
www.secas.eu 

 

 

 

Priority Areas for Co-operation  

SECAS Deliverable D1.1 

 

Date 25 January 2010 

Scope This report describes potential priority areas for European ICT research and 
technology co-operation with Australia, Singapore, and New Zealand. This report first 
discusses the selection methodology and the underlying drivers of international 
research and technology collaboration. It then presents results from international 
university and faculty rankings for universities from the three involved countries. The 
report addresses each of the three countries individually, discussing identified areas, 
outstanding researchers where appropriate and recommendations for priority topics 
as well as the underlying reasons for selecting these areas. 

Revision [11] 

Diss.level Public 

 

SECAS is an initiative of eutema Technology Management GmbH & Co KG, Austria (co-ordinator), 
Optimat Co Ltd. (UK), National ICT Australia, and Singapore Management University. SECAS is co-
ŦƛƴŀƴŎŜŘ ōȅ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ L/¢ ǇǊƻƎǊŀƳƳŜ in Framework Programme 7. 

Disclaimer: The views expressed in this document are solely those of the authors. The European 
Commission is not responsible for the facts and opinions presented in this document. 

 



Priority Areas for Co-operation 

 2/112 www.secas.eu 

Executive Summary 

The purpose of this document is to identify potential priority areas for ICT research and technology 
co-operation of the EU with Australia, Singapore, and New Zealand. The areas described in this 
document are the result of analyses and discussions performed as a part of the SECAS project.  

The number and intensity of international RTD cooperation has grown significantly over the past 
decade. The factors driving this increase include industrial interest in strengthening international RTD 
as a precursor to economic activities, the availability of ICT tools supporting long-distance co-
operation, and a growing interest of policy makers in the benefits of international RTD co-operation. 
An important prerequisite for effective collaboration policies between countries is the identification 
of areas of joint interest and mutual benefit. This is one of the reasons why the identification of 
priority topics for collaboration with a country is important. Another reason for selecting topics 
within the enormously broad area of ICT is that the concentration on a sub-field of ICT research 
facilitates the support of groups working in such a field. This is particularly true when trying to assist 
researchers in establishing contacts to their colleagues outside of their usual networks of contacts. 

Approach 

The identification of potential priority topics for European ICT RTD collaboration can be based on a 
large range of possible indicators. The selection of an appropriate indicator or a set of indicators 
depends on different factors such as the purpose of the collaboration, the interests of the parties 
involved, the policy and economic environment and others. Any given set of indicators suitable for 
one purpose or one country may not be useful for a different country or a different aim of the 
collaboration. Which of the given method is best suited in a given context depends on the specific 
characteristics of the research environment under investigation. Therefore, this study cannot possibly 
ŘŜŦƛƴŜ ΨǘƘŜ ōŜǎǘ ǇǊƛƻǊƛǘȅ ǘƻǇƛŎǎ ŦƻǊ ŎƻƭƭŀōƻǊŀǘƛƻƴΩ ŀǎ ǎǳŎƘ ŀ ǊŀƴƪƛƴƎ ŘƻŜǎ ƴƻǘ ŜȄƛǎǘΦ Lǘ Ŏan, however, 
provide recommendations and state their underlying rationale. Also, the great differences between 
the three countries of interest make it necessary to adapt the overall approach and set of indicators 
used specifically to each country. 

Indicators used in this study include the following: 

¶ presence of outstanding researchers (publications, citations)  

¶ strong research groups (size, publications, citations, research funding) 

¶ relative uniqueness of the ICT research as it reflects particular local industries or a specialized 
infrastructure environment  

¶ relative strength of the research contribution to key EU priorities or application areas of 
interest  

¶ general and specific strengths of universities (e.g. university and faculty rankings) 

¶ ŀ ƴŀǘƛƻƴΩǎ ǇǊƛƻrity topics for international collaboration (where applicable). 

!ƴ ƛƳǇƻǊǘŀƴǘ ƛƴŘƛŎŀǘƻǊ ŦƻǊ ŀǎǎŜǎǎƛƴƎ ǎǇŜŎƛŦƛŎ ǎǘǊŜƴƎǘƘǎ ŀƴŘ ŎŀǇŀōƛƭƛǘƛŜǎ ƻŦ ŀ ŎƻǳƴǘǊȅΩǎ w¢5 ǎŎŜƴŜ ƛǎ ǘƘŜ 
impact of its scientists. It is typically assessed using bibliometric data, e.g. publications, citations, or h-
index figures. In this study, bibliometric indicators were calculated for all three target countries, but 
also available rankings from the literature were used. In many cases, the indicators were also 
extended to groups of researchers. 

Another important source of data used for this exercise consists in information about specific national 
economic strengths, characteristics of the ICT sectors and other national ICT specifics. The present 
study also made extensive use of interviews with national domain experts. Also, results from 
workshops organized by the SECAS consortium were included in the assessment exercise.  
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LƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ 9ǳǊƻǇŜŀƴ ŀƴŘ ǘƘŜ ǘŀǊƎŜǘ ŎƻǳƴǘǊƛŜǎΩ ƴŀǘƛƻƴŀƭ ǇƻƭƛŎƛŜǎ ƛǎ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ ǇƻƭƛŎȅ ǇŀǇŜǊǎ 
and programme documeƴǘǎΣ ŜΦƎΦ ǘƘŜ 9¦Ωǎ CǊŀƳŜǿƻǊƪ tǊƻƎǊŀƳƳŜ т ŎƻǳƴŎƛƭ ŘŜŎƛǎƛƻƴΦ ²Ŝ ŀƭǎƻ ǳǎŜŘ 
existing policy analyses available from the literature. 

As a result, the present analysis provides a multi-faceted systemic view of the national ICT research 
scene in Singapore and Australia. For the case of New Zealand, the emphasis is on the academic ICT 
research capabilities due to the collaboration with the EURASIAPAC project.  

University rankings 

International university rankings provide only a partial picture of national research capabilities. 
However, they are useful for the prioritization of collaboration with targeted partners. For the area of 
ICT, the ranking of the engineering fields is of highest relevance. Within this area, Singapore takes the 
lead with its National University. The Australian universities (UNSW, University of Sydney and ANU) 
are closely positioned and the University of Melbourne also ranks highly in one of the rankings. New 
Zealand is present with its University of Auckland.  

Singapore 

Singapore is considered one of the most successful science, technology and innovation systems in the 
region. National IT Plans by the National Computer Board together with the liberalisation of the 
telecom markets and e-Government actions in the 90s resulted in excellent positions of Singapore in 
many international ICT rankings. Singapore is also leader in publications in South East Asia. The 
ƎŜƴŜǊŀƭ ǎǘǊŜƴƎǘƘǎ ƻŦ {ƛƴƎŀǇƻǊŜΩǎ L/¢ ǊŜǎŜŀǊŎƘ ŀǘ ǘƘŜ ŀƎƎǊŜƎŀǘŜ ƭŜǾŜƭ ŀǊŜ ŀƭǎƻ ŎƻƴŦƛǊƳŜŘ ƛƴ ǊŜŎŜƴǘ 
studies on individual researcher level. As would be expected, researchers from the Nanyang 
Technological University and the National University of Singapore ς but also from the Institute of 
Infocomm research are among the best in the country.  

It is therefore not surprising that Singapore ς given the small size of the country ς exhibits a number 
of strengths including Electronics and Electrical Engineering, Robotics and Artificial Intelligence, 
Security, Networking, and Digital Media. These different areas are either strong from the point of 
view of individual researchers, dedicated research initiatives and institutes, or from a more market-
oriented perspective.  

Joining the different indicators here and based on discussions with experts from Singapore, a 
particularly strong case can be made for the area of Interactive Digital Media (IDM). There are very 
good scientists located in Singapore contributing to the different subjects within the area. Also, the 
field is significantly broad so that this facilitates co-operation not just in a very narrow sub-domain. 
The long list of groups in IDM suggests significant size of the overall area to sustain collaborations also 
for a longer period ς and thus also into the period of the forthcoming 8th EU Framework for Research. 

A second priority area can be identified in the more hardware- and physical domain of Future 
Networks. There is a group of several institutes in the core area of networks and important related 
topics such as routing, security, optical technologies, and coding schemes. The case for this area is 
further strengthened by the excellent ICT infrastructure and innovative applications available in the 
island state and the policies in place to further invest in innovative networked solutions for the 
benefit of all citizens. Thirdly, several top researchers located in Singapore are active in different sub-
fields of Robotics with an emphasis on mobile, autonomous, and social systems and different areas 
within Embedded Systems. 



Priority Areas for Co-operation 

 4/112 www.secas.eu 

Australia 

Australia offers identifiable strengths in key areas and significant ICT research capability.  Australia has 
over 4,000 ICT researchers in publicly funded organisations and a similar number of researchers 
funded by business. 

Australian universities rank well internationally with close to 30 universities supporting ICT research.   
Other publicly funded organisations include !ǳǎǘǊŀƭƛŀΩǎ LƴŦƻǊƳŀǘƛƻƴ ŀƴŘ /ƻƳƳǳƴƛŎŀǘƛƻƴǎ ¢ŜŎƘƴƻƭƻƎȅ 
Research Centre of Excellence - National ICT Australia (NICTA), the Commonwealth Scientific and 
Industrial Research Organisation (CSIRO) ICT Centre and the Defence Science Technology Organisation 
(DSTO). These organisations house many world-leading ICT researchers in a range of ICT fields. 

Business funded ICT R&D is undertaken by corporate labs, small to medium enterprises (SMEs) and 
companies in the telecommunications, finance and mining sectors. Some of the larger ICT corporate 
employers in Australia are CISRA, Silverbrook, Google and Cochlear. The ICT industry in Australia is a 
strong influence on the ICT research sector and supports many of the domain areas where Australia 
has developed expertise. The Australian Government is making a significant investment in the 
creation of a National Broadband Network (NBN), which aims to deliver fibre-optic broadband to 93% 
of Australians. This will lead to new opportunities and research initiatives in networks and 
applications. 

The Australian ICT R&D sector has researchers and research groups with world-class expertise in a 
range of ICT fields in established and emerging areas. Some of AustraliŀΩǎ ƪŜȅ L/¢ ŎŀǇŀōƛƭities are in 
the areas of wireless and future internet, artificial intelligence and software systems including 
embedded enterprise systems. 

Other key capabilities and potential topics of interest include robotics, optimisation, databases and 
information retrieval. Australia also has a proven record of success in medial bionics. This has been 
further strengthened by significant investments of the Australian Government in Bionic Eye research. 
Another important application area and national priority for Australia is water management which 
has lead to new ICT technologies such as sensor networks for water information management and 
modelling and predicting water flow. 

New Zealand 

bŜǿ ½ŜŀƭŀƴŘΩǎ ƎŜƻƎǊŀǇƘƛŎŀƭ ƭƻŎŀǘƛƻƴ ŜƳǇƘŀǎƛȊŜǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƭƭŀōƻǊŀtion. Technology 
Ƙŀǎ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ǘƻ Ǉŀǎǎ ŘŀƛǊȅ ŜȄǇƻǊǘǎ ǘƻ ōŜŎƻƳŜ bŜǿ ½ŜŀƭŀƴŘΩǎ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ƻŦ ŜȄǇƻǊǘ ǊŜǾŜƴǳŜΦ 
The growth of the Internet has helped the IT sector to participate in the global marketplace. NZ ICT 
companies have a growing reputation in 3D graphics, Health IT, services, bio informatics, and security. 
Still, New Zealand is in a competition for leading experts and many IT projects can no longer be 
adequately undertaken by individual companies. Instead, international consortiums play an 
increasingly important role.  

This study focuses on analyzing academic ICT RTD capabilities in New Zealand.  The approach was 
based on a near complete internet-based collection of academic ICT research institutes and a 
calculation of bibliometric indicators for researchers and research groups. 

Based on this analysis, New Zealand ICT researchers are particularly strong in Artificial Intelligence 
and Machine Learning. This is also closely related to the area of Cognitive Science and 
bioinformatics. The field of Human/Computer Interaction is a particularly strong area and there are 
excellent groups in Software Engineering. Further academic strengths exist in distributed systems 
(GRID, parallel computing) and wireless systems. 
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1 Objectives and methodology 

1.1 Scope and format of this report 

The purpose of this document is to identify priority areas for ICT research and technology co-
operation with Australia, Singapore, and New Zealand. The areas described in this document are the 
result of analyses and discussions performed as a part of the SECAS project. SECAS aims at the 
improvement of ICT RTD collaboration between the European Union on the one side and Australia, 
Singapore, and New Zealand on the other. The project is an initiative of eutema and Optimat in the 
EU, the Singapore Management University and National ICT Australia (NICTA) and co-funded by the 
9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ L/¢ ǇǊƻƎǊŀƳƳŜΦ 

This report first discusses the selection methodology and the underlying drivers of international 
research and technology collaboration. The next section presents results from international university 
and topic (i.e. faculty) rankings for universities from the three involved countries. The report then 
addresses each of the three countries individually. The report presents original data, in particular the 
calculation of citation impact factors for researchers in Singapore, Australia, and New Zealand. The 
study takes into account previous analyses and relevant literature as well as expert input from 
interviews and workshops organized by the study team. 

The report presents the identified areas, lists outstanding researchers and groups where appropriate 
and gives recommendations for priority topics. Although the study clearly describes the factors 
contributing to the selection of the suggested potential priority areas, it is necessarily subjective and 
different authors may arrive at different conclusions. However, to the best of our knowledge, this 
study is the most comprehensive current bottom-up analysis of ICT research capabilities in the 
targeted countries to offer potential priority topics for co-operation.  

1.2 Drivers of international collaboration 

The number and intensity of international RTD cooperation has grown significantly over the past 
decade. In parallel to this development, the attention of policy makers for international collaboration 
has grown. Policy makers regard RTD collaboration as important on its own merit, i.e. to further 
science and technology, but also use it as a tool for reaching non-scientific policy objectives. The 
9ǳǊƻǇŜŀƴ /ƻƳƳƛǎǎƛƻƴΩǎ CǊŀƳŜǿƻǊƪ tǊƻƎǊŀƳƳŜǎ ŀǊŜ ŀ ǾŜǊȅ ƎƻƻŘ ŜȄŀƳǇƭŜΦ /ƻǳƴǘǊƛŜǎ ƛƴ ǇǊŜǇŀǊŀǘion 
of joining the EU have in the past started close collaboration with selected programmes and the EU 
Framework Programme has been a particularly important instrument for integration policies. 

However, reasons for collaborating internationally in science and technology are broad and manifold. 
They range from personal reasons such as individual researcher mobility to strategic national 
decisions on collaboration priorities to specific interests of ICT industry. [Boekholt et al. 2009] have 
analyzed drivers of international RTD collaboration distinguishing the narrow STI cooperation 
paradigm from the broad STI cooperation paradigm. In the narrow paradigm, ŘǊƛǾŜǊǎ ŀǊŜ ΨƳŀƛƴƭȅ ǘƻ 
improve the quality, scope and critical mass in science and research by linking national (financial and 
human resources) and knowledge with resources and knowledge in other countries.Ω In the broad 
ǇŀǊŀŘƛƎƳΣ ΨƻǘƘŜǊ ƴƻƴ-science policy objectives interact with the intrinsic science oriented objectives 
and STI cooperation becomes a means to ǊŜŀŎƘ ƻǘƘŜǊ ǇƻƭƛŎȅ ŜƴŘǎΦΩ 5ǊƛǾŜǊǎ ƛƴ ǘƘŜ ōǊƻŀŘ ǇŀǊŀŘƛƎƳ ŀǊŜ 
improving national competitiveness, supporting less developed countries by developing STI 
capabilities, tackling global challenges, creating and nurturing diplomatic relationships. 
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As a third cooperation ΨparadigmΩ not explicitly mentioned by [Boekholt et al. 2009], the industry 
view should be added. It includes drivers from a (micro-)economic perspective, such as business 
cooperation, regional diversification, access to scientists and engineers etc. It has been pointed out 
[Prem 2008] that these drivers have in the past not been sufficiently considered by public policy 
makers. However, industry often regards RTD cooperation as a precursor to entering new business 
relations e.g. for production or distribution. 

These drivers have also been motivating national economies as well as industry and research 
organizations including universities to develop explicit international collaboration strategies and 
initiatives. For such strategies to be successful, it is necessary that they are focused on a limited set of 
countries or objectives ς or topical areas of science and technology. As an example, the ICT part of 
ǘƘŜ CǊŀƳŜǿƻǊƪ tǊƻƎǊŀƳƳŜ ŦƻŎǳǎŜǎ ƻƴ ŀ ƭƛƳƛǘŜŘ ǎŜǘ ƻŦ ΨǎǘǊŀǘŜƎƛŎ ƻōƧŜŎǘƛǾŜǎΩ ŘŜŦƛƴƛƴƎ ŜƛǘƘŜǊ 
application areas or technology fields within ICT. And some of these objectives have in the past lead 
to dedicated calls for collaboration with particular countries outside the EU and associated partners. 

