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2017 marks the 80th anniversary of The Hong Kong Polytechnic University. To commemorate the
occasion, we have highlighted FCE's milestones through the ages and presented 16 of our ground-breaking
research projects in this special issue of the Faculty magazine as new directions for a sustainable future.
These 16 impact case studies are:
1. Anti-heat Stress Clothing for Construction Workers in Hot and Humid Weather
2.	Integrating Major Community Planning Projects into Urban Renewal for Sustainable Urban
Development
3.	Multi-scale Multi-regional Studies of Sustainable Construction
4. PCMS: a Digital Solution for Proactive Management of Construction Projects
5. Development of a Highly-dispersed Self-cleaning Paste
6.	Life-Cycle Optimization and Diagnosis for Saving Energy in New and Existing Buildings
7. Lightning - Its Effects, Detection and Protection
8. Protecting Society from Fires with Fire Engineering Research
9. Improving Air Quality through Cutting-edge Research
10. Monitoring Technology for Mega Infrastructure
11. Transport Smart in Congested Networks with Uncertainties
12. Turning Waste to Eco-construction Materials
13. Fundamental Theories and Models for Spatial Big Data Analytics
14. New Technology for Remote Monitoring of the Environment and Hazards
15. Novel Integrated Lunar Mapping Model
16.	Reliable Navigation and Smart Transport Techniques for Highly Dense Urban Areas
Through research, academic staff members of the Faculty have advanced the frontiers of knowledge.
They have addressed real-world problems by applying their research outcomes. With nearly HK$28 million
in funding from the Hong Kong Innovation and Technology Commission in 2015/16 for 9 different projects,
they are working hard to bring real and practical benefits for society. It is indeed our ultimate aim that the
research conducted in the Faculty should bring about innovations in sustainable urban development and
smart cities for the benefit of Hong Kong and beyond.
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Our Past and our Future

The Development of FCE:
its Roots and its Growth
The Faculty of Construction and Environment (FCE)
and its predecessors have created a lasting legacy of
educating the professional workforce for the Hong Kong
construction industry. From being little more than an
idea before 1937 to the large and comprehensive unit
embodied in the Faculty of today, education for Hong
Kong's construction industry has come a long way.
Among all the local higher education institutions, the
Hong Kong Polytechnic University (PolyU) has the
largest concentration of academic expertise in the
construction disciplines and is the only one with a
Faculty relating specifically to that industry. How did it
get to be so? A look back into the distant past of Hong
Kong as it grew from a fishing village on a "barren rock"
to a thriving metropolis of Asia will shed some light on
the intertwining histories of education and society. As
PolyU celebrates its 80th Anniversary in 2017, it is fitting
to take a walk down memory lane to see how the Faculty
has grown over the years to meet the changing needs of
society.

education, it was slow to develop in the erstwhile British
colony, as the aim of most schools then was to train
clerks. In 1937, the first milestone in public technical
education was established with the opening of the
Government Trade School in Wanchai, PolyU’s earliest
predecessor. Even though it provided courses in building,
mechanical engineering, and marine wireless operating,
technical education was quite limited at the secondary
and post-secondary levels. There was not a great deal of
support from employers for it, in part due to the belief
that apprenticeship or on-the-job training was adequate
fo r t h e i r n e e d s . O n ly t h e B u i l d i n g C o n t r a c t o r s '
Association had the foresight to undertake the building of
the Trade School for the benefit of society.

A recognisable nucleus for the Faculty we have
today was already taking shape; by the 1960s, the
fundamental framework for the Faculty was well in
place. The renaming of the Hong Kong Technical College
and the subsequent birth of the Hong Kong Polytechnic in
1972 resulted in a corresponding development of
education designed to meet the construction boom of the
60s and 70s. It was estimated 80% of the Technical
College and Polytechnic graduates were employed in
those days by government departments such as the
Rating and Valuation Department, the Lands Department,
the Buildings Department, the Architectural Services
Department, and the Housing Department.

(BRE) in 1993. The recognition implied in the change of
name indicated a status that is equivalent to the
international academic world, thanks to the research
efforts of a hard core of staff, the co-operation of alumni
and a sensible restructuring of Departments in line with
the changing requirements of industry.

University Status
A time of major significance in the development of
the PolyU came in 1994, when it off icially gained
university status. A lot of thought went into the naming
of the University. The combination of the words
"Polytechnic" and "University" was intended to send a
clear signal that PolyU is committed to maintain the
distinctive Polytechnic character and ethos, with its
emphasis on serving the community by meeting its need
for skilled manpower; creating graduates who are
practically oriented; providing opportunities for study
for mature learners with work experience; and providing
consultancy services which contribute to the
advancement of industry and the community in general.

The Hong Kong Polytechnic in the 70s

A Venerable Past
Technical education in Hong Kong began in the
l a t t e r p a r t o f t h e n i n e t e e n t h c e n t u r y, w h e n
apprenticeship to a master was still the conventional
way of learning a trade. In spite of the efforts of the
Salesian Roman Catholic Fathers to promote technical

The former Hong Kong Technical College in Hung Hom

When the Pacific War broke out in 1941, chaos
reigned throughout the city and the Trade School was
closed. Improving one's lot in life by learning a trade took
a backseat to just staying alive. Life was hard. There was
never enough to eat. Schooling did not resume until after
the war was over. In 1947, the T rade School was
damaged and devoid of equipment, but the resilience of
the Hong Kong spirit was irrepressible. To start over, a
committee investigating technical education advocated
the necessity of a technical college in Kowloon as early as
1953. The Trade School was renamed the Hong Kong
Technical College, which later moved to a new and larger
site in Hung Hom in 1957. Focusing on Land Surveying
and Building, it continued the tradition started by the
Trade School of providing education in these disciplines.
The number of students increased from 25 full-timers
and 599 part-timers in 1947 to 345 full-timers and 5,532
part-timers by the end of 1957.

The Government Trade School was established in 1937 on Wood Road, Wanchai,
with classes in three areas: wireless telegraphy, building and mechanical
engineering
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In 1977, "Divisions" were created across the
Polytechnic. The two which marked a milestone in the
journey towards the Faculty we have today were the
Division of Applied Science, which contained the
Department of Building and Surveying, and the Division
of Engineering which contained the Department of Civil
and Structural Engineering (CSE). These Divisions
remained in place for six years. With the range of
e x p e r t i s e t h e n av a i l a b l e , t h e n e w D i v i s i o n o f
Construction and Land Use was composed of three
Departments, namely, the Department of Building and
Surveying, the Depar tment of Building Services
Engineering (BSE), the Depar tment of Civil and
Structural Engineering, and one Centre, the Centre of
Land and Engineering Surveying. By 1992, two years
b e fo r e t h e i n a u g u r a t i o n o f t h e Po ly t e ch n i c a s a
University, this Division had grown to become the
Faculty of Construction and Land Use.
The change to "Faculty" status was a sign of
recognition of the solid scholarship that was established
in construction disciplines in the Polytechnic. The
structure of the Departments remained the same, with
the Centre of Land and Engineering Surveying becoming
the Department of Land Surveying and Geo-Informatics
(LSGI), and the Department of Building and Surveying
becoming the Department of Building and Real Estate

The Hong Kong Polytechnic was renamed The Hong Kong Polytechnic University
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Our Past and our Future

Since 2000, it has made tremendous progress with
the growth in the number of research areas and the
spread of a vibrant research culture that includes such
varied topics as regional air quality, renewable energy,
sustainable waste management, life-cycle performance of
infrastructures etc.

Major Events in Faculty History
1937 	Opening of the Government Trade School in
Wanchai
1947
Renamed the Hong Kong Technical College
1957	The Hong Kong Technical College moved to
Hung Hom
1972
Birth of the Hong Kong Polytechnic
1982-92
Division of Construction and Land Use
1992-2011	Faculty of Constr uction and Land Use
(FCLU)
1994	I n a u g u r a t i o n o f t h e Po ly t e ch n i c a s a
university
2011	FCLU renamed Faculty of Construction and
Environment (FCE)

In September 2011, the Faculty was renamed the
Faculty of Construction and Environment to better
reflect its expertise in those areas. Today, it is made up of
the following departments:

Department of Building and Real Estate (BRE)

New Directions for a Sustainable Future
Concomitant to nurturing future leaders of society,
the Faculty is also dedicated to world-class research. The
Faculty now is home to about 110 academic staff
members at Research Assistant Professor and above
levels whose expertise spans a wide range of areas in
sustainable urban development and smart cities,
including construction, energy, environment, urban
hazards mitigation and urban informatics. In addition to
2 H o n g Ko n g b r a n ch e s o f t h e C h i n e s e Na t i o n a l
Engineering Research Centres at PolyU and a University
Research Facility in Chemical and Environmental
Analysis, it also houses 8 research centres, with a
population of about 320 full time research postgraduate
students (including about 300 PhD students) and 270
research staff.

Department of Building Services Engineering (BSE)

Department of Civil and Environmental Engineering*
(CEE)

The Faculty has the largest concentration of
research expertise in Hong Kong in construction and
environment-related disciplines as evidenced by its
success in securing competitive funding from the General
Research Fund (formerly the Competitive Earmarked
Research Grants or CERGs) of the Hong Kong Research
Grants Council (RGC). In the category of "Civil
Engineering, Surveying, Building and Construction,"
PolyU remained in the lead for 22 consecutive years
since 1994/95. In fact, the number of grants the Faculty
won has consistently been around 40% of all grants
awarded by the RGC in this category since 1994/95. Its
efforts in collaborative and multi-disciplinary research
have also been fruitful. Two of its leading academics were
awarded the RGC Collaborative Research Fund in 2015,
with a total research funding of about HK$10 million.
The majority of its academic staff has actively engaged in
research collaboration both nationally and internationally.
This has led to major support from the National Natural
Science Foundation of China for two of its leading

Department of Land Surveying and Geo-Informatics
(LSGI)

* Prior to 1 September 2012, CEE was known as the Department of Civil
and Structural Engineering (CSE).
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s c h o l a r s o f a b o u t H K $4 m i l l i o n e a c h t o t a c k l e
environmental problems in 2015. Internationally, the
European Commission/RGC Collaboration Scheme has
awarded more than HK$2 million to one of its professors
for a project on real-time high accuracy positioning,
while a joint research scheme between France and the
RGC has awarded about HK$2.5 million to another
colleague to study the impact of air-sea exchanges on air
quality in coastal megacities in 2016.

Zurich - Swiss Federal Institute of Technology for the
study of Civil and Structural Engineering. Not far behind
is the subject of Architecture / Built Environment at
PolyU, which was ranked 15th. In Hong Kong alone, PolyU
is in second place for both these subject areas, which are
well represented by the academic expertise in the
Faculty of Construction and Environment. In terms of
one objective measure, namely H-index citations, PolyU
tops the world in these two subject areas.

The Faculty's research strength is also reflected by
its research publications and the impact of these
publications. Shanghai Ranking's Global Ranking of
Academic Subjects 2016 has ranked PolyU in a tie with
Tsinghua University in third place worldwide for the
discipline of civil engineering. According to it, FCE has
the largest group of highly cited researchers in that field.
Hong Kong alone has 18 highly cited researchers in civil
e n g i n e e r i n g , 9 o f w h o m a r e w i t h t h e Fa c u l t y o f
Construction and Environment at PolyU. In the 2017
Quacquarelli Symonds (QS) World University Rankings
by subject, PolyU was ranked 10th in a tie with the ETH

On the strength of the solid foundation which has
been built over the years, the Faculty is well positioned to
become a world leader in the construction, environment
and sustainable urban development fields. A major
direction of the Faculty is consolidating and enhancing
its strength in the research areas in construction,
energy, environment, urban hazards mitigation and
urban informatics. In these areas, the Faculty offers
many exciting opportunities for researchers within the
Faculty as well as for its collaborative partners from both
the academia and the industry.

The present premises where the offices of FCE and its departments are located
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Anti-heat Stress
Clothing for
Construction Workers in
Hot and Humid Weather
Coordination and Implementation Team) to deliver the
research tasks.

Summary of the impact
Construction workers in Hong Kong have to work
outdoor for long hours under hot and humid weather
conditions. To alleviate their discomfort and risk of heat
stroke, the research team led by Prof. Albert Chan from
the Hong Kong Polytechnic University (PolyU) developed
an anti-heat stress construction uniform that meets and
the challenge of rising temperatures and specif ic
industry requirements. The newly designed uniform
provides better ultraviolet protection, and allows for
better breathability and a faster evaporation rate of
sweat. Taking into consideration that the technology
concerned would benefit construction workers via non-profit
making promotion by the Construction Industry Council
(CIC), PolyU licensed the technology to the CIC for a
nominal value of HK$1 as a service to the community.
This ar rangement would ensure the unifor ms be
fabricated under the specification provided by the
research team, meeting the required standards, while
enabling a wider use of the uniforms.

The AHSC study started with a careful selection of
fabric materials. 39 types of fabrics were sourced and
tested for their thermal properties (thermal radiation,
air permeability, water vapor permeability and moisture
management) and mechanical properties (ultraviolet
protection factor, anti-static, and anti-abrasion). Five
types of fabrics (i.e, Cotton 100%, Coolmax 100%, Nano-tex,
Dry-inside, Cotton-polyester blending) with superior
thermal and mechanical properties were selected for
further assessment. A professional Computer Aided
Design (CAD) system - S-smart - was used to simulate the
thermo-physiological processes of human body, heat and
moisture transfer in clothing, and dynamic interactions
with virtual human when wearing the selected fabrics.
Coolmax 100% and Dry-inside fabric having the best
thermal and moisture performance were finally selected
as the fabrics for the t-shirt and pants respectively.
Coolmax 100% trimmed with nest mesh fabrics on the
side of the body were used to design the t-shirt. The
fabrics comprise specially engineered polyester fibers to
provide better breathability when compared with natural

Underpinning research
Wearing appropriate summer clothes is an effective
means for preventing heat stress. However, no industry
standards existed for construction workers. Scientific
research on designing suitable summer uniforms for
construction workers is also limited. To bridge these
gaps, a 3-year research study funded by the Research
Grants Council to design and engineer an anti-heat stress
clothing (AHSC) for construction workers was launched
in January 2012. The nature of the research calls for a
multidisciplinary team that possesses expertise and
experience in occupational safety and health, materials
science, textile science, and biological and exercise
science to analyze and interpret the research findings.
The research team is further divided into three sub-groups
(i.e., Clothing Design Team, Testing Design Team, and

Figure 1 Difference in sweat absorption and releasing
with (left) and without (right) the technology

6

fibers (e.g., cotton). The trousers were made from Dryinside fabric, which incorporates moisture management
technology by nano materials (Figure 1). It allows
moisture to transfer away from the skin to the surface of
the garment and possesses higher one-way
transferability. The main function of the AHSC is to
promote sweat evaporation and wearing comfort by
removing heat from
the body. In addition
to superior thermalmoisture performance,
the design also takes
m o b i l i t y, c o m fo r t ,
visibility, and safety
of workers into
consideration. These
features include
meshed warp knit
fabric on the side of
t h e b o d y, p o r o u s
ref lective strips,
loose-fit design to aid
Figure 2 Clothing design
better ventilation,
and different front and back designs to help identify
whether the wearer is standing in front of or behind the
work station (Figure 2).

counterbalanced order. Following a 30-minute heat
acclimatization session, they performed intermittent
running on a treadmill until exhaustion and then
recovered for 40 minutes (Figure 3). Their physiological
responses (i.e., body core temperature, skin
temperature, heart rate, sweat rate, and microclimate
humidity) and subjective sensations (i.e., thermal
sensation, wetness sensation, overall comfort, and
p e r c e i ve d e xe r t i o n ) we r e m e a s u r e d d u r i n g t h e
experiment. A two-way ANOVA with repeated measures,
paired-sample t test, and Wilcoxon signed ranks test
were conducted to detect whether significant differences
in the measured parameters existed between the two
wearing conditions. The findings manifested that the
physiological and perceptual strains of participants
wearing the AHSC were significantly lower than those
with TRADE during and after the running exercise. The
superior fabric properties and loose-fitting design of the
AHSC facilitate better air ventilation and evaporation.
The AHSC exhibits much better heat-moisture
performance than TRADE by reducing physiological
strain to a further 16.7% and body heat storage to a
further 28.8%.
Between July and August 2014, more than 180 male
construction workers participated in a two-day wear trial
on construction sites. Half of them wore AHSC and the
other half wore TRADE on the first day and this wearing
pattern was reversed on the second day. Upon completion
of a whole day wear trial, the workers were asked to
complete a self-administered questionnaire to report
their subjective perceptions on the work uniforms
(Figure 4). Differences of the subjective perceptions were
tested by the Wilcoxon signed ranks test. The results
indicate that the subjective evaluation of the AHSC was

Comparison of performance between the newly
designed uniform (AHSC) and the traditional uniform
(TRADE) in a laboratory setting was conducted in the
early 2014. The experiment was conducted inside a
climatic chamber by setting the air temperature and
r e l a t i v e h u m i d i t y c o n s t a n t a t 34.5° C a n d 75%
respectively. 12 participants were randomly assigned
to wear the AHSC and TR ADE uniforms in a

Figure 4 Questionnaire survey

Figure 3 Participant exercising on a treadmill (left) and recovering after exercising
(right) inside the climatic chamber wearing the newly designed uniform
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significantly better than that of the TRADE. Over 87% of
the workers indicated their preference for the AHSC and
remarked that the AHSC keeps them cool, dry, and
comfortable without impeding their work performance.

