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FOREWORD FROM PRESIDENT

I am very pleased to launch MMU’s first ever R&D Roadmap blueprint. This roadmap
not only charts our R&D directions for the short and medium term period, but also lays
emphasis on our R&D strengths and niche areas within the domains of Multimedia
Communcations Technology, Multimedia Knowledge Technology, and Business &
Management. It is hoped that with this roadmap, our researchers will be more focused
and their efforts and results will be fully synergised to reach even higher levels of
achievement. It is also hoped that, with other parties being more informed of our R&D
initiatives, there will be offers for very fruitful collaborations, which will be very much
welcomed.
This roadmap is the result of one of the key initiatives within the MMU Strategic
Planning Programme. I would like to congratulate the Task Force for R&D Excellence,
led by Prof. Tou Teck Yong, for spearheading this key initiative. Most of all, I would like
to congratulate all the MMU staff who have contributed to the roadmap with so much
enthusiasm. It is OUR roadmap, and together we shall make this a success.

Zaharin Yusoff (Prof. Dr.)
President
Multimedia University
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INTRODUCTION
1. Objective
This document is aimed at being the blueprint for the MMU R&D Roadmap: 2008—2014 in high impact
and niche areas based on MMU‟s current and future expertise. The ultimate goal for the roadmap is:
Conducting research & development and commercialising next generation infra- and
info-structures, content, core competencies, services and products towards providing
seamless multimedia communication access for all, and providing users with state-ofthe-art tools to manage knowledge effectively at work and at home, as well as gearing
industry towards managing innovations.
2. Overall Roadmap
The ultimate goal as stated will be delivered via three strategies:
 Universal Multimedia Access (UMA)
(subgoal – providing next generation infrastructures for seamless multimedia communication
access for all)
 Multimedia Knowledge Technology (MKT)
(subgoal – developing next generation info-structures to provide users with state-of-the-art tools
to manage knowledge effectively at work and at home)
 Meta Innovation Management (MIM)
(subgoal – gearing industry towards managing innovations)
Underlying the goal statement, and what puts these three seemingly disparate domains together, is the
aspiration to provide the proper environment to boost the country‟s economic activities within the
knowledge economy. One aspect would be by way of the development of infrastructures/utilities, in
particular via accessibility of multimedia services under different and varying network conditions,
diverse terminal equipment capabilities, dissimilar user preferences or needs, and usage environment
conditions (in other words, „convergence‟). Another aspect would be by way of the provision of infostructures, in particular via tools, technologies and methodologies to support knowledge management
(ranging from acquisition, through organisation to application). Above all, the third aspect is through the
management of all innovations, in particular towards the commercialisation of all products and services
resulting from the above.
MMU is very much aware of the various national initiatives to achieve the above. As such, the roadmap
is indeed in line with, or is inspired by, several national or corporate roadmaps. This will not only ensure
relevance but also potential markets for the results of the R&D initiatives, not to mention that possible
collaborators targeting very related goals would want to synergise their efforts with MMU. Above all, it is
very much MMU‟s desire to contribute to the nation and naturally to its parent company.
Universal Multimedia Access is in line with the TM R&D and National R&D Roadmaps, whereby
there is a need to achieve a truly ubiquitous access to, and the consumption of, multimedia
content, aiming at guaranteeing unrestricted access to multimedia content from any device,
through any network, at any time, independent of the original content format, with quality and
efficiency, and by satisfying diverse user preferences and usage environment conditions.
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Multimedia Knowledge Technology is very much in line with MyICMS 886 (Malaysian
Information, Communications and Multimedia Services) and MOSTI’s 9MP ICT R&D
Roadmaps, whereby tenets of the knowledge economy need to be well supported by advanced
technologies as well as by methodologies for knowledge acquisition, storage, exploitation, and
dissemination (knowledge management). Computing power is a must for advanced economies,
and there is clearly a dire need to harness all available computing power as a single virtual unit
for better efficiency and easier usage.
(Meta-) Innovation Management is in line with IMP3 to support the nation‟s move towards the
service/digital/knowledge economy, driven by new forms of service value creation which are
ubiquitous and more humane in nature. This will be mainly carried out through the entrepreneurial
search of e-services market/society needs; translating it into technology requirements with
intellectual property rights; and ensuring sustainability of its commercial values.
Each strategy will be further divided into several programmes as depicted in Figure 1 below:

MMU R&D Roadmap

Universal Multimedia
Access

Meta Innovation
Management

UMA1 Multimedia Device Convergence

MIM1 Service Embodied Technology

UMA2 Multimedia Signal Processing

MIM2 Knowledge Management and Society

UMA3 Mulltimodal Utility Delivery

MIM3 Intellectual property and
Commercialization

UMA4 Ubiquitous Multimedia Boradband
Access

MIM4 e-Services Entrepreneurship and
Marketing
MIM5 Integrated Society and Sustainable
Growth

Multimedia Knowledge
Technology
MKT1 High Performance Computing
MKT2 Multimedia Knowledge Processor Builder
MKT3 Creative Multimedia and Knowledge
Management
Flagship Projects:
 i-Habitat
 myHealth
 myLearning
 Culture and Heritage

Figure 1: Programmes within the three strategies in the Roadmap
A component view of the Roadmap is given in Figure 2, whereby Universal Multimedia Access is seen
to provide the delivery infrastructure for Multimedia Knowledge Technology, which within itself provides
the necessary info-structure for the development of creative content and high level
applications/services. The innovations resulting from these two strategies will be delivered with socioeconomic impact to industry and society via Meta Innovation Management.
Within the strategy Universal Multimedia Access, the programme Multimedia Device Convergence
will conduct research on the integration of an extensive range of materials, components and devices
into a functional device to support the strategy starting at the most basic building block of matter and
extending all the way to sophisticated engineering application technologies relevant to today and critical
to tomorrow. Multimedia Signal Processing is concerned with the processing of signal data in an
effective and user-friendly manner. Multimodal Utility Delivery aims to provide enhanced and value
added performance to the core/basic communication system in various ways that ensure
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„communication and service protection‟, and Ubiquitous Multimedia Broadband Access aims to develop
a ubiquitous multi-service broadband Internet experience at anywhere and anytime.
The Multimedia Knowledge Technology strategy has three programmes, namely High Performance
Computing, Multimedia Knowledge Processor Builder, and Creative Multimedia and Knowledge
Management. High Performance Computing will provide a powerful computing infrastructure for the
results/applications developed in the Knowledge Management Application Builder programme. The said
computing infrastructure will ride on and hence be deployed to industry via the infrastructure under the
earlier strategy of Universal Multimedia Access. Multimedia Knowledge Processor Builder looks at the
extraction of knowledge from a variety of (multimedia & multimodal) sources, its representation, and its
processing and dissemination in a manner suitable for high level applications. The Creative Multimedia
and Knowledge Management programme offers “choice and access for all” through user empowered
creative content generation with seamless, ubiquitous delivery.
Along similar lines, within the Management Innovation Management strategy looks at the broad
spectrum of ubiquitous technologies and applications that support services that are embedded in
people‟s lives, through situational objects by enabling the use of information towards the betterment of
society. Its specific focus is on Service Embodied technology and Applications, Knowledge
Management and Society, Intellectual Property and Commercialisation, e-Services Entrepreneurship
and Marketing, and Integrated Society and Sustainable Growth.

