Life Changing Forces:
Optical Fibre Technology at PolyU
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When the Specialty Optical Fibre
Fabrication Laboratory was set up at
PolyU’s Faculty of Engineering a year ago,
expectations were high — with the state-of-
the-art equipment, including Hong Kong’s
first specialty fibre drawing tower costing
over US$2 million, an army of experienced
and talented experts, and 17 years’ wealth
of research experience in optical fibre
technology. There is little doubt that the
University should further assert its role as
the regional hub of optical fibre technology
with its developments in the newest type of
optical fibres, the micro-structured fibres.
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Micro-structured fibres are a far-cry from
the conventional optical fibers which

are commonly used today. Where the
conventional optical fibers featured solid
cores and claddings, the technology

and skills available at PolyU enables the
University to create micro-structured fibres
that contains air holes running the length
of the fibre — novel arrangement of the air
holes in the core and cladding affects the
fibre’s properties in guiding light such as
dispersion, nonlinearity, and absorption,
thus implying different performances in
processing optical signal, or transmitting
high speed data and light energy for
different purposes.

“We see a wide range of possibilities in
applying the technology of optical fibre are
being opened up,” said Prof. Alex Wai,
Dean of Faculty of Engineering and Chair
Professor of Optical Communications,
who had been researching in the field for
nearly 30 years. He noted that in a few
years’ time, the laboratory should come
up with yet another revolutionary change
in optical communication by creating
powerful optical fibres that are perhaps
10 times more efficient in transmitting
information than now.

“Optical fibre technology has

primarily been concerned with optical
communications technology, as put
forward by Prof. Charles Kao in the late
60s. Since then, the mode of modern
communication has never been the same

Prof. Wai (right) explaining the difference between micro-structured fibres and conventional optical
fibres. On the /eﬁ is Prof Lu Chao
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again — and now, optical technology is
morphing and spreading over into other
territories in its applications, like sensing
systems, life science, surveying and
structural engineering. And the laboratory
of PolyU is going to spearhead the
research in these new, innovative uses.”

Well-known for its remarkable abilities

in bridging academic researches with
practical uses in the industrial and
business community, PolyU has already
been engaged in industrial and corporate
projects on local and regional levels.

In the area of optical communication, for
example, Prof. Lu Chao of Department

of Electronic and Information Engineering
and his colleagues are going hand in hand
with Huawei Technologies, a world-leading
communication equipment company
which features an illustrious clientele
including the British Telecom (BT) in the
UK, in developing the next generation

of high capacity optical communication
networks. Up till now, the experimental
network is already capable of transmitting
100 gigabits of data per second to a
distance of more than 1,500 km. Optical
fibres are more effective medium for
telecommunication and networking

as they are much less susceptible to
attenuation compared to electrical cables.
It also suffers less signal interference as

it is immune to electrical interference,

and is therefore not picking up any other
environmental noise from other cables.

“Optical communication technology of
China has already gained both academic
and commercial interest in the international
community,” Prof. Lu said.

Optical Fibre in Sensing
Systems

Another thread of optical technology

is its potential in sensor systems. Due

to its versatile nature, optical fibres are
applicable to a wide range of set-ups as
the medium of sensing system. Optical
fiores can be used as sensors to measure
strain, pressure, movement, temperature
and other forces through the modulation
of light in reaction to the environment.
Other benefits of optical fiores, made

of glass or plastic, are their immunity to
electrical interference, and the fact that
they do not conduct electricity. These
make them the ideal medium for sensing
in high-voltage set-ups, or environments
where explosive gases are present.

The fiber optic sensor system developed
by PolyU is already at use in monitoring
the train conditions and track activities

of the then KCRC. A brain child of Prof.
Tam Hwa-yaw and Prof. Ho Siu-lau of

the Department of Electrical Engineering,
the system is already installed along the
East Rail and West Rail lines, whilst similar
systems are soon to be installed in the
Airport Express and Light Rail lines.
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The then KCRC has jointly set up a Smart
Railway Research Labortary with PolyU

in 2004 to enhace the operation and
safety of railways, particulary through

the innovative use of fiber optic sensor
technologies.

“Sensor system is a big area to explore,”
Prof. Wai said. “For example, optic fibre
sensor systems are far better than the
previous cable sensor systems because
they are not susceptible to signaling
problems caused by electrical interference.
Optical fibre sensor systems also better
monitor track activities because they can
detect and record the strains, movements
and pressure of track activities, and hence
help identify and locate potential track
problems.”

