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Optimisation Blue and Green
Infrastructure for multiple benefits

The increasingly frequent occurrences of extreme

weather events have posed challenges to our traditional
infrastructure, calling for more resilient solutions. Blue-Green
Infrastructure (BGI) offers a sustainable alternative founded
on interdisciplinary collaboration between engineers and
landscape architects. This approach strategically integrates
natural processes into the urban environment, merging
technical precision for water management with visionary
design for multi-functional public spaces. The result is a
transformation of conventional infrastructure into assets that
cool the city, nurture biodiversity, and enhance community

well-being.

What are blue-green resources?

BGl is a network that integrates “blue” elements such

as ponds, streams, and wetlands with “green” elements
including parks, gardens and vegetated swales. This
integrated system delivers multiple benefits: it enhances
biodiversity by creating habitats for wildlife, improves air
quality and contributes to urban cooling, and provides
attractive and tranquil recreational spaces for the public.
Hong Kong has significant natural advantages, with 70% of
its land area covered by vegetation and 40% designated as
country parks. By consciously incorporating these resources
into the urban infrastructure system, we can build a stronger,

and more resilient city in harmony with nature.

Where can we find good examples
of BGI in Hong Kong?

Inspiring examples include the revitalised Jordan Valley
Nullah with its vegetated banks and fish ladders; the
photogenic Tsui Ping River with its smart water gate,

water cascades and landscape decks; and the soon-
to-open Tseung Kwan O South Waterfront Promenade.

The promenade will feature grassy retention ponds and
vegetated rain gardens. It will also provide a range of
recreational facilities such as jogging trails, ball courts, fitness
stations and playgrounds. These places showcase BGI’s
multiple benefits, and we warmly invite you to visit them. For
more information on these and other blue-green landscape
projects, please subscribe to our GLTMS IG @hk.trees.
landscape (viewable on Instagram; content in Chinese only)

or scan the QR code below.

This article is contributed by the Development Bureau of the HKSAR Government.
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Human vulnerability to climate change has never
been more urgent, with the concept of “climate risk”
evolving into a key concern within discussion on
sustainable development, particularly in fields like
engineering and finance. Climate risk refers to the
potential negative consequences caused by climate
change. These impacts can affect a wide range of
areas, including risks to people’s lives, economic
activities, social and cultural assets, infrastructure, as
well as risks to ecosystems and biodiversity.

Climate Risk
Challenges and
Opportunities
for Engineers

By Hong Kong Economic Times
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A climate risk has three parts, namely hazards (like
storms or heatwaves), exposure (people or places

at risk), and vulnerability (how easily something is
damaged). For example, to an agricultural area that
is potentially affected by drought, the hazard is the
drought itself, which could result in yield losses." Or, a
coastal city faces floods if it has weak defenses.

AHO1S 43AOD

To manage and assess climate risks, international
frameworks and tools are widely used. The United
Nations’ Intergovernmental Panel on Climate
Change (IPCC) provides scientific reports that outline
the potential impacts of climate change.

With rising greenhouse gas emissions and global
temperatures, the changes in the global climate
system is disrupting Earth’s weather patterns and
natural environment, threatening the ways humans
live and work. Therefore, understanding and
measuring climate risk is important for engineering
experts to plan for a sustainable future and create
solutions that minimise its impacts.

December 2025 | Hong Kong Engineer 7



0
O
<
S
2y
wn
_'
O
2
<

Physical and transition risks

Climate risks are generally divided into two main categories:
Physical risks and transition risks.

Physical risks are the direct impacts of climate change.
These include extreme weather events like floods, hurricanes,
and heatwaves, as well as long-term changes such as rising
sea levels and desertification. Transition risks, on the other
hand, are associated with the economic and social shifts
needed to make the transition to a lower-carbon economy.’
For example, stricter government regulations on carbon
emissions, shifts in market preferences, and the adoption

of new technologies can create financial and operational
challenges for industries.