Improvement of work practice by developing the
new generation of the uniform
The new uniform exhibits remarkable benefits for
construction workers. Quantitative assessment inside a
climatic chamber manifests that the new uniform is
e f fe c t i ve i n r e d u c i n g t h e r m o - p hy s i o l o g i c a l a n d
perceptual strains during and after exercise. On-site
questionnaire survey further revealed that the uniform
is considered cool, dr y, and comfor table without
impeding work performance. Based on a scientific
approach with robust research methods, this study
demonstrates that the AHSC not only exhibits excellent
performance in alleviating body heat strain but also
satisfies the needs of construction workers. The newly
designed uniform provides better ultraviolet protection,
and allows for better breathability and a faster
evaporation rate of sweat. The well-being of construction
workers would be enhanced when they wear the AHSC
while working in hot weather, and so would their
productivity. F ur ther more, by streamlining the

Details of the impact
Initiative to design the anti-heat stress clothing
The prevailing guidelines and practice notes for
working in hot weather only provide generic
specifications on summer uniforms, such as wearing
thin, air-permeable, light-colored clothes made of natural
fabrics. There is a lack of scientific research to design
appropriate summer clothes for construction workers. In
this regard, the research team adopted a scientific
approach with robust research methods to design an
anti-heat stress uniform and evaluate its effectiveness
both quantitatively and qualitatively. The study adopted
rigorous and scientific research process which included
literature review, physical testing of fabric properties,
computer simulation, clothing design and engineering,
laboratory experiment, and field study. It is the first
scientif ic research dedicated to designing and
engineering suitable clothing to protect construction
workers from extreme heat and high humidity.
The design and engineering of the AHSC is a good
i l l u s t r a t i o n o f a p p ly i n g f u n d a m e n t a l s c i e n c e t o
application technology and ultimately to final product
innovation. Applying a new generation of moisturemanagement textiles made from nano-materials, the
selected fabrics exhibit superior overall moisture
management capacity in facilitating liquid sweat transfer
from the inner side to the outside of fabric surface.
Moreover, good air permeability and water vapor
permeability of these fabrics promote microclimate
ventilation and sweat vapor transmission. The utilization
of the meshed warp knit fabric on the side of the body
can also enhance air ventilation. The selected lightcolored fabrics are also light and thin, with outstanding
UV protection, anti-static, and anti-abrasion capacities.
R e t r o r e f l e c t i ve s t r i p s a r e u s e d t o b a l a n c e a i r
permeability and visibility. Different front and back
designs allowing clear identification of whether the
worker is facing or behind the work station can improve
on-site visibility and safety. For better mobility and
wearing comfort, a loose-fit design is adopted. Both the
polo shirt and the long pants can withstand around 300
washes, with a typical lifespan of about one year. In
terms of research achievements, this innovation has won
a multitude of local and overseas awards between 2015
and 2016.

government projects to encourage the use of the
uniforms. The award-winning uniform can help over
300,000 construction workers in Hong Kong to beat the
heat and humidity during the hot months.
Raising the health awareness of construction
workers and others
The AHSC has received wide attention from the
academia, the industry, and the public. The impacts of
the AHSC to the construction industry were widely
publicized through media (e.g., Metro Radio
Broadcasting, and newspapers) academic seminars, and
promotion and exhibition activities. A website has been
established to disseminate the information about the
research background, objectives, team members, and
research activities to the public. The Communications
and Public Affairs Office of the Hong Kong Polytechnic
University produced a video-clip to publicize the AHSC
project in the public domain via YouTube. The research
team has been invited to hold exhibitions on the AHSC,
which enables the team to introduce the AHSC to the
public. The AHSC, which is designed and manufactured
in Hong Kong, also attracted the attention of researchers
and practitioners from the Middle East and Africa .
The 44th International Exhibition of Inventions of Geneva: Grand Prize and Gold
Medal (2016)

Awards and prizes
• November 2015. Dean's Award for Outstanding Achievement in Technology Transfer 2015, conferred
by Faculty of Construction and Environment, The Hong Kong Polytechnic University
• November 2015. Hong Kong Institute of Project Management Awards 2015 - The Category F, Winner
of Research Awards, conferred by the Hong Kong Institute of Project Management (HKIPM)
Construction workers wearing the newly designed uniform to perform their routine
tasks during the trial test

procurement procedures to lower administration and
logistic costs, the price of the AHSC (i.e., HK$55 for the
short-sleeved polo shirt, HK$58 for the long-sleeved polo
shirt, HK$75 for the long pants) is 20% cheaper than
that of TRADE.
Taking into consideration that the technology
concerned would benefit construction workers via nonprofit making promotion by the Construction Industry
Council (CIC), the Hong Kong Polytechnic University
licensed the technology to the CIC for a nominal value of
HK$1 as a service to the community on 1 April 2015.
This event is a milestone in releasing this innovation to
the public and industries. The CIC fabricated 20,000 sets
of the uniforms for their trainees in September 2015. The
C I C o f f i c i a l ly l a u n ch e d t h e A H S C a s t h e s e c o n d
generation of the uniform for construction workers in
Kowloon Bay Training Centre on 7 September 2016.
Relevant contract clauses will be introduced in future
8

• December 2015. Local Grand Prize of CIC Innovation Award 2015, Awardees: Prof. Albert Chan, Prof.
Francis Wong, Prof. Henry Li, and Prof. Del Wong, conferred by the Construction Industry Council
• January 2016. CIOB International Innovation & Research Awards 2015: Innovation Achiever's Award
- Premier Winner, Awardees: Prof. Albert Chan and Prof. Francis Wong, conferred by Chartered
Institute of Building (CIOB), UK
• April 2016. The 44th International Exhibition of Inventions of Geneva: Grand Prize and Gold Medal,
under the patronage of the Swiss Federal Government, the State, the City of Geneva and the World
Intellectual Property Organization

References to the research
[1].	Chan A. P. C., Guo Y. P., Wong F. K. W., Li Y., Sun S., Han S.. The development of anti-heat stress clothing for construction workers in hot and humid weather. 2016a.
Ergonomics . 59(4): 479-495. DOI: 10.1080/00140139.2015.1098733
[2].	Chan A. P. C., Yang Y., Guo Y. P., Yam M. C. H., Song W.F.. Evaluating the physiological and perceptual responses of wearing a newly designed construction work
uniform. 2016b. Textile Research Journal . 86(6): 659-673. DOI: 10.1177/0040517515591773
[3].	Yi W., Chan A. P., Wong F. K., Wong D. P.. Effectiveness of a newly designed construction uniform for heat strain attenuation in a hot and humid environment. 2016.
Applied Ergonomics . DOI: 10.1016/j.apergo.2016.04.011
[4].	Chan A. P. C., Yang Y., Wong F. K. W., Chan D. W. M., Lam E. W. M.. Wearing comfort of summer work uniforms for construction workers. 2015. Construction Innovation ,
15 (4): 473-492. DOI: 10.1108/CI-06-2015-0037
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Integrating Major
Community Planning
Projects into Urban
Renewal for Sustainable
Urban Development
Summary of the impact
The research focuses on integrating event-led
f lagship projects (EFPs) into urban renewal.
Development themes of event flagships focus largely on
event-driven consumption but show an indifference to
the needs of local communities. The high expectation on
attracting investors and travelers in the post-event
period has often been dampened by event legacies that
are high maintenance, underused, low in adaptability
and isolated from the community. The effect on emerging
host cities is of particular concern, because of their
eager ness for instant image building and the
predominance of a top-down approach which leave little
concern over regeneration of the affected community
and urban sustainability.

neoliberal urbanism as a driving force behind economic
growth (Hall & Hubbard, 1998; Swyngedouw et al.,
2002). The staging of influential events became desirable
catalysts for launching them (Cuthbert & Ebrary, 2011).
Urban catalyst theories centers on how various catalytic
forces can expedite the processes of urban renewal
(Davis, 2009). Event-led flagship projects (EFP) are one
of the most popular catalysts for urban renewal. As a
prestigious kind of capital development, EFPs are
symbols and generators of urban growth. Such a strategy
is justified by urban catalyst theories that individual
flagship projects would play a catalytic role in expediting
broader-scale restructuring to create sustainable urban
systems that integrate the needs of society with the
integrity of the original environment.

Underpinning research

City branding

Urban renewal and Event flagship as urban catalysts

Establishing a city-branding vision that taps the
opportunities from event-staging is an important first
step to bid for a major sporting event. A city-branding
vision should in theory ref lect the perceptions and
expectations of the majority of citizens (Kavaratzis,
2004). Facilities for major sporting events are popular
catalysts for expediting urban renewal and city branding
(Chapin, 2004). However, many international studies
highlight the negative effects of infrastructure-based
urban renewal for city branding. One area of criticism is
centered on the conflicts between the huge investments
in large events and the lack of public participatory
policies oriented towards social needs (Yung & Chan &
Xu 2015; Degen & Garcı´a, 2012). This had caused
community resistance in hosting major events or
constructing megaprojects as well as other serious social

Important facilities/open spaces added via community planning

consequences (e.g. Jordhus-Lier, 2014; Shin & Li, 2013;
Waitt, 2003; Lenskyj, 2000). Since the branding process
should be built on a specific local identity (Ulldemolins,
2014), it should integrate the city image, underling
culture and identity intended through flagship project
development with that of the society.
Neighborhood dynamics and Social sustainability

In the 1950s, urban renewal was characterized by
slum-clearance and engineering megaprojects to revive
the economy of industrialized cities (Altshuler &
Luberoff, 2003; Healey, 1992). This infrastructure-based
strategy was largely abandoned in the late 1960s due to a
lack of social and environmental considerations (Roberts
& Sykes, 2000). In the 1970s, positioning selective
demolition and image-enhancing projects on urban
fringes became a more acceptable compromise to ease
the tension between economic growth and social frictions
(Couch, 1990). In this connection, hosting urban events
became a good instr ument to bring in new event
f lagships and upgrading urban infrastructure and
community facilities (Essex & Chalkley, 1998). In the
1980s, the competitiveness of a place was underlined by
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E F P s h ave s i g n i f i c a n t s o c i a l i mp a c t o n a
neighborhood and city. Through the opportunities
provided by EFPs, the open spaces created can mitigate
previous planning deficiency. Such public open spaces,
particularly addressing the needs of active aging,
reconnect the city to the people, contributing to the
overall social sustainability of a city (Yung, Chan & Xu
2014; Yung, Conejos & Chan 2016).
Silvestre (2009) produced a typology of impacts to
examine the nature of the social impacts caused by the
hosting of a mega-event. Maarten van Ham et al (2013)
summarized neighbourhoods as dynamic places that
constantly change in terms of their composition,
definition and relationships with the surrounding
environment. The literature has not provided consensus
on neighbourhood effects as to whether living in a

Applying innovative community planning to an old town ZCA, Xiamen
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disadvantaged neighbourhood causes people to be poorer,
to suffer worse health and to have lower general
wellbeing (Cheshire, 2012). Such concluding view will
have major consequences for policy responses to
deprived neighbourhoods, and will definitely affect policy
for large scale urban renewal. In line with city branding,
neighbourhood reputations, founded on its local culture
and histor y, play an important role in the future
developments of neighbourhoods and we need to increase
our understanding of the effects of neighbourhood
reputations on the dynamics of neighbourhoods and
people (Meen, 2012; Permentier, 2013).

Influence to industry:
The introduction of a new work approach of applying
community planning to an old town ZCA, Xiamen, won
the Guangdong Third Prize of the Guangdong Best
Planning Project Award (2015). Invited to deliver a
public lecture on Social Considerations for Urban
Renewal and Urban Planning organized by the Research
Grants Council with the Hong Kong Central Library.
Supported by the Bauhinia Foundation Research Centre
(December 2011) to conduct a contract research on
"Reform of the Hong Kong Development Approval
Process: Towards Sustainable Development", which
resulted in a series of recommendations with policy
implications.

Details of the impact
The research topic has impacted the fields of urban
renewal, urban planning and social sustainability.
Following are some research outputs and research
grants on account of it.

Multi-scale Multiregional Studies of
Sustainable
Construction

Research outputs:
[1]. C han, E. H. W., Wang, A. Q., Lang, W. (2016). Comprehensive Evaluation
Framework for Sustainable Land Use: A Case Study of Hong Kong in 2000-2010,
Urban Planning and Development , DOI. 10.1061/(ASCE)UP.1943-5444.0000346.
[2]. Deng, Y., Poon, S. W., & Chan, E. H.W. (2016). Planning mega-event built legacies A case of Expo 2010. Habitat International , 53, 163-177.
[3]. Yung, E. H. K., Chan, E. H. W., Xu, Y. (2014) Sustainable development and the
rehabilitation of a historic urban district - social sustainability in the case of Tianzifang
in Shanghai, Sustainable Development , 22(2), 95-112.
[4]. Yung, E. H. K., Conejos, S., Chan, E. H. W. (2016) Public open spaces planning for
the elderly: The case of dense urban renewal districts in Hong Kong, Land Use
Policy Volume 59, 31 Dec. 2016, p.1-11.
[5]. Yung E. H. K, Chan E. H. W., Xu Y. (2015) Assessing the social impact of revitalising
historic buildings on urban renewal: The case of a local participatory mechanism,
Journal of Design Research , Vol. 13, No. 2, 2015
[6]. Y ung, E. H. K., Langston, C., & Chan, E. H. W. (2014) Adaptive reuse of
shophouses in urban renewal districts in Hong Kong, Cities , Volume 39, August
2014, Pages 87–98

(a) Cultivated land

(b) Forest land

(c) Pasture land

(d) Construction land

Public Lecture on Social Considerations for Urban Renewal

Award and prize
• 2015, Third Prize of the Guangdong Best Planning Project Award, from the City Planning Association
of Guangdong Province

Major embodied land flows in China's interregional trade

References to the research

sustainable urban renewal at the city level, conducting a
3D spatial analysis at the district level, developing an
energy assessment framework of new buildings and a
unified decision support system for the green retrofit of
existing buildings, we provided a multi-scale strategy
framework to formulate scientific and rational decisions
for sustainable development.

Summary of the impact

[1].	Chan, Yuk-chung, Lam Gladys L.T., Cheng Howard C. H. (2009). Community Capacity Building as a Strategy of Family Violence Prevention in a Poverty-stricken
Community: A Theoretical Formulation. Journal of Family Violence , 24,559-568.
[2]. Deng, Y., Poon, S. W., & Chan, E. H. W. (2016). Planning mega-event built legacies - A case of Expo 2010. Habitat International , 53, 163-177.
[3]. Ng, E. (Ed.). (2009). Designing high-density cities: for social and environmental sustainability . Routledge.
[4].	Silvestre G (2009) The Social Impacts of Mega-Events: Towards a Framework, Esporte e Sociedade , ano 4, n.10, Nov.2008/Fev.2009, 1-26
[5]. Cuthbert and Ebrary, (2011) Understanding cities: Method in urban design , Routledge, Milton Park, Abingdon; Oxon, New York.
[6]. Essex and Chalkley, (2004) Mega-sporting events in urban and regional policy: a history of the Winter Olympics, Planning Perspectives , 19 (2) (2004), pp. 201-204

12

How to achieve sustainable urban development was
explored at different levels. By examining land footprint
distribution patterns at the national level, decomposing
the inter-sectoral energy transfers through the whole
u p s t r e a m s u p p ly c h a i n a t t h e i n d u s t r i a l l e v e l ,
conceptualizing a decision support framework for
13
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The district level study conducted a 3D spatial
analysis of five different plot ratio/building height (PL/
BH) scenarios on the urban skyline, visual effect, shadow
and insolation, wind ventilation, and air temperature to
enable decision makers to formulate scientific and
rational decisions for sustainable urban development.
The findings of this study can support in-depth "what-if"
analyses of dif ferent PR/BH restrictions for the
development of densely populated regions.

Underpinning research
Cities are constantly facing challenges, such as
scarce land resources, environmental deterioration,
urban decay, inadequate housing, social problems, and
economic decline. Sustainable urban development is
regarded as a key strategy to address these problems. To
generate, integrate and apply original knowledge that
fosters a better understanding of how sustainable urban
systems develop and function, a series of research
projects funded by the multiple sources were conducted.
The major purpose of these studies is to understand
essential issues underpinning sustainable urban
development and provide multidisciplinary solutions to
grand challenge problems during the urbanisation
process. The research team further conducted the
investigations from the national, industrial, city, district,
building, and project levels.

The building level investigation includes developing
an energy assessment system for new buildings to
facilitate industrial practitioners to effectively assess
and manage the energy consumption of a specif ic
building project at the initial stage, and establishing a
unified decision support system for green retrofit in
existing buildings with multiple functions, which can
provide customized policy suggestions for green retrofit
in different buildings.

The national level land use analysis examined land
footprint distribution patterns and regional spatial
transfer to develop an integrated land use management
model combined with modern agricultural technology
application, as well as consumption and trade structure
adjustment. Some developed regions, such as Shandong,
Jiangsu, and Guangdong, are the most significant driving
f a c t o r s o f c u l t i v a t e d , fo r e s t , a n d p a s t u r e l a n d
consumption, although these regions have relatively few
land resources .

The project level investigation encompasses the
development of a RFID-Enabled BIM Platform for
Prefabricated Housing Production in Hong Kong, which
enables effective management of the supply chain in
prefabricated housing production, including the
production of precast elements, transportation of these
elements, and assembly on construction sites, and
facilitates stakeholders in the supply chain to effectively
assess, manage the real-time data of a specific building
project, and make appropriate decisions.

The industrial level energy use investigation
decomposed the sectoral energy consumption and intersectoral energy transfers through the whole upstream
supply chain, which not only enhanced the
understanding of overall energy flows among different
sectors but also reinforced the importance of specific
energy-intensive f lows. The sector of smelting and
pressing of metals, the chemical industry, and the
construction sector were identified as the most energyintensive sectors in China's economy, while the
construction sector presented the most significant
indirect impact on the national total energy
consumption.

m u l t i - r e g i o n a l i np u t - o u t p u t ( M R I O ) m o d e l , a n d
structural path analysis (SPA) to make an in-depth study
of sectoral embodied energy use in China’s economy. The
specific impacts include: (1) facilitating an equitable
energy reduction policy by the central government at the
regional level by enhancing the understanding of indirect
energy flows in China's economy; (2) enabling the local
g o ve r n m e n t t o c o n d u c t a b e n c h m a r k s t u d y fo r
measuring sectoral energy intensity baseline; (3)
providing an indication of the current energy
consumption status of the local economy, which may
advance the regional sustainable development. Given the
important implications from this case study, Prof.
Geoffrey Shen and Dr Jingke Hong were honoured with a
Green Building Award from the Hong Kong Green
Building Council and the Professional Green Building
Council. They received a Grand Award in the Research
and Planning category for their research project.

approved the possible benefits from adopting this
framework in urban renewal process. The specific
impacts include: (1) serving as a platform for scenario
simulation to examine the effects from different urban-renewal
policies; (2) a prototype of a decision support system for
sustainable urban renewal. One journal paper based on
this pilot study received the 2016 Highly Commended
Paper Award by Emerald Literati Network.
This district level study explored the effects of
minor relaxation of plot ratio/building height (PL/BH)
restrictions on 21 sites in the Kai Tak Development Area
(KTDA) using 3D modeling and spatial analyses on urban
skyline, visual effects of mountain ridgeline, shadow and
insolation, air temperature, and wind ventilation. With
in-depth "what-if" analyses of five PR/BH scenarios for
development of the KTDA, this case study provided
robust evidences on the maximum relaxation of PL/BH
with insignificant impacts on the local environment. The
findings have been disseminated through different
channels to enable decision makers to formulate
scientific and informed decisions for sustainable urban
development in Hong Kong, including: (1) a press
conference held by Hong Kong Building Healthy Kowloon
City Association on 28 June 2016; (2) a research
monograph published by the Hong Kong Polytechnic
University, ISBN 978-962-367-799-8.

The city level pilot study used a combined spatial
analysis method to conceptualize a decision support
framework for sustainable urban renewal. The proposed
framework cannot only facilitate the analysis of current
conditions and predict future issues with a spatialtemporal perspective but also resolve problems and
policies in urban renewal before making decisions and
renewal strategies. Users including government officers
and scholars are satisfied with this framework and

Details of the impact
The national level land use analysis utilized an
input-output (IO) model to develop an integrated land
use management model. By providing suggestions on
how to improve modern agricultural technology, as well
as consumption and trade structure adjustment, the
findings in this study strike a balance between economic
and environmental benefits to avoid land loss of China.
The specific impacts include: (1) exploring the dynamics
and evolution of China’s virtual land use change; (2)
identifying the regional displacement of land use in
China through the interregional supply chain; (3)
establishing the historical and spatial land intensity
database through a consistent accounting mechanism;
(4) establishing the shared responsibility criterion in all
the regions and industries in China for land
conservation.

