the faculties,
the competencies they develop in the RCs will have
a positive influence on their future lives and careers.
These competencies are essential for students to
achieve whole-person development,” says Prof Mok.

Fostering responsible citizenship in students is an
important part of RC education. This competency
encompasses four attributes, namely affection for
home country, social responsibility, law-abidance,
and integrity. According to Prof Mok, students
should demonstrate a strong sense of responsible
citizenship, regardless of their background. To this
end, the RCs have trained ambassadors for the
promotion of the Constitution of China and the Basic
Law of Macao SAR and the enhancement of related
activities and programmes. The RCs also arrange for
students to participate in community services with the
goal of cultivating responsible citizenship and social
responsibility in them, so that they will learn to care for
others and serve those in need.

With extensive experience in education, Prof Mok has
dedicated himself to creating long-term educational
goals for the RCs since he assumed office as vice rector.

FESR
From Faculty
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Resident Tutors (AT}

WezahE
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The organisational structure of the RCs
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RC students engage in community services in different places to cultivate responsible citizenship

In 2022, upon the foundation laid during the previous
stages, he and his team began building a system to
align RC education initiatives with the objectives of
community and peer education in the ‘4-in-1’ education
model, in order to enhance the effectiveness of RCs as
a platform for knowledge integration.

At the heart of the RC education system is the core
strategy of ‘1752’, which includes a one-year RC
residence experience, seven learning competencies,
five major educational measures (RC activities,
communal meal participation, RC courses, meeting
regularly with mentors, and High Table Dinners), and
two types of care (pastoral care and academic support).
These educational initiatives exemplify the system of
whole-person education underpinned by the RCs.

One-year Residence Experience: The RCs as
a Mega Classroom

How does the RC system implement UM’s vision for
education? Each first-year student at UM is given
two identities, one by their faculty and another by
their RC. Students are randomly assigned to one
of the ten RCs, where they will stay for at least one
academic year. Each RC houses about 500 students
from different disciplines and provides a dynamic
environment for them to learn to communicate and
collaborate with individuals from different cultural
and academic backgrounds. This experience equips
students with the necessary tools to succeed in the
world outside the university upon graduation.

Interaction in life and learning between academic
staff and students in the RC is also a crucial aspect
of the RC system. Each college has a college master,

an associate college master, and about two resident
fellows. They live together with students in the RCs,
working together to foster growth in the students in
a supportive and engaging environment. In addition,
each RC has about 50 non-resident fellows from
various departments and faculties.

All the RCs are equipped with a full range of living
and learning facilities. In addition, each RC offers
different learning programmes according to its own
characteristics to meet the goals of community and
peer education, and provides a space for students
to leverage their creativity and soft skills. Some
UM graduates met like-minded peers during their
time in the RCs and they have gone on to become
business partners after graduation and are now
contributing to different industries in Macao and
across China. ‘The RCs are not merely a place to
reside and have meals. They are actually a mega
classroom for community and peer education, where
students can take different courses, participate in
various activities, and interact with their peers from
different disciplines, thus developing their seven
competencies. This is the unique education model
embodied by our RCs,’ says Prof Mok.

Seven Competencies and Five Educational
Measures

The seven competencies are cultivated in students
through five educational measures. The RCs organise
a variety of experiential learning programmes and
activities, including compulsory courses, talks,
outdoor exercises, cooking competitions, and
theatre performances, allowing students to develop
competencies. For communal meal participation,
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A High Table Dinner

students are encouraged to have meals with
professors and chat with them about their studies
and future development, which helps students
and professors build friendships and spark mutual
inspiration. Such a home-like atmosphere can help
students develop a strong sense of belonging to their
RCs and makes the RCs their second home.

The RCs adopt a curriculum-based approach in
their programmes to provide experiential learning
for students and nurture their interests to enhance
their soft skills. There are two compulsory courses
for community and peer education, namely, ‘RC
Experiential Learning’ and ‘RC Community Team
Project’. The former guides students in planning their
four years of university life, while the latter aims to
develop students’ teamwork, communication skills,
and responsible citizenship through interdisciplinary
projects, as well as to provide students with a
comprehensive understanding of the needs of society
and explore ways to address social issues.

Furthermore, the RCs regularly host High Table
Dinner and require students to attend. These events
aim to inspire students with an elegant environment
and formally dressed professors, guests, and peers.
Keynote speakers from different fields are often invited
to share their life experiences, which helps to broaden
students’ horizons. The events also offer opportunities
for students to learn proper table manners and
etiquette. Attending the first High Table Dinner
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often gives first-year students a sense of newfound
maturity, as if they have grown up in an instant. The
experiences also enable them to handle similar social
gatherings in the future with ease. According to Prof
Mok, the High Table Dinners provide an excellent
opportunity for students to learn to communicate and
build a network with people from different fields and
professions in a formal social setting, which will help
them develop their future careers.

Two Types of Care

The two types of care (pastoral care and academic
support) can be seen as the backbone of the system
of whole-person education underpinned by the
RCs. They also embody the RCs’ unique education
objectives of guiding students towards academic
excellence, holistic development, and personal
growth. In the RCs, academic staff and social workers
provide guidance on personal and career development
for students to help them cultivate a positive attitude
towards life, pursue various experiences in a
structured manner, develop the seven competencies,
and prepare for their future careers.

Each student is assigned at least one residential
academic staff member as a mentor, and one-on-one
meetings are held between them on a regular basis
to establish mutual trust and a communication
channel, through which the mentor can effectively
provide emotional support and positive values for
the student. Mentors also create personal profiles

for their students to track their progress and ensure
personalised care and cultivation.

In terms of academic support, a team of non-resident
fellows, composed of professors from different
departments and fields of expertise, plays animportant
role. Students can turn to the professors in the RCs
when they encounter difficulties in their studies. They
are also encouraged to join the blended learning
courses offered by faculties. In addition to providing
students with guidance on personal development
and academic support, the resident and non-resident
fellows in the RCs also offer non-credit-bearing
tutorials on professional topics, general education
topics, and academic language. RCs and faculties
also collaborate to offer extracurricular workshops
and academic activities on various themes.

Assisting Students in Career Planning

In terms of pastoral care, the RCs have stepped up
efforts to assist students in career planning in recent
years. To improve students’ career planning skills
and enhance the integrated learning platform of the
RCs, UM partnered with the Macao New Chinese
Youth Association to introduce the Global Career
Development Facilitator training in the 2022/2023
academic year for staff members working in the RCs
and in the area of student affairs. The course aims
to enable staff to help students plan their careers
through a standardised career counselling process
using professional tools.

‘Many of our students are inspired after participating
in the experiential learning programmes offered by
the RCs. Now they are more aware of what they are
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capable of, and dare to challenge themselves and
explore their potential. We hope that, by providing
better assistance in career planning in the RCs, we
can encourage more students to make plans for
their future and improve their related skills. In this
way, they will have a clear career path ahead, and
will be able to integrate into national development
and seize development opportunities upon
graduation,’ says Prof Mok.

Education in Subtle Nourishment

Education is a subtle nourishment, fostering
growth without a sound. The various educational
initiatives implemented by the RCs have a subtle
but profound influence on the students.

Prof Mok hopes that with the support of the RCs,
all students will cultivate their innovative thinking
skills and leadership skills, which will help them
become innovative and responsible global
citizens with both expertise and integrity that
can take on important tasks and gain a foothold
in the highly competitive global environment to
contribute to society.

HEBRERER2 AHBER RFIARNRER) > WIRBBART

Whole Person Education in Residential College: The Experience of
University of Macau, published by Zhejiang University Press
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Website of the Residential College System
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UM introduced the Global Career Development Facilitator training in the 2022/2023 academic year to improve career planning services for students
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Enhancing Targeted Cancer Therapy with

Supramolecular Technology

X | FEB - RERERER - B/ (AT B0 BRANERHE

Chinese & English / Davis Ip, UM Reporter Emmige Zheng - Photo / Jack Ho, with some provided by the interviewee
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This figure shows the changes in RAW264.7 cells in mice at 10, 20, 30
and 60 minutes after they have been exposed to a mixture formed by two
types of modified gold nanoparticles.
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This image shows three groups of mice treated with gold nanoparticles
at different times after injection, with the third group showing the most
effective accumulation of gold nanoparticles at the tumour site.
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This figure shows how a supramolecular drug can hitchhike and
self-assemble in immune cells inside the body, enhancing drug delivery to
tumours via immune cells hitchhiking for photothermal therapy (PTT).
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A team of researchers at the University of Macau
(UM) has developed an innovative technology that
combines nanoparticles, bacterial membranes,
and immune cells to deliver drugs directly to
tumours to attack cancerous cells. Led by Wang
Ruibing, a supramolecular chemist and associate
professor at UM’s Institute of Chinese Medical
Sciences (ICMS) and State Key Laboratory
of Quality Research in Chinese Medicine, the
team seeks to bring about more effective and
personalised cancer treatments at a lower cost.

