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Executive Summary

The purpose of this document is to identify potil priority areas for ICT research and technology
co-operation of the EUwith 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 ad 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 teofgporting longdistance ce
operation, and a growinfterest of policy makersn the benefits ofinternational RTD coperation.

An important prerequisite for effective collaboration policies between countries is the identification
of areas of joint inteest 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 afisladbof 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 ® 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 collaborationjrtegests 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 rtteod is best suited in a given context depends on the specific
characteristics of the research environment under investigation. Therefore, this study cannot possibly
RSTAYS WiKS 0Sald LINA2NARGe G2LIA0A T2 Nh bovévérl o2 NI
provide recommendations and state their underlying rationa#éso, 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.

Indicatas used in this study include the following:

1 presence of outstanding researchers (publications, citations)
9 strong research groups (size, publications, citations, research funding)
9 relative uniqueness of the ICT research as it reflects particular loastites or a specialized
infrastructure environment
1 relative strength of the research contribution to key EU priorities or application areas of
interest
1 general and specific strengths of universitiegy( university and facultsankings)
1+ vy I {Ariyfopigs fordhdrrational collaboratio(where applicable).
Ly AYLERNIFYG AYRAOFG2NI F2N) FaaSaaiy3d ALISOATFTAO ai
impact of its scientists. It is typically assessed using bibliometric data, e.gafiohkg 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 togroupsof researches.

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 interviewshwitational domain experts. Also, results from
workshops organized by the SECAS consortium were included in the assessment exercise.
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existing policy analyses available from the literature.

As a result, the present analysis provides a rfatteted systemicview of the national ICT research
scene in Singapore and Amadia. For the case of New Zealand, the dragis 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 reseeagabilities.
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 Univertsi 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 considerathe 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-&overnment actions in the 90s resulted in excellent poasgiof Singapore in

many international ICT rankings. Singapore is also leader in publications in South East Asia. The
ISySNYf adGaNBy3adkKa 2F {Ay3AFLR2NBQE L/ ¢ NBaSINOK |
studies on individual researcher levels Avould be expected, researchers from the Nanyang
Technological University and the National University of Singagdrat also from the Institute of

Infocomm research are among the best in the country.

It is therefore not surprising that Singaporegiventhe small size of the country 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 foetarea ofinteractive DigitalMedia (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 facilitatesaumeration not just in a very narrow btdomain.

The long list of groups in IDM suggests significant size of the overall area to sustain collaborations also
for a longer period; and thus also into the period of the forthcominj BU Framework for Research.

A second priority area can be iddried in the more hardwareand physical domain ofFuture
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 tlis area
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 resgeers located in Singapore are active in different-sub
fields of Roboticswith an emphasis on mobile, autonomous, and social systems and different areas
within Embedded Systems
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Australia

Australia offerddentifiable strengths in key areas asinifican ICT research capabilitustralia has
over 4,M0 ICT researchers in publicly funded organisations and a similar nuaibmsearchers
funded by business.

Australian universities rank well internationalljth close to 30 universities supporting ICTeash.

Other publicly funded organisations inclutedzd G N} € A Q& LYy FT2NXIF A2y | YR [ 3
Research Centre of Excellenc&ational ICT Australia (NICT&)e Commonwealth Scientific and

Industrial Research Organisation (CSIRO) ICT CadttbeDefence Science Technology Organisation

(DSTO). These organisations house many weading ICT researchers in a range of ICT fields.

Business funded ICT R&D is undertaken by corporate $ahsll to medium enterprises (SMEs)d
companies in theglecommunications, finance and mining sectors. Some of the larger ICT corporate
employers in Australia are CISRA, Silverbrook, Google and CothkedCT industry in Australia is a
strong influence on the ICT research sector and supports many of theid@reas 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 deliverdititie broadband to 93%

of Australians. This will lead to newppmortunities and research initiatives in networks and
applications.

The Australian ICT R&D sector Inesearchers and research groups with werldss expertise in a

range of ICT fields in established and emerging a®asie of Austiik Q& | S& itled ate inOF LI 6 A |
the areas ofwireless and future internet artificial intelligence and software systemsincluding
embeddedenterprisesystems.

Other key capabilities and potential topics of interest includlotics, optimisation, databasesand
information retrieval. Australia also has a proven record of succesaedial bionics Thishas been
further strengthened by significant investments of the Australian Government in Biyeresearch.
Another important application area and national priority for Audtsaiswater management which
has lead to new ICT technologies suchsansor networks for water information management and
modelling and predicting water flow.

New Zealand

bSé %SItlFyRQaE 3IS23aNILIKAOIE 20 A2 ytionSTédhiologyA I S
KlIra GKS LRGSYyGAlrt G2 LIl aa RFEANE SELRNI& G2 o
The growth of the Internet has helped the IT sector to participate in the global marketplace. NZ ICT
companies have a growing reputation iB raphics, 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 internbased collection of academic ICT research institutes and a
calculation of bibliometric indicators feesearchers and research groups.

Based on this analysis, New Zealand ICT researchers are particularly stégtificial Intelligence
and Machine Learning This is also closely related to the area @dgnitive Science and
bioinformatics. The field oHuman/Computer Interactionis a particularly strong area and there are
excellent groups irSoftware EngineeringFRurther academicstrengthsexistin distributed systems
(GRID, parallel computinghdwireless systems
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1 Objectives and methodology

11 Scope and format of this report

The purpose of this document is to identify priority areas for i€Jearch and technology €o
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 collabooatibetween 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 Aughi#iaApnd co-funded by the

9dzNR LISIY [/ 2YYA&aaA2yQa L/ ¢ LINRPIAINFYYSO

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. faulty) rankings for universities from the three involved countries. The report then
addresses each of the three countries individually. The report presents original data, in pattieular
calculation of citation impact factors for researchers in SingapAtestralia, 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 théentified areaslists outstanding researcherand groupsvhere appropriate
and gives recommendations for priority topicsAlthough the studyclearly describesthe factors
contributing to the selection of the suggested potential priority ardags necessarily subjective and
different authors may aive at different conclusiongdowever, to the best of our knowledge, this
study is the most comprehensive current bottarp analysis of ICT research capabilities in the
targeted countriego offer potential priority topics for caperation

1.2 Drivers of inernational 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 regaRTD collaboration as important on ibsvn merit, i.e. to further

science and technology, but also use it as a tool for reachingsai@ntific policy objectives. The

QdzNR LISIY [/ 2YYAAaaA2y Q& CNIYSEg2N] tNRBIANIYYBE | NB |
of joining the EU have in the past started close collaboration with selected programmes and the EU
Framework Programme Bé&een a particularly important instrument for integration policies.

However, easons for collaborating internationally in scierazel technology aréroad andmanifold.

They range from personal reasons such as individual researcher mobility to strategic national
decisions on collaboration priorities to specific interests of ICT indy&ogkholt et al. 2009] have

analyzed drivers fointernational RTD collaboration distinguishing timarrow STI cooperation
paradigmfrom the broad STI cooperation paradigim. the narrow paradigmR NA GSNBE | NB WY
improve the quality, scope and critical mass in science and research by linkioigah&iinancial and

human resourcesand knowledge with resources and knowledge in other counfllasthe broad

LJ- NJ RA 3 Y =-scirél golsyNdbjgtavgs interact with thatrinsic science oriented objectives

and STI cooperation becomes amean®llB I OK 2 G KSNJ L12f A 08 SYRaAPQ 5N B
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 coperation Paradignnot explicitly mentionedby [Boekholt et al. 2009]the industry

view should be added. It includes drivers from a (mioonomic perspective, such as business
cooperation, regional diversification, access to scientists and engim¢erst 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 atistribution.

These drivers have also been motivatingtional economies as well as industry and research
organizations including universitig® develop explicit international collaboration strategies and
initiatives. For such strategies to be succesd#fis, necessary that thegre focused on a limited set of
countries or objectiveg, or topical areas of science and technology. As an example, the ICT part of
0KS CNIYYSg2N] tNBINIYYS F20dzaSa 2y | tAYAGSR
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 | (@&T programme makes a particularly strong cése 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 Europeanconpli A G A @Sy Saao LG FAYa G2 WwWe2Aydafe |F
AdadzSa 2F O02YY2y AYUOUSNBald FyR Ydzidza t o0SySTAGPQ
priority topics for collaboratin with a country is important.

Another reason foralecting topics within the enormously broad area of ICT is that the concentration
on a sulfield of ICT research facilitates the suppoft groups working in such a field.This is
particularly true when trying to assist researchers in establishing cont@adteir colleaguesutside

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 industes.

These are just two reasons for the identification ofgntial 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 collafation support programs; best exploiting the comparative
strengths of countries etc. While the idea of focusing on selected topics may be straightforward, the
ways ofidentifyingthese areasre not. There are different approaches to selecting prioriti@sny of

which are validor specific contextsThe next section presents a set of selection methods used in the
SECAS analysis.

1.3 Identification of potential priority areas

The identification ofpotential priority topics for EuropeatCT RTIBollaborationcan be based on a
large rangeof possibleindicators. The selection of an appropriate indicatpor rather a set of
indicatorsq depends on different factorsuch as

9 Purposeof the collaboration: e.g. acathic or industrial cooperation

1 Interests of the in@lved parties e.g. interest to collaborate internationally, interest in
fundamental research, innovation, etc.

9 Policy environmentlevel of public support for international cooperation
Economic environmentsectors of particular economic strength
9 Nationd characteristicssize 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 appliedm given set of indicators suitable for one purpose or one

country may not be useful for a different country adifferent aimof the collaborationWhich of the

given method is best suited in a given context depends on the specific characteristics of the research
environment under investigation. Therefore, a sjuslich aghe presentone cannot possibly define

WGKS 0Sad LINAR2NRGE (2LA0a T2 N Q#2tah lhavdvsd piokidcy Q | a
recommendations and state their underlying rationale.

