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RESEARCH PROJECTS

A 2D Reference Image of a 3D Object: How Much
Can It Do toward Vision Problems?

& CHUNG Chi Kit Ronald
O 1 August 2001

7

% Research Grants Council (Earmarked Grants)

Vision is one of the most important senses of humans
and other biological organisms. This project is
about how vision can be implemented in machine for
a number of important More
specifically, it is to investigate how a single image of
a 3D object can be used as its reference to achieve the
following applications: (1) Visual Recognition: to
recognize the presence of the object in any given
image of an unknown scene; (2) Image Mosaic
Construction: to construct, with any given image that
displays the object only partially in a scene, a mosaic
(an image which displays a wider field of view) that

applications.

displays the object completely in the same scene; and
(3) Robot Self-localization: to use the object as a
landmark of an environment, and allow a
camera-mounted robot to localize itself in the
environment from the sight of the object. A
common feature of all these problems is that their
solutions all require comparing a reference image of
an object to an image of an unknown scene. A
single image contains limited information about a 3D
object, so certain shape model has to be assumed
about the object. In this project the object is
assumed to be one consisting of planar or quadric
surfaces, i.e., a polyhedral shape or a multi-quadric
curved shape or anything between the two, which
represents a large class of 3D shapes widely
occurring in human society. The project aims at
solving the three vision problems altogether by
devising a mechanism that could infer dense
image-to-image correspondences from just a few
initial correspondences.
object could very well be partially occluded and

In a cluttered scene the

visible in a number of separate pieces.
will also address how, through the use of the above
mechanism, all these separate pieces could be pulled

This project

together and related to the same object for its
recognition or mosaicking in the scene image.
(CS01177)

Intelligent e-Diagnosis of Plastic

Molding Machines

Injection

& DU Ruxu e XU Yangsheng
O 1 June 2002

+ Po Yuen (To's) Machine Factory Ltd. e
University-Industry Collaboration Prog.:
Matching Grant for Joint Research, ITF,
Innovation & Tech. Commission

As one of the major manufacturing centers in the
world, Hong Kong (including the nearby Pearl River
Delta Area) has over 50,000 manufacturing
companies. However, it makes only one kind of
manufacturing plastic
Therefore, create able technologies for the plastics
machinery industry is of strategically important.
The objective of the proposed project is to develop an

machinery: machinery.

intelligent e-diagnosis system for plastic molding
The system will be implemented on a PC
computer installed next to the plastic injection
molding machine on the shop floor.
automatically collect data, conduct data mining and
intelligent diagnosis. Upon detecting possible
malfunctions, it will send the data to the
manufacturer through the Internet. Accordingly,
prevent maintenance can be initiated to minimize the
production lost and maintenance cost. In addition, the
data will help to improve the design and manufacture
of the plastic injection molding machines.

(EE01404)

machines.

It can

Output in Uncertain Nonlinear

Systems

Regulation

& HUANG Jie
Q 1 July 2001

+ Research Grants Council (Earmarked Grants)

Designing a control law to achieve asymptotic
tracking and disturbance rejection in a nonlinear plant
where both the reference and disturbance signals are
generated by an autonomous differential equation is
called nonlinear output regulation problem. This
problem has long been regarded as one of the central
control problems, and has been active research topic
since early 1990s. It is known that the key to the
solvability of this problem is the availability of a
feedforward function defined by the solution of a set
of mixed nonlinear partial and algebraic equations
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called regulator equations. Previous approaches to
solving the output regulation problem rely on the
solution of the regulator equations.
solving the regulator equations is either difficult
because of the nonlinearity of the plant, or even
impossible when the plant is uncertain. This project
proposes a completely different approach to finding
the approximation solution of this feedforward

However,

function without explicitly solving the regulator
The approach is based on a neural
network approximation of the feedforward function.
Further, a control configuration is developed that
allows the reduction of the tracking error by the
on-line adjustment of the parameters of the neural

equations.

networks. The major advantages of our proposed
approach over the previous approaches incldue (1)
the precise knowledge of the plant is not needed, and
(2) computation complexity is significantly reduced.

(MPO1181)

Representation and Deformation of 3D Shapes for
Design Applications

& HUI Kin Chuen
O 1 September 2001

7

+ Research Grants Council (Earmarked Grants)

The objective of this research is to develop a
representation scheme and a modeling technique for
manipulating deformable objects that
integrated with existing solid modeling systems.
The technique will allow designers to bend, twist, or
deform a solid or 3D object locally without being
concerned with the continuity between surfaces that
occurs frequently in surface modeling. The
representation is  expected to
characteristic shape features as well as geometric
information of a 3D shape. High level shape
operations on the objects will thus be allowed. This
provides a tool for designers to modify the shape of a
solid model directly so that they are released from the
tedious task of manipulating surfaces.

can be

represent  the

Since no data
conversion between systems is required, a better
integration between the industrial design and the
engineering design and manufacturing process can be
expected.

(MP01182)

& KWONG Chung Ping
O 1 December 2001

++ Research Grants Council (Earmarked Grants)

Historically the advancement of system and control

theory  received  continuous
Examples are abstract algebra to
algebraic system theory, differential geometry to
nonlinear system analysis, and analytic operator
theory to Hoo robust control. Recently the
mathematics of computational algebraic geometry
has begun to emerge as a useful notion to study a
number of problems in system and control theory.
We propose two research topics along this direction.
One is the application of the well-known Wu's
algorithm for geometric theorem proving to the
development of computing software for control
system analysis and design.
study of the output feedback pole placement problem
from the viewpoint of computational algebraic

geometry. Whereas the second topic has its interest

impetus  from
mathematics.

Another topic is the

in the theoretical understanding of a major control
problem, the research results of the first topic will
benefit the practical design of control systems.
(MP01185)

Computational Algebraic Geometry in Control
System Analysis and Design

Faculty of Engineering

Integrated  Micromechanical  Switches for

Adaptive Fractal Antenna Arrays

& LI Wen Jung ¢ KWONG Chung Ping ¢ LUK
Kwai Man*

U 10 August 2001

« Research Grants Council (Earmarked Grants)

The proliferating demand for handheld wireless
Personal Digital Assistant and mobile communication
devices that require broadband capability presents the
necessity for compact antenna systems with high gain
and directivity. We propose to
micromechanical switches to control arrays of fractal

fabricate

antennas and develop a novel compact antenna
system that will give greater signal gain over
conventional
significantly the speed of convergence for beam
forming, and provide the capability to operate over
wide bandwidth at 10GHz to 100GHz frequencies.
We intend to use MEMS technology to fabricate
micromechanical switches that could be controlled by
a simple adaptive algorithm to selectively activate

mobile phone antennas, reduce

layers of direction-oriented fractal antenna arrays
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hybridly integrated with the switches. Specifically,
we will focus on developing the technology to create
micromechanical structures to

novel polymer

improve the performance and enhance the
functionality of existing switches. We aim to create
a low-cost, high-performance
switched-beam smart antenna system that could be

used for next

mass-producible,

generation  wireless mobile
MEMS technology will be
employed to build the micro-switches because it will
allow us to build miniature, distributed, and highly

communication devices.

precise mechanical switches in a small surface, and
will allow these switches to be individually addressed
and which could eventually be integrated with an IC
controller circuit. Successful micro-fabrication of
an array of novel low-power mechanical switches
controllable by an adaptive controller will enable our
team to build a high-gain compact smart antenna
system capable of switched-beam functions.

(EE01215)

that will allow many Hong Kong electronic goods
manufacturers to develop innovative low-power
mobile-based products with chemical-free and
long-lasting energy sourcex. We will, specifically,
(1) develop AAA and AA size power-cells that
encompass micro energy transducers and power
management circuits; (2) perform detailed test and
characterization of these power-cells and disseminate
the results to Hong Kong mobile
development
applications; (3) provide local companies with a
MEME-based batch fabrication

develop non-silicon based micro resonators for

products
manufacturers to their of novel
technology to

potentially many other applications.
(EE01757)

Eco-safe Human-motion-powered MEMS Energy
Generator for Mobile Electronic Devices

& LI Wen Jung ¢ LEONG Philip Heng Wai (Dept
of Computer Science and Engineering) ¢ YAM
Yeung e XU Yangsheng ¢ WONG Sai Peng
Joseph (Dept of Electronic Engineering)

Q 1 March 2002

+ Funding from Other Sponsors e Innovation and
Technology Support Programme, ITF,
Innovation & Technology Commission

Batteries add size, weight, and inconvenience to
mobile computing and communication devices.
This project will develop energy storage cells using
MEMS resonators to harness the mechanical energy
expended during a user’s everyday motion to
generate power for mobile consumer goods such as
PDAs, mobile phones, beepers, and low-power
wireless transmission devices. The development of
these micro-power transduction cells will leverage off
the vibration-based micro energy transducer
technology invented by the Advanced Microsytems
Laboratory at CUHK. The technology has gained
international reputation and was highlighted by the
September issue of IEEE Spectrum Magazine.

Currently, there is a steady increase in demand for
environmentally safe and power-prolonging solutions
for using mobile communication and computing

devices. We aim to deliver prototype power-cells

Dynamics and Control of Train Suspension
Systems with Smart Dampers

& LIAO Wei Hsin e HUANG Jie
O 1 August 2001

« Research Grants Council (Earmarked Grants)

Ride quality is concerned with the sensation or feel of
the passenger in the environment of a moving vehicle.
Ride comfort problems mainly arise from vibrations
of the wvehicle body. today's
increasingly high-speed trains severely affects their
ride comfort and safety. The objective of this
research is to develop and characterize novel

Vibration in

suspension systems for the vibration control of the
trains, so that the passenger's comfort and safety will
be greatly improved. In recent years, it has been
found that magneto-rheological (MR) fluid can be
quite promising for vibration control by virtue of its
adaptive properties. This controllable change of
state with some desirable features such as high
strength, good stability, and fast response time show
In this

research, we aim to focus on studying the dynamics

great potential in transportation applications.

and control of train suspension systems with MR

dampers. We will design innovative dampers with
MR  fluids through coupling the material
characteristics with the train dynamics. We will

also develop control algorithms for train suspension
with MR  dampers. The
performance will be evaluated in various conditions.

systems system
The scientific knowledge base created through this
project will facilitate the full realization of smart
dampers for vibration control of trains and stimulate

continuing research efforts in this area. The devices
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and principles we are developing will be valuable to
Hong Kong and Mainland China railway companies
in designing new train suspension systems, or
upgrading the existing suspension systems.
(MP01216)

3D Grasp Planning with Applications to
Automated Fixture Layout Design

& LIU Yunhui ¢ WANG Michael Yu
U 1 September 2001

++ Research Grants Council (Earmarked Grants)

Grasping is the first step to carry out a dexterous
manipulation task using multi-fingered robot hands,
and thus its planning is crucial to applications of a
robot hand. A fixture used in manufacturing course
is a set of locators, supports and clamps that
accurately locate and securely hold a workpiece.
While manufacturing technologies have advanced
significantly, fixture design still relies on manual
efforts of engineers. The goals of gasp planning and
automated fixture design are similar: immobilizing an
object by means of a set of contacts that ensure
Due to high dimensionality,
no efficient algorithm has been developed for solving
such problems.
algorithm to
contacts on a 3D object.
grasp the origin of the wrench space is strictly
contained by the convex hull of the primitive contact
wrenches, it is possible to find form-closure grasps
by searching in a direction that reduces the distance
between the convex hull and the origin. The
ray-shooting based grasp testing algorithm allows us
to efficiently calculate the searching direction using
local geometry of the object surface, so the
computation complexity of this approach does not
increase with the combinatory number of faces/points
of the object.
efficiently not only for objects with polygonal/curved
surface but also for those represented by discrete

"form/force-closure".

In this project, we will develop an
plan form/force-closure
Since in a form-closure

efficient

Furthermore, this approach works

points.
airfoil, will be employed to validate the approaches.
The research results will have direct impacts to

Practical examples, including a turbine

robotics and manufacturing industry.
(MP01217)

& LIU Yunhui e WANG Yuechao* e XI Ning*
O 1 January 2002
< NSFC/RGC Joint Research Scheme

This project aims to develop a bilateral tele-operated
Internet robotic system in which a human operator
can control a remote robot via the Internet with
real-time reflection of interaction forces of the robot
with the environment.
project would make the Internet not only a means to
transfer information but also a means to transfer

The accomplishment of this

actions.
which combines a non-time based planning method
with a local time-referenced control method, to

A new control approach will be developed,

synchronize actions of the operator and the robot with

respect to an implicit non-time reference parameter

so as to overcome problems caused by the random

communication delays. We will investigate and

solve the following issues:

(1) sensor-based planning with respect to an implicit
non-time parameter;

(2) integration of a local robot controller with the
non-time based planning;

(3) design of a compact master arm with big
reflecting force outputs; and

(4) verification of the results by
experiments via the Internet between Hong Kong
and the Mainland.

(CS01446)

theoretical

Real-Time Bilateral Teleoperation of Internet
Based Robotic Systems

Faculty of Engineering

Minimally-Invasive Particle

Vibration Damping

Techniques of

=  WANG Michael Yu
a1 July 2001

7

« Research Grants Council (Earmarked Grants)

For high-precision machines and instruments such as
atomic force microscopes and wire/die bonding
equipment for electronics packaging, vibration is a
serious problem in their lightweight components such
as the scanning probes or the head-arms. In addition
to design optimization, material selection, and other
measures,
technique to suppress unwanted vibrations.

This proposed project focuses on an innovative

damping enhancement is a critical

damping technique - particle damping - as a low-cost
and high-effect solution of passive damping
treatments. Particle damping uses metal (e.g.,
tungsten) or ceramic particles (or powders) placed
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inside small holes within a vibrating structure for
kinetic energy dissipation. It offers significant
advantages over the traditional viscoelastic materials
for its temperature broadband
applicability, and non-degradation over time.

The overall goal of the project is to develop an
analysis and design method and related computer
tools for

insensitivity,

"minimally invasive" or
applications of particle damping. The essential
concept is to use and distribute optimally small

amounts of particle materials with a maximum effect

"surgical"

in attenuating undesirable vibrations  while
maintaining the strength, stiffness, and dynamic
integrity of the structure. Towards that goal, it is
imperative for us to develop modeling tools capable
of fully capturing complex particle damping
mechanisms, which will enable us to further develop
a comprehensive design technique to achieve the
minimally invasive particle vibration damping.

(MP01196)

Human Informed Control of Dynamically Stable
Systems

& XU Yangsheng e NECHYBA Michael*
U 15 September 2001

7

«» Research Grants Council (Earmarked Grants)

Humans have shown themselves to be extremely
adept at complex
dynamically stable systems. Examples of such
systems, which exploit dynamic forces for successful
control, include gymnastics, juggling and bicycling.
Present-day mechanical systems, however, fall far
short of the dynamic skills routinely exhibited by
humans.
methods for capturing the inherent skill displayed by
humans in controlling dynamically stable systems
and to incorporate those skills into autonomous
stable
Dynamically stabilized systems differ in some
fundamental ways from statically stable systems.

mastering the control of

In this proposal, we seek to develop

human-informed  dynamically systems.

Control maneuvers tend to extend over relatively
short periods of time and are often difficult to repeat
from one experiment to the next. Therefore training
data is scarce and more difficult to gather.
Moreover, their control is much more sensitive to
system dynamics, yet the dynamics are often highly
nonlinear or even discontinuous, and are thus difficult
to characterize analytically. Prior work in human

skill transfer has dealt primarily with static or

quasi-static systems, and as such is ill-equipped to
cope with these additional challenges. This
proposal seeks to address these weaknesses to make
possible the development of human-informed
dynamically stable systems.

(MP01228)

Development of Technologies on Networked

Smart Toys

& XU Yangsheng ¢ ZHANG Ping ¢ LAW Kwok
Ho Cedric#

O 1 April 2002

« Funding from Other Sponsors e Innovation and
Technology Support Programme, ITF,
Innovation & Technology Commission

Hong Kong is the largest toy exporter in the world,
however it doesn’t have many of its own brands and
core technologies. The reason is that its investment
in research and development of new toys is very
limited. It becomes more challenging when globally
the toy industry has experienced a transition from
We propose to

develop a methodology to develop network-based

traditional toys to smart toys.

smart toys, which we believe will benefit the industry
We plan to develop a
coherent set of technologies which seamlessly

in Hong Kong in the long run.

integrate the computer-aided design, smart materials,
learning algorithm, human interface, control strategy
and network communication of the smart toys. Four
unique features will be exhibited in the smart toy
concept that we will develop. (1) Personalized
intelligent: the toys can learn the players’ intention
and skills as well as identify the players; (2)
Interactive: the toys allow the players to participate in
competition interactively; (3) Modular: the toys are
designed as assemblies of modular parts so as to
allow players to reconfigurate different toys with
modular parts; and (4) Networked: the toys can allow
multiple players from remote sites to join together for
the fun through computer networks. The new
technologies developed in this project will help the
Hong Kong toy and related industries to maintain a
leading position by providing the tools for designing
and producing innovative lines of products more
efficiently at lower costs.