The 9¦Ωǎ ICT programme makes a particularly strong case for international collaboration. It 
emphasizes again the importance of ICT as a key engine of growth, but also for addressing societal 
challenges, e.g. improving energy efficiency and points out the importance of international 
cooperation for European compŜǘƛǘƛǾŜƴŜǎǎΦ Lǘ ŀƛƳǎ ǘƻ ΨƧƻƛƴǘƭȅ ŀŘŘǊŜǎǎ ǿƛǘƘ ƻǘƘŜǊ ǊŜƎƛƻƴǎ ƻŦ ǘƘŜ ǿƻǊƭŘ 
ƛǎǎǳŜǎ ƻŦ ŎƻƳƳƻƴ ƛƴǘŜǊŜǎǘ ŀƴŘ Ƴǳǘǳŀƭ ōŜƴŜŦƛǘΦΩ ¢Ƙƛǎ ƛǎ ƻƴŜ ƻŦ ǘƘŜ ǊŜŀǎƻƴǎ ǿƘȅ ǘƘŜ ƛŘŜƴǘƛŦƛŎŀǘƛƻƴ ƻŦ 
priority topics for collaboration with a country is important. 

Another reason for selecting topics within the enormously broad area of ICT is that the concentration 
on a sub-field of ICT research facilitates the support of groups working in such a field. This is 
particularly true when trying to assist researchers in establishing contacts to their colleagues outside 
of their usual networks of contacts. The focus on selected areas helps to design targeted support 
mechanisms that establish contacts between researchers, informs about achievements and interests 
of scientific groups or industries. 

These are just two reasons for the identification of potential priority topics, but there are others such 
as supporting policy makers in devising efficient and attractive policies; making best use of scarce 
financial resources for international collaboration support programs; best exploiting the comparative 
strengths of countries etc. While the idea of focusing on selected topics may be straightforward, the 
ways of identifying these areas are not. There are different approaches to selecting priorities, many of 
which are valid for specific contexts. The next section presents a set of selection methods used in the 
SECAS analysis. 

1.3 Identification of potential priority areas 

The identification of potential priority topics for European ICT RTD collaboration can be based on a 
large range of possible indicators. The selection of an appropriate indicator ς or rather a set of 
indicators ς depends on different factors such as: 

¶ Purpose of the collaboration: e.g. academic or industrial cooperation 

¶ Interests of the involved parties: e.g. interest to collaborate internationally, interest in 
fundamental research, innovation, etc. 

¶ Policy environment: level of public support for international cooperation 

¶ Economic environment: sectors of particular economic strength  

¶ National characteristics: size of the country, RTD system 
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Different indicators for an identification of priority areas are listed below. However, these methods 
certainly should not be blindly applied. Any given set of indicators suitable for one purpose or one 
country may not be useful for a different country or a different aim of the collaboration. Which of the 
given method is best suited in a given context depends on the specific characteristics of the research 
environment under investigation. Therefore, a study such as the present one cannot possibly define 
ΨǘƘŜ ōŜǎǘ ǇǊƛƻǊƛǘȅ ǘƻǇƛŎǎ ŦƻǊ ŎƻƭƭŀōƻǊŀǘƛƻƴΩ ŀǎ ǎǳŎƘ ŀ ǊŀƴƪƛƴƎ ŘƻŜǎ ƴƻǘ ŜȄƛǎǘΦ . It can, however, provide 
recommendations and state their underlying rationale.  

In the SECAS context, there are important differences between Singapore and Australia such as size of 
the country, number of population, number of universities and research centres, political history, 
degree of public priority setting, domestic industrial base, economic ties of the ICT industry etc. In 
Singapore, which is first of all a much smaller country than Australia, there is an excellent public 
policy framework facilitating the identification of priority topics. There are strong public agencies 
strategically investing in research groups and topics based on explicit strategy considerations.  

In Australia, the situation is much more complex as the R&D base has grown historically and 
organically over decades. While there are certainly also national priorities and strategies in Australian 
RTD policy, their influence has varied throughout the last decades and the prioritization of 
information and communication technologies is different to that of Singapore. In addition, there has 
been priority setting and RTD investment of the different states at different levels. Therefore, the 
analysis of Australian ICT RTD competencies requires a broader range of methods compared to the 
more straight forward case of Singapore.  

New Zealand, as our third region of interest again exhibits very different characteristics. Being a 
relatively small country, its academic research base can be nearly completely identified and analyzed. 
With only few exceptions in the area of media-related ICT, New Zealand lacks particularly strong ICT 
industry. Therefore, the analysis of the academic fields was of central importance in our study. Note 
that this study does not aim at a complete overview of ICT research capabilities in New Zealand. The 
study originally only aimed at identifying groups and topics corresponding to the areas already 
identified for Australia and Singapore. However, the study was expanded to assess as many academic 
research groups as could be identified from online information.  

The following indicators are candidates which can provide useful insights areas of a countrȅΩǎ ǊŜƭŀǘƛǾŜ 
strengths and support decision making on priority areas for cooperation: 

¶ presence of outstanding researchers (publications, citations)  

¶ strong research groups (size, publications, citations, research funding) 

¶ relative uniqueness of the ICT research as it reflects particular local industries or a specialized 
infrastructure environment  

¶ relative strength of the research contribution to key EU priorities or application areas of 
interest 

¶ general and specific strengths of universities (rankings) 

¶ a nŀǘƛƻƴΩǎ ǇǊƛƻǊƛǘȅ ǘƻǇƛŎǎ ŦƻǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŎƻƭƭŀōƻǊŀǘƛƻƴ 

The nature and evaluation of these indicators are discussed in more detail below. 

1.4 Other approaches to priority identification 

The methodology used by the SECAS team builds on experience with previous exercises, notably in 
the contact of recommending priority areas for ICT RTD collaboration with China [Prem 08]. It roots in 
the idea of a systemic rather than a one-dimensional analysis of collaboration drivers and enablers. 
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There are of course other, less complex approaches to identifying priority areas. 

In a policy making context, decisions on co-operation priorities are often based on strategies and 
priorities as identified by policy makers and in strategy documents. Indeed, scientific collaboration 
has in the past often been used as a means for implementing other policy objectives. In cases where 
RTD cooperation becomes an instrument of other areas of research, it is straightforward that joint 
policy considerations between two countries or regions become the main drivers behind 
collaboration. 

The example of the 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ CǊŀƳŜǿƻǊƪ tǊƻƎǊŀƳƳŜ was already mentioned as it addresses 
also non-science policy objectives. Firstly, it explicitly mentions the contribution to competitiveness 
as its primary objective. But the Framework Programme has also been an important instrument to 
improve cohesion within the European Union, the associated states and accession candidate 
countries. Countries joining the EU at a later state were often previously involved in FP research ς 
including full funding for its RTD activities. 

Therefore, some projects (including those supported by the EC) addressing the area of international 
RTD co-operation have adopted an approach that is nearly exclusively oriented at an analysis of 
existing policy priorities. Consequently such projects are also very much oriented at the ICT RTD 
Framework Programme. Generally, it can be a useful approach to base cooperation on joint policy 
challenges as this often ensures also that programmes ς such as the Framework Programme or 
corresponding 3rd country programmes ς are in place to support co-operation. However, the interest 
in the SECAS context is also in identifying areas beyond the existing priorities of the Framework 
Programme. Perhaps more importantly, the SECAS analysis aims at more comprehensive information 
on ICT RTD capabilities at a more detailed level than Ctт L/¢ Ψ{ǘǊŀǘŜƎƛŎ ƻōƧŜŎǘƛǾŜǎΩΦ ¢Ƙƛǎ is useful for 
assessing opportunities beyond the existing FP7 ICT framework, in particular as FP7 will come to its 
end in 2013. A closer analysis of research groups and foci in a country also has the added advantage 
of laying a solid foundation for partnering. Knowledge about the RTD groups and their detailed 
interests facilitates bringing together the right experts for joint collaboration as these experts are 
often more interested in the details of the area rather than the high-level objectives of policy makers. 

Therefore, the SECAS approach is multi-faceted and systemic rather than exclusively looking at high-
level RTD policies, topics, and programmes alone. The different facets of our approach are described 
in the next section. 

1.5 S&T quality of researchers and groups 

1.5.1 Outstanding key researchers 

The obvious indicator for a national focus area is the number, size, and quality of research fields with 
outstanding researchers. These outstanding experts are often an important driver behind 
international RTD collaboration. Typically, they have a high level of co-operation with their peers and 
are internationally renowned for their work. Outstanding key researchers are of particular interest for 
academic research cooperation. 

One way of identifying key researchers is by measuring their publications (number) and publication 
impact (citations). The underlying rationale ƛǎ ƻŦ ŎƻǳǊǎŜ ǘƘŀǘ ǘƘŜ ǊŜƭŜǾŀƴŎŜ ƻŦ ŀ ǎŎƛŜƴǘƛǎǘΩǎ ŎƻƴǘǊƛōǳǘƛƻƴ 
can be measured by how often it is cited by others.  



Priority Areas for Co-operation 

 11/112 www.secas.eu 

There are many different ways of measuring citation impact and there is now a whole scientific 
discipline ς bibliometrics ς addressing the many facets of properly assessing research quality based 
on citations.1  

Perhaps paradoxically, the identification of key researchers does not usually provide great potential 
for novel international collaborations. This is simply because ICT researchers are often very well 
aware of the leading experts in the field and typically do not gain new insights from bibliometric 
studies. Moreover, there are of course great researchers who do not publish extensively, in particular 
in more applied ICT fields. With these caveats in mind, we have performed h-index [Hirsch 05] 
analyses for many ICT researchers in this study.  

The h-index is an index that attempts to measure both the productivity and impact of the 
published work of a scientist or scholar. The index is based on the set of the scientist's most 
cited papers and the number of citations that they have received in other people's 
publications. A scientist has index h if h of [his/her] Np papers have at least h citations each, 
and the other (Np - h) papers have at most h citations each. In other words, a scholar with an 
index of h has published h papers each of which has been cited by others at least h times. 
Thus, the h-index reflects both the number of publications and the number of citations per 
publication. The index is designed to improve upon simpler measures such as the total number 
of citations or publications. The index works properly only for comparing scientists working in 
the same field; citation conventions differ widely among different fields. (Source: Wikipedia) 

The h-ƛƴŘŜȄ ƛǎ ƭŜǎǎ ǇǊƻƴŜ ǘƻ ǇǊƻŘǳŎƛƴƎ ΨƻǳǘƭƛŜǊǎΩ ŀƴŘ ǇǊƻǾƛŘŜǎ ŀ ǿŀȅ ƻŦ ŀǎǎŜǎǎƛƴƎ ǘƘŜ ΨŜȄǇŜŎǘŜŘ ƛƳǇŀŎǘΩ 
ƻŦ ŀ ǎŎƛŜƴǘƛǎǘΩǎ ǇǳōƭƛŎŀǘƛƻƴΦ Like many other bibliometric indicators it is dependent on the length of an 
academic career and field of study.2  Despite of the shortcomings and limitations of citation figures, 
we have used citation figures in the case of Singapore where a bibliometric analysis was recently 
performed by [Haddaway 2010]. The use of this data was suggested from the point of view of 
efficiency and economy.  Also, this study does not aim at comparing researchers or research groups 
between the target countries. We used the h-index calculation of the Software "Publish Or Perish" 
όΨtƻtΩΣ IŀǊȊƛƴƎΣ нлмлύ ǘƻ ŎƭŀǎǎƛŦȅ ǊŜǎŜŀǊŎƘŜǊǎ ōŀǎŜŘ ƻƴ their publication activity and the success of 
ǘƘŜƛǊ ǇǳōƭƛŎŀǘƛƻƴǎ ƛƴ ǘƘŜ ŦƛŜƭŘǎ ƻŦ Ψ{ŎƛŜƴŎŜ ŀƴŘ 9ƴƎƛƴŜŜǊƛƴƎΩΦ   

1.5.2 Strong research groups 

A strong group of researchers working in a defined sub-area of ICT is another natural starting point 
for international co-operation. Such a group can actively offer its competencies, past experiences, 
infrastructure, data sets etc. to colleagues abroad. The strength of the research group may be 
apparent through the size of the group, or through measures of research excellence, such as citations. 
It is also possible to calculate such figures for groups of researchers by averaging over their citation 
figures and/or h-indexes. Of particular interest is also the size of a group. For New Zealand, we have 
calculated averaged h-index values and citation figures for all academic research groups identifiable in 
the internet. 

                                                
1
 Cf. [King 87] for a review of bibliometrics and other science indicators. 

2
 Cf. [Bornmann & Daniel 08] who for this reason recommend to only compare researchers of similar age within 

the same field of research with the h-index. 
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!ƴƻǘƘŜǊ ƛƴŘƛŎŀǘƻǊ ŦƻǊ ŀ ƎǊƻǳǇΩǎ wϧ5 ǉǳŀƭƛǘȅ ƛǎ ǘƘŜ success in peer review evaluation of its project and 
research proposals. This can be measured in the amount of funding received. In the case of 
competitive grant evaluation it reflects the appreciation of proposed research by peers. In this study, 
we make use of this indicator in the case of Australian research funding from the Australian Research 
Council. 

1.6 Economic drivers 

1.6.1 Industry characteristics 

Co-operation in the area of ICT research is not only academically driven. In fact, many international 
collaboration efforts in the last years are stimulated by industry for different reasons. These reasons 
range from an interest to attract researchers to developing access to a foreign market based on joint 
researchΦ w¢5 ŎƻƭƭŀōƻǊŀǘƛƻƴ ǇǊƻǾƛŘŜǎ ƛƴǎƛƎƘǘǎ ƛƴǘƻ ŀ ŎƻǳƴǘǊȅΩǎ w¢5 ǎȅǎǘŜƳΣ ƛǘǎ ŜƴƎƛƴŜŜǊǎ ŀƴŘ ǎŎƛŜƴǘƛǎǘǎΣ 
but also into standards, public authority procedures, and also provides information about the 
characteristics of local markets.  

In this context, the strength of local industry, trade relations and also technology infrastructure are 
particularly interesting when assessing the potential of research areas for collaboration. Also, the 
strength of an industry sector (e.g. mining) can create unique characteristics in a field of ICT research 
(e.g. mining robots). Obviously, such industrial interests can be drivers of cooperation in both 
directions, i.e. the interest could be specifically European or Australian/Singaporean. 

Unfortunately, a statistical analysis of technologies underlying an industrial sector poses significant 
difficulties. There are quantitative indicators for the ICT industry, but economic statistical 
classifications are not well suited for assessing underlying technologies of a sub-sector. Research on 
the other hand is mainly classified according to different technological fields. Statistical (economic) 
and technological classifications are mostly incommensurable. As an example, the NACE code for 
telecommunication includes all economic activities of manufacturers of cables which are of course 
largely irrelevant to ICT research fields. Although some insights can be gained from economic 
statistics, the present study made extensive use of personal communication with domain experts 
from the involved countries in the assessment of ICT technologies for industry sectors.  

1.6.2 Other drivers 

There are some other potential drivers of international RTD co-operation that can be of interest in 
certain situations. One example is the definition of standards. It can be useful to co-operate with 
international partners in order to strengthen the position with respect to a third country. This can be 
particularly useful for smaller countries lacking the ability to influence standardization decisions on 
their own. It may be useful that the EU and Singapore and/or the EU and Australia join forces to 
improve their position with respect to a planned strategic standardization activity of a large player in 
the field of Future Internet. However, no such area was identified in the SECAS analysis. 

1.7 Policies and application areas 

From a policy point of view, RTD co-operation is particularly promising in areas of identified societal 
challenges where new applications promise solutions. Examples of areas of ICT research that clearly 
contribute to a key EU challenge and policy priority are ICT for energy efficiency, technologies for 
supporting ambient assisted living, e-health, or e-government. Other countries have other specific 
interests such as ICT for water management, multi-language support tools etc. 
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In order to identify EU challenges and potential applications information can be collected from 
existing EU strategies including, but not limited to, the Framework Programme 7 (FP7) ICT Work 
Programme or the Digital Agenda for Europe. Priorities of the 3rd countries are also specified in a 
number of policy documents and have also been identified by EU projects (e.g. SEACOOP for 
Singapore). Generally, this is an area where the interviews and meetings with policy makers are of 
particular importance so as to assess the relative weight of different national priorities.  

A complete overview of EU policy priorities would go beyond the scope of this study. Some key policy 
issues in the area of EU economic and scientific policy have been identified in [PolChall 09]. It lists as 
top priorities 

¶ the financial and economic crisis and a new order prevailing as its result 

¶ the demographic problem related to the progressive ageing of the population 

¶ the potentially catastrophic consequences of climate change and environmental degradation 

¶ problems related with a sufficient and secure supply of the energy required to create and 
sustain growth. 

The Lisbon strategy is still an important guideline of EU policies including the 3% of GDP research 
investment target and the fundamental importance of S&T-based policy making. In its economic and 
financial policy, maintaining growth as a driving force for enhancing productivity and innovation 
remains important, but economic governance will have to pay much more attention to the quality 
and not only to the quantity of growth, decoupling it from material resource and energy 
consumption. Clearly, this is an area where ICT offers novel solutions. In the core area of ICT, the 
management of the Internet and of Intellectual Property issues are key policy challenges for the EU.   

The deterioration of the environment, biodiversity loss and climate change are key challenges for 
policy makers ς and they have a de facto global dimension and call for global solutions. In the EU, the 
set-up of the Emissions Trading Scheme has not yet resulted in sufficient decreases in CO2 emissions 
to fulfil Kyoto targets. Furthermore, the EU has committed itself to a 20% reduction in GHG emissions, 
a 20% improvement in energy efficiency and a 20% share of renewable energy in its energy mix ('20-
20-20 target') by 2020. Again, the potential of ICT to improve energy efficiency is enormous and has 
influenced the ICT work programme but also dedicated initiatives of the EU (e.g. the Intelligent 
Energy Europe programme). Initiatives in areas such as the Green Car and Smart Grids clearly show 
the importance given to ICT-enabled technologies. 