The city level pilot study conceptualizes a decision
support framework from a spatial−temporal perspective
for sustainable urban renewal to provide an effective tool
for policy making in urban renewal before implementing
renewal strategies. The findings indicated that an active
policy for urban renewal initiatives can play a more
important role in solving the urban decay problem and
urban rehabilitation initiatives should be planned and
conducted more positively at the city level.

The industrial level energy use investigation
employed a series of macro-level economic theories
including the structural decomposition analysis (SDA),
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3D models of the Kai Tak and their surrounding areas
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The building level investigation consists of two
topics, namely embodied energy assessment of new
buildings and green retrofit of existing buildings. By
integrating the process-based inventory flow into the
regional average data derived from MRIO analysis, a
hybrid energy assessment system was developed to
assess and manage the embodied energy use at the initial
stage before the building construction. This system was
applied in more than 3 building projects to validate its
default functions in the construction practice. The
specific impacts include: (1) enabling clients to identify
the essence of energy-related problems and explore
specific energy interaction information of a certain
building; (2) facilitating the local government or regional
policy makers to make a specific financial support plan
with different levels of subsidies for new buildings.

in related stakeholders and departments for a certain
project. The specific impacts include: (1) providing realtime suggestions for the government under different
circumstances (e.g., environment condition, risk, energy
price); (2) providing decision-making support for an
individual green retrofit project (e.g., assessment of the
benefit and cost of green retrofit, decision of whether to
retrofit and select the most efficient plan), which can
help understand the roles and behaviors of these decision
makers.
The project level investigation includes developing a
RFID-Enabled BIM Platform for Prefabricated Housing
Production in Hong Kong, which enables effective
management of the supply chain in prefabricated
housing production. Such platfor m facilitates
stakeholders in the supply chain to effectively assess and
manage the real-time data of a specific building project,
and make appropriate decisions. The specific impacts
include: (1) A website to disseminate information on the
research progress and latest achievements to the public;
(2) a keynote address at the Eleventh International
Conference on Green and Energy-efficient Building.

In the retrofitting area, a decision support system
for g reen retrof it in existing buildings has been
developed by applying social network analysis (SNA),
game theory, and agent-based modeling. This system is
the first agent-based platform for decision-making
support of green retrofit, which addresses the isolation

PCMS: a Digital Solution
for Proactive
Management of
Construction Projects

Summary of the impact

Today's construction management is often reactive
to progress delays or accidents due to lack of automated
project data collection, communication and distribution
of important information. The Proactive Construction
Management System (PCMS) enhances the capacities of
construction team on progress and safety management.
An extension of the BBS approach, proactive behaviorbased safety (PBBS) is proposed, to improve construction
safety. PBBS integrates the theory of BBS with the
technology of PCMS. The experiment results showed that
P C M S p e r fo r m e d we l l o n c o n s t r u c t i o n a c c i d e n t
prevention and the Safety Index (SI) of the two project
teams, with increased improvements by 36.07% and
44.70% respectively.

PCMS tags mounted on forklifts and helmets

(ITP/036/12LP) from 2013 to 2014 developed Pro-active
Constr uction Management System (PCMS) by
integrating logistics enabling technologies, with virtual
construction simulation technologies to enhance the
capacities of workers in detecting potential sources of
danger and provide pro-active warnings to workers when
they are exposed to dangerous situations.

Underpinning research
Tracking the vital status of construction resources
such as people and equipment in real-time,
understanding the dynamically changing site
environment, and monitoring, analyzing, and visualizing
site activities and conditions of progress, are a few of the
issues that have become increasingly important to
change the construction management from reactive to
proactive approach. Research for proactive construction
management has been led by Prof Heng Li at the
Department of Building and Real Estate of the Hong Kong
Polytechnic University since the early 2000s. Following
are specific research findings since 2013 that have had a
substantial impact on constr uction management
practices.

Prof. G. Shen (left) and Dr J. Hong (right) with their award

Award and prize
• 2016 Green Building Award– Grand Award

References to the research
[1].	Hong, J., Shen, G. Q., Guo, S., Xue, F., Zheng, W., 2016. Energy use embodied in China's construction industry: A multi-regional input–output analysis. Renewable and
Sustainable Energy Reviews 53, 1303-1312.
[2]. Guo, S., Shen, G. Q., 2014. Multiregional Input - Output Model for China's Farm Land and Water Use. Environmental science & technology 49, 403-414.
[3]. Liang, X., Hong, T., Shen, G. Q., 2016. Improving the accuracy of energy baseline models for commercial buildings with occupancy data. Applied Energy 179, 247-260.
[4].	Liang, X., Hong, T., Shen, G. Q., 2016b. Occupancy data analytics and prediction: A case study. Building and Environment 102, 179-192.
[5]. Zheng, H. W., Shen, G. Q., Wang, H., Hong, J., 2015. Simulating land use change in urban renewal areas: A case study in Hong Kong. Habitat International 46, 23-34.
[6].	A research monograph titled "A Study of Plot Ratio/Building Height Restrictions for Kai Tak Development Using 3D Spatial Analysis Technology", published by the Hong
Kong Polytechnic University, ISBN 978-962-367-799-8.
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(B) Construction progress management has been a
critical issue since labor vacancies and management
costs have increased. One of the most difficult aspects of
deploying efficient progress management on project is to

(A) According to the statistical data by the Labor
Department of Hong Kong, the majority of fatalities in
the construction industry mainly are attributed to three
types of dangers: 1) Fall of person from heights, 2)
Striking against or struck by moving objects, and 3)
Str uck by moving vehicles. The research project

PCMS Anchors deployed around construction sites
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provide continuous, objective, automated actual
conditions of construction progress for comparing
planned schedule. The research project (ITP/004/14LI)
from 2014 to 2015 extended the PCMS to convert those
individual activities of construction crew into real-time
construction progress by matching the type of worker
and its productivity rate established in the database.

The user benefits include: a) decreased safety
incident possibility by immediately alerting site workers
to safety hazards, b) rapid incident response from
managers by immediately locating where an incident
happens, c) incident cause analysis using track records,
d) immediate grasp of construction resources, e) daily
safety reports to safety off icers, and f) improved
construction safety culture.

(C) The collection of progress data is time-consuming
and inaccurate. In order to improve the cur rent
construction monitoring practices, the research project
(PolyU 152093/14E) from 2014 to 2017 aims to develop a
new methodology to monitor the construction progress of
structural elements by integrating BIM with laser
scanning and imaging technologies. It is expected that
the methodology developed will provide a new approach
to monitoring construction progress, which will assist
project managers to improve the efficiency of their
project management practices.

2.T rial in the Disaster Victim Identification Unit
(DVIU) of Hong Kong Police Force
DVIU of the Hong Kong Police Force is another
excellent case of the technology demonstrating its values
and benefits. The trial in DVIU evaluated the fast
deployment capability or adoption to unplanned /
unknown environments, preparing for future study of
mapping the PCMS system with 3D site models built with
point cloud files. Compared with the current almost fully
manual operation, this trial configured new operation
procedures which can facilitate much faster information
f low and decision support. DVIU tested the proposed
operation flow in its training section from 2015-2016.

(D) The research project (ITT/004/15LP) from 2015
to 2016 extended the functions of PCMS according to the
requirements and characteristics of safety management
in landslip prevention and mitigation. An app called Eye
On Project with two primary functions, immediate
i n fo r m a t i o n a c c e s s a n d s a fe t y i n s p e c t i o n , w a s
implemented to take advantage of mobile internet.

The user benefits include: a. DVIU commander can
get hold of the scene situation before deploying a search
team so that search priority can be planned better. b.
Gridding may not be necessary in a square or rectangle,
irregular grid becomes possible. Therefore, gridding
operation will be less affected by situations like landslide,
river etc. c. More resources can be allocated to the
searching operation in return improving the matching
lead time and efficiency.

(E) With the initial success of PCMS, the research
project (ITP/002/16LP) from 2015 to 2017 will further
research and develop enabling technologies to
systematically extract and transform BIM objects into a
constr uction management platfor m according to
construction plans. Specifically, this project aims to
develop a BIM-based task decomposition and assignment
t e ch n o l o g y t o m a ke B I M i n fo r m a t i o n a n d w o r k
instructions directly accessible to workers, a means of
information indexing and retrieval enabling workers'
convenient and timely access to information.

PCMS Web Operating Interface

3. Proactive Behavior-based Safety (PBBS)
The Hong Kong Commissioner for Labor identifies
worker behavior as the root cause of construction
accidents. Behavior-based safety (BBS) is one effective
approach in managing employee safety issues. However,
there is little research on the application of BBS in the
constr uction industr y. An extension of the BBS
approach, proactive behavior-based safety (PBBS), has
been proposed to improve construction safety.

Details of the impact
The research outlined in section 2 is changing
construction safety management, calling for a new
theory for proactive safety management.

4. Hazard Exposure Assessment
Traditional risk-assessment methods typically
evaluate accident probability, exposure frequency or
duration, and consequence severity, respectively, and
f inally deter mine a quantitative risk score or a
qualitative risk level. The assessment process is
prospective and subjective. Changing and complex
construction situations impede their practical and
efficient application. To assess safety risk with regard to
changing site conditions in an objective and efficient way,
this study proposes a quantitative model for hazard
exposure assessment based on real-time location data of
construction workforce and equipment, collected by a
location-based proximity warning system.

The innovations of PBBS are: (1) automatically
monitoring location-based behaviors; (2) quantitatively
measuring safety performance; (3) investigating
potential causes of unsafe behaviors; and (4) improving
the efficiency of safety management.

1. Trial in Construction Projects
P C M S h a s b e e n t r i a l u s e d o n m o r e t h a n 10
construction projects including housing, slope and
tunnel projects from 2014 to 2016. All the users
including clients and contractors were satisfied with the
trial results and hoped this technology could be used in
more construction projects.
18
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Development of a
Highly-dispersed
Self-cleaning Paste

A trial study is used to demonstrate and test the
model’s capability of hazard exposure assessment. This
shows that the system can provide safety officers with an
ongoing and immediate means of comparing safety risk
trends from worker, hazard, and project perspectives.
5. Constant Review of Safety Risk Control Measures
Quickly changing and complicated workplace
conditions were identified to have directly accounted for
over 30% of these accidents. There is a need to review
safety risk control measures effectively with the
consideration of quickly changing and complicated
workplace conditions. This study attempts to introduce a
novel method of constantly reviewing safety risk control
measures based on workers' responses to proximity
warnings of safety hazards.
T h e r e s e a r ch i n t r o d u c e d a t h r e e - l e ve l ( i . e . ,
individual hazards, hazard types, and generic hazards)
h i e r a r ch i c a l B aye s i a n m o d e l b a s e d o n w o r ke r s ’
responses to proximity warnings of specific hazards to
review safety risk control measures with the
consideration of quickly changing and complicated
workplace conditions. The proposed model distinguishes
between two uses of proximity warnings (i.e., as the
primary control measure and as the secondary
measure), takes as input observational response rates,
takes into account the prior knowledge on workers'
responses to similar hazards, and finally produces as
output ERRs of individual hazards, hazard types, and
generic hazards.

2015 Merit Award in the Innovation Achiever's Award category from CIOB

Comparison between solar PV surfaces with (left) and without (right) coating

Summary of the impact

Award and prize
• 2015, Merit Award in the Innovation Achiever's Award category from the CIOB for Xiaochun Luo,
Heng Li, Bo Ye

References to the research
The research led to dozens of journal and conference papers, as well as reports and design manuals. Following are some examples.
[1].	Li, H., et al. (2015). "Chirp-spread-spectrum-based real time location system for construction safety management: A case study." Automation in Construction 55(2015):
58-65.
http://dx.doi.org/10.1016/j.autcon.2015.03.024
[2]. Li, H., et al. (2015). "Proactive behavior-based safety management for construction safety improvement." Safety Science 75(2015): 107-117.
http://dx.doi.org/10.1016/j.ssci.2015.01.013
[3].	Luo, X., Li, H., Huang, T. and Skitmore, M. (2016). "Quantifying Hazard Exposure Using Real-Time Location Data of Construction Workforce and Equipment." Journal of
Construction Engineering and Management , 142(8): 04016031. http://dx.doi.org/10.1061/(ASCE)CO.1943-7862.0001139
[4]. Li, H., et al. (2016). " Stochastic state sequence model to predict construction site safety states through Real-Time Location Systems." Safety Science , 84: 78-87.
http://dx.doi.org/10.1016/j.ssci.2015.11.025
[5].	Luo, X., Li, H., Huang, T. and Rose, T. (2016). "A field experiment of workers' responses to proximity warnings of static safety hazards on construction sites." Safety
Science , 84: 216-224.
http://dx.doi.org/10.1016/j.ssci.2015.12.026
[6].	Luo, X., Li, H., Dai, F., Cao, D., Xincong, Y., Guo, H. (2016). "A Hierarchical Bayesian Model of Workers' Responses to Proximity Warnings of Construction Safety
Hazards: Towards Constant Review of Safety Risk Control Measures." Journal of Construction Engineering and Management , accepted.
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photoinduced-hydrophilic properties of the anatase TiO2
coating, when exposed to direct solar radiation, it could
not only break down the organic grimes into CO2 and
H2O, but also make the rainwater spread evenly on the
glass surface in a sheet form to wash away the loosened
dirt and accelerate the surface drying without leaving
stripes. Compared with the commonly used film coating
methods in the market, the screen-printing method is
arguably one of the most popular film coating techniques
in the manufacturing industries, such as semiconductor,
package, and photovoltaics. However, the application of
screen-printing on the fabrication of self-cleaning glass is
limited by the fact that the transparency of a typical
screen-printed TiO2 coating is relatively lower than that
of the coatings produced by the Chemical Vapour
Deposition (CVD) or sputtering. Consequently, the
objective of this research is to develop a kind of high
dispersed TiO2 paste which is suitable for the screenprinting process to produce transparent self-cleaning
coatings on glass. A ball mill method is utilized to grind
and disperse the TiO2 nanopowder as it is easy to scale
up for industrialization.

The developed low-cost, environmentally friendly
and highly transparent nano paste can be coated on
different kinds of surfaces, including solar panels and
curtain walls to protect them from organic and inorganic
dirt under sunlight activation and rainwater brush. It
can significantly reduce cleansing cost by 70% as well as
increase the average output power of solar panels up to
11. 7 % . T h i s h i g h l y t r a n s p a r e n t , r o b u s t a n d
multifunctional coating also protects the surfaces from
corrosion by sandstorms and acid rain so that their life
span can be greatly extended.

Underpinning research
Self-cleaning coatings on glass have attracted both
academic and industrial interests in the last decade due
to their superior property in keeping glazing surfaces
clean and transparent for a long time without frequent
cleaning and maintenance work. Typically, a self-cleaning
glass is composed of a piece of conventional glass covered
with a thin layer of nanocrystalline TiO2 coating in
anatase polymorph. Owning to the photocatalytic and
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Professor Yang Hongxing, together with Dr Lu Lin
and Dr Wang Yuanhao from the Renewable Energy
Research Group (RERG) in the Department of Building
Services Engineering developed this innovative selfcleaning nanocomposite paste from 2012 to 2016. The
material is suitable for the low-cost facile screen-printing
process to fabricate highly transparent multifunctional
coatings on glass. The developed coating has extremely
high dispersion of the internal semiconductor
nanoparticles (average particle size=5nm), so that it
could inhibit the Rayleigh scattering effect and hence has
high transparency (over 98% in visible region).
Meanwhile, the surface of the coating via sunlight-activated
has the property of photocatalysis and super-hydrophilicity
(contact angle <1°), which can not only decompose the
organic compounds on surface, but also brush away the
inorganic dust easily by rainwater. Due to reduction of
contact ang le, the wetted area during desiccant
dehumidification could be effectively enlarged, while the
corresponding heat and mass transfer rate could be
increased by 1.2 and 2 times. In addition, the coating
after tempering process is robust (hardness: 8H; life
time>20 years), which can prevent the glass from the
corrosion of sandstorm and acid rain. The paste itself is
water-based with lower volatile organic compound
( VO C <3g / L ) a n d z e r o h e av y m e t a l s , w h i ch i s
e n v i r o n m e n t a l f r i e n d ly fo r h u m a n b e i n g s . T h e
fabrication process of the paste is cheap and facile, easy
for transportation and storage. The estimated cost of the
developed self-cleaning coating will be not more than
US$1.5 per square meter.

Details of the impact
The developed self-cleaning paste has validated
positive impact when applied to the photovoltaic power
station, curtain walls, windows, metal surfaces and
rearview mirror etc. This invention was highly valued by
both local and global industries, winning the Green
Building Environmental Protection Award Merit Prize
2014 in Hong Kong and a Gold Medal and Special Merit
Award in the 44th International Exhibition of Inventions
of Geneva. Specific environmental and economic benefits
are clarified as below.
Most homemakers hate cleaning windows because it
is quite a strenuous exercise that comes with a danger of
falling. One way to cut back corners on the bill is to use
self-cleaning glass that does not need to be frequently
scrubbed. However, conventional self-cleaning glass
curtain walls are expensive because their fabrication
involves processes in extreme conditions such as
Chemical Vapour Deposition (CVD) or sputtering. Many
of these thin-film technologies entail high vacuum or
intense heat, thereby calling for expensive equipment.
Customers have to pay roughly US$10 to 20 per square
meter for self-cleaning glass curtain walls whereas non-coated
ones can cost as little as US$1 per square meter. The
hefty price tag essentially hinders the popularity of selfcleaning glass. The cost of self-cleaning glass curtain wall
was substantially brought down by the invented screenprintable nano-composite paste. Instead of expensive
machinery that creates vacuum or high temperature,
the paste can be silk-screened onto glass at room

Effect of self-cleaning coating on window glazing

temperature and atmospheric pressure. Besides, the
paste itself is also inexpensive, with a material cost of no
more than HK$1.5 per square meter, far cheaper than
conventional self-cleaning thin films. The application of
this paste on building facades will reduce the frequency
of curtain wall cleaning and decrease the corresponding
maintenance cost. A typical commercial edifice in Hong
Kong needs to be cleaned 6 times a year at a cost of about
HK$200,000 each time. After applying the paste, the
frequency of cleaning can be lowered to 1 to 2 times a
year, leading to a saving of HK$800,000 to 1,000,000.

station by the same amount and decrease the greenhouse
gas emissions by 4,985 to 14,955 tons. F rom an
economic point of view, the cost effectiveness of this
application can be further illustrated. For the 100 MW
photovoltaic power station, whose total area is estimated
to be 666,600 square meter, the sheer capital cost is
HK$1,333,200, and the coating cost is estimated to be
HK$2 per square meter. Since an outdoor power station
is normally cleaned once a year, it will cost HK$100,000
each time. If the increment of power output is assumed to
be 5%, it will improve electrical power generation by
5,000,000 kWh. If 1kWh costs HK$1, the operating cost
saving will be HK$5,000,000. As a result, the payback
period is calculated to be 0.27 years, which confirmed its
cost effectiveness. The self-cleaning paste has been used
in photovoltaic power stations of Han's Laser Co.Ltd in
Shenzhen. According to data from the user’s internal
test, the increment of output is more than 12%.