Figure 2: Component view of the Roadmap
This document will detail out MMU‟s R&D plans for the three strategies that comprise the twelve
corresponding programmes. The general principles within each strategy will be outlined, and for each
programe within the strategy, the target projects will be laid out followed by the technical details. The
document will also cover the programme‟s requirements in terms of manpower and costs, as well as its
implementation plan. All these will be summarised at the strategy level. There will be several exemplar
projects proposed for each programme. Exemplar projects are projects that implement the core
components of the roadmap but will also show their application in some chosen domain.
Within the roadmap, four Flagship projects that cut across the strategies are identified for immediate
implementation. These flagship projects do not only reflect the main targeted niche areas but also
MMU‟s current strengths. They also implement the core components of the roadmap, as well as
demonstrate the feasibility and relevance of the roadmap.
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3. Roadmap Document
An R&D roadmap document of an institution lays down the plans for the institution as to what to aim for
in the immediate and mid-term future. It is a „living‟ document, in the sense that it may be modified
according to situations and needs, but it does declare the general R&D directions and focus of the
institution. A roadmap belongs to both management and staff. For the institution, and in the eyes of
external parties, having a roadmap shows:


Commitment:
 Provides & shows clear directions
 Provides focus on strengths and niche areas



Planned efforts:
 Supports synergies of efforts and teamwork
 Facilitates prioritisation of budget & grant applications
 Aligns newcomers
 Projects are independent of individuals

Furthermore, a roadmap is made up of:


Big picture of the development and application of generic technologies, methodologies &
techniques:
 Consolidates and expands current/base strengths
 Looks for advances and/or quantum jumps
 Applies in future applications



The W‟s and H‟s
 What
 Why
 How
 Who
 When
 How much

A roadmap is NOT:
 Description of current work, but of future aspirations
 Set of activities, but of generic technologies, methodologies, techniques
It also has to be said here that a roadmap is by design very large and cannot be implemented by a
single institution. There should always be a need to collaborate with outside parties to gain fresh input
and different perspectives. Some components may also be part of a general wish list, which may not be
achievable with current resources and expertise, but they will serve as targets to plan for and to work
towards very seriously.
MMU‟s Roadmap is based precisely on the principles stated above. The way it has been developed is
also from a mixture of top-down planning – to ensure focus on very much required domains and to
attain the necessary high level of R&D, and from bottom-up input – to ensure feasibility based on
current strengths. This approach can be visualised via the Roadmapping Spectrum in Figure 3.
As mentioned earlier, a roadmap is usually tied to several higher level national or corporate plans,
which are placed at the topmost level. These target some socio-economic impact, and express some
dream to achieve – a VISION. In MMU‟s case, its R&D roadmap is tied to the TM R&D Roadmap,
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MyICMS 886, MOSTI‟s 9MP ICT R&D Roadmaps, and IMP3, each of which have their own vision that
MMU would subscribe to.
The actual roadmap is placed at the second level of the roadmapping spectrum (Figure 3), which
normally targets some paradigm shifts (or a quantum jump in the way of doing things), and it expresses
clear GOALS. MMU‟s roadmap has elements of paradigm shifts in most of its programmes. Examples
include the emphasis on designing and developing an environment-friendly smart home customised to
Malaysian conditions and scenarios (i-Habitat), application to knowledge and communication
technologies in the health sector (myHealth), use of personalized and mobile technology for learning in
formal and/or informal teaching and learning environments (My Learning Companion), and developing
the ability to systematically acquire and create, by capturing an constructing elements of culture and
heritage through „cyber anthropology‟ (Malaysian Culture and heritage Digital Bank).

Figure 3: MMU‟s Roadmapping Spectrum
The roadmap, or rather its goal, will be achieved via several strategies – three, in MMU‟s case. The
strategies will not only look at the methods and means to attain the goal in the most effective manner,
but will also measure the results/success using well-defined quantifiable socio-economic points. These
points will be positioned as the OBJECTIVES of the strategies.
Strategies will be implemented via programmes – a total of 12 in MMU‟s case. Programmes set their
targets in terms of macro-system deliverables, and they put the deliverables together to offer META
SERVICES. For example, Multimedia Device Convergence integrates the extensive range of materials,
components and devices into a functional device to support the Universal Multimedia Access strategy
while the Multimedia Signal Processing deals with the processing of these data in an effective and userfriendly manner.
Programmes will be implemented via projects, where each project implements a FUNCTION of the
programme. For example, Multimedia Device Convergence has at least three functions which will be
implemented as projects: Component Designs and Fabrications – for developing capability in the
design and fabrication of physical materials and functional devices, leading to realisation of physical
systems at higher levels; Circuit Designs – for developing core competency in circuit designs,
supporting requirements for advanced processing or computing architectures; or Multimedia Systems
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for developing core user interface devices and systems with multimedia display interfacing with efficient
multimedia information and data display with manipulation in various forms to users or between
components A project in itself may be quite large – equivalent to, say, the e-Science top-down project,
or a TechnoFund project, depending on its size and commercial viability. It is also almost always multidisciplinary in nature, and has very clear measurable deliverables.
Projects are put together from results of sub-projects, which are often applications of technologies that
are deployed to get specific tasks carried out, and can be seen as PRODUCTS. The results of
applications are very tangible deliverables. For example (see later), The Multimedia Knowledge
Technology strategy has a programme called Knowledge Management Application Builder, which in
turn has a project (out of six projects) called Knowledge Extraction, which has well over ten applications
(e.g. Word-Sense Processing, Linkages to Concepts, Discourse Analysis, etc.). Grant-wise, an
application is at the level of Science Fund or TechnoFund, again depending on its scientific merit or
commercial viability.
Finally, applications are made up of discipline based technologies, which form the building blocks or
PARTS of the products/applications. These are in turn made up of domain based components and
data, which form the basic bricks or GENERIC PARTS. These technologies and components can
usually be applied to many different areas. For instance, data mining algorithms are at the technology
level and may be used in many different products, such as prediction systems and knowledge
extraction engines. These products may be deployed in many different services, such as smart home,
healthcare, education, etc, at the service level. At the level of grants, these are clearly for Science Fund
or short term grants. Faculty and postgraduate research are usually at this level, and it is considered
core and seldom multi-disciplinary.
In the rest of the document, all programmes will be presented using this roadmapping framework
(Figure 3) and supported by component diagrams (Figure 2) to show the relationships amongst projects
within programmes.