In the SECAS context, there are importantedihces between Singapore and Australia such as size of
the country, number of population, humber of universities and research centres, political history,
degree of public priority setting, domestic industrial base, economic ties of the ICT industhy etc.

Singaporewhich isfirst of alla 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 ¢sfiased 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 theage certainly also national priorities and strategies in Australian
RTD policytheir influence has varied throughout the last decades and the prioritization of
information and communication technologiesdsferent to that of Singapore. In addition, there has

been priority setting and RTD investment of the different states at rdiffelevels. Therefore, the
analysis of Australian ICT RTD competencies requires a broader range of methods compared to the
more straight forward casef Singapore.

New Zealand, as our third region of interest again exhibits very different characterBtasg a
relatively small country, its academic research base can be nearly completely identified and analyzed.
With only few exceptions in the area of mediated ICT, New Zealand lacks particularly strong ICT
industry. Therefore, the analysis of theaalemic fields was of central importance in our studgte

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 followingndicatorsare candidates which can provide useful insights areas of a éo@ti NBf I (1 A @
strengths and support decision making on priority areas for cooperation:

1 presence obutstandingresearchergpublications, citations)

9 strong research groupsize, publications, citations, research funding)

1 relative uniqueness of the ICT ezsch as it reflects particular local industri@sa specialized
infrastructure environment

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

9 generaland specifistrengths of universitieqrankings)
fan A2y Qa LINAZ2NARAGE G2LAO0CA F2NIAYOGSNYIFGA2ylLf O2

Thenature and evaluation of thesedicatorsare discussed in more detail below.
1.4 Other approachego priority identification
The methodology used by the SECAS team builds on experience with prexésaises, 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 thamone-dimensional analysis of collaboration drivers and enablers.
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There are of course othgless complexapproachego identifying priority areas.

In a policy making context, decisions onaperation priorities are often based on strategies and
priorities as identified by policy makers and in strategy documents. Indeed, scientific collaboration
hasin the past often been used as a means for implementing other policy objechiveases where

RTD cooperation becomes an instrument of other areas of research, it is straightforward that joint
policy considerations between two countries or regions beeoithe man drivers behind
collaboration.

Theexample of thed dzNR LISy | YA 2y Qa GQuhstaleSdy thénfionet ARt Addies¥e¥ S
also nonscience policy objective&irstly, T explicitly mentions the contribution t@ompetitiveness

as its primary ojective. 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 involvdd iasgarclt
including full funding for itRTDactivities.

Therefore, someorojects(including those supported by the Eftjdressing the area of international

RTD ceoperation have adopted an approach that is nearly exclusively oriented at an analysis of
existing policy prioritiesConsequentlysuch projects arealso very muctoriented at the ICT RTD
Framework ProgrammeGenerally, itcan bea useful approachto basecooperation on joint policy
challengesas this oftenensures also that programmes such & the Framework Programmer
corresponding 8 country programmes;, are inplace to support ceperation. However, the interest

in the SECAS context is also in identifying areas beyond the existing priorities of the Framework
Programme Perhaps more impodntly, the SECAS analysis aims at ncoraprehensivanformation

on ICT RTD capabilitiasa more detailedevelthanCt T L/ ¢ W{ (i NJ ( 88gef@ fo’ 6 2SO /
assessing opportunities beyond the existing FP7 ICT framework, in particular adlEBmeiito 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 facilitatesbringing together the ight experts for joint collaboration as these experts are
often more interested in the details of the area rather than the HigNe objectives of policy makers.

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

15 S&T quality of researchers and groups
15.1 Outstanding key researchers

The obvious indicator for a national focus arethis number size, and quality aksearchfields with
outstanding researchers. These outstanding experts are often irmportant driver behind
international RTD collaboration. Typically, they have a high level-opemtion with their peers and
are internationallyrenowned for their work Outstanding key researchers are of particular interest for
academic researcbooperation

Oneway of identifying key researcheis by measuring their publications (number) and publication
impact (citatiors). The underlying ratioleA & 2 F O2dz2NES GKI G GKS NBt SGIyoO
can be measured byow often it is cited by others.
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There are many different ways of measuring citation impactl there is now a whole scientific
discipline¢ bibliometrics ¢ addressing th many facets of properly assessigearch quality based
on citations®

Perhaps paradoxically, the identification of key researchers does not usually provide great potential
for novel international collaborations. This is simply because ICT reseaangeften very well
aware of the leading experts in the field and typically do not gain new insfghts bibliometric
studies.Moreover, there are of course great researchers who do not publish extensively, in particular
in more applied ICT fields. Witthdse caveats in mindye have performed kHndex [Hirsch 05]
analyses fomany ICTesearchers in thistudy.

The hindex is an index that attempts to measure both the productivity and impact of the
published work of a scientist or scholar. The index seda@n 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] papers have at least h citations each,
and the other I, - h) papers havetamost h citations eachn other words, a scholar with an
index ofh has publishedh papers each of which has been cited by others at ledshes.

Thus, theh-index reflects both the number of publications and the number of citations per
publication. Tk 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 fiégsurce Wikipedia)

ThehA YRSE A& fS8aa&a LINRYyS (2 LINRPRdzOAY3 WwW2dzift ASNBEQ |
2F | aOA Sy i kike in&ng otheldaibliorhe®it iddicasit i® dependent on the length of an

academic career and field of styil Despite of the shortcomings and limitations of citation figures,

we have usectitation figures inthe case of Singapore whege bibliometricanalysis was recently

performed by [Haddaway 2010JThe use of this datawas suggested from the point of vieof

efficiency and economyAlso, this study does not aim at comparing researchers or research groups
between the target countriesWe used the kindex calculation of the Software "Publish Or Perish"

OWt 2t QX | I NI AY3IS Hamno thek pulitatioda achivitydandNiEg Su8dessIofk S N&
OKSANI Lzt AOFGA2ya Ay GKS FAStRa 2F W{OASYyOS I ¥R

152 Strong research groups

A stronggroup of researchers working in a defined salea of ICT isrether natural starting point

for international ceoperation. 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 excelimteas citations.

It is also possible to calculate such figures for groups of researchers by averaging over their citation
figures and/or hindexes.Of particular interesis alsothe size of a group. For New Zealand, we have
calculated averagth-indexvaluesand citationfiguresfor all academic research groujentifiable in

the internet

L 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 theihdex.
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research proposals. This can be measured in dheount of finding 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 Economidadrivers
1.6.1 Industry characteristics

Cooperation in the area of ICT research is not only academically driven. In fact, many international
collaboration efforts in the last years astimulatedby industryfor different reasons. These reason
range froman interest to attract researchers to developing access to a foreign madstd on joint
researclp we¢5 O2ff 02N GA2Y LINPGARSA AyaArdakKida Ayihz
but also into standards, publiauthority procedures, andalso prwides information about the
characteristics of local markets.

In this context the strength of local industrytrade relationsand alsotechnology infrastructureare
particularly interesting when assessing thpotential of research areas focollaboration Also, te
strength of a industry sector(e.g. mining) carcreateunique characteristics in a field of ICT research
(e.g. mining robots) Obviously,such industrial interest can be drives of cooperation in both
directions, i.e. the interest could be aegifically European or Australian/Singaporean.

Unfortunately, a statistical analysis of technologies underlying an industrial sector poses significant
difficulties. Tere are quantitative indicators for the ICT industry but economic statistical
classificdons are not well suited for assessing underlying technologies of assator Researchon

the other handis mainly classified according different technological fieldsStatistical (economic)

and technological classifications are mostigommensurald. 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 fieldslthough some insights can be gained from economic
statistics,the present study made extensive use gfersonal communication witldomain experts

from the involved countrieg the assessment of ICT technologies for industry sectors.

1.6.2 Other drivers

There are some other potential drivers of international RTEbmeration that can be binterest in
certain situations. One example is the definition of standards. It can be usefid-dperate with
international partners in order to strengthen the position with respect to a third couitns can be
particularly useful for smaller coundss lacking the ability to influence standardization decisions on
their own. It may be useful that the EU and Singapore and/or the EU and Augtadidorcesto
improve their position with respedb a planned strategic standardization activity of a éapdayer in
the field of Future Internet However, no such area was identified ie tRECA&alysis.

1.7 Policies and applicatiorareas

From a policy point of view, RTD-gperation is particularly promising in areas of identifsatietal
challengs where new applicatiors promise solutionsExamples of i@as of ICT research that clearly
contribute to a key EU challengand policy priority ardCT forenergy efficiencytechnologies for
supporting ambient assisted living-health, or e-government Other countries haveother specific
interests such akCT fowater management, mulianguage supportools etc.
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In order to identify EU challenges and potential applications informatican be collected from

existing EU strategies including, but not limited to, thkgamework Programme 7 (FP7) ICT Work
Programmeor the Digital Agenda for Europ@riorities of the 8 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 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 Stadhe ky 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 crisasd a new order prevailing as its result

the demographic problem related to the progressageing 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.

E N

The Lisbon strategy is still anportant guideline of EU policies including the 3% of GDP research
investment target and the fundamental importance of S&Eed policy making. In its economic and
financial policy, maintaining growth as a driving force for enhancing productivity and tomova
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 saistitn 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; and they have a de facto global dimension and call for global solutions. In the EU, the
setup of the Emissions Trading Scheme has not yet resulted in sufficient decreases in CO2 emissions
to fulfil Kyoto targetsFurthermore, the EU has committed itself to &@20@eduction 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 pgramme 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 IG3nabled technologies.