Apar t from cur tain walls, mir rors and g lass
windows, the nano-composite paste can also be applied
on photovoltaic cells and stainless steel surfaces that
benefit most from its self-cleaning property. If the paste
is applied to the surface of solar panels, the negative
impact on solar power generation caused by dust
accumulation will be efficiently reduced. As a clean
energy, PV solar power station's net output declines with
increasing dust accumulation. For example, power
stations in the Pearl River Delta of China suffer a
production loss of 5 to 15% due to dust, while the figure
reaches 20-30% in the Middle East. After applying the
self-coating, the solar power station can increase its
output by 5-15%. If a solar power station in the Pearl
River Delta of China with an output of 100 MW adopts
this product, it can increase its power output by
5,000,000 to 15,000,000 kWh (depending on the
situation of on-site pollution), reduce the coal-fired

Dr Wang at the Geneva Innovation Exhibition
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In addition, many enterprises have expressed
interest in this invention. A licensing agreement has
been signed with a local company to commercialize this
product. The remaining work of this research is to
collaborate with the company and produce reliable
products for commercialization. A small-size
demonstration of the research delivery has been realized
and the product will be used in a small showroom soon on
the campus of The Hong Kong Polytechnic University.
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Life-Cycle Optimization
and Diagnosis for
Saving Energy in New
and Existing Buildings
publications, and implemented in a number of major
projects (e.g., landmark buildings, MTR stations and
airports) in Hong Kong with a total energy saving of over
100 million kWh per year.

Underpinning research
Buildings consume about 40% of the overall energy
consumption in many countries and regions.
Investigations have demonstrated that excessive energy
(15% ~50%) is often wasted in most buildings due to
various problems at different stages of their lifecycle. The
research team has developed comprehensive
methodologies and technologies, accumulating a wealth
of experience in the development of new buildings,
performance-upgrading, and retro-commissioning of
existing buildings.
2016, Medal from the 44th International Exhibition of Inventions of Geneva

Over the last 15 years (2002-2016), a large number
of research and industrial funds from various sources
have supported this research. Research Grants: 28
research grants were obtained, including 15 GRF/(RGC)
projects, the Overseas Outstanding Young Talents
Research Grant of NSFC (National Science Foundation of
China), etc. Industry Projects: 16.5 million (HKD) was
r e c e i v e d fo r i n d u s t r y - s p o n s o r e d r e s e a r c h a n d
consultancy projects on building system optimization
and optimal control of new and existing buildings in the
last ten years. International Collaborations:
Participation in 3 IEA (International Energy Agency)
E C B C S ( E n e r g y C o n s e r v a t i o n fo r B u i l d i n g a n d
Community Systems) research programs, including
Annex 40 (Commissioning of HVAC systems, 2001-2004),
Annex 47 (Cost-effective Commissioning for Existing and
Low Energy Buildings 2005-2010) and Annex 58
(Reliable Building Energy Performance Characterisation,
2011-2015).

Awards and prizes
• 2014, Merit Award from Hong Kong Green Building Council (HKGBC)
• 2016, Excellent Product Award from the China Hi-Tech Fair 2016 at Shenzhen
• 2016, Medal from the 44th International Exhibition of Inventions of Geneva
• 2016, Prix from the Technical University of Cluj-Napoca Romania at the 44th International Exhibition
of Inventions of Geneva
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International Commerce Centre (ICC) - The tallest building in Hong Kong

Summary of the impact
The team led by Prof. Shengwei Wang and Dr Fu
Xiao has developed comprehensive methodology/
approach, methods and technologies for optimized design
and control, diagnosis and commissioning at different
stages of lifecycle for saving energy in both newly-developed
and existing buildings. The achievements have initiated a
fundamental understanding and global reorganization of
life-cycle optimization, diagnosis and commissioning of
buildings in the profession. Methods/technologies have
been documented in numerous highly cited academic
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The development and application of building energys av i n g t e ch n o l o g i e s p r o m o t e t h e a p p r o a ch a n d
methodology of building life-cycle optimization, diagnosis
and commissioning in both newly-developed and existing
buildings. For New buildings , energy optimization is
performed as the buildings prog ress through the
different stages of design, construction, testing &
commissioning, and operation. Taking the energy
optimization of the International Commerce Centre as an
example, the assessment & diagnosis were performed to
verify the system configuration and optimize the design
as early as the design stage. During the operational state,
10 optimized control strategies (including robust chiller
sequence control, model-based optimal start control
strategy, global optimal control of chilled water systems,
global optimization of cooling tower systems, static
pressure set-point reset and supply air temperature setpoint reset etc.) are developed and implemented to
ensure systems operate with more energy efficiency
than the design anticipation, particularly under partial
load conditions. The major work has been demonstrated
in the following research and application projects (only
five typical ones are listed) together with over 30 journal
publications:

Environmental Assessment Method (BEAM Plus) in
2012, in which 4 credits and 1 bonus are addressed in
Commissioning work and Independent Commissioning
Authority.)

work has high impacts both from scientif ic and
application points of view. In the past five years (2012-2016),
Prof. Wang published over 60 high-quality academic
papers (cited by SCI) in top international journals and
the publications received large number of citations. He is
ranked as one of the top 150 highly-cited scholars in
"Energy Science and Engineering" worldwide by Elsevier
(2016). His major achievements of original research
include:
•	Effective, applicable and robust strategies in practical
applications with limited and unreliable online
measurements;
•	Fault detection/diagnosis methods for sensors and
HVAC&R systems involving sensor errors and low
quality measurements as well as the method for
building-level energy assessment and diagnosis of
information-poor buildings;
•	"Robust optimal design" methods for optimizing the
HVAC system design concerning the impacts of both
u n c e r t a i n t i e s o f d e s i g n i n fo r m a t i o n a n d t h e
reliabilities of HVAC devices in operation;
•	Interactive building demand response method and
demand-based control of building HVAC system for
direct load control of buildings responding to the
urgent request of smart grids;
•	Modeling with effective parameter identification
based on limited data or online parameter
identification.

1.	Design and Control Optimizations of Net-Zero Energy
Buildings Integrated with Micro-Grid (PI, RGC/GRF,
646K, 2013)
2.	Development and Site Validation of Online Optimal
C o n t r o l S t r a t e g i e s fo r B u i l d i n g C e n t r a l A i r Conditioning Systems (PI, RGC/GERG, 347K, 2008)
3.	Energy Optimization of New World Centre (New world
Development, 2014-2017, 3.0M)
4.	Life-Cycle Commissioning and Optimization of ECS
System in Underg round Station (Collaborative
Research Sponsored by Hong Kong Mass Transit
Railway Corporation (MTR), 2014-2017, 1.75M)
5.	D evelopment of Air-conditioning System Optimal
Strategies (Yau-Lee, 2013-2014, 3.0M)

Summary of Relevant Technologies Developed
Most of his research outputs have been converted
into applicable technologies, which have been successful
in numerous large-scale building projects and
contributed very significant energy savings, including:
•	Building performance quick evaluation and diagnostic
tool
•	Detailed evaluation and diagnostic tool for airconditioning equipment and BASs
•	Building system online performance simulation test
platform
•	Existing building commissioning and upgrading
assessment tool
•	BAS control and diagnosis strategy online test
platform
•	Package of collected online optimal and energy
efficient control and diagnosis strategies
•	Intelligent building integration and management
platform (IBmanager)

For existing buildings , the energy optimization
aims to find out the possible energy-saving opportunities
by performance assessment and fault diagnosis. Related
energy-saving measures are then implemented to realize
the energy saving in practice.

Details of the impact
Summary of Research and Achievements
The major objective is to enhance the overall
building energy efficiency by means of commissioning,
diagnosis and optimization in the building life-cycle. This
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Summary of Actual Energy Savings Achieved
A total energy saving of over 100 million kWh per
year is achieved by the successful implementations of
life-cycle commissioning and optimization in a number of
very large-scale buildings in Hong Kong. The energy
s av i n g c o n t r i b u t i o n o f f i v e m a j o r p r o j e c t s a r e
summarized as follows:
•	The optimization of HVAC&R system design and
implementation of energy efficient optimal control
strategies at the International Commerce Centre
(ICC) achieved an annual saving of 10 million kWh
(18%) and received ASHRAE 2014 Technology Award
(New Commercial Buildings) (2012-2014).
•	HVAC&R system optimization and optimal control
helped Holiday Inn Express SoHo Building to achieve
a reduction in air-conditioning energy consumption of
30%, while the building consumes only 50% of energy
(per unit floor area) used by typical hotel buildings in
Hong Kong and has been recognized as a good model
for (hotel) buildings by the Hong Kong Green Building
Council (2011-2012).

International Commerce Centre (ICC)

Shaping life-cycle commissioning and optimization
in practice
Prof. Wang is among the global initiators of life-cycle
commissioning and optimization for buildings, and have
shaped them as essential practices for buildings in Hong
Kong. Based on actual experiences in more than 10
building projects, it is found that one of the major
reasons why buildings fail to meet per for mance
expectations is the lack of adequate commissioning of
systems and equipment. The team has demonstrated
that life-cycle commissioning, diagnosis and optimization
are promising and effective solutions for enhancing the
overall performance of buildings over their life-cycle. In
particular, the successful implementations in the tallest
building (ICC), the largest building blocks on the PolyU
campus as well as at the Hong Kong airport and an MTR
underground station have contributed to a fundamental
shif t in the awareness and understanding among
international and regional policy makers, who have made
commissioning and optimization indispensable building
practices. The ICC building won the Gold class of LOOP
(Low-Carbon Of f ice Operation Prog ram) and the
Platinum grade of LEED CI (Leadership in Energy and
Environmental Design - Commercial Interior. The
proposed new concept of enhanced commissioning has
been adopted in the latest version of Building

Holiday Inn Express Hong Kong SoHo – A good example of a green building
according to The Hong Kong Green Building Council (HKGBC)
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Lightning – Its Effects,
Detection and Protection

•	The commissioning and control optimization of
Energy Systems of a Jacobson Pharma building is
expected to achieve an energy saving of up to 40%
(2015-present).
•	The energy upgrading and optimization of the PolyU
campus buildings at the first and second stages
resulted in a saving of 38% (of A/C system) in the
Phase 5 building (together with system upgrading in
2013), and savings between 15-30% (of A/C systems)
are expected in the other three campus buildings
(2014-present).
•	The system design and control optimization of the
MTR underground station is anticipated to have a
saving of 30% of the air-conditioning and ventilation
systems (2014-present).

The campus buildings of The Hong Kong Polytechnic University

Awards and prizes
• 2001, The President’s Awards for Outstanding Performance/Achievement - Research and Scholarly
Activities (Shengwei Wang)
• 2006, First Prize on Science and Technology Progress of Ministry of Education (Youming Chen,
Shengwei Wang et al.)
• 2007, Second Prize on Natural Science of Ministry of Education (Youming Chen, Shengwei Wang et al.)
• 2010, Innovation Press, China International Industry Fair, Shanghai, November (Shengwei Wang and
Fu Xiao)
• 2011, Shortlisted (final three) for Building Performance Award (Commissioning) of CIBSE (UK), Lifecycle Commissioning and Optimization of International Commerce Centre (ICC), (Shengwei Wang, Fu
Xiao, W.P. Pau)
• 2012, Distinguished Knowledge Transfer Excellence Award 2012 (Merit Award) of The Hong Kong
Polytechnic University (Shengwei Wang and Fu Xiao)
• 2014, ASHRAE Technology Award (New Commercial Buildings) (Shengwei Wang and Fu Xiao)
• 2014, Most Active Consultant Award - Outstanding Professional Services Awards of The Hong Kong
Polytechnic University (Shengwei Wang)
An artificially triggered lightning flash struck at a lightning rod under testing

measures in signaling and traction systems of electrified
railway, (c) development of architectural shielding with
low-cost techniques, which is adopted in large buildings
in Hong Kong, Macau, Manila, Guangzhou and Shanghai.

Summary of the impact

References to the research
[1]. The personal homepage of Professor Shengwei Wang in Department of Building Services Engineering at PolyU:
http://www.bse.polyu.edu.hk/People/beswwang/index.html
[2].	The website of Annex 40, 47 and 58: www.commissioning-hvac.org; www.iea-annex47.org; www.kuleuven.be/bwf/projects/annex58
[3]. Wang, Shengwei. (2013). Life-cycle Diagnosis /commissioning and optimization for saving energy in buildings, available at:
http://www.chinagb.net/gbmeeting/igebc7/xinxi/jchj/ images/1301638642625.swf
[4].	Wang, Shengwei and Gao, Dian-ce. (2016). Building Life-cycle Commissioning and Optimization-Approach and Practice. Springer Briefs in Environment, Security,
Development and Peace . DOI 10.1007/978-981-10-0737-8
[5]. Wang, Shengwei, and Pau, Wai-keung. High-Rise Energy Efficiency. ASHRAE journal 56.7 (2014): 60.
[6].	Sun Y., Wang S., Cui B., et al. Energy performance enhancement of Hong Kong International Airport through chilled water system integration and control optimization.
Applied Thermal Engineering , 2013, 60(1): 303-315.

28

W i t h t h e i n c r e a s i n g u s a ge o f e l e c t r i c a l a n d
electronic devices, equipment damage or malfunction
caused by lightning and other sources has been on the
rise. A research group led by Prof. Patrick Y. Du and Dr.
Mingli Chen has signif icantly improved lightning
detection and protection from it as well as
electromagnetic environments in buildings. The main
contributions include (a) development of user-friendly
software for lightning surge analysis, which is currently
used in telecommunication industry for product design,
(b) evaluation and improvement of lightning protection

Underpinning Research
Research in this area was primarily focused on the
physics of lightning and the electromagnetic
environment in grounded structures. The aim of the
research was to improve the performance of lightning
warning and protection systems, and to provide effective
measures for protecting people and equipment against
29
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A Single-station Lightning detector invented by PolyU staff

evaluating electromagnetic environments for
providing effective measures against electromagnetic
interference. This programme was extended to the
power-frequency electromagnetic environment as
well. The conductive parts of concern included
structural steels, such as reinforcing steel wires and
steel bars. These steels were found in columns, beams
and floors/ceilings over a lossy ground, which do not
possess the TEM field mode during a lightning strike .
4)	The researchers addressed the skin effect, proximity
effect, and ferromagnetic effect of the wire structures
in modeling and simulation, developing a software
package for lightning surge analysis in 3D wire
structure with a user-friendly UI being equipped. The
r e s e a r ch e r s a l s o d e ve l o p e d a n a l g o r i t h m fo r
integrating the FDTD method and the circuit model of
lossy wires with an arbitrary shape, and made
lightning surge analysis in a practical wire structures
feasible.
5)	An attempt to transfer a large field-domain problem
into a small circuit-domain problem has been made as
we l l . C i r c u i t m o d e l s o f l a rge c o n d u c t i ve a n d
ferromagnetic plates were addressed extensively, and
PEEC simulation techniques were developed to
evaluate both power frequency fields and lightninginduced fields within buildings. Optimal shielding
with a combination of low-cost materials such as
galvanized iron and aluminum were identified, which
made the architectural shielding at low frequency
feasible in the context of large buildings.

lightning and other harmful sources. During the last 15
years, such research has been substantially supported by
the Hong Kong Research Grants Council, and more than
20 GRF projects have been awarded.
1)	Several studies have been carried out on the lightning
leader formation, which are benef icial to risk
assessment of buildings being struck by lightning. For
instance, a new method for retrieving the evolution of
charge and current of a leader based on ground
measurements of electrical field and high speed
camera has been proposed and validated. Two kinds
of leader model have been developed, one of which is a
3-dimensional self-organized model for downward
negative stepped leader.
2)	S tudies of the lightning detection and warning
technology were car ried out as well. We have
developed a method for improving the location
accuracy of DF (direction-finder) type lightning
location network. Moreover, an electromagnetic
model has been established to interpret the
properties of lightning location errors of the DF
network. We have proposed an improved wave
impedance approach for locating close lightning
stroke from single station observation.
3)	Note that substantial energy is coupled into the
structure of grounded objects during lightning. The
research programme focused on the development of
the models of various conductive parts in grounded
str uctures and the simulation techniques for
30

A Lightning location distribution recorded by a lightning detector at PolyU

technical support in promoting good practices in the
international community and updating international
standards (ITU-T K series). The research group has been
funded by Huawei in large-scale projects.

Details of the Impact
The researchers have proactively disseminated its
research findings to help improve the system resistivity
against lightning and other interference sources. They
have gained substantial support from industry. In the
last 15 years, more than 50 consultancy projects (some
of them in the nature of contract research) have been
awarded for developing practical solutions to the
challenges faced by industry.

Electrified railway systems are heavily prone to
lightning strikes. The reliable operation of railway lines
has become a very sensitive issue in Hong Kong. The
research group has continued to improve existing
lightning protection in railway systems with the
techniques gained from the research, and to reduce the
down time of railway lines by minimizing the risk of
lightning to railway systems. Effective protection
measures were provided for both traction power supply
systems and signaling and controlling systems in East
Rail Line, West Rail Line, Disney Resort Line, Shatin to
Central Link, MTR Light Rail, KRS940 etc.

A software package for lightning surge analysis in
3D wire structure was developed with a user-friendly
interface. This package was particularly useful in
analyzing surging current sharing in the power and
signal cables mounted on a steel structure. It has been
adopted by Huawei Technologies, Ltd. (a leading
telecommunication equipment manufacturer) in
developing effective lightning protection for radio base
stations, and designing protective measures for
downsizing telecommunications equipment. The software
package was also applied to boost the company's
businesses in providing a total solution to customers,
from equipment to installation and maintenance. The
engineers in Huawei also used this tool to provide sound

The researchers have closely worked with industry
partners in the building services sector, gaining funding
from the developers, E&M consulting firms, contractors
and tenants to develop compatible electromagnetic
environments in buildings. Research outputs,
particularly in low-cost shielding techniques, have been
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Protecting Society from
Fires with Fire
Engineering Research

turned into practical products of architectural shielding
for data centers and other sensitive equipment rooms in
buildings. Architectural shielding has become a standard
practice for achieving a user-friendly environment and
underpinning an ever-increasing demand on businesses
in high-grade buildings. More than 30 large buildings
including the IFC2 and ICC in Hong Kong, Studio City and
the Grand Lisboa in Macau, TaiKoo Hui in Guangzhou,
Project Leisure in Manila and IFC and Dazhongli
Development in Shanghai have been provided with such
technologies.

Prof Chow (4th from left) with 4 directors of Hong Kong Fire Services Department and others at MegaBox to conduct a hot smoke test

Chow and Dr Nai Kong Fong, have served the relevant
government departments concerned in the past 20
years, assessing construction projects with respect to a
fire engineering approach and steering the development
of a code of practices for fire safety. They have ensured a
comfortable, safe and healthy environment for tall
sustainable buildings with large space volume and for
locations that are deep underground.

