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The SFI Centres for Science, Engineering & Technology 

(CSET) 

 

Centres for Science, Engineering & Technology (CSETs) help link scientists and engineers in partnerships 

across academia and industry to address crucial research questions, foster the development of new and 

existing Irish-based technology companies, attract industry that could make an important contribution to 

Ireland and its economy, and expand educational and career opportunities in Ireland in science and 

engineering.  

CSETs must exhibit outstanding research quality, intellectual breadth, active collaboration, flexibility in 

responding to new research opportunities, and integration of research and education in the fields that SFI 

supports.  

Currently Funded SFI CSETs. [Lead Institute] 

 Alimentary Pharmabiotic Centre, [UCC] 

 Biomedical Diagnostic Institute (BDI), [DCU]  
 Centre for Research on Adaptive Nanostructure & Nanodevice, [TCD]   

 Centre for Telecommunications Value-Chain-Driven Research, [TCD]  
 Digital Enterprise Research Institute, [NUIG]   

 Lero - Irish Software Engineering Research Centre, [UL]  

 Next Generation Localisation, [DCU]  

 Regenerative Medicine Institute, [NUIG]  

 Systems Biology Ireland [UCD] 
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A1: Contact Information : 

 

Reporting Period:  July 1st 2008 ï June 30th 2009  

Name of CSET:   CLARITY ï Centre for Sensor Web Technologies 

 

Lead Institute: University College Dublin, Belfield, Dublin 4 

Director:   Prof. Barry Smyth 

Ph: 01 ï 716 2473 

Email: barry.smyth@ucd.ie 

www.CLARITY-centre.com 

 

Partnering Institute s:  

Dublin City University, Glasnevin , Dublin 9 

Deputy Director: Prof. Alan Smeaton 

Ph: 01-700 5262 

Email: alan.smeaton@dcu.ie 

www.CLARITY-centre.com 

 

Tyndall National Institute 

TNI Contact Person: Mr. John Barton 

Ph: 021 4904088 

Email: john.barton@tyndall.ie 

www.CLARITY-centre.com 

 

  

mailto:barry.smyth@ucd.ie
http://www.clarity-centre.com/
mailto:alan.smeaton@dcu.ie
http://www.clarity-centre.com/
mailto:john.barton@tyndall.ie
http://www.clarity-centre.com/
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A2: CLARITY  an Overview  
 

CLARITY  Centre for Sensor Web Technologies ï An Overview 

CLARITY is a research centre that focuses on the intersection between two important research areas - Adaptive Sensing and 

Information Discovery - to develop innovative new technologies of critical importance to Ireland's future industry base and 

contribute to improving the quality of life of people in areas such as personal health, digital media and management of our 

environment. The overarching theme of CLARITY's research programme ñBringing Information to Lifeò refers to the harvesting 

and harnessing of large volumes of sensed information, from both the physical world in which we live, and the digital world of 

modern communications & computing. Technology developed by CLARITY will help empower the citizen by taming the 

information overload problem currently facing individuals, ensuring that everyone has access to the right information at the right 

time. 

By successfully bridging the physical-digital divide CLARITY will produce a new generation of smarter, more proactive, 

information services. These will include, for example, new ways to monitor the impact of exercise on health, technologies to 

support our ageing population, innovative social and interactive media services to take advantage of emerging opportunities in the 

digital media sector, and technology that can automatically monitor the quality of our environment. Such applications reflect key 

themes within CLARITY's innovative demonstrator projects and are enabled through the combination of adaptive sensing and 

information discovery technologies that form the core of CLARITY's far-reaching research programme. 
 

Research Vision: Bridging the Molecular-Digital Divide 

CLARITY is a unique, multi-disciplinary research centre. It reflects an ambitious vision to spearhead the evolution of the new 

science that is emerging at the intersection between two important research areas - Adaptive Sensing and Information Discovery. 

It will lead to the development of innovative new technologies of critical importance to Irish industry in areas such as personal 

health, digital media and the environment, which will impact positively on the quality of life of people. 

The overarching theme of CLARITY's research programme - bringing information to life - refers to the harvesting and harnessing 

of large volumes of sensed information, from both physical and digital domains. Through this, we will begin to genuinely bridge 
the molecular-digital divide by inter-connecting the nanoscale world of molecular recognition and transduction with the digital 

world of sensed data, information extraction, and content delivery. To drive commercial activity, CLARITY, in partnership with 

Irish industry, will create strategic intellectual property that will underpin significant and sustainable high-value job creation 

opportunities in application domains critical for the continuing development of Ireland's knowledge based economy. 
 

Centre Mission & Objectives  

CLARITY ôs vision represents an ambitious evolution of the Adaptive Information Cluster (2003-2007) that requires the 

development of a large-scale, world-class research centre, equipped with the resources to provide a sustainable platform for 

knowledge creation, technology development, and, in particular, the creation of commercial activity. CLARITY  will provide such 

a platform, by leveraging a unique academic-industry partnership and by taking full advantage of infrastructure investments at its 

partnering institutes, to serve as a true national centre for multi-disciplinary research.  

 

A3: Executive Summary 

Directorsô Summary 

During the first year of operation of the CLARITY Centre for Sensor Web Technologies we have adopted a twin-track approach 

to developing the centre's research momentum. As with any centre-level development there is the challenge of ramp-up and to this 

end CLARITY has successfully recruited and installed a strong administrative team to provide an underlying research support 
structure across the various research sites. Moreover, the recruitment of a broad range of high-quality researchers has allowed the 

centre to successfully advance all levels of its R&D programme. This has resulted in a level of scientific output that has 

comprehensively exceeded expectations and targets set at launch, positioning CLARITY for a strong second year. Moreover, 

CLARITY's demonstrator programme has complemented our core research strands to provide an opportunity for concrete 

collaboration with a broad range of collaborators and industrial partners. Importantly, this has helped CLARITY to broaden the 

reach of its industrial collaboration ambitions even in these challenging economic times and a number of new partners and 

projects have been initiated and supported by additional competitive funding. Finally, CLARITY recognises the importance of 

technical transfer activities, especially in current economic conditions, and to this end the centre has set about systematically 

supporting the accelerated commercialisation of research resulting in significant IP momentum plus a number of start-up and 

licensing activities. 

 

http://www.clarity-centre.org/content/research-programme-overview
http://www.clarity-centre.org/content/clarity-demonstrators
http://www.clarity-centre.org/content/research-programme-overview
http://www.clarity-centre.org/content/research-programme-overview
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Some Major Accomplishments 

1. The development of a multi-faceted research programme centred around the Tennis Ireland installation that brings together a 

multi-disciplinary team of researchers from right across CLARITY and that is delivering highly innovative research outputs. 

2. The development of a range of analysis techniques for inertial, physiological and audio-visual sensor data streams and 
integration of same into a cross-platform analysis system that is being successfully leveraged in the sports demonstrator 

work, including the development of a preliminary lightweight sensor middleware which has been incorporated within the 

Multi -Modal Sensing. 

3. CLARITY brokered the relationship between EpiSensor Ltd and IBM; this has led to a collaborative agreement between the 

two companies - the EpiSensor and IBM key personnel met through their joint involvement in CLARITY; linked to this was 

the decision of IBM to establish their Global Centre of Excellence in Water Quality in Dublin, which arose DIRECTLY 

from learning about the quality of the environmental sensing research happening here in the CLARITY team (previously 

AIC). This initiative has led to the employment of 13 people by IBM in Dublin. 

4. The Spin-out of a campus company óHeyStaksô. HeyStaks is a Web2.0 startup that brings a new type of search engine 

technology to the market. The HeyStaks search utility is designed to harness the experiences of searchers to improve the 

search performance of mainstream search engines. HeyStacks was the overall winner of SUSSED!, University College 

Dublinôs (UCD) ú10,000 entrepreneurship competition, which is run by the universityôs technology transfer centre, 

NovaUCD. 

5. CLARITY Researchers have produced 181 peer-reviewed publications (131 Conference Papers and 50 Journal papers) 

including a number of Best Conference Paper Awards: 

6. By April 2009 ú1.66 million in additional research funding, including ú230,000 of funding for industry collaborations which 

included collaborations with Zignals (EI-IP), EpiSensor (EI-IP), BT. 

7. CLARITY researchers are involved in over 50 submitted grant proposals currently under review, including 15 EU FP7 

applications and a number of funded initiatives with local Irish SMEs (Fairview Analytics, CognoPlus) 

8. The January edition of ERCIM News (Number 76, January 2009), devoted to the Sensor Web, includes a total of 5 articles 

by CLARITY Principal Investigators and Collaborators, including the Keynote article by Professor Barry Smyth, CLARITY 
director. ERCIM news has an average circulation figure of 10,000 copies. 