Finally, the realization of key poligyriorities 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 documenhet dentification 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
topicswith viable solutionsHowever, the two are of course often related since nations also tend to
invest in their priority areas domestically to develapdamprove research capabilitiés address key
societal challenges

1.8 9 dzN2 ICISRY ®riorities

The most important instrument for funding research at EU level is ®eventh Framework
Programme for Researchechnological, Development and Demonstratiotiviiges (FP7)
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tAa GKS 9 dzNP LISdrggstinitiaive Yodiyhaling8RQE activities in Europe, reflecting all
FaLISO0ia 2F 9! NBaASKFNODK LRfAOEDd wdzyyAy3d FNBY HAAT
The broad objectives of FP7 have begauped into four Specific Programmes: Cooperation, People,
Capacities and Ideas.

FP7 sets clear demarcations between funding for generic, bottom up researshsthematically

oriented research areas. The specific programmes of the FP7 reflect cleanguimks for generic

(Capacities, People) and bottom up research (ldeasjusthematic research (Cooperation). The

majority of FP7 funding is allocated to theZChJS NJ (G A 2 y  LINE 3 NITheYCBopesatioin K 0 H
programme encompassésn thematic areas, which reflect the most important fields of knowledge

yR (SOKyz2f238 6KSNB NBaSHNOK SEOSttSyO0S Aa LI N
address its swal, economic, public health, environmental and industrial challenges of the future.

[BILAT 09]

The ten themes areHealth; food, agriculture and fisheries, biotechnology information &
communication technologie¢lCT); anosciences, nanotechnologies, mddds & new production
technologies energy, environment (including Climate Changdjansport (including aeronautics)
socio-economic Sciences and the Humanitiggace security.

The ICT programme aims itoprove the competitiveness of European induatmg 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 [COQPTHé]list of programme activities
includes ICT technology pillars; integoatiof 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 cooperatigarnational
cooperdion 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 dewglapuntrie§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 ofdizs available for coperation will change very soanand 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
fFNEHS NBfe 2y CtT1 FyR 20KSN LipPgoidck ofiSnde@at ICRS | & ¢
research group capabilities will also provide insights independeanyfalready prioritized ICT topics

list. This is also important because ICT in FP7 does not address all areag efdCresearch on
microwave amplifiers and power electronics are not prominently preseéath newly identified areas
canalso be importat to decide orfuture topical priorities e.g. inFP8.

The currentFramework Pogramme? lists a broad range of technology topics that gna the case of

the ICT Cooperation programngeadaptedbiannualy. Therefore, a detailed listing of FP7 ICT piori

areas is not very useful. However, the general areas can be summarized as follows (based on the
current ICT work programme 202D12).
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1.8.1 ICTtechnologyareasand infrastructures

1 Pervasive and trusted network and service infrastructures: Future netwGtksd computing,
internet of services, advanced SW engineering; Inteooginected objects, Trustworthy ICT,
Networked media & search systems; Future internet research and experimentation, core
platform technologies and use cases

1 Cognitive systems andbotics

1 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 {arga electronics and
photonics

9 Digital contentand languagesSME initiative on digital content and languages, Language
technologies, Digital preservation, Intelligent information managemen

1.8.2 Application areasand socieeconomic challenges

1 ICT for health, ageing well, inclusion and governariéersonal health systems; Virtual
physiological human; Patient guidance services, safety and healthcare record information
reuse; ageing and welleing;smart and personalised inclusion; governance and policy making

T ICT for a lower carbon econommgmart energy grids; ICT systems for energy efficiency; efficient
water resources management; energificient buildings and spaces of public use; energy
positive neighbourhoods; lovearbon multimodal mobility and freight transport; cooperative
systems for energy efficient and sustainable mobility; ICT for fully electric vehicles

1 ICT for manufacturing and factories of the futur€mart factories: energgware, age
manufacturing and customisation; manufacturing solutions for new ICT products; virtual
factories and enterprises; digital factorigtesign and product lifecycle management

1 ICT for learning and access to cultural resources

1.9 RTD priorities on EU membetate level

¢CKS 9dzNRPLISIY ! yA2yQa LINAYOALX S 2F adzoaARAIFNRGE
not take action (except in the areas which fall within its exclusive competence) unless it is more
effective than action taken at national, regal or local level. In the area of RTDaog®ration this

means that many member states have their own prioritiesncluding topical prioritiesg for
international RTD collaboration. It is not possible here to list all such national priorities for allememb
states. But some general trends and principles are insightful also for the purpose of identifying
potential priority areas.

Two interesting trend$iave been recentlpe identifiedby [BILAT 2009There is a shift frongeneric
towards a more thematichf orientedfunding, for example in countries sudfR, DE, MT, NL and PL.
In Germany, major palic research organisations receive bldakding from the government but may
distribute these funds accordintp their own decisions. Nevertheless, thematic emtations are
important: the High Tech Strateggf 2006 and its revamp of 201@he High-Tech Strategy 2020
clearly identify thematic areas of importanéer the innovation and competitiveness capacity of the
German R&D+bystem. It has also been suggestagcently that there is ashift form purely
technologyfocused programmes to more applicaticand solutionoriented definitions of priorities.
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Some other countries put more emphasia generic funding in order to maintain and strengthen
overall R&D base.g.in IE, SE and URILAT 2009].

When analysing the thematic priorities of all EU countri€g,, telecommunications araflectronics,
are among the top themes shared by maBy member states (others being energy, environment,
biotechnology, health, ah nanotechnology). Some ¢her priority areasidentified in [BILAT 2009]
with relevance for ICare:

1

= =4 -4 -4 —a 8 -9

Security researchAT,CZ, DE, FR, GR, PT, RO, SI, UK

Transport and logistics: AT, BE (Walloon region), FR, GR, ITH4, PT,
Service sector: important iAT,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 internatiomaiversity rankings. For the purpose of identifyjrgprity
areasfor research cepperation in ICTthese rankings are not well suited since they typically aim at
assessing quality at the overall university level or at most at the levehgiheering ad ITfaculties.
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 attwotah y 34 FTNBY GKS ! { bSga g 22
THE TimebkligherEducation rankings. These rankings are based on a range of factors:

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

Then nmn 2 BeblIURI@Bsitiesankings are based on datiiom the QS World University
Rankings.The rankings are produced for five subject areasts and humanities, engineering and IT,

life sciences and biomedicine, natural and physical sciences, and social sciences. Subject area rankings
are based on the rests 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 gudnjea ratings are

then compiled to produce the separate rankings in each of the subject areas.

The ranking closest in topic to the area of ICHnigineering and IT

Ranked for Engineering and IT Universities

Rank Institute Country Score Citations
per Raper
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 23
7 The Universityf 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 25
36 Nanyang Technological Univitys(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 15
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

® Produced in assdation with QS Quacquarelli Symonadlso has been publishing world rankings since 2004.
* http://www.usnews.com/aticles/education/worldsbestuniversities/2010/09/21/worldsbestuniversities
engineeringandit-.html
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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
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QS World University Rankings are also availéii Australia and New Zealahalone.Note however
that this list is for the general university level anmdbt limited to Engineering and IT and thus of
limited relevancdor 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 Queenslah(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 univsity rankings is published as

THE Times Higher Education University Rankings

The rankings of the top universities acrdbg globe employl3 separate performance indicators
designed to capture the full range of university activities, from teaching to rese¢ar&howledge
transfer. These 13 elements are brought together into five headline categories, which are:

1 Teaching the learning environment (worth 30 per cent of the overall ranking score)
Research volume, income and reputation (worth 30 per cent)

Citationst research influence (worth 32.5 per cent)

Industry income& innovation (worth 2.5 per cent)

International mixt staff and students (worth 5 per cent).

= =4 —a A

® hitp://www.usnews.com/articles/education/worldsdestuniversities/2010/09/21/worldsbestuniversities
australianand-new-zealand.html
® www.timeshighereducation.co.uk
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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. Isinclude
institutes from Australia, New Zealand, and Singapore in the following positions:

Rank Institute Country Overall Score
36 University d 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 201121 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

Theranking for Egineering & Technologg 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 Univerity United States 91.3
5 University of California Berkeley United States 90.5
6 University of Cambridge United Kingdom @ 87.8
7 Swiss Fegtal 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 theuBjE&
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, ttenking of the engineering fields is of highest relevance. Within
this area, Singapore takes the lead with its National Univeidityh ranking Australian universities
include the University of Melbourne, Australian National Univerdifigjversity of New Suth Wales

and Universityof Sydney. New Zealand is present vitte University of Auckland.
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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 Universitiéshas performed a pilot study ranking universities worldwide based solely on
the impact of piblication outputs as measured by citatioh®f 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.

The Global Listin of Engineering, Compimg, TechnologfECT) faculties based on raw g indices
indicates that in 2010:

1 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 Uniwsity of Singapore ranks 25Nanyang Technological University rank8.46
Six Australian universities are ranked in the top 200.

| The University of Auckland ranks 39

Thislargely confirms the picture from the previous analysisnéians that Singaponanks 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 Awdian National University and the University of Queensland are
ranked in the top 200 internationally and the Queensland University of Technology is rankéd 204
Again, the University of Auckland is ranked first within New Zealand (followed by the liigiwérs
Canterbury).

= =4 —a -

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

®The full methodology can be found attp://www.highimpactuniversities.com/methods.htm|

° This study uss the gindex 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 gregressively harder to obtain.

1% http://www. highimpactuniversities.com/fac3.html
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3 Singapore
3.1 Context

A A
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Singapore today is one of the two higitome countries

02y aARSNBR
AYYy 20 GA3
[Noviscape 2009]The strong importance of S&T as
driving force for economic growth
evidenced byseveral key statistical indicators. Singapore
the leading nation in South East Asia in terms of R
investments: italready boased a gross expenditure on
research and development (GERD) &9 of its GDh
2006and 10 researchers per 1,000 emplogee 2005

in Singapore
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\rn X A X AN~ &

Singaporebs riesa iane
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.

na T odzt a

S
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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 governthersame
year, 66% of GERD was performed by the business sector, 24% by higher education and 9.6% by the
government™ It has been noted that the strong emphasis on adoption of technologamshavdead
to less indigenous R&{af. [Noviscape 09]).