Finally, the realization of key policy priorities in the areas of food safety, health, and consumer 
protection can be supported with novel ICT ranging from intelligent labels, to personalized health 
systems, and new solutions for improved privacy. 

For the considerations in this document, the identification of ICT research according to its area of 
application needs to clearly reflect how ICT research makes a particularly notable or valuable 
contribution to a key application area or policy challenge. That is to say, policy interest alone is not 
sufficient; it is also necessary that competent researchers or groups are clearly addressing these 
topics with viable solutions. However, the two are of course often related since nations also tend to 
invest in their priority areas domestically to develop and improve research capabilities to address key 
societal challenges. 

1.8 9ǳǊƻǇŜΩǎ ICT RTD priorities 

The most important instrument for funding research at EU level is the Seventh Framework 
Programme for Research, Technological, Development and Demonstration Activities (FP7).  
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It ƛǎ ǘƘŜ 9ǳǊƻǇŜŀƴ /ƻƳƳǳƴƛǘȅΩǎ largest initiative for funding R&D activities in Europe, reflecting all 
ŀǎǇŜŎǘǎ ƻŦ 9¦ ǊŜǎŜŀǊŎƘ ǇƻƭƛŎȅΦ wǳƴƴƛƴƎ ŦǊƻƳ нллт ǘƻ нлмоΣ ǘƘŜ ǇǊƻƎǊŀƳ Ƙŀǎ ŀ ōǳŘƎŜǘ ƻŦ рлΦрнм aϵΦ 
The broad objectives of FP7 have been grouped into four Specific Programmes: Cooperation, People, 
Capacities and Ideas. 

FP7 sets clear demarcations between funding for generic, bottom up research versus thematically 
oriented research areas. The specific programmes of the FP7 reflect clear funding lines for generic 
(Capacities, People) and bottom up research (Ideas) versus thematic research (Cooperation). The 
majority of FP7 funding is allocated to the CoƻǇŜǊŀǘƛƻƴ ǇǊƻƎǊŀƳƳŜ ǿƛǘƘ онп aϵΦ The Cooperation 
programme encompasses ten thematic areas, which reflect the most important fields of knowledge 
ŀƴŘ ǘŜŎƘƴƻƭƻƎȅ ǿƘŜǊŜ ǊŜǎŜŀǊŎƘ ŜȄŎŜƭƭŜƴŎŜ ƛǎ ǇŀǊǘƛŎǳƭŀǊƭȅ ƛƳǇƻǊǘŀƴǘ ǘƻ ƛƳǇǊƻǾŜ 9ǳǊƻǇŜΩǎ ŀōƛƭƛǘȅ ǘƻ 
address its social, economic, public health, environmental and industrial challenges of the future. 
[BILAT 09] 

The ten themes are Health; food, agriculture and fisheries, biotechnology; information & 
communication technologies (ICT); nanosciences, nanotechnologies, materials & new production 
technologies; energy; environment (including Climate Change); transport (including aeronautics); 
socio-economic Sciences and the Humanities; space; security.  

The ICT programme aims to improve the competitiveness of European industry and enable Europe to 
master and shape the future developments of Information and communication technologies (ICT) so 
that the demands of its society and economy are met [COOP 06]. The list of programme activities 
includes ICT technology pillars; integration of technologies; applications research; ICT for content, 
creativity and personal development; ICT supporting business and industry; and ICT for trust and 
confidence. Notably, the programme also emphasizes international cooperation: International 
cooperation will be encouraged in the ICT theme to address issues of common interest aiming at 
interoperable solutions with strategic partners with high mutual benefits, and to contribute to the 
spread of the information society in emerging economies and developing countries [COOP 06]. 

The SECAS project is scheduled to deliver its results late in the programming planning cycle of FP7. 
The programme lasts from 2007 until 2013 and the current ICT work programme of FP7 lasts until 
2012. This means that the list of topics available for co-operation will change very soon ς and the 
change from one Framework Programme to another typically induces more severe changes than 
between different versions of the ICT work programme. However, there is reasonable continuity even 
between Framework Programmes and since FP8 topics are not yet available SECAS will also by and 
ƭŀǊƎŜ ǊŜƭȅ ƻƴ Ctт ŀƴŘ ƻǘƘŜǊ ǇǊƻƎǊŀƳƳŜǎΩ ŀǊŜŀǎΦ IƻǿŜǾŜǊΣ ƻǳǊ ōƻǘǘƻƳ-up approach oriented at ICT 
research group capabilities will also provide insights independent of any already prioritized ICT topics 
list. This is also important because ICT in FP7 does not address all areas of ICT ς e.g. research on 
microwave amplifiers and power electronics are not prominently present. Such newly identified areas 
can also be important to decide on future topical priorities, e.g. in FP8. 

The current Framework Programme 7 lists a broad range of technology topics that are ς in the case of 
the ICT Cooperation programme ς adapted biannually. Therefore, a detailed listing of FP7 ICT priority 
areas is not very useful. However, the general areas can be summarized as follows (based on the 
current ICT work programme 2011-2012).  
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1.8.1 ICT technology areas and infrastructures 

¶ Pervasive and trusted network and service infrastructures: Future networks, Cloud computing, 
internet of services, advanced SW engineering; Internet-connected objects, Trustworthy ICT, 
Networked media & search systems; Future internet research and experimentation, core 
platform technologies and use cases  

¶ Cognitive systems and robotics 

¶ Components and systems: Advanced nanoelectronic components design, engineering, 
technology, and manufacturability; Smart components and systems integration, New 
paradigms for embedded systems and complex systems engineering; Computing systems; Core 
and disruptive photonic technologies; Flexible, organic, and large-area electronics and 
photonics 

¶ Digital content and languages: SME initiative on digital content and languages, Language 
technologies, Digital preservation, Intelligent information management 

1.8.2 Application areas and socio-economic challenges 

¶ ICT for health, ageing well, inclusion and governance: Personal health systems; Virtual 
physiological human; Patient guidance services, safety and healthcare record information 
reuse; ageing and well-being; smart and personalised inclusion; governance and policy making 

¶ ICT for a lower carbon economy: Smart energy grids; ICT systems for energy efficiency; efficient 
water resources management; energy-efficient buildings and spaces of public use; energy-
positive neighbourhoods; low-carbon multi-modal mobility and freight transport; cooperative 
systems for energy efficient and sustainable mobility; ICT for fully electric vehicles 

¶ ICT for manufacturing and factories of the future: Smart factories: energy-aware, agile 
manufacturing and customisation; manufacturing solutions for new ICT products; virtual 
factories and enterprises; digital factories- design and product lifecycle management 

¶ ICT for learning and access to cultural resources 

1.9 RTD priorities on EU member state level 

¢ƘŜ 9ǳǊƻǇŜŀƴ ¦ƴƛƻƴΩǎ ǇǊƛƴŎƛǇƭŜ ƻŦ ǎǳōǎƛŘƛŀǊƛǘȅ ŘŜŦƛƴŜŘ ƛƴ ǘƘŜ 9¦ ¢ǊŜŀǘȅ ŜƴǎǳǊŜǎ ǘƘŀǘ ǘƘŜ ¦ƴƛƻƴ ŘƻŜǎ 
not take action (except in the areas which fall within its exclusive competence) unless it is more 
effective than action taken at national, regional or local level. In the area of RTD co-operation this 
means that many member states have their own priorities ς including topical priorities ς for 
international RTD collaboration. It is not possible here to list all such national priorities for all member 
states. But some general trends and principles are insightful also for the purpose of identifying 
potential priority areas.  

Two interesting trends have been recently be identified by [BILAT 2009]: There is a shift from generic 
towards a more thematically oriented funding, for example in countries such FR, DE, MT, NL and PL.  
In Germany, major public research organisations receive block funding from the government but may 
distribute these funds according to their own decisions. Nevertheless, thematic orientations are 
important: the High Tech Strategy of 2006 and its revamp of 2010, the High-Tech Strategy 2020 
clearly identify thematic areas of importance for the innovation and competitiveness capacity of the 
German R&D+I system. It has also been suggested recently that there is a shift form purely 
technology-focused programmes to more application- and solution-oriented definitions of priorities. 
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Some other countries put more emphasis on generic funding in order to maintain and strengthen 
overall R&D base, e.g. in IE, SE and UK [BILAT 2009].  

When analysing the thematic priorities of all EU countries, ICT, telecommunications and electronics, 
are among the top themes shared by many EU member states (others being energy, environment, 
biotechnology, health, and nanotechnology).  Some other priority areas identified in [BILAT 2009] 
with relevance for ICT are: 

¶ Security research: AT, CZ, DE, FR, GR, PT, RO, SI, UK 

¶ Transport and logistics: AT, BE (Walloon region), FR, GR, IT, PL, PT, ES 

¶ Service sector: important in AT, FI, LU, NL, RO 

¶ Space: BE (federal level, Walloon region), FR, DE, GR, RO 

¶ Cultural Heritage: BG, EE, GR, IT, LV, LU 

¶ Mathematics: FR, IE 

¶ Physics: FR, IE 

¶ Chemistry: FR, IE, LV 
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2 International University Rankings 

Several organisations publish international university rankings. For the purpose of identifying priority 
areas for research co-operation in ICT, these rankings are not well suited since they typically aim at 
assessing quality at the overall university level or at most at the level of Engineering and IT faculties. 
However, the rankings allow an overall assessment of how the main universities that undertake ICT 
RTD research in a country are positioned internationally.  

2.1.1 Multi -factor university rankings 

In the following, we take a closer look at two ranƪƛƴƎǎ ŦǊƻƳ ǘƘŜ ¦{ bŜǿǎ ϧ ²ƻǊƭŘΩǎ wŜǇƻǊǘ ŀƴŘ ǘƘŜ 
THE Times Higher Education rankings. These rankings are based on a range of factors: 

U.S.News & World Report's World's Best Universities rankings 

The нлмл ²ƻǊƭŘΩǎ Best Universities rankings are based on data from the QS World University 
Rankings.3 The rankings are produced for five subject areasτarts and humanities, engineering and IT, 
life sciences and biomedicine, natural and physical sciences, and social sciences. Subject area rankings 
are based on the results from an academic peer review survey. They rate schools in the subject area 
or areas where they have broad knowledge. Respondents are able to nominate more than one faculty 
area, and the total therefore adds up to more than 100 percent. Those five subject area ratings are 
then compiled to produce the separate rankings in each of the subject areas. 

The ranking closest in topic to the area of ICT is Engineering and IT.4 

Ranked for Engineering and IT Universities 

Rank Institute Country Score 
Citations 
per Paper 

     

1 Massachusetts Institute of Technology (MIT) United States 100.0 3.3  

2 Stanford University  United States  83.3  3.5  
3 University of California, Berkeley (UCB) United States  82.7  4.1  

4 University of Cambridge United Kingdom 72.5  3.5  
5 California Institute of Technology (Caltech) United States  68.3  3.7  

6 Imperial College London United Kingdom 67.1  2.3  

7 The University of Tokyo Japan  64.4  1.4  
8 ETH Zurich (Swiss Federal Institute of Technology) Switzerland  61.8  2.6  

9 University of Oxford United Kingdom 58.7  2.2  

9 National University of Singapore (NUS) Singapore  58.7  2.3 
32 University of Melbourne Australia  41.6  2.5 

36 Nanyang Technological University (NTU) Singapore  39.2  2.1 

42 University of New South Wales (UNSW) Australia  37.5  1.7 
44 University of Sydney Australia  37.2  2.1 

45 Australian National University (ANU) Australia  35.6  1.8 
55 University of Auckland New Zealand  31.9  1.5 

58 Monash University Australia  31.6  1.7 

62 University of Queensland (UQ) Australia  30.6  2.2 
89 RMIT University Australia  24.7  0.9 

                                                
3
 Produced in association with QS Quacquarelli Symonds who has been publishing world rankings since 2004. 

4
 http://www.usnews.com/articles/education/worlds-best-universities/2010/09/21/worlds-best-universities-

engineering-and-it-.html  

http://www.topuniversities.com/university/411/massachusetts-institute-of-technology-mit
http://www.topuniversities.com/university/576/stanford-university
http://www.topuniversities.com/university/84/university-of-california-berkeley
http://www.topuniversities.com/university/95/university-of-cambridge
http://www.topuniversities.com/university/94/california-institute-of-technology-caltech
http://www.topuniversities.com/university/357/imperial-college-london
http://www.topuniversities.com/university/618/university-of-tokyo
http://www.topuniversities.com/university/199/eth-zurich-swiss-federal-institute-of-technology
http://www.topuniversities.com/university/479/university-of-oxford
http://www.topuniversities.com/university/444/national-university-of-singapore-nus
http://www.topuniversities.com/university/400/university-of-melbourne
http://www.topuniversities.com/university/432/nanyang-technological-university-ntu
http://www.topuniversities.com/university/448/university-of-new-south-wales
http://www.topuniversities.com/university/591/university-of-sydney
http://www.topuniversities.com/university/39/australian-national-university
http://www.topuniversities.com/university/36/the-university-of-auckland
http://www.topuniversities.com/university/413/monash-university
http://www.topuniversities.com/university/516/university-of-queensland
http://www.topuniversities.com/university/529/rmit-university
http://www.usnews.com/articles/education/worlds-best-universities/2010/09/21/worlds-best-universities-engineering-and-it-.html
http://www.usnews.com/articles/education/worlds-best-universities/2010/09/21/worlds-best-universities-engineering-and-it-.html


Priority Areas for Co-operation 

 18/112 www.secas.eu 

QS World University Rankings are also available for Australia and New Zealand5 alone. Note however 
that this list is for the general university level and not limited to Engineering and IT and thus of 
limited relevance for ICT. 

Ranking for Australia and New Zealand 

Rank Institute Country Overall Score 
    

1 Australian National University (ANU) Australia 88.6  

2 University of Sydney Australia  81.3  
3 University of Melbourne  Australia  80.6  

4 University of Queensland (UQ) Australia  77.6  

5 University of New South Wales (UNSW) Australia  76.7  

6 Monash University Australia  72.6  

7 University of Auckland New Zealand  71.2  
8 University of Western Australia (UWA) Australia  67.0  

9 University of Adelaide Australia  63.9  

10 University of Otago New Zealand  57.1  

11 University of Canterbury New Zealand  48.5  

12 Macquarie University Australia  45.0  
13 RMIT University Australia  44.8  

14 Victoria University of Wellington New Zealand  44.4  

15 Flinders University Australia  41.9  

16 University of Newcastle Australia 41.5  

17 University of Technology, Sydney Australia  41.5  
18 University of Wollongong Australia  40.7  

19 Curtin University of Technology Australia  39.3  

20 University of South Australia Australia  38.8  

Another set of international university rankings is published as 

THE Times Higher Education University Rankings6 

The rankings of the top universities across the globe employ 13 separate performance indicators 
designed to capture the full range of university activities, from teaching to research to knowledge 
transfer. These 13 elements are brought together into five headline categories, which are: 

¶ Teaching τ the learning environment (worth 30 per cent of the overall ranking score) 

¶ Research τ volume, income and reputation (worth 30 per cent) 

¶ Citations τ research influence (worth 32.5 per cent) 

¶ Industry income τ innovation (worth 2.5 per cent) 

¶ International mix τ staff and students (worth 5 per cent). 

                                                
5
 http://www.usnews.com/articles/education/worlds-best-universities/2010/09/21/worlds-best-universities-

australian-and-new-zealand-.html  
6
 www.timeshighereducation.co.uk  

http://www.topuniversities.com/university/39/australian-national-university
http://www.topuniversities.com/university/591/university-of-sydney
http://www.topuniversities.com/university/400/university-of-melbourne
http://www.topuniversities.com/university/516/university-of-queensland
http://www.topuniversities.com/university/448/university-of-new-south-wales
http://www.topuniversities.com/university/413/monash-university
http://www.topuniversities.com/university/36/the-university-of-auckland
http://www.topuniversities.com/university/678/university-of-western-australia
http://www.topuniversities.com/university/9/university-of-adelaide
http://www.topuniversities.com/university/475/university-of-otago
http://www.topuniversities.com/university/97/university-of-canterbury
http://www.topuniversities.com/university/379/macquarie-university
http://www.topuniversities.com/university/529/rmit-university
http://www.topuniversities.com/university/654/victoria-university-of-wellington
http://www.topuniversities.com/university/206/flinders-university
http://www.topuniversities.com/university/450/university-of-newcastle
http://www.topuniversities.com/university/590/university-of-technology-sydney
http://www.topuniversities.com/university/686/university-of-wollongong
http://www.topuniversities.com/university/150/curtin-university-of-technology
http://www.topuniversities.com/university/569/university-of-south-australia
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/analysis-methodology.html
http://www.usnews.com/articles/education/worlds-best-universities/2010/09/21/worlds-best-universities-australian-and-new-zealand-.html
http://www.usnews.com/articles/education/worlds-best-universities/2010/09/21/worlds-best-universities-australian-and-new-zealand-.html
http://www.timeshighereducation.co.uk/
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THE World University Rankings 2010 lists the top 200 universities for all subject areas. It includes 
institutes from Australia, New Zealand, and Singapore in the following positions: 

Rank Institute Country Overall Score 
    

36 University of Melbourne Australia 71.0 
43 Australian National University Australia 67.0 

71 University of Sydney Australia 61.2 

73 University of Adelaide Australia 60.7 

81 University of Queensland Australia 59.1 

145 University of Auckland New Zealand 51.8 
152 University of New South Wales Australia 51.2 

174 Nanyang Technological University Singapore 49.0 

178 Monash University Australia 48.5 

These new 2010-11 Times Higher Education (THE) World University Rankings also confirm the 
University of Auckland's position as the top university in New Zealand. 