 

Performance and Management Indicators 

The focus for CLARITY during its first year of operation was on ramp up activities both in terms of managing activities and 

measuring output.  

P & M Objectives for Year 1 Progression of Objectives in Year 1 

Establishment and provision of 

CLARITY research support 

structures including: 

 

 Governance and 

Management structures 

The Executive Committee, Operations Team, Principle Investigators Committee, E&O 

Committee, the Preliminary IP steering committee and the Oversight Board have been 

established and are operational. The Scientific Advisory Board has been set up and will 

meet in Q3 2009. 

 

 Space The new research facilities in UCD and DCU have been completed are now in full use. 

 Equipment All office and administration equipment has been purchased including the purchase and 
installation of Video Conferencing facilities in UCD and DCU which will greatly assist in 

inter-institutional communication.  

 Development of an IP 

framework and 

Collaborative Research 

Agreement 

Although the process of drafting the final IP framework had taken longer than originally 

planned, consensus has been reached with the partner companies and the legal documents 

are being finalised and circulated, with sign off due in the first quarter of Year 2 

 Recruitment All administration / management posts have been successfully filled. Recruitment of PhD 

students in the first two quarters was slower than had been planned. By the end of Q4 of 

operations, over 90% of positions have been filled with a full compliment expected by end 

of )1 of year 2 of operations 

Establishment of system for the 

collation and assessment of Key 

Performance Indicators (KPI) 

Efficient and transparent metric capturing mechanisms have been established and online 

facilities to gather and disseminate metric data internally have been established 

Education and Outreach 

programme 

An E&O officer has been hired and a full programme of E&O activities have been rolled 

out including student placement schemes, a comprehensive web news and information site, 

a seminar series and public outreach activities 
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A4  Metric Summary CLARITY  July 1
st
 2008 ï June 30

th
 2009 [See Appendix 1 for details] 

 

1. Publication Papers 

 Core CSET Non Core CSET PI Only Total 

Journal Papers 29 11 10 50 

Conference Papers 93 17 21 131 

 

2. Other Publications  

 

 

 

 
 

3. Invited Lectures: 16 

 

4. PhD Awards: 3 

 

5. Conferences & Workshops Organised by CLARITY Researchers: 6 

 

6. Commercial Activity  
Output  No. 

Patents Granted * 2 

Patents Filed* 8 

Disclosures 4 

Licence 2 

Spin Off 1 

 

7. Funding won outside of the core SFI CSET fund   
 

Total Funding July 2008 - June 2009 Amount % of Total  

SFI (Non CSET)  ú190,942  4.8  

Other Irish Funding Agencies (including Host Institutes)  ú3,227,456  80.6 

Non Irish Funding Agencies  ú243,447  6.1 

Industry( See next page for breakdown)  ú340,472  8.5 

 ú4,002,317.00  

Personnel [See Appendix 2 for staff details and Appendix 3 for Snr. Researcher Profiles] 

By Head Count Core  Non-Core  Overall  

 Post-doc  PhD  Post-doc  PhD  Post-doc  PhD  

Irish   16 (72.7%)  24(70.6%)  13 (59.1%)  10 (62.5%)  29 (65.9%)  33 (68.0%)  

Non-Irish   6 (27.3%)  9 (29.4%)  9 (40.9%)  6 (37.5%)  15 (34.1%)  16 (32.0%)  

TOTA L  22 33 22 16 44 49 

  

 By FTE Core 

 Post -Doc  PhD  

Actual  18 27.95 

Target  17 31 

Medium No. 

Book 1 

Book Chapter 9 

Trade Journal 3 

* The initial work leading to these 

metric outputs was initiated in AIC, 

the SFI funded cluster which preceded 

CLARITY 
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Quantitative Metrics; Inputs, Outputs and Impacts for Year 1 of Operations compared to Target 

output figures for CORE CSET activity 

 

 
 

1 
Original target was 12, but this did not allow for ramp up activities and reassessed down to 4  

2
Leveraging on activities initiated in the AIC 

 

Category Metric  Year 1 

Target 

Year 1 

Actual 

Staffing 

[FTEs] 

PhD students 31 27.95 

MSc students 0  0 

Principal Investigators 10  10 

Post-doctoral researchers 17  18 

Other 10  10 

Total headcount 68  66 

    

Education Undergraduate student participants 0   0 

MSc degrees awarded 0  0 

PhD degrees awarded 0  3 

    

Academic Outputs      (note: from 

CSET award only) 

Journal papers, book chapters and books 

published 

13  29 

Contributed Conference Publications 64  93 

Invited Conference Presentations 2  16 

Conferences & Workshops Organised by 

CLARITY Researchers 

0  8 

       

Industry Engagement Active industry partner companies 5  5 

On-site industry participants (FTE) 1  1 

New potential partner companies 

contacted 

3  3 

       

Commercialisation / Tech Transfer Invention Disclosures Filed 4
1
  4 

Patent Applications 6  8 

Patents Awarded
2
 3  2 

Licensing Agreements Signed
2
 0  2 

Spin-out companies produced
2
 0  1 

       

    



10 

 

SSEECCTTII OONN  BB  

RREESSEEAARRCCHH  RREEPPOORRTT  
 



11 

 

B1: CLARITY  Research Programmes ï An Overview 

Defining the Challenge 

Harvesting and harnessing the latent information that is created from the events and the interactions that occur during our 

everyday lives introduces a number of significant scientific challenges when it comes to the sensing, analysis, and dissemination 

of information as follows:  

 Sensor Networks & Systems -focusing on the composition and management of heterogeneous sensor networks in the 

context of large-scale deployments and their integration into complex distributed systems;  

 Data Mining & Knowledge Discovery -harvesting sensed data, identifying meaningful patterns of information and 

inferring knowledge which is subsequently actionable by the appropriate stakeholders, at the right time, in the right way;  

 Adaptivity & Personalized Feedback -understanding the preferences of individuals in response to sensed information, 

and the use of this information to adapt and control future interactions.  

 

CLARITY  is meeting these challenges by leveraging and developing a wide range of new and existing sensor technologies to 

produce novel sensor platforms. As an organising principle the CLARITY  research programme will investigate and integrate 

three key sensor modalities  

1. Sensing the Mind -recording and understanding the intentions and preferences of people by sensing their interaction and 

activity patterns;  

2. Sensing the Body -developing body-sensor networks capable of unobtrusively recording key physical indicators relating 

to the individual;  

3. Sensing the Place -developing local sensor networks capable of harvesting key informationôs about changes or events in 

the local environment.  

 

Facing the Challenge 

To make progress on these high-level scientific challenges, the CLARITY  research programme spans a number of different 

disciplines, including fundamental materials science, computer science, engineering and information science, and is organised 

around the following 6 Research programmes (RP):  

1. Devices & Materials -basic research in materials science and sensing at the molecular level that will make fundamental 

contributions to next generation sensor devices and platforms;  

2. Platforms -research that ensures the instantiation of more sophisticated sensors, nodes/motes, systems software support, 

and the production of assemblies of devices that will feed into prototype deployments;  

3. Autonomic Sensor Communities -research issues arising from gathering, harmonising, ýltering and disseminating data 

from within a heterogeneous, dynamic, failure prone and resource-bounded hierarchy of sensors;  

4. Contextual Content Analysis -fundamental techniques to analyse and understand only relevant content as carried by the 

sensed data, taking cognizance of the manner in which the required semantic information will eventually be used;  

5. Content Organisation and Management -addresses signiýcant issues in the management of sensed information 

including signiýcant advances in how such information can be indexed, retrieved and accessed;  

6. Personalization in Context -a suite of technologies in the service of serendipitous content discovery, whereby the needs, 

preferences, activities and context of individuals can help to drive the high-precision recommendation of relevant content 

to individual stakeholders and communities.  
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 B2 CLARITY  Research Programmes ï Detailed Review  

Research Programme 1: Devices and Materials 
 

The Team: [See Appendix 2 for Staff Detail] 

 

Programme Coordinator:  

Prof. Dermot Diamond 

 

Industrial Collaborators :  

IBM 

 

PhD Students::     Post Doctoral Researchers     Other:  

 

 

 

 

 

 

Project Overview 

The materials component of this RP is focused on understanding the molecular basis for observable characteristics, and generating 
new óadaptiveô materials (WP1.1); i.e., materials whose characteristics can switch dynamically between various states that allow 

manipulation of fundamental characteristics such as surface energy, polarity, dielectric constant, colour, chemical/biological 

activity etc. The existing paradigm is to produce materials with (as far as possible) tailored consistent properties. In contrast, 

adaptive materials will become critical components of more complex structures that are capable of self- or externally-triggered 

activation between states (swell/contract, block/enable molecular transport, switch on/off molecular binding). As part of the 
devices component of this RP, these structures will be integrated into next generation sensors at the sensing device level (WP1.3). 