Summary of the impact
A Lightning location distribution recorded by a lightning detector at PolyU
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35 years of research on f ire engineering has
contributed to building fire safety and atrium fire
engineering. The research focus was on fire spread and
control for buildings. Key areas are fire models, fire
suppression systems, fire safety of different types of
buildings, and indoor aerodynamics. The objectives of
carrying out those research projects are to search for
advanced knowledge, solve practical engineering
problems and inform quality teaching. Research results
have been applied to assist the Hong Kong government in
reviewing fire safety provisions for big construction
projects while implementing a fire engineering approach
since 1998. Two academic staff members, Prof. Wan-Ki

Underpinning research
Research on fire spread and control aims to increase
scientific understanding of building fire problems in tall
buildings, deep underground subway stations, long
tunnels and large atria. Adequate theoretical basis, not
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more nor less, is established on fire safety provisions.
Upstream research includes studying the combustion
chemistry of plastics materials under mists of water and
clean fire-suppressing agents with quantum mechanics
as well as the application of nonlinear dynamics to study
thermal flashover in a room fire. The basic scientific
principles developed are applied to provide fire safety for
green and sustainable buildings in dense urban areas.
The total fire safety concept has been widely applied in
the past ten years by the construction industry to
provide adequate fire safety in large projects with green
and sustainable architectural features. Research on big
post-flashover building fires was adopted for fire hazard
assessment in those projects that have difficulties
complying with prescriptive fire codes. Such prolific
research has resulted in publications at an international
level, conference presentations, and transfer to practical
fire safety design.

three decades. Local enterprises invested in many of
t h e s e p r o j e c t s . H o w e v e r, l a r g e h a l l s w i t h o u t
compartmentation, multi-purpose complexes in Central
Business Districts, supertall landmark buildings and
deep subway stations in old towns failed to comply with
the fire safety codes. In such cases, a performance-based
approach is allowed as an alternative practice for
determining fire safety provisions. Furthermore, there
are f ire safety challenges to green constructions.
Consequently, a new f ire engineering discipline
integrating fire safety and built environment with new
architectural features has appeared. Performance-based
approach for determining fire safety provisions was
studied in the past three decades. Fire hazard
assessment methodology for the performance-based
approach, together with associated engineering tools,
particularly the application of computational f luid
dynamics (CFD) were evaluated. Problems associated
with fire safety provisions for buildings as determined by
the performance-based approach in the past years were
also highlighted. Research results have been useful for
determining the fire safety of big constructions in the
Asia-Oceania regions.

Assisting government departments in approving
fire engineering design for over 200 large-scale projects
by serving various government committees in Hong
Ko n g , C h i n a a n d Ta i w a n i n t h e p a s t ye a r s , t h e
researchers have transferred applicable technology to
Performance-Based Design (PBD). Projects included
atrium smoke control, water suppression system, tunnel
fire hazard assessment, fire safety of subway stations
and public transport interchanges, hot smoke tests, high
speed railway system in Taiwan, emergency evacuation
in Olympic halls in Beijing, personal protection
equipment and fire-resisting construction. Many higher
level consultancy projects were also carried out with PBD
in the Asia-Oceania regions such as long throw sprinkler
at height.

2. Atrium hot smoke test
Atriums are built or to be built in many big
construction projects, including multi-level shopping
malls, airport terminals, public transport interchanges,
luxurious hotels and prestigious offices for big cities all
over the world. Buildings with an atrium can be very
crowded with people during holidays, given high values
of occupant loading. Fire safety is a concern in those
crowded spaces. Large volume of smoke would be
generated from burning modern synthetic plastic
materials. Smoke can fill up the atrium rapidly and
spread to other adjacent areas, including the escape
routes. Smoke was identified as a threat and so smoke
hazard in atriums has to be considered carefully with
appropriate smoke management systems. Smoke
exhaust systems are required to provide clear views for
evacuation and fire-fighting. Furthermore, keeping the
smoke layer high would result in more tenable conditions
at the lower levels. Both the smoke toxicity and thermal
radiative heat flux are reduced. Dynamic smoke exhaust
systems (with mechanical fans) are required in atriums
in many countries, including Hong Kong with a space
volume larger than 28,000m2. The minimum exhaust
rate is 8 to 10 air changes per hour, depending on the
space volumes of buildings. This might be problematic in
large halls as the volumetric flow rate is too high. A high
neutral plane might be induced. Smoke from fires at
adjacent levels would spread to the atrium.

Research on evacuation using constructal theory is
also conducted to investigate the evacuation patterns of
building occupants with different building geometries,
occupant load and different arrangements of exits in
buildings. Research on video fire detection system aims
to detect fires early by means of updated computer
technology with information such as the estimated heat
release rate, flame shape and fire spread direction. This
can be integrated into existing fire safety systems and
building management systems to enhance the protection
of human life and properties.

Details of the impact
1. Performance-based design on fire safety provisions
With the rapid development of economies in the
Asia-Oceania regions, big construction projects with new
architectural designs have been ubiquitous in the past
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Performance-based design was commonly applied in
f ire hazard assessment in such large atriums. An
empirical formula was deduced as fire engineering tool
and CFD were applied. However, there are deep concerns
that the design tools either using empirical expressions
on smoke-filling process or with fire models including
CFD are not well justified. Note that CFD model results
were only compared with limited experimental data. The
results are usually insufficient to convince authorities.
Experimental studies on natural smoke filling an atrium
induced by a liquid pool fire up to 1.6 MW were carried
out in a full-scale burning facility developed by PolyU in
1997 and constructed at Hefei in China. Hot smoke tests
(HST) are now required for atriums in Hong Kong to
demonstrate the smoke control design would work as
e x p e c t e d . T h e n e c e s s i t y o f c a r r y i n g o u t H ST i n
evaluating the smoke exhaust system in an atrium was
studied. The testing procedure was applied to evaluate
the performance of smoke exhaust systems in big
projects in 2003.

tunnels are reviewed first. The safety aspects related to
tunnel fire and ventilation are then discussed. Air flow
induced by an accidental vehicular fire in a tunnel is
simulated using CFD. Based on the results, performances
of different safety systems are evaluated and compared.
Systems considered are longitudinal, semi-transverse,
transverse, partial transverse, and combined
longitudinal and semi-transverse ventilation systems.
Furthermore, sensitivity analyses on the effects of the
grid size, and number of iterations on the required
computing time and accuracy of the results are carried
out.

3. Tunnel smoke control
The performance of tunnel safety systems for fire
protection and ventilation provision is evaluated using
CFD. Ventilation safety systems commonly used in

The spread of smoke in an atrium
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In addition, the spread of fire-induced smoke and
carbon monoxide in an 88m long channel were studied.
Full-scale experiments with fire sizes of 0.75 and 1.6MW
were conducted in this channel to validate the program.
The spread of the fire-induced smoke flow together with
the smoke temperature distribution along the channel,
and the carbon monoxide concentration at an assigned
position were measured. The CFD simulation results
were compared with the experimental data,
demonstrating a fairly good agreement with it. The
validation work is then extended to numerically study
the carbon monoxide concentration distribution, both
vertically and longitudinally, in this long channel.
Results showed that carbon monoxide concentration
increased linearly with the height above the floor and
decreased exponentially with the distance away from the
fire source.

results are validated by numerical results obtained based
o n n u m e r o u s s i m u l a t i o n s o f o c c u p a n t f l ow. T h e
fundamental relation presented in this paper can be used
in the design of larger and more complex living spaces in
modern urban settings.
5. Video fire detection system
With advanced computer technology, images
captured by video camera can be used for fire detection.
The fire parameters such as flame height, fire growth
rate, and fire location can then be obtained, which are
especially useful in fire evacuation and firefighting.

Improving Air Quality
through Cutting-edge
Research

4. Study of evacuation using constructal theory
The evacuation time of building occupants is
evaluated using both constructal theory and numerical
simulations. The effect of aspect ratios of the floor shape
and the number of floors is studied. Optimal floor and
profile shapes leading to minimum total evacuation time
is studied using the constructal theory. The analytical

Awards and prizes
Awards obtained by Professor W.K. Chow:
• 2003, Hat’s Off Award from the Society of Fire Protection Engineers, USA
• 2006, Harold E. Nelson Service Award from the Society of Fire Protection Engineers, USA
• 2011, John L. Bryan Mentor Award from the Society of Fire Protection Engineers, USA
• 2012, Fellow, Hong Kong Academy of Engineering Sciences
• 2013, Justice of the Peace appointed by Chief Executive of the Hong Kong Special Administrative
Region with effect from July 1, 2013
• 2015, Lifetime Contribution Award from the Asia-Oceania Association for Fire Science and
Technology
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Air monitoring station at the peak of Tai Mo Shan in Hong Kong

The research findings have assisted the government in
improving its emission control, air-quality monitoring,
and evaluation of the eff icacy of adopted control
measures.

Summary of the impact
Photochemical smog has been a major air pollution
problem in Hong Kong and Mainland Cities in the Pearl
River Delta. High ozone concentrations at the ground
level adversely affect human health and crop production
and warm climate. Developing effective control strategy
r e qu i r e s u n d e r s t a n d i n g t h e c o mp l e x p r o c e s s e s
controlling ozone formation such as local emissions of air
pollutants at sur face, chemical reactions in the
atmosphere as well as trans-boundary contributions.
Ship emissions are potentially a major contributor of air
p o l l u t i o n t o p o r t s l i ke H o n g Ko n g . T h e Po ly U ' s
atmospheric team has developed advanced measurement
and numerical techniques and conducted field studies.

Underpinning research
The case study was conducted by the atmospheric
research team in the Department of Civil and
Environmental Engineering at PolyU, which includes
Professor Tao Wang, Chair Professor of Atmospheric
Environment; Professor Shun-Cheng Lee; Professor Hai
Guo; Dr Ka-Se Lam, Associate Professor; Dr Zhe Wang,
Assistant Research Professor; and Dr Likun Xue,
Research Fellow (2011-2015).
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Ozone is the key pollutant in photochemical smog.
Unlike directly emitted pollutants, ozone is formed by
chemical reactions of nitrogen oxides (NOx) and volatile
organic compounds (VOCs) in the presence of sunlight.
Therefore, mitigating the ozone problem requires
developing cost-effective strategy on reducing emissions
of NOx, VOCs or both. However, the ozone-precursor
relationship is very complicated due to the non-linear
nature of ozone production, lack of information on VOCs
emission/concentrations, as well as local and regional
contributions. In the past 4 years, the research team has
made several breakthroughs in unveiling the processes/
factors controlling ozone pollution which have impacted
environmental policy formulation and execution in Hong
Kong.

compounds in ozone formation and strengthening
regional cooperation. This research was funded by the
ECF (ECF7/2009). Prof. Guo's group further analyzed
t h e VO C d a t a f r o m 2005 t o 2013. T h e r e s u l t s
demonstrate the effectiveness of the solvent and
diesel commercial vehicle (DCV) control programs.
3)	Many taxis and public buses are powered by liquefied
petroleum gas (LPG) in Hong Kong. With more
vehicles using LPG, they have become the major
contributor to ambient volatile organic compounds
(VOCs) in Hong Kong. An intervention program which
aimed to reduce the emissions of VOCs and nitrogen
ox i d e s ( NO x ) f r o m L P G - f u e l e d v e h i c l e s w a s
implemented by the Hong Kong government in
September 2013. To investigate the efficiency of the
intervention program, Prof. Guo's group analyzed
data on ozone and its precursors from 2010 to 2015
with their own Photochemical Box Model-Master
Chemical Mechanism (PBM-MCM). The study
indicated that the program was remarkably effective
in reducing LPG-related VOCs and NOx in the
atmosphere.

1) Highly reactive radicals control the production rates
of ozone (and some other pollutants). Recent studies
by the international research community have shown
potentially important contribution of new radical (Cl- from
photolysis of ClNO2) or new sources (OH- from HONO),
but the magnitudes of contributions are not well
understood. Prof. Wang's group has engaged in field
studies of HONO and ClNO2 in different locations of HK
and China in recent years, developed detection
method for ClNO2 using chemical ionization mass
spectrometry, and improved model representation of
these sources in a chemistry-transport model (WRFChem). The research has collected much needed
atmospheric data on HONO and ClNO2 for assessing
their impact. The results revealed important roles of
t h e s e n e w r a d i c a l / s o u r c e a n d i mp r o ve m o d e l
predictions of ozone in Hong Kong. One journal paper
was selected as a Research Spotlight.

4)	S hipping is the major transpor tation mode of
inter national trade, and ship emissions keep
increasing the levels of air pollutants, especially in
coastal areas. Plenty of studies have demonstrated
the adverse effects on human health of the emissions
from residual oil (RO) combustion which takes place
in a ship's engine. The particulate matter (PM) from
the ship exhaust is dominated by respirable-sized
particles, which are harmful to human health. As a
world-class shipping center with a high volume of
logistics traffic, the port of Hong Kong has been
among the top three busiest container terminals in
the world in terms of the number of container
throughput handled. Prof. Lee's group has derived
v e s s e l s p e e d p r o f i l e s fo r m a r i t i m e e m i s s i o n
estimation, and found that ship emissions
significantly affected the ambient fine particulate
levels in the port-side area in Hong Kong.

2)	S ince the mid-1990s, Hong Kong has implemented
several control measures on ozone precursors – NOx
a n d VO C s , w h i c h h av e l e d t o l a rge (40-70% )
reductions in their emissions. However, ambient
ozone concentrations have increased. To find out the
possible reason(s), Prof. Wang and Dr Xue analyzed
ozone and precursor data (including speciated VOCs)
from 2000 to 2013 with the aid of an observation-based
photochemical model using the Master Chemistry
Mechanism. The research found that the locally
produced ozone has indeed decreased which is
consistent with anticipation from reduction in local
precursor emissions. However, increased regional
contribution has offset the local effects. Reactive
aromatics remain the top contributor to ozone
formation in the Hong Kong air shed. The study
recommends further reducing local emissions of these

Details of the impact
The research conducted by the PolyU atmospheric
team has had impacts on policy-making, both locally and
internationally.
1)	T h e r e s e a r c h o n n e w r a d i c a l s / s o u r c e s i n
photochemical chemistry boosts the capability of the
start-of-the-art models for air quality forecast and
mitigation policy design both locally and internationally,
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Advanced instruments measuring air composition at Tai Mo Shan

and provides guidance for the setup of environmental
monitoring stations. Current air quality models have
not adequately considered some sources/processes
fo r C l NO2 a n d H O NO . T h e m o s t u p - t o - d a t e
parameterizations have been implemented in WRFChem, an air-quality model developed by the National
Oceanic and Atmospheric Administration (NOAA) of
the United States, other US partners and international
contributors. Used by researchers and air-quality
managers worldwide, the improved model has
enhanced ability to predict ozone (and other
secondary pollutants), and has been selected for the
next official release of WRF-Chem. It will be used
internationally for predicting air pollution and
planning mitigation policy. HKEPD is also considering
including the relevant module in the next update of
its PATH model which is being used for environmental
impact assessment of major infrastructures in Hong
Kong. EPD procured HONO and ClNO2 measurement
instruments and will deploy them in its newly
established supersite in Hok Tsui to support evidencebased policy making.

Kong is the main cause that ozone concentrations
have not shown a decreasing trend in the past decade.
This research demonstrates the need for regional
control strategies to mitigate ozone pollution. HKEPD
has realized the impor tance of monitoring
background air and will set up a new station at Hok
Tsui on Hong Kong Island. Utilizing real-time ambient
measurement data and observation-based models,
Prof. Guo's group evaluated the effectiveness of two
programs aimed at emission reductions from solvent
usage and diesel vehicles proposed by HKEPD,
identified that both the solvent and DCV programs
lessened the O3 rate of increase whereas O3 was
enhanced by the gasoline and LPG vehicle emissions,
a n d O3 w o u l d i n c r e a s e u n d e r t h e e x i s t i n g
government-planned reduction scheme, because of
increased O3 when NOx levels decrease, despite
d e c r e a s e d O3 w h e n VO C l e ve l s d e c r e a s e . T h e
atmospheric team also advises the HKEPD that to
control O3 by 2020, the reduction ratio of VOCs/NOx
should be higher than~1.5 when NOx is cut by 20%-30%.
As to the project aiming to reduce the emission from
LPG-fueled vehicles, Prof. Guo's group determined a
maximum reduction percentage of NOx (69%) and the
lowest reduction ratio of VOCs=NOx (1.1) in LPGfueled vehicle exhaust to give a zero 3 increment.
This project provided evidence-based suggestions for
HKEPD in ter ms of future for mulation and
implementation of control strategies on vehicle
emissions in Hong Kong which could be extended to
other regions in China and around the world.

2)	The study of ozone pollution trend and the relevant
policy reveals the main reason that ambient ozone
levels have not decreased despite large reduction in
emissions of ozone precursors (NOx and VOCs), and
provides evaluation of the effectiveness of specific
policies on the ozone control for HKEPD. Through
in-depth analysis of the measurement and modeling
data, Prof. Wang and Dr Xue identified that the
external contribution to the ozone pollution in Hong
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3)	The contribution of ship emissions to fine particulates
near the container terminal was demonstrated by
source apportionment, and the total ambient PM2.5
mass associated with ship emissions at the port was
as high as 7.6 μg/m3 (25%). With these results as
evidence, in April 2014, Hong Kong imposed by
regulation a 0.05% sulphur limit on locally supplied
marine light diesel, making Hong Kong one of the
cities that provide the cleanest marine light diesel in
Asia. Moreover, with effect from July 2015, Hong
Kong became the first port in Asia to implement clean
fuel regulation of less than 0.5% sulphur content in
fuel for ocean-going vessels while berthing in Hong
Kong.

its control strategy for air pollution to the press and the
general public. The Environment Bureau of Hong Kong
Government (HKEB) also quoted Prof. Wang in its 'A
Clean Air Plan for Hong Kong' to acknowledge the
contribution of PolyU’s atmospheric team and also to
bring forward the enhancement of the cooperation
between scholars and the administration authorities so
as to solve the air pollution issues locally, regionally and
nationally. Considering the strong reputation of the
PolyU team and the close collaboration between the team
and the local government, HKEB appointed Prof. Wang to
the Hong Kong Air Quality Review Group-Air Science and
Health sub-group recently. The team's expertise is also
consulted by mainland authorities in their efforts to
combat serious air pollution. Prof. Wang was invited to
give seminars (and advice to professionals) by the
Environmental Protection Bureau (EPB) of Beijing,
Shanghai and Sichuan. Prof. Guo was invited to give a
seminar at EPB of Wuhan. The team was also invited to
give lectures for the EPB of Jinan.

The PolyU team works closely local authorities and
receives recognition for its contributions to evidence-based
policy making. HKEPD has recognized its contributions
and used its findings on local and external contributions
to evaluate air quality trends in Hong Kong and elaborate

Monitoring
Technology for Mega
Infrastructure

Tsing Ma Bridge, a suspension bridge with a main span of 1377m in Hong Kong with PolyU involved in the research of wind and structural health monitoring of the bridge
(Photo source: Wikipedia)

Summary of the impact

Collecting air samples at roadside in Hong Kong
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Chan and many PhD students and research personnel
from CEE have made significant contributions to various
aspects of this monitoring technology. The primary focus
of the research consists of three closely-linked topics: (1)
performance-based design of monitoring systems
including sensors and sensor networks; (2) structural
modeling, modal identification, model updating, and
damage detection based on real-time information
obtained from the monitoring system; and (3) structural
loading identification, fatigue prognosis, performance
assessment, life cycle management, and rating system
based on long-term monitoring data.