(EE01544)

L,-Representation, Properties, and Applications of
Fuzzy Membership Function and Rule Bases

Faculty of Engineering
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& YAM Yeung
O 1 April 2002

+ CUHK Research Committee Funding (Direct
Grants)

Representation of membership functions as elements
of a real, square integrable functional space L,[0,2]
has been recently introduced. The new
representation improves over the previous Cartesian
representation in that an
membership function comprising of an infinite
number of characteristic points, e.g., bell shaped
function, can also be accommodated.
presentation converts set of general fuzzy rules to
mappings between antecedent spaces and consequent
space for possible analysis. This project proposes to
explore in rigorous mathematical terms manifestation
of the functional representation using the wealth of
results existing in functional space and mappings.
Areas of investigation include new derivation and
paradigms, interpolation
techniques, and data extraction methods. Existing
works as viewed from this perspective of functional

extended class of

The new

results on inference

space representation will be conducted. Efficiently
representation and ensuing results of fuzzy rules with
multiple antecedent variables will be explored. The
project will also aim at possible restrictions on the
performance and properties of fuzzy framework for
being an inherent part of a functional space.
(EE01851)

Please refer to previous issues of this publication
for more details of the following ongoing research
at the department:
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& HUANG Jie
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Nonlinear Systems (CU99400)

& HUANG Jie
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& HUANG Jie

Volume Modeling of Deformable Objects
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& HUI Kin Chuen

A MEMs Vibration Electric

Generator (CU99416)
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Micromachined Nafion Actuators for

Tactile-display Systems (CU00206)

& LI Wen Jung ¢ GUO Shuxiang* e
LIU Yunhui

Active-Passive Hybrid Structural Control
Using Enhanced Self-Sensing
Piezoelectric Actuators (EE99020)

& LIAO Wei Hsin

Novel Technologies for

High-performance Vibration Damping

and Compact Motion-stages  for

Electronics Manufacturing Equipment

(EE20004)

& LIAO Wei Hsin « WANG Michael
Yu e XU Yangsheng ¢ YAM Yeung

Active-Passive Hybrid Vibration Control
Using Enhanced Self-sensing
Piezoelectric Actuators (CU00205)

& LIAO Wei Hsin
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A Haptic Tactile Display Design System 2000-01  Optimal Fixture Layout Design for
Integration and Applications (CU98166) Workholding Automation (EE20022)
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&  WANG Jun e XU Yangsheng Michael*
Recurrent Neural Networks for Real-time 1999-00 A Geometric Approach for Sparse Rule
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(CU00174)

2 WANG Jun e LIU Yunhui

RESEARCH OUTPUTS AND PUBLICATIONS

<P004254>

<P004261>

<P007622>

<P011918>

FUNG K.M., Carmen; LAI W.C., King; LI Wen J.; LIU Yunhui; ELHAJJ Imed and XI
Ning. "Sensing and Action in a Micro Environment Via Internet". Proceedings of the 2000
International Conference on Information Society in the 21st Century p.5. Fukushime, Japan: The
University of Aizu, 2000.11.05.

BARANYI Peter and YAM Yeung. "Complexity Reducation of a Generalised Rational Form".
Fuzzy If-Then Rules in Computational Intelligence: Theory and Applications ed. by D. Ruan and
E.E. Kerre. pp.135-160. Kluwer Academic Press, 2000.04.

DORNAIKA Fadi and CHUNG Chi Kit Ronald. “Cooperative Stereo-Motion: Matching and
Reconstruction”. Computer Vision and Image Understanding vol.79, pp.408-427. Academic

Press, 2000.09.

LI S.T.; GE Q.J. and VARSHNEY A. "Web-Based Interactive Design of Freeform Motions".
Proceedings of the 2000 ASME Design Engineering Technical Conferences American Society of
Mechanical Engineers, 2001.09.

157 Faculty of Engineering



Dept of Auto. & Computer-Aided Engin.

<P011997>

<P012018>

<P012183>

<P012208>

<P012759>

<P012776>

<P012899>

<P012901>

<P012902>

<P012903>

<P012904>

<P012905>

<P012906>

CHANG Chu-Fei; VARSHNEY Amitabh and GE Q.J. "Haptic and Aural Rendering of a
Virtual Milling Process".  Proceedings of 2000 ASME Design Engineering Technical
Conferences The American Society of Mechanical Engineers, 2001.09.

CHUNG, Ronald and HE Yong. "The View-Change Decision Problem in a New Concept of
e-Shop". Proceedings of the 8th IEEE Conference on Mechatronics and Machine Vision in
Practice pp.284-288. Hong Kong: IEEE, 2001.08.

WONG Kwok-Ming and LIAO Wei-Hsin. "Experimental Investigation of an Enhaused
Self-Seusing Active Coustrained Lager Damping Treatment". ed. by WONG Kwok Ming, LIAO
Wei Hsin. California, USA, 2001.03.07.

KWONG Chung Ping. "The Minimum Worst Case Error of Fuzzy Approximators". |EEE
Transactions on Systems, Man, and Cybernetics-Part A. vol.31 no.6, pp.714-716. USA, 2001.11.

LAM Hiu Fung and LIAO Wei Hsin. "Semi-Active Control of Automotive Suspension
Systems with Magnetorheological Dampers". Proceedings of SPIE Conference on Smart
Sructures and Materials vol.4327, pp.125-136. CA, USA: SPIE, 2001.03.

FUNG Kar Man Carmen, LI Wen Jung, ELHAJJ Imad and XI Ning. "Internet-Based
Remote Sensing and Manipulation in Micro Environment". Proceedings of the 2001 |EEE/ASME
International Conference on Advanced Intellige pp.695-700. Como, Italy, 2001.07.08.

BARDNYI P.; YAM Y.; YANG C.T.; VARLAKI P. and MICHELBERGER P. "Inference
Algorithm Independent SVD Fuzzy Rule Base Complexity Reduction". Journal of Advanced
Computational Intelligence vol.5 no.1, pp.22-30. Tokyo, Japan, 2001.02.

YAM Yeung, LEI Kin Fong Thomas and BARANYI Peter. "Control of a SMA Actuated
Artificial Face Via Neuro-fuzzy Techniques". Proceeding of the 10th IEEE International
Conference on Fuzzy Systems Melbourne, Australia: IEEE, 2001.12.02.

BARANYI Peter; VARKONYI-KOCZY Annamaria R.; YAM Yeung and
MICHELBERGER Pal. "HOSVD Based Computational Complexity Reduction of TS Fuzzy
Models". Proceeding of the Joint 9th IFSA World Congress and 20th NAFIPS International
Conference pp.2482-2487. Vancouver, Canada: IEEE, 2001.07.25.

BARANYI Peter, VARKONYI-KOCZY Annamaria R, YAM Yeung, VARLAKI Peter and
MICHELBERGER Pal. "An Adaption Technique to SVD Reduced Rule Bases". Proceeding of
the Joint 9th IFSA World Congress and 20th NAFIPS International Conference pp.2488-2493.
Vancouver, Canada: IEEE, 2001.07.25.

YAM Yeung and KOCZY Laszlo T. "Fuzzy Interpolation with Cartesian Representation and
Extensibility Functions". Proceeding of the Joint 9th IFSA World Congress and 20th NAFIPS
International Conference pp.2852-2857. Vancouver, Canada: IEEE, 2001.07.25.

ELHAJJ Imad, XI Ning, FUNG Wai Keung, LIU Yunhui, LI Wen Jung, KAGA Tomoyuki
and FUKUDA Toshio. "Haptic Information in Internet-Based Teleoperation". |EEE/ASME
Transactions on Mechatronics vol.6 no.3, pp.295-304. USA: IEEE, 2001.09.01.
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RESEARCH PROJECTS

Efficient Algorithms for a Contamination Control
Problem on Graphs

& CAI Leizhen
Q 1 December 2001

7

% Research Grants Council (Earmarked Grants)

This project is concerned with the following
contamination control problem on a graph, which can
be used to study macro-level controls of the spread of
diseases, fire, suchlike.
Initially, a single vertex in the graph is contaminated
and all
Contamination

computer viruses and

other  vertices are  unprotected.

spreads to unprotected vertices
through edges and it takes one unit of time to spread
contamination from tainted vertices to all their
unprotected neighbouring vertices. To control the
spread of contamination, one can protect a certain
number of uncontaminated vertices in each unit of
time, and the objective is to minimize the number of
contaminated vertices.

In this project, we study the algorithmic aspects of
We will

efficient

the contamination control problem.
computational
approximation algorithms, and efficient algorithms

consider complexity,

for important classes of graphs.

using neuro-dynamic programming would be applied
to tackle the trading of stocks and portfolio.

Neuro-dynamic known as
Reinforcement Learning, has been successfully

applied to many Al problems, such as playing

programming, also

backgammon, pole balancing and sequence tracking.
It is different from the supervised learning method
that no exact target values of each action is required
during the training process. The total reward or
penalty is obtained at the end of the operation.

Reinforcement learning estimates the goodness of

each possible action at each stage. These
characteristics make reinforcement learning an
excellent tool to the trading problem. In this

proposal, we will design a trader using Q-learning to
determine the trading signals at each time.
of the learning methods will be investigated and

Variants

applied to the trader system to improve the system
performance.
(CS01170)

(CS01165)
Financial  Application of Neuro-Dynamic
Programming

& CHAN Lai Wan
Q 31 December 2001

+ Research Grants Council (Earmarked Grants)

Deciding the trading signals, such as buy, sell or hold
decisions, from the historical asset prices and other
market variables has been an attractive research area.
It supports decision making in the trading of
securities or currency exchange. At present, most
trading systems with learning ability use supervised
learning methods. For examples, the feedforward
neural network and the recurrent neural networks
have been applied to the prediction of stock prices.
The future values of the assets are predicted and
trading signals are generated based on the predicted

prices. In this proposal, an alternative approach

Faculty of Engineering

Server-assisted Wireless Public-key Infrastructure

& FU Wai Chee Ada
Q 1 June 2001

7

< Industrial Support Fund, Industry & Technology
Development Council

Mobile connections for e-commerce require the
mediation of a wireless gateway which is where the
WTLS protocol
server-side SSL protocol. This protocol junction
unfortunately leaves open a large gap for potential
security attacks. Implementing PKI at a layer above
WTLS and SSL fixes the problem, but the
resource-demanding PKI processing would normally
call for additional power on the handheld, which can
come from SIM/WIM smartcards plugged into the
device.

client-side would meet the

Smartcard technologies could be expensive as
handheld becoming
commonplace. We propose to implement a low-cost
alternative based on the concept of what we call
server-assisted public-key technology. In the
server-assisted scheme, a client would accomplish the

low-cost devices  are

PKI functions by drawing upon the processing power
The server takes care of all the heavy
processing that is part of the RSA algorithm
implementation, and yet is shielded from the full
picture with all the key parameters being held in
secrecy by the client.

of a server.
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The project deliverables include an implementation
of the server-assisted scheme in the form of a
software toolkit, and an SDK for integration with a
full PKI implementation for mobile commerce based
on the server-assisted scheme. The SDK will be
used in the development of a wireless storefront to
demonstrate the practicality of our solutions. The
outcome of our project will benefit many parties,

including  the network  operators, device
manufacturers, solution providers, and online
merchants. The general public will be the ultimate

beneficiaries when provably secure m-commerce
becomes a part of our daily life.
(EE00720)

Where is the Beef? Data Mining in High
Dimensional Space

& FU Wai Chee Ada e KING Kuo Chin Irwin
Q 1 October 2001

7

«» Research Grants Council (Earmarked Grants)

*,

In recent research work, it is discovered that if we
have a dataset of vectors in high dimensional space,
and a query point, it may not make sense to ask for a
small number of nearest neighbor since probably
more than half of the data points are very nearly at
the "nearest distance" to the query point [BGRS99].
In real life, high dimensional data are common since
many applications have a large number of attributes
in their databases, and each attribute can be treated as
one of the dimensions. However, patterns involving
many dimensions represents very complicated
association among many attributes. We believe that
such patterns are rare. Interesting patterns would
usually exists among a small subsets of the attributes.
Although many excellent data mining techniques are
known, we find that they are not adequate in handling
the problem of high-dimensionality, and in particular
the added complication of patterns in subspaces. In
this project, we propose to tackle these problems.
We shall target at three important problems in data
mining which are clustering, association rule mining
We observe that these three
problems are related, since the frequent itemsets in

and classification.

association rule mining can be seen as clusters, and
classification and clustering both partition data into
related groups.
common features and solutions for these important
problems.
(EE01179)

Therefore, we may be able to find

High Performance Computing for Centers,
Distinguisher and Clusters in Projected Subspace
(and Applications to Intelligent Information
Retrieval on the Web)

& FU Wai Chee Ada
Q 1 April 2002

KD

< National Natural Science Foundation of China
(NSFC)

The widespread use of the Internet has posed novel
challenges to every aspect of computer science.
Information retrieval on the web, in particular, has
attracted researchers from different disciplines to
offer solutions out of a variety of ideas and
methodologies. In this project, we propose to study
several related algorithmic problems with the
asymptotic analytic method for algorithms and high
performance computing techniques.
study is to develop robust and efficient solutions to

Central to our

automatically abstracting succinct information that
characterize classes of large data set, that distinguish
one from another and that group them in clusters.
Since data processing for such problems becomes
much tedious because of a large amount of data that
are involved, we apply optimization techniques that
have been developed to achieve asymptotically good
performance, and techniques to utilize the power of
multiprocessor environment, such as cluster of SMP
computers. In addition, we will fine-tune our
algorithmic results with the existing meta-search
engine platform to improve the interpretability of
solutions and integrate it with high performance
computing techniques to make realistic performance
testing of the results.

(EE01492)

Comprehensive  Analysis and  Interactive

Visualization of Cardiac MR Data

& HENG Pheng Ann e SHI Peng Cheng* e
WANG Yongmei (Dept of
Engineering)#

O 15 December 2001

Information

« Research Grants Council (Earmarked Grants)
Recent advances in fast Cardiovascular Magnetic

Resonance (MR) imaging has enabled the acquisition
of detailed anatomical and functional information of

Faculty of Engineering
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the heart within a short period of time. Being
non-invasive and versatile, MR imaging is ideal for
monitoring the progression of cardiovascular diseases
and the effectiveness of therapeutic or interventional
procedures. Parallel progresses
computerized interactive visualization and image
enhancement techniques have augmented the ability
of clinicians in grasping and conceptualizing the vast
within  the
image data. The
new visualization and

made in

amount of information inherent
multi-dimensional MR
combination of these
processing tools with the rapid MR image acquisition
techniques will enable clinicians to interactively
acquire and visualize detailed anatomical and
functional information focused to the region of
interest. It will therefore improve the effectiveness
of imaging examinations, avoid the costly procedure
of reassessment, and minimize the possibility of
misdiagnosis.

To implement this concept and in order to facilitate
the optimal use of MR image data, we propose in this
project to develop an intelligent virtual environment
with the ability of providing knowledge-based image
segmentation, multi-modal cardiac image fusion,
image data mining, and dynamic cardiac feature
visualization with multi-sensory feedback.  The
proposed interactive visualization environment
benefits not only cardiologists but also research
scientists and medical students in that it allows an
in-depth understanding of the physiology and
pathophysiology of the heart.  The system is
expected to improve the overall quality of
non-invasive cardiovascular imaging examination
and directly benefit the management of patients with
heart disease. Today, cardiovascular disease is the
direct cause of death of some 15 million people each
year, accounting for 45% of all

industrialized countries and 25% in developing

deaths in

countries.
(CS01180)

retrieval systems due to issues such as system
incompatibilities, different low-level image feature
extraction formats, and high-level
knowledge representations.  These issues cause
problems for users to query, retrieve, and share
relevant information efficiently and effectively across
different image databanks over the network.

We propose to design and implement a distributed

inconsistent

and interoperable image retrieval system framework
to provide interactive and intelligent sharing of image
information.
toolkits (functional libraries) to achieve this goal.

The long-term significance of this proposal is to
provide a uniform way to access content-based image

We plan to have a set of agent-based

information on the network across from a diverse
image banks. This will reduce inefficiency of
interfacing among various image database systems.
(EE01791)

Distributed Content-based Image Search Engine

& KING Kuo Chin Irwin
O 1 January 2002

+ CUHK Research Committee Funding (Direct
Grants)

Being stand-alone many multimedia
information and database system do not share their

information with other similar content-based image

systems,

Faculty of Engineering

Reducing Search Space in Local Search for
Constraint Satisfaction

& LEE Ho Man Jimmy e LEUNG Ho Fung e
STUCKEY P. J.*

Q1 December 2001

« Research Grants Council (Earmarked Grants)

Constraint satisfaction problems (CSPs) occur in all
walks of industrial applications and computer science,
such as scheduling, bin packing, transport routing,
type checking, diagram layout, among others.
These are all difficult applications. Rapid growth of
modern industrial sectors and higher degree of
automation suggest the appearance of even more
difficult constraint problems in the foreseeable future.
Constraint problems are NP-complete in general.
The traditional approach to solving CSPs uses a
combination of backtracking tree
constraint propagation, the latter of which increases

search and

search efficiency by pruning search space

dynamically during search. = Another class of
solution techniques is based on local search, which
has been shown to be effective and efficient in
solving some large-scale and some computationally
hard classes of CSPs.
by  traversing  the
non-systematically as guided by some heuristic

functions and trap-escaping strategies.