Top 50 Engineering & Technology universities  

The ranking for Engineering & Technology is most relevant for our purpose: 

Rank Institute Country Score 
    

1 California Institute of Technology United States 95.9 

2 Massachusetts Institute of Technology United States 94.7 

3 Stanford University United States 93.0 
4 Princeton University United States 91.3 

5 University of California Berkeley United States 90.5 

6 University of Cambridge United Kingdom 87.8 

7 Swiss Federal Institute of Technology Zurich Switzerland 87.2 

8 University of Oxford United Kingdom 85.9 
9 Imperial College London United Kingdom 85.8 

10 Georgia Institute of Technology United States 83.2 

16 National University of Singapore Singapore  77.5 

30 University of Melbourne Australia 64.4 

37 University of Queensland Australia Australia  62.3 
40 University of Sydney Australia 61.6 

44 Australian National University Australia  60.4 

The Engineering and IT ranking features more Asian institutions than any other of the THE subject 
rankings. The top Asian institution in the table is the National University of Singapore in 16th position.  

In summary, all three countries are represented in these international rankings with their leading 
universities. For the area of ICT, the ranking of the engineering fields is of highest relevance. Within 
this area, Singapore takes the lead with its National University. High ranking Australian universities 
include the University of Melbourne, Australian National University, University of New South Wales 
and University of Sydney. New Zealand is present with the University of Auckland. 

http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-1044
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-1021
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-1050
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-1041
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-1047
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-1061
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-1046
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-566
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/top-200.html#uni-1035
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-64
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-118
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-171
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-153
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-57
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-987
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-940
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-1004
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-959
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-99
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-567
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-1044
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-1047
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-1050
http://www.timeshighereducation.co.uk/world-university-rankings/2010-2011/engineering-and-IT.html#uni-1021
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2.1.2 University rankings based on citation impact 

High Impact Universities7
  has performed a pilot study ranking universities worldwide based solely on 

the impact of publication outputs as measured by citations.8 Of course results of citation analysis 
need to be used with some caution as it is important to note that the absence of such evidence does 
not imply absence of impact.9

 

The Global Listing10 of Engineering, Computing, Technology (ECT) faculties based on raw g indices 
indicates that in 2010: 

¶ The top 50 ICT faculties are dominated by US universities;  

¶ Seven European universities appear in the top 50; 

¶ 64 European universities appear in the top 200;  

¶ The National University of Singapore ranks 25th, Nanyang Technological University ranks 46th. 

¶ Six Australian universities are ranked in the top 200. 

¶ The University of Auckland ranks 239th. 

This largely confirms the picture from the previous analysis. It means that Singapore ranks first of the 
three countries studied and almost 20% of Australian universities are ranked in the top ECT faculties 
internationally. The University of Melbourne, the University of New South Wales, the University of 
Sydney, Monash University, the Australian National University and the University of Queensland are 
ranked in the top 200 internationally and the Queensland University of Technology is ranked 204th. 
Again, the University of Auckland is ranked first within New Zealand (followed by the University of 
Canterbury). 

                                                

7
 http://www.highimpactuniversities.com/index.html  

8
The full methodology can be found at  http://www.highimpactuniversities.com/methods.html  

9
 This study uses the g-index which gives more weight to highly cited publications. That is, it rewards a smaller 

number of highly cited papers over a large number of poorly cited papers.  Note also that the scale of g scores is 
not linear i.e. successive increments are progressively harder to obtain.  
10

 http://www.highimpactuniversities.com/fac3.html  

http://www.highimpactuniversities.com/index.html
http://www.highimpactuniversities.com/methods.html
http://www.highimpactuniversities.com/fac3.html
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3 Singapore 

3.1 Context 

{ƛƴƎŀǇƻǊŜ ƛǎ ŎƻƴǎƛŘŜǊŜŘ άǘƘŜ Ƴƻǎǘ ǎǳŎŎŜǎǎŦǳƭ ǎŎƛŜƴŎŜΣ 
ǘŜŎƘƴƻƭƻƎȅ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴ ǎȅǎǘŜƳ ƛƴ ǘƘŜ ǊŜƎƛƻƴέ 
[Noviscape 2009]. The strong importance of S&T as a 
driving force for economic growth in Singapore is 
evidenced by several key statistical indicators. Singapore is 
the leading nation in South East Asia in terms of R&D 
investments: it already boasted a gross expenditure on 
research and development (GERD) of 2.39% of its GDP in 
2006 and 10 researchers per 1,000 employees in 2005.11  

Singapore today is one of the two high-income countries 
in the region (Brunei being the other one), an economically prosperous country open to international 
investments: In 2005, 59% of GERD was funded by industry and 36% by the government. In the same 
year, 66% of GERD was performed by the business sector, 24% by higher education and 9.6% by the 
government.12 It has been noted that the strong emphasis on adoption of technologies may have lead 
to less indigenous R&D (cf. [Noviscape 09]). 

Population Area GDP per capita (PPP) GDP growth R&D exp. 

Ψллл Year km2 US $ Year % Year Bn US $ Year % GDP Year 
           

4.988 2009 0,71 57.238,00 2010 17,90 2010   2,61 2007 

5.077 2010  59.582,41 2011   6,30 2011 2,2 2011 

   61.932,85 2012       

   64.374,59 2013       

   66.981,21 2014       
   69.690,30 2015       

Table 1 Statistical country and R&D data for Singapore
13

 

CǊƻƳ ŀƴ L/¢ ǇŜǊǎǇŜŎǘƛǾŜΣ {ƛƴƎŀǇƻǊŜΩǎ ŜȄǇƭƛŎƛǘ ǘŀǊƎŜǘƛƴƎ ƻŦ ǘƘŜ L¢ ƛƴŘǳǎǘǊȅ ŀƴŘ L¢ ƛƴƴƻǾŀǘƛƻƴ ŀƴŘ 
research from the mid-1980s on is particularly interesting. National IT Plans by the National 
Computer Board together with the liberalisation of the telecom markets and e-Government actions in 
the 90s resulted in excellent positions of Singapore in many international ICT rankings. Since 2001, 
the A*STAR (Agency for Science, Technology, and Research) has been drawing up strategic plans for 
{ϧ¢ ŦƻŎǳǎƛƴƎ ƻƴ άǿƻǊƭŘ-class scientific research and talent for a vibrant knowledge-ōŀǎŜŘ {ƛƴƎŀǇƻǊŜέΦ 
The most recent available plan (STP2010) identified several key goals for Singapore S&T including 
more resources for R&D, a focus on selected areas of economic importance, and a proper balance of 
investigator-led and mission-oriented research as well as the encouragement of more private-sector 
R&D. 

The strong emphasis on innovation is also visible from the S&T workforce statistics. In 2008, a total of 
18,948 R&D staff was employed in businesses, 2,441 in government, and 10,808 in higher education. 

                                                
11

 [Schüller et al. 2008] based on data from the S&T unit of the ASEAN secretariat. 
12

 Ibd. 
13

 Sources: worldbank.gov, imf.org, wikipedia.org 

Singaporeôs main industries are 
electronics, chemicals, financial 
services, oil drilling equipment, 
petroleum refining, rubber 
processing and rubber products, 
processed food and beverages, ship 
repair, offshore platform 
construction, life sciences, entrepot 
trade. 
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By far the largest proportion (17,257 staff) worked in engineering and technology, followed by natural 
science with 4,080 ([Noviscape 09] based on UNESCO data). With 2046 patent applications in 2006 
[Schüller et al.08] it is leading among the countries in South-East Asia. 

[Schüller et al. 08] have analysed reasons for international R&D cooperation from the point of view of 
scientists from Singapore. Not surprisingly, exchange of research personnel, expansion of research 
capabilities and access to S&T, but also co-patenting, scientific publications and reputation are drivers 
according to the assessment of the authors. 

Singapore is also leader in publications in South East Asia. Based on ISI publications data, it shares 
лΦом҈ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƻǳǘǇǳǘ ώbƻǾƛǎŎŀǇŜ лфϐΦ {ƛƴƎŀǇƻǊŜ ǊŜǎŜŀǊŎƘŜǊǎ ŀǊŜ ǇŀǊǘƛŎǳƭŀrly strong in 
Computer Science and Engineering. Table 2 compares citations of researchers based in Singapore with 
selected European countries. 

Topic Countries # papers Citations per paper Ranks 

     

Computer Science SE 3207 6.76 1 
 DK 2096 4.54 4 
 SG 3788 2.81 16 

Engineering DE 46643 4.96 3 
 GB 47910 4.74 4 
 SG 11744 4.16 19 

Human papillomavirus ES 105 43.5 2 
 SG 20 21.65 11 

Table 2 Selected publications and citation rankings of top nations in Europe and Singapore selected from 
[Noviscape 09] based on Science Watch data. 

Apart from the area of Electrical and Electronic Engineering, Singapore is also strong in the areas of 
telecommunication, Artificial Intelligence, and nanoscience. 

3.2 Top ICT Researchers in Singapore 

¢ƘŜ ƎŜƴŜǊŀƭ ǎǘǊŜƴƎǘƘǎ ƻŦ {ƛƴƎŀǇƻǊŜΩǎ L/¢ ǊŜǎŜŀǊŎƘ ŀǘ ǘƘŜ ŀƎƎǊŜƎŀǘŜ ƭŜǾŜƭ ŀǊŜ ŀƭǎƻ ŎƻƴŦƛǊƳŜŘ ƛƴ ǊŜŎŜƴǘ 
studies on individual researcher level. Table 3 lists top-ranking ICT researchers based on publications 
(citations); adapted from [Haddaway 2010]. It is based on historic data and citations and influenced 
by age. As would be expected, it lists both researchers from the Nanyang Technological University and 
the National University of Singapore ς but also from the Institute of Infocomm research. 
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Author  Affiliation  
  

Cai, W. Nanyang Technological University, School of Computer Engineering 

Srikanthan, T. Nanyang TU, Centre for High Performance Embedded Systems 

Wijesoma, W.S. Nanyang TU, Department of Electrical and Electronic Engineering 

Er, M.J. Nanyang TU, Intelligent Systems Center 

Low, K.H. Nanyang TU, School of Electrical and Electronic Engineering 

Cheah, C.C. Nanyang TU, School of Electrical and Electronic Engineering 

Wang, D. Nanyang TU, School of Electrical and Electronic Engineering 

Ng, W.S. Nanyang TU, School of Mechanical and Aerospace Engineering 

Ge, S.S. National University of Singapore, Dept. of Electrical & Computer Engineering 

Lee, T.H. National University of Singapore, Dept. of Electrical & Computer Engineering 

Pan, S.L. National University of Singapore, Dept. of Information Systems 

Ang, M.H. National University of Singapore, Dept. of Mechanical Engineering 

Bao, F. Institute for Infocomm Research, A-Star 

Zhou, J. Institute for Infocomm Research, A-Star, Cryptography and Security Department 

Yang, G. Singapore Institute of Manufacturing Technology, Mechatronics Group 

Deng, R.H. Singapore Management University, School of Information Systems 

Zhou, C. Singapore Polytechnic, School of Electrical and Electronic Engineering 

Zhu, H. A-Star Singapore, C and S Department 

Table 3 Top-ranking ICT researchers (citations) adapted from [Haddaway 2010] 

These top-ranking ICT researchers are listed below with short summaries of their RTD profiles. For 
information, citation and h-index figures have also been calculated and are listed below.  

Wentong Cai. Professor, Division of Computer Science, Director, Parallel and Distributed Computing 
Centre, School of Computer Engineering, Nanyang Technological University 

http://www3.ntu.edu.sg/home/aswtcai/biodata.htm 
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=a
swtcai 

1990 citations, 22 h-index 

Prof. Cai's current research interests include: Parallel & Distributed Simulation, Multi-agent 
Systems, and Grid & Cluster Computing. His main areas of expertise are the design and 
analysis of scalable architecture, framework, and protocols to support parallel & distributed 
simulation, and the development of models and software tools for programming 
parallel/distributed systems. His recent research has focused on system support for 
distributed simulation/virtual environments, and modeling and simulation of large-scale 
complex systems. 

http://www3.ntu.edu.sg/home/aswtcai/biodata.htm
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=aswtcai
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=aswtcai
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Thambipillai Srikanthan. Professor, Chair, School of Computer Engineering, Division of Computing 
Systems, School of Computer Engineering, College of Engineering, Director of Centre for High 
Performance Embedded Systems (CHiPES), Nanyang Technological University 

http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=A
STSRIKAN 

787 citations, 14 h-index 

His research interests include design methodologies for complex embedded systems, 
architectural translations of compute intensive algorithms, computer arithmetic and high-
speed techniques for image processing and dynamic routing. His specific research 
contributions have led to design and development of a number of innovative embedded 
solutions for consumer market. His pioneering efforts in low-cost roadway navigation and 
image processing solutions have led to commercially viable intellectual properties. He has 
pioneered the development of techniques based on artificial intelligence heuristics to 
accelerate embedded computations. His current projects involve the development of novel 
techniques for vision-enabled embedded systems as well as design methodologies to shorten 
the Time-To-Market (TTM) and to reduce Non-Recurring Engineering (NRE) costs. 

Wijerupage Sardha Wijesoma. Associate Professor, Division of Control & Instrumentation, School of 
Electrical & Electronic Engineering, College of Engineering, Nanyang Technological University, 
Department of Electrical and Electronic Engineering 

http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=e
swwijesoma 

405 citations, 10 h-index 

His primary discipline is Electrical, Electronic and Computer Engineering. His research 
interests synthesize work in the development of scientific and engineering foundations and 
enabling technologies in perception, navigation and control of autonomous land and 
underwater smart vehicles, simultaneous localization and mapping, collaborative 
autonomous systems for surface, underwater and ground applications, sensor fusion, data 
association, and tracking, system integration for intelligent autonomous systems, object and 
component based software architectures for intelligent systems 

Meng Joo Er. Director Renaissance Engineering Programme, College of Engineering, Nanyang 
Technological University, Intelligent Systems Center 

http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=e
mjer 

1857 citations, 19 h-index 

Professor Er Meng Joo's areas of expertise are intelligent control theory and applications, 
fuzzy logic and neural networks and robotics and automation. His current works focus on 
control theory and applications, fuzzy logic and neural networks, computational intelligence, 
cognitive systems, robotics and automation, sensor networks and biomedical engineering. 

http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=ASTSRIKAN
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=ASTSRIKAN
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=eswwijesoma
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=eswwijesoma
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=emjer
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=emjer
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Low Kin Huat. Nanyang Technological University, School of Electrical and Electronic Engineering 

http://www3.ntu.edu.sg/home/mkhlow/ 

1215 citations, 16 h-index 

Main research areas are  

¶ Rehabilitation Device/System in Bio-Engineering and Assistive Technologies 

¶ Biomimetics Modelling, Design and Systems 

¶ UAV Design and Technologies 

¶ Drop-impact Analysis and Absorption 

¶ Robotics, Mechatronics, and Automation Systems 

Chien Chern Cheah. Associate Professor, Division of Control & Instrumentation, School of Electrical & 
Electronic Engineering, College of Engineering, Nanyang Technological University 

http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=e
cccheah 

898 citations, 16 h-index 

Research interests include 

¶ Robot control 

¶ Visual Servo Control 

¶ Formation control 

¶ Adaptive and learning control 

Danwei Wang. Head, Division of Control and Instrumentation, School of Electrical and Electrical 
Engineering, Nanyang Technological University 

http://www3.ntu.edu.sg/home/edwwang/ 

1884 citations, 22 h-index 

Research interests and activities 

¶ Iterative Learning Control and Repetitive Control 

¶ Mobile robot dynamics, path planning and tracking control 

¶ Surface detection and reconstruction for part repair services 

¶ Satellite Formation Flying for Distributed Sensing (Funded 2006) 

¶ Health Monitoring, Fault Diagnosis and Prognosis for High Value Manufacturing 

Wee Siong Ng. Nanyang Technological University, School of Mechanical and Aerospace Engineering 
University 

1391 citations, 19 h-index 

Peer To Peer Computing, Robotics, Artificial Intelligence 

http://www3.ntu.edu.sg/home/mkhlow/
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=ecccheah
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=ecccheah
http://www3.ntu.edu.sg/home/edwwang/
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Shuzhi Sam Ge. National University of Singapore, Department of Electrical & Computer Engineering 

http://robotics.nus.edu.sg/sge/ 

7110 citations, 42 h-index 

Dr Ge is currently the Director of Social Robotics Lab, Institute of Interactive Digital Media 
(IDMI), National University of Singapore (NUS). He is leading a strong research team working 
on autonomous robotics (sensor fusion, path planning, decision making), intelligence control, 
intelligent interactive media fusion, and education software development. 

Tong Heng Lee. Director, Office of Research, National University of Singapore National University of 
Singapore, Department of Electrical & Computer Engineering 

http://www.eng.nus.edu.sg/deanleeth/ 

678 citations, 12 h-index ό{ǘŀƴŦƻǊŘΩǎ ¢ƘƻƳŀǎ IΦ [ŜŜ ŘƻŜǎ ǊŜǎŜŀǊŎƘ ƛƴ ǘƘŜ ǎŀƳŜ ŀǊŜŀύ 

Dr. Lee's research interests are in the areas of adaptive systems, knowledge-based control, 
intelligent mechatronics and computational intelligence. He currently holds Associate Editor 
appointments in the IEEE Transactions in Systems, Man and Cybernetics; IEEE Transactions in 
Industrial Electronics; Control Engineering Practice (an IFAC journal); and the International 
Journal of Systems Science (Taylor and Francis, London). In addition, he is the Deputy Editor-
in-Chief of IFAC Mechatronics journal. 