New approaches to fluid handling will be investigated specifically in the context of providing orders of magnitude improvements 

in characteristics such as energy/reagent consumption, and controlled transport for sampling, reagent/standard addition and 

calibration in biomimetic fluidic manifolds (WP1.2). The focus on power minimisation and controlled functionality will extend to 

circuit design, leading to close integration of circuitry with adaptive materials and fluid handling (WP1.4), but also to a dedicated 

design effort for other sensor modalities (e.g. audio-visual) that present significant future challenges for configurable sensor 

platform development. This integrated research programme will have strong links to the Platforms and the Sensor Communities 

RPs, and to the demonstrator projects, through the provision of fundamental building blocks for more sophisticated óplatformô 

devices. 

 

Work Packages 

1.1: FUNCTIONAL MOLECULAR MATERIALS  

1.2: FUNDAMENTALS OF MICROFLUIDICS  

1.3: SENSING DEVICES  

1.4: CONFIGURABLE AND ENERGY-AWARE HARDWARE  

 

Project Novelty 

Å Prior art:  Existing chemical and bio-sensors are based on surfaces adorned with binding sites selective for particular 
target species of interest.  Binding events are linked to transduction or signal generation, so that the externally observed 

signal is coupled to binding events at the sensitive surface.  However, these surfaces rapidly change upon exposure to 

real samples (e.g. biofouling, leaching of active components) which can lead to device malfunction (false negatives) or 

can respond to interferents (false positive signals).  In analytical devices, signal baseline drift and loss of sensitivity are 
probed regularly through calibration, and the signal subjected to appropriate compensation.  However, in autonomous 

sensors, this leads to instruments that must incorporate reagents, standards, pumps & values, and tubing, as well as 

electronics, optics, wireless communications and power storage.  Consequently, chem/bio-analysers are complex, and too 

costly to deploy in large numbers (typically >ú25K each).  

Å Novelty: Use óAdaptiveô multifunctional materials that can be switched between modes (e.g. passive and active) 

Sarah Hughes 

Gregory  May 

Dylan Orpen 

Conor Slater 

Michele Zanoni 

Dr. Robert Byrne 

Dr. Shirley Coyle 

Dr. Breda Kiernan 

Dr. Emer Lahiff 

Dr. 

Martina 
O'Toole 

Kanika Poply Res. Support 

Josephine Ozoani NCSR Stores 

RP1 

http://www.clarity-centre.org/content/research-programme-1-rp1#wp1.1
http://www.clarity-centre.org/content/research-programme-1-rp1#wp1.3
http://www.clarity-centre.org/content/research-programme-1-rp1#wp1.2
http://www.clarity-centre.org/content/research-programme-1-rp1#wp1.4
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o Use light to activate/deactivate modified surface (spiropyrans, spirooxazines) - select activated location, duration 

of activation ï binding only occurs at the activated location. 

o Use electrochemical potential, or exposure to light, to switch function (e.g. swell, contract) ï we will develop  

electrochemical or photochemical polymer actuators capable of providing pumping and valving functions in 
microfluidic manifolds, to produce integrated and easily controlled liquid movement. 

o Control of colour, surface charge/polarity, permeability, colour, host-guest binding behaviour ï the ability to 

switch these properties using light and electrochemical potential is the basis for a wide range of next-generation 

active (stimuli-responsive) materials that can be integrated into analytical platforms for environmental monitoring 

and new types of responsive textiles for wearable óbody sensor networksô. 

o Forms basis of futuristic biomimetic sensing systems incorporating soft polymer based pumps, valves, 

light/surface potential based liquid movement, detectors, active sampling membranes, controlled reagent addition. 

 

 

 

 

Deliverables 

Å (RP1:D1) Photoswitchable Surfaces  

ï Surfaces that exhibit photocontrol/detection of surface binding behaviour and other properties (M12, 30, 48)  

Å (RP1:D2) Adaptive Microfluidics  

ï Microfluidic platforms incorporating biomimetic elements based on conducting polymers and photoswitchable 
materials (M24, M40, M50)  

Å (RP1:D3) Next Generation Sensing Devices 

ï Sensing devices incorporating adaptive and biomimetic materials, with control of sleep/activate modes for key 
characteristics like sensing and liquid movement at the molecular level (M18, M42, M52)  

Å (RP1:D4) Integration with Configurable Hardware 

ï Integration of advanced features like energy scavenging and reconfiguration (e.g. sleep, activate) at chip level with 
sensing devices RP1:D3 (M21, M45, M55)  

 

First Year Ramp up Activities 

Recruitment of the research team is complete but a limited restructuring of the structure will be required to maintain 

optimum PG/PD ratios (see below). 

Progress in materials science research has been excellent with a series of high profile papers published in international 

journals, and a high level of international interest as testified by continuing invitations to present our work at 

international conferences (invited lectures, plenaries, keynotes). 

This year we have made a major breakthrough into new materials based on ionic liquids (ionogels) with 3 papers 

accepted at COIL (International Conference on Ionic Liquids, Cairns. Australia, May 2009) and two patents filed.  Note 

that one of these papers won 2nd prize at the Coil conference out of over 400 papers presented. 
 

WRT Industry partners, progress again is excellent. 

IBM ï has embedded a 100% funded researcher into the team; working closely on environmental sensing, IBM viper 

system (advanced chip set for signal acquisition, processing, and control, has full JAVA functionality) integrated with 

analyser platform and tested in deployments; IBM has established a Centre of Excellence in Water Management in 

Dublin (up to 30 new jobs will eventually be created); announcing a joint initiative with Episensor Ltd. in distributed 

sensing, partner in PRTLI 5 Smart Bay proposal to Irish Government to establish distributed sensing infrastructure in 

Galway Bay; recently agreed to be a partner in FP7 proposals under the Microsystems call; providing key speaker at SFI-

funded conference on advanced functional materials (Sept 09) 

Episensor ï joint  research underway funded by Enterprise Ireland; excellent progress, phosphate analyser platform will 

be transferred to Episensor product portfolio this year; new version ready at 20% previous cost with no loss in 
performance, smaller, lighter, deployments happening this summer; close cooperation on energy monitoring using 

Episensor kit at both universities (DCU/UCD) and homes as part of the CLARITY KARBON demonstrator.  Episensor 

also have agreed to join an FP7 consortium led by Prof. Diamond.   

New contacts made with Wyeth (process monitoring) and Adidas (materials science, wearables). 

 

Linkages with other RPs established and growing particularly through energy monitoring activity and through 

environmental sensing platforms; in both cases, data is being generated and shared with middleware teams who are 

developing a series of software tools to identify real events, filter out artifacts, provide flexible access to large data sets 

based on extended time series (weeks).  RP2/RP1 will be strengthened by a TNI researcher (electronics, wireless comms, 

energy scavenging) who will be embedded in the DCU team this year (Finbarr Quinlan, supervised by Alan Mathewson). 

 

Links to other National teams developing; examples include DERI (data standardisation across heterogeneous sensor 
networks), National Centre for Geocomputation at NUIM (exchange of researchers to happen this summer) ï this will 

RP1 
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bring together spatial analysis of distributed sensing, remote satellite data and ground deployments of sensors; Major FP7 

project has been funded under Marie Curie Networks program) with Questor (QUB) in environmental monitoring; Joint 

project (EI POC) with Prof Johnny Coleman, CRANN TCD on advanced functional materials; DD is leading the 

SmartBay initiative which is supported by almost every HEI in Ireland and has strong international support as well.  Core 
partners include CLARITY PIs from DCU (DD) and UCD (GOH), NUIM National Centre for GeoComputation, DERI 

(NUIG), the Marine Institute, and major multinationals IBM and INTEL.  
 

International Links and Visits 

Researcher embedded in Prof Jorg Kutterôs lab in DTU (Copenhagen) to learn advanced techniques for generation 
microfluidic manifolds; Jorg has agreed to be FP7 partner in a forthcoming proposal 

Link to Prof Jean Loiuse Viovy established following meetings at the annual meeting of the French Microfluidics 

Research Network in May 2009 (DD was plenary speaker),  Curie Institute, Paris, leading expert in cell handling in 

microfluidic systems (will be a partner in a FP7 proposal); 

Other European partners include Prof. Boris Miziakoff (Ulm, Germany) who is an excellent spectroscopist, and Prof. 