Local search methods work

entire  search  space
The aim of
the proposed project is to investigate how the search
space for local search methods can be pruned by

exploiting the structure of the constraints and the
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constraint graph. From the theoretical point of view,
this project will advance the understanding of the
relationship between local search methods and the
structure of constraints and constraint graphs.
the practical point of view, the developed technique
will be applicable to tackling large-scale and difficult
constraint problems.

(CS01204)

From

Fast Approximate Feature Extraction for

Content-based Visual Databases

& LEE Moon Chuen
O 1 January 2002

+ CUHK Research Committee Funding (Direct
Grants)

Recent advances in computing power and innovations
in technology have led to the emergence of new
leading edge
image/video

applications, such as internet

search engines, image-based
e-commerce, video on demand systems, and general
multimedia information systems. An underlying
part of these applications is a content-based visual
database capturing different types of visual data.
Content-based visual databases however require the
analysis of huge volumes of data. In particular, the
feature extraction process is a major bottleneck in the
management and operation of such databases, due to
the enormous amount of computation involved. The
primary aim of this project is to investigate and to
develop methods for improving the efficiency of
feature extraction for content-based visual databases.
From the theory of statistical occupancy, it proposes
to develop a model for approximate feature extraction.
This requires a formal selection of the minimal subset
of the image data involved in the feature extraction
process. Such minimal proportions of image data
selected for approximate feature computation should
guarantee that the analysis results for different
databases functions should be the same as (or close to)
those from using the image features based on all the
image data. In this project, we plan to provide a
formal theoretical basis for the use of approximate
features as a paradigm in image analysis and
content-based visual information systems, and to
derive the equivalent approximate features for the
traditional image features, such as shape, colour and
texture. The reliability of the results from using
such features is a critical factor. Therefore, we will

also perform a comprehensive empirical and

theoretical investigation on the reliability of such
results.
(EE01903)

Interface Software for Cluster Computing:
Providing Cost Effective Computational Turn-key

Solutions to Local Industries

& LEONG Philip Heng Wai ¢ LEUNG Kwong Sak
e SUEN Wai Mo* ¢ CHOW Kenneth*

U 1 September 2001

«  Cluster Technology e University-Industry
Collaboration Prog.: Matching Grant for Joint
Research, ITF, Innovation & Tech. Commission

Parallel technologies on commodity-computer based
clusters are used extensively in academic research,
and  have
price-performance ratios more than an order of
magnitude better than supercomputers, mainframe
computers and high-end servers.
approach is sufficiently mature for mission critical
commercial and industrial applications. We propose
to develop a software package called “Socket” to
enable the efficient deployment of two types of
commercial/industrial ~ applications  on
computers: (1) Partial differential equation based

been demonstrated  to have

The cluster

cluster

applications—applications ranging from pricing and
risk management of derivatives to environmental
engineering, and 2) Data-mining
applications—applications ranging from discovery of
consumer patterns to insurance pricing. Socket will
enable us to build turn-key computational solutions
for companies in the targeted
Furthermore, Socket will be extensible to other

applications (although the R&D of such extensions

industries.

are not covered in this proposal): based on Socket,
the specific applications of the companies can be
integrated as plug-ins with only minimum
modification, and deployed on cluster computers
custom-designed for the companies. Availability of
such excellent price-performance turn-key solutions
will provide
computational power they need to compete with
overseas companies which have access to large
computers. “Socket”,
enabling computationally intensive commercial codes

to be easily deployed and efficiently run on a parallel

companies in Hong Kong the

The software package

cluster environment, will also have a broad market
Users can develop high performance
parallel solutions with excellent price-performance

worldwide.

Faculty of Engineering
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ratios without having to explicitly parallelize their
codes.
(MDO01951)

Integration of Constraint Satisfaction Techniques
and Mixed Integer Programming

& LEUNG Ho Fung e LEE Ho Man Jimmy
O 1 October 2001

+ Research Grants Council (Earmarked Grants)

Constraint  satisfaction and mixed integer
programming are two research areas originating from
two different fields of artificial intelligence (AI) and
operations research (OR), respectively. Developing
largely independently, they are actually different
approaches tackling related classes of problems, such
as resources allocation, scheduling, human resources
management, and timetabling. They have different
strengths and weaknesses. Constraint satisfaction is
usually more expressive, but it is in general slower
and less efficient in solving problems. It does not
attempt to reach optimality, either. Mixed integer
programming, nevertheless, solves a problem only if
the problem is
mathematical form, although it is in general more
efficient.
has a goal to look for an optimal value.

The proposed project aims at the investigation of

design and implementation of models of integration

expressible in a particular

In addition, mixed integer programming

of constraint satisfaction and mixed integer
programming. Based on the previous work done by
the investigators and others, we aim at achieving the
following closely related particular objectives. First,
we shall propose models of integration and evaluate
the performance of these models.
tackle the
optimisation,’ which we refer to the class of

optimisation under both symbolic and linear numeric

Second, we shall

problem of 'generally constrained

constraints.

The outputs of this research project include academic
On the
academic aspect, this project bridges the research in
Al and OR, and benefits both of them. On the
application aspect, the results of the project can

publications and prototype implementations.

directly be applied to a large number of real life
problems in the areas of resources allocation,
scheduling, human resource management and
timetabling. These problems arise in virtually every
commercial and industrial sector in Hong Kong,

China, and worldwide.

Faculty of Engineering

(CS01211)

A Novel Fast Evolutionary Algorithm and Its
Application in Unsupervised Learning

& LEUNG Kwong Sak ¢ WONG Man Leung*
O 1 September 2001

7

« Research Grants Council (Earmarked Grants)

Evolutionary algorithms (EAs) are accurate and
reliable but slow in finding global optimal solutions
for many classes of problems such as optimisation,
unsupervised learning and clustering. The project is
to perform a thorough study on the factors causing
the inefficiency of EAs and develop techniques and
strategies to improve their performance for solving
real-life problems such as clustering. We will
develop a novel fast evolutionary algorithm (fast-EA)
to eliminate the causes of the inefficiency and to
exploit all information available for optimisation in
general and clustering in particular with the following
new features:
The fast-EA uses a variable length representation
scheme that can (a) adaptively provide encoding of
problem variables in non-uniform length binary code;
(b) encode by splicing and decode by decomposition;
(¢) yield
low-resolution encoding; and (d) adapt to the varying
number of clusters and representation resolutions.
(1) A number of exclusion-based selection operators
will be exploited.
(2) New problem specific (for clustering) scalable
genetic operators will be explored including an

high-precision  results by using

adaptive mutation operator, local-heuristics based

operators, and a
agglomerative clustering crossover operator.

(3) The powerful
environment-driven population evolution model
to improve the efficiency by influencing or

search based on the global
information collected so far.

(CS01212)

mutation hierarchical

fast-EA  uses a new

directing the

Object Synchronization, Dynamic Resource
Allocations and Admission Control Policies for
Distributed Streaming Multimedia
Design, Analysis and Implementation

Systems:

& LUI Chi Shing John
O 15 September 2001
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+ Research Grants Council (Earmarked Grants)

The goal of this research is to help computer system
designers and engineers to understand various design
issues and different tradeoff in designing a DSMS
system. We propose to build a prototype DSMS
system which can provide distributed multimedia
streaming services such as delivery of educational
video material to students and provide a collaborative
work environment for engineers and scientists who
are working in different parts of the Internet. This
prototype system will allow us to take various
measurement and fine tune different algorithms so
that the system can operate at an optimal operating
point.
contribute both to the body of theoretical knowledge
and give insight to the system implementation in the
fields of computer and information technologies,
system, high
performance network and storage system.

(CS01220)

Lastly, we expect this research will

such as distributed multimedia

reliable systems based on components and distributed
objects. As modern Information Technologies (IT)
and E-commerce applications heavily depend on
distributed, reusable, and interoperable objects, this
project plays a crucial factor for the advancement of
our society.  This investigation is particularly
critical to the software acquisition, integration, and
operation effort of most major industry in Hong Kong,
including the software vendors who provide
E-commerce and IT integration solutions, and the
corporations whose daily operations rely on the
quality, reliability, and interoperability of these
integrated services.

(CS01222)

Engineering Distributed Objects for Reliability
and Interoperability

& LYU Rung Tsong Michael
U 1 September 2001

Research Grants Council (Earmarked Grants)

7
0.0

In this project, we propose to investigate reliability
and interoperability paradigms for distributed object
techniques regarding their architectural support,
development process, and testing/evaluation schemes.
We engage fault tolerance, fault removal, and fault
analysis mechanisms to assure reliability for object
construction, and formulate interface specification
techniques for object distribution and integration.
We further design a generic object-based supporting
infrastructure, which can be applied to distributed
clients and

servers for their reliability and

interoperability infrastructure
provides a dynamic object supporting middle-ware to

enforce object interoperability, and makes use of

support. This

group multicasting facilities to enhance system fault
Finally, we apply this distributed object
infrastructures to a digital video library system,

tolerance.

allowing heterogeneous, distributed objects to search,
retrieve and deliver multiple video streams from
various sources.

This research is important to the software industry for
the development, testing and quality assurance of

Fixed-Point Algorithms for In-Card Fingerprint
Recognition

& MOON Yiu Sang e LUK Franklin Tai Cheung#
U 1 November 2001

++ Research Grants Council (Earmarked Grants)

Smart card plays an important role in e-commerce
security. Ownership authentication is crucial in card
transactions. An emerging method is to use the
cardholder's fingerprint for verification. A current
implementation has an owner's fingerprint stored
inside a smart card. For authentication, the owner's
(master) fingerprint is retrieved from the card and
sent to a computer for matching against another
fingerprint captured live from a fingerprint-reading
device connected to the same computer. Such an
approach can be insecure because the master
fingerprint is shipped out from a secure device (a
smart card) to a potentially insecure device (for
example, a possibly hacked computer).

A more secure way to carry out the verification
process is to have the smart card perform the
matching; that is, we send the captured fingerprint to
the smart card. A major shortcoming of this choice
is the slow speed (about 5 MHz) of the processor
resident on the smart card. To alleviate this problem,
we will develop a suite of fast matrix-based
algorithms. We have two goals: first, provide the
necessary theoretical foundations for our algorithms;
second, study the implementation of our algorithms
using fixed-point arithmetic since no existing smart
floating-point
The results of our study will have

card processor can  perform
computation.
significant impact on the

biometrics authentication methods for all personal

implementations of

Faculty of Engineering
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devices such as smart cards, mobile phones and
personal digital assistants.
(CS01224)

Synthesizing Multidimensional Applications on
Reconfigurable Computing Systems

& NG Kam Wing
O 1 January 2002

+ CUHK Research Committee Funding (Direct
Grants)

Field-Programmable Gate Arrays (FPGAs)-based
configurable computing systems have been shown to
outperform systems for
computationally intensive applications. Many such
applications, such as digital library, image processing
and computer vision, involve multi-dimensional
computations. These computations often consist of
loop structures in the form of iterations or recursions.
There have been very few studies on solving the
problem of mapping
reconfigurable
description.

general-purpose

such computations onto
architectures from a behavioral
This project concerns a high-level
mapping
sections of multi-dimensional computations into
hardware.

(EE01437)

synthesis framework for time-critical

A Multisensory Virtual Environment for Dental
Surgical Simulation & Training

& SUN Hanqiu ¢ LEONG Philip Heng Wai e QIN
Kaihuai* e TO Wai Hei Edward (Dept of
Surgery)# e TSANG Wai Kit Ricky (University
Health Service)

O 1 September 2001

+ Research Grants Council (Earmarked Grants)

Dental surgical preparations are an essential and
important step in clinical oriented training and
complex care of dental diseases. Improper handling
of complex procedures can lead to long-term patients'
suffering and irreversible side effects.
develop innovative methods for 3D reconstruction of
dentition models from volume and range data, and

We plan to

carry out research in real-time dental VR training and
computerized develop
non-uniform subdivision surfaces that can easily deal

treatment. We will

with geometric features (e.g. creases, darts, sharp

Faculty of Engineering

edges, corners) and complex objects with arbitrary
topology. We will investigate methods for real-time
volume rendering of virtual dental models, and
develop optimal control of integrated modalities that
can provide accurate spatial and temporal information
for trainees to better control the sensational dental
procedures. The outcome of this research will
develop innovative algorithms for complex dental
modeling and sensational intervention, and provide
cutting-edge computer technologies and intelligent
capabilities that are required for optimal dental care
and professional training.

(CS01189)

Image-based
Augmented Reality

Synthesized  Techniques  for

& SUN Hangiu
O 1 May 2002

+ CUHK Research Committee Funding (Direct
Grants)

Augmented Reality (AR) creates the hybrid worlds
consisting of both computer-generated virtual objects
and real images taken from the scene. It is the
world that permits the real scene manipulated by
imposing
seamlessly, to form the novel AR scenes. To
achieve the realistic effect, it is not necessary to
expensively construct complex geometric models, but
integrate the synthesized images with the high
photographic realism and approximated geometric
Our goal is to utilize both graphics and
image-based techniques to generate the highly
realistic virtual-scenes synthesized by simplified
geometric

the virtual objects onto the scene

structure.

models and real-image textures
representing material & lighting details.

This project aims at investigate and develop a unified
rasterization pipeline based on image-synthesized
techniques for augmented reality applications. The
unified rendering pipeline will simplify the rendering
processes in the AR scenes and overcome the
difficulties such as complicated composition &
rendering due to the separate

representations of digital modalities. Our study will

expensive

focus on studying the unified representation and
processing pipeline based on virtual object/real-scene
image conversion, virtual/real primitive rendering &
composition, and the behavior of
image-synthesized scenes in 3D direct manipulation.

For the novel views in augmented reality, the virtual

dynamic
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objects have to be positioned correctly in the real
scene and appear without any artifacts. To tackle
the problem, we will investigate efficient algorithms
to obtain the relative positioning information in the
AR scene so that the virtual object/real-scene image
can be composed in the same coordinate system to
keep  the The
image-synthesized techniques to be developed will
facilitate the augmented reality applications with the
quality of image realism and real-time interaction of
the virtual worlds.
promote the advanced AR technologies and related
R&D industries in Hong Kong, including TV & film

consistency. advanced

The outcomes of this project will

producing, art & industrial design, surgical
simulation and training, virtual tourism, and
rich-media E-commence applications.

(EE01459)

Effective and Efficient Compression for

Image-based Modeling and Rendering

2z WONG Tien Tsin
Q 1 October 2001

+ CUHK Research Committee Funding (Direct
Grants)

Image-based computer graphics has been introduced
as an alternative to traditional geometry-based
computer graphics.  Unlike the geometry-based
graphics, the of
image-based computer graphics can be independent
of scene complexity. Arbitrarily complex scene can
be rendered in interactive speed. The trade-off is

computer rendering  time

the tremendous increase of data size because
image-based computer graphics trades memory and
storage for rendering speed. Effective and efficient
data compression is crucial to the success of any
image-based systems, especially when the application
is Internet-oriented.

The data of image-based systems shares some
common properties as that in digital video systems.
However, while video systems involve only minimal
offer
substantial user interaction including navigation and
illumination control.

user interaction, image-based systems
Compression schemes that are
useful for video systems may no longer be applicable
to image-based systems.

In this project, we will investigate the compression
problem in image-based computer graphics systems.
By identifying the characteristics that are unique to

image-based systems, we propose to develop a set of
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compression and decompression algorithms that can
effectively and efficiently compress the enormous
amount of image-based data to allow efficient
through Internet while preserving the
interactive response rate.

(EE01369)

transfer

A Graph-based Rewiring Scheme for Boolean
Networks and Its Applications for New FPGA
Design Automations

# WU Yu Liang e HONG Xian Long*

MAREK-SADOWSKA Malgorzata* ¢ WONG
Chak Kuen

30 December 2001

+ Research Grants Council (Earmarked Grants)

The objective of this project is to develop a flexible,
general-purpose interconnect synthesis framework in
order to rewire spotted target wires for various
optimization needs. As today's VLSI technology
has been moving towards deep sub-microns, the
interconnect estimation gap between the logical and
physical design phases is tending to be more and
more diverged, what makes the entitled technique
more useful and desirable. Applying this technique,
when the physical design phase fails, the designers
can fix the problems by applying rewiring upon the
spotted connections that cause the problems. As the
re-synthesis process can be applied upon problematic
connections directly in any Design Automation (DA)
phase, from logical (logic synthesis) to physical
(floorplanning, place&route,
etc.) domains, it reduces the

partitioning, and
engineering change, ...
chance of looping the design phase too far backward
to repeat the whole laborious effort with little
guarantee of timing closure.
rewiring techniques have been centered in the
ATPG-based implication techniques: e.g. RAMBO,
IBBT (recursive learning).
propose to further develop our recently proposed
Graph-Based Alternative Wiring (GBAW) technique,
which is today's known fastest circuit rewiring
technique, to form a flexible framework adaptable to
various DA optimization stages above mentioned.

During the past decade,

In this project, we

Particularly, we also propose to adapt this framework
for today's increasingly popular circuit design media:
FPGAs.