“Optical fibre sensor system is capable
of measuring a wide range of things - for
example, we are now working on the
possibility of applying the technology on
gas measuring, which may be applicable
in monitoring the safety of power plants.
On the other hand, our laboratory is also
studying the different combinations of
optical fibre materials in order to further
open up the range of their applications

— plastic optical fibre, for example, could
have applications in life science including
invasive surgery navigation.”

Health-check for Mega-
Structures

To fully exploit the technology, researchers
from different departments of the
University have been converging their
efforts in discovering innovative uses of
fibre optics, one of which extends into

the field of construction and architecture.
The Mega-Structure Diagnostic and
Prognostic System, developed by a

team led by Ir Prof. Ko Jan-ming, Vice
President (Special Duties) and Chair
Professor of Structural Engineering, and
Dr Ni Yi-qing, Associate Professor of
PolyU Department of Civil and Structural
Engineering, is a marriage between optical
fibre technology and technologies from
different disciplines, such as sensing,
communication, information technology,
signal processing, data management,
system identification, etc. The system
provides structural monitoring, control,
maintenance and management for mega-
structures and performs complete health
monitoring throughout its life-cycle. It
facilitates prevention of structural failure
as it allows early identification of structural
deterioration and damage, as well as post-
disaster structural safety assessment.

The system is especially valuable in
mega-structure projects. The 610-meter
Guangzhou New TV Tower, touted as
the highest TV tower in the world, is now
using the system for structural safety
assessment. The monitoring system of the
Tower is equipped with over 700 sensors
in 16 different kinds for continuous
measurement of structural responses
and applied loadings. Data will then

be transmitted to the Data Processing
and Control System for processing and
analysis on a real-time basis.

At the 37" International Exhibition of
Inventions, New Techniques and Products
held in Geneva earlier this year, the system
won the Special Prize and a Gold Medal
for its application in the Tower. Recently,
the system has also been awarded the
Gold Prize of the 2009 China International
Industry Fair held in Shanghai.
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Prof. Ko Jan-ming introduces the Mega-Structure Diagnostic and Prognostic System installed in
the Guangzhou New TV Tower.
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Hong Kong as an
Innovation &
Technology Hub

The multi-disciplinary, application-oriented
approach to the development of optical
fibre technology sheds light on the road
ahead for scientific research and economic
development of Hong Kong, noted Prof.
Wai, who regarded science and technology
not only as an acadmic discipline but also
as a vehicle for change in the society.
Scientific research and innovations, he
said, are both valuable to the well-being of
our society, but the realization of their value
is highly dependent on the structural set-
up of the economy.

“The award of Nobel Prize in Physics to
Prof. Charles Kao has proved that Hong
Kong is not lacking in high-calibre scientific

experts,” Prof. Wai said. “The question to
whether Hong Kong can become a hub of
innovations and scientific research,

and the very reason why this question is
now in the mind of Hong Kong people,
reflect that the Hong Kong society is now
calling for a change in mentality — from an
otherwise opportunistic mindset to one
that cares about the true driving force of
growth for our society. With the global
financial melt-down, the time that calls for
a structural change of Hong Kong, and the
Chinese mainland, into a knowledge-based
society finally comes.”

“We have the talents and the necessary
resources as education has always

been one of the top items in government
expenditures. What has yet to come into
the scene is a vision to be shared amongst
government officials, industrialists,
business leaders and the wider community
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that knowledge is the true foundation for
sustainable growth of a society in every
one of its facets.”

Knowledge, technology and economy
are inter-related, explained Prof. Wai,
and the financial tsunami has caused
global spending power to dip, hampering
economic activities in wholesale, retails,
exports and trade. As people are shaken
out of their complacence, the crisis they
are confronted with forces them to think
of ways of increasing their competence.
On the other hand, the fact that profit-
margin of the manufacturing sector in
Hong Kong and the Chinese mainland
has been thinning out as a result of

rising labour costs and increased global
competition, seems to be favourable

for the development of value-added
industry, which warrants for innovations in
technology and science.

“It maybe a good thing that the pace

of economic development and trade
activities are slowing down in Hong Kong,”
Prof. Wai said. “When there are fewer
shortcuts to generate wealth, people slow
down and develop something of long-term
significance. And time is a crucial factor

in the fermentation and accumulation of
knowledge. Without time, real knowledge
cannot be manufactured.