Physical risk can be acute or chronic. Event-driven incidents
such as increased severity of extreme weather events
(cyclones, hurricanes or wildfires) can be acute physical
risks as they happen suddenly. These events can destroy
infrastructure and can stop cities from working. In 2017, the
Super Typhoon Hato struck Macao with destructive winds
and coastal flooding, causing widespread damage and
severe flooding. The event led to a minimum of ten fatalities
and over 240 injuries, with direct economic losses surpassing
8.3 billion MOP. The impact was also extended to the
Guangdong, Guangxi, Fujian, Guizhou, and Yunnan on the
Chinese mainland, where approximately 740,000 individuals
were affected, and more than 6,500 homes were destroyed,
resulting in direct economic losses exceeding 27.2 billion
yuan.’®

Longer-term shifts in climate patterns, such as sea level rise
and changes in precipitation, are chronic physical risks. These
risks are especially challenging because they slowly degrade
materials, reduce efficiency, and permanently change

the environment that infrastructure was designed for. For
example, sea-level rise can make coastal land sink, and long-
term heat can cause railway tracks to expand and buckle
and damage road surfaces over time.

Transition risks are the financial and reputational challenges
that companies may face as the world moves toward a low-
carbon economy. These risks arise from the changes in policy,
technology, and markets that are required to address climate
change. For example, new government regulations or shifts in
consumer preferences can pose threats to organisations that
are slow to adapt. Increased pricing of carbon emissions and
reporting obligations will also increase the operating costs of
a business.
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The complexity of climate-related risks lies in their diversity
and interconnected nature. Physical and transition risks often
do not exist in isolation but intertwined with each other. For
instance, extreme weather events may prompt governments
to implement stricter building regulations, thereby intensifying
transition risks for businesses. In general, the physical and
transition risks brought by climate change are redefining the
boundaries and responsibilities of engineering. Engineers

will have a role to play as they can lead the way in building
a better future and help protect people from climate risks.
Understanding these risks is crucial for engineers to design
climate-resilient projects.

Climate change has highlighted deficiencies
in current design as many existing building
standards based on 30-50 years of historical
climate data fail to reflect future climate
scenarios.

Impact of climate change on
buildings and infrastructures,
and to engineering

Climate change is already affecting our built environment,
posing challenges to the engineering industry. With the
increase of extreme weather events and the long-term
changes in climate, the vulnerability of buildings and
infrastructure are becoming more apparent. Many design
standards and material performance specifications,
developed based on previous climate data, are now facing
unprecedented tests due to climate change.

First, structural integrity and transportation networks are facing
threats from extreme weather events. Intense cyclones,
torrential rainfall, and flooding can cause direct destruction
to critical infrastructure, causing extensive economic losses
and casualties annually. Coastal regions face vulnerability
due to combined impacts of sea-level rise and storm surges,
leaving urban infrastructure exposed to progressive erosion
and persistent damage.

Meanwhile, rising temperatures and humidity fluctuations
significantly compromise construction materials. Concrete
structures develop thermal-induced cracking while steel
components undergo accelerated corrosion in humid
conditions. These phenomena critically undermine structural
longevity and safety, making traditional materials and design
approaches inadequate.



From an engineering practice perspective, climate change
has highlighted deficiencies in current design as many existing
building standards based on 30-50 years of historical climate
data fail to reflect future climate scenarios. Additionally, rising
maintenance costs represent another major challenge for the
engineering industry. Post-disaster recovery not only consumes
substantial financial resources but may cause prolonged
service interruptions, while routine monitoring, anti-corrosion
treatments, and adaptive reinforcements are becoming more
frequent and expensive due to climate pressures.

How engineering adapting

to changing environmental
conditions and role of engineers
In mitigating risk

Engineering plays a pivotal role in adapting to changing
environmental conditions by fundamentally shifting its
approach to design and planning, prioritizing resilience,
sustainability, and collaboration to protect communities and
infrastructure from current and future climate risks. This involves
rethinking infrastructure and systems to withstand new climate
realities.

Designing resilient infrastructure

A primary focus of this adaptation is on building resilient
infrastructure. Engineers are redesigning critical infrastructure
to withstand specific climate impacts like extreme weather,
sea-level rise, and flooding.

In London, the Thames Barrier, initially built in 1982 to prevent
tidal flooding, is an example of the forward-looking mindset of
engineering. The project is one of the largest movable flood
barriers in the world, spanning 520 meters across the Thames.

Its ten massive steel gates, which normally rest flat on the
riverbed, can be raised during flood threats - with each
3,300-tonne main gate standing as high as a five-story building
and as wide as Tower Bridge's opening when upright, creating
an impenetrable wall against rising waters while maintaining
normal river operations when not in use.