Supramolecular Smart Biomaterials
Improve Targeted Drug Delivery

Since joining UM as a faculty member in 2014,
Prof Wang has brought a wealth of experience
in supramolecular chemistry, supramolecular
biomaterials, radiopharmaceuticals, and
molecular bioimaging to the university. Elected a
fellow of the Royal Society of Chemistry in 2020,
Prof Wang studies how molecules interact with
each other and assemble themselves through
non-covalent bonding, which creates simple
yet smart structures with unique biological
properties. He describes these structures, known
as supramolecular molecules, as ‘molecules
holding hands’. Through studying supramolecular
chemistry, scientists have developed molecular
structures for various needs, such as medicines
and healthcare products.

Hunting Down Solid Tumour Tissue

According to Prof Wang, some anti-cancer drugs
are often absorbed by non-cancerous tissues
and cells before they reach their intended target,
which can lead to unwanted side effects and
provide limited therapeutic benefit to the patient.

To address this issue, scientists have developed
various methods to deliver drugs and
nanomedicines to tumours. One approach is to
use the patient’s own cells that cancer tissues
tend to attract. These cells are extracted from the
patient’s body, modified or infused with drugs in
a sterile environment, and then reintroduced into
the body to help destroy cancer cells via targeted
drug delivery. However, this method is often
costly, time-consuming, and carries the risk of
cell contamination outside the body. In search of a
better solution, Prof Wang’s team has developed
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a technique that enables nanomedicines to ‘hitch
a ride’ on macrophages in the body. In this way,
nanomedicines can reach cancer cells by taking
advantage of the innate ability of macrophages,
which are a type of immune cells, to migrate to
and accumulate in areas of inflammation in the
body, a process known as inflammatory tropism.

In essence, the team has developed a supramolecular
nanomedicine that uses a macrocyclic compound
called B-cyclodextrin  (B-CD) as the host
molecule and adamantane (Ada) as the guest
molecule to modify, respectively, the surface
of gold-nanoparticles (GNPs), which are used
commonly in cancer therapy and diagnosis.

To create the supramolecular nanomedicine, the
researchers coated the 3-CD-modified GNPs and
the Ada-modified GNPs with the membrane of
E. coli outer membrane vesicles. This membrane
serves as a protective barrier that prevents the
GNPs from prematurely interacting with each other
via B-CD-Ada host-guest interactions before they
are administered to a patient. In addition, the E.
coli membrane coating makes this nanomedicine
‘bacteria-mimetic’. Once intravenously injected
into the patient’s body, the E. coli-mimetic
nanoparticles are engulfed by macrophages.

The membranes of E. coli are then broken down
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Prof Wang Ruibing’s research team was awarded a silver medal at the
2022 Guangdong-Hong Kong-Macao Greater Bay Area High-value Patent
Portfolio Layout Competition
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by lysosomal enzymes, paving the way for
supramolecular assemblies of [B-CD-modified
and Ada-modified GNPs into supramolecular
aggregates. These aggregates are formed via
supramolecular host-guest interactions, also
personified as ‘hands-holding’. ‘The cancer
tissue is the destination, the macrophages are the
transportation vehicles, and the supramolecular
medicines are the hitchhikers. Without the vehicles,
the hitchhikers alone may not efficiently reach their
intended destination,” says Prof Wang.

Photothermal Cancer Therapy

Inside the macrophages, the supramolecular
aggregates of GNPs also gain a photothermal
property via ‘plasmonic effects’ as a result of
the close contact of the gold surface of these
nanoparticles. This means that they heat up
when exposed to light, which doctors can use
to their advantage. They can direct a specific
laser wavelength to the site of the tumour once
sufficient nanomedicines have gathered in them.
This treatment, known as photothermal therapy
(PTT), generates high temperatures that destroy
the cancer tissue and cells.

The research team tested the efficacy of the
bacteria-mimetic nanomedicine by performing PTT
on mice with melanoma, a type of skin cancer.
The mice were divided into three groups. The
first group received gold nanoparticles without E.
coli outer membrane vesicles, the second group
received gold nanoparticles coated with E. coli
outer membrane vesicles, and the third group
received a combination of GNPs coated with an
E. coli membrane vesicle, with half of the GNPs
modified with host molecules and the other half
modified with guest molecules.

After injection of these formulations, the first group
of mice showed minimal accumulation of GNPs in
the tumour, the second group exhibited improved
accumulation due to the macrophage-hitchhiking
driven by bacteria-mimics, while the third group
showed a significant amount of GNPs deposited
in the tumour, attributed to the intracellular
supramolecular aggregation of GNPs that minimised
premature loss during macrophage-hitchhiking
delivery. When irradiated with laser, the solid
tumour tissue in the third group of mice reached
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a very high temperature, yet no visible damage
was found in the surrounding tissues apart from
the tumour. This again indicates that most of the
supramolecular nanomedicine had reached its
intended target, the tumour tissue. Conversely,
the tumour sites of the two other groups of mice
showed a very modest temperature increase.
Accordingly, when combined with anti-PD-L1, an
immune checkpoint inhibitor, the bacteria-mimetic
supramolecular nanomedicine exhibited the best
therapeutic effect against melanoma, by having
nearly eliminated all tumours from mice.

Towards Validation and Development

In 2022, the leading journal Science Advances
published the team’s paper, titled ‘In vivo
Hitchhiking of Immune Cells by Intracellular
Self-assembly of Bacteria-mimetic Nanomedicine
for Targeted Therapy of Melanoma.’ Prof Wang
is the lead corresponding author and Simon
Lee, distinguished professor in the ICMS, is the
co-corresponding author. Postdoctoral fellow
Gao Cheng and master’s student Wang Qingfu
are the co-first authors. UM PhD students Li
Junyan and Cheryl Kuong, research assistant
Wei Jianwen, and postdoctoral fellow Xie Beibei
also made important contributions to this
research project. The project was funded by the
Dr Stanley Ho Medical Development Foundation,
the Macao Special Administrative Region Science
and Technology Development Fund, the National
Natural Science Foundation of China, and the
Ministry of Education Frontiers Science Center for
Precision Oncology at UM.

The research project was showcased in the 2022
Guangdong-Hong Kong-Macao Greater Bay Area
High-value Patent Portfolio Layout Competition
and received a silver medal, as one of only 25 gold
and silver awardees, surpassing thousands of other
entries. This success has drawn the attention of
several companies in mainland China, which have
expressed interest in partnering with the team to
further develop and test the efficacy and safety of
this innovative method.

Supramolecular Technology: A Versatile
Tool to Improve Disease Therapies

Prof Wang’s team has conducted cutting-edge
studies on the application of supramolecular

T EHENHEERK
Prof Wang Ruibing’s research team

technology for smart drug delivery in recent
years, and this new method of cancer drug
delivery is just one example. Another focus of
the team is to combat acute pneumonia by
enhancing drug delivery to the inflammatory
lungs. To achieve this, the team has developed
a technique that enables drugs to hitch a ride
on red blood cells through a supramolecular
interaction between [(-cyclodextrin anchored
on the cells, and ferrocene anchored on the
surface of nanomedicine. ‘Red blood cells are
biocompatible and have a long circulation time
in the body, which makes them ideal carriers
for drugs that need sustainable delivery.” says
Prof Wang. The team has found that curcumin,
when delivered in this way, provides an effective
treatment for acute pneumonia in mice.