4. Universal Multimedia Access
This is one of the three strategies in the roadmap and it is drawn from one of MMU‟s main strengths,
which is telecommunication engineering. Recall that this strategy has as subgoal:
Providing next generation infrastructures for seamless multimedia communication
access for all
Recall also that this strategy will be delivered via four programmes, which can be seen within the
roadmapping spectrum in Figure 4 further below. The corresponding component diagram establishing
the relationships between the programmes is the relevant part of Figure 2, with the explanation
immediately following that diagram.
The main innovative R&D values in each of the programmes and a brief summary are highlighted
below, the details of which will be elaborated in PART I:
 (UMA1) Multimedia Device Convergence
 Component Designs & Fabrication
 Circuit Designs
 Multimedia Systems
This programme prepares for the integration of an extensive range of materials, components and
devices into a functional device to support the strategy. We start at the most basic building block of
matter and extend it all the way to sophisticated engineering application technologies relevant to today
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and critical to tomorrow. There are 3 areas earmarked as focus areas in achieving the programme
objectives.
(1) Component Designs & Fabrication: This sub-programme aims to develop capability in the design
and fabrication of physical materials and functional devices, leading to the realisation of physical
systems at higher levels.
(a) Material Designs and Synthesis: Major research areas include (i) nanoscale chemical synthesis
and organization of nano-materials into macroscopic structures; (ii) solid state chemical and physical
synthesis and discovery of optical, magnetic, thermoelectrics and ferroelectrics materials; (iii) batteries
and photovoltaic composites, (iv) basic research in synthesis and processing science – for developing
innovative synthesis techniques.
(b) Functional Devices: The functional devices include electronic devices such as transistor, diodes,
magnetic heads/encoders which are key components in all electronics, optical and electrical related
equipment, optoelectronics and optical devices such as detector, LED, lasers, fiber devices which are
important building blocks in optical communication systems, whereas bio-chemical sensors are
important components for medical and health applications.
(c) Fabrication Technology: This covers a wide range of specialized precision fabrication especially
for semiconductor, optical and magnetic thin film, which includes Wafer fabrication process, Optical
Fabrication, Advanced lithography, Etching process, and Thin film deposition.
(d) Diagnostic Technology: Major research areas include (i) electrical current-voltage measurement,
capacitance-voltage measurement and electrochemical impedance spectroscopy, (ii) morphology
studies such as transmission electron microscopy, scanning electron microscopy, and atomic force
microscope, (iii) thermal analysis such as Thermo Gravimetric Analysis, Differential Thermal Analysis,
and Differential Scanning Calorimetry, (iv) spectroscopy such as photoluminescence spectroscopy, (v)
magnetic measurement such as vibrating sample magnetometer and superconducting quantum
interference device magnetometer, (vi) structure and crystalline properties such as X-ray diffraction and
Fourier Transform Infrared spectrometry.
(2) Circuit Designs:
This sub-program aims to develop core competency in circuit designs, supporting requirements for
advanced processing or computing architectures as follow:
(a) Mixed Signal Designs: The industry‟s growing ability to integrate functionality onto silicon requires
that both the digital and analog circuits be increasingly integrated on the same chip.
(b) Embedded Systems: This area has become important as the control part of the common devices
used in many applications. Examples include microcontroller, microprocessor, and system on chip
designs.
(c) Parallel Computing: This includes multi-core, symmetric and distributed models, memory
architectures and communication.
(d) Data Converters & Transceivers: Examples are ADC/DAC, transponders, transverters, and
repeaters.
(3) Multimedia Systems:
This sub-program aims to develop core user interface devices and systems with multimedia display
interfacing with efficient multimedia information and data display with manipulation in various forms to
users or between components:
(i) Portable Devices: Devices which are small to be carried around, in which the user will be able to
access information anywhere and anytime. Examples of are hand-phones, and laptops.
(ii) Multimedia Display: This includes multimedia systems usually displayed or accessed by
information content processing devices, such as TVs, Home Theatres, Information Kiosks.
 (UMA2) Multimedia Signal processing
 Data Acquisition, Aggregation and Abstraction
 Signal Processing for Communications
 Information and Media Security
 Multimodal Processing
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 Optical Signal Processing
 Microarray Data Processing
The main goal of multimedia signal processing is concerned with the processing of signal data in an
effective and user-friendly manner. This applies to all segments of multimedia and communication
systems, i.e. in applications concerned with recordings and storage, performing searches in databases,
security encryption, and in man–machine communications. To support these applications, a new
generation of multimedia signal processing techniques is needed. The global and national requirement
for emerging multimedia applications provides a strong motivation for the next generation initiatives in
MMU.
Data acquisition, aggregation and abstraction deal with the acquisition of different multimedia data as
well as the integration and abstraction of these data. In broadband communications application, signal
processing plays a great role in many aspects of the field, such as multiuser detection, channel
estimation and equalization, echo cancellation and adaptive modulation. Next, the media, whether to be
transmitted or stored, need some kind of media security to protect them from malicious intruders; and
this can be addressed by signal processing as well. Media copyright also falls under this category
where watermarking and steganography techniques can be applied. Multimodal processing deals with
the processing and analysis of signal, audio, image and video data, and the applications off it such as
the content-based retrieval, pattern recognition, biometrics identification and video object recognition.
However this area largely overlaps the knowledge extraction module under the Multimedia Knowledge
Technology (MKT) cluster. To prevent this, all multimodal processing that does not involve feature
extraction techniques will be covered in this area, and all those involving feature and knowledge
extraction of the data will be covered by the MKT cluster. Therefore the multimodal processing deals
with the enhancement, restoration and segmentation of the data, be it at the device side, or the
computer side. The last two areas cover specific types of data, the optical signal and microarray data.
Optical signal processing covers all processing and analysis of optical signals. The processing of
optical signals is different from other signals because they involve light propagation. An example of
optical signal processing application is holography. Finally, microarray data processing deals with the
processing of microarray data, which can be DNA microarray, protein micro array, tissue microarray
and some other microscopic data. This area is included because it plays some role in the telemedicine
and telehealth applications.
 (UMA3) Multimodal Utility Delivery
 Power Quality Assurance and Protection
 Efficient/Portable Energy Source & Storage
 Humanoid & Ubiquitous Robotics & Manufacturing Technology
This program aims to provide enhanced and value added performance to the core/basic communication
system in various ways, which is committed to “communication and service protection”. The level of
communication and service satisfaction is not something that can be compromised. The multimodal
utility delivery programme aims to develop supporting technology to ensure efficient, effective, and
uninterrupted delivery of multimedia services, products and access.
The scope of this programme encompasses:
power quality assurance and protection – for ensuring the continuous supply of power to
ensure the proper operation of the communication networks and delivery of multimedia services
efficient / portable energy source and storage – for enabling long-life operation of mobile
terminals or non-manual rechargeable terminals such as wireless sensor nodes
efficient robotic and manufacturing technology – for production of affordable and cost-effective
devices, circuits, equipment and network elements.
The research focus areas are
(1) Power Quality & Protection: Power Quality Analysis, UPS, Power Electronics, and Earthing.
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(2) Energy Source & Storage: Efficient/Portable Energy Sources, Compact Battery, and
Photovoltaic.
(3) Production Logistics: Statistical & Judgment Forecasting, Planning & Scheduling, Supply Chain
& Quality Management, Theory of Constraints, and New Product Development.
(4) Humanoid: Real time multi-core processing and Bio-inspired Computing.
(5) Ubiquitous Robotics: Multi-agent Robots, Gesture Recognition, Object Tracking, and Pattern
recognition.
(6) Thermo-Mechanical Systems: Flow, Heat, Thermodynamics, and Thermal Cooling Designs.
 (UMA4) Ubiquitous Multimedia Broadband Access
 Network Control and Services
 Last Mile Network
 Core Communication Backbone Networks
 Network Enabling Technologies
This program aims to develop a ubiquitous multi-service broadband Internet experience at anywhere
and anytime. This essentially encompasses a wide spectrum of technologies, ranging from network
control and services, last mile and core backbone networks and various supporting technologies, in
providing high speed broadband communications.
There are four key focus areas in this program, which are briefly described as follows:
(1) Network control and services which include the network protocols used to provision network
resources, network services for supporting new and emerging multimedia applications, and the
supporting control mechanisms. Our research emphasis in this area includes:
Provisioning of Quality of Service (QoS), which includes QoS service model and architecture,
packet scheduling, admission control, traffic shaping and policing, buffer management,
signalling and resource reservation mechanisms, end-to-end QoS provisioning, etc.
Next generation network protocols, such as IPv6
Enhancement of existing network protocols (e.g. TCP, UDP) for multimedia applications
Multicasting
Peer-to-peer and overlay networks
Mobility management
Session management, especially the emerging multi-party multimedia communications
Network security at link and network layers
Network support for emerging multimedia services, such as IPTv, mobile TV
(2) Last mile network is the final leg of delivering connectivity from a communication provider to a
customer. Today, end users have a wide variety of choices from both wired and wireless technologies.
We focus on current and future access technologies that are most applicable in Malaysia, such as fibreto-the-home (FTTH), IEEE 802.11 based wireless networks, IEEE 802.16 WiMAX networks and 3G and
beyond mobile networks. The research focus in this area includes:
Capacity planning and network design
Channel assignment, base stations (or access points) placement in large-scale Wi-Fi or
WiMAX deployment
QoS provisioning in the access networks
Radio and antenna technologies
Various issues in mobile ad hoc networks, wireless mesh networks and vehicular networks,
such as routing, scheduling, fast handover, etc.
Deployment of FTTH
Hybrid access networks, e.g. radio over fibre
Passive optical components
Design and development of a next generation photonics access network
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(3) Core backbone networks. The focus is on the high capacity communication facilities that
interconnect various edge and access networks together, specifically, on optical burst switching and
optical packet switching.
(4) Enabling technologies which refer to a number of techniques and mechanisms in use for the
access networks as well as core backbone networks. Our key focus is in the following topics:
Multiple access techniques such as various flavours of carrier sense multiple access (CSMA),
orthogonal frequency division multiple access (OFDMA), etc.
Multiplexing and multiple access techniques in optical networks, such as Wavelength Division
Multiplexing (WDM), Optical Code Division Multiple Access (OCDMA), Optical Time Division
Multiple Access (OTDMA), etc.
Optical devices, e.g. optical sources, passive devices, optical amplifier, integrated optical
circuit.