(EE01236)
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Unsupervised Learning with Automated Model
Selection and Applications to Data Mining

& XU Lei
Q 1 November 2001

+ CUHK Research Committee Funding (Direct
Grants)

Tasks of discovering model or knowledge for data,
usually referred as unsupervised learning, have been
encountered widely not only in many classical fields
but also in the emerging areas such as data mining,
knowledge discovery in databases, and various
internet based data processing problems. Each
learning task consists of parameter learning for
estimating each of parameters in a structure at a given
scale, selecting an
appropriate scale. Model selection is very important
but difficult to implement, due to its intrinsic nature.
The existing model selection principles or theories

and model selection for

are usually implemented in a tedious two-stage way,
by which a large number of scales must be
enumerated and at each scale a parameter learning
process must be made, which not only consumes a
huge computing cost but also can not be implemented
adaptively. Thus, it is not appropriate to
applications of data mining and analysis on large
database or via internet. This proposal is motivated
to develop a general framework as well as effective
implementing algorithms that solves the problems
adaptively with model selection realized implicitly
and automatically during learning. Though it is a
hard task, the previous the results of the PI on RPCL
learning and BY'Y learning have laid on a quite solid
foundation for this proposal. Specifically, our major
objectives consists of systematically investigating
typical existing model selection principles and
developing a cost function theory for RPCL learning
on clustering analyses, as the simplest exemplar of
our proposed approach; as well as developing a
powerful and general BYY unsupervised harmony
learning framework for implementing parameter
learning with automated model selection.

(EE01998)

+ Research Grants Council (Earmarked Grants)

Floorplan design is an important step in physical
design of VLSI circuits to place the logic on a chip in
such a way to minimize the total chip area and
optimize the circuit performance. Traditional
floorplanning algorithms excel in minimizing the
chip area but have not paid enough attention to
interconnect optimization. Advances in the deep
sub-micron technology have brought many changes
As technology continues to

scale down, the total number of transistors inside a

and challenges to this.

chip has grown tremendously and a significant
portion of the circuit delay is coming from the
interconnect. In some advanced designs, as much as
80% of a clock cycle is consumed by the interconnect,
and interconnect delay is expected to dominate the
Besides this
timing issue, modern design technology has also
brought to the floorplanning tools some new
requirements that many classical floorplanners have

neglected. A

system performance in the future.

scalable  interconnect-driven
floorplanner applicable to today's circuit design
technology is of utmost need.

The objective of this project is to develop a scalable
multilevel floorplanning system that

(1) focuses on achieving timing closure, and

(2) satisfies modern floorplanning requirements.

To achieve this purpose, we will study several
important issues that many classical floorplanners
have overlooked. They include scalability,
2D/3D-interconnect

block planning and new

interconnect-driven  packing,
buffer
floorplanning requirements like fixed die regime and

planning,
module shape flexibility. We will use an idea
originating from multilevel circuit partitioning to
achieve scalability.

(EE01231)

Interconnect-Driven Multilevel Floorplan Design

& YOUNG Fung Yu ¢ WONG Martin D F* e
YANG Honghua Hannah*

O 1 October 2001

Faculty of Engineering

Please refer to previous issues of this publication
for more details of the following ongoing research
at the department:

Edition Title/Investigators

1999-00  Intersection Graphs and Their
Recognition Algorithms (CU99410)
& CAI Leizhen

1999-00 A Portfolio Management System for the

Hong Kong Market (CU99428)
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1999-00

1998-99

1998-99

2000-01

& CHAN Lai Wan e KING Kuo Chin
Irwin

An Intelligent System for Satellite
Meteorological Data Mining and Its
Applications (CU99436)

& FU Wai Chee Ada e LIN Hui (Dept
of  Geography &  Resource
Management) e KING Kuo Chin
Irwin e HUANG Qian*

An Intelligent System for Medical Data

Mining and Visualization (CU98306)

& HENG Pheng Ann e FU Wai Chee
Ada e LEUNG Kwong Sak e
CHENG Chun Yiu Jack (Dept of
Orthopaedics & Traumatology)

Virtual Reality, Visualization and

Imaging Research Centre (EE98037)

& HENG Pheng Ann e LEUNG
Kwong Sak e SUN Hangiu e TSUI
Hung Tat (Dept of Electronic
Engineering) « WONG Chak Kuen e
XU Yangsheng (Dept of Auto. &
Computer-Aided Engin.) ¢ ZHANG
Yuanting (Dept of Electronic
Engineering) « HIELM Nils Magnus
(Dept of Chemical Pathology)# e
CHAM Wai (Dept  of
Electronic Engineering) e FU Wai
Chee Ada ¢ HUI Kin Chuen (Dept of
Auto. & Computer-Aided Engin.) e
KING Kuo Chin Irwin e LEE Tong
(Dept of Electronic Engineering) e
LI Wen Jung (Dept of Auto. &
Computer-Aided Engin.) e LIAO
Wei Hsin (Dept of Auto. &
Computer-Aided Engin.) ¢ WONG
Kin Hong e XU Jianbin (Dept of
Electronic Engineering)

Kuen

An Intelligent Virtual Environment for
Chinese Acupuncture
Training (CU00185)

& HENG Pheng Ann e LEUNG
Kwong Sak e LEUNG Ping Chung
(Dept of Orthopaedics &
Traumatology) ¢ WONG Tien Tsin

Learning and
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2000-01

1999-00

1999-00

1998-99

2000-01

1999-00

1998-99

2000-01

Augmented  Reality = System  for
Endoscopic  Surgery Simulation
Operations (CU00012N)

& HENG Pheng Ann e LEUNG
Kwong Sak ¢ WONG Tien Tsin e
SUNG Joseph Jao Yiu (Dept of
Medicine &  Therapeutics) e
CHUNG Sheung Chee Sydney (Dept
of Surgery) e Prof. Tang Zesheng* e

Prof. Chai Jianyun*

and

Apparel  Manufacturing

Portal Site (EE99031)

& KING Kuo Chin Irwin ¢ FU Wai
Chee Ada e CHAN Lai Wan e
NEWTON Edward* e FAN Jin Tu*
o NG Roger*

Knowledge

The Design and Analysis of Stochastic

Clustering Methods

Indexing Structure

Retrieval in Image Database Applications

(CU99407)

& KING Kuo Chin Irwin e FU Wai
Chee Ada ¢ CHAN Lai Wan

for Generating

for Information

Using Stochastic Methods to Guide

Search in Programming

(CU98302)

& LEE Ho Man Jimmy e LEUNG Ho
Fung ¢ STUCKEY P. J.*

Constraint

Collaborating Redundant Models in

Constraint Satisfaction (CU00183)

& LEE Ho Man Jimmy e LEUNG Ho
Fung ¢ STUCKEY P. J.*

Adaptive Transform Domain Video
Indexing (EE99011)
& LEE Moon Chuen

Architectures and Implementations of
Constraint Systems on FPGA Hardware
(EE98011)

& LEONG Philip Heng Wai

A Micropower VLSI
Implementation of a Scale Invariant
Phase Encoded Neural Network and Its
Application to a Wordspotting Speech
Recognition System (EE20008)

Analogue

Faculty of Engineering
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2000-01

1999-00

2000-01

1999-00

2000-01

2000-01

2000-01

1999-00

1999-00

& LEONG Philip Heng Wai

Automatic Design and Prototyping of
Digital Baseband Algorithms for Future
Mobile Communication
(EE20025)

&5 LEONG Philip Heng Wai

Applications

To Develop a New Class of Fast Genetic
Based Evolutionary Algorithms Using
Splicing/Decomposable
Scheme and Exclusion-based Operators
(EE99012)

& LEUNG Kwong Sak

Representation

A New Class of Genetic Algorithms with
Applications on Data Mining (EE20009)
& LEUNG Kwong Sak

Design, Analysis and Implementation of
Mixed Workload Schedulers with
Application to the Multimedia Digital
Library System (CU99430)

& LUI Chi Shing John

Design and Implementation of a Scalable
Reliable  Media
(CS00477)

& LUI Chi Shing John

Streaming  Server

Providing Quality-of-Service on the

Internet2 via the Differentiated Service

Technique (EE20001)

& LUI Chi Shing John e Shankar A U*
e Golubchik L* e
Franceschinis*

Giuliana

Design, Analysis and Implementation of

Resource  Allocation and  Object
Synchronization Protocols for
Collaborative Distributed Multimedia
System (EE20010)

& LUI Chi Shing John

Architecture-based Software Reliability

Engineering Techniques (CU99432)

& LYU Rung Tsong Michael e
LAPRIE Jean Claude*

The Effect of Diversity in Large-scale
Distributed Systems (EE99033)

Faculty of Engineering

2000-01

2000-01

2000-01

1999-00

2000-01

2000-01

2000-01

2000-01

& LYU Rung Tsong Michael e
LORENZO BEV
Littlewood*

Strigini* e

A Multilingual Digital Video Content
Hub (EE20006)

& LYU Rung Tsong Michael ¢ YEN
(Dept of
Engineering & Engin. Management)
e WONG Wing Shing (Dept of
Information Engineering) ¢ KWAN
Tze Wan (Dept of Philosophy) e
Shen Vincent*

Jerome Systems

Dependability and Security Paradigms
for Mobile Agent Systems (CU00193)
& LYU Rung Tsong Michael

The Development of a Chinese Linux
Operating System for Embedded System
(EE00961)

& MOON Yiu Sang

High-level Synthesis Framework and
Tools for Dynamically Reconfigurable
Systems (CU99408)

& NG Kam Wing e LUK Wayne*
Recovery in Mobile
(EE20026)

& NG Kam Wing e Rothermel K*

Agent Systems

A Multisensory Virtual Environment for
Dental Surgical Simulation and Training
(EE20011)

& SUN Hangqiu

Hybrid Approach in Virtual Reality
Based on a Combination of Graphics and
Images (CS00928)

& SUN Hanqiu

Advanced Knowledge Discovery &
Spatial-temporal Visualization for
Georeferenced Information (CU00016N)
& SUN Hanqiu ¢ LEUNG Yee (Dept
of  Geography &  Resource
Management) ¢ LEUNG Kwong Sak
e LIN Hui (Dept of Geography &
Resource Management) e Dr. Peng
Qunsheng* e Dr. Bao Hujun*
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1994-95

1999-00

1999-00

1999-00

1999-00

2000-01

Research on a New Class of Optimization

Problems Related to the Handling of

Elastic 3-D Objects by Robots and Its

Application in Industry (CS95008)

& WONG Chak Kuen e LEUNG
Kwong Sak e HUI Kin Chuen (Dept
of Auto. & Computer-Aided Engin.)
e LEUNG Yee (Dept of Geography
& Resource  Management) e
ALBRECHT Andreas*

New Stochastic Approaches for Job Shop
Scheduling (CU99367)
& WONG Chak Kuen

Applying Computer Vision Techniques
in the Construction of a Virtual
Walk-through System (CU99389)

& WONG Kin Hong e OR Siu Hang

Indexing Methods for Numeric Sequence
Databases (CU99437)
& WONG Man Hon

Interactive Illumination Control for
Image-based Computer Graphics
(EE99009)

2  WONG Tien Tsin

Accelerating  High-quality ~ Volume

Visualization with Image-based

Computer Graphics (CU00186)

& WONG Tien Tsin ¢ HENG Pheng
Ann

1999-00

2000-01

1998-99

1999-00

2000-01

1999-00

A Performance-driven Synthesis System
Targeted for  Deep
Technology (CU99412)
& WU Yu Liang ¢ WONG Chak Kuen
° MAREK-SADOWSKA
Malgorzata* @ HONG Xian Long*

Sub-micron

A General Rewiring Based Circuit
Transformation Framework for Deep
Sub-micron Designs (EE20012)

& WU Yu Liang

Adaptive Learning for Temporal Radial
Basis Function Network and Financial
Investment Analysis Environment on
Microsoft Window (CU98297)

& XU Lei

High Dimensional Data Mining and
Visualization: An Integrated Approach
and Financial Data Mining Application
(CU99383)
& XU Lei

"Extending APT Financial Modeling by
State Space Approach, Kalman Filtering

and  Temporal BYY  Learning"
(CU00169)

& XU Lei

A Unified Method to Handle All
Placement Constraints in Floorplan
Design (EE99008)

& YOUNG Fung Yu e CHU Chris C.
N.*

RESEARCH OUTPUTS AND PUBLICATIONS

<P011777> CHAN Roy and LEE Kin Hong.

<P012188> CHUNG Tsang Hin; SAK Leung Kwong and KONG Lee Kin.
Card Based Remote Authertraction Protocol for Internet System".

NLP".

Languages p.478. Seoul, Korea, 2001.05.14.
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"Towards a Robust Unification-Based Parser for Chinese
Proceedings of 19th International Conference on Computer Processing of Oriental

"Design and Andysis of Smart
Paper presented in the IEEE
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<P012756>

<P012757>

<P012953>

<P012975>

<P013041>

<P013072>

<P013264>

<P013265>

<P016166>

<P016281>

<P016528>

10th Intl. Workshops on Enabling Technologies: Infrastructure for Collaborative Enterprises,
organized by Massachusetts Institute of Technology. MIT, Boston, USA, 2001.06.22.

CHEUNG Yu Hoi, Ocean; HUNG Tsoi Kuen; LEONG Heng Wai, Philip and LEONG Monk
Ping. "Tradeoffs in Parallel and Serial Implementations of the International Data Encryption
Algorithm IDEA".  Cryptographic Hardware and Embedded Systems-Ches2001 Third
International Workshop Proceedings ed. by PAAR Christof, KOC Keya Cetin and NACCAC HE
David. vol.2001 no.1, pp.333-347. Paris, France: Springer/Novamedia, 2001.05.14.

LEONG M.P.; JIN C.T. and LEONG P.H.W. "Parameteriged Module Generator for an
FPGA-Electronic Cochlea". Proceedings of the 2001/IEEE Symposium on Field-Programable
Custom Compicting Machine CA, USA: IEEE, 2001.05.

WU Fei and NG Kam Wing. "Design Issues in Operating Systems for RTR Systems".
Proceedings of the Int. Symposium on Distributed Computing and Applications to Business,
Engineering and Science pp.149-152. Wuhan, China: Hubei Science and Technology Press,
Wuhan, China, 2001.10.

ZHU Zhongyao and LEUNG Kwong-Sak. "Non-Dominated Sorting Annealing Genetic
Algorithms for Multi-Objective Optimization Problems".  International Conference on
Computational Intelligence, Robotics and Autonomous Systems (CIRAS 2001) pp.1-6. Singapore:
National University of Singapore, 2001.11.

YUEN Wing Seung and YOUNG Fung Yu. "Shcing Floorplan with Clustering Constraints".
Proceedings of the Asia and South Pacific Design Antomation Conference pp.503-508. Yokohama,
Japan: ACM, 2001.01.30.

YUE Ho Yin; KING Irwin and LEUNG Kwong Sak. "Clustering Method For Content -
Based Indexing". 2001 WSES International conference on: Fuzzy Sets and Fuzzy Systems, FSFS
‘01 vol.1 no.1, pp.138-143. Canary Islands, Spain, 2001.02.14.

LEE T.O.; YIP Y.L.; TSANG C.M. and NG K.W. "An Agent-Based Micropayment System
for E-Commerce". LNAI 2033:E-Commerce Agents ed. by LIU J. and YE Y. 13 pgs. Berlin
Heidelberg: Springer - Verlag, 2001.

NG K.W. and LEE T.O. "The CoDAC Collaboration Framework". Intelligent Agent
Technology: Research and Development ed. by ZHONG N. pp.390-394. Singapore: World
Scientific Publishing Co. Pte. Ltd., 2001.

ALBRECHT Andreas Alexander; STEINHOFEL K.; TAUPITZ M. and WONG Chak Kuen.
"Logarithmic Simulated Annealing For X-ray Diagnosis". Artificial Intelligence in Medicine
vol.22, pp.249-260. Elsevier Science, 2001.

MOON Yiu Sang; ZHANG Tianxu; ZUO Zhengrong and ZUO Zhen. "Detection Of Sea
Surface Small Targets in Infrared Images Based on Multilevel Filter and Minimum Risk Bayes
Test". Multispectral Image Processing and Pattern Recognition Series in Machine Perception
Artificial Intelligence vol.44, pp.49-60. Singapore: World Scientific Publishing Company, 2001.

GUO Ping and LYU Rung Tsong Michael. "Pseudoinverse Learning Algorithm for
Feedforward Neural Networks". Advances in Neural Networks and Applications Artificial
Intelligence Series - A Series of Reference Books and Textbooks pp.321-326. World Scientific and
Engineering Society Press, 2001.
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<P016773>

<P016880>

<P016942>

<P017394>

<P017665>

<P017684>

<P017806>

<P017893>

<P018358>

<P018580>

<P018604>

<P018732>

<P018818>

PUN Chi Man and LEE Moon Chuen. "Texture Classification using Shift-Invariant Wavelet
Packet Decomposition". Advances in Scientific Computing, Computational Intelligence and
Applications (Mathematics and Computers in Science and Engineering - A Series of Reference
Books and Textbooks) pp.7-11. Greece: WSES, 2001.07.