Shan Ling Pan. National University of Singapore, Department of Information Systems 

http://www.comp.nus.edu.sg/is/bio/pansl.html 

469 citations, 13 h-index 

Research interests are 

¶ IT Strategies in China 

¶ Eco-business System of IT Industry 

¶ Strategic Enterprise Systems 

Marcelo H. Ang, National University of Singapore, Department of Mechanical Engineering 

http://guppy.mpe.nus.edu.sg/marcelo/research.htm 

896 citations, 12 h-index 

Research interests are Man-Machine User Interface, Control of Dynamic Behavior of Robot 
Manipulators, Passive Compliance and Flexible Robots, Mobile Robotics, Intelligent Control 

Feng Bao. Institute for Infocomm Research, A-Star, Singapore 

http://icsd.i2r.a-star.edu.sg/staff/baofeng/ 

1422 citations, 12 h-index 

Algorithms, automata theory, computational complexity, communication networks, 
cryptography, fault tolerance, information security, reliable and secure distributed computing; 
cryptographic algorithms, secure protocol design and analysis, key escrow systems, 
cryptosystems for smart card, watermarking technology, electronic commerce, fast 
encryption for multimedia data, Internet security, digital content protection, e-payment. 

http://robotics.nus.edu.sg/sge/
http://www.eng.nus.edu.sg/deanleeth/
http://www.comp.nus.edu.sg/is/bio/pansl.html
http://guppy.mpe.nus.edu.sg/marcelo/research.htm
http://icsd.i2r.a-star.edu.sg/staff/baofeng/
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Jianying Zhou. Institute for Infocomm Research, A-Star, Singapore, Cryptography and Security 
Department 

http://icsd.i2r.a-star.edu.sg/staff/jianying/ 

1713 citations, 17 h-index 

Research interests are Computer and Network Security, Cryptographic Protocol, Digital 
Signature and Non-repudiation, Mobile and Wireless Communications Security, Secure 
Electronic Commerce 

Guilin Yang. Singapore Institute of Manufacturing Technology, Mechatronics Group 

http://www.simtech.a-
star.edu.sg/simcorp/loadResearcherDetail.do?id=1.2&currId=1.2.1&cid=2162693&pid=38010
90 

855 citations, 17 h-index 

Micro-machining and micro-manipulation, computational kinematics and dynamics, parallel 
kinematic machines, mechatronic systems, modular robotics and reconfigurable automation 

Robert H. Deng. Singapore Management University, School of Information Systems 

http://icsd.i2r.a-star.edu.sg/staff/Robert 

2161 citations, 24 h-index 

Cryptographic techniques, network and distributed systems security and information security 

Changjiu Zhou. Singapore Polytechnic, School of Electrical and Electronic Engineering 

http://www.robo -erectus.org/members/czhou/ 

662 citations, 14 h-index 

Dr. Changjiu Zhou is currently the Centre Director of the Advanced Robotics and Intelligent 
Control Centre (ARICC), a Technology & Innovation Centre (TIC) at the Singapore Polytechnic. 
He is the founder of the Humanoid Robotics Group. He is a member of the RoboCup 
Executive Committee. His current research interests include intelligent robotic systems, 
computational intelligence, humanoid robotics, robotic soccer systems, edutainment robots, 
machine learning, intelligent control, multi-sensor fusion and bio-inspired robotic systems. He 
has about 150 research publications including 3 edited-books published by Springer. 

Huafei Zhu. A-Star Singapore, C and S Department 

http://icsd.i2r.a-star.edu.sg/staff/huafei/ 

283 citations, 9 h-index 

Cryptographic primitives, Multi-party computations, Signatures Cloud computing, Trusted 

computing, Information and Network Security, System and Device Security 

http://icsd.i2r.a-star.edu.sg/staff/jianying/
http://www.simtech.a-star.edu.sg/simcorp/loadResearcherDetail.do?id=1.2&currId=1.2.1&cid=2162693&pid=3801090
http://www.simtech.a-star.edu.sg/simcorp/loadResearcherDetail.do?id=1.2&currId=1.2.1&cid=2162693&pid=3801090
http://www.simtech.a-star.edu.sg/simcorp/loadResearcherDetail.do?id=1.2&currId=1.2.1&cid=2162693&pid=3801090
http://icsd.i2r.a-star.edu.sg/staff/Robert
http://www.robo-erectus.org/members/czhou/
http://icsd.i2r.a-star.edu.sg/staff/huafei/
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3.3 National University of Singapore NUS  

3.3.1 Department of Electrical and Computer Engineering 

{ƛƴƎŀǇƻǊŜΩǎ ǘƻǇ ǊŀƴƪƛƴƎ ǳƴƛǾŜǊǎƛǘȅ b¦{ Ƙƻǎǘǎ ǘƘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƭŜŎǘǊƛŎŀƭ ŀƴŘ /ƻƳǇǳǘŜǊ 9ƴƎƛƴŜŜǊƛƴƎ 
(ECE). This department has a vibrant research oriented culture with impressive success. It won over 
34 international awards since 199014, licensed or commercialized 27 products15, started 21 spin-off 
companies16 and holds 129 patents.17 

¢ƘŜ ŘŜǇŀǊǘƳŜƴǘΩǎ ǇǳōƭƛŎŀǘƛƻƴǎ ƘŀǾŜ ǎƘƻǿƴ ŀ ƘŜŀƭthy growth over the past years and over 700 papers 
were published in various journals, conferences and books since 2001, see also Figure 1.  

 

Figure 1 ECE publications at NTU. 

The major research areas and activities conducted in the department are broad and include 
communications & networks; control, intelligent systems & robotics; integrated circuits and 
embedded systems; microelectronic technologies & devices; microwave & RF; power and energy 
systems; signal processing and new media. 

                                                
14

 http://www.ece.nus.edu.sg/research/achieve_list.html 
15

 http://www.ece.nus.edu.sg/research/techtransfer.html 
16

 http://www.ece.nus.edu.sg/research/spinoff/ 
17

 http://www.ece.nus.edu.sg/research/patent_chart.html 
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3.3.2 Department of Computer Science 

The Department of Computer Science has over 80 internationally recognized faculty members who 
perform research in the areas of Artificial Intelligence (AI), database management, media, systems 
and networking, computational biology, and programming languages and software engineering. 

The Computer Science Department is headed by Professor Limsoon Wong. Limsoon Wong is a 
provost's chair professor in the School of Computing and a professor in the Yong Loo Lin School of 
Medicine at the National University of Singapore. Before that, he was the Deputy Executive Director 
for Research at A*STAR's Institute for Infocomm Research. He is working on knowledge discovery 
technologies and is especially interested in their application to biomedicine. He has also done 
significant research in database query language theory and finite model theory, as well as 
development work in broad-scale data integration systems. Limsoon has written about 150 research 
papers, a few of which are among the best cited of their respective fields. In recognition for his 
contributions to these fields, he has received several awards, serves on the editorial boards of many 
renowned journals and is is a scientific advisor to a number of international companies.  

3.4 Nanyang Technological University (NTU) ς Computer Engineering 

The research areas of the Computer Engineering academic staff members include audio, speech & 
signal processing, computer graphics & visualization, computer network & cross layer mobility, 
computer security, computer vision, data mining & machine learning, databases & information 
retrieval, distributed systems & high performance computing, embedded systems, intelligent robotics 
& control, mobile media & multimedia understanding, modelling & simulation, service computing & 
intelligent agents and wireless & smart sensor systems. Most of the research projects are conducted 
in the research centres and laboratories: 

¶ Bioinformatics Research Centre 

¶ Centre for Advanced Information Systems 

¶ Interface Research 

¶ Centre for Advanced Media Technology (Cam Tech): CAMTech is a joint research and 
development centre between the Fraunhofer Institute for Computer Graphics (IGD) of 
Germany and the NTU of Singapore. It works in the areas of biomedical information, cultural 
heritage, edutainment, rendering, shape modelling and TV media. 

¶ Centre for Computational Intelligence 

¶ Centre for High Performance Embedded Systems 

¶ Centre for Multimedia and Network Technology 

¶ Parallel & Distributed Computing Centre 

3.5 Interactive and digital media (IDM) 

With the advantage of an established trusted infrastructure, strong and talented workforce, stability 
of financial institutions and proven ability in information technology, Singapore aims to be a global 
media city with the Interactive Digital Media (IDM) sector as a key driver. The Interactive and Digital 
Media (IDM) sector is poised for tremendous growth, fuelled largely by the technological 
advancements and adoption in computing, broadband and mobile telephony. IDM will be a 
fundamental enabler in the 21st century, presenting opportunities for new players, new content and 
business models. The IDM sector is a key driver in Singapore's thrust towards an innovative global 
media city. 
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Three important factors point to the media sector ς and IDM in particular ς as a potential priority 
topic for ICT research collaboration:  

¶ The media sector in Singapore is valued at over S$18 billion and contributes S$4.9 billion in 
value-added, as of December 2008.  

¶ Influx of international IDM companies, e.g., U.S.-based Lucasfilm and Electronic Arts, Europe's 
Ubisoft, Japan's Koei Tecmo Games, and Australian-based Southern Star.  

¶ Strong push to create and internationalize local Singaporean IDM-based entrepreneurship. Two 
years into execution, a vibrant ecosystem is emerging in Singapore. 

A recent study by Deloitte  [Deloitte IDM 2010] reveals healthy signs of growth for the IDM sector 
where the core IDM sector generated a value-added (VA) of close to $798 million in 2008. The study 
estimates that the sector has grown at an estimated 22% CAGR since 2005, adding some $360 million 
value-added and 3500 new jobs in the process. For the period studied (2007-2008), the core IDM 
sector VA had grown at a rate of 25%, from an estimated $640m to $798m, whilst revenues grew at a 
rate of 24.7%, from an estimated $1bn to $1.3bn. The sector also added around 1,500 jobs, growing 
to an estimated 7,400-strong employment and the study estimates that there are now around 585 
businesses in Singapore that are conducting an IDM activity. Overall, exports made up 43% of 
revenues, complemented by strong business-to-business consumption of IDM services within 
Singapore, and suggesting intense investment activity over the period.  

The study sees evidence of vibrancy given the large proportion of start-ups (19%) and foreign 
companies (21%). Whilst large companies account for 14% of the number of establishments, the IDM 
sector is predominantly composed of SME companies (67%). The growth rates of start-ups in 
particular have been phenomenal over 2007-2008, and it is significant that all our local flagship media 
companies (e.g. Mediacorp, SPH, ST Electronics etc.) are also investing significantly in R&D today.  

The Deloitte study also reflected that the growing representation of start-ups (19%), foreign 
companies (21%), healthy growth, and increased focus on R&D led to Singapore to be perceived by 
the world as a vibrant IDM market place. Further, our business-friendly and multicultural 
environment combined with high-tech savvy population also positioned Singapore well as a test 
market for innovation and the creation of IDM products. The recent economic crisis has however 
substantially reduces the growth rate for the sector in 2009. Against the backdrop of a shrinking 
ƳŜŘƛŀ ǎŜŎǘƻǊΣ ǘƘŜ hŦŦƛŎŜ ǿƛƭƭ ǎǘƛƭƭ ŎƻƴǘƛƴǳŜ ΨǿƘƻƭŜ-of-ƎƻǾŜǊƴƳŜƴǘΩ ǎǘǊŀǘŜƎƛŜǎ ǘƻ ŀǳƎƳŜƴǘ ǘƘŜ ǎŜŎǘƻǊΣ ǎƻ 
as to ensure that the emerging IDM eco-system continues to develop. 

The strategic efforts in IDM aim to leverage on Singapore's unique multi-cultural, multi-lingual and 
cosmopolitan identity, and its strong foundation in information and communications infrastructure, 
its reputation as a trusted capital with a best-in-Asia intellectual property (IP) regime and a talented 
workforce, to catalyze new and innovative business models and activities in the IDM sector and 
create niches within this space that Singapore can excel in. 

The development of the IDM sector requires the collaboration of a diverse range of public sector 
agencies, educational and research institutions, industry players and other stakeholders. To give the 
sector stronger focus, leadership and coordination, the IDM Steering Committee, chaired by 
Chairman of NRF and the IDM Executive Committee, co-chaired by the Permanent Secretaries of 
Ministry of Education and Ministry of Information, Communications and the Arts, have been formed 
to oversee and coordinate the activities of the various ministries and agencies in this sector and drive 
the strategic direction, growth strategies and capability-building efforts for this sector more 
proactively. 

Four key focus RTD areas have been identified: 

http://www.idm.sg/about/steeringcomm/
http://www.idm.sg/about/exco/
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¶ Education; 

¶ Animation, Games & Effects; 

¶ Media Intermediary ("Mediary") Services; and 

¶ "On-the-Move" Technologies. 

The IDM RTD initiative is under the purview of the IDM Programme Office (IDMPO), which 
coordinates a nation-wide effort across various agencies and oversees RTD initiatives in the IDM 
ǎǇŀŎŜΦ L5ath ǿŀǎ ŎǊŜŀǘŜŘ ƛƴ !ǳƎǳǎǘ нллс ǘƻ ǎǳǇǇƻǊǘ {ƛƴƎŀǇƻǊŜΩǎ ƭƻƴƎ-term vision of growing into a 
vibrant global media capital. IDMPO is an inter-agency outfit hosted by the Media Development 
Authority (MDA), to coordinate efforts among various government agencies and institutions of higher 
learning involved in the IDM sector. The Executive Director of the IDMPO is Mr. Michael Yap, Deputy 
Chief Executive Officer of the Media Development Authority.18 

Summarizing, there are clear policies and strategies in place to foster prosperity of the IDM sector 
and the industry environment is more than favourable. The area of Interactive and digital media has 
also been identified by [Schüller et al. 08] as one of the three most important S&T cooperation areas 
for Singapore. Finally, there are a number of research groups within this rather broad area that offer 
the potential for high-quality and sustainable ICT research collaboration. 

3.6 Institute for Infocomm Research (I2R) 

The Institute for Infocomm Research (I2R) is a member of the Agency for Science, Technology and 
Research (A*STAR).19 Established in 2002, I2R performs R&D in information, communications and 
media (ICM) technologies to develop holistic solutions across the ICM value chain. Its research 
capabilities are in information technology, wireless and optical communication networks, interactive 
and digital media, signal processing and computing.  

The mission of I2R is to be the Infocomm and Media value creator that keeps Singapore ahead, and to 
be the globally preferred source of innovations in 'Interactive Secured Information, Content and 
Services Anytime Anywhere'. The ICT RTD work at I2R is organized into 10 departments and 6 
programs. 

Computer Graphics and Interface 

Research outputs of the Department of Computer Graphics are particularly relevant for assistive ICT 
systems for monitoring and rehabilitation for the elderly and Personal 3D entertainment systems 

                                                
18

 IDM Steering Committee: Dr. Tony Tan Keng Yam, Chairman, NRF; RADM (NS) Lui Tuck Yew, Acting Minister 
for MCYS; S. Iswaran, Senior Minister of State for Trade and Industry and Education; Dr. Ng Eng Hen, Minister 
for Education. IDM Executive Committee: Mr. Chan Yeng Kit, Permanent Secretary for Information, 
Communication and the Arts and Co-chairperson; Mrs. Tan Ching Yee, Permanent Secretary for Education and 
Co-chairperson. IDM Executive Director: Mr. Michael Yap. 
19

 Prof. Lye Kin Mun, Acting Executive Director; Dr. Cheah Kok Beng, Director of Corporate Services; Dr. Michael 
Chia, Director of Industry; Dr. Susanto Rahardja, Director of Research 

http://www.idm.sg/
http://www.mda.gov.sg/
http://www.mda.gov.sg/
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Computer Vision and Image Understanding  

The department performs research on Visual Information Indexing and Retrieval, and on learning for 
Computer Vision. Develop solutions related to visual pattern analysis for decision-making, such as 
medical image analysis for disease screening, image-based information access for mobile searches, 
and human behaviour tracking for elderly care. It also provides solutions for security enforcement 
based on biometrics, video surveillance, and media authentication, as well as for the entertainment 
industry, such as interactive television and 3D gaming interaction. 

Cryptography and Security  

The department deals with the design and analysis of cryptosystems with applications in defending 
malware; digital copyright protection by software obfuscation; defending DDoS, sensor network 
authentication and encryption; privacy protection, RFID security; authentication, fair exchange, e-
payment, key agreement. 

Data Mining 

Data mining is critical for companies which need to analyze complex information for business 
intelligence and decision support. With competent data mining that can handle both structured and 
unstructured data, a company can improve its level of service and performance, discover new 
opportunities and profit on data. It can also help detect fraud, waste and abuse, as well as assist in 
the sharing of sensitive information. The department works in financial and biological data mining, 
information gathering from unstructured text and semantic knowledge discovery. 

Embedded Systems 

The ES department addresses the development of communication systems and provision of 
architectural design, with a focus on real-time software and embedded system design and 
development. 

Human Language Technology  

Research has resulted in a patented text information agent, machine translation for South-East Asian 
languages, and the Abacus multlingual speech recognition platform. It works on social robotics and 
speech & dialogue processing.  