Figure 4: Roadmapping Spectrum for Universal Multimedia Access

5. Multimedia Knowledge Technology
The need for powerful computational resources is very pertinent, and so is the need for managing
knowledge, both receiving major emphasis in all national ICT master plans. It is only appropriate that
MMU takes on this challenge, whereby its staff already has considerable expertise in network
technology (leading to grid computing) and enterprise information strategies (leading to knowledge).
Recall that this strategy has the following subgoal:
Developing next generation info-structures to provide users with state-of-the-art
tools to manage knowledge effectively at work and at home

10

Multimedia University MMU)
MMU R&D Roadmap for High Impact & Niche Areas

As mentioned, this strategy will be delivered via 3 programmes as shown in the roadmapping spectrum
diagram in Figure 5. Again, the corresponding component diagram can be found in the relevant part of
Figure 2, with the explanation on the relationships between the programmes shortly following that
diagram.

Figure 5: Roadmapping Spectrum for Multimedia Knowledge Technology

The main innovative R&D values in each of the programmes and a brief summary are highlighted
below, the details of which will be elaborated in PART II:
 (MKT1) High Performance Computing
 Optimization of Java Virtual Machines on Multi-core Technologies for Web Services
 Adaptive Performance Modeling for Characterization of liver texture Using Grid Computing
 Dynamic Job Grouping-Based Scheduling for Grid Applications
 Lightweight security for Grid Information Systems
 Thread Fair Preferential Algorithm for Linux Scheduler
 Improved scheduling through cache affinity in a multi-core environment
High performance computing grew out of supercomputing. In the early days of supercomputing, people
concentrated on making faster and faster mainframe computers, e.g. Cray. However, a revolution in
thinking started happening in the 90s as more and more desktop computers became networked.
As a result, High Performance Computing emerged, consisting of multiple processors in some way. It
often is constructed using mass-produced off-the-shelf computers networked together into clusters.
Because of their flexibility, power, and relatively low cost, HPC systems increasingly dominate the world
of supercomputing.
Networked clusters grew into grid computing, and as parallel, multi-core processors became affordable
and ubiquitous – to the point that the cheapest PCs sold by major vendors these days are multi-core –
multi-core computers are now becoming common as base computers for HPC systems.
Grid computing is distinguished from clusters in that clusters have a unified administration in a local
area, whereas the grid is spread out across organizational boundaries. A cluster is usually connected
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using a high-speed local area network, while a grid may consist of individual computers and clusters
connected through a wide area network with lower-speed connections – but the ultimate computing
power of a grid is usually greater because more processors are ultimately involved.
Research in HPC can be divided into two major areas:
1. Infrastructure research – whether in grid/clusters or multi-core processors.
2. Applications research – using the grid/cluster platforms and multi-core processors as a tool.

High Performance
Computing

Grid
Computing

Multi-core
Processing

Infrastructure
Research

Applications
research

Figure 6: MKT1 Generic Framework
 (MKT2) Multimedia Knowledge Processor Builder
 Multimedia data processing e.g. text, speech, audio, video, music and image processing
 Biomedical data processing e.g. ECG, EEG and biomedical 2-D/ 3-D images
 Computer Vision
 Multimedia data Mining, Knowledge Discovery and Representation
 Artificial intelligence and Machine Learning Techniques
 Theoretical frameworks for multimedia data mining and representation
 Biometrics and bioinformatics
 Multimedia data compression, encryption and Communication
 Telemedicine and e-learning
 Symbol Grounding for robotics
 Decision Support Systems
Knowledge extraction, representation, and processing are emerging fields that are commanding great
attention from the research and industrial communities globally. Multimedia knowledge Processor
Builder (MKPB) refers to the extraction of knowledge from a variety of (multimedia & multimodal)
sources, its representation, and its processing in a manner suitable for high level applications. MKPB
encompasses several domains such as feature identification, feature extraction, dimensional reduction,
feature classification, knowledge representation, system automation, multimedia data mining and
knowledge discovery and as such MKPB has theoretical ramifications as well as applications in many
diversified areas as listed below:
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a)
b)
c)
d)
e)
f)
g)
h)
i)
j)

Multimedia signal/data processing e.g. text, speech, music, audio, video, and image processing
Biomedical signal processing e.g. ECG, EEG and biomedical 2-D/ 3-D image processing
Biometrics and bioinformatics
Artificial intelligence
Artificial vision
Multimedia data compression
Telemedicine
Decision Support Systems
Symbol Grounding
Theoretical frameworks for multimedia data mining

Machine
Translation
Multimedia
Knowledge
Processing
(Processors)