Population Area GDP per capita (PPF GDP growth R&D exp.
WnnjsYear km2 USS$ Year % Year BnUS$ Year % GDP Year
4988 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
64.34,59 2013
66.981,21 2014
69.690,30 2015
Tablel Statistical country and R&D data for Singagore
CNR2Y |y L/¢ LISNELSOGAGS:I {Ay3al LI2NBQA

Computer Board together with the liberalisation of the telecom markets af@beernment actions in

the 90s resulted in excellent positions of Singapore in many internati@¥alrankings. Since 2001,

SELX AOAG
research fron the mid1980s on is particularly interesting. National IT Plans by the National

the A*STAR (Agency for Science, Technology, and Research) has been drawing up strategic plans for

{9c¢

T 2 O dza A-¢faSs s@eyitificres@aid aRd talent for a vibrant knowledlde & S R

{ Ay 3l L2 N

The most recent available plgi$TP2010) 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
investigatorled and missioforiented research as well as the encouragement of more pigattor

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 staffvasemployed in businesses, 2,441 in government, and 10,808 in higher education.

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

21pd.

¥ Sources: worldbangov, imf.org, wikipedia.org
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By far the largest proportion (17,25%#f) worked in engineering and technology, followed by natural
science with 4,080 ([Noviscape 09] based on UNESCO W4th)2046 patent applications in 2006
[Schiuller et al.08] it is leading among the countries in S&ast Asia.

[Schiller et al. 08]dwe analysedeasons for international R&D cooperation frahe point of view of
scientists from Singapore. Not surprisingly, exchange of research personnel, expansion of research
capabilities and access to S&T, but als@atenting, scientific publicatits 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
ndom: 2F GKS F2NI RQa 2dzillzi wb2 A a M ddhg in p8 & { 7
Computer Science and Engineerifighle2 compares citations of researchers based in Singapore with

selected European countries

Topic Countries # papers Citations per paper  Ranks
Computer Sciece 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 105 435 2

SG 20 21.65 11

Table2 Selected publications and citation rankings of tgpions 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

¢KS 3ISYSNIf adNBy3dKa 2F {Ay3IFLERNBQa L/ ¢ NBaSI NI
studies on individual researcher lev@hble3 lists topranking ICT researchebased on publications

(citations) adaptedfrom [Haddaway2010] It is based on historic datand citations and influenced

by age. As would be expected, it lists both researchers from the Nanyang Technological University and

the National University of &japoreg but also from the Institute of Infocomm research.
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Author

Cai, W.
Srikanthan, T.

Wijesoma, W.S.

Er, M.J.
Low, K.H.
Cheah, C.C.
Wang,D.
Ng, W.S.
Ge, S.S.
Lee, T.H.
Pan, S.L.
Ang, M.H.
Bao, F.
Zhou J.
Yang, G.
Deng, R.H.
Zhou, C.
Zhu, H.

Priority Areas for Goperation

Affiliation

Nanyang Technological University, School of Computer Engineering
Nanyang U, Centre for High Performance Embedded Systems
NanyandlU, Department of Electrical and Electronic Engineering
NanyangdTU, Intelligent Systems Center

Nanyang T, School of Electrical and Electronic Engineering

Nanyang T, School of Electrical and Electronic Engineering

Nanyang U, School of Electrical and Electronic Engineering

Nanyang U, School of Mechanical and Aerospace Engineering

National University of Singapore, Depf Electrical & Computer Engineering
National University of Sgapore, Dep of Electrical & Computer Engineering
National University of Singapore, Depf Information Systems

National University of Singapore, Depf Mechanical Engineering

Institute for Infocomm Research;3tar

Institute for Infocomm Research;3tar, Cryptography and Security Department

Singapore Institute of Manufacturing Technology, Mechatronics Group
Singapore Management University, School of Information Systems
SingaporePolytechnic, School of Electrical and Electronic Engineering
A-Star Singapore, C and S Department

Table3 Topranking ICT researchers (citations) adapted from [Haddaway 2010]

These topranking ICT researchers are listeddvewith short summaries of thie RTD profilesFor
information, citation and kindex figures have also been calculated and are listed below.

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

http://www3.ntu.edu.sg/home/aswtcai/biodata.htm

http://research.ntu.edu.sqg/expertise/academicprofile/pages/StaffProfile.aspx?ST EMAILID=a

swtcai

1990citations, 22 Rindex

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

simulation,

sécas
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ThambipillaiSrikanthan Professor,Chair, School of Computer Engineering,iddim 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.sqg/expertise/academicprofile/pages/StaffProfile.aspx?ST EMAILID=A
STSRIKAN

787 citations, 14 hindex

His research interests include design methodologies for complex embedded systems,
architectual translations of compute intensive algorithms, computer arithmetic and -high
speed techniques for image processing and dynamic routidd specific research
contributions have led to design and development of a number of innovative embedded
solutions fa@ consumer market. His pioneering efforts in loast 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 computationglis current projects involve the development of novel
technigques for visiorenabled embedded systems as well as design methodologies to shorten
the TimeTo-Market (TTM) and to reduce NeRecurring Engineering (NRE) costs.

Wijerupage Sardh&Vijesoma 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
405citations, 10 Rindex

His primary discipline is dgltrical, 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 vehies, 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 basedaftware architectures for intelligent systems

Meng JooEr. 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

1857citations, 19 kindex

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 biomedigalesming.
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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 KirHuat Nanyang Technological University, School of Electrical and Electronic Engineering
http://www3.ntu.edu.sg/home/mkhlow/
1215citations, 16 Rindex

Main researchareasare

Rehabilitdion Device/System in BiBngineering and Assistive Technologies
Biomimetics Modelling, Design and Systems

UAV Design and Technologies

Dropimpact Analysis and Absorption

Robotics, Mechatronics, and Automation Systems

=A =4 =8 =8 =4

Chien CherrCheah Associate Professdivision 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 hindex

Researclhinterestsinclude

9 Robot control

9 Visual Servo Control

i Formation control

1 Adaptive and learning control

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

http://www3.ntu.edu.sg/home/edwwang/
1884citations, 22 hindex

Researchinterests andactivities

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 Manitoring, Fault Diagnosis and Prognosis for High Value Manufacturing

=A =4 =8 -8 =4

Wee SiongNg Nanyang Technological University, School of Mechanical and Aerospace Engineering
University

1391citations, 19 hindex
Peer To Peer Computing, Robotics, Artificial Inteitige
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ShuzhiSamGe National University of Singapore, Department of Electrical & Computer Engineering
http://robotics.nus.edu.sg/sge/
7110citations, 42 Rindex

Dr Ge is currently the Director of Social Rolmti@b, 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 interactivemedia fusion, and education software development.

Tong Hend-ee Director, Office of Research, National University of Singapore National University of
Singapore, Department of Electrical & Computer Engineering

http://www.eng.nus.edu.sg/deanleeth/
678ditations, 12 hindex6é { GF Y F2NRQ&a ¢K2YlF a4 |1 & [ SS R2Sa NBa&S

Dr. Lee's research interests are in the areas of adaptive systems, knovidasee control,
intelligent mechatronics and compuiahal 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 Syems Science (Taylor and Francis, London). In addition, he is the Deputy Editor
in-Chief of IFAC Mechatronics journal.

Shan LindgPan National University of Singapore, Department of Information Systems
http://www.comp.nus.edu.sg/is/bio/pans|.html
469citations, 13 Rindex

Researclinterestsare

9 IT Strategies in China
9 Ecobusiness System of IT Industry
i Strategic Enterprise Systems

Marcelo HAng National University of Singapore, Department of Matibal Engineering
http://guppy.mpe.nus.edu.sg/marcelo/research.htm
896 dtations, 12h-index

Researchnterests are Man-Machine User InterfageControl of Dynamic Behavior &bbot
Manipulators, Passive Compliance and Flexible Rabdtsbile RoboticsIntelligent Control

FengBaa Institute for Infocomm Research;%tar, Singapore
http://icsd.i2r.a-star.edu.sqg/staff/baofeng/
1422citations, 12 hindex

Algorithms, automata theory, computational complexity, communication networks,
cryptography, fault tolerance, information security, reliable and secure distributed computing
cryptographic algorithms, secure protocol design and analysiy, &scrow systems,
cryptosystems for smart card, watermarking technology, electronic commerce, fast
encryption for multimedia data, Internet security, digital content protectioimpagment.
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Jianying Zhou Institute for Infocomm Research,-3tar, SingaporeCryptography and Security
Department

http://icsd.i2r.a-star.edu.sg/staff/jianying/
1713 dtations, 17 kindex

Researchinterests are Computer and Network SecuritfCryptographic ProtocplDigital
Signature and Norepudiation Mobile and Wireless Communications SecuriBecure
Electronic Commerce

GuilinYang Singapore Institute of Manufacturing Technology, Mechatronics Group

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

855citations, 17 hindex

Micro-machining and micrananipulation, computational kinematics amynamics, parallel
kinematic machines, mechatronic systems, modular robotics and reconfigurable automation

Robert HDeng Singapore Management University, School of Information Systems
http://icsd.i2r.a-star.edu.sg/staff/Robert
2161citations, 24 hindex

Cryptographic techniques, network and distributed systems security and information security

Changjiizhou Singapore Polytechnic, School of Electrical and Electronic Engineering
http://www.robo -erectus.org/members/czhou/
662citations, 14 hindex

Dr. Changjiu Zhou is currently the Centre Director of the Advanced Robotics and Intelligent
Control Centre (ARICC), a Technology & Innovation C@ritg at the Singapore Polytechnic.

He is the founderof the Humanoid Robotics Groupde is a member of the RoboCup
Executive Committee. His current research interests include intelligent robotic systems,
computational intelligence, humanoid robotics, rdlwsoccer systems, edutainment robots,
machine learning, intelligent control, mukiensor fusion and bimspired robotic systems. He

has about 150 research publications including 3 editedks published by Springer.