Modulation and Coding 

Many next generation communication systems, including high throughput wireless local area 
networks, ultra-wideband wireless personal area network based on WiMedia, wireless sensor 
networks, wireline communication systems, and next generation wireless local area network system 
beyond IEEE 802.11n. 

Network Protocols 

Areas of interest are wireless ad hoc, mesh and sensor networking; architectures for mission-critical 
services, including control and management of optical networks, cooperative and coordinated 
networking, as well as autonomic self-healing and robust networks. 

These technologies find their applications in optimized, highly survivable, integrated and 
performance-guaranteed networks for application in maritime and underwater communications and 
sensing, monitoring and surveillance of outdoor spaces, healthcare and mission-critical services. 
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RF and Optical 

The department works on emerging wireless systems, long-haul and Metropolitan Area Networks, 
RoF technology, Sensors based on optical fibre. The industrial interest in the area is in novel design 
concepts and new applications of electromagnetic materials for antennas with high performance 
such as broadband/multiple-mode operation for modern wireless systems such as UWB, WLAN, 
WiMAX, WiFi, MIMO, on-body/implanted communications. 

Signal Processing 

The department works on H.264 and SVC encoders; video pre- and post-processing, audio signal 
processing, cardiac signal processing, and multimodal sensor data processing; and scratched sound 
synthesis. Applications include using perceptual audio and video quality metrics to achieve the 
highest quality in audio and video processing to generate technologies relevant to the needs of digital 
media industries, such as having an enabling natural interface for computer game using human 
gesture to enhance gaming experience. 

The Institute for Infocomm Research (I2R) also runs several important ICT RTD programmes. They 
cover a broad range from more communication networks to e-health, social systems, and augmented 
reality.  

Integrated COmmunications Network @ Home (ICON@Home) 

¢ƘŜ L/hbϪIƻƳŜ tǊƻƎǊŀƳƳŜΩǎ ƳƻǘƛǾŀǘƛƻƴ ƛǎ ōŀǎŜŘ ƻƴ L5!Ωǎ όLƴŦƻŎƻƳƳ 5ŜǾŜƭƻǇƳŜƴǘ !ǳǘƘƻǊƛǘȅ ƻŦ 
Singapore) plans to roll out a nationwide FTTH Gbps network that will cover at least 95% of homes 
and businesses in Singapore by 2013.  Such network will be key enabler for many potentially 
revolutionary services, in home and offices, such that individuals will always be connected to home, 
business and social networks - impacting the way we live, work, learn and play. 

Intelligent Systems for Personalized and Connected Healthcare (INSPECH) 

¢ƘŜ Lb{t9/I tǊƻƎǊŀƳƳŜ ŀƛƳǎ ŀǘ ŘŜǾŜƭƻǇƛƴƎ ŀƴŘ ǾŀƭƛŘŀǘƛƴƎ ǇŜǊǎƻƴŀƭƛȊŜŘ ŀƴŘ ŎƻƴƴŜŎǘŜŘ άƛƴǘŜƭƭƛƎŜƴǘ 
ǎȅǎǘŜƳǎέ ŦƻǊ ƘŜŀƭǘƘŎŀǊŜΣ ǿƘƛŎƘ ƛƴŎƻǊǇƻǊŀǘŜ ƳŜŘƛŎŀƭ ƪƴƻǿƭŜŘƎŜ ŀƴŘ ƛƴƴƻǾŀǘƛǾŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ǘƘǊƻǳƎƘ 
ŎƭƛƴƛŎŀƭ ŜǾŀƭǳŀǘƛƻƴǎΦ ¢ƘŜ άǇŜǊǎƻƴŀƭƛȊŜŘέ ǎȅǎǘŜƳǎ ǿƛƭƭ ǇǊƻǾƛŘŜ ƳƻǊŜ ŀŎŎǳǊŀǘŜ ŘƛŀƎƴƻǎƛǎΣ ƻǊ ƳƻǊŜ 
ŜŦŦƛŎŀŎƛƻǳǎ ǘǊŜŀǘƳŜƴǘ ōȅ ǘŀƪƛƴƎ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǇŜǊǎƻƴΩǎ ƳŜŘƛŎŀƭΣ ǇƘȅǎƛŎŀƭΣ ŀƴŘ ŎƻƎƴƛǘƛǾŜ ŎƻƴŘƛǘƛƻƴǎ ƛƴǘƻ 
consideration, therefore overcoming one-size-fits-all problems in existing medical solutions. 
ά/ƻƴƴŜŎǘƛǾƛǘȅέ ƛǎ ǘƻ ŜƴǎǳǊŜ ǇŀǘƛŜƴǘǎ ŀƴŘ ƳŜŘƛŎŀƭ ƛƴǎǘƛǘǳǘƛƻƴǎ ŀǊŜ ŎƭƻǎŜƭȅ ŎƻƴƴŜŎǘŜŘ ǘƘǊƻǳƎƘ ǘƘŜ 
intelligent systems. INSPECH focuses on systems to improve the quality of care in health monitoring, 
treatment & rehabilitation, diagnosis, and decision support. 

Interactive Social Tele-Experience (InSITE) 

The InSITE Programme aims to explore the winning applications in the intersection of TV and social 
network on the Next Generation National Broadband Network (NGNBN) infrastructure. In order to 
explore this space, InSITE aims to provide viewers with media-rich experience while watching content 
with friends virtually as if they are physically together on-site. We will develop secure, robust multi-
party conferencing capabilities. The Programme is also interested to explore other new applications 
and services that have wide appeal to the NGNBN users. 

Multimodal Engagement ThRu Immersive eXperience (METRIX) 

Envisaging the disappearance of boundaries between the real and virtual worlds, the METRIX 
Programme strives to be the global frontrunner for the development of 3D immersive experiences, 
primarily through the incorporation of photorealistic audio-visuals and thorough analysis of natural 
human interactivity.  



Priority Areas for Co-operation 

 34/112 www.secas.eu 

User-centric solutions in various areas such as sports and fashion will be created. The unique 
sensation of concurrently experiencing the real and virtual worlds distinguishes METRIX from existing 
state-of-the-art technologies. Additionally, the proposed technological platforms will be developed in-
house and tightly integrated into seamless solutions. METRIX collaborates extensively with potential 
partners including gaming companies, advertising firms, fashion houses and consumer electronics 
businesses, with the ultimate aim of issuing technological licenses to be incorporated into their 
products and services. 

Student Centric Optimal Learning using Augmented Reality (SCOLAR) 

The SCOLAR Programme aims to empower teachers to teach more effectively by creating a classroom 
setting in which technology may be used to enhance learning, augmenting teachers and students 
with effective technologies. 

Sustainable Mobility for intelligent Transportation (PEGASUS) 

The PEGASUS Programme aims to develop new InfoComm Technologies (ICT) for Intelligent 
Transportation Systems (ITS)  which are sustainable, eco-friendly and efficient. One of our current 
applications is for electric vehicles. Our ICT aims to enable the ultimate travelling experience without 
compromising on safety. Some of our current projects are: wireless networks with ambient 
harvesting; smart beam steering for anti-collision automotive radar; reconfigurable in-cabin 
communications; and 3D-localisation system. 

A number of I2wΩǎ results have also found successful applications in a broad range of industry sectors 
including aerospace, healthcare, logistics, manufacturing, and telecommunications. 

3.7 Potential ICT RTD priority topics for Singapore 

The data presented in this study clearly shows that ICT researchers in Singapore have significantly 
contributed to several areas of ICT research. Leading researchers at universities and research 
institutes achieve good citation impact. {ƛƴƎŀǇƻǊŜΩǎ ǳƴƛǾŜǊsities are positioned well in international 
ǳƴƛǾŜǊǎƛǘȅ ǊŀƴƪƛƴƎǎ ŀƴŘ ƛƴ ǘƘŜ ŀǊŜŀ ƻŦ 9ƴƎƛƴŜŜǊƛƴƎ ŀƴŘ L¢Σ {ƛƴƎŀǇƻǊŜΩǎ bŀǘƛƻƴŀƭ ¦ƴƛǾŜǊǎƛǘȅ ƛǎ ŜǾŜƴ 
positioned ahead of countries such as Australia and New Zealand.  

The strong support for ICT at all levels and SiƴƎŀǇƻǊŜΩǎ ŀǘǘǊŀŎǘƛǾŜ economic environment has attracted 
small and big players. Several member states of the EU have created initiatives for fostering 
collaboration20 and some leading European industry companies are present in Singapore with their 
research labs. This has already stimulated a reasonable level of co-operation and Singapore is now 
involved in 15 FP7 projects, of which seven are addressing topics in the field of information and 
communication technologies.21 Finally, Singapore has pronounced strategies and policies as well as 
funding programmes in place that strongly support its ICT research base.  

It is therefore not surprising that Singapore ς given the small size of the country ς exhibits a number 
of strengths including Electronics and Electrical Engineering, Robotics and Artificial Intelligence, 
Security, Networking, and Digital Media. These different areas are either strong from the point of 
view of individual researchers, dedicated research initiatives and institutes, or from a more market-
oriented perspective.  

                                                
20

 Cf. SECAS Report on Co-operation Policies 
21

 EU CORDIS data (cordis.europa.eu) ς Note that not all seven projects mentioned are part of the ICT 
programme and that 3 support type actions with Singapore are not included in this list. The projects are: GRIFS, 
EUASIAGRID, WOMBAT, AQUTE, EGI-INSPIRE, HIDE, ATMOL. 

http://www.i2r.a-star.edu.sg/files/documents/45/ASTAR_Aerospace.pdf
http://www.i2r.a-star.edu.sg/files/documents/41/ASTAR_brochure_Healthcare.pdf
http://www.i2r.a-star.edu.sg/files/documents/42/ASTAR_brochure_Logistic.pdf
http://www.i2r.a-star.edu.sg/files/documents/43/ASTAR_brochure_Manufacturing.pdf
http://www.i2r.a-star.edu.sg/files/documents/44/telco.pdf
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Joining these different indicators here and based on discussions with experts from Singapore, a 
particularly strong case can be made for the area of Interactive Digital Media (IDM). There are very 
good scientists located in Singapore contributing to the different subjects within the area. Also, the 
field is significantly broad so that this facilitates co-operation not just in a very narrow sub-domain. 
The long list of groups in IDM suggests significant size of the overall area to sustain collaborations also 
for a longer period ς and thus also into the period of the forthcoming 8th EU Framework for Research.  

A second priority area can be identified in the more hardware- and physical domain of Future 
Networks. There is a group of several institutes in the core area of networks and important related 
topics such as routing, security, optical technologies, and coding schemes. The case for this area is 
further strengthened by the excellent ICT infrastructure and innovative applications available in the 
island state and the policies in place to further invest in innovative networked solutions for the 
benefit of all citizens.22 

Thirdly, several top researchers located in Singapore are active in different sub-fields of Robotics with 
an emphasis on mobile, autonomous, and social systems and different areas within Embedded 
Systems. 

 

                                                

22
 The areas of IDM and Future networks both are in good alignment with the priorities suggested by the 

SEACOOP project addressing South-East Asia. The project approach is driven more by top-level policies and EU 
priority areas in the Framework programme. As an intermediate result, SEACOOP suggests the FP7 areas of 
Challenge 1.1 - The network of the future, Challenge 4.1 - Digital libraries and technology-enhanced learning, 
and Challenge 6.3 - ICT for the environmental management and energy efficiency as priorities, cf. [SEACOOP 
2010]. 
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3.8 Overview of potential priority areas for Singapore 

Area of ICT 
Research 

Organisation Key Researcher Individual/Group Research Competencies Corresponding Topic in the EU FP7 Programme 
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Prof. Lawrence WONG, Electrical and Computer 
Engineering 

Ambient Intelligence Embedded Systems, ARTEMIS 

Assoc. Prof. Lonce WYSE, Communications and New 
Media 

Arts & Creativity 
Networked media 

Asst. Prof. Alexander NAREYEK, Electrical and 
Computer Engineering 

Games 
Networked media 

Prof. Mohan S. KANKANHALLI, Computer Science Multimedia Sensing 
Technologies for digital content and languages, 
retrieval 

Assoc. Prof. Adrian David CHEOK, Electrical and 
Computer Engineering 

Mixed Reality 
Networked media, immersive media, ICT for 
smart and personalised inclusion 

Assoc. Prof. Hwee Tou NG, Computer Science Language Mediation 
Technologies for digital content and languages, 
information access, natural spoken interaction 

Assoc. Prof. Kay O'HALLORAN, English Language & 
Literature 

Multimodal Analysis 
Technologies for digital content and languages, 
information access 

Assoc. Prof. Milagros RIVERA, Communications and 
New Media 

Social Cognition 
Cognition and control in complex systems 

Prof. Shuzhi Same GE, Electrical and Computer 
Engineering 

Social Robotics 
Cognitive systems and robotics 
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 Prof. Nadia Thalmann, School of Computer 

Engineering 
Virtual Human 

Virtual Physiological Human 

Prof. Martin Reiser, Computer Science Virtual Reality and Augmented Reality Networked media, immersive media 

Assoc. Prof. Yiyu Cai, Mechatronics and Design 3D Digital Geometry Processing Networked media, immersive media,  

Prof. Hock Soon Seah, Computing Systems Computer Graphics and Imaging Technologies for digital content and languages 

Asst. Prof. Olga Sourina, Information Engineering Computer Graphics and Virtual Reality 
Technologies for digital content and languages, 
information access, personal health systems 

http://www.ece.nus.edu.sg/stfpage/elewwcl/
http://www.ece.nus.edu.sg/stfpage/elewwcl/
http://www.zwhome.org/~lonce/
http://www.zwhome.org/~lonce/
http://www.ai-center.com/home/alex/
http://www.ai-center.com/home/alex/
http://www.comp.nus.edu.sg/~mohan/
http://www.mixedreality.nus.edu.sg/index.php/about-us/people/adrian-david-cheok/
http://www.mixedreality.nus.edu.sg/index.php/about-us/people/adrian-david-cheok/
http://www.comp.nus.edu.sg/~nght/
http://courses.nus.edu.sg/Course/ellkoh/
http://courses.nus.edu.sg/Course/ellkoh/
http://www.milagrosrivera.com/
http://www.milagrosrivera.com/
http://robotics.nus.edu.sg/sge/
http://robotics.nus.edu.sg/sge/
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=NADIATHALMANN
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=NADIATHALMANN
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=MREISER
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=MYYCAI
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=ASHSSEAH
http://research.ntu.edu.sg/expertise/academicprofile/pages/StaffProfile.aspx?ST_EMAILID=EOSOURINA
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Area of ICT 
Research 

Organisation Key Researcher Individual/Group Research Competencies 
Corresponding Topic in the EU FP7 
Programme 
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Dr. Zhiyong 
HUANG 

Computer Graphics 
Networked media and search systems, immersive 
and interactive media technologies 

Computer Vision 
and Image 
Understanding 

Dr. Joo Hwee LIM Visual Information Indexing and Retrieval, Learning for Computer Vision 
Technologies for digital content and languages, 
information access, intelligent information 
management 

Crytography and 
Security 

Dr. Feng BAO Cryptography, Information Security 
Trustworthy ICT, security in networked service 
and computing environments; trust,  

Data Mining Dr. See Kiong NG 
Data Mining, Text Mining, Graph Mining, Machine Learning, Semantic 
Web Technologies, Bioinformatics, Privacy-preserving Data Mining 

Technologies for digital content and languages, 
information access 

Embedded Systems 
Dr. Ashok Kumar 
MARATH 

Physical layer processing and System level issues in Communication 
Engineering, Embedded Systems, RF Systems 

Embedded systems, ARTEMIS,  

Human Language 
Technology 

Dr. Haizhou LI 

Large Vocabulary Continuous Speech Recognition (LVCSR), Speaker and 
Language Recognition (SLR), Expressive speech synthesis, Machine 
translation, Cross-lingual information retrieval for business intelligence, 
terrorism warning, financial information. 

Technologies for digital content and languages, 
information access 

Modulation and 
Coding 

Dr. Sumei SUN 

Forward error correction coding, Orthogonal frequency division 
multiplexing (OFDM), Multiple-Input-Multiple-Output (MIMO), Modem 
algorithms, Iterative turbo processing, Multiple access and joint 
detection, Cognitive Channel Sensing, Resource allocation and link 
adaptation. 

Future networks 

Networking 
Protocols 

Dr. Jaya Shankar 

Wireless ad hoc, mesh and sensor networking; Architectures for 
mission-critical services, including control and management of optical 
networks, Cooperative and coordinated networking, Autonomic self-
healing and robust networks. 

Future networks 

RF and Optical Dr. Zhi Ning CHEN 
Emerging wireless systems, Long-haul and Metropolitan Area Networks, 
RoF technology, Sensors based on optical fibre. 

Future networks 

Signal Processing 
Dr. Susanto 
Rahardja 

H.264 and SVC encoder; Video pre- and post-processing, audio signal 
processing, cardiac signal processing, and multimodal sensor data 
processing; and scratched sound synthesis. 