Information
Retrieval
Data/Text
Mining

Question
Answering

Universal
Multimedia Filter

Object
Recognition
Search

Data
Compression

Video
Retrieval

BCI

Graphic Computer
Synthesis
Vision

Music
Informatics

Identity

Robotic
Navigation

Surveillance

User
Authentication

3-D
reconstruction
of Medical
images

Profiling
Machine
Learning

Knowledge/ Ontology

Multimedia
Knowledge
Representation

Object
Detection
Meaning

3D
reconstruction

Scene
Segmentation

Semantic
Information

Symbolic
grounding

Diagnostic
Information

Classification

Database/XML

Frame

Frequency
Multimedia
Knowledge
Extraction

Geometry
Triangulation

Texture
Features

Pitch

Duration

Time

Dynamic

Shape
Color

Text

Optical
Flow

Speech

Multimedia
Raw Data

Corresponding
Matching

Image (2D)

3D

Motion
Vector
video

Stereo

Wavefo
rm

Music

MIDI/Score

Biosignal

Heart rate

EKG

Log
data

Figure 7: MKPB Generic Framework
As shown in Figure 7, three activities, namely, multimedia knowledge extraction, representation and
processing will form the building blocks of the MKPB system. All these activities involve using
algorithms to detect, extract and represent desired features from digitized multimedia signals which
may be 1-D, 2-D or 3-D signals. For processing and transforming the features into useful knowledge,
various AI techniques such as neural networks, wavelets, fuzzy logic, decision trees, genetic
algorithms, vector quantization methods and hidden Markov models are made use of.
 (MKT3) Creative Multimedia and Knowledge Management
 Interpretation & Expression
 Bridging the Digital Divide
 Social Computing
 Culture & Heritage
2
 CM
 Virtuality
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„Choice and access for all‟ is the vision of creative multimedia and knowledge management and the
programme mission is user empowered creative content generation with seamless, ubiquitous delivery.
This programme aims to develop creative content infrastructure and core competency in providing
multimedia content access, services and products. This mission can be achieved by looking at
processes that entail managing large amounts of creative content in a collaborative matrix. The
research program will cover knowledge management as well as creative multimedia content creation,
production and sustainability. The core competency developed will be deployed through flagship &
exemplar programs which band together other essential knowledge/skills from multi-disciplinary
creative areas.
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m
Virtual Reality
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Emerging technologies

Market Demand

Digital

Socio Culture Values

Figure 8: MKT3 Generic Framework
Based on Figure 8, six research projects are identified, namely interpretation and expression, bridging
2
the digital divide, social computing, culture and heritage, CM creative multimedia content matrix and
virtuality. Interpretation and expression project proposes to explore and establish a culture of
expressive art through digital media in Malaysia while bridging the digital divide project aims to
minimize the gap between the populations who have ubiquitous access to all aspects of information and
communication technologies (ICT), and with those disadvantaged population who are deprived of full
access to ICT services and applications. Social computing project aims to develop the components of
creative multimedia content creations that support social functionalities. Culture and heritage project
proposes to explore and digitally archive the elements of culture and heritage for multimedia knowledge
2
technology strategy. CM project aims to develop capability in the content creation knowledge
management technologies that enable the process of managing large amount of knowledge especially
the not so easily transferred tacit knowledge. Last but not least, the virtuality project aims to develop
techniques in creating 'realistic' online presence of a user in a virtual environment.

14

Multimedia University MMU)
MMU R&D Roadmap for High Impact & Niche Areas

6. Meta Innovation Management
All the other strategies require the methodologies and techniques to take the results to the market or to
the community at large. More pertinent is to support the nation‟s transformation towards a service
economy (and also to the knowledge economy). This strategy is designed to cover both needs. Recall
that this strategy has the following subgoal:
Gearing industry towards managing innovations
This strategy will be delivered via 4 programmes as shown in the roadmapping spectrum diagram in
Figure 9. The corresponding component diagram establishing the relationships between the
programmes can be found in the relevant part of Figure 2, with the explanation a bit further on.

Figure 9: Roadmapping Spectrum for Meta Innovation Management

The main innovative R&D values in each of the programmes are highlighted and summarized below,
the details of which will be elaborated in PART III:
 (MIM1) Service Embodied Technology and Applications (SETA)
 Creation of technology value through service dimension
 Making technology more humane to mankind
 Mitigating mobility needs and technology applications
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•

City SETA:
Sensor network to protect environment e.g. air
quality, fire, stresses on aging bridges, etc.

•

Home SETA:
EC Applications, Smart
Home,
Smart
Automobile SETA:
Appliances, etc.
Collision Avoidance, GIS,
Remote Diagnosis, etc.








Ubiquitous Service
Anytime
Anywhere
Any device
When needed

•

Organization
SETA:
Intrabusiness
Applications, RFID tag
Applications, etc.

Mobile Individual SETA:
SMS services, m-payment,
m-commerce,
location
based commerce, etc.

Figure 10. Service Embodied Technology and Applications (SETA) Framework
SETA is a set of ubiquitous technologies and applications that is developed with the multimodal
convergence. It offers service that is embedded in people‟s life through situational objects (e.g. mobile
phone, automobiles, laptop computer, television, etc.) wherever people are and whenever people prefer
to use it. Moreover, the service rendered to consumers should be „seamless / invisible to them‟, in other
words, it should be effortless/ very little effort to use the service and the service is in existence
whenever the consumers need it. There are 5 SETA clusters, i.e. home, automobile, mobile individual,
organization and city. As Malaysia is introduced to more broadband networks, particularly wireless
network such as WiFi, WiMax, 3G, and the worldwide convergence of technology, media, process and
content, Malaysian industries are now moving towards SETA, which is following the global trend of
offering ubiquitous services, particularly in developed countries. However, this does not mean that
Malaysian society will accept SETA unless there is a push factor from the industry and government.
This program will introduce methodologies to push SETA to the market for the benefit of the human
society. To do so, program must focus on the following research areas: 1) Technology acceptance, 2)
Technology readiness of society, 3) User satisfaction issues, 4) Design issues, 5) Usability issues, 6)
Security and privacy issues, 7) Governance of providers of SETA, 8) Service quality issues, 9)
Legal/policies issues, and 10) Ergonomics, health and safety issues. The benefits of this program will
be tremendous for both companies and society. Companies would benefit with higher adoption of
SETA, while society (users) will benefit from higher quality services from the use of SETA. Exemplar
projects include: 1) Design for ease of use for mobile phone SMS applications, 2) The prospects of
information technology governance in Malaysia, 3) Technology acceptance of fingerprint authentication
technology in Malaysia, 4) Legal and policy issues of SETA, etc.
 (MIM2) Knowledge Management and Society
 Defining the evolving knowledge management and society development
 Enhancing knowledge based human capital management
 Development of societal knowledge management system
The Knowledge Management and Society programme has two objectives. The first objective is to do
research on the management and usage of information in the knowledge economy. The second
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objective is to do social science research that contributes towards the betterment of our society. There
are four research areas in this programme, namely:
1) “Knowledge” Corridors
2) Human Capital Management
3) Civil Society
4) Applied Information System for Knowledge Management
1) “Knowledge” Corridors
This research area focuses on the management and usage of information for corridor/economic region
development. There are six corridors/economic regions in Malaysia, namely:
Multimedia Super Corridor (MSC)
Iskandar Development Region (IDR), now is known as Iskandar Malaysia
Northern Corridor Economic Region (NCER)
East Coast Economic Region (ECER)
Sarawak Corridor of Renewable Energy (SCORE)
Sabah Development Corridor (SDC)
2) Human Capital Management
This research area focuses on various aspects of human capital management in the knowledge
economy. The field of human capital management is specifically concerned with the management of
people in organizations. Some of the topics in this area include:
Strategic Human Resource Management
Recruitment and Selection
Training and Development
Compensation
International Human Resource Management, etc.
3) Civil Society
The focus of this research area is on social science studies that contribute towards the betterment of
our society. Some of the topics that come under this research area are:
Corporate Governance
Corporate Social Reporting
Corporate Social Responsibility
Legal Studies
Information and Communication Technology (ICT) and Poverty
Youth and Internet Dependency, etc.
4) Applied Information Systems for Knowledge Management
This research area focuses on the management and usage of information systems in the knowledge
economy. The research topics in this research area include:
Accounting Information System
Human Resource Information System
eGovernment Systems
Crisis Management and Knowledge Management Systems
Enterprise Resource Planning
E-Auditing
Tax Self-Assessment System
Taxation Online
 (MIM3) Intellectual property and Commercialisation
 Improve valuation and accounting for IP
 Enhance IP protection through effective risk management and legal enforcement
 Increase innovation and commercialization of IP
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This proposal is an R&D proposal on Intellectual Property (IP) and Commercialisation. The figure below
illustrate the programme‟s fundamentals. This programme‟s coverage includes the two overlapping
spectrums of R&D and Commercialisation. The combination of the two spectrums provide the
underlying framework for this programme.