While initially designed to provide protection only until 2030,
recent analysis confirms it will remain an effective defense
against rising sea levels until at least 2060-2070. Defenses
west of the barrier will be raised by 2050 to reduce its use,
with further height increases needed later. It is also expected
that the barrier will close more often to protect against storm
surges and a replacement needs to be ready by 2070 as the
current barrier may be overtopped.®

Climate-responsive urban planning

This design of resilient infrastructure extends to the urban
scale, where engineering is integral to climate-responsive
urban planning. Engineers need to rethink city designs to
reduce heat islands and improve energy efficiency through

AHO1S 43AOD

solutions such as green roofs and reflective pavements.

The principles of “Green Building Design” is an approach that
aims to reduce energy consumption and use environmentally
friendly materials, demonstrating a holistic approach to
making cities more livable in a new climate regime. By
adopting engineering principles to create environmentally
responsible structures, this approach focuses on reducing
energy consumption, improving indoor air quality, and utilizing
eco-friendly materials. Key implementations include green
roofs, passive solar heating systems, and energy-efficient
HVAC (heating, ventilation, and air conditioning) systems.®

Sustainable water resources management

Another key area of focus is water resource management,
where engineers develop strategies and technologies for
the efficient use of water. This includes advancing systems
for water purification and desalination to ensure a reliable
supply.

This proactive management of water is vital for securing water
for both growing urban populations and the agricultural
sector. The need for adaptation has led to interdisciplinary
collaboration. For example, engineers can work with
agricultural experts to create innovative solutions such as
“climate-smart farming techniques” to maintain productivity
despite the challenges of a variable climate.

In Chakwal, a rain-fed agricultural district in Pakistan’s
Punjab region, farmers face significant challenges due to
unpredictable rainfall patterns and worsening water scarcity
due to climate change. Traditionally, they rely on ground
water irrigation, leading to resource depletion and high
energy costs for pumping.

To address this, the International Water Management Institute
introduced soil moisture sensors as part of a water resource
accountability program to use sensors to provide real-time
data and color-coded indicators on soil moisture levels,
helping farmers optimise irrigation timing. In areas where
rainfall is unpredictable, these sensors can help enhance
productivity and sustainability in farming.”

December 2025 | Hong Kong Engineer 9
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Developing climate modeling and prediction tools
Engineers can also develop advanced climate models and
use simulation tools to make predictions on future climate
trends for planning. These models are dispensable for moving
from reactive repairs to proactive, evidence-based design.

In particular, with the use of artificial intelligence, engineers
can make climate modeling in a more regional accurate and
computing efficient way. Compared with traditional methods
such as General Circulation Models that simulate the climate
of Earth, Al-empowered models can better capture local
precipitation extremes.?

Climate risk considerations must be maintained
throughout the project's entire lifespan.

Integrating climate risk
management in project planning
and design

Integrating climate risk management throughout all stages of
project planning and design is essential for ensuring long-term
sustainability and resilience.

During the feasibility study phase, it is crucial to evaluate
project performance under various climate scenarios. This
involves using advanced climate models and predictive data
to identify potential physical and transitional risks, such as
extreme weather events or changing regulatory requirements.

Engineers should also develop "fail-safe" designs that allow
specific components to malfunction without causing systemic
collapse. Modular design approaches can help enable

Flooding can cause direct destruction to critical infrastructure, causing extensive
economic losses and casualties annually
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seamless future upgrades and adaptations to evolving
climate conditions. This includes selecting materials capable
of withstanding projected temperature increases and
changing environmental conditions.

Notably, climate change adaption assessment should be
taken at an early stage of project development to make it
more effective. This requires appropriate adaptation measures
to be implemented from planning, design to operation and
maintenance. Climate risks should be evaluated as early as
possible because last-minute measures to address climate
risks could be more costly and less effective.

Likewise, effective monitoring of climate risk management
should also be put into place during construction and
operation phases to ensure the effectiveness of the measures.

In general, climate risk considerations must be maintained
throughout the project's entire lifespan. This comprehensive
approach ensures continuous adaptation to climate impacts
and helps prevent premature obsolescence of critical
infrastructure.

Regulatory and compliance
challenges

When dealing with climate risks, engineers now face more
government rules and regulations than ever before. The
global push for climate action, such as the Paris Agreement's
mandate for progressive greenhouse gas emission reductions,
has prompted nations worldwide to implement stringent
climate policies. These means that while engineers develop
innovative solutions for climate change, they often face
significant challenges related to regulations and compliance.