“Investment on science and technology
development is a long-term business.
Look at the success of Silicon Valley. Look
at the development in the Cambridge
area in Boston of the U.S. They did not
start out as a short-term development
that guaranteed fast commercial returns.
It's about taking the time to study and
develop something which you truly believe
will benefit the human society. This spirit
of pursuing knowledge for the benefit

of mankind should be the fundamental
driving force behind every research into
science and technology.”

Prof. Wai showing the specialty fibre drawing
tower and different cables and optical fibres
used for various purposes.
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Overview of Optical Fibre Development: 1960’s to present days
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1960’s and 1970’s

In 1966, Prof. Charles Kao and George
A. Hockham of the British company
Standard Telephones and Cables,
the pioneers to promote optical fibres
for communication, argued that the
problem of attenuation of optical
fibres was attributed to impurities in
the fibres rather than the fundamental
physical properties of the fibre.

This opened up the possibilities of
optical communication, as the idea
implied that the attenuation in fibres
could be removed by increasing

the level of purity of fibres. Efforts

in optical communication research
from the period of 1966 to 1975
were characterized with the goal of
producing fibres of perfect purity.

1980’s and 1990’s

The first generation of optical
communication network was created in
the 1980’s. However, engineers soon

encountered the problem of chromatic
dispersion with single-mode fibres.
The focus of research then shifted to
the structures of core and cladding
and special optical signal shapes

in order to control dispersion and
facilitate long-haul high speed optical
communication.

Present days

The next generation of high capacity
optical communication network is
already capable of transmitting more
than multi-terabits of data per second
to transoceanic distance of more than
10,000 km. The new focus of research
and development has now become
the exploration of optical technology

in other areas of use through the
development of micro-structured fibres.
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Optical Fibre Laboratory Facilities at PolyU
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Specialty Optical Fibre Fabrication
Laboratory

Opened in 2008, the Laboratory
houses a state-of-the-art fibre drawing
tower which is capable of pulling the
newest type of optical fibres named
micro-structured fibres.

Optical Communications and
Networking Research Laboratory
The laboratory is equipped with
advanced equipment in optical fiber
communications. There are two
testbeds: a up to 100 Gb/s dense
wavelength division multiplexing direct
detection and coherent detection
optical fiber transmission testbed and a
high speed all-optical packet switching
testbed with a total value of over
HK$20 million.

Fibre Optic System Laboratory
This laboratory is newly established for
research on optical fibre based systems

for communication and sensing
applications. It has a class 10,000
clean room, test and measurement
equipments for optical fibre device and
system characterization.

Fibre-optic Research Laboratory
This laboratory is established for
research on optical fibre based
systems in communication and sensing
applications, involving fibre-optic
sensors, fibre Bragg gratings, and
optical communications. It is equipped
with a millimeter resolution optical
time domain reflectometer, an optical
spectrum analyzer, fibore Bragg grating
fabrication facilities, etc.

goooooooo

gooooooooooOoOOOOOOO

ooooooooooooOoooooo
goooooooooooooo

oooooooo

and Cables George A. Hockham O O
ooobooooooooooooooo
dodbooooooooooooooo
gboboboooooooooboobo
gobobobooooobooooboDbo
0o000O0bOOobOooooooooo

ooobooooooooooooooo
doobooooboooo

goooooo
gooooooooooooOooOooooo
oooooooooooobooooooo
gooooooooooooOOoOoOOo
ogoooooooooooOOOOOOO
oooooooo

od
oooooooooooooooooo
ooooooooooooOOOOOD
ogoooooooooooOOOOOOO
gooooooooooooOOOOOoOo
gooooooo

ooooooooo

gooooooooooOoOOOOODOO

goooooooooooOOOOOoOOoOo0
oooooooo:opopooooooo
ooooooooOooooOOoOoOoOoo
ooooooooooooOOOOODOD
ooooooooo

goooooo

ogooooooooooooooooo

goooooooooooOOoOoOOOD
ooooooooooooOOOOODOD
ooo

goooooo

ogoooooooOooobooOooooOoo

goooooooooooOOoOoOOOD
oooooooooooDOOOOODOD
gooooooooooOOOOOOO
gooooooooooooooo
o000 &