Supramolecular technology also has the potential
to control bleeding both inside and outside the
body, which is a major threat to human life during
surgery or after trauma. One way to tackle this
issue is to inject plasma containing a lot of
platelets, but they may not always reach the site
of bleeding quickly. To enhance the platelets’
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ability to target and clot injured blood vessels,
Prof Wang’s team has used supramolecular
interactions between cucurbit[7]uril (CBJ[7]),
a type of macrocyclic molecule, and other
compounds to modify platelets, turning them
into ‘supramolecularly functionalised platelets’.
In experiments with mice, the supramolecularly
engineered platelets were found to greatly reduce
the time and volume of bleeding compared to
using normal platelets.

Supramolecular chemistry is a fascinating field
that studies non-covalent bonding between
molecules, from electrostatic interactions to
hydrophobic effects. Research results in the
field have already been translated into many
everyday products and have great potential
for the future. ‘Continued research into
supramolecular systems will enable the design
of increasingly smart structures that serve even
more biomedical applications,’ says Prof Wang.
‘Tiny supramolecules have the potential to solve
big problems for humanity, not just through drug
delivery, but by unlocking an endless stream of
ideas and solutions.’

SRAHEE - 2023 UMAGAZINE 27 46



EXCLUSIVE INTERVIEW « A¥)E3h

DEERMK:

FA B R 3E SR I 4H 31 & fE 22

Mind over Machines: Yu Xingzhong's Pursuit for an

Ideal Social Framework

X | BEEB - REGERAE - B/ AT - REGERRE BB B RM
Chinese & English / Davis Ip, UM Reporter Zhang Fangbo - Photo / Jack Ho, UM Reporter Harry Chen,

with some provided by the interviewee

ERRZERERSIE2XETZE  BFIXEA
XHBEERRRREE - BIKEZRZRBEHRE
REREEF > EATIEEFEARMILENEN
RENBE  SEARBEZE-—FTERREOM
BERERBEUEROIAMLEE -

BEEMZEBENHS
1994F e » RERIABOFR—EMER I ER

47 2023 UMAGAZINE 27 - JBA¥:E

MEE SERSAIEETZZBESENE
AothiRE TRIRIEEEXER) WEE : THHEE
ARKRBREBENSAARNEE  TUEREA
RMEBETMBREARERNEH ZE - )

RERERT ATEREEGHRBE BERGONE
MBEASZRIFEDENENTEHEA > BE TF
BRRNEN—EERERREMEA) > Bt

SEHNZEZRBENRERIFER  BMBEANT
ZETHEEHMNKRIANRS > MEEEEEH
REEERENED -

RERRDAD > NIEEREERBANRGZ—2
ZHEZAN TEH) > MBARE —ERE
BZg8 T BEE  BEZRIBEBIRLM
M2k TRl ARRERY AT M E AR o

REER > PEENEER > AIBEREEZR
FERETHNERREZ - EER&E > ABMREM
REENITFEFHERHE ERZERREA
PEFRERERBREENEBEEHENHRE > BF
TEHIE BHAREFAR - THW > E—FF
o B-—EAEREAERXNEE  BMEL
Ko RBREEAR > BRBHAIAR - BEMER
BEABER? WERBRREAN > K2
HANBGERERLAZ  FERRSIABAE
FIRERH) BERRR > FELIETEE -
REREL  AMREREREBERRIMAAL
BEFRM  BBRKAELIFITABERHEER
BIEIBIE -

BEHMBMERA

RERE2022F EREHNEF (MFEE KE
A REE3.0)  HRRFABRZBRTHAEE
FBERRE > BRI RAAERSE 88
R) 2022F + RAREEHE > WHE2023F2A
MEMBEERALIIA THEBS) B8 -

RERESEFURS TEEZLGWMAAIEERT
N BMHNBBLEERERRAIEREE (L
HERERERBEE) &> ABZFLIFEFIL M
BUEEEERCathy O'NeilfisiE THRANRE
BANER)  RBRTHZEENRRE - 1ES !
EmehEREERRALENKKEAILSE
XoMREBMNBDKBE L A\NRREEE
IN&ARAE ©

MERMBIENE T8FHE - RERR > ZE
FEANTIEEEENEERFREULRERNEE
71 MESREMERTRRNALERRTURBE
MEED  BEABRMEANSERSHEEREE
LRk TREREREFHEREEEENKGERE

A¥)E5h « EXCLUSIVE INTERVIEW

BENEE » BUFNEENRERS KR EREGE
BAREEZUAFNEFAEELAEEEN S AME
A BFEEREARAK » WAEROIEREN
2EHEENEBHLEHITARTIE °

WHREBEHEER

RERVEES (XBERESR) MIRZBRAR
ZUBMAMZEBANMERELS - ERNHHELK
BOMEIG77TE2MT X ERERERESSE -
BREBMNABRZERE - R > ME1983F
BRI AZHALEERR GRBAILBUEXR
B) HNEHMEILF - THREBUERIKR > ShE
HMERBGHNEL > SHHABREREEEH
NEE—EEERBLIERE © |

AT RBIRE1985F B LT EIREAMGHEN
—HREMNBEXGE  BNEIZLKBZEZKREugene
Kamenkafl & B KB X IBEBRE Y40 o SR M A%
BE—ARARERIRERETENEE  FEILEHE
REREEMNE L KZREEARAM T E—F% >
B2 o REURTTRMNZEE AR ~ B
BAEAAXNMMEBAZHERZESRE BT E
GASEE > 1T 1986 FE R AILBUZ 2R B EEE

B G 3%

e
ﬁ*ﬁ %

b mmme e AL VD

REREEBTE(HFRR LA B REE3.0)

Prof Yu Xingzhong’s new book Digital Literacy: From Algorithmic Society
to Web 3.0

SRAHEE - 2023 UMAGAZINE 27 48



EXCLUSIVE INTERVIEW « A¥)E3h

FESHMETLE ) EXRBEESMELE -

*AKBEG) ABERESE
RERBRBREINEINFENHE T - 19874 »
EHERLEEABIEEIRLERUEE (R,
Randle Edwards) REFBIEBEER 2L
—RBETIRIEEAEZHME -  RERALTE
1988FEARME  THNFREETFAIXEE
EoMETEBRMNERA T HBESD > EHNLERIES
FREE®RE (KEEF) WMXESFa BBREE
HETHAEREERSE o |

FUBEHRRIFT > RBAREBRAEBRH KRS
FER o ERBARELEERABPREEERELT
BHIENIEE TR ER « RENEM PR EH
£ 1991 FEM1995F A BES M L MIE 21 o
KB HEEER > RNERETZNIT—MEMSHME
B=F > BREGTILRKRENBHEASEH
CRESBRXAREHEMMAREBEI0F » WE
2012F E2022F T EBBRBAE L2 MRIEL
Anthony W. and Lulu C. Wang [ 4 58 fE #3%

7 B AR EIRRE R R A2 Morrill Hall
Prof Yu Xingzhong in Morrill Hall, Cornell University

49 2023 UMAGAZINE 27 - JBA¥:E

2022F8H » MERMARKIEE LB B EH
BoBAFI0OBHEAXHERSSTHAKRR R o M
ZERNEZEFEE CEEREXAKE) (RE
BERBRER) CEETHHEAARECL) o

ERENERRNAER
REREEAREHME TR > $EEBTK
ZLHBE - TEALSRZEBEMETEERT
B AR MIFARER > HEERERS
MAHR - FEETRATFUERETENXH
b BE-LEEFNEBETRAEEESR > I
BARBRENRLE -

RERESR . THBRERBRUERRAUSGE
B -HAWERESRTHEIRZAEBER - OEMN
EMNERHEEER ) MEEAESMEKE
RAEIUBEUEEATR > FERNEAE
A PEERECERR > BERERNEAEAD
ke [ IRR) BEABRABABEEERES
LABBIARRTHHEFT  BENEAEREAR
ARIBRIAES » IR A LR R 2 B 8915 R
B AEEEMNFEAEALET > BEARAN
MENBRBERIFEER o |

R KB BRAE
REEMARKABEWMRIRE2EMNE > B
AREBEBERMRFTENERNESRRADE ©
S/ANXHANEFMERRE  MEBEMZE
2R —ERKBERBHRBATFE » BRER
AERBENESRBERKFTHRERE > BRE
MERGRRENEREME - TRKERM > fth
M2 EERURBRFNEELEA (FREIZA
RIER) RIZ -

BEILFER > RERERS —FEAF O EEENS
BoEMBRAMAEMZFREMLEG  ZE B
BMAMNEE - TERMAEERE > HOER
BERERRTEBVNHEER  EFLACESY
DEBROEE - VEERLEBREREE > NBAES
BIRIREAERNRBENES > BERMAMAR
ENE WRREEEMARNE T © )

REREE (B) TH—FER TS LEE ERMBRBEARAHRRS K

A¥)E5h « EXCLUSIVE INTERVIEW

AR RN ENRE

Prof Yu Xingzhong (right) moderates a roundtable discussion on the societal implications of large language models, featuring insights from UM professors in

communication, law, and technology

In a world where rapidly evolving technology
commands the spotlight, Yu Xingzhong, director
of the Institute of Advanced Studies in Humanities
and Social Sciences (IAS) and chair professor of
the Department of Global Legal Studies at the
University of Macau (UM), asserts that true power
lies within the human mind. As society navigates
the uncharted waters of Al development, he urges
everyone to cultivate their uniquely human qualities,
including empathy and morality, as they can never
be replicated by machines.