For example, a project might need to pass stringent
environmental reviews and restrictions on its carbon emissions.
Each country might also have its own standard depending on
the project’s location. This can be particularly complicated
for international projects that cross borders.

Engineers also need to deal with uncertainties about future
regulations. Since climate policies are constantly evolving,
engineers need to create flexible designs that can adapt to
new requirements to make sure that it suits the needs of the
time. Therefore, they must always stay informed about policy
changes and be familiar with materials and technologies that
will remain acceptable under future climate regulations.



Case studies of successful
climate-adaptive engineering
projects

Australia urban cooling strategy

Australia's urban cooling initiatives involve various local
and state government strategies and projects focused on
mitigating the urban heat island effect, such as increasing
tree canopy, implementing cool materials in construction,
and using water-sensitive urban design. These efforts aim
to replace heat-absorbing concrete and asphalt with
vegetation, water, and reflective surfaces.

In Adelaide, the “Cool Road” project was carried out to
reduce heat through various cooling strategies and cool
road sealants (heat reflective road seal coats) were applied
to three different road surfaces to monitor their effects on
reducing surface temperature.

As aresult, all cool road sealants showed a reduced surface
temperature relative to the control asphalt road, which was
8.65°C, 4.95°C and 2.6°C for Treatments 3 to 1 (respectively)
during the day and 4.2°C, 2.9°C and 1.5°C during the night.
The study also found that widespread use of the most
effective sealant could result in a near 1°C surface cooling
effect for the whole city.’

Denmark floating islands (Parkipelago)

It is predicted that the rainfall in Copenhagen will increase by
30 percent by the end of this century. After the city was hit

by a “cloudburst” — an extreme rain event, in 2011, officials
adopted a $1.3 billion public works project called “Cloudburst
Management Plan” to complete 300 flood-mitigation projects
in 20 years.

One of the projects is a human-made island off
Copenhagen’s coast, named Lynetteholm. The island is
designed to accommodate around 35,000 residents and will
serve as a barrier to shield the city from increasingly frequent
storm surges. These extreme weather events are becoming
more common due to climate change and rising sea levels.
Completion of the project is anticipated by 2070.%°

In addition to the islands, the city also made sponge parks
and cloudburst tunnels to hold excessive rainwater collected
from storm drains during cloudburst events.

Shanghai

As one of the world's largest and most rapidly developing
cities, Shanghai faces significant challenges related to
climate change. The city is highly vulnerable to sea-level rise,
extreme weather events such as typhoons, and increased
urban flooding due to its low elevation and high density.

AHO1S 43AOD

In response, Shanghai has implemented several innovative
engineering projects to adapt to these climate risks. Shanghai
Tower, the tallest building in China, is a prime example of
how climate resilience can be integrated into modern
architecture.

Standing at 632 meters, Shanghai Tower is designed to
withstand typhoons, extreme winds, and seismic activity.
Its climate-resilient features make it a model for sustainable
skyscraper design.

Opportunities for innovation
solution

Engineers have a fundamental responsibility to prioritise public
safety, community health, and social well-being, while also
safeguarding the natural environment. Additionally, they must
actively encourage safe and healthy practices in professional
settings.

While climate change is a pressing challenge for engineers,

it also brings new opportunities for innovation and value
creation. One major opportunity lies in digital technology.
Digital twins — virtual models of real structures — allow engineers
to simulate how buildings or bridges respond to floods, heat,
or strong winds. This helps improve design before construction
begins. Al is also being used to test different climate scenarios
and find the most resilient solutions faster than traditional
methods.

New materials are another area of progress. Carbon-
capturing concrete absorbs carbon dioxide during
production, reducing emissions. Researchers are also
developing low-carbon or even negative-carbon cement.
These materials make construction more sustainable while
improving strength and durability. At the same time, modular
and prefabricated building systems are gaining popularity.
These structures can be built quickly and easily, which is
especially useful for emergency housing or rebuilding after
climate disasters.

December 2025 | Hong Kong Engineer 1
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Innovation is also changing how projects are funded and
managed. The idea of “Resilience as a Service” (RaaS)

is emerging, where companies provide ongoing climate
protection, such as flood barriers or cooling systems, as a
subscription. Public-private partnerships (PPP) are helping to
bring private investment into climate adaptation projects,
especially in areas where government budgets are limited.

For example, the worldwide challenge of plastic waste is
becoming increasingly severe. According to projections from
the OECD, the total amount of plastic waste generated in
2026 is expected to reach 1,231 million tons by 2026, three
times more than the number recorded in 2019."