KING Kuo Chin Irwin and JIN Zhong. "Relevance Feedback Content-Based Image Retrieval
Using Query Distribution Estimation Based on Maximum Entropy Principle". Proceedings of
8th International Conference on Neural Information Processing (ICONIP 2001) vol.2, pp.699-704.
China: Fudan University Press, 2001.

FAN Hongbing; WU Yu Liang and WONG Chak Kuen. "On Fixed Edges And
Edge-Reconstruction Of Series-Parallel Networks".  Graphs and Combinatorics vol.17,
pp-213-225. Springer - Verlag, 2001.

MOON Yiu Sang and TIAN Jinwen. '"Near-Lossless Image Compression Based On Integer
Wavelet Transforms". Image Compression and Encryption Technologies, Proceedings of
SPIE-The Internati pp.21-26. USA: SPIE, 2001.10.22.

LEUNG Kwong Sak, LEE Kin Hong and CHEANG Sin Man. "Balancing Samples'
Contributions On GA Learning". Proceedings of 4th International Conference Evolvable Systems:
From Biology to H pp.256-266. Germany: Springer, 2001.

HEE - BRER  SIBE. (ERAOTEIMEEMMIRNER) - (BEFENERN) B
105-117. & EBRXAREFTEAERINIFTAHEIHAR, 2001.07.

STEINHOFEL K.; ALBRECHT Andreas Alexander and WONG Chak Kuen. "Fast
Parallel Heuristics For The Job Shop Scheduling Problem". Computers & Operations Research
vol.29, pp.151-169. Elsevier Science Ltd, 2002.

LEE Jin-Fuw, OSTAPKO D.L., SOREFF Jeffery and WONG Chak Kuen. "On The Signal
Bounding Problem In Timing Analysis". Proceedings of IEEE/ACM International Conference on
Computer Aided Design (ICCAD pp.507-514. IEEE, 2001.

GURUSWAMI V.; RANGAN C. Pandu; CHANG M.S.; CHANG G.J. and WONG Chak
Kuen. "The Kr-Packing Problem". Computing vol.66, pp.79-89. Austria: Springer - Verlag,
2001.

LIN Zhouchen, WONG Tien Tsin and SHUM Heung-Yeung. "Relighting with the Reflected
Irradiance Field: Representation, Sampling and Reconstruction”". Proceedings of the 2001 |EEE
Computer Society Conference on Computer Vision and Pattern Recognition (CVPR
2001) pp.561-567. IEEE Computer Society, 2001.

CHEUNG Wing Hang; LYU Rung Tsong Michael and NG Kam Wing. "Tunneling Across
Firewalls by Using XML And Servlets: An Experiment On CORBA". Proceedings of the
International Conference on Internet Computing (1C'2001) vol.I, pp.379-385. CSREA Press, 2001.

WAN Po Man Polly and WONG Man Hon. "Efficient And Robust Feature Extraction And
Pattern Matching Of Time Series By A Lattice Structure". Proceedings of the 2001 Tenth
International Conference on Information and Knowle pp.271-278. 2001.

ALBRECHT Andreas Alexander; CHEUNG Shing Kwong; LEUNG Kwong Sak and
WONG Chak Kuen. "On the Convergence of Inhomogeneous Markov Chains Approximating
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<P019091>

<P019115>

<P019357>

<P019806>

<P026147>

<P026892>

<P027183>

<P027397>

<P027453>

<P027642>

<P027704>

Equilibrium Placements of Flexible Objects". Computational Optimization and Applications
vol.19, pp.179-208. The Netherlands: Kluwer Academic Publishers, 2001.

DONG Sheqin; HONG Xianlong; WU Yu Liang; XIU Zhong and GU Jun. "VLSI
Placement With Pre-placed Modules Based On Less Flexibility First Principles". Proceedings of
2001 4th International Conference on ASIC, organized by IEEE Press pp.106-109. 2001.

YUE Ho Yin; KING Kuo Chin Irwin and LEUNG Kwong Sak. "Using Natural Clusters
Information to Build Fuzzy Indexing Structure". Proceedings of 8th International Conference on
Neural Information Processing (ICONIP 2001) vol.3, pp.1559-1564. China: Fudan University
Press, 2001.

Vincentius Felix HARTANTO KWEE and SIRISENA Harsha R. "Cumulative Inter-ADU
Jitter Concept and Its Applications". Processings of IEEE ICCCN 2001 IEEE pp. 531-534.
Processings of IEEE ICCCN 2001, 2001.10.

ALBRECHT Andreas Alexander and WONG Chak Kuen. "Combining the Perceptron
Algorithm with Logarithmic Simulated Annealing". Neural Processing Letters vol.14, pp.75-83.
The Netherlands: Kluwer Academic Publishers, 2001.

ALBRECHT Andreas A.; VINTERBO Staal A.;, WONG Chak Kuen and
OHNO-MACHADO Lucila. "A Simulated Annealing and Resampling Method for Training
Perceptrons to Classify Gene-Expression Data". Proceedings of International Conference on
Artificial Neural Networks - ICANN 2002 pp.401-407. Springer, 2002.

LEUNG Kwong Sak; LEE Kin Hong and CHEANG Sin Man. "Evolving Parallel Machine
Programs for a Multi-ALU Processor". Proceedings of 2002 IEEE World Congress on
Computational Intelligence (WCCI 2002) IEEE, 2002.

JIN Huidong; LEUNG Kwong Sak and WONG Man Leung. "Scaling-Up Model-Based
Clustering Algorithm by Working on Clustering Features". Proceedings of Third International
Conference Intelligent Data Engineering and Automated Learning - IDEAL 2002 pp.569-575.
Germany: Springer, 2002.
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RESEARCH PROJECTS

Generation of 3D Wireframe Face Model from
Movies and Face Animation

& CHAM Wai Kuen e TSUI Hung Tat
O 1 October 2001

7

% Research Grants Council (Earmarked Grants)

Today human modeling and simulation techniques
are widely used to generate virtual characters and
models which are used in movies, computer games,
advertising and other activities.
animation software is available to animate realistic

Commercial

and lively faces with subtle movement.
the skill to create faces and expressions that are
attractive, exciting, touching or scary remains an art.
Also, people who are most talented in this art may

However,

not be able to use animation software due to
insufficient computer training or other reasons. In
fact, the best people to create expressive facial
expressions are actors themselves.

We propose to develop a two-stage method to capture
expressive facial expressions of an actor in movies.
In the first stage, the method will estimate a 3D
wireframe model of the actor's neutral face (i.e. face
with a deadpan expression) from images which
capture different views of the neutral face. In the
second stage, a video sequence of a movie that
contains a wanted facial expression under an even
lighting condition is first identified and extracted
We shall develop a computer
program that accepts the video sequence as input and
generates a sequence of 3D face models of the
expression based on a generic wireframe. The
generic wireframe should have sufficient nodes at

manually by experts.

appropriate positions to represent facial expressions
accurately. The results will allow us to regenerate
the facial expressions in different scenes, different
face positions and different scales.

(CS01167)

We have been using the super-heterodyne receiver
architecture since Armstrong invented it in 1918.
Existing radio frequency super-heterodyne designs
use different discrete bipolar and gallium arsenide
circuit components to construct receiver circuits.
The industry trend is to replace existing receiver
designs with a single CMOS integrated circuit to
reduce cost, size, and power consumption. However,
we cannot implement the existing super-heterodyne
architecture on a single CMOS integrated circuit
because we fabricate the
surface-acoustics-wave (SAW) filter required for

cannot

super-heterodyne design on an integrated circuit.
Recently, the Berkeley group proposed a zero-IF
architecture and the Katholieke group proposed a
low-IF architecture. Both of these two new designs
have eliminated the SAW filter
demonstrated that it is possible to fabricate a single

chip CMOS receiver circuit.

and have

However, both of
these two designs have introduced new problems —
the zero-IF design generate a self-mixing and DC
offset errors, while the low-IF design requires a
complicated poly-phase filter to replace the SAW
filter.  We have developed a new double-IF
architecture which does not require any complicated
filters; moreover, simulation results have indicated
that the new design does not have any self-mixing
and DC offset errors. The main objective of this
work is to demonstrate that the double-IF architecture
is suitable for single chip design by building a
hardware prototype.

(EE01709)

A 900 MHz Double-IF Receiver Integrated Circuit

& CHAN Cheong Fat
O 1 January 2002

+ CUHK Research Committee Funding (Direct
Grants)
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Study of Coherent and Incoherent Optical Pulse
Coding Techniques for Fiber-Optic CDMA

& CHAN Kam Tai ¢ LOU Caiyun*
Q1 November 2001

++ Research Grants Council (Earmarked Grants)
Fiber-optic  code  division
(FO-CDMA) is
fiber-optic access technology especially suitable for

multiple
attractive broadband

access
a novel

local area network (LAN) applications owing to its
attributes of all optical processing,
asynchronous transmission, soft capacity, low delay
For this
access technology, one of the critical issues is the

unique
access and high information security.
optical pulse coding/decoding technique, which is

still far from being practical to date. The aim of this
project is to search for a practical means of
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implementing optical pulse coding/decoding for
FO-CDMA systems.
Bragg grating gratings (FBG) or other optical
components to implement the encoder/decoder
operations while both coherent and incoherent
broadband optical sources needed to construct the
codes will also be investigated. The configuration
and optimization of the encoder/decoder will be
studied in detail, with emphasis on minimizing

We propose to design fiber

cross-talk and how to achieve multi-gigabit data rates.

Applicable multi-wavelength lasers as the light
source for the corresponding encoder/decoder will be
developed. Next, a theoretical and numerical study
of the
encoder/decoder will also be carried out.

suitable code sets relevant to the

(EE01169)
Novel RF Power Amplifier Linearization
Techniques for Next Generation Wireless

Communication Systems

& CHENG Kwok Keung Michael
O 1 October 2001

7

«» Research Grants Council (Earmarked Grants)

The hardware requirements of modern digital
wireless communications systems have become very
stringent due to the limited availability of frequency
spectrum, which results in the desire to use more
complex modulation formats.
nonlinear amplification of the non-constant envelope
signals results in unacceptable levels of interference
to adjacent channels.

In most cases,

Therefore, modern wireless
communication systems have placed additional
requirements for increasing the linearity of power
amplifiers.
associated with many digital modulation formats as
well as multi-carrier applications are forcing circuit
designers to explore various linearization techniques.
Along with the need for highly linear hardware is the
demand for reduced power consumption and size for
portability.
development of highly linear yet efficient amplifiers.
In this project, a novel pre-distortion technique will
be investigated for the linearization of multi-carrier

The high peak-to-average power ratios

This results in the need for the

and broadband communication systems. The
technique will offer a greater potential for design
flexibility and significantly improve efficiencies over
conventional technologies.

(EE01174)

CMOS Implementation of RF Predistortion
Circuits for Mobile Phone Application

& CHENG Kwok Keung Michael
U 1 December 2001

+ CUHK Research Committee Funding (Direct
Grants)

In the past, most communication systems prefer to
use constant envelope modulation such as FM or
GMSK. Recently, due to the rapid development of
modern wireless communication system and the
limited available spectrum, spectral efficiency has
become a very important factor. Linear modulation
schemes such as QPSK and QAM that offer better
spectral efficiency have attracted much attention
nowadays. Nevertheless, nonlinear amplification of
the non-constant
unacceptable levels of interference to adjacent
channels. Therefore,
communication systems have placed additional

envelope signals results in

modern  wireless
requirements for increasing the linearity of power
amplifiers. Along with the need for highly linear
hardware is the demand for reduced power
consumption and size for portability.
the implementation of CMOS pre-distortion circuit
for the linearization of RF power amplifiers will be

In this project,

investigated. This technology is essential to
emerging 3G applications and will have a significant
impact on the design of future mobile phone sytems.
(EE01440)

Adaptive Beamforming and Spectral Filtering for
Speech Source Tracking and Recognition

& CHING Pak Chung e SO Hing Cheung* e
WONG Kon Max

Q1 November 2001

+» Research Grants Council (Earmarked Grants)

There is an increasing desire for an all-pervasive,
human-centered environment in which computing
and communication facility is available whenever and
wherever we need it. One obvious solution is to use
natural speech to interact with machines, to control
While
real time speech recognition is feasible, it requires
directional and close-talking microphones as well as
'friendly' acoustic environments.

physical devices and to access information.

However, there is
a great demand for more human-centered applications,

Faculty of Engineering
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eg. hands-free in-car voice control and
camera-pointing
objective of this research project is to investigate
advanced signal processing techniques and their
properties that will provide effective interfacing with
embedded devices and microphone arrays, thereby
enabling us to communicate naturally using speech in
the spaces they define. We propose to study an
efficient subspace method to jointly estimate the time
delay and fundamental frequency (pitch) of a speech
signal received at spatially separated sensors. The
time delay information will be exploited to determine
the acoustic source location with the knowledge of
the microphone array geometry. On the other hand,
the cyclostationary features of the speech signal will
be derived from its pitch frequency and other acoustic
cues. By making use of the cyclic adaptive
beamforming and blind adaptive frequency shift
algorithms to steer the beam towards the speech

source, we can track the speaker even when he is

in video conferencing. The

moving around in the presence of spectrally
overlapped interference.
(EE01175)

technique to date. Therefore, by putting the power
consumption advantage of asynchronous circuits and
the performance edge of our technique, we will
design a smart card chip that will offer functionality
and security level as that of a contact smart card.

The most sophisticated contact smart card in market
today is probably the java card. This type of card
can be readily programmed by a hardware
independent language (Java). This simplifies the
application development process hence opens the
door to a standardized multi-application card. The
final goal of this project is to design such a card for
contactless operation.

(EE01176)

A Contactless Java Card
Asynchronous Circuit Techniques

Chip  Using

& CHOY Chiu Sing Oliver e CHAN Cheong Fat
O 31 December 2001

++ Research Grants Council (Earmarked Grants)

Smart cards are already a part of everyday life. We
use smart cards in transportation, banking, personal
identity etc. In general, smart cards can either be
the contact or contactless type. Obviously,
contactless smart cards are more convenient to use
and are preferred in many applications.

However, contactless smart cards are usually less
powerful in terms of functionality and security level
as compared with the contact type.
much due to the constrain in power consumption as
power is derived from a card reader through wireless
The speed of operation is also demanding
otherwise the convenience of use cannot be realized.

This is very

means.

It has been proven that asynchronous techniques are
demanding
Asynchronous circuits can continue
to work in widely fluctuating supply level and their

particularly ~ suitable in  such

circumstances.

performance is self-adjusting accordingly.  Our
research group has developed a new asynchronous
the fastest

technique that probably represents

Faculty of Engineering

Use of Prosodic Information in Chinese

Continuous Speech Recognition

& LEE Tan e XU Bo*
1 December 2001

++ Research Grants Council (Earmarked Grants)

Prosodic information refers to the temporal and
rhythmic structure in human speech, which is highly
correlated to its linguistic content.
it has been said that prosodic information is useful for
automatic speech recognition and understanding.

For many years

However, as the main-stream speech recognition
technologies develop rapidly, little progress has been
seen on the use of prosody, particularly for Chinese
spoken languages.
the use of prosodic information in automatic
recognition of continuous Cantonese speech.

Duration, fundamental frequency (or F0) and signal
intensity are known to be the major acoustic
correlates for various prosodic events.
produced by utterance-level FO
movement, while words at the end of a sentence are
usually lengthened, to signify the occurrence of a

In this research, we investigate

For example,

intonation 1is

pause.
methods of detecting major prosodic events from

In this research, we will develop automatic
given acoustic evidences. The major challenges will
be due to that these acoustic features are affected by
many co-functioning factors. We are going to
analyze how prosody is actually realized in acoustic
signals and ho it is affected b various linguistic and
extra-linguistic factors. We will also investigate
different strategies of integrating the prosodic models
into conventional HMM-based speech recognition
framework.
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The proposed project is made possible by the joint
effort between two experienced research teams at The
Chinese University of Hong Kong and the Chinese
Academy of Sciences in Beijing.

(EE01206)

Visual Learning of Models of Articulated Objects

& LEE Tong
Q 1 July2001

+ CUHK Research Committee Funding (Direct
Grants)

Modelling of a free-form 3D object from its images is
a central problem in computer vision with many
applications. If the images are taken using the same
camera, vision geometry based techniques can
recover the shape of an object theoretically provided
that camera model can be correctly estimated and
sufficient feature correspondence are established and
known between the images.
vision geometry based techniques are still not very
satisfactory and their applications are limited to rigid
objects only. This project addresses the problem of
automatic model acquisition of free-form articulated
objects from images. Articulated objects are objects
with rigid components.

Unfortunately till today,

Each pair of components
may be related by simple geometric relation, such as
rotation about a rotary axis or translation along
another component of the object. We do no restrict
ourselves to images taken by the same camera. We
intend to derive the structural information of an
articulated object from a small number of images.
The model is built by accumulating the structural
information obtained from a series of images. For
simple objects, as little as two images are sufficient to
build the required model.
of two parts, identifying each rigid component of an
articulated object invariant to similarity, affine, and

This project will consist

perspective  transformations and discover the
geometric relations between each pair of rigid
components. The results could find applications in
robotics, object modeling for animation, and human
motion analysis.