Figure11: The Intellectual Property and Commercialisation Framework
The components of the framework are:
1. Environmental Scanning
2. Technology Trajectories Analysis
3. Opportunities Identification
4. R&D Portfolio
5. Market Grid
6. Intellectual Property Planning
7. Business Plan
8. Financial Plan
Each component has specific deliverables, namely;
1. Country/Regional Report
2. Technology Trajectory Map
3. Potential List
4. R&D Projects
5. Marketing Strategy
6. IP
7. Commercialisation Strategy
At three separate points in the 8 stages framework, the knowledge produced up to these points
provides opportunities to apply for funding (Science Fund, Techno Fund, Innov Fund, VC funding, etc).
The principal objectives of this programme are to provide:
1. a set of good practice guidelines – practices, frameworks & strategies commercilisation of R&D outputs.
2. a set of good practice guidelines – practices, frameworks & strategies appropriation and protection of rights of R&D outputs.
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 (MIM4) e-Services Entrepreneurship and Marketing
 Translating e-services needs into technology requirements
 Generation of new knowledge on e-services entrepreneurship
 Enhancing and sustaining e-services market value
The ESEM programme focuses on developing entrepreneurial and marketing capabilities for effective
delivery of technology-based and innovative services. This programme will highlight entrepreneurial,
managerial and marketing capacity building as cornerstones for continued success in Malaysia. ESEM
programme aims to develop key assessment frameworks over the next 6 years for electronic-based
public and private services. For every technology or innovation, there is a growing need for effective
entrepreneurial and marketing capabilities to ensure that these innovations are successful. Evidence
suggests that most successful projects require strong and effective marketing capability and
entrepreneurial spirit to enable success. The growing dynamics and changing business landscape
driven by the pace of change in technology and the convergence of technologies, have forced changes
in the manner in which firms produce and deliver their services. In like manner, the needs of individuals
have changed following developments in information systems and the availability of unlimited options.
Researches in ESEM programme would be categorized into three separate but linked parts: First,
researches at Micro Level [will focus on start-ups and building groundwork for future entrepreneurs].
The second part will be researches at Industry Level, which will focus on entrepreneurial activities
within firms sometimes referred to as corporate entrepreneurship. Third, researches at national level,
which will focus on policy, programme and infrastructure development to enable entrepreneurial
activities and marketing capability. Assessment of the effectiveness of existing service delivery
processes and methods and what roles entrepreneurial spirit and marketing abilities play in ensuring
successful public service delivery, will form key aspects of researches in this categories. Other aspects
of research at this level will include the influence of culture on public servant‟s ability to build value into
services. There are, at least, 5 projects being developed to support this programme at the three levels.
Core Research Themes in this programme include:
Entrepreneurship & Environment
Marketing and E-Services,
Innovation Management and Culture,
Human Resource Issues in E-service Development, etc
 (MIM5) Integrated Society and Sustainable Growth
 Mitigating financial and economic forces pertinent to knowledge society
 Development of macro environmental assessment system
 Development of micro environmental assessment system
At present stage, three ISSG research clusters are being proposed (see Diagram 1):
i.

Crisis Assessment & Risk Management
Focus at the modeling of shocks transmission mechanism (especially the financial market) and
early warning system to defend against global uncertainties, at both the regional and industry level.

ii.

Macro / Regional Level Assessment
Focus on the issues related to cross-border policy coordination, currency arrangement and trade
diversification towards sustainable growth.

iii. Micro / Industry & Firm Level Assessment
Focus on the issues related to innovations, efficiency and productivity at industry and firm level
within a nation.
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In brief, ISSG provides the research platform mainly for those specialized in finance and economics
across FBL and FOM. Accounting and law specialists will be incorporated in the second stage of the
research projects. Thus far, five exemplar projects and one flagship projects were proposed under the
ISSG program.

7. Flagship Projects
Flagship projects are projects that cut across the strategies (and domains) and are identified for
immediate implementation to demonstrate the feasibility as well as relevance and usefulness of the
roadmap. These flagship projects do not only reflect the main niche areas but also MMU‟s current
strengths. In implementing the flagship projects, part of the core components of the roadmap will also
be implemented. Five flagship projects have been identified and will be given some seed funding:
(i)
(ii)
(iii)
(iv)

i-Habitat
myHealth
My Learning Companion
Malaysian Culture and Heritage Digital Bank

These flagship projects will be detailed out in Part IV. To have a feel of the nature of such projects, we
present here very short abstracts for each of them:
 The i-Habitat flagship project is dedicated to design and develop an environment friendly smart
home customised to Malaysian conditions and scenarios. Foremost is maximizing the comfort, safety,
security, health, energy savings, ecological friendly and enjoyment of the people who live there. iHabitat technology is the integration of technology and services through home networking for a better
quality of living. At the moment i-Habitat technology is shifting from being purely concerned with the
integration of electrical equipment within the home to a broader perspective, which also includes ICT
functionalities, health-care, ubiquitous robotics and home automation and environmental friendly
design. This is visible in the i-Habitat environment in terms of different networks for work & productivity,
entertainment, communication and information and home automation that are merging and connected
to the outside world by a residential gateway(s). Generally, this project draws from various programmes
which cut across various strategies in the MMU R&D roadmap, i.e. UMA, MKT and UHI, as follows:
1) UMA: renewable energy and power management systems, intelligent ubiquitous robots and devices,
safe and secure communication system.
2) MKT: information management, user and environment modeling, sensor data stream processing and
mining, adaptive and intelligent user interface, affective computing, multimedia search and retrieval. .
3) UHI: marketing survey, cyberlaw, legal consideration and social science issue
 The myHealth flagship project‟s main objective is to develop for the health sector a wide range of
benefits, from easy access to health information and medical records to increasing cost-effectiveness in
the delivery of medical and health-care services. One of the most significant implications of these
benefits is the potential to assist the expansion of health-care services to those who currently lack
appropriate access to hospitals or medical facilities. This would benefit those in rural areas who suffer
from difficulty in gaining access to health-care services or if that particular person is not able to travel to
a nearby hospital. This is where accessibility comes into the picture.
Patient‟s health record is always sensitive and highly confidential. Electronic data handling is not an
easy task especially if we involve highly confidential data. With the advent of knowledge communication
technology and computing, data storage, management and retrieval is becoming more and more
demanding and the technological capabilities are also expanding. However, they are also vulnerable
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towards data sniffing, tampering and stealing. Hence, data handling is a big requirement in
personalized healthcare.
The flagship project aims
To provide Malaysians, pro-active, perpetual and user-friendly healthcare services over the
Internet.
To provide personalised from womb to tomb healthcare profiling.
To provide secure, intelligent and fast data handling knowledge-driven services.
The focus areas are as follow:
(A) Technology Components:
Devices/Infrastructure
Medical Imaging and Signal Processing
Telemedicine and Teleconsultation
Health informatics
Virtual Healthcare
(B) Support Components
Studies and Surveys
Education and Awareness
Intellectual Property, Legal Policies and Commercialization