Tech's Role in Shaping Legal Education and
Practice

With almost three decades of experience researching
the impact of technology on law, Prof Yu began
exploring the application of artificial intelligence for
legal reasoning in 1994. He takes a ‘technological
realist’ view, avoiding speculation about technology’s
potential utopian outcomes and instead concentrating
on practical solutions based on the capabilities and
limitations of existing technologies.

Prof Yu notes that Al is making significant progress
in many areas of law, including legal compliance
evaluation, contract drafting, and sentencing
prediction. He believes that lawyers who lack
technological proficiency will be replaced by those

who possess it. That is why today’s law students
must develop strong digital literacy skills, which are
not just about understanding cutting-edge tools,
but also include the ability to consider technology’s
broader societal impact.

Prof Yu identifies a significant issue with the current
use of Al in law - the ‘black box’ nature of most
algorithms. Although these algorithms can provide
answers to queries, they do not explain how they
arrived at their conclusions. While ‘explainable
Al’ technology is in development, it has not yet
reached maturity.

Prof Yu adds that Al also lacks moral
considerations, which is crucial in legal work. He
says that moral considerations, which are key to
the work of judges and lawyers, help ensure that
laws align with social values and expectations.
While moral considerations do not have a
definitive right or wrong answer, they must align
with the fundamental principles of human nature.
To illustrate this point, he refers to a previous
case where a man killed his grandfather to inherit
his estate. Although from a legal standpoint, the
man was allowed to inherit the estate, most
people considered it morally wrong. Eventually,
a judge applied the 'unjust enrichment' principle
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to prevent the inheritance. According to Prof Yu,
while some researchers aim to integrate moral
principles into Al systems, current technology is
stillincapable of comprehending the complexities
of human moral reasoning.

Algorithmic Society May Exacerbate
Injustice

In late 2022, Prof Yu published his latest book
Digital Literacy: From Algorithmic Society to
Web 3.0, which examines the potential pitfalls
of an algorithm-driven society. The book has
received critical acclaim, being included on
China’s Legal Weekly’s top ten list of books
about the rule of law in 2022, as well as the
Xinhua Reading List by Xinhua Publishing
House in February 2028.

In his book, Prof Yu examines some potential
ways in which an algorithmic society might
exacerbate injustice. Firstly, he addresses
the long-standing influence of Al algorithms,
particularly deep learning algorithms, on our daily
lives. As American mathematician Cathy O'Neil
points out, algorithms are ‘opinions embedded
in mathematics’ that reflect their designers’
biases. Prof Yu warns that if algorithms are
abused, biases will become more systematic,
leading to problems such as unfair employee
selection or inaccurate predictions of crime
rates among ethnic groups.

In addition to addressing the issue of algorithm
bias, Prof Yu also highlights the potential widening
of the ‘digital divide’ as new technologies
advance. Today, tech giants owning cutting-edge
Al algorithms  benefit from  unparalleled
productivity, while individuals skilled in developing
and using new technologies enjoy career
advantages. However, not everyone has the same
opportunities to access such technologies. As
companies compete to develop more intelligent
machine learning models and algorithms, Prof Yu
stresses the need for the government and society
to take timely action to ensure these technologies
are used fairly and align with fundamental human
principles. Without such measures, he warns that
the digital divide will continue to expand, pushing
us further from an ideal society where both
morality and rationality flourish.
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Navigating from English Studies to
Jurisprudence

Throughout his academic journey in jurisprudence,
alsoknownaslegal philosophy, Prof Yuwas profoundly
influenced by his mentors and various serendipitous
opportunities. Born in Min county, Gansu province,
in Northwest China, Prof Yu took part in China’s
first college entrance examination following the
Cultural Revolution in 1977 and proceeded to study
English at Lanzhou University. After graduation, he
was assigned to work in the Department of Foreign
Languages at the Northwest Institute of Political
Science and Law (now the Northwest University of
Political Science and Law) in Xi'an in 1983. However,
foreign language departments were regarded as
peripheral units within China’s political and legal
institutions at that time, prompting him to consider
pursuing a master’s degree in law in China to improve
his career prospects.

In 1985, Prof Yu encountered a visiting Australian
scholar couple: Eugene Kamenka, a philosopher
at the Australian National University (ANU), and
Alice Tay, a jurisprudence scholar at the University
of Sydney. The couple was working on a book
about Marxism in China and invited Prof Yu to join
the History of Ideas Unit at ANU for 18 months
to assist with translating Chinese materials. This
experience in Australia exposed Prof Yu to diverse
cultures, Western literature, and many renowned
scholars of jurisprudence from around the world.
Upon returning to the Northwest Institute of
Political Science and Law in 1986, he transitioned
to the Department of Law, formally embarking on
a career in jurisprudence.

Exploring Legal History through the Great
Qing Code

Prof Yu soon found a new opportunity to study
abroad when R. Randle Edwards, a Chinese legal
history specialist from Columbia Law School, visited
the Northwest Institute of Political Science and
Law in 1987. Edwards sought a scholar to assist in
researching the Great Qing Code, which led to Prof
Yu’s first trip to the United States in 1988. With his
enhanced English proficiency after visiting Australia
and a childhood fascination with classical Chinese
literature, he was able to interpret the Great Qing
Code written in Classical Chinese. ‘This experience
sparked my interest in Chinese legal history,” he says.

With Edwards’s support, Prof Yu later attended
Harvard Law School to study social theory, Chinese
law, and Chinese legal history under the guidance of
Prof William P. Alford. Prof Alford is a distinguished
Chinese law expert at Harvard, where Prof Yu
obtained his master’s degree in 1991 and SJD in
1995. After completing his studies, Prof Yu worked
as an associate at a law firm in Chicago for three
years before embarking on a career in academia. He
briefly held teaching positions at Peking University
and Harvard, and then spent over a decade teaching
and researching at the Chinese University of Hong
Kong. From 2012 to 2022, he served as the Anthony
W. and Lulu C. Wang Professor in Chinese Law at
Cornell Law School.

In August 2022, Prof Yu joined UM as a chair professor
in the Faculty of Law (FLL). He was appointed
director of IAS two months later, in October of the
same year. His extensive publication record includes
several influential works, including Rule of Law and
Civil Orders, Legal Pragmatism in the PRC, and
Modern and Postmodern in Jurisprudence.

The Moral Foundations of Law

With experience in jurisdictions following different
legal systems, Prof Yu has developed a multifaceted
perspective on jurisprudence. ‘Many Western
scholars study China as research material, but | see
China as an object of study. | believe that China's
millennia-long moral-driven civilisation contains
elements of thought that have universal significance
and could be applied to improve modern society.’

Indeed, for decades Prof Yu worked towards
developing an ideal social framework to achieve
a harmonious balance between law and morality,
as well as intellect and reason. ‘The foundation
of law should be moral principles,” he says. From
his observation, modern Western societies and
the contemporary world in general are dominated
by a culture that prioritises rationality, rules, and
individual rights. In contrast, while ancient China
also emphasised rules, it placed greater importance
on human relationships, or the concept known as
‘guanxi’ in Chinese. ‘Despite negative connotations
of unfairness in certain contexts, “guanxi’, in its
essence, refers to emotional connections between
people, such as those between family members
and friends.” he adds. From his perspective,
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emphasising human relationships and emotional
needs is increasingly vital in a rationality-dominant
and rule-of-law society.