While the plastics industry contributed to 3.4 percent of global
greenhouse gas emissions in 2019, the global plastic recycling
rates remain critically low at only nine percent. This exposed
the severe insufficiency in current waste management
systems and the role of engineers to develop recycled plastic
materials or upgrade existing systems to provide a more
efficient way of waste management.

New fields are forming at the intersection of engineering,
climate science, and urban planning. For example, climate
engineering and geoengineering explore large-scale solutions
like reflecting sunlight to cool the planet, though these remain
controversial and require careful study.

Finally, global cooperation is growing. Engineers can join
international efforts though global organisations or local
groups of a foreign country. These platforms help share
knowledge and best practices across countries. International

collaboration platforms provide essential opportunities to
share knowledge and resources.

By leveraging digital technologies, advanced materials,
innovative business models, and international collaboration,
engineers can better address climate risks while creating
resilient systems.

Engineers can play a pivotal role in managing climate risks for Earth
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By Transport Department, The Hong Kong University of Science and Technology, and the builder, QTC Tra ¢
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Evolution of real-time
adaptive traffic signals
control in Hong Kong

Background

In 1977, Transport Department (TD) commissioned the GEC

4080 digital computer to manage eighty (80) nos. of signalised
junctions in the West Kowloon District, which was the first area
traffic control (ATC) system commissioned in South East Asia. Since
then, on-street traffic signals have been progressively coordinated
to maximise traffic flow, and traffic signal timings can be adjusted
at the control centre to suit varying traffic needs. The ATC system
also provides round-the-clock equipment monitoring to allow
expeditious rectification of traffic signal faults.

In the 1980s, with a view to enhancing the efficiency of traffic
signals operation, Vehicle Actuated (VA) control, employing
inductive loop detectors and pedestrian pushbuttons, were
installed to effectively reduce the unused vehicular and
pedestrian green times. VA was also deployed at shared
junctions with Light Rail Transit (LRT) in Tuen Mun & Yuen Long
(TM&YL) Districts, providing priority to LRT while serving other
vehicular and pedestrian without approaches. To maintain
coordination whilst benefiting from VA, TD developed a semi-
VA algorithm, which made use of real-time detector data to
extend or cut stage times early, while keeping the cycle length
unchanged. In the late 80s, TD installed the first traffic adaptive
control (TAC) SCOOT" ATC system on Hong Kong Island,
deploying TAC at junctions in Causeway Bay and Central. TAC
SCOOT is more versatile than semi-VA in that it could optimise
split, cycle and offset timings for groups of signals based on real
time traffic conditions. Since the 1990s, another TAC algorithm
SCATS? has been implemented in Kowloon Districts, and
gradually expanded to New Towns including Tsuen Wan, Sha
Tin, Tai Po & North and Tseung Kwan O Districts. TM&YL Districts
have also implemented SCOOT since 2008. Nonetheless, TAC or
VA has not been prevalent across the territories due to disruption
during installation and subsequent maintenance of the inductive
loop detectors.

Past Trials of Off-ground Detectors

Noting the drawback of loop detectors on traffic control, TD
continued to look for replacement detection technologies
for traffic signals control. In 2000, TD trialled a video detection
system at Peak Road / Plunkett’s Road junction, but was
unable to overcome the challenging junction layout, vehicle
headlights, and misty weather conditions at the Peak. It
eventually concluded that the prevailing video detection
technology was immature for traffic signal control.

More practical off-ground detectors have emerged in the
industry since 2000, including radar, magnetometer, video,
thermal sensors, LIDAR. TD began deploying video detection

in 2010 at various sites, including Hoi Bun Road/Lai Yip Street

in the context of walkability for reducing the waiting time of
pedestrians. Also, video installation was deployed at Link Road/
Broadwood Road junction to automatically place or cancel a
demand for pedestrian green time with due regard to whether
a pedestrian was detected in the waiting zone, so as to
enhance the junction efficiency.

In 2018, video cameras were further deployed at both ends
of Tai Tam Road (Dam Section) and associated upstream
locations to track and count vehicles passing or queuing

for making real-time adjustment of the vehicular green time
allocated to the ‘one-lane two-way’ traffic on the dam. This
smart traffic control system effectively reduced the traffic
queues and overall delays compared with those observed
under traditional traffic signals, making traffic signal control
a viable solution to the long-standing traffic problem at that
narrow road section.