(EE01671)

A CMOS RF Front-end Chip for 3G WCDMA
Applications

& PUN Kong Pang

O 1 October 2001

+ CUHK Research Committee Funding (Direct
Grants)

The era of third generation (3G) cellular
communication is just over the horizon. Fast
wireless Internet access is available in a 3G receiver.
A critical part of the receiver is the radio frequency
(RF) front-end which can determine its overall
performance in terms of bit-error-rate. Currently,
this part is usually implemented in GaAs or silicon
bipolar technology. These technologies are not only
expensive, but also incompatible with the digital parts
of the receiver, for which CMOS is definitively the
technology of choice. =~ With its continuously
increased speed, CMOs is now a competitive
technology in RF arena. RF CMOS is economic
and has the potential of integration with other parts of
the receiver to achieve the goal of
“system-on-a-chip”.  In this project, a receiver
front-end chip for the demanding 3G WCDMA
specifications will be designed for fabrication in deep
sub-micron CMOS technology. The chip will be
designed to operate over the globally allocated
frequency range of 1.9-2.2GHz. It will include a
low noise amplifier, a pair of quadrature mixers and a
polyphase filter for the generation of quadrature local
oscillator. The power budget is very tight in a 3G
receiver as more and more (power consuming)
functions are being added. Low power consumption
will thus be major design concern of this project and
low supply voltage of 1.5 volt will be used.

(EE01690)

Ultrafast Photonic Analog-to-digital Converters

& SHU Ching Tat C. e LIU Hai Feng* ¢ CHIANG
Kin Seng*

Q1 November 2001

+ CUHK Research Committee Funding (Direct
Grants)

To meet the growing demand for the processing of
high frequency microwave signals in radar and
wireless communications, technological advances in
both the analog-to-digital converters (ADCs) and the
digital signal processors have to be matched. While
the rapid development in CMOs technology has led
to the realization of digital processors at hundreds of
giga-flops, the progress in electronic ADCs is

relatively slow.  State-of-the-art technology has

Faculty of Engineering
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demonstrated a speed of 8 giga-samples per second.
However, the resolution is very limited and the power
dissipation is excessive. An elegant approach to
solve the problem is to apply emerging photonic
technology in the ADCs to increase their sampling
bandwidth. Through the use of a high-speed optical
modulator, the analog electrical signal can be rapidly
sampled by optoelectronic means and transmitted on
an optical carrier. By making use of the unique
optics, including  wavelength
multiplexing/demultiplexing and time stretching of
pulses in a dispersive fiber, the effective sampling
rate can be significantly enhanced. In this project,
we propose to develop new optical sources capable of
generating high-repetition-rate time and wavelength
interleaved pulses. The outputs will be relatively
stable and uniform and suitable for use as sampling
pulses in the ADCs.
and minimal optical loss in the system are distinct
features of our approach. An added advantage is

features of

A simple laser configuration

that the source can be electronically reconfigured to
produce a different number of wavelengths for
applications in various architectures.

(EE01680)

Components for Next Generation All-Optical
Wavelength-Division-Multiplexing Networks

& TSANG Hon Ki e SHU Ching Tat C.
O 16 August 2001

+ Research Grants Council (Earmarked Grants)

In the current generation of
Wavelength-Division-Multiplexing (WDM) networks,
switching, routing and network management
functions are performed in the electrical domain.
Present day systems therefore require the conversion
of the optical signal to an electrical signal for
processing before regeneration of the optical signal
Such
optical-electrical-optical conversion is a potential
bottleneck hindering future increase in per-channel
One way forward is to perform the
switching and network management functions in the
optical layer. The advantages of all-optical WDM
communication networks can include lower cost,
faster switching (allowing a higher per channel
bit-rate),
transparency to data format and bit-rate. New
optoelectronic components are needed to provide the
new functionality in the optical layer.

for onward transmission.

bit-rates.

scaleability and, in most cases, a

The new

Faculty of Engineering

devices needed include all-optical wavelength
converters, re-configurable optical-add-drop
multiplexers and tunable filters. Wavelength

converters solve the problem of channel contention or
link failure by re-routing blocked traffic onto
alternate wavelength channels. = Re-configurable
optical add-drop multiplexers are
dynamically drop and add desired wavelength
into the WDM network.
network monitoring need tunable optical switches to
enable one set of instrumentation to sample and
different
development of novel components to fulfill these
functions is the main aim of this project.

(EE01192)

needed to

channels Real-time

monitor wavelength channels. The

Enhancement of Electron Field Emission
Properties by Surface Engineering and Ion Beam

Processing

& WONG Sai Peng Joseph
U 1 November 2001

+» Research Grants Council (Earmarked Grants)

The field of vacuum microelectronics (VME), which
is the integration of vacuum electron technology with
microelectronics manufacturing processes, has been
experiencing tremendous growth in recent years.
The operation of VME devices involves collision-free
motion of electrons in vacuum. Hence, compared
with their semiconductor counterparts, VME devices
have higher frequency limit and can in principle
operate up to tera hertz.
to temperature variation, less susceptible to radiation
damage, and have higher capabilities.
Applications of VME devices include high-voltage

They are also less sensitive
current

and high-power vacuum switches, microwave tube
power amplifiers, miniature electron guns, field
emission flat-panel displays, sensors, x-ray sources,
high-energy accelerators, electron-beam lithography,
lasers, electron microscopes and
It is the aim of this project to search

free-electron
microprobes.
for superior electron field emissive materials, with
low turn-on field, high current capability and good
stability. We shall develop ion implantation and
thermal annealing processes to engineer the surface
morphology and the work function of the sample in
order to achieve this goal.

(EE01200)
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A Multi-institutional Effort to Establish an
Advanced Surface Technology Development
Centre

& WONG Sai Peng Joseph e LAU Leo Woon
Ming (Dept of Physics) ®« WONG Hong Kuen
(Dept of Physics) @ TSUI Yun Cheong Ricky* e
YEUNG Lee Kin Kinny* ¢ ONG Chung Wo*

Q 1 December 2001

+« Innovation and Technology Support Programme,
ITF, Innovation & Technology Commission

Advanced surface coatings are new engineering
materials combination of outstanding
protective, or

with a

decorative, “smart”  functional
properties, and are overlaid in the form of a
micrometer thin film on inexpensive substrates to
raise their values. Their global market demands
have grown rapidly in sectors including surface
finishing of metals and plastics, and manufacture of
critical components of many products. This has
brought both threats and opportunities to local
manufacturers as many of them are producing or
using various surface coatings. The proposed
project is a cost-effective approach to overcome such
threats of technology deficiency and capture the
opportunities of a growing global market, by forging
relevant experts and facilities from the Hong Kong
Productivity Council, the Chinese University of Hong
Kong, and the Polytechnic University of Hong Kong
into a task force team and an advanced
surface-technology development center (ASDC) with
particular reference to Physical Vapour Deposition
(PVD) Technology.

In the 2.5-year project, the team will complete its
inventions and development of (a) not less than three
new PVD coatings, (b) a novel “facing-target” PVD
coating technology, (c) a prototype PVD coating
machine, and (d) the cost-effective design and
fabrication technology of cathode target sources
required in PVD coatings production. In addition,
the center will provide local manufacturers with
professional services including (1) modification of
their processes and equipment to enhance the
productivity in their PVD coating business, and (2)
coatings testing, evaluation and trouble shooting to
maintain and upkeep their product quality. The
results will demonstrate the effectiveness and
economic benefits of ASDC which will continue to
market and create innovation of advanced surface

coating technology.

In summary, the ASDC is:

(1) a center virtually combining multiple institutions
to promote advanced surface technologies to
industry;

(2) abridge between academics and manufacturers;

(3) a framework to stimulate future market-driven
R&D works and to deliver results in a timely
manner to industry.

(EE01769)

Integrated LTCC Antenna Array and Front-end
Passive Modules for Millimeter Wave Wireless
Communication Systems

& WUKelLi
Q 1 November 2001

7

« Research Grants Council (Earmarked Grants)

Low Temperature Cofire Ceramics (LTCC) provides
technology horizon to integrate
multi-disciplinary sub-systems in a 3D compact

us a new

fashion. In this research, a new concept of passive

integration for the microwave front-end of LMDS
will be investigated from theory to practice.

Particularly, a novel patch antenna array will be

integrated with laminated waveguide low pass filter

and diplexer into an LTCC entity. Therefore, the
module will be ultra thin, lightweight and low-cost.

Three major issues will be addressed:

(1) a novel efficient patch antenna array, which
suppresses the unwanted surface wave;

(2) investigations of
antenna array and the common port of the
diplexer via the low pass filter. The I/O
configurations of the transmitter and receiver
ports to the external circuit will be studied for

inter-connections between

surface mounted applications; and
(3) design of novel low pass filter and diplexer using
the laminated waveguide technology.
A special attention will be paid to the theoretic
leakage model of the laminated waveguide. A
number of LTCC integrated antenna and microwave
front-end modules will be built and tested to
demonstrate the feasibility and validation of the new
concept of passive integration.

(EE01202)
Engineering and Characterization of
Low-Dimensional Group IV Materials by

Scanning Probe Microscopy
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The basic idea of band gap engineering is to alter the
electronic properties of certain materials to desired
ones that are not available in their natural forms.
This can be realized by confining the motion of
electrons, in most cases to lower dimensions.
Quantum well is one of good examples toward this
approach. Recent experiments have shown that
lithographically made
unique characteristics.

of view, however, non-lithographic grown wires that

silicon nanowires exhibit
From the application point

can be manufactured in mass production may be of
higher importance. We have devoted large efforts
to the post-growth sample treatment and refinement
of silicon nanowires. A unique technique has been
developed to make a suspension that consists of
free-standing wires (not sticking to each other as they
are in the raw materials) that are manageable for
device processing. We have also developed a
triple-electrode electrophoresis method to make a
prototype device. To our knowledge, this is the first
nanowire-based device made by non-microactuation
method, which has an optimistic opportunity to be
adopted by the existing IC processing technologies.

In this project we propose to study the surface or
interface electrical properties of low-dimensional
We will

examine them and their interfaces with metals by

group IV materials, e.g., C, Ge, and Si.
several different techniques. In particular, we will
perform atomic scale characterization of surfaces
after the
refinement, and hydrogen passivation or nitridation
in-situ.
combined with SPMs means

post-growth sample treatment and
The use of in-situ techniques when
that the

modification will be examined on the nanometer

surface

scale.

(EE01203)

Development  of  Medical Devices and
Nano-biosensors to Promote Biomedical

Electronic industry in Hong Kong

& ZHANG Yuanting ¢ CHAN Kam Tai ¢ CHING
Pak Chung ¢ WONG Sai Peng Joseph e LEE
Tan ¢ HENG Pheng Ann (Dept of Computer
Science and Engineering) ¢ LEONG Philip Heng
Wai (Dept of Computer Science and Engineering)
e CHENG Chun Yiu Jack (Dept of Orthopaedics

Faculty of Engineering

& Traumatology) @ SUNG Joseph Jao Yiu (Dept
of Medicine & Therapeutics) ® WOO Jean (Dept
of Medicine & Therapeutics) ¢ NG Ho Keung
(Dept of Anatomical & Cellular Pathology) e LI
Wen Jung (Dept of Auto. & Computer-Aided
Engin.) e TSUI Kwok Wing (Biochemistry) e
WAYE Mary Miu Yee (Biochemistry) e FUNG
Kwok Pui (Biochemistry) ¢ CHUNG Sheung
Chee Sydney (Dept of Surgery) ¢ LEE Cheuk
Yu (Biochemistry) ¢ CHOU Chien* e Dov
Jaron* e LU Z H* e ONARAL B* e
POURREZAEI Kambiz* ¢ TAMURA T* e XU
Y H*

O 1 January 2002

« Funding from Other Sponsors e Innovation and
Technology Support Programme, ITF,
Innovation & Technology Commission

In order to stimulate the growth of technology-based
biomedical electronics industries in Hong Kong,
three highly interdisciplinary, multi-institution R&D
thrust identified:
nano-biosensors, and their
tele-medicine.

The specific aims of this project are: (1) to develop a
series of

areas are medical devices,

applications  to

biosensor-based ~ modules and
medical-systems-on-chips for monitoring, diagnosis,
and treatment of chronic diseases; (2) to provide
technological design and

fabrication of nano-biosensors; (3) to promote rapid

know-how for the

commercialization of biosensors and medical
electronic devices; and to provide a technical service
focal point for industries during commercialization;
(4) to train and attract a group of highly skilled R&D
experts with entrepreneurial capacity and global
outlook; and (5) to enhance close cooperation among
industries, academics, and hospitals for promoting
biomedical electronic industry in Hong Kong.

(BLO1873)

Please refer to previous issues of this publication
for more details of the following ongoing research
at the department:

Edition Title/Investigators

2000-01 900 and 1800 MHz Digital Controlled
Oscillators for Wireless Communication

(CU00218)
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& CHAN Cheong Fat ¢ CHOY Chiu
Sing Oliver

High Repetition Rate Fiber Laser Source

with Ultrashort Pulse Duration for Very

Large Capacity Optical Communication

(CU98311)

&z CHAN Kam Tai e LI Shenping# e
LOU Caiyun*

Stability Studies  of

Harmonic Active Mode-locking of Fiber

Ring Lasers (CU99434)

& CHAN Kam Tai e HO HO-pui,
Aaron*

Improvement

High-energy and High-repetition Rate
Mode-locked Fiber Laser (EE20013)
& CHAN Kam Tai

Harmonic Tuning of Source and Load
Impedance to Improve Phase Linearity of

Microwave Power Amplifiers for
Wireless Digital Communications
(CU00210)

& CHENG Kwok Keung Michael

Wavelet Packet Division Multiplexing

(CU98105)

& CHING Pak Chung ¢ WONG Kon
Max

Chinese Speech Recognition
Infrastructure  for Hong  Kong’s
Technology Developers (EE99005)

& CHING Pak Chung ¢ MENG Mei
Ling Helen (Dept of Systems
Engineering & Engin. Management)
e LEE Tan

Design  of an IP  Asynchronous

Cross-pipelined  16x16-bit  Multiplier
(EE20014)

& CHOY Chiu Sing Oliver

Smart  Antenna  Technologies  for
Wireless ~ Communication Systems
(EE99010)

& Jlan Howard WILSON e CHENG
Kwok Keung Michael ¢ WONG
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Kainam Thomas# e WONG Kon

Max*

Automatic Speech-to-Speech Conversion
Between Cantonese
(EE99015)

& LEE Tan

and Putonghua

Development of a Cantonese

Text-to-Speech  System  with  High

Naturalness (CU00219)

& LEE Tan ¢ MENG Mei Ling Helen
(Dept of Systems Engineering &
Engin. Management) e ZEE Yun

Yang Eric*

Novel Wavelength-tunable Devices for

Broadband Optical Communications

(EE99034)

& SHU Ching Tat C. ¢« MARSH H.
John*

A New Family of Electrically

Wavelength-tunable Semiconductor and

Fiber Lasers (CU00220)

& SHU Ching Tat C. ¢« TSANG Hon
Ki e CHIANG Kin Seng*

Ultrafast Optical Characterization of New
Semiconductor Materials for
Optoelectronics (EE99016)
& TSANG Hon Ki
Measurement of All-optical
Nonlinearities in lon-Implanted Materials
(CU00221)

& TSANG Hon Ki ¢ WONG Sai Peng

Joseph

3D Shape Reconstruction from an Image

Sequence Captured by a Hand-Held

Camera (CU98310)

& TSUI Hung Tat e
Zhongying#

ZHANG

3-D Model-based Video Coding for

Videoconferencing

(CU99402)

& TSUI Hung Tat ¢ CHAM Wai Kuen
o NGAN King Ngi*

Applications
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Electrical Transport Properties of Ion
Beam Synthesized Low Dimensional
Metal Silicide Structures (CU99405)

& WONG Sai Peng Joseph

Ion Beam Synthesis of Silicon Carbide

(EE99035)

2 WONG Sai Peng Joseph e Dr.
Lindner J. K. N.*

Nano-granular Metal-carbon Thin Films
by Pulsed Filtered Vacuum Arc
Deposition (CU00216)

&  WONG Sai Peng Joseph

Design  Methodology of Advanced

Multi-chip  Modules LTCC

Technology for Wireless Applications

(EE99040)

& WU Ke Li ¢« CHENG Kwok Keung
Michael e W. Richard Smith* e
Chen Xiao Jian*

Using

Simulation and Design Methodology of

Advanced Multi-Chip Module (MCM)

System for Wireless

Applications (CU00213)

# WU Ke Li « CHENG Kwok Keung
Michael

Communication

Nano-Characterization and -Fabrication
of Dielectrics and MIS Junctions on
Silicon (CU97530)

1998-99

1999-00

2000-01

2000-01

# XU Jianbin e¢ WONG Sai Peng
Joseph ¢« CHEUNG Wing Yiu e lan
Howard WILSON e KWOK Wai
Man Raymund (Dept of Chemistry)

Investigation of Low-dimensional Silicon
Based Materials by Scanning Probe
Microscopy (CU98172)

& XU Jianbin e CHEN Kun Ji* e
WONG Sai Peng Joseph e Ian
Howard WILSON e HARK Sui
Kong (Dept of Physics)

Passivation and Oxidation of Group IV

Semiconductors Studied by Scanning

Probe Microscopy (CU99390)

& XU Jianbin ¢ KWOK Wai Man
Raymund (Dept of Chemistry) e Ian
Howard WILSON e Devine R.A.B.*

Size Effects of SrBi2Ta209 (SBT)

Ferroelectric Thin Films (CU00214)

& XU Jianbin e Ian Howard WILSON
o WONG Sai Peng Joseph

The Formation of Metal Nano-clusters in
Dielectric Materials by Ion Gettering
(CU00215)

& XU Jianbin
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"Tunable All-Optical Wavelength Cauerston and 2R

Proceedings of 2001 |IEEE/LEOS
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Due to the ever-growing demand in network
bandwidth and the explosive growth in internet traffic,
optical fiber networks have been widely deployed all
over the world to offer ultrahigh transmission
capacity. Wavelength division multiplexing (WDM)
is a key technique to further unleash the hugh
bandwidth in optical fibers. Apart from mere
point-to-point transmission, the optical layer can also
incorporate many networking functions such as
routing, switching and performance monitoring to
enhance the its robustness. In a WDM transmission
system, erbium-doped  fiber
amplifiers (EDFAs) are the key system components
to improve the transmission span and signal quality.
Thus, any degradation or failure in these EDFAs will
lead to tremendous and disastrous data loss. To

multiple  in-line

ensure reliability of data delivery through such WDM
transmission links, the working status of all the
in-line EDFAs have to be monitored in a real time
Thus a simple but effective EDFA
supervisory scheme is highly desirable to identify any
degraded or failed ones and thus appropriate remedy
can be made timely to restore the system transmission.

manner.