Huafeizhu A-Star Singapore, C ailgiDepartment
http://icsd.i2r.a-star.edu.sqg/staff/huafei/
283citations, 9 hindex

Cryptographic primitivesMulti-party computationsSignature<Cloud computingTrused
computing Information and Mtwork SecuritySystem and Device Security
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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
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3.3 National University of Singapore NUS
3.3.1 Department of Electrical and Computer Engineering

{AY3IIFLRNBQa (2L N} ylAy3d dzyA@SNEAGE bl { Kz2ada (GKS
(ECE). This departmenas a vibrant research oriented culture with impressive success. Itowen

34 international awards since 199plicensed or commercialized 27 prod&é,tsstarted 21 spiroff

companie¥® and holds 129 patent¥.

¢KS RSLI NIYSy(dQa Llzo thik gbdwih dverfhé pakt lye@rS and dve 0@ papersk S | f
were published in various journals, conferences and books since 2001, sédgaiszl.

ECE ToTAL NUMBER OF PUBLICATIONS [ YEAR 2000 ~ 2009 ]

2009
2008
2007
2006‘
2005
2004-
2003
2002
2001

2000

T T T T T T T
0 100 200 300 400 500 600

2000 2001 2002 2003 2004 2005 2006 2007 2008 2008
W Journal 380 346 400 337 485 457 432 524 564 454
I Conference 476 462 473 498 497 499 405 430 411 520
W BooksiChapters| 20 23 29 22 26 45 30 28 24 40

Figurel ECE publications at NTU.

The major reearch 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 engy en
systems; signal processing and new media.

“ http:/Awww.ece.nus.edu.sg/research/achieve_list.html
' http:/Awww.ece.nus.edu.sg/research/techtransfer.html
'® http:/Awww.ece.nus.edu.sg/research/spinoff/
 http:/Amww.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 (Al), database managemedta, 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 agsof 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 espidly 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 broadcale data integration systems. Limsoon has written about 150 relsear
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 advisoa ttumber of international companies.

3.4 Nanyang Technological University (NT¢JComputer Engineering

The research areas of the Computer Engineering academic staff members include audio, speech &
signal processing, computer graphics & visualization, compugtwork & 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 & mukliedia 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:

9 Bioinformatics Research Centre

1 Centre for AdvanagInformation Systems
9 Interface Research
1

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 tleas of biomedical information, cultural
heritage, edutainment, rendering, shape modelling and TV media.

1 Centre for Computational Intelligence
1 Centre for High Performance Embedded Systems
1 Centre for Multimedia and Network Technology
9 Parallel & Distributec@omputing 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 diiver.Interactive and Digital
Media (IDM) sector is poised for tremendous growth, fuelled largely by the technological
advancements and adoption in computing, broadband and molelkeptony. 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 factas point to the media sectog¢ and IDM in particular, as a potential priority
topic for ICT research collaboration:

1 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.

1 Influx ofinternational IDM companies, e.g., Utfased Lucasfilm and Electronic Arts, Europe's
Ubisoft, Japan's Koei Tecmo Games, and AustrBhaad Southern Star.

1 Strong push to create and internationalize local Singaporeard&$éd entrepreneurshiplwo
yearsinto execution, a vibrant ecosystem is emerging in Singapore.

A recent study by Deloitte[Deloitte IDM 2010feveals healthy signs of growth for the IDM sector
where the core IDM sector generated a vahdded (VA) of close to $798 million in 2008. Ttuels
estimates that the sector has grown at an estimated 22% CAGR since 2005, adding some $360 million
valueadded and 3500 new jobs in the process. For the period studied {2008), the core IDM

sector VA had grown at a rate of 25%, from an estimatetD#6to $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 7,408trong employment and the study estimates that there are now around 585
businesses in Singapothat are conducting an IDM activity. Overall, exports made up 43% of
revenues, complemented by strong businéssusiness consumption of IDM services within
Singapore, and suggesting intense investment activity over the period.

The study sees evidence wibrancy given the large proportion of starps (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 aipstdrt
particular have been phenomenal over 20RU08, 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 growingpresentation of starups (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 buskfigeadly and multicultural
environment combined with lgihrtech 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 srinki
YSRAI &SO02NE GKS hTHHQIDSHNYISya DA Al NOABEABES (1R K
as to ensure that the emerging IDM esgstem continues to develop.

The strategic efforts in IDMim to leverage on Singapore's unique mudtiltural, multi-lingual and
cosmopolitan identityand itsstrong foundation in information and communications infrastructure,

its reputation as a trusted capital with a bestAsia intellectual property (IP) regime and a talented
workforce, to catalyze new anchnovative 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 reseaiicistitutions, industry players and other stakeholders. To give the
sector stronger focus, leadership and coordination, tiigM Steering Committeechaired by
Chairman of NRF dnthe IDM Executive Committeeco-chaired by the Permanent Secretaries of
Ministry of Education and Ministry of Information, Communications and the Arts, have been formed
to oversee andaordinate the activities of the various ministries and agencies in this sector and drive
the strategic direction, growth strategies and capabilityilding efforts for this sector more
proactively.

Four key focus RTD areas have been identified:
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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 theM Programme Office (IDMPOyhich

coordinates a natiotwide effort across various agencies and oversees RTD initiatives in the IDM

aLJ) OS® L5ath ¢Fa ONBIGSR Ay ! -tgthdadich ofigrowing inb 8 & dzLJLJ:
vibrant global media capital. IDMPO is an irdgency outfit hosted by théMedia 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 Exeutive Officer of the Media Development Authorify.

= =4 -8 -

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 arelmtefactive and digital mediaas

alo been identified by [Schiller et al. 08] as one of the three most important S&T cooperation areas
for SingaporeFinally, there are a number of research groups within this rather broad area that offer
the potential for highquality and sustainable ICT ezsch collaboration

3.6 Institute for Infocomm ResearchiR)

The Institute for Infocomm ResearchR) is a member of the Agency for Science, Technology and
Research (A*STAR)Established in 2002°R performs R&D in information, communications and
media (CM) 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 ofRis 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 workRais organized intol0 departments and 6
programs

Computer Graphics and Interface

Research outputsf the Department of Computer Graphiage particularly relevant for assistive ICT
systems for monitoring and rehabilitation for the elderly and Personal 3D entertainment systems

'®|DM Steering @mmittee: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 EducationIDM Executive Committe®ir. Chan Yeng KiBermanent Secretary for Information,

Communication and the Arts and €bairperson; Mrs. Tan Ching Yee, Permanent Secretary for Education and
CochairpersonlDM Executive Directokr. Michael Yap.

Y prof, Lye Kin Mun, Acting Executive Director; Dr. Blek Beng, Director of Corporate Services; Dr. Michael
Chia, Director of Industry; Dr. Susanto Rahardja, Director of Research
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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 denisikimg, such as
medical image aalysis for disease screening, imdgesed 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, asas/édr 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 protectiomy 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 ampiformation 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. Itam also help detect fraud, waste and abuse, as well as assist in
the sharing of sensitive informatiofhe department works in financial and biological data mining,
information gathering from unstructured text and semantic knowledge discovery.

Embedded Syems

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

Human Language Technology

Research has resulted in a patentecttinformation agent, machine translation for SotEast Asian
languages, and the Abacus multlingual speech recognition platfdrworks on social robotics and
speech & dialogue processing.

Modulation and Coding

Many next generation communication sysis, including high throughput wireless local area
networks, ultrawideband 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 rorssoah
services, including control and management of optical networks, cooperative and coordinated
networking, as well as autonomic saiaing and robust networks.

These technologies find their applications in optimized, highly survivable, integrated and
performanceguaranteed networks for application in maritime and underwater communications and
sensing, monitoring and surveillance of outdepaces, healthcare and missiontical services.
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RFand Optical

The department works on emerging wireless systems, -ttang and Metropolitan Area Networks,
RoF technology, Sensors based on optical fibre. The industrial interest in the area is idesiye|
concepts and new applications of electromagnetic materials for antennas with high performance
such as broadband/multiptenode operation for modern wireless systems such as UWB, WLAN,
WIMAX, WiFi, MIMO, ehody/implanted communications.

Signal Procssing

The department works on H.264 and SVC encoders; videoapiek postprocessing, audio signal
processing, cardiac signal processing, and multimodal sensor data processing; and scratched sound
synthesis. Applications include using perceptual audio adeo 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 gaimg experience.

The Institute for Infocomm ResearcR) also runs several importat€T RTD programmedhey
cover a broad range from more communication networks deealth, social systems, and augmented
reality.

Integrated COmmunications Network @ Han{ICON@Home)

¢KS L/hbX12YS tNRIANFYYSQa Y2U0AQ1GA2y A& olaSR 2
Singapore) plans to roll out rrationwide FTTH Gbps network that will cover at least 95% of homes

and businesses in Singapore by 201Ruch network wil be key enabler for many potentially
revolutionary services, in home and offices, such that individuals will always be connected to home,
business and social networkampacting the waywve live, work, learn and play.

Intelligent Systems for Personalizethd Connected Healthcare (INSPECH)

¢KS Lb{t9/1l tNRBANFYYS FAYa |G RS@GSt2LAY3I YR QI
aeaidsSvyaed F2N KSIfGKOFNBX gKAOK AYO2NLIR2NIGS YSRA(
Of AYAOI f SOISINEI2ZWA ZME S REKFealISya oAt LINE A RS Y
SFFAOFIOA2dza GNBlIGYSyd oé GF{1{Ay3a GKS AYRAGARdzZEf L
consideration, therefore overcoming orszefits-all problems in existing medicalolstions.

G/ 2yySOlGAGAGeed Aa G2 SyadaNB LI GASyGda FyYyR YSRAOI
intelligent systems. INSPECH focuses on systems to improve the quality of care in health monitoring,
treatment & rehabilitation, dagnosis, and decisn support.