Urbanization to meet economic development
worldwide has resulted in mega building and civil
engineering structures such as super-tall buildings and
long-span bridges. These structures are vulnerable to
disasters such as typhoons, earthquakes and ocean
waves. The Hong Kong Polytechnic University (PolyU)
research team has conducted pioneering research to
develop emerging monitoring technology to ensure
functional, safe and resilient structures. The developed
t e ch n o l o g y h a s b e e n a p p l i e d t o a fe w l a n d m a r k
structures such as the Tsing Ma Bridge, the Stonecutters
Bridge, the Canton Tower and the Shanghai Tower. The
research has led to improved structural design methods,
reliable structural performance assessments, and
s c i e n t i f i c a l ly b a s e d s t r u c t u r a l i n s p e c t i o n a n d
maintenance programmes.

1)	The performance of various types of sensors has been
evaluated and enhanced with the focus on their
reliability, sensitivity, integrity and robustness. A
rational design method of the monitoring system has
been developed so that the system can check the
performance of the structure at all time and load
levels specified for both construction and in-service
stages. The optimization of types, and number and
locations of sensors has been conducted for best
response reconstruction to satisfy the requirements
of both economy and performance. The Internet
technology has been adopted as the platform to
provide an efficient computerized spatial database

Underpinning research
Research into structural performance monitoring of
mega building and civil engineering structures has been
carried out at PolyU for over 20 years. The key team
members include Prof. You-Lin Xu, Prof. Yi-Qing Ni, Dr
Yong Xia and Dr Songye Zhu of the Department of Civil
and Environmental Engineering (CEE). Former members
Prof. Jan-Ming Ko, Prof. Siu-Seong Law and Prof. Tommy
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The monitoring technology provides better solutions
for the design, construction, and maintenance of mega
civil engineering structures to ensure their functionality,
safety and resilience.

management system for capture, retrieval, fusion,
analysis and display of measurement data.
2)	Multi-scale finite element modeling methods of large
civil engineering structures have been developed to
enable the global structural behaviors and the local
damage features of structures to be concurrently
analyzed. Sub-str ucturing methods have been
developed for calculating the eigen-solutions and
eigen-sensitivities and updating the numerical model.
Multi-scale modeling and model updating methods
have been applied to the Stonecutters cable-stayed
bridge in Hong Kong. New modal identification and
damage detection methods based on both local and
global measurement data and multi-scale models have
been also developed, with the uncertainties involved
in measurements, modeling and the effects of varying
environmental factors addressed.

and advanced construction stage analysis, which
improved the construction accuracy.
These four building and civil engineering structures
represent the largest and most comprehensive structural
monitoring projects in the world, which help to define the
state-of-the-art and state-of-the-practice in the field,
including technology development, modeling, diagnosis
and prognosis. Such technology transfer activities have
had profound international impact in this field. For
example, the monitoring benchmark problem based on
the monitoring system in Canton Tower has been studied
worldwide by many researchers and attracted 27,000
visits since its establishment in 2011. Based on the
substantial knowledge and experience gained from these
projects, the team members have been involved in the
development of the first Structural Health Monitoring
(SHM) Standards in China.

Details of the impact
The PolyU's research team is among the first to
explore the long-term performance monitoring of mega
building and civil engineering structures in the world.
Addressing the practical needs of the construction
industry with its academic strengths and professional
experience developed in the past twenty years, the
research team has played a vital role in the monitoring of
four mega civil engineering structures. They are (1) the
T s i n g M a B r i d g e i n H o n g K o n g , C h i n a ; (2) t h e
Stonecutters Bridge in Hong Kong, China; (3) the Canton
Tower in Guangzhou, China; and (4) the Shanghai Tower
in Shanghai, China.

The Tsing Ma Bridge is a
3)	T h e P o l y U t e a m h a s
suspension bridge with a main
systematically investigated
span of 1377m and a total
various loading conditions
s p a n o f 2160m . I t i s t h e
including wind, traffic,
longest suspension bridge in
seismic, and temperature
the world that carries a dual
loadings. The loading models
three-lane highway traffic at
have been derived by
the upper level of the bridge
integrating the numerical
deck and two railway tracks
simulation and the data
and two carriageways at the
recorded by the monitoring
lower level within the bridge
system. Based on the models,
deck. To ensure functionality,
the loading actions on the
safety, and resilience of the
structure have been obtained.
bridge, a structural monitoring
Temperature distribution
system has been designed and
and temperature induced
installed in the Tsing Ma Bridge.
responses of the Tsing Ma
The Highways Department of
Bridge and the Canton Tower
Hong Kong SAR initiated a
have also been obtained. The
collaborative research project
PolyU team has developed a
with the research team to
general framework for
establish an effective bridge
fatigue prognosis of long-span
Canton Tower, a TV tower of 600 m high in Guangzhou with
rating system for the Tsing
PolyU leading the design and installation of wind and
bridges under multiple railway,
structural health monitoring system
M a B r i d ge i n 2006. T h e
highway, and wind loadings
project was completed in 2010. A total of 12 research
by integrating computer simulations with structural
health monitoring measurements. They have reports were submitted to the Hong Kong Highways
concluded that it is necessar y to consider the D e p a r t m e n t . A b o o k e n t i t l e d St r u c t u r a l h e a l t h
combined effects of multiple loadings in the fatigue monitoring of long-span suspension bridge was written
prognosis of long-span bridges. Monitoring the and published by Spon Press (Taylor & Francis) in 2012
s y s t e m - b a s e d s t r u c t u r a l r a t i n g s y s t e m t o based on the research work and practical experience
incorporate new system identification and damage acquired in the past fifteen years.
detection methods was also developed to replace the
e mp i r i c a l ly - b a s e d s t r u c t u r a l r a t i n g s y s t e m s
currently used.

The Stonecutters Bridge, a two-cable-plane cablestayed bridge, was built in Hong Kong and open to the
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Stonecutters Bridge, a cable-stayed bridge with a main span of 1018m in Hong Kong
with PolyU involved in the research of wind effects on and wind and structural health
monitoring of the bridge

public in 2009. It is the world's third longest cable-stayed
bridge and carries dual 3-lane highway traffic. The main/
central span of the bridge is 1,018m, and the total length
is 1,596m. The Highways Department of the Hong Kong
SAR initiated another collaborative research project with
the research team to develop structural health prognosis
tools and condition rating system for the Stonecutters
Bridge in 2010. A series of structural prognosis tools has
been developed for the evaluation of the bridge under
in-service conditions. The structural health rating
system has been developed to provide a rational basis for
rating risk of essential bridge structural components
utilizing the monitoring data from the monitoring system
and for selecting types and frequencies of inspection and
maintenance.

T h e r e s e a r ch t e a m m e m b e r s h ave r e c e i ve d
numerous inter national and national awards, in
recognition of their achievements in the field of large
building and civil engineering structural monitoring.
Most of them have long-standing involvements in
international societies and committees, for example,
Prof. Xu and Prof. Ni are Council Members of ISHMII, and
Prof. Xu is a Fellow of ASCE. They are also actively
serving as editors or editorial board members for several
renowned journals: Dr Xia is the Co-Editor-in-Chief of
Advances in Structural Engineering and Dr Zhu is the
Editor, Prof. Xu is the Associate Editor of ASCE Journal
of Bridge Engineering , and Prof. Ni is the Associate
Editor of the International Journal of Rail Transportation
and editorial board member of numerous journals. In
2013, PolyU’s research team successfully organized the
6th International Conference on Structural Health
Monitoring of Intelligent Infrastructure.

Formerly known as Guangzhou New TV Tower and
located in Guangzhou, China, the Canton Tower is
guaranteed a place among the super-tall structures
worldwide by virtue of its total height of 600m. To ensure
safety and serviceability of this landmark structure
during constr uction and operation, a long-ter m
monitoring system has been designed and implemented
by The Hong Kong Polytechnic University for real-time
monitoring of the tower at both in-construction and
in-service stages in collaboration with Sun Yat-Sen
University in China. The Canton Tower was open to the
public in 2010.

The team members are also active in international
professional societies. They are the founders of the
International Society for Structural Health Monitoring of
Intelligent Infrastructure (ISHMII) and the Asian-Pacific
Network of Centers for Research in Smart Structures
Technology (ANCRiSST).

The Shanghai Tower, completed in 2015 with a total
height of 632 m, is the tallest skyscraper in China. A
comprehensive monitoring system has been designed
and installed by a joint venture among the Tongji
University, The Hong Kong Polytechnic University, and
Tongji Architectural Design (Group) Co. Ltd. The PolyU
team has especially developed a new construction
prediction technology by integrating field monitoring

Beneficiaries include: (1) consultancy companies
that design large building and civil engineering
structures; (2) construction companies that build large
b u i l d i n g a n d c i v i l e n g i n e e r i n g s t r u c t u r e s ; (3)
government bodies or private companies that manage
large building and civil engineering structures; and (4)
public at large who use such structures.
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Transport Smart in
Congested Networks
with Uncertainties
Summary of the impact

Shanghai Tower, a tall building of 632 m high in Shanghai with PolyU carrying out the construction monitoring and participating in the design of wind and structural performance
monitoring system (Photo courtesy: Dr Xin Zhao)

Awards and prizes
• 2016, The 2016 State Scientific and Technological Progress Award (Second Class), China (Ni, Y.Q.)
• 2013,Takuji Kobori Prize, The International Association for Structural Control and Monitoring
(IASCM) (Li, S., Zhu, S., Xu, Y. L., Chen Z. W. and Li, H.)
• 2013, Gold Medal and Grand Prize at the 41st International Exhibition of Inventions, New Techniques
and Products, Geneva (Ni, Y.Q.)
• 2013, Innovation Award at the 15th China International Industry Fair, Shanghai (Ni, Y.Q.)
• 2 013,The Nishino Prize, The East Asia-Pacific Conference on Structural Engineering and
Construction (Xia Y.)
• 2013, First Prize, Elsevier’s Engineering Audioslides Challenge (Zhu, S.)
• 2012, Robert H. Scanlan Medal (Achievement Award), ASCE, USA. (Xu, Y. L.)
• 2012, Best Paper Awards for Young Experts, Twelfth International Symposium on Structural
Engineering (ISSE-12), China (Zhu, S.)
• 2009, Gold Medal and Grand Prize at the 37th International Exhibition of Inventions, New
Techniques and Products, Geneva (Ni, Y.Q.)
• 2009, Gold Medal at the 11th China International Industry Fair, Shanghai (Ni, Y.Q.)
• 2008, The Natural Science Award (Second Prize), The State Education Commission of the People’s
Republic of China (Xia Y.)
• 2006, Croucher Senior Research Fellowship, The Croucher Foundation, Hong Kong (Xu, Y. L.)

References to the research
[1].	Xu, Y. L. and Xia, Y., (2012), Structural Health Monitoring of Long-Span Suspension Bridges, Spon Press, London, ISBN: 978-0-4155-9793-7.
[2].	Ko, J. M. and Ni, Y. Q., (2005),"Technology developments in structural health monitoring of large-scale bridges" , Engineering Structures, 27 (12), 1715-1725.
[3].	Ni, Y. Q., Xia, Y., Liao, W. Y. and Ko, J. M., (2009), "Technology innovation in developing the structural health monitoring system for Guangzhou New TV Tower" ,
Structural Control and Health Monitoring, 16 (1), 73-98.
[4]. Xu, Y. L. and He, J. (2017), Smart Civil Structures, CRC Press, USA, ISBN: 978-1-4987-4398-3.
[5].	Weng, S., Xia, Y., Xu, Y. L. and Zhu, H. P., (2011), "Substructure based approach to finite element model updating", Computers and Structures, 89 (9-10), 772-782.
[6].	Li, S., Zhu, S., Xu, Y. L., Chen, Z. W. and Li, H. (2012) "Long-term condition assessment of suspenders under traffic loads based on structural monitoring system:
application to the Tsing Ma Bridge," Structural Control and Health Monitoring. 19: 82-101.

44

Reliable real-time traffic information is essential for
road users in making timely decisions on departure
times and route choices in congested road networks with
stochastic travel time variations. The research teams led
by Prof. William H.K. Lam and Prof. Agachai Sumalee
from the Department of Civil and Environmental
E n g i n e e r i n g ( C E E ) , T h e H o n g Ko n g Po ly t e ch n i c
University (PolyU) have developed an innovative
intelligent transportation system (ITS) for the provision
of real-time road traffic information in Hong Kong and
Bangkok, with use of limited available data from multiple
sensor systems (on-line data) in combination with
historical data (off-line data). The ITS developed by
PolyU helps road users search for the faster and more
reliable routes with better chances of on-time arrivals.

(Sumalee et al., 2011); Short-term traffic prediction
for state prediction and stochastic journey time
estimation algorithm for estimating distribution of
journey time on an expressway (Sumalee et al.,
2013).
The above research started in September 2001. An
offline platform was first developed for simulating traffic
f lows and travel times on major roads in Hong Kong
using the Hong Kong Annual Traffic Census (ATC) data.
On the basis of this offline platform, a real-time travel
information system (RTIS) was developed in 2005 in
collaboration with the Autotoll Limited (Tam and Lam,
2008). This RTIS has then been subscribed by the
Transpor t Depar tment of the Hong Kong SAR
Government. An Internet Speed Map of the RTIS was
launched via TD's website in January 2007 (http://tis.
t d . g o v. h k / r t i s / t t i s / i n d e x / m a i n _ p a r t i a l . j s p ) .
Subsequently, with partnership of the Autotoll Limited,
solution algorithms developed by PolyU researchers have
been implemented in various ITS applications such as
Hong Kong eRouting (http://hkerouting.gov.hk/drss),
Journey Time Indication System and Speed Map Panels
for the Transport Department. The ITS has been further
developed for journey time estimation (Shao et al., 2013),
provision of reliable driving routes and on-time arrival
probability (Chen et al, 2013) with consideration of road
network uncertainty. In 2007, another stream of ITS
research was initiated to handle noisy real-time traffic
data for highways. The framework of a Stochastic Cell
Transmission Model was developed (Sumalee et al.,
2011) and adopted as the core platform for traffic control
and operation by the Expressway Authority of Thailand
and Motorway Network of Thailand. Information on
traffic conditions is also disseminated through the
application (EXAT ITS) which can be downloaded using
either iOS or Android. Recently, a collaborative project to
extend the ITS to multi-modal transportation systems
has been established with the Beijing University of
Technology, China.

Underpinning research
Their research includes:
•	Real-time travel time/speed estimation: a novel
solution algorithm has been developed for estimation
of updated travel time/speed by integration of both
real-time traffic data collected from multiple sensor
systems together with offline simulated or historical
travel time estimates (Tam and Lam, 2008). The
algorithm has been further developed with
consideration of road network uncertainty due to dayto-day demand variations (Lam et al., 2008; Shao et
al., 2013).
•	Personalized reliable path-finding prototype: a
reliability-based path-finding algorithm has been
proposed with consideration of uncertainty in road
networks; the best personalized reliable path at a
specified on-time arrival probability can be identified
based on the preferred departure or arrival time
given by the user (Chen et al., 2013).
•	Data fusion algorithm for real-time traffic sensor data
considering stochastic nature of the traffic data;
Algorithm for short-term traffic state estimation with
noise treatment, Stochastic Cell Transmission Model
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4) SpeedMap Panels (SMP) was launched on major
routes of the New Territories (Shatin and Tuen Mun) in
January 2013 (http://tis.td.gov.hk/rtis/ttis/index/main_
partial.jsp)

Details of the impact
In Hong Kong and other densely-populated Asian
cities, the benef its of developing Intelligent
Transportation Systems (ITS) for surveillance of traffic
congestion and improvement of road network
performance are substantial under both recurrent and
non-recurrent traffic congestion conditions.
In this research, they have made use of various
traffic detector data from different sensor technologies
for estimating the real-time travel times and traffic
speeds on major urban roads in Hong Kong. Most of the
existing methods can only estimate the average travel
times of some site-specific links and/or path segments
using the observed data from one sensor system. To
overcome this limitation, the journey time estimators
proposed in this research would make full use of the
limited available traffic data from multiple sensor
systems (on-line data) and the historical data (off-line
data). The first-order and second-order statistical
properties of the on-line and off-line traffic data are used
to provide the travel time estimation in the whole
network with stochastic variations on road traffic. Based
on the proposed dynamic journey time estimation model,
the team was awarded the EASTS Best Paper Award for
Methodological Development in the 11th International
Conference of Eastern Asia Society for Transportation
Studies (EASTS) in 2015. Taken the road network
uncertainty (e.g. the traffic variations caused by adverse
weather and traffic accidents) into consideration, a
reliability-based path-finding algorithm has also been
developed to help road users identify a reliable driving
route so as to maximize their on-time arrival probability
at a destination. This has resulted in a Civil Engineering
Paper of the Year Award from the Civil Division of the
Hong Kong Institution of Engineers (HKIE) in 2010.

A prototype of reliable path-finding system has also
been developed for demonstration purposes. Not only is
the average journey time provided as in the existing ITS,
but the journey time budget is also available in this pathfinding system. The system recommends the most
reliable route for increasing the successful rate of
on-time arrival of a traveler at a destination. The
Communications and Public Affairs Office of the Hong
Kong Polytechnic University has produced a video-clip to
publicize this ITS research in the public domain via
YouTube (https://youtu.be/WwUkccNrL4U). A press
conference was also conducted in The Hong Kong
Polytechnic University on 8 December 2015 to present
our research on ITS and positive responses were
received. It is expected that this system can be launched
in the future in collaboration with the relevant industry
to help motorists save time and petrol, and reduce
carbon emissions as well.

1) Traffic Speed Map

2) Hong Kong eR outing was launched on the
website of the Hong Kong Transport Department in April
2 010 ( h t t p : / / h k e r o u t i n g . g o v. h k / d r s s / i n d e x .
php?lang=EN);

2) Hong Kong eRouting

3) Journey Time Indication System (JTIS) on the
major routes of Hong Kong island was implemented using
the algorithm in April 2009. The JTIS was expanded to
the major routes of Kowloon and Eastern District on
Hong Kong Island in May 2010 (http://tis.td.gov.hk/rtis/
ttis/index/main_partial.jsp); and

Jointly supported by the Transport Department of
the Hong Kong SAR Government and Autotoll Limited,
real-time and historical traffic data on major roads in
Hong Kong have been provided for research purposes.
The researchers have also collaborated with Autotoll
Limited to implement their solution algorithms in several
ITS projects for the Transport Department of the Hong
Kong SAR Government. The outputs of these ITS projects
are as follows:
1) Traffic Speed Map (TSM) was launched on the
website of Hong Kong Transport Department in January
2007 (http://tis.td.gov.hk/rtis/ttis/index/main_partial.
jsp);

4) Speed Map Panel

C o mp r e h e n s i v e v a l i d a t i o n t e s t s h av e b e e n
conducted for ensuring the accuracy of the travel time
and traff ic speed estimates. In the Journey Time
Indication System (JTIS) and the Speed Map Panels
(SMP), the accuracy level of the computed journey times
reaches within +/- 20% errors with a compliance of 95%
on the selected routes. For the Traffic Speed Map (TSM),
the accuracy level reaches 90% under normal conditions.
As the path-finding engine available in the Hong Kong
eRouting website is based on the results of the JTIS, SMP
and TSM, its accuracy is also guaranteed. The usefulness
of all these systems has been well received by the public
and accepted by the Transport Department of the Hong
Kong SAR Government.