The my Learning Companion (myLC) flagship has the aim to work on the new learning
paradigm facilitates through technology, networks, and mobile devices. This flagship focuses on
learner-centred, personalized, authentic, mobile and interactive learning experiences for individual
learners, without neglecting other importance components of learning on social and collaborative
learning. In line with this aim, the following are the objectives for this flagship:
•

•
•
•
•

To facilitate the achievement of Vision 2020 through the creation of mobile learning applications
and strategies focusing on learners and the supporting parties in the education system such as
their teachers and administrators. This flagship programme will constantly remind the
researchers, designers, developers and the implementer to always consider the learners‟ need,
to design learning materials and tools together “with” them.
To conduct various form of analysis & evaluations on the impact of technology or flagship
programme in education and to ensure users and learners are free and active in providing
feedback.
To design and develop a sound pedagogical conducive learning environment, materials or tools
for individual learners and also their techers & adminstrators without the restriction of time,
place, pace or skills of handling technology.
To further investigate how technology and its methods (techniques) or processes can be
improved in order to fulfill the needs of learners for better arrangement and interaction of
people, data, information, contents, knowledge and resources to support their learning.
To facilitate the integration, sustainability, cost effectiveness and accessibility of various elearning applications as educational companions that will be created and implemented within
the flagship.

The focus areas of myLC are stated as follows:
1) Analysis and Evaluation of Learning Companions
This research area will focus on the analysis on users‟ needs, evaluation on learning difficulties,
possible learning solutions faced by learners, evaluation will further determine the design and the
implementation aspect of this project, evaluation is the backbone, which need to be constantly
carried out for project improvement.
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2) Design and Development of Learning Companions
Design Learning Companions for different purposes and different target user groups; designers
work closely with the programmers, and technologist, communicate with the researchers from
Focus Area #1 (as written above)

The Malaysian Culture and Heritage Digital Bank’s main concept of this project is to develop
the ability to systematically acquire and create, by capturing, constructing and archiving elements of
Malaysian culture and heritage through visual anthropology and communications. Applications forming
this process are, but not limited to video, photography, illustrations, or a combination of all and further
explored through virtual 3 dimensional realities which include, architectural and nature simulations,
character animation, motion capture, and digital effects for cinematographic representations.
It will also study and analyze the resolutions required for the acquisition, aggregation, annotation,
categorization, archiving and retrieval for use and re-use. The concept will establish a system that not
only engage a team of skilled and semi-skilled researchers to capture and construct, but also the
general public to play a participatory role in contributing to the “Malaysian Culture and Heritage Digital
Bank”. It is anticipated that the Malaysia Government, global and local societies will be able to use this
information to increase their own awareness of contemporary issues, assist them with accessing risk
and making intelligent key decisions for long-term sustainability, gain better understanding of long-term
impacts of climatary and societal changes, and their relationship to the global heritage community.
The Flagship project aims to;
a. Establish digital libraries of cultural and heritage collections of digitized resources to create new
services and infrastructures.
b. Develop new ways of representing, experiencing and preserving culture and heritage through
the use of leading edge technologies.
c. Empower individuals and small groups in local communities to share and document views of
their local heritage, thus building a living image of regional heritage across Malaysia.
8. Implementation via R&D Clusters
In line with the general principles of a roadmap, MMU‟s R&D roadmap is indeed a very large one and
cannot necessarily be achieved completely based on current resources and expertise. There is clearly
a need to collaborate with external parties, within the country and from overseas. With the R&D
directions clearly set, it is imperative to plan for the proper resources in the future, in terms of
manpower as well as funding. There is also a need to put the proper mechanisms in place to support
implementation and also for deployment, and perhaps commercialisation. Above all, there is a need to
ensure a strong R&D culture within the university.
MMU, like for any other university, does not have the necessary funds for the implementation of the
roadmap. It will have to depend on grants, such as Science-Fund and Techno-Fund from MOSTI, and
most strategically on the TM R&D fund. The roadmap will indeed serve as a strong supporting for all
grant applications, and also as a reference document for potential beneficiaries and users of the results
should they have access to grant sources.
Internally, the implementation of the roadmap will be led by R&D Clusters based on the strategies as
shown in Figure 12. The R&D Excellence Task Force should continue leading the clusters and be the
catalyst/facilitator for R&D initiatives and new ideas, while the monitoring and facilitation for grant
applications should rest on the Research Management Centre (RMC). MMU Cynergy, MMU‟s
commercial arm, will closely monitor the commercial potential of the results, either as products or as
services.
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The R&D Clusters, coordinated by the R&D Excellence Task Force, would have several responsibilities,
including the following (which are to be fully supported by the Faculties):
Spearheading the implementation of the roadmap,
Updating the roadmap whenever necessary,
Orchestrating grant applications,
Planning and spearheading initiatives in the acculturation of R&D,
Human resource development in the respective domains,
Promotion of the respective domains and their R&D results,

R&D Excellence Task Force

Universal
Multimedia
Access
• Strategy Head (Chairman)
• Programme Leaders
• Key Researchers

Knowledge
Management
Technology
• Strategy Head (Chairman)
• Programme Leaders
• Key Researchers

Meta Innovation
Management
• Strategy Head (Chairman)
• Programme Leaders
• Key Researchers

Flaghips
• Task Force Chairman (Chairman)
• Flagship Project Leaders
• Key Researchers

MONITORING

― Research Management Centre

Figure 12: R&D Clusters for the Implementation of the Roadmap

The following sections will explain in greater details of each strategy and its related programs followed
by the respective exemplar projects and specific implementation requirements.
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APPENDIX
a. R & D Excellence Task Force
1.
2.
3.
4.
5.
6.
7.
8.