Wolfgang Schuhmann (Bochum, Electrochemist). 

Visit to the Intelligent Polymer Research Institute, University of Wollongong, June 2009 as part of a long-term 

collaborative exchange programme funded by SFI (Walton fellowship to Prof. Gordon Wallace), and an ARC linkage 

award.  DD recently appointed as a visiting Professor at UOW.  People involved in research visits included Dr. Robert 

Byrne (received SFI travel award), Dr. Martina OôToole, Dr. Emer Lahiff (all CLARITY), Ms. Silvia Scarmagnani (SFI-

RFP PhD student), while Dr. Scotty McGovern, Dr. Jenny Causley and Prof. Wallace visited CLARITY. 

 

Achievements 

Two patents from this work have been filed including;  
pH Sensor Device Comprising an Ionogel,  

Robert Byrne, Fernando Benito Lopez, Dermot Diamond,  

UK patent file / 18th March 2009, No. GB0904627.7. 

Peer recognition ï invited to join NIH review panels, French Micro/Nano initiative review panel, American Chemical 

Society Consulting Scientist invitation, invitation to give a plenary at Russian Materials Science Conference, Invitation to 

Speak at ECS special symposium for Jiri Janata (May 2009), Invited speaker at USA-EPA conference in Chicago, 

October 2008 

Very significant addition funding leveraged from FP7 (Marie Curie) and National sources (see grants awarded section 

1.11 below) 

Media coverage ï major article in the IT about our work in environmental sensing (Tanja Radu); Joint work on WANDA 
(artificial fish for sensing) with University of Wollongong covered on local and national TV, local radio, newspapers, 

May 2009, Wollongong. 

 

Interactions with other Groups (See also, Demonstrator reports) 

On the environmental side there are good links with RP3 (GOH), and with AS/NOC (RP4) and on the wearables side, 

with NOC/AS/Niall Moyna.  The Karbon Footprint demonstrator is already developing good synergies across all RPs. 

 

Impact on CLARITY missions and Goals 

- International Research Profile:  International recognition in the materials science and devices research community as 

evidenced by high impact papers in internal peer reviewed journals, invited and plenary papers at international 

conferences, invitations to join high profile review panels for large scale funding initiatives in Europe and the USA 

- Commercialisation: Progress in microfluidics and materials has led to improved performance of prototype autonomous 

analyser platforms through RP2 which will contribute to a developing product portfolio with a competitive edge for 

Episensor Ltd.  This technology is in the process of being transferred to Episensor via an Enterprise Ireland Innovation 

Partnership award. 

- National Profile is evidenced by invitation to lead a national consortium to bid for infrastructural funding under the 

HEA PRTLI 5 initiative (SmartBay) 

- Our materials research is generating very significant interest from potential academic and industry partners.  We 

anticipate 2 FP7 proposals will be lodged during the coming year specifically as a result of the advances we have 

made in the past year, for example, by generating very innovative hybrid materials based on ionic liquids, 

switchable polymers, and molecular photoswitches. 
 

RP1 
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Research Programme 2: Platforms 

The Team: [See Appendix 2 for Full Staff Detail] 

 

Programme Coordinator:  

Prof. Cian OôMathuna / Mr. Brendan OôFlynn in association with Prof Dermot Diamond 

Industrial Collaborators :  

IBM, Foster Miller 

 

Researchers:      PhD Students:       Other:  

 

 

 

 

 

  

 

 

 

 

Project Overview 

This research programme incorporates outputs from the research programmes on Devices and Materials, and Autonomic Sensor 

Communities in providing platforms, specifically more sophisticated sensors, miniaturised wireless nodes/motes and the 

production of assemblies of devices that will in turn feed into the demonstrators. Wireless sensor module platforms have, over the 

last 5 years, begun to proliferate with an associated maturing of software (VM, OS & Protocols). However, this maturation has not 

been mirrored by hardware developments, and at present a number of key challenges exist in achieving the large-scale, reliable 

and robust deployment of application-specific demonstrators. Furthermore, little effort has focused on the miniaturisation of motes 

with a view to seamlessly embedding them within objects, or the environment, or wearable fabrics. Advanced packaging and 

integration technologies, developed at TNI, will drive the hardware research in both WP2.1 Nodes and Networks and WP2.3 Body 

Sensor Networks. These will be based on bare silicon die assembly on thin flex circuits, as well as 3D stacking using flip-chip 

assembly and folded flex, and interconnects to embedded sensors. Sustainable node power also constitutes a major challenge that 

has to date not been addressed in a coherent fashion, combining both hardware, software and network issues in a holistic manner. 

At the hardware level, ultra low power data acquisition, processing and communications must be combined with sleep/wake-up 

modes to maximise power availability. The power supply system, which will typically combine energy scavenging, battery and 

power converters, also needs to be considered in terms of available energy, lifetime and size. On the software and networking 

side, it is critical to establish feedback to the node level whereby node functionality can be influenced to minimise power usage 

through modification of the frequency and size of data communication packets. The Body Sensor Network arena provides a 

significant challenge because of the need for a lightweight, unobtrusive entity that can be embedded in garments or fabrics or 

moulded to the body shape. The ideal solution is to completely embed the sensing capability within the fabric/textile (including 

wearable chemo/bio-sensing capabilities) such that the BSN becomes totally innocuous to the wearer. A major interest for a 

number of companies within the consortium (Vodafone, Ericsson & Critical Path) is to identify the role that can be played by the 

existing mobile phone infrastructure in providing a high performance, widely distributed communications platform into which the 

wireless motes can be integrated. 

 

Work Packages 

2.1: NODES AND NETWORKS  

2.2: SCALABLE SENSOR SYSTEMS 

2.3: BODY SENSOR NETWORKS (BSNS)  

Project Novelty 

Novelty: 

Å óDeploy and Forgetô Philosophy  

Finbarr Quinlan 

Mark  Gaffney 

Sean Harte 

Sarah Hughes 

Gregory  May 

Dylan Orpen 

Conor Slater 

Michele Zanoni 

Dr. Robert Byrne 

Dr. Shirley Coyle 

Dr. Breda Kiernan 

Dr. Emer Lahiff 

Dr. Martina O'Toole 

Dr. Antonio  Ruzzelli 

Dr. Chong  Shen 

Dr. Richard  Tynan 

Dr. Michael Walsh 

John  Buckley Demo Engineer 

Josephine Ozoani NCSR Stores 

Jennifer  Casey Other 

John  Barton Project Manager 

Kanika Poply Research Support 

RP2 
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ï Wearable sensors for tracking specific movements, posture, respiration, heart rate fully integrated into fabrics, not 
subsequently attached 

ï Mote platforms with enhanced functionality including: 

Å Miniaturized, flexible platforms for embedded wearable wireless sensors 

Å Energy scavenging capability 

Å Auto-reconfiguration of sampling rate /data processing/communications to match energy availability and 
ambient context  

Å Collaborative operation between clusters of sensors within and across heterogeneous hierarchies  

Å Introduction of Chemo/Bio-Sensing to SensorNets  

ï Low cost sensors (RP1) employing multifunctional (molecular) materials integrated into platforms (Sensors + Motes)  

ï Clusters of chemo/bio-Platforms characterized in controlled environments 
 

 

Deliverables 

 

Å D2.1: Fully integrated Sensor-Mote platforms for wearable and environmental sensing 

ï Incorporates application specific wireless communications (using Bluetooth, ZigBee or GSM) with optional 
GPS, plug and play sensor interface and low cost chemo sensors (M18) 

Å D2.2: Lab-based characterization of sensor clusters  

ï Clusters of environmental chemo-sensors (in the range 5-20 nodes) evaluated within environmental 

chamber/controlled environment (M30) 

ï Wearable fabric sensors for tracking specific limb movements, respiration, footfall evaluated in lab (M30)  

Å D2.3: Sensors with Advanced Functionality    

ï Integration of advanced functions (e.g. collaborative reasoning) to sensor clusters to offset need for 
sophisticated calibration (M45)  

ï Integrated sensor/software environment for wearables and environmental demonstrators (M45)  
 

First Year Ramp up Activities 

 

The principal ramp up activities were personnel hiring and collaboration with the other institutional partners. Though 

there were delays in filling personnel quota (see below), senior researcher collaborators were identified within Tyndall to 

work on and develop project structures within RP2. These research themes, incorporating the WPôs within RP2, are 

Energy Aware Hardware (Brendan OôFlynn/Emanuel Popovici), Wearable Sensors (Brendan OôFlynn) and 

Heterogeneous Systems Integration (Alan Mathewson). Suitable PDôs and PhDôs were then recruited to work under the 

direction of these senior researchers. 