Interactive Social Tel€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
explorethis space, InSITE aims to provide viewers with medraexperience while watching content

with friends virtually as if they are physically togethersite. We will develop secure, robust muilti

party conferencing capabilities. The Programme is alserested to explore other new applications

and services that have wide appeal to the NGNBN users.

Multimodal Engagement ThirRimmersive eXperience (METRIX)

Envisaging the disappearance of boundaries between the real and virtual worlds, the METRIX
Programme sives to be the global frontrunner for the development of 3D immersive experiences,
primarily through the incorporation of photorealistic audisuals and thorough analysis of natural
human interactivity.
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Usercentric solutions in various areas such gsorts 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 technologicanies to be incorporated inttheir
products and services.

Student Centric Optimal Learningsing Augmented Reality (SCOLAR)

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

Sustainable Mobility for intelligent Transportation (PEGASUS)

The PEGASUS Programme aims to develop new InfoComm Technologies (ICT) for Intelligent
Transportation Systas (ITS)which are sustainable, edoendly 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 arkvwith ambient
harvesting; smart beam steering for awtllision automotive radar; reconfigurable -gabin
communicatims; and 3Elocalisation system.

A number of dw Qesultshavealsofound succedsl applicationsin a broad range oindustry sectos
includingaerospace healthcare logistics manufacturing andtelecommunications

3.7 Potential ICT RTD priority topics for Singapor

The data presented in this study clearly shows tl&E researchern Singaporehave significantly

contributed to several areas of IQEsearch Leading researchers at universities and research
institutes achieve good citation impadt. A y 3 | LJ2 NsKie® Zare pagitor& Wdll in international

dzy A OSNEAGE NIrylAy3da FyR Ay GKS FINBF 2F 9y3aySSt
positioned ahead of countries such as Australia and New Zealand.

The strong support for ICT at all levels and 3il LJ2 NB Q Zcohoinit éhlirGnin&n@réattracted

small and big playersSeveral member states of the EU have created initiatives for fostering
collaboratiorf’ and some leading European industry companies are present in Singapore with their
research dbs. This has already stimulated a reasonable level -@ipesation andSingapore is1ow
involved in15 FP7 projects, of which seven addressing topicsn the field of information and
communication technologieg Finally, Singapore has pronounced stgags and policies as well as
funding programmes in place that strongly support its ICT research base.

It is therefore not surprising that Singapazeiven the small size of the countgyexhibits a number

of strengths including Electronics and ElectriEalgineering, Robotics and Artificial Intelligence,
Security, Networking, and Digital Medighese 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.

2 Cf. SECAS Report onderation Policies

* EU CORDIS data (cordis.europaghipte that not all seven projects mentioned goart of the ICT

programme and that 3 support type actions with Singapore are not included in this list. The projects are: GRIFS,
EUASIAGRIWOMBAT, AQUTEGHNSPIREHIDE, ATMOL.
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Joining thee different indicators here and based on discussions with experts from Singapore, a
particularly strong casean be maddor the area ofinteractive DigitalMedia (IDM). There are very
good scientists located in Singapore ¢ohuting to the different subjects within the area. Also, the
field is significantly broad so that this facilitatesa@eration not just in a very narrow stdomain.

The long list of groups in IDM suggests significant size of the overall area to solitdorations also

for a longer period; and thus also into the period of the forthcomin§ BU Framework for Research.

A second priority area can be identified in the more hardward physical domain ofFuure
Networks. There is aroup of several istitutesin the core area of networkand important related
topics such asouting, security, optical technologies, and coding schemes. The case for this area is
further strengthened by the excellent ICT infrastructure and innovative applications avaiiatble

island stateand the policies in place to further invest in innovative networked solutions for the
benefit of all citizeng®

Thirdly, severaiop researchers located in Singapore are activdifferent subfields ofRdotics with
an emphasis on ntile, autonomous, and social systemsdadifferent areas withinEmbedded
Systems

*2The areas of IDM and Future networks both are in good alignment witpribeities suggested by the
SEACOORP project addressing Sdtabkt Asia. The project approach is driven more byléopl 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.Digital libraries and technologgnhanced learning,

and Challenge 6.3ICT for the environmental management agadergy efficiency as priorities, cf. [SEACOOP
2010].
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Area of ICT
Research

Interactive and Digital Media (IDM)

Priority areas for coperation

Overview of potential priority areas for Singapore

Organisation

Nanyang
Technological

sécas

National University of Singapoieteractive and

University-
Institute of Media
Innovation(IMI)

Digital Media Institute

Key Researcher

Prof. Lawrence WONG, Electrical and Computer

Engineering

Individual/Group Research Competencie Corresponding Topic in the EU FPibgramme

Ambient Intellgence

Assoc. Prof. Lonce WYSE, Communications and N

Media
Asst. Prof. Alexander NAREYEK, Hdat#ind
Computer Engineering

Prof. Mohan S. KANKANHALLI, Computer Scienc

Assoc. Prof. Adrian David CHEOK, Electrical and

Computer Engineering

Assoc. Prof. Hwee Tou NG, Computer Science

Assoc. Prof. Kay OMLORAN, English Language &

Literature

Arts & Creativity
Games

Multimedia Sensing
Mixed Reality
Language Mediation

Multimodal Analysis

Assoc. Prof. Milagros RIVERA, Communications a

New Media

Prof. Shuzhi Same GE, Electrical and Computer

Engineering

Prof. Nadia Thalmann, School of Computer
Engineering

Prof. Martin Reiser, Computer Science

Assoc. Prof. Yiyu Cai, Mechatronics and Design
Prof. Hock Soon Seah, Computing Systems

Asst. Prof. @ja Sourina, Information Engineering

Social Cognition
Social Robotics

Virtual Human

Virtual Reality and Augmented Reality
3D Digital Geometry Processing
Computer Graphics and Imaging

Computer Graphics and Virtual Reality
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Embedded Systems, ARTEMIS

Networked media
Networked media

Technologies for digital content and language
retrieval

Networked media, immersive media, ICT for
smart and personalised inclusion
Technologies for digital content and language
information access, natural spoken interaction
Technologies for digital content and language
information access

Cogniion and control in complex systems

Cognitive systems and robotics

Virtual Physiological Human

Networked media, immersive media
Networked media, immersive media,
Technologies for digital content and language

Technologies for digital content and language
information access, personal health systems
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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

Area of ICT
Research

Computer Graphics
and Interface
Computer Vision
and Image
Understanding
Crytography and
Security

Data Mining

Embedded Systems

Human Language
Technology

Modulation and
Coding

Networking
Protocols

RF and Optical

Signal Processing

sécas

Institute of Infocomm Research

Organisation Key Researcher

Dr. Zhiyong
HUANG

Dr. Joo Hwee LIM

Dr. Feng BAO

Dr. See Kiong NG

Dr. Ashok Kumar
MARATH

Dr. Haizhou LI

Dr. Sumei SUN

Dr. Jaya Shankar

Dr. Zhi Ning CHED

Dr. Suanto
Rahardja

Priority areas for coperation

Individual/Group Research Competensie

Computer Graphics
Visual Information Indexing and Retrieval, Learning for Computer Vi

Cryptography, Information Security

Data Mining, Text Mining, Graph Mining, Machine Learning, Semant
Web Technologies, Bioinformatics, Priv@cgserving Data Ming
Physical layer processing and System level issues in Communicatiol
Engineeing, Embedded Systems, RF Systems

Large Vocabulary Continuous Speech Recognition (LVCSR), Speaki
Language Recognition (8L Expressive speech synthesis, Machine
translation, Cros$ingual information retrieval for business intelligence
terrorism warning, financial information.

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

Wireless ad hoc, mesh and sensor networking; Archites for
missioncritical services, including control and management of optica
networks, Cooperative and coordinated networking, Autonomic self
healing and robust networks.

Emerging wireless systems, Lemaul and Metropolitan Area Networks
RoF technology, Sensors based on optical fibre.

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

Corresponding Topic in the EU FP7
Programme

Networked media and search systems, imnias
and interactive media technologies
Technologies for digitalontent and languages,
information access, intelligent information
management

Trustworthy ICT, security in networked service
and computing environments; trust,
Technologies for digital content and languages,
information access

Embedded systems, ARTEMIS,

Technologies for digital content and languages,
information access

Future networks

Future networks

Future networks

Future networks

Tabled Key strongholdreas and research groups within these areas of Singaporean ICT research
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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 ]
I dza U NJafn expétagoods are coa

L dza G NF £ AF O3 aid NP Y3 06dziA Yé 3 iron ore, gold_, meat, wool, aluming
been underpinned by a record of innovation and Whe.at rtnaCh'neryt and (;rans?fp
longstanding commitmet to research and development renq;éﬁmgg’ teﬁggﬁ#ﬁ&iica‘zgn eO:i:
(R&D), aimed at increasing productivity, building n€ ' ;

00 : Y ment and parts, crude oil and petroleu
markets and boosting international competitiveness. products.

P
&

Information and communications technology (ICT) is a key
RNAGSNI 2F 1 dzaGNI Al Qa &l NPTt ICT @fesich Yand Glevadgmentl K
expenditure in Australia is now almo8UD$3 billion per yeaf, accounting for more than 20% of

ldzZAGNF AL Qa G2GFt SELSYRAGANBE 2y NBaSkNDK | yR

The Australian ICT market, which comprises firms engaged prifmapitgviding computer and
telecommunications services, as well as hardware sales and service, is the fourth largest in¢the Asia
Pacific region after the Chinese, Japanese and South Korean markets and the 11th largest in the
world. According to the eadiness Rankings produced by the Economist Intelligence Unit, Australia
ranked fourth out of 7@ 2 dzy (i NJA SNS I TRAWERIHQ WS

GDP per capita

Population Area (PPP) GDP growth R&D exp.
WnnsiYear Wnnn US$ Year % Year BnUS$ 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

Table5 Statistical country and R&D data for Austrafia

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

| dza  Ndfofrmatiof2and Communications Technology Research Centre of Excéfiédatonal ICT
Australia (NICTANICTA has many Australian member and partner universitiesisatfte largest
organisation in the country dedicated to ICT researalith over 300 researchers and 230 PhD
students

Australia has 39 universities with 29 supportisggnificant effort inICT researchAustralian
universties rank well internationallyvith manyworld-leading ICT researchers in a range of ICT fields.
There are over 2,500 ICT researchers working in Australian universities.