Fostering Interdisciplinary Research at UM
Before joining UM, Prof Yu visited the campus
twice to speak at seminars, and he has since been
impressed by UM’s vision and steps in fostering
interdisciplinary research. Now as the director of IAS,
he is leading the creation of a university-level research
platform that transcends faculty boundaries. This
involves establishing an internationally renowned
interdisciplinary research team at UM and enables
synergistic academic resource deployment. In FLL,
he has been contributing to the development of a
new English-taught bachelor of law programme in
Chinese law and global legal studies.

Furthermore, Prof Yu is working on a book that
delves into the philosophy of the heart. Through his
book, he seeks to provide comprehensive insights
into society, law, morality, and human nature in a
systematic manner. In doing so, he aims to envision
a social framework that recognises and nurtures our
emotional needs. ‘I believe in the indomitable power
of the human mind, which remains unparalleled by
machines. This belief in human values is something
everyone should uphold, and it has been the driving
force behind my academic pursuits,” he says.

Digital Literacy:
From A{gor?ﬁmﬁisodﬂ)‘ to Web 3.0
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Prof Yu Xingzhong (left) hosts a talk about digital literacy in UM in 2022
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Yuan Yulin: The Ultimate Goal of Linguistics Research
is to Benefit Humanity
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Some of Prof Yuan Yulin’s publications
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Prof Yuan Yulin has proposed ‘seeking the truth,

I N R appreciating goodness, developing an erudite
FEEZEEXZEA (EP X /%) =8 temperament, and building a wealth of knowledge’
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In early 2022, Yuan Yulin, a leading figure in linguistics
at Peking University, joined the University of Macau
(UM) to serve as a chair professor and the head of
the Department of Chinese Language and Literature.
In his new role, he was immediately impressed by
the strong academic foundation of the department. ‘|
believe that in time we will create a positive influence
on the study of Chinese language and literature and will
earn a good reputation in the academic community,’
he says. With over 30 years of experience in linguistics
research, Prof Yuan believes there is a greater cause
behind linguistics research: ‘The ultimate goal of
linguistics research is to benefit humanity.’

Knowledge of Natural Science Crucial for
Linguistics Research

Prof Yuan’s academic journey has been inextricably
linked to Chinese language and literature, the field in
which he obtained his bachelor’s, master’s, and PhD
degrees. After receiving his PhD from Peking University
in 1990, he worked in the Departments of Chinese
Language and Literature at both Peking University and
Tsinghua University for a total of 25 years. Surprisingly,
as a child, Yuan was interested in mechanical design
and he dreamed of becoming an inventor and a
mechanical designer, instead of a linguist.

Because of his rural background and the particular
generation to which he belonged, Yuan did not have
the opportunity to pursue an education in science and
technology. In 1978, he enrolled in Jiangsu Normal
College-Suzhou to study linguistics, a branch of the
humanities with a strong resemblance to natural
science. For this reason, despite being a student
in the humanities, he was able to learn theories
and methods of natural science and apply them in
linguistics research. ‘There is always a silver lining
in life, and | feel my time was well spent over these
years,” says Prof Yuan modestly.

Driven by his passion, Yuan studied hard and
read widely, aiming to integrate his knowledge
of linguistics and natural science. His research
efforts in the studies of syntax, semantics,
and pragmatics have earned him a prominent
place in these fields. Today, he is the author
of more than ten influential books, including
Cognition-based Studies on Chinese Grammar,
A Cognitive Investigation and Fuzzy Classification
of Word-class in Mandarin Chinese, and Focal
Structure and Semantic Interpretation of Chinese
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Sentences. He was awarded the prestigious title
of Changjiang Distinguished Professor and was
selected into the third batch of leading scholars
in philosophy and social sciences in China’s Ten
Thousand Talents Programme.

Over the past century, academics outside China have
considered linguistics a pilot field in the humanities.
According to Prof Yuan, this is because linguistics
research has been strongly influenced by natural
science, which has given rise to a large number
of interdisciplinary fields, such as mathematical
linguistics, quantitative linguistics, computational
linguistics, neurolinguistics, psycholinguistics,
cognitive linguistics, and pathological linguistics. As
an old Chinese saying goes, ‘Without learning poetry,
it is impossible to speak with elegance and fluency.’
This statement can also be applied to linguists:
Without knowledge of natural science, you will not be
fit to pursue research in linguistics.

The Guiding Star of an Academic Career

Prof Yuan’s encounter with natural science took place
in 1981. He was barely 20 years old and working as
a teacher at Qiandeng Middle School in Kunshan
county, Jiangsu province. He borrowed the book
Cybernetics: Or Control and Communication in the
Animal and the Machine from the school library and
was fascinated by the concepts and arguments
introduced by the author. In his master’s programme,
he studied information theory, cybernetics, and
systems theory. ‘From the literature, | learned
about the nature of information, which helped me
establish my way of thinking from the perspective of
communication and control,” he says. It was during
this time that his passion for computation took root,
and began to inspire his academic journey.

During his PhD studies, Yuan participated in
seminars on the philosophical foundation of artificial
intelligence (Al). He also studied valency of nouns
from the perspective of computational natural
language understanding (In linguistics, valency is a
measurement that describes the number of different
noun phrases that can be governed by a verb, and
has then been extended to adjectives and nouns).
Moreover, Yuan immersed himself in Herbert Simon’s
Reason in Human Affairs, which he read extensively.

It was from this point that Yuan started to develop
a conception of symbolic cognition. He explains that
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the theoretical perspectives of symbolic cognitive
psychology have been the guiding star of his
academic career and the common thread running
through his years of linguistics research. Such a
philosophy of mind also explains why he associates
the cognitive study of language with computational
analysis in his research.

Pursuing Linguistics Research for a Greater
Cause

Prof Yuan'’s studies provide insight into the innovative
and interdisciplinary nature of linguistics research.
His book A Cognitive Study and Computational
Analysis of Language explores the structure of
language as well as psychological mechanisms of
semantic understanding from the perspective of
cognitive science. Through computational analysis,
the book explains how linguistics research can
provide appropriate methods and rules to realise
computational natural language understanding.
‘While the human mind can be understood as a
computational process for symbol processing, the
process of understanding human language can be
understood as a computational process of knowledge
representation, which makes it technically possible
for computers to understand natural language,’ says
Prof Yuan. ‘The computational analysis of language
is therefore considered a natural extension of the
cognitive study of language.’

Prof Yuan has attained a solid theoretical foundation
in natural science and accumulated rich knowledge
of humanities. He is passionate about research and
remains true to his original belief that those pursuing
linguistics research should do so for a greater cause
— to benefit humanity by seeking answers to the
most profound questions. ‘As a human race, we
should think about the following questions: What are
human beings? Where do we come from? Where
are we heading to?’ he says. 'You may ask what
language and linguistics research have to do with
these questions. In my opinion, they are all related.’

Prof Yuan believes that linguistics research can
provide a better understanding of not only humans’
role in the world, but also their nature. ‘This is a
fundamental philosophical question. It is generally
accepted that what makes humans stand out from
all the living beings in the world is that they can think
and have thoughts. And thinking, at least abstract
thinking, cannot happen without language,’ he says.
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Prof Yuan Yulin thinks that faculty members and students in

the Department of Chinese Language and Literature can gain a
comprehensive understanding of languages in China and their evolution
through research

‘According to the renowned linguist Avram Noam
Chomsky, the abstract ideas in our thinking process
and the meaning of words are essentially the same
things. This is why there is a saying in cognitive science
that language is a window into the human mind.
Language ability is part of the basic configuration of
every human being, so it provides a pathway for us to
learn more about humans.’

Languages are the Foundation of a Nation’s
Culture

The Department of Chinese Language and Literature
is one of the first departments established at UM. The
department features a well-established discipline,
a strong faculty, a comprehensive pedagogical
framework, and a rigorous and open academic
atmosphere. ‘Although our faculty team is relatively
small, most of the faculty members come from
renowned universities in China or abroad. They all have
strong academic backgrounds and the aspiration to
achieve success in their fields,” says Prof Yuan.