Due to the scope of the research activities, demos and admin, it was decided to recruit a project manager for CLARITY 

in Tyndall and John Barton was assigned to this role. 

Getting to know and work with other RPs and researchers also took a long ramp up time. This was kick-started by the 

CLARITY Away Day held in Carlow in November. From that meeting, the demo projects were instituted which evolved 
the interactions between the partners. The NAP programme was also presented by RP2 to all other RPs at Carlow. 

 

Achievements 

Peer Recognition Awards 

 Poster entitled "MEMS Environmental Sensors" was awarded Best Poster  at XXXII Int. Microelectronics and 

Packaging Poland Conf., September 2008, Poland 

 

Media Coverage 

 What's the Big Idea' - RTE Radio 1, 22 Sept, 2008, Brendan O'Flynn was a guest on the programme to explain 

about wireless sensors 

 Tyndall Feature - Evening Echo, 13 October 2008. Dr Cian O'Mathuna had a 2 page feature on the work of his 

group at Tyndall, a large portion of which was comprised of Wireless Sensors research 

 Wireless Sensor Lab profiled on powerpulse.net - 24 Sept 2008, 

http://www.powerpulse.net/conferenceVideo.php?clip=790 

 Fashion Moves Demo, Science Gallery, Dublin, 12-Sept-2008. Demo of Interactive Dance Wearable Glove in 

conjunction with Interactive Design Centre, UL. http://www.youtube.com/watch?v=IJQPd7EPyXE 

 Dr Cian OôMathunaôs invited talk on óSensing the Futureô,  at the SEFS Annual Public Lecture Series in UCC was 

profiled in Evening Echo, 23 February, 2009 

 TennisSense Demonstrator profiled on Evening Echo, 24th April, 2009. 

 Launch of Tyndall/WireLite Sensors IP on UCC/Tyndall site: 

http://www.ucc.ie/en/mandc/news/fullstory,75208,en.html , 18th May 2009 

RP2 
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Interactions with other Groups (See also, Demonstrator reports) 

RP2 PIs/manager have taken a full part in all organised PI/office meetings including bi-monthly PI meetings. 
RP2 researchers have also attended all Demo meetings/calls. 

Regular meetings have been had with the CLARITY office team, particularly with E&O officer, Bridget Kelly. She was 

introduced to Tyndall E&O officer, Aoife OôDonoghue and they have been working quite closely together 

Apart from these, there have been numerous interactions between RP2 and other RP researchers, particularly with RP1 

and RP3. Significant among these include: 

 Meetings with Greg OôHare and RP3 team to discuss RP2/RP3 interaction, the Tyndall mote and the CLARITY 

large scale NAP proposal 

 Meetings between Alan Mathewson/Finbarr Quinlan and Dermot Diamond and his team to discuss RP1/RP2 

interaction. It was agreed that Finbarr Quinlan will spend a month at DCU over the summer. 

 Meetings with various researchers to discuss submission of NAP proposals including Richard Tynan/Michael 

OôGrady/Conor Muldoon/Antonio Ruzzelli/Ciaran OôConaire/Graham Healy/Luke Conroy/Mauro 
Dragone/Aleksandr Radu/Shirley Coyle 

 

Tyndall RP2 researchers have attended all the organised CLARITY seminars in Dublin 
 

RP2 submitted a proposal for, and is hosting, a CLARITY intern this summer 
 

Finally, RP2 has been represented at all significant CLARITY/industry meetings where possible including the meetings 

with DERI and Alcatel Lucent. 
 

Significant joint grant applications made 

NAP Proposals: 

 NAP 209 - Estimating Tennis Player Motion via Inertial and Visual Sensing w/DCUï SUCCESSFUL 

 NAP 210 - Polymer-based ion-selective electrodes in wireless sensing networks for water quality monitoring 

w/DCU- SUCCESSFUL 

 NAP 211 - Spatially Augmented Audio Presentation  w/ DCU ï SUCCESSFUL 

 NAP 212 - CLARITY Ubiquitous Robotics Test-bed w/UCD 

 NAP 217 -  Energy-aware Intelligent Wireless Sensor Networks w/UCD ï SUCCESSFUL 

 NAP 221 -  Location-aware Wireless Sensor Networks 
 

Joint Publications; 

C. Shen, S. Harte, E. Popovici, B. O'Flynn and A. Ruzzelli ñAutomated Protocol Selection for Energy Efficient WSN 

Applicationsò Submitted to IET Electronics Letters 

Mark Gaffney, Brendan OôFlynn, Alan Mathewson, John Buckley, John Barton, Philip Angove, Jan Vcelak, Ciarán Ó 

Conaire, Graham Healy, Kieran Moran, Noel E. OôConnor, Shirley Coyle, Philip Kelly, Brian Caulfield, Luke Conroy

 ñWearable Wireless Inertial Measurement for Sports Applicationsò, Submitted to IMAPS-CPMT Poland 2009 
 

Finbarr Quinlan, V. Morris, S. Anastasova, A. Radu, B. OôFlynn, A. Mathewson, ñDevelopment of a Highly-

Miniaturised Wireless ISE/pH Sensorò,  Submitted to IMAPS-CPMT Poland 2009 
 

 

Impact on CLARITY missions and Goals 

 

RP2 and RP3 can be seen as the óglueô that binds CLARITY together thus there have been significant interactions with 

all of the RPôs but particularly with RP1 and RP3.  

RP2 researchers are working with RP1 to bring their sensors into the digital domain in an efficient manner. Likewise, 

RP2 develops the hardware, in consultation with RP3 researchers, that enables the sensor data to be collected and 

manipulated by subsequent RPs. Significant work has been carried out in Demos particularly Tennis Sense. 

Also, RP2/Tyndall  has played a crucial role in the enabling of NAP projects to enable material acquisition and platform 
deployment throughout the Demos and RPôs. 

 

RP2 
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Research Programme 3: Autonomic Sensor Communities 

The Team: [See Appendix 2 for Full Staff Detail] 

 

Programme Coordinator:  

Prof. Gregory OôHare in association with Dr. Simon Dobson  

 

Industrial Collaborators :  

IBM 

 

 Researchers:     PhD Students: 

 

 

 

 

 

 

Project Overview 

The paradigm of widespread sensing that underpins the CLARITY research vision will yield data of an unprecedented volume and 
heterogeneity. Very often we think of sensing as a relatively straightforward process of data capture given an appropriate sensing 

infrastructure. However, this ôblindô gathering of data is an overly simplistic view, which naively fails to consider the use to which 

the data will be put, and the power envelope within which it must be assembled. In this RP we will address these shortcomings. In 

practice, this means that not only should this research programme provide mechanisms for harmonising and delivering sensed data 

to RP4, but it should also ensure that these same mechanisms can be moderated based on personalization and retrieval feedback 

(RP5 & RP6). This RP addresses several key research challenges. It will develop a middleware framework which will facilitate 

the management of autonomic wireless sensor networks. It has been recognised that such architectures must exhibit a narrow 

waist [1] offering a translucent Sensor Protocol that exports neighbour management and message pools [2].It will harness the 

potential of agency to distribute decision making across the various layers of the system and network partitions, to facilitate robust 
collaborative behaviours adapting and reflecting evolving resource constraints. It will develop novel techniques for adaptive 

capture and filtering, data aggregation and dissemination within a dynamic, unreliable, unstructured, decentralised and resource 

constrained network. 

Within CLARITY this RP will play a central role propagating aggregated, harmonised, and filtered data to 

http://www.CLARITY-centre.org/content/research-programme-5-rp5 Content Processing for Extracting Context & Semantics. 
RP4, RP5 and RP6 will influence data capture, filtering and aggregation (WP 3.1 and 3.2). It will also inform adaptivity at the 

platform (RP2) or materials (RP1) level through energy scavenging or conservation, while providing basic software building 

blocks for the demonstrators. 