! Split Cycle Offset Optimisation Technique (SCOOT) is a proprietary traffic adaptive control system developed by the UK’s Transport Research Laboratory.
2 sydney Coordinated Adaptive Traffic System (SCATS) is a proprietary traffic adaptive control system developed by the Transport for New South Wales Government in Australia.
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Latest RTATSS trial in Tung Chung

In line with the Government smart city initiatives, TD has been
conducting pilot projects and trials for real-time adaptive
traffic signal control (RTATSS) in Hong Kong. In 2021, TD
deployed off-ground detectors at five isolated junctions to
assess the practicability and benefits of RTATSS, and found
that 5-10% reduction of vehicular and pedestrian delays were
achieved as compared with operations with no optimisation.

Taking one step forward, to ascertain that RTATSS is also
applicable at closely spaced junctions which are common in
Hong Kong, eight signalised junctions in Tung Chung operating
on the SCATS platform, were fully equipped with off-ground
vehicular and pedestrian detectors for traffic signals control.
It was found that a reduction in vehicular delay of 5-11% was
achieved compared with conventional fixed-time operations.

To facilitate the growth of smart junctions and utilising TD’s
existing Area Traffic Control Centre (ATCC) and ATC systems
facilities to monitor/control the smart junctions, the eight
signalised junctions in Tung Chung were also designed as a
test platform for:

(i) deploying the existing SCATS operation interface to
oversee also smart junctions;

(i) opening up the traffic control platform allowing other
(non-SCATS) traffic control algorithms to demonstrate their
applicability in Hong Kong.

Eventually, Both (i) & (ii) were proved to operate satisfactorily.

The Tung Chung RTATSS provides enhanced traffic signal
control via machine vision, Artificial Intelligence (Al)
technology and alternative traffic signals control algorithms.
Vehicle and pedestrian images collected by thermal/video
detectors and processed by Al render vehicular flow rates
and pedestrian density in waiting zones. Through a newly
developed signal control algorithm, the Tung Chung RTATSS
has utilised the computed traffic data to adjust stage times of
junctions and optimised the signal operations.

Tung Chung RTATSS Architecture

The system comprises field detection/control equipment, and
central system equipment described below:

Field equipment-

- Thermal and optical traffic sensors

- Edge computer for image processing - Al Unit (AlU)

- Edge computer for logical processing - Local Data Processor (LDP)
- Traffic Signal Controller (TSC) Input/Output interfacing module

- Communication network equipment

Central equipment-

- A Central Control Processor (CCP)

- Interface between RTATSS and SCATS
- Web Portal Server and user terminal

- System alarm reporting system

Central Control
Processor

SCATS >
ITS Port

ATC Network

Local Data
Processor

SCATS RCC

1
. Stage Demand/
Video St .
\aeo streams Extend Signals
Advanced
Tactical
Control

Traditional Tactical
Control,

Traffic Signal
Controller

Traffic Sensors

SCATS Traffic Count
—Veh. Det Signals

—Ped. Det Signals-»|

T e ——

Field Equipment — Push Button Inputs

Tung Chung RTATSS overall System Architecture
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Vehicle and Pedestrian Sensors

Video-based thermal-type and optical-type vehicle sensors
are used to detect approaching vehicles at a distance around
50m from the stop-line. Thermal-type pedestrian sensors are also
installed adjacent to pedestrian waiting zones at junctions to
collect pedestrian flow data within the detection area. The use
of thermal sensors provides greater privacy, as vehicle number
plates and human faces are not captured. Both vehicle and
pedestrian sensors are mounted on an existing traffic signal
pole with an add-on extension pole reaching up to 6 metres
above ground level. Both thermal and optical video signals are
sent to the AIU for processing.

Thermal Vehicle Sensor Image

Local Data Processor (LDP)

LDP controls the extension of current stage and issues demands
for a pedestrian stage by examining the traffic densities of the
target vehicle and pedestrian zones, and queue lengths of all
approaches. These parameters are described as follows:

Vehicle Density (vDen)

vDen = vOcc / vMax

where vMax is the maximum vehicle density of the
detection zone

5
vOce = )’ {n(k)*pcu(k)}
k=1

n is the number of vehicles of type k, where k is vehicle type
1to 5.
pcu(k) is the pcu value of type k

Optical Vehicle Sensor Image

Type Vehicle Type pcu (k)
1 Motor cycle 0.4
2 Private car 1.0
3 Truck 1.75
4 Coach 2.0
5 Double Decker Bus 2.0