He adds that faculty members and students in the
department can gain a comprehensive understanding
of languages in China and their evolution through
research. ‘Languages are the foundation of a
nation’s culture. In today’s information age, both the
digitisation and automation process of language data
require a systematic and in-depth understanding
of human language,” says Prof Yuan, who formed
a research team after joining UM and is working
closely with other departments at the university to
conduct interdisciplinary research, including a study

on semantic reasoning models for explainable Al and
their mechanisms.

At the plague unveiling ceremony for UM’s Centre for
Linguistics held in March 2022, Prof Yuan gave his
first academic lecture at the university. Titled ‘Polarity
in the Semantics of Adjectives and Relevant Syntactic
Conditions’, the lecture discussed how human
sensory mechanisms affect the meaning and use of
adjectives in a language.

Cultivating the Cultural Character of
Students in the Department

Prof Yuan proposes cultivating the cultural
character of 'seeking the truth and appreciating
goodness’ in students of the Department of
Chinese Language and Literature. He also
believes that students in the department should
‘develop an erudite temperament and build a
wealth of knowledge’. The department hopes
to achieve these goals through academic and
research activities. Prof Yuan adds that members
of cultural circles often consider knowledge
as the key to nurturing young adults, as it can
develop their moral character: ‘For this reason,
| hope our students will continue to absorb
knowledge, cultivate humanistic qualities, refine
their character, and respect life and dignity.
| also hope that they will explore the richness
of the human world, search for the meaning of
existence, and eventually find the value of life.
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These are the inherent qualities of esteemed
scholars in Chinese studies, and they provide
the cultural capital for our students to explore
the world after graduation,’” he says.

When he is not working, Prof Yuan spends most of
his time reading books, and he has accumulated
a wealth of knowledge from different disciplines.
He has compiled a recommended reading list
for students in the department and often shares
articles with them. ‘We read because we are driven
by our interest and curiosity. The next step is to
examine the content with a critical eye to develop
our insights,’” he says.

To gain a comprehensive understanding of the
Chinese language and literature, Prof Yuan stresses
the importance of developing a deep appreciation
for the unique characteristics of Chinese culture
and civilisation. ‘Students should consider two
perspectives,” says Prof Yuan. ‘Firstly, they should
broaden their knowledge of the world and keep
themselves updated on global events to avoid
developing a narrow-minded perspective. Secondly,
they should analyse Chinese civilisation in the context
of global civilisation and compare its strengths and
weaknesses. By observing and experiencing the
value of Chinese civilisation through the lens of human
civilisation and global history, students can identify
how Chinese civilisation should evolve to regain its
vitality in the future.’

-
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Prof Yuan Yulin gives a talk on the art of linguistic expression to students in a general education course at UM
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Exploring the Gut Microbial Warfare:
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Food poisoning from seafood remains a concern to
many and there is ongoing research into the underlying
causes. Our team has found that a toxin called RhsP,
produced by the bacterium Vibrio parahaemolyticus,
plays a key role in seafood food poisoning. We
have studied the mechanism of this toxin and how
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it contributes to gastroenteritis by allowing the
bacterium to compete for survival in the human gut.
These findings lead to a deeper understanding of
the cause of food poisoning and could be useful in
developing new drugs and therapies.
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RhsP: The Weapon of

Vibrio Parahaemolyticus

Vibrio parahaemolyticus is a common bacterium found
in coastal waters and seafood, especially shellfish
such as scallops, oysters, and clams. The bacterium is
most active in the summer and autumn months. It can
enter the human intestine through the consumption of
seafood or contact with seawater, where it multiplies
and attacks neighbouring microorganisms.

The intestine harbours a variety of microorganisms,
including a wide range of bacteria, which are
collectively known as the gut flora. A sudden change
in the balance of bacteria within the gut flora can lead
to various health complications, such as impaired
digestion, a weakened immune system, and an
increased risk of chronic diseases.

How does V. parahaemolyticus attack other
microorganisms after entering the gut? Our analysis
of the V. parahaemolyticus genome has identified a
protein toxin called RhsP. This protein, with a large
structure of 1381 amino acids and a molecular
weight of 157 kDa (a non-SI unit of mass used
to express molecular mass, especially for large
molecules such as proteins), is a polymorphic toxin
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The crystal structure of the RhsPC-RhsPI toxin-immunity pair
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that can change its structure. As a weapon, RhsP
creates an environment that favours the proliferation
of V. parahaemolyticus in the intestine, causing
inflammation and damage to the intestinal mucosa
with symptoms such as diarrhoea and vomiting.

Autoproteolysis, Dimerisation, and Attack
Our findings have shown that RhsP must first undergo
a process known as autoproteolysis, which means
breaking itself down into fragments. The fragmented
RhsP then stick together in groups of two through a
process known as dimerisation, forming RhsP dimers.
The dimer favours the release of the C-terminal toxic
(RhsPC), which is a nuclease that kills other bacteria
in the gut by degrading their DNA.

How is this toxin transferred to other microorganisms?
Our results show that V. parahaemolyticus delivers
the RhsP toxin via its type 6 secretion system (T6SS).
This system consists of several proteins that function
together as a needle-like structure. For the C-terminal
toxin RhsPC to reach its target, it needs to bind to
one of the TBSS proteins, called VgrG2. One could
compare V. parahaemolyticus to an army, with the
T6SS serving as their cannons and the RhsPC toxin
as the cannonballs.
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Autoproteolysis of RhsP toxin can promote its dimerisation, which is a necessary step for prey targeting

The Self-Defense Mechanism of

Vibrio Parahaemolyticus

To prevent committing suicide, V. parahaemolyticus
produces an immunity protein called RhsPIl to
protect itself against its toxin. This RhsPI immunity
protein binds to RhsPC and forms an RhsPC-RhsPI
toxin-immunity pair to neutralise the toxicity by
interacting with the active site of the RhsPC nuclease.

New Protein Structures Revealed

With the support of one of the most advanced
third-generation synchrotron light sources in the
world, the Shanghai Synchrotron Light Source of
the Chinese Academy of Sciences (CAS), we used
X-ray crystallography to determine the atomic
structure of the RhsPC-RhsPI toxin-immunity
pair and gain a detailed understanding of how
the RhsPIl immunity protein protects against the
toxicity of RhsPC. This discovery marks the first
case where X-ray crystallography has been used
to determine a new complex protein structure by
researchers based in Macao.
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In addition, we collaborated with the team of Dr
He Jun, a researcher at the Guangzhou Institute
of Biomedicine and Health of the CAS, to use
advanced cryo-electron microscopy techniques to
reveal the structural changes and dimerisation of
RhsP caused by autoproteolysis. This is also the
first time that a Macao-based research institute has
used cryo-electron microscopy to determine a new
protein structure. These findings were published in
the journal Cell Reports.

A Path to Unravel RhsP Toxin

Delivery Mechanism

While our results have shown that RhsP
dimerisation is a crucial step for W
parahaemolyticus to target its neighbours, the
reason for this is still unclear. Further studies
are needed to determine whether dimerisation
occurs before RhsP is delivered via the T6SS or
after the toxin has reached its target.

William Chao is an associate professor in the Faculty of Health Sciences at UM. He holds a PhD from the Institute
of Cancer Research in London, and an MBiochem from the University of Oxford. He applies structural biology
techniques to study fundamental biological processes, particularly in the areas of cell division, chromatin structure,
and epigenetics.
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Articles in the Academic Research column were submitted by UM scholars. The views expressed are solely those of the author(s).
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These graphs show the trial variational wavefunction, self-trapping potentials, energy, and size of polarons in 2D and 3D materials.
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2D Materials
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This picture shows a ball-stick model of bulk (3D) white graphene, where
boron and nitride atoms are visible in green and blue respectively.

2D materials have gained widespread attention in both
the scientific community and industry. To tap into the
potential of these materials, our team at the University
of Macau (UM) and the University of Texas at Austin (UT
Austin) has proposed a new framework to understand
how polarons form in 2D crystals and why they are so
different in 2D and 3D structures, seeking to advance
novel 2D applications in different fields.