 

Work packages 

3.1: ADAPTIVE CAPTURE AND FILTERING  

3.2: SENSOR AGGREGATION  

3.3: DELIVERY AND DISSEMINATION WITHIN AN AUTONOMIC INFRASTRUCTURE  

3.4: COLLABORATION, AUTONOMY AND MOBILITY  

3.5: UTILITY BASED AUTONOMY 

Project Novelty 

Å Multiple toolkits are available as óenginesô for middleware 

ï Sienna, context toolkit, RDF, Jena, Agent Factory, Stream-S, Construct etc 

ï Layer on top of such avoiding re-invention 

ï Develop first meaningful integration of agent platforms and middleware technologies 

Å Specifics  

ï Formalise autonomy and incorporate utility-based decision mechanisms 

ï Develop a notion of personalised network overlay (from sensor net to internet) 

ï Integration of agency into traditional middleware technologies 

Å Uniqueness of Autonomic Sensor Networks  

ï Empowers the network with choice  of delivery, processing or data management model  

ï Injects intelligence at the appropriate location within the end-to-end system 

Dr. Mauro  Dragone 

Dr. Juan Ye 

Dr. Antonio Ruzzelli 

Dr. Richard Tynan 

Dr. Michael OôGrady 

Dr.  Conor Muldoon 

Tiziana  Campana Anthony Schoofs 

Luke   Conroy Jennifer  Treanor 

Declan Delaney Graeme Stevenson 

Thomas  Holz   

Olga  Murdoch   

Matthew Patterson   

RP3 

http://www.clarity-centre.org/content/research-programme-4-rp4
http://www.clarity-centre.org/content/research-programme-5-rp5
http://www.clarity-centre.org/content/research-programme-6-rp6
http://www.clarity-centre.org/content/research-programme-3-rp3#ref1
http://www.clarity-centre.org/content/research-programme-3-rp3#ref2
http://www.clarity-centre.org/content/research-programme-5-rp5
http://www.clarity-centre.org/content/research-programme-4-rp4
http://www.clarity-centre.org/content/research-programme-5-rp5
http://www.clarity-centre.org/content/research-programme-6-rp6
http://www.clarity-centre.org/content/research-programme-3-rp3#wp3.1
http://www.clarity-centre.org/content/research-programme-3-rp3#wp3.2
http://www.clarity-centre.org/content/research-programme-2-rp2
http://www.clarity-centre.org/content/research-programme-1-rp1


19 

 

ï Nowhere else has sensor modality and user preference been combined to drive adaptation in systems 
infrastructure 

Deliverables 

 

Å (RP3:D1) Lite Sensor Middleware  (M20) 

ï Provides a clean API with a key set of network activation functions supporting capture and routing 

Å (RP3:D2) Sensor Network Visualisation Toolkit  (M26) 

ï Supports network wellness dashboard for viewing load balancing, bottlenecks latency, sensing coverage and 
power availability, resource availability 

Å (RP3:D3) Sensor Network Programming Capability (M36) 

ï A high level language for the programming of diverse, distributed sensor network 

Å (RP3:D4) Autonomic Sensor Middleware (M50) 

ï Supports in network decision making 
 

First Year Ramp up Activities 

 

The immediate challenge was to recruit an appropriate team of researchers of the highest quality.  This ramp up of human 

capital was a challenge and one that has resulted in the assembly of a team of researchers of the highest quality. 

Some difficulties have been experienced in the recruitment of Ph.D students. This has occurred not because of a lack of 

applicants or indeed the quality of applicants but rather the desire to establish the correct blend of expertise. RP3 stands 
at the confluence of the RP portfolio and demands that researchers are able to understand and communicate effectively 

with more device level RPs namely RP1 and RP2 and more application orientated RPs like RP4, 5 and 6. 

A delay was experienced in Ph.D recruitment. However the full complement of staff has now been achieved and these are 

all in place and functioning as a coherent team. 

 

Achievements 

No major deliverables are due within this first year effort of RP3. However significant efforts have been made toward the 

delivery of the first deliverable RP3: D1 Lite Sensor Middleware.   RP3 has begun to provide a common middleware 

platform for CLARITY, combining best-of-breed approaches with an innovative combination of infrastructure, reasoning 
and agency. This platform is open source and therefore has scope to become a de facto research choice in the wider 

community, broadening CLARITYôs reach and influence.  

 

Significant activities have been undertaken that address components of this. 

 

These include: 

 A comprehensive review of sensor network middleware; 

 The development of a visualisation and elementary (re)programming framework for Wireless Sensor Networks entitled 

Octopus;  

Octopus is an open-source dashboard to visualise and to control a wireless sensor network in the TinyOS 2.x 

environment. Octopus provides users with a graphical user interface (GUI) for viewing the live sensor network topology. 
It also allows the user to dynamically control the behaviour of sensor nodes, such as the energy consumption, the 

sampling period, the radio duty cycle and formulating application queries to the nodes. 

 The development of an agent based reasoning middleware for WSNs; 

The development of an energy aware collaborative reasoning capability based upon an agent metaphor; this intelligent 

reasoning capability will imbue WSNs with the necessary reasoning for autonomic behaviour; This middleware has been 

deployed in a variety of contexts: middleware for wearable computing using the Foster-Miller  vest that incorporates a 

range of physiological sensors, a prototype has been implemented that enables access to personal ambient exercise 

activities from a standard mobile phone; middleware for a collaborative adaptive camera network within the TennisSense 

demonstrator; 

 The investigation of ontologies for sensors and sensor data streams; 

Investigation as to how CLARITY middleware could incorporate ontological technologies can be integrated into 
CLARITY Middleware. In particular how RDF, and Sensor ML can easily be accommodated. Furthermore on-going 

research collaborations with the DERI CSET are exploring the possibility of utilising some of their existing ontology 

solutions.  

 

In addition a number of other notable achievements include: 

 Professor OôHare has secured a prestigious Visiting Fellowship at the University of Oxford Internet Institute, where he is 

conducting collaborative research exploring the technological implications of the sensor web. 

 Professor OôHare has secured a Fulbright Scholarship to undertake joint research with the sensors and robotics groups of 

Professors Leonard and Parideso at MIT Computer Science and AI Laboratory 

RP3 
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 Dr Muldoon has secured a prestigious 2009 óINSPIRE: IRCSET-Marie Curie International Mobility Fellowshipô 

programme. Dr Muldoon will take up a visiting fellowship position in Sensor Networks Group in the University of 

Oxford. The fellowship will primarily focus on fundamental research into algorithms for collaboration, competition, 

interaction, and autonomous control of sensor networks and as applied in real world applications. It will draw heavily 
from pre-existing research into Multi-Agent Systems, Control Theory, Algorithms, and Discrete Mathematics. This work 

will complement research being conducted within RP3. 

 Professor OôHare was Elected Chair of the European Research Consortium for Informatics & Mathematics Working 

Group on the Sensor Web 

 Dr Dobson Elected Fellow of British Computer Society 

 Professor OôHare elected Fellow of the Irish Computer Society 

Interactions with other Groups (See also, Demonstrator reports) 

 

Meetings have taken place with a number of other groups, most significantly with: 

 DERI (SFI CSET): middleware frameworks and interoperability 

 NEMBES (HEA PRTLI): middleware platforms 

 University of Liverpool: joint interest in marine sensing 

 Sensor Networks Group, University of Oxford; 

 Wisenet: A Swedish Competence Centre across University of Upsalla and Swedish Institute of Computer Science 

(SICS) joint work porting Contiki Operating System to Tyndall Motes 

 MIT CSAIL 

 Alcatel-Lucent (Bell Labs) Ireland; 

 Imperial College London; 

 Oxford Internet Institute (OII), University of Oxford 

 
In addition a joint grant proposal has been submitted in conjunction with Rutgers University NJ and the University of 

Ulster UK on marine sensor networks, seeking funding under a joint NSF/SFI/DEL-NI programme. 

Recent efforts have focused on how CLARITY middleware could incorporate technologies developed in the DERI 

CSET. Specifically, we are investigating how semantic web technologies (Ontologies) could be incorporated into the 

framework.  

Additionally, RP3 has been working with Prof. Noel O Connorôs group (RP4) in the development of smart camera 

networks. It is envisaged that the smart camera network functionality will be incorporated into the core middleware 

infrastructure. 

 

Through the collaboration with DCU, RP3 has investigated the SensorML OGC initiative and tested a number of 

reference implementations. This line of research is currently informing the semantic enhancement of sensor data and the 
integration between our multiagent toolkits and RDF/OWL-base ontologies. 

 

Industrial Collaborations: 

 

RP3 initiated a collaboration between UCD CLARITY and the Building and Services department (BSD) at UCD. The 

objective is to provide campus-wide real-time energy data available to CLARITY. Contact persons are Dr. Antonio 

Ruzzelli for CLARITY and Dr. Sean Clancy for BSD. 