In this project, we propose a simple yet effective
performance supervisory scheme for multiple EDFAs
in a WDM transmission system. The scheme is
based of spectral analysis of the non-intrusively
generated optical label at each EDFA.

(EEO01761)

A Generic Optical Switch Fabric for Photonic
Code-based Multi-protocol Label Switching
(MPLS) Networks

& CHEN Lian Kuan e TONG Fuk Kay Franklin
O 1 September 2001

+ Research Grants Council (Earmarked Grants)
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This project is to investigate a novel optical
in the
switching

code/wavelength converter to be used
emerging optical multi-protocol label

(MPLS) networks that will provide

transportation of the surging Internet traffic.
wavelength-division multiplexing (DWDM) is being
employed in optical transport networks and part of
the access networks.
in wavelength selective devices, e.g. AWG, FBG, or
FP filter, the number of channel is limited for a given
optical bandwidth.

efficient
Dense

Due to the limited resolution

Therefore, it is necessary to

increase the number of channel in different
dimension. In this project, we propose a novel
code/wavelength converter that provides both

code-conversion  (for label
wavelength-conversion (for channel routing). The
converter also facilitates label-swapping function for
MPLS. In addition, the soft upgradability of
code-division multiplexing enhances the scalability
and flexibility of the label number for the future
photonic MPLS networks.

(CS01172)

swapping)  and

Design of Large-Scale Fibre Channel Fabric for
Storage Area Network

& LEE Tong Tony ¢ CHAN Man Chi#
O 1 September 2001

+» Research Grants Council (Earmarked Grants)

Fibre Channel based switching 'fabric' has widely

been considered as an ideal candidate for
interconnecting large amount of shared resources
dispersed over a large area with high speed 1/O
capability. For achieving better delay-throughput
performance, much work has
constructing a fabric from a number of small switches.
In these implementations, routing between these
switches is a challenging issue to be solved.
Recently, the P.L
architecture known as Cross-path switch based on the
path switching concept for constructing large scale
switching systems.  The Cross-path switch is
capable of supporting multirate,

multimedia traffic with QoS guarantee.

been done on

proposed a novel switch

multicast and
In this
project, we propose to develop a complete set of
traffic control strategies for it in the path level, the
call level and the frame level for Fibre Channel
implementation. The goal of this project is to
design an effective and practical traffic control
scheme for Fibre Channel systems to achieve optimal
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delay-throughput performance. Based on this
control scheme, we will develop a model to study the
performance of Fibre Channel based Cross-path
switch.  This can greatly simplify performance
evaluation and network design, which enhances
systematic deployment of large-scale Fabre Channel
networks.

(CS01208)

Improving Disk Efficiency in Continuous-Media
Servers with Soft-scheduling

& LEE Yiu Bun e LUI Chi Shing John (Dept of
Computer Science and Engineering)

Q 1 December 2001

o

+ Research Grants Council (Earmarked Grants)

Continuous-media such as audio and video have
stringent timing requirements for correct decoding
and presentation. Consequently, system designers
have commonly resorted to dimensioning the system
capacity according to worst-case scenarios. One
notable example is the disk scheduler, where actual
performance varies considerably depending on the
request mixes. Most current continuous-media
servers employ the SCAN scheduler or its variants
with  worst-case
guarantee performance, albeit at the expense of disk
efficiency. This study investigates a soft-scheduling
approach to disk-scheduler design.
soft-scheduling improves disk efficiency by: (a)
relaxing hard performance guarantees to statistical
performance guarantees to achieve disk capacity

dimensioning  techniques to

Specifically,

gains; (b) employing random-placement policy in
place of sequential-placement policy to achieve better
utilization disks; (c¢)
Dual-Round Scheduling algorithm that allows some
request overflows in a service round to be absorbed
by the previous round; (d) a novel Early-Admission
Scheduler that enables the use of large media block
without adversely increasing disk response time. In
addition, procedures for detecting and recovering

in multi-zone a novel

from round overflow to minimize data loss are also to
be investigated.  Early simulation results have
shown that soft-scheduling can potentially achieve
substantial gain in wusable disk capacity over
conventional hard-scheduling approaches.  This
research programme will thoroughly investigate
various design alternatives by means of quantitative
methods and experimentation.

(CS01209)

Study of a Peer-to-Peer Architecture for Building
Scalable, Reliable, and Cost-Effective
Video-on-Demand Services

2 LEE Yiu Bun
Q 1 June 2002

+ CUHK Research Committee Funding (Direct
Grants)

Video-on-demand (VoD) systems have traditionally
been built around the client-server model, where a
video server stores compressed video for delivery to
clients connected by a network. With increasing
demand for large-scale VoD systems, researchers
have spent considerable effort in designing scalable,
reliable, and  cost-effective  video  servers.
Nevertheless, a video server can only have finite
capacity. As the system scales up, the server will
need to be upgraded and this can become very
expensive as the system scales beyond thousands of
users.

different architecture where the bottleneck video

In this study, we investigate a radically
server, is eliminated altogether. Specifically, this
peer-to-peer, server-less architecture relies on the
client machines for distributed data storage and
delivery. A client initiating a new streaming session
will first locate other client(s) where the requested
stream is stored, and then request delivery of the
stream directly from those clients instead of from a
This fully distributed architecture is
inherently scalable as the storage and delivery

central server.

capacity grows with the number of clients in the
system.  Additionally, we develop fault-tolerance
algorithms for the system so that stream delivery can
be maintained even if some of the clients fail.

(EE01594)

Progressive Image Mosaics and Morphing in
Wavelet Domain

& Paul Ge BAO
O 31 December 2000

+ Research Grants Council (Earmarked Grants)

Image-based rendering is based on the synthesis of a
set of closely spaced panoramic images to form a
Owing to the
photorealistic

multi-viewpoint virtual environment.
real-time performance and

requirements of the VR rendering of complex scenes,

Faculty of Engineering
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it is crucial that the image synthesis techniques are of
real-time efficiency and photorealism. We propose
a wavelet domain image mosaics and morphing
scheme based on visual perception-based modeling
and compression of the wavelet coefficients, and
multiresolution of the images in the wavelet space.
The main objectives of the scheme are as follows.

(1) Real-time performance: perception
modeling and compression of the images in the
significantly
complexity of the scene images.

Visual

wavelet domain will reduce the
Consequently, the
performance of image synthesis in the wavelet space
will be significantly enhanced and the size of the
system will be reduced. Using Layered depth image
representation (LDI), all the layers (visible or
occluded) of the scene may be modeled and
compressed into a set of ordered wavelet matrices
with different visual distortions for further reduction
of the complexity. The layered wavelet depth image
representation (LWDI) will also enable a dynamic
warping of the visible and occluded surfaces of the
scene in the wavelet domain with an ordering
algorithm.

(2) Progressiveness: Owing to the multiresolution of
the wavelet domain, the scene images can be
synthesized in a coarse-to-fine manner: the baseband
images will be synthesized first, followed by the
detailed  subbands level-by-level using the
hierarchical correspondence measurement and
interpolation until the degree of photorealism of the
rendered images is satisfactory. In this system, the
rendered scene will appear naturally from coarse to
fine. The wavelet sub-images will be able to be
further optimized by the encoding process. In
real-time, the encoded sub-images will be decoded
before undergoing through the synthesis process.

(3) Photorealism: Visual perception modeling and
compression in the wavelet space will retain the
visual quality of the images. The distortion of the
photorealism of the scene captured by the reference
images will be minimized in the process. The
simplification of the complexity of the rendered
scene image will allow the accommodation of more
images to be taken from different viewpoints and
sampled at different radiometric environments for a
better photorealistic rendering system.

(EE00523)

O 1 November 2001

+ CUHK Research Committee Funding (Direct
Grants)

The growing popularity of electronic trading among
many modern businesses accentuates the needs for
Although there are
extant e-commerce support systems that automate the
process of negotiation, auction, and brokering, the
goal of this research is to engineer an agent-based

e-commerce support systems.

e-commerce support system that overcomes their
Building on previous work by Sim (the
P.I.) and his graduate students, this research adopts a

limitations.

market-driven approach for engineering agents that
support multi-lateral negotiation. In this approach,
agents respond to changes in market situations by
autonomously selecting the appropriate strategy.
Although market-driven agents react to market
dynamics, they were not designed with the ability to
adapt and enhance their strategies through learning.
By augmenting market-driven agents with learning
capability, this research hopes to engineer agents with
While
essential to automate the difficult and

more sophisticated problem solving abilities.
it is
time-consuming process of negotiation, this research
also recognizes the need to provide tools that will
help users locate and match potential trading partners.
Drawing upon some of Sim’s previous contributions
in market-driven agents and brokering agents
published in IEEE transactions/journals, book
chapters and agent-based e-commerce conferences,
this research plans to design an agent-based system
that can (1) match buyers and sellers along multiple
criteria and (2) negotiate along multiple terms of
transactions.

(EE01329)

Agents that Negotiate and Brokers

& SIM Kwang Mong

Faculty of Engineering

Face Image and Sketch Recognition

&  TANG Xiaoou ¢ GRIMSON W Eric L* ¢ LAM
Kai Pui (Dept of Systems Engineering & Engin.
Management)

O 31 December 2001

« Research Grants Council (Earmarked Grants)

Automatic retrieval of face images from police
mug-shot databases is critically important for law
enforcement agencies. It can help investigators to
locate or narrow down potential suspects efficiently.
However, in many cases, the photo image of a

suspect is not available and the best substitute is often
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a sketch drawing based on the recollection of an
eyewitness.
automatic photo retrieval system using face sketches,
little research can be found in this area, probably due
to time and budget constrains in constructing a large

Despite the great need of such an

face sketch database. In this project, we plan to use
an interactive facial sketch composing system that we
developed for the Hong Kong Police Department in
an early project to build a large face sketch database.
Then through a systematic study of face image and
sketch information in a multilevel structure, we
develop an efficient face recognition system capable
of identifying both photos and sketches. We expect
this research project will not only make theoretical
contribution to face recognition research, but also
bring significant impact on the practical
enforcement in Hong Kong.

(CS01190)

law

Investigation of Low-Cost Modulator for a
Proposed DWDM Access Network

& TONG Fuk Kay Franklin ¢ CHAN Chun Kit
Calvin* e CHEN Lian Kuan

O 1 September 2001

7

+ Research Grants Council (Earmarked Grants)

The proposed access network architecture is based on
a double ring linking many add-drop nodes through
DWDM. A central or exchange node will exchange
the downstream data from and upstream data to the
metropolitan network. To minimize the cost and for
ease of control and management, we propose a
centralized multiwavelength sources to be located in
the exchange node.
re-used to carry the upstream data through a
potentially low-cost optical modulator to transmit
data. The same component will be used by all
access nodes, and the difficult footprint and stocking
problem of laser transmitter with specific wavelength
for individual nodes will be eliminated. Comparing
with existing LiN60O; based optical modulators our

The downstream data will be

approach is of low performance but of relatively low
intrinsic cost.
(CS01191)

Please refer to previous issues of this publication
for more details of the following ongoing research
at the department:
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Channel Tunable Mode-Locked Lasers

for High Speed Optical Networks and

Optical Signal Processing (CU99372)

& CHEN Lian Kuan e TONG Fuk Kay
Franklin @ HO Keang Po Ricky#

System Limitations of Optical Netwroks

due to Crosstalk (CU00225)

& CHEN Lian Kuan ¢ TONG Fuk Kay
Franklin

Integrated Communications Laboratory

(EE97020)

& CHEUNG Kwok Wai e LEE Kin
Hong (Dept of Computer Science
and Engineering) e LEUNG Hong
Chung  (Dept  of
Engineering)# e HO Keang Po
Ricky# e CHING Pak Chung (Dept
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Wai Kuen (Dept of Electronic
Engineering) @ WEI Keh Wei Victor
e FONG Chi Bun (Centre for
Innovation and Technology)# e KO
Kin Wa (Centre for Innovation and
Technology)# e CHAN Kwong
Wing (Centre
Innovation and Technology)

Electronic

Raymond for

The Development of Mobile Computing
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Lawrence* @ PANG Stephen*

DINA Implementation (EE20027)

& CHEUNG Kwok Wai e LUI Chung
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Technology)# ¢ ZHOU Qun (Centre
for Innovation and Technology)#

The Principle of Multi-dimensional
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High-speed ATM Packet
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(CU98349)

& LEE Tong Tony e TO Pak Tung
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Switches

Design and Analysis
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& LEE Tong Tony
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Study of a Unified Architecture for
Video-on-Demand Services (EE20016)
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Network (CU99369)
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Homodyne Crosstalk Reduction using FP
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KWONG Cheuk-Fai; HO Keang-Po and CHEI Kwok-Hung. "Trellis-Coded Quantization
with Unequal Distortion". Paper presented in the 6th Asia-Pacific Conference on
Communication 2000, organized by Korean Institute of Communication Science. Seoul, Korea,
2000.10.30.

HO Man-Shing; KWONG Cheuk-Fai; CHEI Kowk-Hung and HO Keang-Po. "Channel
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of Communication Science. Seoul, Korea, 2000.10.30.

YANG Yang; HO Chi-Fong; DING Xiao-Wei and YUM Tak-Shing. "Analysis of Random
Access Channel in UTRA-TDD Systems". Abstracts of the 2001 International Conference on
Third Generation Wireless and Beyond vol.1, pp.831-836/6. San Francisco, USA: Delson Group
Inc., 2001.05.30.

LEUNG Kin Kwong; SUNG Chi Wan; WONG Wing Shing and LOK Tat Ming.
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the International Conference on Communications, organized by IEEE. Helsinki, Finland,
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RESEARCH PROJECTS

Scheduling with Negotiable Third-Party Machines

& CAI Xiaogiang e LEE Chung Yee*
U 1 December 2001

o

+ Research Grants Council (Earmarked Grants)

We investigate a new class of scheduling problems,
where we must outsource certain parts of the jobs we
receive from our customers to a third party who
possesses the machines needed to process these parts.
The availability of the third-party machines is
negotiable, depending on the price that we are willing
to pay. Consequently, we have to (1) negotiate an
agreement to secure the machine times we desire to
have on the third-party machines, and (2) generate a
schedule to process the jobs, so as to minimize the
total cost, including the cost for the use of the
third-party machines and the cost incurred if the due
dates of the jobs cannot be met. In general,
consideration of third-party machines in machine
scheduling problems relaxes a common assumption
made in traditional scheduling studies that one
always possesses all the machines needed to process
his jobs. The main objective of this project is to
conduct an in-depth study to explore models and
algorithms to solve this new branch of scheduling
problems involving third-party machines.

(MP01166)

Incentives for Advance Ordering in a Supply
Chain

& CHEN Youhua
Q 1 October 2001

+ CUHK Research Committee Funding (Direct
Grants)

This research tries to address the issues in designing
incentives for advance ordering in a supply chain.
In particular, we investigate what incentives the firms
in the higher echelon of a supply chain can employ to
induce the firms in the lower echelon to place
advance orders and how each of these incentives
affects on the ordering behavior of the firms in the
The research is meant to fill a gap
existing in the literature, to gain insights into the
cost-benefit tradeoffs of all incentive schemes and to

lower echelon.

provide methodologies for justifying investment in
certain areas of information technology.
(EE01684)

Optimization of Reservation Process on Two-Leg
Flights with Cancellations and No-Shows

& FENG Youyi
O 1 October 2001

+ CUHK Research Committee Funding (Direct
Grants)

The optimal booking control rules built in airlines
reservation systems are presently based on the
single-leg algorithms. ~ Many flights, especially
those between Asia and North America/Europe,
however, have intermediate stops. This project aims
at identifying the optimal booking control rules for
two-leg flights with cancellations and no shows.
Continuing on the recent development for the model
of two-leg flights without cancellations and no-shows,
we will in this project characterize the optimal
booking control rules for the two-leg flight model
with cancellations and no-shows. Furthermore, we
also design algorithms that are easy to implement yet
robust and near-optimal.