Interactions between Electrons and
Phonons May Deform Materials

This research project is a collaboration between
me and Prof Feliciano Giustino in the Department
of Physics at UT Austin. The concept of polarons
was introduced in the 1930s by the Soviet physicist
Lev D. Landau, who won the Nobel Prize in Physics
in 1962. In the 1950s, polarons were observed
experimentally for the first time. Over the decades,
discoveries in this field have significantly contributed
to advancements in photocatalysts, light-emitting
diodes, solar energy harvesting, and beyond.

To comprehend our theoretical framework, it is
necessary to understand what a polaron is. Imagine
yourself as an electron, attempting to enter a
crystal lattice comprising several tens of thousands
of atoms. As you move freely around, you quickly
realise that the atoms surrounding you are shaking
gently, thereby generating some vibrational patterns
like ripples, namely phonons.

Soon after, you start to interact with these phonons,
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a phenomenon known as electron-phonon
interaction. When these interactions are strong
enough, you find yourself becoming much heavier
because you are now accompanied by a cloud of
phonons that moves together with you. This not
only makes you and the phonon cloud look like a
massive particle, but also gives you the ability to
deform the surrounding parts of the crystal structure
and alter its physical properties. The intense
interaction between the electron and the vibrations
makes the electron behave differently than normal
free electrons in a perfect crystal, which is called an
electron polaron - a type of polarons.

Polarons may be understood as a group of interacting
particles that can change the properties of their host
materials, rather than being a particular fundamental
particle. They function much like when you walk inside
a building, your friends surround and walk with you,
and then your close interactions provide a collective
power able to deform the building’s structure.

In some cases, a polaron can trap itself, or become
‘self-trapped’, somewhere within the material’s
structure. A trapped polaron can alter material
properties, including an ability to modify the
conductivities of electricity and heat, renormalise
band gaps, and become more profound and stable
than band electrons.

A New Framework for Studying Polarons
Nearly a century since polarons were first studied,
it remains challenging to describe and predict the
behaviour of polarons, largely because early polaron
theories were developed based on relatively simple
mathematical models. In fact, studying polarons
and the related deformation of materials can involve
describing at least ten thousand atoms and electrons
within a material, a task that even certain modern
supercomputers would find difficult.

To fill this theoretical gap, we have developed a
general theoretical framework that enables the
computation of electronic and structural properties
related to electron-phonon interactions in 2D and
3D materials. We have also clarified the analytical
form, essentially a mathematical expression, of
the interactions between electrons and phonons
separated by long distances.

Based on this newly developed framework, we have

proposed a computational model for simulating
polarons in 2D materials, and a mathematical model
for predicting the ground state energy (the lowest
energy state that a polaron can occupy in materials)
of self-trapped polarons in such materials.

Observing Polarons in White Graphene

Our research focuses on 2D single-layer materials.
They are basically flat structures that are usually
only one atom thick, unlike 3D materials with which
most people are familiar. In recent years, we have
witnessed significant advancements in polaron
research in 3D materials, but much remains to be
uncovered about 2D materials.

Using our new framework, we have for the first time
observed a type of Fréhlich hole polarons (a type of
polarons with a positively charged hole at its core) in
white graphene, a 2D material known scientifically as
hexagonal boron nitride (h-BN), and have determined
its real-space structure. It has a repeating geometric
pattern resembling a honeycomb, as well as unique
properties that make it a suitable material for cosmetics,
lubrication for satellites and other products.

Computer Simulation of 2D Materials
Studying polarons in 2D materials often require
computer simulation of these materials. Our new
computational method can overcome a problem known
as the Coulomb divergence. This allows us to accurately
describe the geometric details of self-trapped polarons
in different 2D materials, and precisely calculate their
radius and ground state energy.

Furthermore, we have proposed a mathematical
model that allows us to calculate whether and how
an electron can form a self-trapped polaron in 2D
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material by considering only three factors, namely
the effective mass of the electron, the effective
thickness of the 2D material, and the ionic dielectric
screening of such a material.

Using Impurities to Develop Novel Materials
In 2D materials, defects and impurities can
significantly affect the behaviour of polarons
and can sometimes promote the formation and
self-trapping of polarons. We believe that our
framework and models may enable physicists to
control more precisely the stability, mobility, and
properties of polarons in materials, so that they can
alter the materials more precisely, by leveraging
defects already in the materials, or intentionally
introducing impurities to the materials. This will
help them more efficiently develop 2D materials
with tailored properties.

Simulating 100,000 Atoms for Validation

We validated this discovery with a simulation of up
to 100,000 atoms. This task used thousands of CPU
cores of the Lonestar 6 supercomputer at UT Austin.
Essential computing power was also provided for
this research by the LvlLiang Cloud Computing
Center in China and the Texas Advanced Computing
Center at UT Austin. Our related research article,
titled ‘Polarons in Two-dimensional Atomic Crystals’,
has been published in Nature Physics.

As the quest for smaller and faster devices
continues, polarons in 2D materials have emerged
as a promising avenue with endless possibilities.
That is what propelled us to conduct this research,
and what continues to motivate us to develop new
theoretical and computational methods.

FARBERAEAMERMHIEAERNERNRIZE BETERSHEMHHEB LB HEREDLTF
HBEF-BFHEEFR MERSNAER A RBEENEFEBER AR EMHE-

Sio Weng Hong is a UM Macao Fellow in the Institute of Applied Physics and Materials Engineering at UM. He
holds a PhD in computational materials science from the University of Oxford. His research interests include
polarons and electron-phonon interactions, computational methods for materials science, condensed matter and
electronic structure theory, as well as 2D materials.

Articles in the Academic Research column were submitted by UM scholars. The views expressed are solely those of the author(s).
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Students watch a film in the national education room
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Residential College —

A Home for Worldly-Minded Students
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Text / Liu Jingjing - Photo / Shiu Pong College - English Translation / Anthony Sou, Davis Ip
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‘I wasn’t feeling very well yesterday, but luckily, one
of the residential fellows accompanied me to the
hospital.’

‘Upper-level students in the chat group can answer
your questions about course selection. Don’t
hesitate, just ask away.’

HEBLEFEOEBEANOE/ S
A space for students to relieve their stress
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Messages like the above often pop up in chat
groups among students in Shiu Pong College (SPC)
of the University of Macau (UM), which exemplify
the homey atmosphere the college strives to create
for its residents. Inside the college, SPC members
enjoy both casual conversations and serious
discussions, whether they are in the canteen,
classrooms, or atrium.

BABERLRAERAKE—BST
Students compete at the college’s billiard table
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Creating a Homey Atmosphere

UM’s residential colleges (RC) are a vehicle for
implementing community and peer education. Unlike
ordinary dormitories, the RCs strive to create a
home-like environment that goes beyond mere living
and dining on campus and embodies the essence of
UM'’s educational philosophy.

There is no doubt that entering university is difficult
for any student. However, the academic studies that
follow are challenges on another level. Students must
develop their strengths for the future while navigating
an increasingly complex life, and this may lead to
exhaustion, frustration, low confidence, self-doubt, or
even sadness. Eventhough these feelings are common
among university students, if left unaddressed, they
can contribute to dissatisfaction with society rather
than the confidence in a better future that we hope to
instil in students through education.

In SPC, we hope students will think of the college as
their second home, where they can find the care and

¥

o

BRERMESE002FEABEAERER

SPC members attend a flag-raising ceremony for National Day 2022
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comfort they need to cope with negative feelings.
The college is also a place where students can share
their joy from academic achievements, develop new
skills, or make new friendships with fellow students
and teachers. To help balance work and play, the
college also offers a range of recreational and sports
facilities, not to mention delicious food in the canteen,
to help students relieve stress and recharge for their
journey ahead.

Creating a residential college that feels like home
is certainly no easy feat. To thrive, students need
to become active partners and trusted allies rather
than passive recipients of care and support, and
this is crucial to their future success. In today’s
fast-changing and materialistic world, one often
has to fight his or her own battles alone. That is
why it is so important for young people to build
meaningful relationships based on trust, support,
and care for others, especially their family members
and close friends. In this way, society may become
more harmonious, and people’s lives may become
more meaningful.