 

RP3 has initiated collaboration between UCD CLARITY and ENEL National Energy Distributor (Italy).The objective of 

this project is to investigate data processing techniques for the ENEL Telegestore energy meter, which permits the 

collection of fine-grained energy consumption across the country. 

 

What major research and metric milestones are you hoping to achieve through the RP in coming 12 months? What new personnel/ 

expertise are you planning to draft into the RP?  Are there any new or altered plans for the coming year arising from the first year 

activities 

 

Focus on the development of a reusable middleware platform, specifically within the context of the environmental, carbon-

footprinting and assisted-living demonstrators. 
 

 Integrate RP1 sensor platform into middleware framework 

 Develop reasoning engine support within the platform 

 Assess the complementary strengths of  agent versus query-based programming approaches 

 Integrate uncertain reasoning into middleware platform 
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 Joint Publications 

 

OôHare, G.M.P., Diamond D., Lau, K.T., Hayes, J., Muldoon, C., OôGrady, M.J.,  Tynan, R., Rancourt, G., Kolar H.R. & 

McCarthy R., The Adaptive Environment : Delivering the Vision of  In situ Real-Time Environmental Monitoring, IBM 

Journal of Research and Development, 2009 (In Press). (RP3, RP4 & IBM) 

OôHare, G.M.P., OôGrady, M.J., Tynan, R., Muldoon, C., Kolar, H., Ruzzelli, A.G., Diamond, D. & Sweeney, E., 

Embedding Intelligent Decision Making within Complex Dynamic Environments, Artificial Intelligence Review, Vol. 27, 

No. 2/3, Springer, 2007. (Published in 2008) (RP2, RP3 & IBM) 

Tynan, R. Schoofs, A., Muldoon, C., OôHare, G.M.P., OôConaire, C., & OôConnor, N.E., Intelligent Middleware for 

Adaptive Sensing of Tennis Coaching Sessions, and International Workshop on Adaptation in Wireless Sensor Networks, 

In Proceedings of 7th IEEE/IFIP International Conference on Embedded and Ubiquitous Computing (EUC 2009) August 

29th-31st Vancouver, Canada, 2009. (RP3 & RP4) 

Jer Hayes, Edel OôConnor, John Cleary, Harry Kolar, Robert McCarthy, Richard Tynan, Gregory OôHare, Smeaton A., 

OôConnor N.E., Diamond D., ñViews from the coalface: chemo-sensors, sensor networks and the semantic sensor webò, 

1st International Workshop on the Semantic Sensor Web (SemSensWeb 2009), Crete, Greece, 01 June 2009 (RP1, RP3, 

RP4, RP5, IBM) 

For joint funding with other RP ï Please see section 3.10 

 

 

 
 

Impact on CLARITY missions and Goals 

 

RP3 has begun to provide a common middleware platform for CLARITY, combining best-of-breed approaches with an 

innovative combination of infrastructure, reasoning and agency. This platform is open source and therefore has scope to 

become a de facto research choice in the wider community, broadening CLARITYôs reach and influence. The close 

association with materials and sensor scientists is providing a motivation for large-scale scientific data collection and 

mark-up, which will be useful beyond the current scope of CLARITY in (for example) web science.  
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Research Programme 4: Contextual Content Analysis 

The Team: [See Appendix 2 for Full Staff Detail] 

Programme Coordinator:  

Prof. Noel OôConnor 

 

Industrial Collaborators :  

No core partners ï RP4 works closely with a number of MNC and SME pipeline partners 

 

 Researchers:    PhD Students: 

 

 

 

 

 

 

Project Overview 

Sensed data in its raw unprocessed state is often worse than useless in any real application scenario. In fact, gathering such sensed 
data constitutes further polluting a virtual world already suffering from overwhelming information overload. Thus, it is necessary 

to process and extract only relevant content as carried by the raw sensed data. That is, to process the sensed data in order to extract 

and even discover semantic information, whilst doing this in an application-centric manner (i.e. taking cognisance of the manner 

in which the semantic information will eventually be used). As the sensing modality becomes more sophisticated, it becomes 

increasingly difficult to extract useful semantics. For instance, while it is relatively straightforward to map the signal from a 

simple point temperature sensor to useful content-rich characterisations (such as ñhotò and ñcoldò and graduations thereof), such 

an extraction task becomes much more challenging when we consider any of the spectrum of sensing modalities, from text, to 

multi-media to óvirtualô sensors of higher-level user intent, that we address in CLARITY. Sensor networks composed of 

combinations of sensing modalities of various levels of sophistication only exacerbates this. The objective of this RP is to extend 

current capabilities for mining context information from sensed data with a view to leveraging this to assist in identifying 

semantic information. Context mining will be enabled by considering a capture mechanism augmented with multiple sensing 

modalities that provide either useful analysis constraints or reinforcement of unimodal analysis. Key ancillary objectives include 
developing fusion frameworks that handle multiple potentially conflicting data sources and extending the use of pattern 

recognition techniques to model the desired semantics using non-traditional sensor input in a manner that can be easily configured 

to different application scenarios. 

This RP will provide output in the form of newly discovered semantic information to WP5.1 (Using User and Data Contexts for 

Retrieval). Primary input will be the aggregated, filtered, harmonised data provided by WP3.2 (Sensor Aggregation). In turn, 
outputs of WP4.2 wil l feed back to WP3.1 (Adaptive Capture & Filtering) to help inform subsequent data gathering. Sensors used 

to augment capture will include the inertial wireless sensors from WP2.1 (Nodes and Networks) and human location, posture, 

movement sensors of WP2.3 (Body Sensor Networks). We will also use the profiles determined in WP6.1 (Profiling Preferences, 

Activities and Context) and the recommendations provided by WP6.2 (Recommendation and Collaboration) as a means to focus 

subsequent analysis in a predictive manner. This work will not depend upon a battery of tightly integrated novel capture 

devices/platforms, but research in WP1.4 Configurable and Energy Aware Hardware will be informed by the outputs of this RP. 

An over-arching goal between these tasks is to eventually realise an architecture for a platform for wireless media sensing ï a 

media mote. In turn, WP1.4 will work with WP2.1 to produce at least one such prototype platform late in the centreôs lifetime. 

 

Work Packages 

4.1: CONTENT PROCESSING FOR EXTRACTING CONTEXT & SEMANTICS  

4.2: OBJECT, EVENT AND ACTIVITY ANALYSIS AND MODELING  

 

Project Novelty 

Å Bottom-up 

ï Application-centric, focus on specific application niches & challenges  

ï Mature solutions for many complex analysis tasks 

Å Top-down (Semantic Web) 

ï Tools for ontology creation and management, linking low-level features to concepts 

ï Availability of custom-built ontologies defining important concepts  

Å Generic 

Dr. Saman Cooray 

Dr. Philip Kelly 

Dr. Ciaran O óConaire 

Damien Connaghan 

Jogile Kuklyte 

Kevin Mc Guinness 

Milan  Redvic 

  

Masters Student: 
Radha Krishna Ramachandruni 

 

Other: 

Niamh Caprani (Research Assistant) 

Pragathi Shettysadananda (Summer intern) 

Dian Zhang (Summer intern) 
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ï Robust machine learning approaches broadly applied to detect  many different concepts 

ï Classifier banks, variety of early and late fusion strategies  promising results 

Å Novelty 

ï Extend existing analysis tools with complementary data sources available from RP3 (biometric, motion, 
location, social) 

ï Leverage these to detect and recognize concepts, constrained by user and application profiles and preferences, 
and information seeking context from RP5 & RP6 

Å Objective driven approach using domain expertise where necessary (for specific applications) but underpinned by 
broadly applicable models (for content repositories) 

Deliverables 

Å (RP4:D1) Content Pre-processing (M12) 

ï A configurable software tool-box for multi-modal content processing, including support for a broad range of 
sensor data  

ï Low-level 1-D, 2-D and 3-D (spatio-temporal) processing incl. adaptive multi-modal thresholding and feature 
extraction 

Å  (RP4:D2) People and Object Detection (M30) 

ï Recognition tools for person/groups, and specific objects  

ï Multi -modal localization,  

Å (RP4:D3) Event and Activity Recognition (M54) 

ï Cross-modal temporal content structuring tools including normalization and alignment, multi-resolution analysis 
for scale selection, temporal segmentation and event clustering  

Å Tools for learning discriminative action models, including model specification, feature selection & training, initialization 
and classification 

 

First Year Ramp up Activities 

No significant difficulties were encountered in building an effective team for this RP. Two Adaptive Information Cluster 

(the SFI-funded precursor to CLARITY) PhDs were transitioned directly into RP4 postdocs, with two more moving to 

RP4 additional grant sources (FreeGaming and the Enterprise Partnership with BT Research & Venturing). Recruitment 
for potential new start PhDs began in April 2008 and all available positions were filled in Oct 2008 to coincide with the 

start of the new academic year.  