Prof. Tou Teck Yong
Assoc. Prof. Dr .Yow Ho Kwang
Assoc. Prof. Dr. Tang Enya Kong
Assoc. Prof. Dr. Abu Bakar Sade
Assoc. Prof. Dr. Ong Duu Sheng
Assoc. Prof. Dr. Faiz Abdul Rahman
Assoc. Prof. Dr. Wan Fadzilah Wan Yusoff
Mr Eric Ho Yew Leong

b. Researchers, Authors and Editors
UNIVERSAL MULTIMEDIA ACCESS
UMA1 Multimedia Device Convergence
1. Dr. Ong Boon Hoong (Leader)
2. Mr.Faisal Mohd. Yasin (Leader)
3. Dr. Yow Ho Kwang
4. Dr. Ong Duu Sheng
5. Dr. Faidz Abd. Rahman
6. Dr. Fabian Kung WL
7. Dr. Lee Wah Pheng
8. Dr. Chew Kuew Wai
9. Dr. Yong Thian Kok
10. Dr Wong Hin Yong
11. Dr. Hairul Azhar

UMA2 Multimedia Signal Processing
1. Dr. Mohd Faizal Ahmad Fauzi (Leader)
2. Dr. Chuah Teong Chee (Leader)
3. Dr. Goi Bok Min
4. Dr. Lee Sze Wei
5. Dr. Fazly Salleh Abas
6. Dr Mohamad Yusoff Alias
7. Dr. Zulfadzli Yusoff
8. Dr. Wong Hin Yong
9. Dr. Ridzuan Mokhtar
10. Dr. Hairul Azhar Abdul Rashid
11. Dr. Sim Moh Lim
12. Dr Tan Kim Geok
13. Dr. Nazrul Muhaimin Ahmad
14. Dr. Lim Heng Siong
15. Mr. Yau Wei Chuen
16. Dr. Heng Swee Huay
17. Mr. Ng Mow Song
18. Mr. Chang Yoong Choon
19. Mr. Alan Tan Wee Chiat
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UMA3 Multimodal Utility Delivery
1. Dr. Rosli Besar (Leader)
2. Dr. Normiza Nor (Leader)
3. Dr. Kartik Basu
4. Mr. Gobbi Ramasamy
5. Prof. K. Ramar
6. Dr. Loo Chu Kiong
7. Dr. Fazly Salleh (also UMA2)
8. Dr. Sim Kok Swee
9. Dr Mohd. Khaled Omar
10. Dr Tio Kek Kiong
11. Dr Sim Hock Kheng
12. Mr. Hung Yew Mun
13. Ms. Yasothei Suppiah
14. Ms. Teo Siew Chein
15. Ajitha Angusamy

UMA4 Ubiquitous Multimedia Broadband Access
1. Dr. Tan Su Wei (Leader)
2. Dr. Zulfadzli Yusoff (Leader)
3. Dr. Hairul Azhar
4. Dr. Hafizal Mohamad
5. Dr. Mohd. Yusoff (also in UMA2)
6. Dr. Mohammad M. N. Hamarsheh
7. Dr.Abid Abdeloouahab
8. Mr. Khairil Anuar
9. Mr. Bryan Ng Cheng Kuan
10. Dr.Goi Bok Min (also UMA2)
11. Mr. Wee Kuok Kwee

MULTIMEDIA KNOWLEDGE MANAGEMENT
MKT1 High Performance Computing
1.
2.
3.
4.
5.
6.
7.

Ian Chai (Leader)
Ho Sin Ban
Nithiapidary Muthuvelu
Lee Kian Chin
Ian Tan Kim Teck
Lam Hai Shuan
G. Mohamed Hanifa

MKT2 Multimedia Knowledge Processor Builder
1. Chikkanan Eswaran (Leader)
2. Chong Tze Yuang (Leader)
3. Yashwant Prasad Singh (Leader)
4. Kiu Ching Chieh
5. Edwin Law Hui Hean
6. Somnuk Phon-Amnuaisuk
7. V. Vijayakumar A/L Vengadasalam
8. Ahmed Wasif Reza
9. Ramakrishnan Kannan
10. Kiew Lik Voon
11. Andrew Samraj
12. Tan Shing Chiang
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13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.

Cheong Soon Fatt
G. Mohamed Hanifa
Eric Tan Chun Chet
Subhas Hati
Mohammad Jahangir Alam
Ibrahim A. Abdurrazaq
Mohammad Faizal bin Ahmad Fauzi
Tang Enya Kong
Chan Chee Suit
Shahbe Binti Mat Desa
Umi Sabriah Bte Haron @ Saharon
Wan Noorshahida
Ng Hu
John See
Ong Thian Song
Michael Goh Kah Ong
Norliza Mohamad Zaini
Faras Zuheir Mustafa Mohamed
Neoh Kee Lin
Lee Chien-Sing
Ian Chai
Loo Chu Kiong
Khor Swee Eng
Bau Yoon Teck
Haw Su Cheng
Junaidi Abdullah
Ho Chiung Ching
Ho Chin Kuan
Ting Choo Yee

MKT3 Creative Multimedia and Knowledge Management
1. Peter Woods (Leader)
2. Harold Thwaites (Leader)
3. Ahmad Rafi Mohd Eshaq
4. Ken Neo Tse Kian
5. Khairul Hazrin Hashim
6. Khong Chee Weng
7. Natalya Shamsuar
8. Tengku Putri Norishah Tengku Shariman
9. Neo Mai
10. Lim Tek Yong

META INNOVATION MANAGEMENT
MIM 1 - Service Embodied Technology Application (SETA)
1. Dr. Paul Yeow Heng Ping (Leader)
2. Ms. Vimala Balakrishnan
3. Mr. Liew Tze Wei
4. Ms. Neo Han Foon
5. Ms. Gita Radhakrishna
6. Mr. Tan Khong Sin
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MIM 2 - Knowledge Management and Society
1. Dr. Chew Kok Wai (Leader)
2. Dr. Mukund. R. Dixit
3. Dr. Nakha Ratnam
4. Dr. Myint Zan
5. Dr. David Yong Gun Fie
6. Dr. Yeap Peik Foong
7. Mr. Zulkifflee Mohamed
8. Mr. Mohammad Nadzri Yusoff
9. Mr. Patrick Soh Chin Hooi
10. Ms. Aliza Akmar Omar
11. Ms. Intan Soraya Rosdi
12. Dr. Chong Chin Wei
13. Ms. Mariati Norhashim
14. Mr. Kamarulzaman Abd. Aziz
MIM 3 - Intellectual Property and Commercialization
1. Mr. Kamarulzaman Abd. Aziz (Leader)
2. Ms. Aliza Akmar Omar
3. Ms. Mariati Norhashim
4. Ms. Intan Soraya Rosdi
5. Mr. Zulkifflee Mohamed
6. Mr. Muhammad Nadzri Yusoff
7. Dr. Murali Raman

MIM 4 - E-Services Entrepreneurship and Marketing
1. Dr. Uchenna Cyril Eze (Leader)
2. Mr. Teoh Keat Kung
3. Mr. Gerald Goh Guan Gan
4. Ms. Tan Nya Ling
5. Mr. Suber Kanan
6. Ms Wendy Teoh
7. Mr. Ong Jeen Wei
8. Dr.Hishamuddin Ismail
9. Ms. Seethaletchumy
10. Dr. Rafiqul Islam Molla
11. Mr. Mohamad Rizal
12. Mr. Poong Yew Siang
13. Mr. Jayanthy Kuppusamy
14. Mr. Tan Khong Sin
15. Mdm. Jaya Ganesan
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