Fo r t h e c a s e o f s t r a t e g i c h i g h w ay o r u r b a n
expressway in Thailand, the requirement of real-time
monitoring and operation is slightly different from the
urban system. The operation requires short-term
forecast and state-estimation of traffic density along the
corridor. The traffic sensor data noise and the sparse
sensor locations would also be major obstacles to produce
accurate estimate of traffic condition and journey times.
The team tackled this challenging problem by proposing
a new theoretical framework for state estimation fully
considering the noise and potential absence of traffic
detector data. The Stochastic Cell Transmission Model
(SCTM) framework was further developed and adopted
as the core traffic operation for the Southern Ring Road
of the Expressway network in Bangkok, Thailand. The
system collects real-time traff ic sensor data and
calculates the probability of the concurrent states on
highway segments without sensors. In addition, the
system provides shor t-ter m forecasts for traff ic
conditions based on the current sensor data. This allows
the highway operator to monitor strategic routes. Prof.
Sumalee was awarded the APEC 2014 prize based on the
i n n o v a t i o n a n d p r a c t i c a l i mp a c t o f t h i s s y s t e m
(http://www.info.gov.hk/gia/general/201409/17/
P201409160990.htm).

Road users can make use of the network-wide realtime traffic information for their pre-trip planning and
en-route decisions. Based on the traffic information
provided, travelers can choose alternative reliable routes
to their destination in order to avoid congested and
unreliable routes, and in turn would improve the road
traffic condition. On the basis of the real-time traffic
information, logistics operators for fleet management
can determine an optimal logistics strategy, including the
optimal delivery routes and the optimal vehicle f leet
composition to minimize their delivery times and to
provide just-in-time delivery services. The JTIS received
the EASTS Outstanding Transportation Project Award in
2011 based on the practical impact of the system. The
SMP also won the HKIHT Highways and Transportation
E xc e l l e n c e Aw a r d p r e s e n t e d b y t h e H o n g Ko n g
Institution of Highways and Transportation (HKIHT) in
2015.

3) Journey Time Indication System
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Turning Waste to
Eco-construction
Materials

5) Traffic Control System (TCS) based on SCTM

7) EXAT Smart Variable Message Sign in Bangkok, Thailand

6) EXAT ITS App

Awards and prizes
• 2008, Hong Kong ICT Awards: Best Public Service Application (Small Scale Project) from Information
• Technology Division of the Hong Kong Institution of Engineers (HKIE) for the Traffic Speed Map
• 2010, Civil Engineering Paper of the Year Award from Civil Division of the Hong Kong Institution of
Engineers (HKIE) for the paper "Reliable Path Searching System: A Case Study in Hong Kong" by Dr
B. Y. Chen, Prof. William H. K. Lam, Prof. Agachai Sumalee and Dr M.L. Tam
• 2 011, EASTS Outstanding Transpor tation Project Award from Eastern Asia Society for
Transportation Studies (EASTS) for the Journey Time Indication System
• 2014, The APEC Science Prize for Innovation, Research and Education ("ASPIRE") from Asia Pacific
Economic Cooperation for Prof. Agachai Sumalee
• 2015, EASTS Best Paper Award for Methodological Development from Eastern Asia Society for
Transportation Studies (EASTS) for the paper "Dynamic Journey Time Estimation in Stochastic Road
Networks with Uncertainty" by Q. Tang, Dr X. G. Li, Prof. William H. K. Lam and Dr H. W. Ho
• 2015, HKIHT Highways and Transportation Excellence Award from Hong Kong Institution of
Highways and Transportation (HKIHT) for the Speed Map Panels
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Prof C S Poon (right) introducing materials that have been recycled to his research students

Summary of the impact

develop methods to recycle these wastes. Recycled
materials have been used to pave roads, make concrete,
concrete blocks and architectural mortars. The research
has led to a new Government policy and technical
specifications for the use of recycled materials in
construction. Some of the developed techniques have
been commercially available for industry.

In Hong Kong, construction and demolition (C&D)
waste and waste glass are produced in huge quantities
contributing significantly to the total solid waste stream.
The disposal of these wastes has aggravated the severe
social and environmental problem of the landfills to cope
with the increasing production of municipal solid waste.
Besides the Construction Waste Charging Scheme
introduced in 2006 to encourage the reduction and
sorting of construction waste, research for recycling
these wastes for beneficial use has become increasingly
important. This is especially so for the surplus inert
construction waste in Hong Kong, which has to be
transported to the Mainland China for reclamation, but
this has become much less popular than before.

Underpinning research
Hong Kong, one of the major cities in the world, is
developing its infrastructure rapidly. As a result, about
24.5 million tonnes of C&D waste were produced in 2015.
Hong Kong also encounters difficulties in handling
used glass bottles as an increasing amount of glass
packaged beverages is consumed in the city. Although
some used glass bottles are sorted and collected for

Prof. C. S. Poon has been leading a Hong Kong
Polytechnic University (PolyU) team since early 2000 to
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reuse, about 300 tonnes are still dumped in Hong Kong
landfills every day, due to the absence of any local
facilities for glass manufacturing and the costs involved
to deliver used glass bottles to nearby regions for reuse.

Based on the findings of the research, PolyU has
successfully developed patented technologies in
producing different types of paving and partition blocks
(Eco-blocks) and road subbase using both recycled
aggregates and crushed glass cullet.

To address this situation, the PolyU started the
research on reusing C&D and glass wastes in the early
2000s with the aim to develop practical technologies to
reuse these wastes locally. The scientific challenges of
using these two types of waste materials are
considerable. For C& D waste, the presence of attached
cement mortars in the original aggregates and other
impurities in the recycled aggregates lead to relatively
inferior properties and high variability of recycled
aggregates compared with natural aggregates. Moreover,
the use of recycled crushed glass cullet as aggregates in
concrete may pose a serious long-term durability
problem due to the enhanced alkali-silica reaction.

With the help of local manufacturers and various
government departments (including the Environmental
Protection Department, the Housing Authority, the
Highways Department, the Civil Engineering and
Development Department), pilot plant production trials
and stringent field trials of the products based on the
developed technologies were conducted. The successful
demonstration of the use of recycled materials for eco-blocks
and sub-base applications has led to new government
specifications for their uses. They have been prepared
based on the findings of the research studies. Also, the
technologies of producing the recycled concrete products
made with recycled aggregates and recycled glass sand
were commercialized by local manufacturers through
licensing agreements. The Eco-blocks have already been
put into use at a number of different sites in Hong Kong,
including recreation grounds, the Eco-park, university
and school campuses, public pavements and a number of
private and public housing estates. Also, the supply of
recycled aggregates for other applications including
subbase, Types A & B and Grade 200 fill materials also
commenced in 2008.

After much research efforts, solid experimental
results have enhanced scientific understanding of the
above challenges. A large number of technical papers
were published in international journals on the use of the
recycled aggregates and recycled glass as construction
materials during the research stage and some of the
papers have received both local and international
awards. These scientif ic data for m the basis for
development of the technologies and are also very
important for promoting and marketing the eco-products.

Eco-blocks of different generations in various shapes and colors

percentage of fine glass powder, which was ground from
the glass cullet in the concrete mixes can effectively
suppress the formation of expansive ASR gel. The
research on the feasible incorporation of glass powder in
cement has helped to develop a new class of
commercially available cement in Hong Kong (Eco-glass
cement) which is being produced by a local cement
manufacturer.

Details of the impact
The findings of the research showed that recycled
aggregates (RA), especially the fine portion (i.e. <5 mm)
have relatively high water absorption values, and a small
but significant amount of impurities would render them
unsuitable to be reused as aggregates for structural
concrete. Alternative reuse options need to be explored.
The research has demonstrated that through the use of a
dry-mixed method to produce concrete blocks that can be
cast without the need for appropriate workability, a large
amount of recycled fine aggregates can be beneficially
reused in construction products. The laboratory findings
led to the development of the first generation of Eco-blocks
and the technology was patented. Subsequently, a 2nd
generation of Eco-blocks was developed by incorporating
recycled glass cullet into the dry concrete mix. The test
results showed that the use of crushed glass cullet of
appropriate sizes can enhance the dimensional stability
(lower drying shrinkage) and fire resistance (improve
residual strength) of the concrete blocks. Although it has
been recognized that using glass cullet in concrete
products is prone to the Alkali Silica Reaction (ASR)
which may result in detrimental expansion, the research
indicated that this detrimental effect can be minimized
by controlling the size of the glass cullet used as well as
adjusting the content in the dry-mixed concrete mixes, in
particular by the use of supplementary cementitious
materials. Relating to this, the research study has
further demonstrated that the incorporation of a certain

Based on the findings of PolyU from the pilot plant
production and site trials to ascertain the long term
performance, the Hong Kong SAR Government modified
its specifications to allow the use of recycled aggregates
and recycled glass cullet in the concrete paving blocks in
publicly funded projects. According to the latest
specifications (HyD standard), the concrete paving
blocks shall contain not less than 70% by weight of
recycled aggregates and the fine aggregates shall
constitute not less than 40% by weight of the total
recycled aggregates. In addition, recycled glass cullet
shall be included as recycled fine aggregates and shall
constitute between 20 and 25% by weight of the total
aggregates. The specified recycled glass cullet content
between 20 and 25% was the direct result of the research
o f P o ly U w h i c h fo u n d t h a t A S R e x p a n s i o n w a s
insignificant without altering the original design mix of
the concrete paving block if the addition of recycled glass
cullet is below this threshold.

A path in a park paved with eco-blocks
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Furthermore, an innovative method has been
developed to effectively reuse concrete slurry waste
(CSW) from concrete batching plants and recycled
aggregates (RCA) derived from building demolition in
new construction products (partition wall blocks) by
using an accelerated mineral carbonation process. The
calcium-silicates rich CSW in the fresh state is used as a
cementitious binder to partially replace cement and the
RCA is used to substitute natural aggregates (stone and
sand). The use of CO2 curing during block production
allows the capture and sequestration of waste CO2. This is
the first time a technology has been introduced to reuse
fresh CSW as a cementitious binder in construction
products. Additionally, the novel use of waste CO2 sources
to carbonate the cement based materials not only
accelerates the hardening time to achieve early strength
gains, but also improve the dimensional stability of the
construction products produced. The adoption of this
technology for the production of construction products
would contribute to effective reuse of construction
wastes and mitigate the industrial CO2 greenhouse gas
emissions to the atmosphere. This innovation was
awarded the 2nd Prize in the Construction Industry
Council’s Innovation Award in 2015.

the optimum moisture content of the subbase materials
is higher than that of the subbase made with
conventional aggregates. Moreover, experimental studies
and trials were also performed for subbase materials in
which recycled glass cullet was added. These
technologies provide an additional outlet for the collected
post-consumer glass bottles in Hong Kong.
Based on the findings, the relevant government
specifications have also been updated to provide a clear
quality control guideline for the use of recycled
aggregates in subbase materials in Hong Kong. The
change of specifications to allow the use of recycled
aggregates and waste glass in the subbase materials was
a breakthrough as a significant amount of construction
and demolition wastes and recycled glass can be
beneficially reused.

Fundamental Theories
and Models for Spatial
Big Data Analytics
1st China Geography Census & Monitoring

Basic Spatial Data, DOM

Land Use & Change

National Geographical
Monitoring

In addition to using RA in the production of Eco
concrete blocks, the research findings also showed that
RA can be used in the subbase materials provided that
the contamination level and the percentage of very fine
materials are limited to an acceptable level. Due to the
high water absorption value of the recycled aggregates,

Natural Disaster, Landsides

Full Range Monitoring Technologies

Awards and prizes

Air Pollution

Urban Heat Island

• 2015 Guangdong Province Science and Technology Award, First Prize
• 2015 CIC (Construction Industry Council) Innovation Award, Second Prize
• 2016 Hong Kong Green Building Council, Green Building Award (Building Products and Technologies
Category), Merit
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Infectious Diseases

have already found various applications. As a result,
researchers in this group has received a number of major
awards from both international and national authorities.

Summary of the impact
G e o g r a p h i c i n fo r m a t i o n s c i e n c e d e a l s w i t h
geog raphical data, or spatial data, through such
processes as spatial analysis, modelling, and
representation.

Underpinning research
A group of staff members (Prof. Wenzhong Shi, Prof.
Zhilin Li, Dr Eric Guilbert) in LSGI have systematically
studied the theories and methods for geog raphic
information science.

An LSGI research group has made systematic
studies on the theories and methods for modelling
uncertainty and quality control of spatial data, modelling
the uncertainty propagation in spatial analysis and
surface reconstruction, measuring and computing the
reliability in spatial analyses and spatial data mining,
algorithms and models for spatial modelling, the multiscale representation of spatial data and spatial analysis
results. The work by this group has been recognized
internationally and nationally. The theories and methods

They first tackled the issue of uncertainty in data
and how it is propagated through spatial analysis.
Prof. Wenzhong Shi carried out systematic research on
the scientific problems of uncertainty sources,
distribution patterns, models and quality control theory,
and thus has solved a series of basic theoretical
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then US Vice President Al Gore in 1998. Prof. Li has
formulated a "natural principle" as the theoretical basis;
expanded mathematical transformation models from a
dozen to a total of 40 (with 6 groups); and developed a
complete set of algorithms for such transformation
models. These results have been documented in a
research monograph entitled Algorithmic foundation for
multi-scale spatial representations.

problems, e.g. modelling positional uncertainty, error
propagation and estimates of uncertainties in spatial
analysis. His f indings have been summarized in
Principles of Modelling Uncertainties in Spatial Data and
Spatial Analysis, which is the first monograph on this
topic.
The second issue is the reliability of spatial data.
Prof. Wenzhong Shi and his team have defined the
concept of spatial data reliability, proposed a set of index
for measuring reliability, methods for computing
reliability of remotely sensed image classification, and
spatial association rule mining. Furthermore, reliable
spatial analyses and spatial data mining methods have
been developed.

Details of the impact
The theoretical research on uncertainty in data
quality and in spatial analysis has been widely applied to
spatial data quality assessment and control locally and
regionally, e.g. the data quality model of the 1:1000
topographic map and the quality specifications of LiDAR
scanning in Hong Kong; the data quality assessment
standards of Macao GIS data, for the Macao Government;
a n d t h e qu a l i t y a s s e s s m e n t fo r t h e 1 s t Na t i o n a l
Geographic State Survey of China. The work of Prof. Shi
won the State Natural Science Award in 2007 (the
second class prize) from the Central government of
C h i n a a n d T h e Wa n g Z h i z h u o Aw a r d f r o m t h e
International Society of Photogrammetry and Remote
Sensing (ISPRS) in 2012.

The third issue is the modelling of spatial data and
spatial processes. Prof. Zhilin Li and his team addressed
issues in modeling the terrain surfaces such as sampling
strategy, algorithms, quality control and accuracy
p r e d i c t i o n . T h e i r w o r k h a s b e e n s y s t e m a t i c a l ly
documented in Digital Terrain Modeling: Principles and
Methodology, which is the first book on this area.
The fourth issue is the representation of spatial data
and spatial analysis results. Prof. Zhilin Li and his team
have systematically tackled the issues on the multi-scale
representation of digital maps, which is the basis for the
zooming in/out function in digital earth advocated by the

methodology for quality control in the establishment of
national digital elevation models. Highly recognized
internationally, the work of Prof. Li was awarded the
State Natural Science Award in 2004 (the second class
prize) from the Central government of China and the
Schwidfsky Medal from the International Society of
Photogrammetry and Remote Sensing (ISPRS) in 2004.

AutoCAD, Autodesk, MapInfo. This work has been
recognized by the International Society of
Photogrammetry and Remote Sensing as a significant
contribution to the area: The ISPRS pointed out that "It
lays down an excellent mathematical/algorithmic
foundation for multi-scale representation and digital map
generalization" and presented Prof. Li with the Gino
Cassinis Award in 2008. Also in recognition of his
internationally recognized work in this area, the
University of Glasgow awarded Prof. Li the Doctor of
Science (DSc) in 2009.

The multi-scale representation of maps has shifted
from a traditional subjective process towards an
objective and more scientific one. Some of the algorithms
have been implemented in a number of systems such as

The work in digital terrain modelling has been
employed as the basis for establishing national accuracy
specif ications for digital elevation models and as

Awards and prizes
• 2004, State Natural Science Award (Second-class) for Zhilin Li
• 2004, Schwidfsky Medal, from the International Society of Photogrammetry and Remote Sensing for
Zhilin Li
• 2007, State Natural Science Award, Principle of Modeling Uncertainties in Spatial Data and Analysis,
from the State Council of P.R. China for Wenzhong Shi
• 2008, Gino Cassinis Award, the International Society of Photogrammetry and Remote Sensing for
Zhilin Li
• 2009, Doctor of Science (DSc) from the University of Glasgow for Zhilin Li
• 2012, Wang Zhizhuo Award for Wenzhong Shi, from the International Society of Photogrammetry and
Remote Sensing for Wenzhong Shi
• 2014, "Science and Technology Leaders in Surveying and Mapping", National Administration of
Surveying Mapping and Geo-information for Wenzhong Shi

References to the research
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New Technology for
Remote Monitoring of
the Environment and
Hazards
group has developed theories and algorithms to enhance
the capabilities of InSAR, including interferogram filters,
methods for mitigating atmospheric effects and SAR
sensor orbital errors, approaches for multi-dimensional
deformation measurements, and a new multi-temporal
InSAR data processing method termed Temporarily
Coherent Point InSAR (TCP-InSAR). The developed
algorithms have been integrated into a copyrighted
processing package.

Summary of the impact
Environmental changes and geohazards often have
a serious impact on the society. Better understanding of
the problems and developing effective technologies to
detect the precursors of emergent situations can help
mitigate the problems or reduce their impacts. A LSGI
research group has made significant contributions in
these aspects.
T h e g r o u p h a s b e e n r e s e a r ch i n g t o d e ve l o p
advanced GNSS and remote sensing technologies to
study environmental and geohazard problems. The
research outcomes have led to new discoveries and
technology advancements. The technologies developed
have been used widely in Hong Kong and internationally,
contributing to a healthier and safer living environment.

Systematic study of Urban Heat Island effects and
atmospheric aerosols using satellite images
The group was the first to examine urban climate at
micro-scale from thermal satellite images, and developed
a new methodology to enhance the thermal spatial
resolution (which is low for thermal sensors). In
addition, the research team was the first to develop a
high resolution aerosol retrieval method from satellite
images. The method can also retrieve Aerosol Optical
Thickness (AOT) over bright urban surfaces and the
output images show complete coverage of atmospheric
aerosols over cities. The group has set up the only
AER ONET monitoring stations in Hong Kong and
southern China, with two stations established under a
10-year collaborative agreement with NASA.