Future networks 

Table 4 Key stronghold areas and research groups within these areas of Singaporean ICT research 

 

http://www.i2r.a-star.edu.sg/Huang_Zhiyong.html
http://www.i2r.a-star.edu.sg/Huang_Zhiyong.html
http://www.i2r.a-star.edu.sg/Lim_Joo_Hwee.html
http://www.i2r.a-star.edu.sg/Bao_Feng.html
http://www.i2r.a-star.edu.sg/Ng_See_Kiong.html
http://www.i2r.a-star.edu.sg/Ashok_Kumar_Marath.html
http://www.i2r.a-star.edu.sg/Ashok_Kumar_Marath.html
http://www.i2r.a-star.edu.sg/Li_Haizhou.html
http://www.i2r.a-star.edu.sg/Sun_Sumei.html
http://www.i2r.a-star.edu.sg/Jaya_Shankar_P.html
http://www.i2r.a-star.edu.sg/Chen_Zhi_Ning.html
http://www.i2r.a-star.edu.sg/Susanto_Rahardja.html
http://www.i2r.a-star.edu.sg/Susanto_Rahardja.html
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4 Australia 

4.1 The Australian ICT Research environment 

!ǳǎǘǊŀƭƛŀΩǎ ǎǘǊƻƴƎ ōǳǎƛƴŜǎǎ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ǊŜŎŜƴǘ ȅŜŀǊǎ Ƙŀǎ 
been underpinned by a record of innovation and a 
longstanding commitment to research and development 
(R&D), aimed at increasing productivity, building new 
markets and boosting international competitiveness.  

Information and communications technology (ICT) is a key 
ŘǊƛǾŜǊ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ǎǘǊƻƴƎ ŜŎƻƴƻƳƛŎ ƎǊƻǿǘƘ ŀƴŘ ƛƴƴƻǾŀǘƛƻƴΦ Total ICT research and development 
expenditure in Australia is now almost AUD$3 billion per year23, accounting for more than 20% of 
!ǳǎǘǊŀƭƛŀΩǎ ǘƻǘŀƭ ŜȄǇŜƴŘƛǘǳǊŜ ƻƴ ǊŜǎŜŀǊŎƘ ŀƴŘ ŘŜǾŜƭƻǇƳŜƴǘΦ 

The Australian ICT market, which comprises firms engaged primarily in providing computer and 
telecommunications services, as well as hardware sales and service, is the fourth largest in the Asiaς
Pacific region after the Chinese, Japanese and South Korean markets and the 11th largest in the 
world. According to the E-readiness Rankings produced by the Economist Intelligence Unit, Australia 
ranked fourth out of 70 ŎƻǳƴǘǊƛŜǎ ŦƻǊ ƛǘǎ ΨŜ-ǊŜŀŘƛƴŜǎǎΩ in 2008. 

Population Area 
GDP per capita 

(PPP) 
GDP growth R&D exp. 

Ψллл Year Ψллл ƪƳн US $ Year % Year Bn US $ Year % GDP Year 
           

21.016 2008 7.618 38.637,50 2008 2,29 2008   2,06 2006 

25.603 2030  38.663,00 2009 3,30 2010 15,9 2011 1,70 2011 

   39.692,06 2010 3,20 2011     

   41.089,17 2011       

   42.548,87 2012       

   44.055,48 2013       
   45.727,99 2014       

   47.445,58 2015       

Table 5 Statistical country and R&D data for Australia
24

 

Australia offers significant ICT research capability and identifiable strengths in key areas.  Australia has 
over 4,000 ICT researchers in publicly funded organisations and a similar number of researchers 
funded by business. 

!ǳǎǘǊŀƭƛŀΩǎ Information and Communications Technology Research Centre of Excellence is National ICT 
Australia (NICTA). NICTA has many Australian member and partner universities and is the largest 
organisation in the country dedicated to ICT research, with over 300 researchers and 230 PhD 
students.  

Australia has 39 universities with 29 supporting significant effort in ICT research. Australian 
universities rank well internationally with many world-leading ICT researchers in a range of ICT fields.  
There are over 2,500 ICT researchers working in Australian universities.  

                                                

23
 http://www.dfat.gov.au/facts/ict.html  

24
 Sources: OECD, IMF, Wikipedia. 

!ǳǎǘǊŀƭƛŀΩǎ Ƴain export goods are coal, 
iron ore, gold, meat, wool, alumina, 
wheat machinery and transport 
equipment, computers and office 
machines, telecommunication equip-
ment and parts, crude oil and petroleum 
products.  

http://www.dfat.gov.au/facts/ict.html
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The Australian Government has two agencies undertaking ICT research. The Commonwealth Scientific 
and Industrial Research Organisation (CSIRO) has an ICT Centre with 250 researchers and a further 
250 ICT researchers distributed across a number of different application areas. The Defence Science 
Technology Organisation (DSTO) employs over 500 ICT researchers playing an important part of the 
ICT research ecosystem. 

Australia is also home to a number of corporate ICT research labs employing researchers. The 
Australian owned laboratories include Cochlear Ltd which has laboratories in Europe and participates 
in Framework Programs. SAP Research is the most significant European presence with a well 
established lab in Brisbane and a new lab in Sydney. A number of US and Japanese companies have 
ICT RTD facilities in Australia. 

The purpose of the analysis is to represent the strengths and capabilities across the Australian ICT 
research ecosystem as they combine to develop broader national capabilities. This approach is 
challenging as there is no standard measure of impact and excellence across academia, government 
agencies and corporate labs. For example corporate laboratories or universities with strong research 
links do not have high publications rates and measure their success through increased revenue. The 
information presented here uses independent ranking where available. It draws on the 2010 
Excellence in Research for Australia (ERA) outcomes, expert assessment in reports and capabilities 
studies although not all sub-sectors have undertaken this research. The list of research capabilities 
also benefited from presentations at a special ICT Theme workshop in June 2010 on the occasion of 
the JSTCC25 and public information. Key researchers are highlighted. 

Despite the limitations presented combining different assessment mechanisms and the potential for 
some gaps, this analysis provides the most comprehensive overview of the Australian ICT research 
sector to date and is the first to capture the broader ecosystem of academia, government and 
industry research.  

4.1.1 Market characteristics 

The ICT industry in Australia is a strong influence on the ICT research sector and supports many of the 
domain areas where Australia has developed expertise. It also provides an incentive for European 
partners to collaborate in Australia. A 2008 ICT snapshot by Austrade26 provides a useful summary of 
the ICT market in Australia. The report notes that the Australian ICT industry: 

¶ is worth nearly A$100 billion; 

¶ employs 400,000 people 

¶ has regional importance being the fifth largest ICT industry in the Asia-Pacific region and the 
14th largest in the world 

¶ was rated by the Economist Intelligence Unit as the second most competitive ICT industry in 
the Asia Pacific region after Taiwan and the seventh globally  

The Australian Government is making a significant investment in the creation of a National 
Broadband Network (NBN), which aims to deliver fibre-optic broadband to 93% of Australians. This 
initiative is leading to new opportunities and research initiatives in networks and innovation 
applications for super-fast (100mps and higher) broadband.  

                                                

25
 EU-Australian Joint Science and Technology Co-ordination Committee  

26
 !ǳǎǘǊŀŘŜ ΨL/¢ ! tǊƻǾŜƴ ¢ŜǎǘƛƴƎ DǊƻǳƴŘ ŦƻǊ Dƭƻōŀƭ tǊƻƧŜŎǘǎΩΦ {ŜŜ http://www.austrade.gov.au/Buy/Australian-

Industry-Capability/ICT/default.aspx  

http://www.austrade.gov.au/Buy/Australian-Industry-Capability/ICT/default.aspx
http://www.austrade.gov.au/Buy/Australian-Industry-Capability/ICT/default.aspx
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!ǳǎǘǊŀƭƛŀΩǎ ŜŎƻƴƻƳȅ Ƙŀǎ ŀ strong influence on the areas of research expertise.  Australian strengths in 
mining, financial services and transport create significant demand for ICT research in fields such as 
optimisation, software engineering and robotics. 

4.1.2 Australian ICT Research impact 

Australian ICT research has led to significant global impact, key examples are: 

¶ High speed wireless LAN (WLAN), the most popular way to connect computers without wires, 
ǊŜƭƛŜǎ ƻƴ ǘŜŎƘƴƻƭƻƎȅ ƛƴǾŜƴǘŜŘ ōȅ !ǳǎǘǊŀƭƛŀΩǎ ƴŀǘƛƻƴŀƭ ǎŎƛŜƴŎŜ ŀƎŜƴŎȅΣ /{LwhΦ Lǘ Ŏƻnnects over 
800 million devices worldwide. 

¶ Google Maps was developed in Sydney by Lars and Jens Rasmussen at Where 2 Technologies. 
The company was bought by Google, and led to a Google Australia engineering centre which 
develops global products such as Google Apps, Chrome and Maps. 

¶ hƴŜ ƛƴ ǘƘǊŜŜ ƻŦ ǘƘŜ ǿƻǊƭŘΩǎ ƳƻōƛƭŜ ǇƘƻƴŜǎ Ǌǳƴ ǘƘŜ !ǳǎǘǊŀƭƛŀƴ ŘŜǾŜƭƻǇŜŘ [п ƳƛŎǊƻƪŜǊƴŜƭΦ bL/¢!Σ 
!ǳǎǘǊŀƭƛŀΩǎ L/¢ /ŜƴǘǊŜ ƻŦ 9ȄŎŜƭƭŜƴŎŜΣ ŘŜǾŜƭƻǇŜŘ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅ ǿƘƛŎƘΣ ǘƘǊƻǳƎƘ ǘƘŜ ǎǇƛƴ-out 
Open Kernel Labs, is in over one billion mobile phones. 

Other Australian break-throughs and products include EFTPOS (Electronic Funds Transfer at Point Of 
Sale), the Black Box Flight Recorder and the Bionic Ear.27  

4.2 Top Australian ICT Researchers 

The following table provides a snapshot of some leading researchers affiliated with Australian 
universities with an h-index of 15 or above. Due to the size of the Australian ICT research scene, no 
complete collection and calculation of bibliometric indicators was performed. The selection listed 
here is based on input from interviews with experts, own assessments and internet search. 

Area of Research Researcher Organisation Citations 
h-

index 

Adaptive signal processing, 
electronic system design 

Tony Cantoni University of Western 
Australia 

1806 21 

AI Paul Compton University of New 
South Wales 

989 18 

Algorithms, complex systems Albert Zomaya  University of Sydney, 
NICTA 

2217 23 

Bioinformatics, Information 
retrieval 

Justin Zobel University of 
Melbourne, NICTA 

6898 43 

Computational logic , machine 
learning 

John W. Lloyd Australian National 
University 

3052 27 

Computational neuroscience Iven Mareels University of 
Melbourne 

3440 27 

Computer architecture David Abramson Monash University 6645 31 

Computer vision Richard Hartley NICTA, Australian 
National University 

7445 34 

Computer vision,  robotics Peter Corke NICTA, Queensland 
University of 
Technology 

1825 23 

Concurrent systems George Milne University of Western 1613 19 

                                                
27

 See www.austrade.gov.au/.../Invest_ICT_Research%20and%20Development.pdf.aspx  

http://www.austrade.gov.au/.../Invest_ICT_Research%20and%20Development.pdf.aspx
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Area of Research Researcher Organisation Citations 
h-

index 
Australia 

Constraints programming Peter J. Stuckey University of 
Melbourne, NICTA 

3816 33 

Control & Signal processing, 
circuits 

Brian D.O. Anderson Australian National 
University, NICTA 

16264 44 

Control engineering Dragan Nesic University of 
Melbourne 

2320 26 

Data mining, knowledge 
discovery 

Sanjay Chawla University of Sydney, 
NICTA 

817 16 

Graph drawing, information 
visualisation 

Peter Eades University of Sydney 7918 37 

Information retrieval, text 
search 

Alistair Moffat University of 
Melbourne, NICTA 

7271 38 

Information systems, electronic 
services 

Arthur ter Hofstede,  Queensland University 
of Technology, NICTA 

7929 42 

Information theory Alex Grant University of South 
Australia 

4827 31 

Logic, automated deduction, AI John K. Slaney NICTA, Australian 
National University 

898 17 

Machine learning, AI Robert C. Williamson NICTA, Australian 
National University 

6163 33 

Machine learning, robotics Claude Sammut University of New 
South Wales 

1487 18 

Network systems David J. Hill Australian National 
University 

5781 39 

Networks and systems Rodney S. Tucker University of 
Melbourne 

2957 28 

Operating systems Gernot Heiser  NICTA, University of 
New South Wales 

1704 21 

Operating systems Sri Parameswaran University of New 
South Wales, NICTA 

915 16 

Optics, photonics David D. Sampson University of Western 
Australia 

700 16 

Optimisation, AI Toby Walsh  NICTA, University of 
New South Wales 

9380 50 

Robotics, distributed sensor 
networks 

Hugh Durrant-Whyte NICTA, University of 
Sydney 

14305 53 

Semantic web technologies Jane Hunter University of 
Queensland 

1801 21 

Signal processing Rod A. Kennedy Australian National 
University 

1067 18 

Signal processing, information 
theory 

Jamie S. Evans University of 
Melbourne, NICTA 

1232 16 

Software engineering Colin Fidge Queensland University 
of Technology 

2180 20 

Software systems Kevin Elphinstone University of New 
South Wales, NICTA 

1056 17 

Visual languages, constraints 
programming 

Kim Marriot Monash University 4659 39 

Wearable computers, user 
interfaces 

Bruce Thomas University of South 
Australia 

1508 20 
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Table 6: h-index values and citations and citation ranks for selected Australian ICT researchers,  

sorted by area of research  

4.3 ICT Research Overview: University sector 

Australia has 39 universities with 29 supporting significant effort in ICT research. Most universities in 
Australia are public and are funded by the Australian Government through the Department of 
Education, Employment and Workplace Relations (DEEWR) Commonwealth Grant Scheme with 
addition support for research and research training through: 

¶ Block grant research funding from the Research Training Scheme, the Institutional Grants 
Scheme, Research Infrastructure Block Grants and the Australian Postgraduate Awards Scheme. 

¶ National Competitive Grants Program that funds the independent Australian Government 
Research agencies the Australian Research Council and the National Health and Medical 
Research Council (NHMRC) to fund research projects on a competitive basis by peer review. 

Support for university ICT research is predominantly administered through the Australian Research 
Council (ARC) although ICT for health research can be eligible for NHMRC support.  

The ARC funding supports ICT researchers through two main elements ς Ψ[ƛƴƪŀƎŜΩ ŀƴŘ Ψ5ƛǎŎƻǾŜǊȅΩ 
grants. Linkage grants focus on research collaboration beyond academia and connecting with 
industry. Discovery grants support individuals and teams to undertake basic and applied research. 

The ARC supports larger scale initiatives through its Centres of Excellence Programs which encourage 
academics to collaborate in research areas of national priority and build international standing and 
ARC Special Research Centres which are funded for nine years to connect researchers and build 
research excellence. These centres are important to the ICT research ecosystem in Australia as they 
work towards both excellence and scale. 

4.3.1 Assessing ICT research in Australian universities 

For the Australian case, this study uses four approaches to identify ICT excellence and capacity to 
collaborate: 

1. the rigorous ARC peer review process  means that successful grants are a strong indicator of 
research excellence for Departments; 

2. citation impact of key university researchers by bibliometric data and 

3. critical mass and scale of effort across ICT sub-disciplines 

4. results from the national Excellence in Research for Australia (ERA) initiative used to assess 
research quality using a combination of indicators and expert peer review . 

The ARC has a rigorous Peer Review process.  The ARC has a College of Experts (CoE) with five panels 
including Engineering, Mathematics and Informatics.  The CoE has 78 members from academia, 
industry and government research organisations with outstanding international research reputations.  
Project proposals are also assessed by international and national experts in the field of the project 
proposal.  By measuring the number of grants and the fields that they are awarded in we can identify 
the top Australian ICT research departments by the value of competitive funding awarded for ARC 
Linkage and Discovery Projects. 
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ARC Linkage and Discovery Projects combined 

Between 2005 and 2010, the University of Sydney attracted the highest amount of ARC funding for 
Linkage and Discovery Projects with ICT research component of 50% or higher ($25.24m), followed by 
the University of Melbourne ($22.82m), Monash University ($16.51m), and the University of New 
South Wales ($14.56m).  

ARC Linkage Projects 

The University of Melbourne attracted the highest amount of ARC Linkage Projects funding between 
2005-2010 ($5.07m), compared to the University of Sydney ($4.49m).  

Discovery Projects  

Funding for Discovery Projects was concentrated at the University of Sydney ($20.79m), the University 
of Melbourne ($17.75m) and the University of New South Wales ($11.16m).  

Figure 2 demonstrates levels of competitive ARC funding won by 27 Australian universities for 
projects with an ICT research component of 50% or higher, during the period spanning 2005ς2010.28  
The top ten Universities for ICT research competitive funding over this period are the University of 
Sydney; the University of Melbourne; the University of New South Wales; Monash University; the 
University of Queensland; the Australian National University, Macquarie University, the University of 
Technology Sydney; the University of Western Australia; and the University of South Australia. 

                                                
28

 Source: ARC www.arc.gov.au. 
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Figure 2 ARC funding for Discovery and Linkage Projects with an ICT code component of 50% or higher, 2005-
2010 

The Excellence in Research for Australia (ERA) initiative assesses research quality within Australia's 
higher education institutions using a combination of indicators and expert review by committees 
comprising experienced, internationally-recognised experts. In 2010, the Australian Research Council 
conducted the first full evaluation of the Excellence in Research for Australia (ERA) initiative. The 
report29 provides the outcomes of the ERA 2010 evaluations, which applies to research undertaken 
between 1 January 2003 and 31 December 2008. The ERA exercise found there are over 2,400 
researchers working in Australian universities in the areas of Information and Computing Sciences, 
Electrical and Electronic Engineering and Communications Technologies. The research areas of each 
ƻŦ ǘƘŜ ƳŀƧƻǊ L/¢ ǊŜǎŜŀǊŎƘ ǳƴƛǾŜǊǎƛǘƛŜǎ ŀǊŜ ŘƛǎŎǳǎǎŜŘ ōŜƭƻǿΦ !ǳǎǘǊŀƭƛŀΩǎ ICT Centre of Excellence, NICTA, 
employs approximately 300 researchers, 100 of whom are contributed by member and partner 
universities and are therefore included in the ERA review process. 