(EE01306)

Nonlinear Modeling Approaches for Quantifying
NASDAQ Pre-market Indicator/Composite Index
Relationship

# LAM Kai Pui
O 1 December 2001

+ CUHK Research Committee Funding (Direct
Grants)

Non-stationary time series are commonly found in
financial applications. Added to the complexity are
the time-varying nature and non-linearity of accurate
models for describing the dynamic behavior of these
financial time series. This proposal seeks to extend
the linear techniques of co-integration to handle
time-varying, non-linear relationship between a time
series (“news”) and its causally affected time series.
A particularly relevant case is the quantification of
NASDAQ
pre-market indicator and the composite index of the

same day. The predictability of daily return will be

the close relationship between the

investigated based on a proposed “news” model for
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dynamic changes. The effectiveness and robustness
of neural network models for handling non-linearity
is compared with linear least-square estimation and
other econometrics techniques. The empirical
relationship between N-day return and the buy-sell
decision of some commonly trading rules will be
determined.

In our previous work it has been observed that the
estimation of the NASDAQ composite index could
be substantially improved by incorporating the
“news” effect of the NASDAQ-100. However it is
arguable that deriving relationships among NASDAQ
indexes are not practical as these indexes should be
known at the same time. The recent availability of
the NASDAQ-100 Pre-market indicator provides a
good source of financial data, which can readily be
used for predicting the composite index based on
some robust nonlinear models.

(EE01925)

Hierarchical Information Extraction Learning

Framework and Its Applications to Event
Tracking and Filtering
& LAM Wai

1 December 2001

7

«» Research Grants Council (Earmarked Grants)

Extracting semantic information with high precision
from on-line information sources is very useful in a
Many information sources
are semi-structured textual documents with different

variety of applications.

formats such as HTML in Web, Usenet news, emails,
medical records, equipment maintenance logs, XML
documents, etc. These kinds of documents usually
contain some ungrammatical short word fragments
Building hand-crafted extraction
rules is costly and ineffective since a new set of rules
needs to be constructed whenever there is a format
change or a different source is handled. We propose
a new and adaptive information extraction learning
frame-work capable of discovering extraction models

and free texts.

from training examples.
simply sample field item annotations given by the

Training examples are

user.
(CS01187)

Logistics Support for Mobile Commerce

& LEUNG May Yee Janny ¢ CHENG Chun Hung
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O 1 December 2001

+ Research Grants Council (Earmarked Grants)

The popularity and accessibility of the Internet has
spawned explosive growth in e-commerce. New
WAP technologies and 3G communications networks
will enable mobile devices (cellular phones, PDA,
etc.) to access the Internet and/or other private
Many such mobile devices will also have
GPS (global positioning) features, allowing its
location to be pin-pointed. In the future, the
mobile-commerce customer will expect to obtain
up-to-the-second and location-specific information
and to perform on-line transactions. To stay
competitive, companies re-think  their
supply-chain management to accommodate and

databases.

must

exploit real-time mobile transactions in meeting
increasingly exacting standards for customer service
and supply/distribution performance.

The goal of this project is to develop a modular
delivery-planning system that supports and exploits
technologies for Mobile-commerce, and is adaptable
to handle the traffic congestion and population
density of Hong Kong. The target system will
provide information,
query/ordering and delivery-tracking for customers.
It will support delivery planning (order
assignment and routing) and dynamic re-routing

location-based on-line

also
using time-based information.

modular and will contain bilingual digital maps and
traffic databases of Hong Kong.

The system will be

The key research questions to be addressed in this

project are:

(1) database design to accommodate and exploit
dynamic updating and global-positioning,

(2) algorithmic development of routing and
scheduling methods (optimal or heuristic) for
dynamically-updated databases and changing
routing/scheduling specifications,

(3) hardware feasibility investigation of mobile
devices; and

(4) operational testing of the entire system using
data from a delivery company in Hong Kong.

(MP01213)

Efficient  Solution  Schemes for  Solving

Multidimensional Nonlinear Knapsack Problems

& LI Duan
O 1 December 2001
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+ Research Grants Council (Earmarked Grants)

Multidimensional nonlinear knapsack problems are
often encountered in real-world decision-making
when one has to make efficient use of an entity which
consumes multiple resources.
include resource allocation, capital budgeting and
redundancy optimization in reliability network.
This kind of problems can be formulated as a

Application areas

nonlinear integer programming. The curse of
dimensionality and nonlinearity make the problem a
great challenge.
be lacking for solving a general multidimensional
nonlinear knapsack problem where nonconvexity,
nonseparability,
present.
nonlinear knapsack problem will have a significant

impact on the economic benefits in operations and

Efficient solution schemes seem to

and/or high dimensionality are

Advancement in multidimensional

management. Re-cent progress in nonlinear

surrogate  constraint methods and nonlinear
Lagrangian theory provide a promising platform for
development of efficient algorithms for certain
classes of integer programming problems.

of this project is to further study some fundamental

The aim

properties of nonlinear integer programming, and

derive efficient solution methods for

multidimensional nonlinear knapsack problems.

The overall research goal will be achieved by

carrying out the following three research tasks:

(1) to incorporate the nonlinear Lagrangian dual
theory into multidimensional nonlinear knapsack
problems,

(2) to develop convexification schemes and direct
outer approximation methods for the continuous
relaxation formulation of nonlinear knapsack
problems,

(3) to investigate efficient numerical methods for
nonlinear knapsack problems.

The research outcome from this proposed research
should be applicable to a wide range of real-world
optimization problems, and the derivation of certain
efficient solution methods for nonlinear knapsack
problems will advance the state-of-the-art in the
above-mentioned academic challenge.

(MP01214)

Mandarin-English Information (MEI):
Investigating Multi-Scale Query and Document
Expansion for Translingual Spoken Document
Retrieval

225

& MENG Mei Ling Helen ¢ KWOK Kui Lam* e
WANG Hsin Min*

Q1 November 2001

+ Research Grants Council (Earmarked Grants)

Current Web-based search engines preponderantly
search for textual information expressed in the
query's language. As massive quantities of
multimedia content become readily available in the
growing global information infrastructures, there is
strong motivation to develop crosslingual and

crossmedia  (CLCM)  information  retrieval
technologies. CLCM retrieval enables the user to
search for personally-relevant content in any

language or medium. We have developed one of the
first  English-Chinese  cross-language  spoken
document retrieval (CL-SDR) systems - the MEI
English
newswire stories are used as queries to retrieve

(Mandarin-English Information) system.

related Chinese radio news broadcasts from an audio
collection. MEI integrates three key technologies:
(1) speech recognition, for indexing the document
collection; (2) machine translation, for crossing the
query/collection and (3)
information retrieval, to search for relevant
English-Chinese CL-SDR is hampered
by several prevailing problems, including: (i) open
vocabularies in trandation and recognition, (ii)
tranglation ambiguities, (iii) recognition errors, (iv)
Chinese word tokenization ambiguity, and (v)
Chinese homophones.

We advocate a novel multi-scale retrieval paradigm,
where both words and subwords (i.e. Chinese

language  barrier;

documents.

characters/syllables) are used for retrieval. Initial
investigation indicates that the multi-scale approach
typically popular
approach. This project strives to further improve
English-Chinese =~ CL-SDR  performance by
investigating how query expansion and document
expansion can be incorporated into our multi-scale
paradigm. Our objective is to compensate for

imprecise or incorrect translations, untranslatable

outperforms  the word-only

terms and erroneous recognition through enrichment
of the query / document with additional terms drawn
from the same collection or other contemporaneous /
side collection(s).

(CS01223)

Domain-Optimized Generation for Computer
Speech Output with High Naturalness

Faculty of Engineering



Dept of Systems Engineering & Engin. Management

& MENG Mei Ling Helen
O 1 November 2001

+ CUHK Research Committee Funding (Direct
Grants)

We propose an approach in developing a speech
synthesis technique aimed at highly natural response
generation in domain-specific spoken language
applications. Our approach handles two Chinese
dialects — Cantonese and Putonghua. The technique
will be applied to specific application domains such
as air travel, foreign exchange, stocks, etc. The
Chinese syllable is selected to be our basic unit for
concatenation. Each unit label includes a two-digit
appendix to encode the distinctive features of the left
and right
approach s
motivated.

coarticulatory context. Hence our

phonologically and linguistically
Our approach attempts to maximize
intelligibility and naturalness of the generated
responses within the application domain. This is
important for the usability of the human-computer
interface. In order to illustrate the contribution of
domain-based optimization, we will compare the
quality of the outputs
domain-independent synthesizer. In addition, we
will investigate the portability of our approach across

domains and across Chinese dialects, as well as the

synthesized with a

scalability of our approach from simple domains to
complex domains.
(EE01810)

"The Author Once, Present Anywhere (AOPA)"
Software Platform

& MENG Mei Ling Helen e CHING Pak Chung
(Dept of Electronic Engineering)

O 1 February 2002

+ Funding from Other Sponsors e Innovation and
Technology Support Programme, ITF,
Innovation & Technology Commission

We propose to develop the AOPA software platform
that supports rapid development of “universally
accessible” Chinese Web content for E-business
service provision. The content is accessible by
displayless voice browsers for telephones or for the
elderly / visually impaired, mobile mini-browsers for
Internet-ready phones and PDAs, and regular Web
browsers for desktop PCs. AOPA enables Web

content/service providers, ISPs, and ASPs to author

Faculty of Engineering

and maintain a single content repository, which
automatically adopts usability-optimized presentation
styles to reach the client devices of diverse form
factors. Web visitors using mobile handhelds or
telephones will outnumber those using desktop PCs
within three years. Universal accessibility enables
information dissemination to a much wider audience.
This is to B2B/B2C

E-commerce, voice-enabled

critical and Dbeneficial
M-commerce and
E-commerce.

(EE01512)
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Towards Cost-Effective E-business in the News
Media & Publishing Industry Using NewsML

& WONG Kam Fai William e YANG Christopher
Chuen Chi ¢ LAM Wai ¢ CHEUNG David* e
LU Qin*

O 1 July 2001

« Funding from Other Sponsors e Innovation and
Technology Support Programme, ITF,
Innovation & Technology Commission

XML (Extensible Markup Language) is a universal
data format and an enabling technology for integrated
Adopting XML
appropriately can speed up the pace of e-commerce in

electronic  business solutions.
Hong Kong and enhance Hong Kong’s, mmercial
competitiveness in the world. This applies to the
news media and publishing (NMP) industry which
involves processing and exchange of large amount of
information. NewsML is the international XML
standard defined for the NMP industry. The
NewsML standard is designed for smoothening
internal operations, e.g. data interchange, leading to
better quality of services and higher efficieny.
These, in turn, can open up many new e-commerce
opportunities. Although the advantages of NewsML
have been recognized internationally, the Hong Kong
NMP industry has only recently started to investigate
it. This can seriouly weaken the competitiveness of
the Hong Kong NMP
worldwide.

industry  worldwide.
Thus, there is an urgency for them to
exploit the potentials of NewsML and its associated
technology. This lays down the goal of this project:
establishment and promotion of a local NewsML
standard and its supporting tools. Opions from
XML experts in different sectors: higher education,
news providers, news aggregators and technology
providers will be solicited in defining the local

NewsML standard.
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(EE01966)

Concept-based  Chinese/English
Information Retrieval

Cross-lingual

&  YANG Christopher Chuen Chi
O 1 January 2002

+ CUHK Research Committee Funding (Direct
Grants)

The information available in languages other than
English on the World Wide Web is increasing
significantly. It is predicted that there will be only
60% increase in Internet users among English
speakers but there will be 150% growth among
non-English speakers for the next five years. By
2005, 57% of Internet users will be non-English
speakers. The demand of searching across language
be
Although a few cross-lingual information retrieval
works have been done, most of them are across

boundaries  will growing  exponentially.

several European languages, such as English, Spanish,
German, French, and Italian. The difficulties of
cross-lingual information retrieval between European
and Asian languages are comparatively higher than
those between European languages.
to several reasons: (1) machine translation techniques

These are due

between European and Asian languages are rather
less mature; (2) parallel/comparable corpus
European and Asian languages are comparatively rare;
(3) the grammar of European and Asian languages
are significantly different.

As English and Chinese are the most popular

in

languages in the world, the desire on an efficient and
effective Chinese-English cross-lingual information
retrieval system is significant although there are still
many research problems to be solved.

In this project, we propose to employ the concept
space inference network
techniques Chinese-English
cross-lingual information retrieval system. Several
problems will be investigated and the contributions

and fuzzy Baysian

to develop a

are summarized as follows:
(1) Investigate the indexing
techniques and develop an efficient technique to

current Chinese
retrieve significant Chinese term phrase, especially
the unknown words that cannot be found in
dictionary.
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(2) Generate au automatic concept space using
Hopfield network based on a parallel/comparable
corpus.

(3) Develop an inference network, which utilize the
automatic generated concept space, for cross-lingual
information retrieval.

(EE01564)

Concurrent and Personalized Data Mining with a
Large Number of Users

& YU Jeffrey Xu e LU Hongjun*
O 1 October 2001

¢ Research Grants Council (Earmarked Grants)

*

Data mining is a powerful technology being widely
adopted to help decision makers focus on the most
important nontrivial/predictive information/patterns
that can be extracted from large amounts of data they
continuously accumulate in their daily business
operations or obtain from datafeeds or WWW on the
These hidden interesting patterns are
highly expected to maximize a certain objective
function in a decision domain.
even with the same data set and in the same institute,
different users may have different objectives, and
therefore attempt to mine/monitor patterns that are
likely to affect the values of parameters of their
objective functions. In this project, we will design
and implement a concurrent and personalized data
mining system for a large number of users. By
personalization, we mean that a user can express their
interests to mine/monitor pattern and pattern changes

Internet.

In real applications,

using constraints.
compute such personalized data mining queries
simultaneously. Our main objectives are to increase

By concurrent, we mean to

expressive power for users to express their interests,
and to reduce total computational costs and shorten
response time for mining/monitoring patterns or
pattern changes in a dynamic environment in which
data evolves through systematic addition of blocks of
data.

(CS01229)

Primal-Dual Interior Point Approach to

Multi-Stage Stochastic Programming

& ZHANG Shuzhong
O 1 October 2001

% Research Grants Council (Earmarked Grants)

£ X4
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This research project aims at developing new and
high performance solution methods for multiple stage
stochastic (convex) programming. We, as human
being, too often are compelled to make decisions
while the consequences of the decisions depend
largely upon the unknown future.
way for us, but to live with the uncertainty of this
However, we can learn to improve our

There is no other

nature.
ability to reduce of getting trapped into some
undesirable situations by means of, e.g., quantitative
techniques.
a tool developed in the field of optimization to cope
with the problem of decision-making under
uncertainty. Among others, stochastic programming

Stochastic programming is exactly such

has found many applications in finance, such as
asset-liability and bond-portfolio management. The
conceptual model being extremely useful beyond any
debate, many stochastic programming applications
still remain computationally intractable because of
their overwhelming dimensionality. Much research
effort has been devoted to the numerical aspects of
stochastic programming. The success, however, has
been only moderate so far. In particular, only
two-stage stochastic programming with a linear
objective is studied extensively in the literature. In
this project we propose to study a new decomposition
approach for multiple-stage stochastic programming
with a convex objective, based on the path-following
method
homogeneous self-dual embedding technique. A
pilot study has been conducted along this direction.
Our preliminary numerical experiments show that

interior  point combined with the

this approach is very promising in many ways for
solving generic multi-stage stochastic programming,
including its superiority in terms of numerical
efficiency, as well as the flexibility in testing and
analyzing the model.

(MP01233)

Risk-Sensitive Control

& ZHOU Xunyu e YAO David Da Wei
O 1 December 2001

7

+ Research Grants Council (Earmarked Grants)

Traditional stochastic control deals with risk-neutral
problems in the sense of minimizing the expected
total cost over the decision horizon.
control addresses a different class of objective
functions that amplify the
sensitivity to large cost values.

Risk-sensitive

decision-maker's
Because of its

Faculty of Engineering

importance and wide ranging applications,

risk-sensitive control has in recent years attracted

extensive research effort in the control community.

Nevertheless, some fundamental problems remain

open, and it is the objective of this proposal to study

three such problems:

(1) risk-sensitive maximum principle,

(2) risk-sensitive linear-quadratic control, and

(3) connections between risk-sensitive control and
the theory of large deviations.

We expect our proposed investigation to contribute

new knowledge and new solution approaches to

control, and help enlarge the

application domain of stochastic control, in particular

risk-sensitive

to areas that are highly vulnerable to risks, such as
insurance, financial services, and high-tech startups.
(MP01234)

Please refer to previous issues of this publication
for more details of the following ongoing research
at the department:

Edition Title/Investigators

1999-00  Earliness/Tardiness Scheduling Subject
to Known Due Dates and an Unknown
Deadline (CU99418)
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Application to Intelligent Text Filtering
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