2 hitp://www.dfat.gov.au/facts/ict.ntml
?*Sources: OECD, IMF, Wikipedia.
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The Australian Government has twoeagies undertaking ICT research. Twnmonwealth Scientific
and Industrial Reseeh Organisation (CSIRO) has an ICT Centre with 250 reseanbteasfurther
250 ICT researchers distributed across a number of different application ateafefence Science
Technology Organisation (DSTO) employar 500 ICT researcherglayingan important part of the
ICT research ecosystem.

Australia is also home to a number of corporate ICT research labs engpl@gearchers. The
Australian owned laboratories include Cochlear Ltd which has laboratories in Europe anghakedi

in Framework Progras. SAP Research is the most significant European presence with a well
established lab in Brisbane and a new lab in Sydheyumber ofUS and Japanese companies have
ICT RTD facilities in Australia

The purpose of the analysis is to represent the streagihd capabiiies 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 corpota 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 dramwthe 2010
Excellence in Research for Australia (EREJomes,expert assessment in reports and capabilities
studies although not all subectors have undertaken this researdrhe list of esearch capabilities

also benefitedrom presentations at a sgrialICT Theme workshdp June 2010 on the occasion of

the JSTC€and public information. Key researchers are highlighted.

Despite the limitations presented combining different assessment mechanisms and the potential for
some gaps, this analysis providix® 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.

41.1 Market characteristics

The ICT industry in Australia is a strong influencenen €T 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 Australi?2008 ICT snapshot by Austrdtiprovides a useful summary of

the ICT maeet in Australia. The report notes that the Australian ICT industry:

1 is worth nearly A$100 billion;

1 employs 400,000 people

1 has egional importance being the fifth largest ICT industry in the-Rafic region and the
14th largest in the world

1 was rated ly 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 (NW), which aims to deliver fibreptic broadband to 93% of Australians. This
initiative is leading to new opportunities and research initiatives in networks and innovation
applications for supefast (100mps and higher) broadband.

® EUAustralian Joint Science and Technologyo@tination Committee
1 dzaGNF RS WL/ ¢ | t NRGSY ¢S & littaAvAw. auNBdezgoR auBayMiisteiad 6 | £t NP
Industry-Capability/ICT/default.aspx
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I dza G NJ f A I Qa stréh@idfliehce &n thielardas bf 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 pact

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

9 High speed wireless LAN (WLAN), the most popular way to connect computers without wires,
NEfASE 2y (SOKyz2ft23e Ay@SYy(iSR o0& Inmuzésiodd f Al Qa
800 million devices worldwide.

1 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 @oApps, Chrome and Maps.

T hyS Ay GKNBS 2F (KS $g2NIRQa Y20AfS LK2ySa Nizy
ldzZaGNFf Al Qa L/ ¢ /SydidNB 2F 9EOStt SyOS=outRS@St 21
Open Kernel Labs, isawerone billion molie phones.

Other Australian breathroughs and products include EFTPOS (Electronic Funds Transfer at Point Of
Sale), the Black Box Flight Recoatt the Bionic E&f.

4.2 Top Australian ICT Researchers

The following table provides anapshotof some leading researchersaffiliated with Australian
universitieswith an hindex of B or above Due to the size of the Australian ICT research scene, no
complete collection and calculation of bibliometric indicators was performed. sEhectionlisted
hereisbased @ input from interviews with experiown assessmentnd internet search.

Area of Research Researcher Organisation Citations inz-ex

Adaptive signal processing, Tony Cantoni University of Western 1806 21

electronic system design Australia

Al Paul Compto University of New 989 18
South Wales

Algorithms, complex systems Albert Zomaya University of Sydney, 2217 23
NICTA

Bioinformatics, Information Justin Zobel University of 6898 43

retrieval Melbourne, NICTA

Computational logic , machine John W Lloyd Australian National 3052 27

learning University

Computational neuroscience  lven Mareels University of 3440 27
Melbourne

Computer architecture David Abramson Monash University 6645 31

Computer vision Richard Hartley NICTA, Australian 7445 34
National University

Computer vision, robotics Peter Corke NICTA, Queensland 1825 23
University of
Technology

Concurrent systems George Milne University of Western 1613 19

" Seewww.austrade.gov.aul./Invest ICT Research%20and%20Development.pdf.aspx
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Area of Research

Constraints programming
Cortrol & Signal processing,
circuits

Control engineering

Data mining, knowledge
discovery

Graph drawing, information
visualisation

Information retrieval, text
search

Information systems, electronic
services

Information theory

Logic, automated deduction, A
Machine learning, Al
Machine learning, robotics
Network systems

Networks and systems
Operating sgtems

Operating systems

Optics, photonics
Optimisation, Al

Robotics, distributed sensor
networks

Semantic web technologies
Signal processing

Signal processing, information
theory

Software engineering
Software systems

Visual languages, constraints
programming

Wearable computers, user
interfaces

sécas
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Researcher

Peter J. Stuckey
Brian D.O. Anderson
Dragan Nesic
Sanjay Chawla
Peter Eades
Alistair Moffat
Arthur ter Hofstede,
Alex Grant

John K. Slaney
Robert C. Williamson
Claude Sammut
David J. Hill
Rodney S. Tucker
Gernot Heiser

Sri Parameswaran
David D. Sampson
Toby Walsh

Hugh DurrardWhyte
Jane Hunter

Rod A. Kennedy
Jamie S. Evans
Colin Fidge

Kevin Elphinstone
Kim Marriot

Bruce Thomas

41/112

Organisation

Australia

University of
Melbourne, NICTA
Australian National
University, NICTA
University of
Melbourne
University of Sydney,
NICTA

University of Sydney

University of
Melbourne, NICTA
Queensland University
of Technology, NICTA
University of South
Australia

NICTA, Australian
National University
NICTA, Australian
National University
University of New
South Wales
Australian National
University

University of
Melbourne

NICTA, University of
New South Wales
University of New
South Wales, NICTA
University of Western
Australia
NICTAUniversity of
New South Wales
NICTA, University of
Sydney

University of
Queensland
Australian Natnal
University

University of
Melbourne, NICTA
Queensland University
of Technology
University of New
South Wales, NICTA
Monash University

University of South
Australia

Citations

3816

16264

2320

817

7918

7271

7929

4827

898

6163

1487

5781

2957

1704

915

700

9380

14305

1801

1067

1232

2180

1056

4659

1508

www.secas.eu

h-
index

33

44

26

16

37

38

42

31

17

33

18

39

28

21

16

16

50

53

21

18

16

20

17

39

20
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Table6: h-index values and citations aritation ranks for selected Australian ICT researchers,
sorted byarea of research

4.3 ICT Research Overview: University sector

Australia has 39 universities with 29 supportsignificant effort inlCT researchMost universities in
Australia are public andre 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:

1 Block grant research funding from the Re®éaTraining Scheme, the Institutional Grants
Scheme, Research Infrastructure Block Grants and the Australian Postgraduate Awards Scheme.

9 National Competitive Grants Program that funds the independent Australian Government
Research agencies the Australi&esearch 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)though ICT for health research can be eligible for NHMRC support.

The ARC funding supports ICT researchers through two main elemé&fsA y 1 F 3SQ | yR W52
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 nationalrityi@nd 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 egellence 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 grantstemegaindicator of

research excellence for Departments;

citation impact of key university researchers by bibliometric data and

critical mass and scale of effort across ICFdigbiplines

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

wn

TheARC has a rigorous Peer Review proceshe ARC has a College of Experts (CoE) with five panels
including Engineering, Mathematics and Informaticthe 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. Byneasuring 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 aueab

Between 2005 and 2010, the University of Sydattsacted 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 Univerg#$6.51m), 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
20052010 ($5.07m), compared to the University of Sydf49m).

Discovey 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 competitivRC funding won by 27 Australian universities for
projects with an ICT research component of 50% or higher, during the period spannirgz@D0%

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 nineetsity of South Australia.

8 Source: ARC www.arc.gov.au.
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Victoria University ]

University of Wollongong 1
University of Western Sydney
University of Technology, Sydney
University of Southern Queensland

University of South Australia u Discovery -

The University of Western Australia 1 Projects

The University ofSydney

The University of Queensland

The University of Newcastle

i Linkage -
The University of New South Wales Projects

The University of Melbourne

The University of Adelaide

The Flinders University of South Australia
The Australian National University
Swinburne University of Technology
RMIT University 1

Queensland University of Technology
Murdoch University

Monash University

Macquarie University

La Trobe University

James Cook University

Griffith University

Edith Cowan University

Deakin University

Curtin University of Technology

10000007 6,00000% 400,000

Figure2 ARC funding for Discovery and Linkage Projects with an ICT code component of 50% or higher, 2005
2010

The Excellence in Research for Australia (ER#jative assesses research quality vifthAustralia's

higher education institutions using a combination of indicators and expert review by committees
comprising experienced, internationaligcognised experts. In 2010, the Australian Research Council
conducted the first full evaluation of th&xcellence in Research for AustraliBRA) initiative. The
report™ provides the outcomes of the ERA 2010 evaluations, which applies to research undertaken
between 1 January 2003 and 31 December 20008 ERA exercise found there are over 2,400
researchers wrking in Australian universities in the areas of Information and Computing Sciences,
Electrical and Electronic Engineering and Communications Technologies. The research areas of each
2F GKS Yl 22N L/ ¢ NBaSI NDK dzy AGF EantrerofiExcelienceé, NISTARA & Od
employs approximately 300 researchers, 100 of whom are contributed by member and partner
universities and are therefore included in the ERA review process

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

Many Australian univesities 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 coalit@ineading Australian universities that are research intensive.
The GOS8 a 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 Austrban 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, theetdity 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 Universiti, @miffdrsity, 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 Australightat 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 Natiaal University

The Australian National UniversitgNUY° 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 Colle§Engineering and Computer Science.