Underpinning research
Environmental and geohazard problems such as air
pollution, land subsidence and landslides have long
plagued mankind, who also need to maintain
underground utility systems in urban areas. A LSGI
research group (Prof. X. L. Ding, Prof. J. E. Nichol, Dr Z.
Z. Liu, Dr M. S. Wong, Dr W. L. Lai and Dr L. Zhang) has
been doing research to better understand the problems
and to develop effective technologies to reduce their
impacts. The key underpinning research includes the
following:

Advanced algorithm and method for building 3D
regional atmospheric water vapor model
The g roup has developed novel algorithms to
calibrate and validate water vapor data from space-based
remote sensing satellites using in-situ multi-sensor
observations. Based on decades of ground and satellitebased water vapor observations, the global trend of
atmospheric water vapor has been studied. The group
has also studied the coupling effects of tropical cyclones
in low atmosphere on the ionosphere in the upper

Theories and algorithms for enhancing the capability
of radar remote sensing technology, especially
Interferometric Synthetic Aperture Radar (InSAR)
technology
InSAR is one of the most powerful technologies for
studying the stability of ground and major structures.
However, it is not without limitations. The LSGI InSAR
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Vertical profile of aerosol concentrations over southwest Kowloon from MODIS satellite images

atmosphere. The group has built China's first GNSS-based
Precipitable Water Vapor Real-time Monitoring System
(PWVRMS) for the Pearl-River Delta region. An advanced
weather satellite station for receiving data has been built
at PolyU to support atmospheric water vapor research.

Details of the impact
•	The technologies for mapping of Urban Heat Island
effects have been transferred to the Hong Kong
Government Departments such as the Central Policy
Unit, the Planning Depar tment, the Lands
Department, and the Hong Kong Observatory.

I n t e g r a t e d t h e o r i e s a n d a l g o r i t h m s f o r 3D
visualization of underground utility systems and their
conditions

•	The research group has been invited to study ground
subsidence of many cities with InSAR technology
jointly with government departments, research
institutions and private firms. For example, the group
has been studying for many years the g round
deformation of Macau with the InSAR data processing
models developed by the group.

The group is the first to develop integrated theories
and algorithms, as well as survey, mapping and slice-imaging
methods for 3D visualization of underground utility
spider webs and their working conditions. One particular
h i g h l i g h t i s a c c u r a t e , l a rge - s c a l e a n d e f f i c i e n t
measurement of ground-penetrating wave velocity in
materials which is an important hint of underground
hazards. To establish and validate fingerprints of
hazards by detected signals, the group established the
very first underground utility survey lab in the world in
2014.

•	The InSAR data processing software developed by the
group has been used by government departments and
researchers in Taiwan to study geohazard risks in
some major projects there.
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Glacier distribution in Southeastern Qinghai-Tibet Plateau mapped by remote sensing technologies
(Image Source: L.H. Ke, X.L. Ding, L. Zhang, J. Hu, C. K. Shum, Z. Lu (2016) Compiling a new glacier inventory for southeastern Qinghai-Tibet Plateau from Landsat and
PALSAR data. Journal of Glaciology, 05/2016; -1. DOI:10.1017/jog.2016.58)

Advanced remote sensing satellite data receiving station at HK PolyU

•	The GNSS deformation monitoring technology
developed by the group has been used widely in
several countries for monitoring landslides and
structural safety. The multi-antenna GNSS technology
has become an industry standard for monitoring
landslides and structural safety.

Government departments via f ive consultancy
p r o j e c t s o f p i l o t s t u d y / t e c h n o l o g y t r a n s fe r /
commercialization. In particular, the technology is
going to play a key role in the policy-making process
in new construction and long term maintenance
projects.

•	The research group has been invited to collaborate
with the Chinese Meteorological Administration
(CMA) to calibrate the performance of water vapor
sensors of the Chinese Fengyun satellite, using the
novel algorithm developed by the research group.

•	Assisted Highways Department of the Hong Kong
Government to develop a two-envelope procurement
system.

Awards and prizes
• 2005, 2nd Class National Scientific and Technological Progress Award in Surveying and Mapping
from Chinese Society of Geodesy, Photogrammetry and Cartography, and National Administration of
Surveying, Mapping and Geoinformation for X.F. He and X.L. Ding
• 2012, 1st Class Provincial Scientific and Technological Award, Shanxi Provincial Government, China
for Q. Zhang, L. Wang, S.X. Huang, S.R. Ye, X.L. Ding, G.W. Huang, Z.C. Luo, Z.K. Liu, H.E. Zeng, W.T.
Yang, X.X. Chen
• 2013, 1st Class National Surveying and Mapping Science and Technology Award from Chinese Society
of Geodesy, Photogrammetry and Cartography , and National Administration of Surveying, Mapping
and Geoinformation for J.J. Zhu, X.L. Ding, Z.W. Li, J. Hu, Y.J. Wang, X.Q. Zhang, R.A. Xie, C.C. Wang,
Q.J. Wang, W.J. Dai and G.C. Feng
• 2013, 1st Class Natural Science Award, Ministry of Education, China for Z.W. Li, X.L. Ding, J.J. Zhu,
W.B. Xu, J. Hu, G.C. Feng, C.C. Wang

•	The Hong Kong Observatory is very interested in
applying the 3D water vapor modeling data generated
by the research g roup to their daily weather
forecasting services.
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•	Some new GNSS algorithms developed by the
research group have been widely used by researchers
in the UK, the US, China, Canada and other countries.
•	S i n c e 2013, t h e t e c h n o l o g i c a l k n o w - h o w o f
underground 3D imaging has been applied in real-life
applications, transferred to and funded by several
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Novel Integrated Lunar
Mapping Model
3D View of the generated digital topographic model of the Chang'E-3 landing area

Summary of the impact
An innovative lunar mapping model has been
developed for high-precision lunar topographic mapping
by integrating cross-mission cross-sensor remote sensing
datasets. The development is essential for proper
calibration, registration, and analysis of multi-source
lunar topographic datasets collected from different
missions. In turn it allows the full comparative and
synergistic use of them. Advancing planetary mapping
and scientific research, the development was referred by
Nature Index as a landmark work on lunar topographic
models. The developed mapping model has been used for
landing site mapping and selection of the Chinese
Chang'E-3 and Chang'E-5 lunar landing missions.

consistent and precision lunar topographic mapping (Wu
et al., 2011). This approach is of significance as it permits
the synergistic use of two types of datasets with totally
different properties. Dr Bo Wu and his team also worked
on the topographic mapping using datasets collected
from different missions. A multi-feature-based surface
matching method was developed for the co-registration of
lunar topog raphic models derived from the laser
altimeter data collected by the Chang'E-1, the Japanese
SELENE, and NASA's LRO missions (Wu et al., 2013).

Research students working on the satellite image processing of the Chang'E-3 landing area

Details of the impact

2012-2014: Chang'E-3 landing site mapping
As an impor tant recognition of his research
achievements in lunar mapping, Dr Bo Wu was invited by
the China Academy of Space Technology (CAST) in 2012
to work on the topographic mapping and analysis of the
landing site of the Chang'E-3 lunar exploration mission.
For detailed mapping of the Chang'E-3 landing site, the
previous developments were further extended for
integrated processing of the Chang'E-2 imagery and LRO
laser altimeter data. Integration of imagery and laser
a l t i m e t e r d a t a f r o m d i f fe r e n t m i s s i o n s i s m o r e
challenging, because the data were collected by sensors
with different characteristics at different times and the
effect of uncertainties among the datasets is more
significant. A combined block adjustment approach (Wu
et al., 2014a) was developed for this purpose, which has
the ability to process large blocks of Chang’E-2 images
and LRO laser altimeter data. Inconsistencies (as large as
several kilometers) between the two datasets can be
eliminated and high-precision mapping results can be
obtained. The developed methods and results were
deployed in the characterization and selection of the
landing site for Chang’E-3, contributing to the success of
the mission (Wu et al., 2014b).

Underpinning research
2008-2011: Lunar mapping and scientific research
A LSGI research group (Prof. Yongqi Chen, Prof.
Huseyin Baki Iz, Dr Bruce King, Dr Bo Wu) has been
working on lunar mapping and scientific research since
2008. They have advanced research and developments
in lunar control networks, lunar geometric figures, and
lunar gravity field (Iz, 2009).
2011-2013: The Innovative Integrated Lunar Mapping
Model
Lunar orbital imagery and laser altimeter data are
two major data sources for lunar topographic mapping.
Most of the previous work has processed imagery and
laser altimeter data separately. Usually though there are
i n c o n s i s t e n c i e s a t d i f fe r e n t l e ve l s b e t we e n t h e
topographic models derived from them. With the support
from a project funded by RGC, the research team led by
Dr Bo Wu developed a novel approach integrating the
C h a n g ' E -1 i m a ge r y a n d l a s e r a l t i m e t e r d a t a fo r
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2015 - Present: Chang'E-5 landing site mapping and
urban 3D mapping applications

Participation in Chinese lunar and Mars exploration
missions

At the further invitation of CAST, the team led by Dr
Bo Wu is currently working on the topographic mapping
and hazard analysis of the landing site of Chang'E-5,
which is a lunar soft-landing and sample-return mission
to be launched in 2017.

As an impor tant recognition of his research
achievements in lunar mapping, Dr Bo Wu was invited by
the China Academy of Space Technology (CAST) to work
on the landing site mapping and selection of the Chinese
Chang'E-3 and Chang'E-5 lunar landing missions.
Chang'E-3 has successfully landed on the Moon in
December 2013. Chang'E-5 is going to be launched in
2017. CAST also invited Dr Bo Wu and his team to work
on the landing site mapping and selection of the
Chang’E-4 mission in 2018 and China's first mission to
explore Mars in 2020 (Funding arrangement is under
processing).

The research has also been extended to 3D mapping
in urban areas in Hong Kong. An effective approach for
the integrated processing of high-resolution satellite
imagery and airborne laser scanning data in Hong Kong
was developed for accurate 3D mapping (Wu et al., 2015).
As the terrain surfaces in urban areas are not as smooth
as that on the Moon, special vertical and horizontal
c o n s t r a i n t s we r e i n c o r p o r a t e d fo r t h e e f fe c t i ve
integration of the two datasets. Multi-source and multiresolution images collected by different satellites in Hong
Kong were also integrated for improved geo-positioning
accuracy. These developments led to a Gold Medal and a
Special Merit Award (R. Alekseev Award) at the 44th
International Exhibition of Inventions of Geneva in April
2016.

Research referred by Nature Index
Nature Index is a global indicator of high-quality
research. It tracks the affiliations of scientific articles
published in a small group of highly selective journals
that have been chosen by an independent group of
working scientists. Nature Index referred to the lunar
mapping research of Dr Bo Wu in an analysis of the
research produced by the universities in Hong Kong
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(Nature Index: 2014 China - Hong Kong, Nature, 516,
S64-S65, 18 December 2014) as "a landmark work on
lunar topographic models".

and improving the mapping accuracy. This invention can
be used in topographic mapping and 3D modeling of
cities for smart city development in Hong Kong.

Applications to 3D city modelling and smart city
development

Media coverage of the research and developments
The achievements in lunar mapping, involvement in
the Chinese lunar exploration missions, and awards
received have been covered by various media locally and
internationally.

A project entitled "Novel Integrated 3D Mapping
Model" undertaken by the research team led by Dr Bo Wu
has won a Gold Medal and a Special Merit Award (R.
Alekseev Award) at the 44th International Exhibition of
Inventions of Geneva in April 2016. This novel model
successfully integrates multi-platform satellite/aerial
imagery and laser scanning data for 3D mapping, greatly
reducing the inconsistencies among different datasets

The developments won a Gold Medal and a Special Merit Award at the 44th International Exhibition of Inventions of Geneva

Reliable Navigation and
Smart Transport
Techniques for Highly
Dense Urban Areas

A smart public transport enquiry system

blockage and serious multipath effects caused by dense
tall buildings, the instability and degradation of GNSS
performance by low latitude ionosphere anomaly, high
humidity (over 95%) and large variations of water
vapour distribution. Prof. W. Chen, Prof. X. L. Ding and
Dr Z. Z. Liu have developed various algorithms to
mitigate the problems mentioned above, leading to better
GNSS availability in the urban environment and more
robust GNSS processing to reduce the ef fects of
multipath and ionosphere disturbances. The research
team at LSGI has closely worked with other researchers
(i.e. Dr Aquino from Nottingham University and Prof.
Morton from Colorado State University) on low latitude
ionosphere anomaly. We have installed China’s Advanced
GNSS-based Equatorial-Low-latitude Ionosphere
Observation Network (CAGELION), including three
observations stations in both Hong Kong and mainland
China to closely monitor the ionosphere's 4D variations.

Summary of the impact
Awards and prizes
• 2016, Gold Medal and Special Merit Award (R. Alekseev Award), from the 44th International
Exhibition of Inventions of Geneva
• 2016, Excellent Product Award, from the China Hi-Tech Fair
• 2016, Talbert Abrams Award, First Honorable Mention, from ASPRS (American Society for
Photogrammetry and Remote Sensing)
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Location-based services and vehicle navigation have
become emerging spatial information technologies. The
key is the positioning technology and the GNSS（Global
Navigation Satellite System such as GPS, GLONASS,
Galileo, and Beidou systems）is the backbone. A research
group in LSGI has identified a number of key problems
related to positioning with GNSS in dense urban areas
like Hong Kong. These include the effects of low latitude
ionosphere anomaly and the canyon effect. GNSS has
also been integrated with GIS for vehicle navigation and
public transport systems. Such work addresses some of
the key problems in intelligent transportation systems
(ITS) with great industrial and societal impact.

Underpinning research
There are some serious problems with respect to
positioning with GNSS in Hong Kong, e.g. satellite signal
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In addition, the space-based Low-Earth-Orbiting
(LEO) satellites such as COSMIC are also utilized to
complement the ground network observations. Using the
ground-based CAGELION and the space-based COSMIC
satellites, significant ionosphere scintillations during
tropical cyclones, such as the August 2012 cyclone event
"Tembin," have been observed and the findings have been
published. Based on the analysis of the CAGELION big
data, the occurrence of ionosphere scintillations has been
predicted at the eastern GNSS station using the data
from the western GNSS station and the results have been
presented at an international conference (AOGS 2016).
With the CAGELION and LEO big data, the scintillation
morphology of the Equatorial-Low-latitude Ionosphere
scintillations has been characterized.

time, connections and so on. The research on multi-criteria
public transport route-finding in HK has led to the
development and delivery of the Public Transport
Enquiry Service (http://hketransport.gov.hk) on the
Internet and Mobile Apps.

Details of the impact
The research on GNSS and other positioning
technologies has led to the development of Hong Kong’s
positioning infrastructure, supported by government
agencies and industries with a funding of more than HK$
20 million. High quality geodetic reference frames have
been established (adoption of ITRF in Hong Kong,
establishment of high quality gravity network in Hong
Kong, development of a centimeter level geoid model) to
support economic development in Hong Kong. A multiple
G N S S RT K s e r v i c e i s p r o v i d e d t o i mp r o ve RT K
availability in Hong Kong, which is the first GNSS RTK
network to include Chinese Beidou system outside China.
The world's first DGNSS service for mobile phone users
has been operational in Hong Kong. Based on patented
technology, multiple antenna GNSS slope monitor
systems developed by Prof. Ding have been widely used
internationally. An ionospheric scintillation network is
also established for low latitude regions to support
scientific research and navigation safety.

Another LSGI team (Prof. Chen, Dr Lilian Pun, and
Prof. Li) has integrated GNSS technology with GIS
technology for applications in ITS. A vehicle navigation
system has been developed with 95% reliability in
central areas in Hong Kong, which is the most successful
that has been reported in Hong Kong. A multi-modal
public transport system has also been utilized by the
Transport Department of Hong Kong. The system
integrates different types of public transport - their route
details and stop locations, fares and conditions of
concession, time and frequency of operations, travel

been adopted by the Student Financial Assistance
Agency in determining the amount of travel subsidies for
school children. The research results have served as a
standard in public administration. The product for
enhancing the public transpor t system has won
numerous awards.

Since 2010, a public transport enquiry system
developed by LSGI has been released by the Transport
Department for public use. In 2016, as reported by the
Audit Department, this website has been rated as the
third most popular government website in Hong Kong,
w i t h o ve r 20,000 u s e r s p e r d ay a n d m o r e t h a n
1,000,000 downloads of the mobile apps version. This
product has also stimulated other transport operators
like the MTR and bus companies to improve their website
using maps. Moreover, the algorithm and results have

Hong Kong High Precision (cm) Geoid Model

Awards and prizes
• 2005, Merit Award in Mobile Infotainment of HK Wireless Technology Excellence Award
• 2009, Best Public Service Application Silver Award in ICT Award
• 2011, Meritorious Award of Civil Service Outstanding Award

References to the research
[1].	Chen, W., Li, Z. L., Yu, M. and Chen, YQ., 2008. "An Integrated Map Match Algorithm with Position Feedback and Shape-based Mismatch Detection and Correction,"
Journal of Intelligent Transportation Systems , 12(4):168 – 175.
[2].	Ji, S., Chen, W., Ding, X. L., Chen, YQ., Zhao CM and Hu CW. 2010. "Potential Benefits of GPS/GLONASS/GALILEO Integration in an Urban Canyon - Hong Kong,"
Journal of Navigation , 63: 681-69.
[3].	Yang, Z. and Liu, ZZ., 2016. "Investigating the Inconsistency of Ionospheric ROTI Indices Derived from GPS Modernized L2C and Legacy L2 P(Y) Signals at Low-Latitude
Regions," GPS Solutions , (in press).
[4]. Xu R., Xu, Chen W., Xu Y., and Ji S. 2015, A New Indoor Positioning System Architecture Using GPS Signals, Sensors 15:10074-10087
[5].	Pun-Cheng, L.S.C. & Chan, A.W.F. 2016 "Optimal route computation for circular public transport routes with differential fare structure," Travel Behaviour and Society ,
3:71-77, Elsevier. DOI: 10.1016/j.tbs.2015.09.001
[6].	Pun-Cheng, L.S.C. (2012) "An interactive web-based public transport enquiry system with real-time optimal route computation," IEEE Transactions on Intelligent
Transportation Systems , 13(2): 983-988.

A reliable land vehicle navigation system

64

65

Construction and Environment is published by the Faculty of Construction and
Environment for students, staff, alumni and friends of the Faculty. The magazine
contains information known as of February 2017. For an electronic version of the
magazine, please visit www.polyu.edu.hk/fce/pb_fce_news.html. You may also
choose to subscribe for it and other Faculty publications there.

Editor-in-chief

: Prof. Xiaoli DING

Executive Editors : Marie W.S. YIP
Nancy C.W. LAI
Advisory Editor

: Ir Prof. You-lin XU

Editorial Board

: Dr Patrick FONG
Dept. of Building and Real Estate
Dr Vivien Lin LU
Dept. of Building Services Engineering
Prof. Siu-lai CHAN
Dept. of Civil and Environmental Engineering
Dr George LIU
Dept. of Land Surveying and Geo-Informatics

We welcome your
comments and articles.
Please send all correspondence to:
Faculty of Construction and Environment
The Hong Kong Polytechnic University
Hung Hom, Kowloon, Hong Kong
Tel
: (852) 3400 3199
Fax : (852) 2362 2574
Email : clfce@polyu.edu.hk