                                                

29
 http://www.arc.gov.au/era/outcomes_2010.htm 
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4.3.2 ICT research focus in Australian universities 

Many Australian universities have formed into three groupings of institutions with shared objectives 
and approaches to research intensity and industry engagement. 

The Group of Eight (G08) is a coalition of leading Australian universities that are research intensive. 
The GO8 are the Australian National University, Monash University, the University of Adelaide, the 
University of Melbourne, the University of New South Wales, the University of Queensland, the 
University of Sydney and the University of Western Australia.  

The Australian Technology Network of Universities (ATN) is an alliance of five universities focusing on 
solution based and applied research relevant to industry.  The ATN are Curtin University of 
Technology, the University of South Australia, RMIT University, the University of Technology Sydney 
and Queensland University of Technology. 

The Innovative Research Universities Australia (IRU) is a group of six universities established as 
research universities in the 1960s and 1970s. The IRU are Flinders University, Griffith University, La 
Trobe University, Murdoch University, University of Newcastle, James Cook University, Charles Darwin 
University. 

This section provides a summary of the research programs, strengths and key researchers for the 10 
universities in Australia that receive the highest amount of ICT research competitive funding from the 
Australian Research Council. This group is listed in alphabetical order. Other universities with strong 
ICT research groups are outlined at the end of the section. 

4.3.2.1 Australian National University 

The Australian National University (ANU)30 is based in Canberra. ANU is a member of the Go8 and has 
a strong international reputation for research excellence. ANU was a founding member of NICTA. ICT 
research at ANU is conducted in the College of Engineering and Computer Science. 

The School of Computer Science31 has over 70 academics and 80 postgraduate students working in 
the areas of: 

1. Artificial Intelligence 
2. Algorithms and Data 
3. Computer systems 
4. Information and human centred computing 
5. Software intensive systems engineering 
6. Logic and computation 

The ANU School of Engineering32 works in the areas of: 

¶ Computer vision 

¶ Robotics 

¶ Semiconductor 

¶ Systems and control 

¶ Telecommunications 

¶ Signal Processing 

                                                

30
 www.anu.edu.au 

31
 http://cs.anu.edu.au/ 

32
 http://eng.anu.edu.au/ 
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{ƻƳŜ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ƭŜŀŘƛƴƎ L/¢ ǊŜǎŜŀǊŎƘŜǊǎ ŀǊŜ ŀǘ !b¦, including as Professor Brian Anderson in 
circuits, signal processing and control and Prof Richard Hartley in computer vision.  

Other key researchers include Professor Kivshar in all-optical technologies, nanophotonics, and 
metamaterials, Prof John Slaney,  in logic, automated deduction and artificial intelligence, Professor 
John Lloyd in Computational logic, agents, machine learning, and declarative programming languages 
and Professor Rod Kennedy in applied signal processing research group. 

ERA 2010 Results 

The following ICT fields of research rated well above world standard (rating of 5) 

¶ Artificial Intelligence and Image Processing 

¶ Electrical and Electronic Engineering 

The following ICT fields of research rated at world stand (rating of 3) 

¶ Computation Theory and Mathematics 

4.3.2.2 Monash University 

Monash University33 is located in Melbourne. Monash is a member of the Go8 and a highly-ranked 
Australian university.  Monash has world-class expertise in ICT and has received more that $AUD16 
million in peer-reviewed ARC grants 2005-2010, the third highest amount of grants. Monash 
University undertakes ICT research in Faculty of Information Technology34 and the Department of 
Electrical and Computer Systems Engineering35. Monash has a close collaboration with NICTA. 

The Faculty of Information Technology (FIT) strengths are in computing science, software engineering, 
information systems and information and knowledge management. FIT has a multidisciplinary 
approach and pursues grand challenges in cultural heritage, health, productivity and innovation, 
social inclusion and sustainability. Research strengths include that: 

¶ Monash is internationally known for their excellence in constraints programming and 
optimisation which they are applying in areas such as transport scheduling.  

¶ Monash has strong capabilities in the area of machine learning and data mining.  

¶ FIT identifies strengths in eResearch and eResearch infrastructure development.   

Research Centres include the Centre for Distributed Systems and Software Engineering (DSSE), Centre 
for Organisational and Social Informatics (COSI), the Centre for Research in Intelligent Systems (CRIS), 
Centre for Multimedia Computing, Communications and Applications Research (MCCAR) and CTI-
Monash Centre for Optimisation. Key researchers include Prof Kim Marriot and Prof Mark Wallace in 
constraints-based programming and Prof David Abramson in computer architecture, high 
performance computing and e-Research. 

Department of Electrical and Computer Systems Engineering identifies that they have expertise in 
Department of Electrical and Computer Systems Engineering (ECSE). ECSE is an extremely diverse 
department specialising in telecommunications, RFID, biomedical engineering, robotics, sensing, 
vision, systems-on-a-chip and smart energy systems.  

                                                

33
 http://www.monash.edu.au/ 

34
 http://infotech.monash.edu.au/ 

35
 http://www.eng.monash.edu.au/ecse/ 
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These applications are based on fundamental research in electronics, photonics, signal processing, 
communications theory, artificial intelligence, real-time software, optimization, electromagnetics and 
numerical modelling. 

ERA 2010 Results 

The following ICT fields of research rated well above world standard (rating of 5) 

¶ Nanotechnology 

The following ICT fields of research rated above world standard (rating of 4) 

¶ Biomedical Engineering 

¶ Electrical and Electronic Engineering 

The following ICT fields of research rated at world stand (rating of 3) 

¶ Artificial Intelligence and Image Processing 

¶ Information Systems 

4.3.2.3 Macquarie University 

aŀŎǉǳŀǊƛŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ36 ICT capability is concentrated in two Departments, the Department of 
Computing and the Department of Electronic Engineering. 

Department of Computing 

The Department has around 40 researchers, including both academic staff and research associates, 
and around 70 students also carrying out research. The major ICT research groups within the 
department are in the areas of: 

¶ Algorithms and Cryptography  

http://web.science.mq.edu.au/groups/acac/ 

¶ Information and Networked Systems Security 

http://www.comp.mq.edu.au/research/inss/ 

Department of Electronic Engineering 

The ICT strength with the School of Electronic Engineering is in the area of Wireless Communications 
and Electromagnetics and Antenna Engineering. 

¶ Wireless Communications   

http://www.engineering.mq.edu.au/research/groups/wireless/ 

¶ Electromagnetics and Antenna Engineering 

http://www.engineering.mq.edu.au/research/groups/celane/ 

 

                                                
36

 www.mq.edu.au 

http://www.ics.mq.edu.au/acac/
http://www.comp.mq.edu.au/research/inss/
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ERA 2010 Results 

The following ICT fields of research rated above world standard (rating of 4) 

¶ Electrical and Electronic Engineering 

The following ICT fields of research rated at world stand (rating of 3) 

¶ Computation Theory and Mathematics  

4.3.2.4 University of Melbourne, Melbourne School of Engineering 

The University of Melbourne37 is a Go8 University and NICTA member with a strong international 
reputation and success in attracting ARC peer-reviewed competitive grants. ICT research is carried out 
in the Department of Computer Science and Software Engineering38 and the Department of Electrical 
and Electronic Engineering39. 

The Department of Computer Science and Software Engineering research strengths lie in: 

¶ Autonomous and intelligent systems 

¶ Computational medicine and bioinformatics 

¶ Declarative languages 

¶ Knowledge discovery 

¶ Parallel and distributed computing 

¶ Software engineering 

Key researchers include Professor Rao Kotagiri in machine learning and data mining; Professor Alistair 
Moffat in information retrieval and text search and Associate Professor Stephen Bird in natural 
language processing. 

¢ƘŜ ¦ƴƛǾŜǊǎƛǘȅΩǎ 9ƭŜŎǘǊƛŎŀƭ ŀƴŘ 9ƭŜŎǘǊƻƴƛŎ 9ƴƎƛƴŜŜǊƛƴƎ (EEE) Department has identified three research 
strengths (1) telecommunications (2) signals and systems and (3) neuro-engineering.  

EEE has world-class research strengths in telecommunications, networks and systems with 
approximately 40 researchers in this group. Key researcher Professor Rob Evans who is also leading 
bL/¢!Ωǎ /ƻƴǘǊƻƭ ϧ {ƛƎƴŀƭ tǊƻŎŜǎǎƛƴƎ wŜǎŜŀǊŎƘ DǊƻǳǇΣ has worked across many areas including theory 
and applications in industrial control, radar systems, signal processing and telecommunications. A key 
researcher in this area is Professor Rod Tucker, Laureate Professor at the University of Melbourne, 
Director of the Institute for a Broadband-Enabled Society (IBES) and Director of the Centre for Ultra-
Broadband Information Networks (CUBIN). A $4 million ARC linkage grant between NEC and the 
Melbourne School of Engineering has been awarded to advance wireless broadband communication 
systems and deliver broadband services to remote locations.   

The EEE Department has a strong track-record in signals and systems including control, signal 
processing and optimisation. The research group has approximately 40 researchers. Key researchers 
include Professor Peter Stuckey in constraints programming and Professor Jamie Evans in 
communications theory, information theory and statistical signal processing with emphasis on 
applications to wireless communications systems. 

                                                
37

 www.unimelb.edu.au/ 
38

 http://www.csse.unimelb.edu.au 
39

 http://www.ee.unimelb.edu.au/ 
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¢ƘŜ 999 5ŜǇŀǊǘƳŜƴǘΩǎ ƴŜǳǊƻŜƴƎƛƴŜŜǊƛƴƎ ƎǊƻǳǇ Ƙŀǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ƛƴǾƻƭǾŜƳŜƴǘ ƛƴ ǘƘŜ .ƛƻƴƛŎ 9ȅŜ 5ŜǎƛƎƴ 
and Vision project. They have a strong capability in biosignals and neuroengineering led by Professor 
Anthony Burkitt. Key researchers include Professor Stan Skafidas in wireless semi-conductors and 
sensor networks, Professor Iven Mareels in computational neuroscience, neuroimaging and 
neuroinformatics and Professor Dragan Nesic in the broad area of control engineering including its 
mathematical foundations. 

The Melbourne School of Engineering leads, or participates in, 13 research centres, including:  

¶ eWater CRC 

¶ CRC for Spatial Information 

¶ Institute for a Broadband Enabled Society 

¶ Advanced Centre for Automotive Research and Testing 

¶ Centre for Ultra-Broadband Information Networks 

¶ Cloud Computing and Distributed Systems Laboratory 

¶ Peer to Peer Networks and Applications Research Laboratory 

The university website has a Find an Expert service at http://www.findanexpert.unimelb.edu.au/  

ERA 2010 Results 

The following ICT fields of research rated well above world standard (rating of 5) 

¶ Communications Technologies 

¶ Electrical and Electronic Engineering 

The following ICT fields of research rated above world standard (rating of 4) 

¶ Information Systems 

The following ICT fields of research rated at world stand (rating of 3) 

¶ Artificial Intelligence and Image Processing 

4.3.2.5 University of New South Wales 

UNSW40 ƛǎ ƻƴŜ ƻŦ !ǳǎǘǊŀƭƛŀΩǎ ǎǘǊƻƴƎŜǎǘ ǳƴƛǾŜǊǎƛǘƛŜǎ ŦƻǊ L/¢ ǊŜǎŜŀǊŎƘ ŀƴŘ Ƙŀǎ ōƻǘƘ ŜȄŎŜƭƭŜƴŎŜ ŀƴŘ ǎŎŀƭŜΦ 
UNSW is located in Sydney. UNSW is a member of the Go8 universities and a founding member of 
NICTA. UNSW has over 125 ICT researchers across its schools and research centres. The research 
groups have strong international reputations and received around $AUD15 million of competitive 
funding from the ARC between 2005 and 2010. The scale of UNSW research is enhanced by the close 
collaboration and significant contribution other research ICT centres such as NICTA by UNSW 
researchers. UNSW ICT research activities are concentrated in the Schools of Computer Science and 
Engineering, Electrical Engineering and Telecommunications and Biomedical Engineering. 

                                                

40
 www.unsw.edu.au 

http://www.findanexpert.unimelb.edu.au/
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The School of Computer Science and Engineering41 

The School of Computer Science and Engineering (CSE) has a strong international reputation Research 
areas include: 

Embedded Operating Systems Group 

The world-leading Embedded and Operating Systems Group focuses on the creation of efficient, fast, 
secure and low powered embedded systems, at the hardware-software interface.  The group has 30 
staff and students including key researchers such as Professor Gernot Heiser (also at NICTA) and 
Professor Sri Parameswaran.  

Networks Research Laboratory 

NRL research focuses on wireless mesh networks, mobile network, wireless sensor networks, wireless 
network security and resilient networks. The group has more than 20 staff and students including key 
researchers Professors Sanja Jha and Mahbub Hassan. 

Artificial intelligence group  

The Artificial Intelligence group key staff include Professor Paul Compton, Professor Claude Sammut 
and Professor Toby Walsh (joint appointment with NICTA). Research areas include knowledge 
acquisition, knowledge representation and reasoning, machine learning, robotics and computer 
vision. 

School of Electrical Engineering and Telecommunications42 

The School of Electrical Engineering and Telecommunications has 40 academics and researchers with 
particular strength: 

¶ Energy Systems 
http://www.eet.unsw.edu.au/research/Temporary/EnergySystems.html 

¶ Microsystems, Systems and Control 
http://www.eet.unsw.edu.au/research/Temporary/SystemsandControl.html 

¶ Telecommunications 
http://www.eet.unsw.edu.au/research/Temporary/Telecommunications.html 

Graduate School of Biomedical Engineering 

The primary research activities within the Graduate School of Biomedical Engineering are in the 
general areas of biofluid and solid mechanics, biophysical monitoring and modelling, and cell and 
tissue engineering. Laboratories associated with the School are involved in a further wide range of 
biomedical engineering activities, covering arterial function, biomechanics, orthopaedics, 
neurophysiology, electrophysiology and instrumentation. 

Two areas with strong ICT research activities and strength: 

¶ Medical informatics and biomedical instrumentation http://www.bsl.unsw.edu.au  

¶ Neurophysiology and biological signal analysis http://bionic.gsbme.unsw.edu.au  

                                                
41

 www.cse.unsw.edu.au 
42

 www.eet.unsw.edu.au 

http://www.eet.unsw.edu.au/research/Temporary/EnergySystems.html
http://www.eet.unsw.edu.au/research/Temporary/SystemsandControl.html
http://www.eet.unsw.edu.au/research/Temporary/Telecommunications.html
http://www.bsl.unsw.edu.au/
http://bionic.gsbme.unsw.edu.au/
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The three schools are affiliated with the following special centres: 

¶ Australian National Fabrication Facility ANFF and ARC Special Research Centre for Quantum 
Computer Technology 

¶ Centre for Energy and Environmental Markets CEEM and Centre for Energy Research and 
Policy Analysis CERPA 

¶ CRC for Smart Internet Technology and the CRC for Technology Enabled Markets. 

ERA 2010 Results 

The following ICT fields of research rated well above world standard (rating of 5) 

¶ Electrical and Electronic Engineering 

The following ICT fields of research rated above world standard (rating of 4) 

¶ Computer Software 

¶ Distributed Computing 

¶ Biomedical Engineering 

The following ICT fields of research rated at world stand (rating of 3) 

¶ Artificial Intelligence and Image Processing 

¶ Information Systems 

4.3.2.6 University of South Australia 

The University of South Australia (UniSA) is a member of the Australian Technology Network of 
universities and has a focus on applied research. ICT research is carried out in the Division of 
Information Technology, Engineering and the Environment. UniSA leverages opportunities for 
collaboration with the significant DSTO laboratory near Adelaide. 

UniSA has significant expertise in wireless communications through the Institute for 
Telecommunications Research (ITR). ITR works in satellite communications, high speed data 
communications and flexible networks. ITR Director, Professor Alex Grant is internationally recognised 
for his work in the application of information theory to multiple user communications problems. 

The Advanced Computing Research Centre (ACRC) was formed to act as a University-wide focus for 
research in the areas of computer science, software engineering and computer engineering. ACRC 
participates in Collaborative Research Centres (CRC). Currently these are the CRC for Integrated 
Engineering Asset Management (CIEAM) and the CRC for Advanced Automotive Technology (CRC 
Auto).  In addition, collaborative projects exist with universities and research institutions in Australia 
as well as Austria, Canada, China, Germany, New Zealand, Singapore, the UK and the USA. 

¶ The Semantic Systems group conducts research in knowledge representation and reasoning 
technology for the analysis, adaptation and integration of processes, ontologies, and 
software systems. Its members are internationally recognised for their model-based 
approach to business process integration, fault diagnosis in software systems, and constraint-
based configuration of hardware and software systems. The group has strong links with 
industry and has long standing collaborations with JKU Linz, TU Graz, and University of 
Klagenfurt (Austria). The director is Professor. Markus Stumptner. 