December 2025 | Hong Kong Engineer

Atrtificial Intelligence Unit and Sensor I/0O Unit

Avrtificial Intelligence Unit (AlU), upon collecting video images
from sensors and performing image processing, produces
structured traffic data for further analysis. Using its Al algorithm,
the system is capable of classifying double-decker buses,
coaches, lorries, private cars and motorcycles. It also records
each object's entrance and exit time, and calculates the
waiting duration. For pedestrian sensing data, it identifies
pedestrians from the video stream to distinguish whether they
are waiting to cross or passing by the waiting zone. It also
calculates zone occupancy to provide data for traffic signal
control.

Thermal Pedestrian Sensor Image

Pedestrian Density (pDen)

pDen = pOcc / pMax

where pMax is the maximum pedestrian density of the
pedestrian waiting zone and pOcc is the number of
pedestrians waiting in the waiting zone.

a. Stage Extension Control
Stage extension control is based on traffic density of
the Detection Area and Counting Area of associated
traffic arms-

Detection Area
Detection Area is the maximum detection zone of the image-
sensing equipment and is used to estimate traffic density and
queue lengths.

Counting Area

The Counting Area is a subset of the Detection Area and is
used to detect the ‘last’ vehicle of the current movement or
stage. The Counting Area varies in according to the queue
lengths of all conflicting demands, i.e. the higher the conflicting
demand, the smaller the Counting Area.
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DISCO is founded on a dynamic traffic model that accurately
captures the three fundamental characteristics of traffic flow:
spatial, temporal, and stochastic properties. Using DISCO,
signal timing plan solutions have been developed for large-
scale operations, covering eight junctions in Tung Chung,
employing enhanced algorithms based on Al and machine
learning, supported by parallel computing to substantially
improve operational efficiency.

The VISSIM model replicates traffic conditions in Tung Chung,
incorporating elements such as public transport routes and
stops, as well as driving and lane-changing behaviours. VISSIM
was utilized to validate the performance of adaptive control
plans derived from DISCO through API linking before on-site
implementation.

Adaptive signal control was successfully achieved across
various periods of the day. Following optimisation and
validation, adaptive timing plans were integrated into the
SCATS platform and the CCP for implementation. Appropriate
number of timing plans, with different green times, cycle times
and offsets, were encoded within the SCATS. In the CCP, for
each cycle, traffic from multiple entries was classified into
distinct traffic patterns, and optimal adaptive signal plans
were triggered on a cycle-by-cycle basis for all eight junctions,
thereby achieving coordination among them.

Evaluation of the benefits of
RTATSS

HKUST has established a calculation method that estimates
average vehicular delay using the queuing delay formula,
utilising available detector information and signal timing
data from the CCP.

The existing thermal sensors capture the waiting time
of vehicles within the detection zone, which typically

encompasses 50 meters beyond the signal stop-line. Vehicles

in the detection zone are visible and their arrival times

can be captured by the sensors (referred to as captured
vehicles), while those queueing beyond the detection zone
are not visible and their arrival times cannot be captured
by the sensors (classified as uncaptured vehicles). The
estimation of waiting time is accurate when traffic volume is
low and all vehicles are detected. However, when queues
extend beyond the detection zone, the waiting time of
uncaptured vehicles may not be recorded, as they remain
out of sight.
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Utilising D/D/1 queue theory, HKUST used sensor information
at the stop-line to determine the discharge rate and queue
length, corresponding to the departure curve information.
The arrival times of uncaptured vehicles were estimated
based on uniform traffic arrival conditions, corresponding to
the arrival curve information. By integrating the departure
and arrival curve data, HKUST constructed the queuing
diagram and estimated the average vehicular delay for all
captured and uncaptured vehicles.

The maximum reduction in delays rendered by HKUST’s two
layers control algorithms were found to be approximately
-11% and -14% during peak and off-peak hours respectively.

Concluding remarks and the
way forward

Given the experience gained and benefits demonstrated

by RTATSS and third party algorithms, TD has scheduled to
implement RTATSS at 50 isolated junctions. Further trials will
continue at other busy junctions allowing more data to be
collected to inform long-term strategies at existing junctions.
Nonetheless, suitable new junctions in the New Development
Areas (NDAs) will allow adequate provisions for RTATSS
operations in one go as far as practicable.












































































































