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

Artificial Intelligence

Algorithms and Data

Computer systems

Information and human centred computing
Softwareintensive systems engineering
Logic and computation

The ANU School of Engineerfhgiorks in the areas of:

Computer vision
Robotics
Semiconductor
Systems and control
Telecommunications
Signal Processing

mmtaae D ooprONER

¥ \www.anu.edu.au
3 http://cs.anu.edu.au/
s http://eng.anu.edu.au/
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{2YS 2F 1 dzaidN}t Al Q& f S| Rikchidihg as/PtessoiilianSAndeddaSnNE | NB
circuits, signal processing and control and Prof Richard Hartley in computer vision.

Other key researchers include Professor Kivshar hopgital technologies, nanophotonics, and
metamaterials, Profohn Slaney in logic, automated deduction and artificial intelligencef€ssor

John Lloyd in Computational logic, agents, machine learning, and declarative programming languages
and Professor Rod Kennedy in applied signal processing research group.

ERA2010Resuts

The following ICT fields of research rated well above world standard (rating of 5)
T Aurtificial Intelligence and Image Processing
1 Electrical and Electronic Engineering

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

1 Computation Thery and Mathematics
4.3.2.2  Monash University

Monash Universit} is located in Melbourne. Monash is a member of the Go8 and a highked
Australian university. Monash has wodthss expertise in ICT and has received more that $AUD16
million in peefreviewed ARC grants 2008010, the third highest amount of grants. Monash
University undertakes ICT research in Faculty of Information Techfblaggt the Department of
Electrical and Computer Systems Engineériridonash has a close collaboration with NICTA.

The Faulty of Information TechnologifIT)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, healtlduptivity and innovation,
social inclusion and sustainability. Research strengths include that:

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

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

9 FIT identifies strengths in eResearch and eResearch infrastructure development.

Research Centres include the Centre for Distributed Systems and Software Engineeringd@81®E)

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 researcherauihelProf Kim Marriot and Prof Mark Wallace in
constraintsbased programming and Prof David Abramson in computer architecture, high
performance computing and-Besearch.

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

* http://www.monash.edu.au/
3 http://infotech.monash.edu.au/
% 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, rdathe software, optimization, electromagnetics and
numerical modelling.

ERA2010 Results
The following ICTields of research rated well above world standard (rating of 5)
1 Nanotechnology
The following ICT fields of research rated above world standard (rating of 4)
1 Biomedical Engineering
1 Electrical and Electronic Engineering
The following ICT fields of researetted at world stand (rating of 3)
1 Aurtificial Intelligence and Image Processing

1 Information Systems
4.3.2.3  Macquarie University

al Olj dzZ N& S **!1@TAcgpability Aslicdnoentrated in two Departments, the Department of
Computing and the Department of Electroriingineering.

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 areasf:
I Algorithmsand Cryptography
http://web.science.mg.edu.au/groups/acac/
 InformationandNetworkedSystemsSecurity
http://www.comp.mq.edu.au/reseach/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.

1 Wireless Communications
http://www.engineering.mq.edu.au/resarch/groups/wireless/

1 Electromagnetics and Antenna Engineering
http://www.engineering.mq.edu.au/research/groups/celane/

% www.mgq.edu.au
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ERA2010 Results

The following ICT fields of research rated above world standard (rating of 4)
1 Electrical and Electronic Engineering
The following ICT fields of research rated at world stand (rating of 3)

1 Computation Theory and Mathematics
4.3.2.4  University of Melbourne, Melbourne School of Engineering

The University of Melbourrié is a Go8 University and NICTA member with a strong interndtiona
reputation and success in attracting ARC pesiewed competitive grants. ICT research is carried out
in the Department of Computer Science and Software Enginé@rng the Department of Electrical
and Electronic Engineeritig

The Department of ComputeScience and Software Engineering research strengths lie in:

1 Autonomous and intelligent systems
Computational medicine and bioinformatics
Declarative languages

Knowledge discovery

Parallel and distributed computing

1 Software engineering

= =4 -4 A

Key researchers ihae ProfessoRao Kotagiri in machine learning and dat#ing; ProéssorAlistair
Moffat in information retrieval and text search and Associate Professor Stephen Bird in natural
language processing.

¢CKS | YAOGSNEAGE Qa 9f SOiEEEDDepartheyitfhas ddéndfi€ditiig yede@rch9 y 3 A y
strengths (1) telecommunications (2) signals and systems and (3)-eagioeering.

EEE has worddass research strengths in telecommunications, networks and systems with
approximately 40 researchers in thgsoup. Key researcher Professor Rob Evans who is also leading

bL/ ¢! Qa /2y GNRBt g { A3ylas wotkdd®rOsS thany afeds inelGdinG thedd) K D NP
and applications in industrial control, radar systems, signal processing and telecommunicatieys

researcher in this area is Professor Rod Tydkaureate Professor at the University of Melbourne,

Director of the Institute for a Broadbargnabled Society (IBES) and Director of the Centre for-Ultra
Broadband Information Networks (CUBIN). A $dlion 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 tnadord in signalsand 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, informain theory and statistical signal processing with emphasis on
applications to wireless communications systems.

¥ www.unimelb.edu.au/
% http://www.csse.unimelb.edu.au
% http://www.ee.unimelb.edu.au/
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and Vision project. They have a strong capghiti biosignals and neuroengineering ledRrpfessor

Anthony Burkitt. Key researchers include Professor Stan Skafidas in wirelessosdaoitors and

sensor networks, Professor lven Mareels in computational neuroscience, neuroimaging and
neuroinformaticsand ProfessoDraganNesic in the broad area of control engineering including its
mathematical foundations.

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

I eWater CRC

CRC for Spatial Information

Institute for a Broadband Enabled Society

Advanced Centre for Automotive Research and Testing
Centre for UltraBroadband Information Networks

Cloud Computing and Distributed Systems Laboratory

T Peerto Peer Networks and Applications Research Laboratory

= =4 4 A -

The university whbsite has a Find an Expert servicép://www.findanexpert.unimelb.edu.au/
ERA2010 Results

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

9 Communications Techrumjies
1 Electrical and Electronic Engineering

The following ICT fields of research rated above world standard (rating of 4)
1 Information Systems
The following ICT fields of research rated at world stand (rating of 3)

9 Aurtificial Intelligence and Image Procegsi
4.3.2.5  University of New South Wales

UNSWA A 2yS 2F 1 daAGNIfAFQaE A0GNRByYy3aSald dzyAOBSNERAGASA
UNSW is located in Sydney. UNSW is a member of the Go8 universities and a founding member of
NICTA. UNSW has over 125 I@searchers acrosts schools and research cergteThe 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 bg the clo
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 TelecommunicationBiantedical Engineering.

O \www.unsw.edu.au
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The School of Computer Science and Engineéting

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

Embedded Operating Systems Group

The worldleading Embedded and Oming Systems Group focuses on the creation of efficient, fast,
secure and low powered embedded systems, at the hardvsafevare interface. The group &80

staff and students includinggey 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 inclugling ke
researchers Professors Sanja Jha and Mahbub Hassan.

Atrtificial intelligence group

The Artificial Intelligence group key staff include Professor Paul ContofessorClaude Sammut

and ProfessorToby Walsh (joint appointment with NICTA). Research ameside knowledge
acquisition, knowledge representation and reasoning, machine learning, robotics and computer
vision.

School of Electrical Engineering and Telecommunicatfons

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

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

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

1 Telecommunications
http://www.eet.u nsw.edu.au/research/Temporary/Telecommunications.htmi

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 toving 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, electrophydimgy and instrumentation.

Two areas with strong ICT research activities and strength:

1 Medical informatics and biomedical instrumentatiotip://www.bsl.unsw.edu.au

1 Neurophysiology and biological signal analgiis://bionic.gsbme.unsw.edu.au

1\www.cse.unsw.edu.au
“2\www.eet.unsw.edu.au
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Priority areas for coperation

The three schools are affiliated with the following special centres:
9 Australian National Fabrication Facility ANFF and ARC Special Research Centre for Quantum
Computer Telenology

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

1 CRC for Smart Internet Technology and the CRC for Technology Enabled Markets.
ERA2010 Results
The following ICT fields of research rated ablbve world standard (rating of 5)

1 Electrical and Electronic Engineering
The following ICT fields of research rated above world standard (rating of 4)

9 Computer Software
9 Distributed Computing
9 Biomedical Engineering

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

9 Aurtificial Intelligence and Image Processing
1 Information Systems

4.3.2.6  University of South Australia

The University of South Austral@niSA)is a member of the Australian Technology Network of
universities and has a focus on dpgl 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 el@ss 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 inthe application of information theory to multiple user communications problems.

The Advanced Computing Research Centre (ACRC) was formed to act as a Unidersitgus for

research in the areas of computer science, software engineering and computereerig. 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 witmiversities and research institutions in Australia

as well as Austria, Canada, China, Germany, New Zealand, Singapore, the UK and the USA.

1 The Semantic Systems group conducts research in knowledge representation and reasoning
technology for the analysis,daptation and integration of processes, ontologies, and
software systems. Its members are internationally recognised for their rrioaedd
approach to business process integration, fault diagnosis in software systems, and constraint
based configuration ohardware 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 directorRsofessor Markus Stumptner.
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