A Home for Achieving Personal Growth

The RC provides more than a home from which to
weather the storm; it also creates an environment
conducive to students’ personal growth. Since its
inception in August 2014, SPC has developed its
own approach to student development through years
of exploration and experimentation. The college
has implemented a series of long-term experiential
learning programmes, such as the English Table,
which develops students’ English language skills;
the Choair, which cultivates artistic expression through
teamwork; the SPC Dream Building Team, which
encourages students to volunteer; the Debate
Team, which sharpens students’ critical thinking and
communication skills; and the Student Ambassador
Team, which promotes respect and kindness towards
others. Through weekly activities, these programmes
aim to help students achieve concrete improvement
in their behaviour, attitude, and character. In addition,
the various lectures, floor-specific activities, House
Association activities, and interest group activities
available in the college also help to promote students’
holistic development.

In recent years, SPC has stepped up efforts to provide
support to help students achieve academic success.
The college has transformed many of its premises

B E A ELBERPEXI

SPC members wear traditional Chinese clothing to promote Chinese culture

into well-equipped study spaces to create a positive
atmosphere. Students occupy these spaces at the
end of each semester when exams are approaching
— upper-level students share their study notes and
professors visit and answer students’ questions.

Apart from personal growth, SPC hopes to foster
in students a strong sense of belonging to their
home and country. Whenever the university holds
a flag-raising ceremony for an important day,
teachers and students in SPC, led by the college
master, attend the ceremony together. Moreover,
the college organises visits, sharing sessions,

for the UM Mandarin Debating Team.
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and discussions on current affairs for students
to learn more about their country and the world
and to familiarise themselves with Chinese
history and culture, in order to strengthen their
national identity and will to contribute to national
development.

According to an old Chinese saying, ‘Cultivate
oneself, manage the family, govern the state,
and bring peace to the world.” We hope that our
students will learn to seek personal growth and
benefits for their families and country. This is
what we strive to instil in students in SPC.

BRRREYBESE LT 2014F MABBERETCEM RERIRR BREMUR—EXKEEEAERREN@MEA
WEE BEARBRRE TREXNS BARmENBRERE-
Liu Jingjing holds a PhD in biomedical sciences. He joined Shiu Pong College as a residential fellow in 2014 and

currently serves as associate master of the college. As a dedicated educator, he constantly strives to develop new
approaches to student development. Previously a public policy journalist, he is also a member of the coaching team

UM launched its residential college (RC) system in 2010 to create a multicultural and multidisciplinary learning platform for
knowledge integration. RC education aims to cultivate seven competencies of students, namely responsible citizenship,
global competitiveness, knowledge integration, teamwork and collaboration, service and leadership, cultural engagement,
and healthy lifestyle.

AERAERRAFAL
Website of the Residential
College System
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An outdoor rock-climbing session
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Giving Life to Life — The Meaning of Experiential Learning

Chao Kuang Piu College’s

‘Me to We' Outdoor Leadership Programme
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Text / Cheang Chi Meng & Lau Yun Tung - Photo / Chao Kuang Piu College - English Translation / Anthony Sou
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A canoe session The ‘Me to We’ outdoor leadership programme at CKPC emphasises outdoor education

based on experiential learning
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CKPC College Master Lau Yun Tung and Resident Fellow Cheang Chi
Meng lead students to explore nature

Martin Luther King Jr said: ‘Intelligence plus
character, that is the goal of true education.’ In its
residential colleges, the University of Macau (UM)
created a platform for knowledge integration based
on experiential learning, which strives to cultivate
in students seven competencies to inspire them to
attain academic excellence as well as high moral
character and integrity.

Experiential learning is not a slogan, but a process
of reflection, self-improvement, and self-discovery
through practice. By exploring different possibilities
in a controlled environment of risk assessment and
management that meets international standards,
students can effectively integrate what they have
learned into their lives and transform it into valuable
experience. If students value their experience and
cherish the learning opportunities they receive through
reflection, they may gain a different perspective on life.

Exploring the Connection between Life and
Experiential Learning

The ‘Me to We’ (MTW) outdoor leadership programme
is a highlight of the residential college education at
Chao Kuang Piu College (CKPC). With an emphasis
on outdoor education based on experiential learning,
the MTW programme aims to encourage students
to explore nature and life and serve others. Through
guided reflection, students learn to use the experiential
learning model to solve problems and challenges and
transform their experiences into practical knowledge
in their daily lives.

A departure from the traditional education model,
outdoor experiential education can effectively help
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students explore their connection to nature as they
participate in different outdoor sports activities. In
nature, plants and animals develop different habits
to adapt to their environment. By observing nature
and discovering its vivid stories, students learn to
evaluate the environment based on details and
apply their creativity and innovative ideas to tackle
challenges in different circumstances. They can also
develop leadership skills, interpersonal skills, and
problem-solving skills; build their resilience, willpower,
and grit; examine their self-efficacy; and enhance their
self-confidence as well as self-worth.

By exploring nature, students also acquire risk
assessment and management skills. For example,
in a rope challenge, students have to form a system
using equipment to effectively and safely tackle
various problems. The process involves high-level
risk management skills and proper usage of the
system and is analogous to how we achieve goals in
life: combining skills of time management, emotional
management, and social leadership with the need for
achievement, self-confidence, and proactivity into a
functional system that can maximise our performance
under controlled risk conditions.

While building a team to encourage students to
challenge themselves, the MTW programme also
emphasises ‘serving others and becoming global
citizens’ to bring about greater awareness among
students of national and social needs. The college
attaches great importance to the essence of education
and hopes to show students that ‘human beings are
precious and valuable’.

Leaving the Comfort Zone and Facing Life
Challenges

The MTW programme also emphasises life planning
for students and encourages them to summon the
courage to leave their comfort zones and overcome
various life challenges.

‘| feel that rock climbing and life are similar in some
way,” says a member of the MTW programme after
a rock-climbing session ‘Our future is like a climbing
wall or equipment that we have never met before, full
of excitement and mysteries. There are different routes
and different levels of difficulty, and we may encounter
different weather conditions. Before climbing the
wall, we must get ourselves ready, find the right tools
(friends), and pick a route that suits us.’

‘During the climb, we may find that the route is
different from what we thought. However, as we want
to keep going up and see more, we will reflect on our
performance, adjust, and take the advice of others.
We may feel tired or scared when we reach the middle
point, which is like a difficult setback that we may
encounter in our lives. At this time, we can choose
to take a little break, continue forward, or take a step
back and reflect on our performance before trying to
climb higher,” he adds. ‘As we make breakthroughs or
when we reach the top, we will know that our efforts
have paid off and are meaningful. This is a small peak
in our life journey, and there are many more peaks
ahead waiting for us, as there are always different
stages and possibilities in life.’

Giving Life to Life

Prof Hsieh Chih-Mou, a pioneer of outdoor experiential
education, once said: ‘Experiential education makes
us more human.’

Professional outdoor education instructors are
responsible for developing risk assessment and

management mechanisms  with  controllable
elements of adventure to guide students in their
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students.
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know they have unlimited potential.
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A rope challenge session

reflection. Topics of reflection include enlarging the
comfort zone, self-awareness, encouragement and
companionship, service, and responsibility, leading
and being led, success and support, my team and
me, cultural inclusion, awareness of physical fitness,
and civic responsibility. Through guided reflection,
students translate their experiences on these topics
into practical life knowledge. Compared to learning in
a classroom, experiential education is more effective
in helping students gain insight into life, which is also
a process of ‘giving life to life’.
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Dr Lau Yun Tung is the college master of CKPC and a professor in the Faculty of Science and Technology. He leads
a team of resident fellows and administrative staff to inspire lifelong learning, innovation, and continuous growth in
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Dr Cheang Chi Meng (Mike) is a resident fellow of CKPC and has been an educator for 28 years. He hopes to use
elements of experiential learning and outdoor education to help young people pursue their dreams and let them

UM launched its residential college (RC) system in 2010 to create a multicultural and multidisciplinary learning platform for ABERERAGLEL

knowledge integration. RC education aims to cultivate seven competencies of students, namely responsible citizenship,
global competitiveness, knowledge integration, teamwork and collaboration, service and leadership, cultural engagement,

and healthy lifestyle.

Website of the Residential
College System
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