By working closely with the IDA, Enterprise Ireland, INVENT (DCUôs technology transfer office) and other CLARITY 

PIs, relationships are being cultivated with a number of relevant industry partners. These include both multinationals, e.g. 

Disney/ESPN, Adidas, Bell Labs, and local SMEs, e.g. Fairview Analytics, CognoPlus, SpongeIt. Formal collaborations 

in the form of direct funding or joint grant applications are in place with a subset of these (see below). 

International collaborations are being cultivated in both the US and Europe. This has been with Arizona State University 

in the US, in collaboration with Prof. Alan Smeaton (RP5). In the EU, this is being pursued via proposals to EU FP7 

framework programmes (to date 1 rejected STREP and 1 Network of Excellence submitted and awaiting evaluation). 

Inter-disciplinary collaborations within the RP are taking place and progressing well, mainly in the context of joint work 

with RP4 collaborators (Dr. Kieran Moran, Dr. Conor Brennan and Dr. Gabriel Muntean). Cross-institutional interaction 

and collaboration with other RPs occurs via RP4ôs contribution to the sports sensing and ambient assisted living 
demonstrators. 

 

Achievements 

Scientific accomplishments of note: 

 In Sep 2008, RP4 participated in the inaugural running of the event detection task of the NIST TrecVid world-wide 

benchmarking activity. The task involved event detection in 100 hours of video surveillance footage from 10 different 

cameras in Gatwick airport. Participation was used as the impetus to drive the initial implementation of a key deliverable 

from RP4, corresponding to a  cross-platform multimedia processing system, that acts as a framework into which other 

RP4 content analysis tools can be integrated.  

 Since Sep 2008, the ability to process other sensor modalities has been integrated into the RP4 platform, corresponding to 
audio, inertial data and a range of physiological data streams captured from Foster Miller vests. The platform is currently 

used as part of RP4ôs contribution to the sports sensing demonstrator and will be leveraged in the ambient assisted living 

demonstrator in the future.  

 In collaboration with the Walt Disney Imagineering research laboratory in Pittsburgh, analysis tools are being developed 

for ñanyplaceò motion capture by synthesizing realistic motion from multiple wireless accelerometers sewn into everyday 

garments.  These tools will be leveraged in the sports sensing and ambient assisted living demonstrators. 

RP4 
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 Work with RP4 collaborator Dr. Conor Brennan is progressing well. It focuses on combined analysis of image and RF 

data on mobile phones or PDAs in order to support location-based applications. This work has already resulted in 1 joint 

publication. 

 Work with RP4 collaborator Dr Kieran Moran is not scheduled to officially start until Oct. 2009, but already there is 
significant interaction, mainly through the sports sensing demonstrator. An additional project on analysis of motion 

capture data for golf swings has also been carried out and has resulted in 1 joint paper . 

 Work with RP4 collaborator Dr Gabriel Muntean has focused on developing a joint grant application with Disney (see 

below) to support collaborative work on wireless networking. 

 Prof. Noel OôConnor was invited as Programme Co-Chair for ACM International Conference on Image and Video 

Retrieval (CIVR 2009) to be held July 2009 in Greece. 

 Prof. Noel OôConnor was invited to be a member of the Academic Steering Group of the Multimedia Grand Challenge 

for ACM Multimedia 2009. 

Industry collaborations: 

 Two ongoing projects with BT Research & Venturing, Broadband Applications Research Centre, Adastral Park, Ipswich, 

UK 

o Event Detection in Audio-Visual Sensor Networks, IRCSET Enterprise Partnership PhD Scholarship (Jogile 

Kuklyte) Oct 2008 ï Sep 2011, ú72,000 (company contribution: ú27,303) 

o Content Management for User Generated Videos, IRCSET Enterprise Partnership Postdoctoral Scholarship (Dr. 

Saman Cooray), Jan 2008 ï Dec 2009, ú96,294 (company contribution: ú32,098) 

 Ongoing collaborations with Walt Disney Imagineering Research & Development  

 

Interactions with other Groups (See also, Demonstrator reports) 

Joint grants won: 

 FreeGaming, Mobile Collaborative Augmented Gaming, National Digital Research Centre, Jan 2009 ï Dec 2010, 

ú276,200 (RP3, RP4) 

The following joint grant applications have been submitted and are awaiting evaluation: 

 3Dlife: Bringing the 3D Internet to Life, FP-7, Network of Excellence Strategic Objective ICT-2009.1.5: Networked 

Media and 3D Internet, Call 4, Deadline April 2009, 42 months, ú368,986 (RP3, RP4, RP5) 

 Communicator ï an ultra-thin Wi-Fi platform for Enhanced User Experience in Stadiums and Theme Parks, Enterprise 

Ireland Innovation Partnership with Disney / ESPN Ireland, submitted 08 Jun 2009, 18 months, ú360,204 (company 

contribution: ú126,072) (RP2, RP4) 

The following joint papers with other RPs have been accepted for publication: 

1. Jer Hayes, Edel OôConnor, John Cleary, Harry Kolar, Robert McCarthy, Richard Tynan, Gregory OôHare, Smeaton A., 

OôConnor N.E., Diamond D., ñViews from the coalface: chemo-sensors, sensor networks and the semantic sensor webò, 

1st International Workshop on the Semantic Sensor Web (SemSensWeb 2009), Crete, Greece, 01 June 2009 (RP1, RP3, 

RP4, RP5) 

2. O'Connor E, Smeaton A.F, O'Connor N and Diamond D., ñIntegrating Multiple Sensor Modalities for Environmental 
Monitoring of Marine Locationsò, ACM SenSys 2008 - 6th ACM Conference on Embedded Networked Sensor Systems,  

Raleigh, North Carolina,  Nov 2008 (RP1, RP4, RP5) 

3. Benito-Lopez F., Coyle S., Byrne R., Smeaton A, Connor N.E., Diamond D., ñPump Less Wearable Microfluidic Device 
for Real Time pH Sweat Monitoringò, Eurosensors XXIII, Lausanne, Switzerland, 06-09 Sep 2009 (RP1, RP4, RP5) 

4. Bai L, Lao S, Smeaton A.F, O'Connor N, Sadlier D and Sinclair D. Semantic Analysis of Field Sports Video Using a 

Petri-Net of Audio-Visual Concepts, The Computer Journal (RP4, RP5) 

5. Kelly P, O'Connor N and Smeaton A.F., ñRobust Pedestrian Detection and Tracking in Crowded Scenes.ò, Image and 
Vision Computing Journal, Aug 2008, Vol 18, No 8, pp1163-1168 (RP4, RP5) 

6. Bredin H, Byrne D, Lee H, O'Connor N and Jones G., ñDublin City University at the TRECVid 2008 BBC Rushes 
Summarisation Taskò, TVS 2008 - TRECVID BBC Rushes Summarization Workshop,  ACM Multimedia 2008, 

Vancouver, Canada, 31 October (RP4, RP5) 

RP4 
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7. Roantree M, Smeaton A.F.,  Andrieu V., Legeay N, Camous F., and OôConnor N.E., ñOptimizing Queries for Mining 
Sensor Networksò, Intelligent Techniques for Warehousing and Mining Sensor Network Data, IGI Global (RP4, RP5) 

8. Liang B., Songyang L., Smeaton A, O'Connor N.E., ñAutomatic Summarisation of Rushes Video Using Bipartite 

Graphsò, SAMT 2008 - 3rd International Conference on Semantic and Digital Media Technologies, Koblenz, Germany, 
Dec 2008, pp 3-14 (RP4, RP5) 

The following joint publication with other RPs have been submitted and is awaiting notification: 

 

1. O'Hare N., Smeaton A.F., Gurrin C., Lee H., O'Connor N.E. and Jones G.J., ñOrganising Context-Aware Personal Photo 

Collectionsò, IEEE Multimedia, (RP4, RP5)  

Academic collaborations 

DERI, Galway (Irl), Queen Mary University of London (U.K.), Groupe des Ecoles de Telecommunication (Fr), Fraunhofer ï HHI 

(Gr), Universite de Geneve (Ch), CERTH-ITI (Gr) 

 

RP Impact on CLARITY missions and Goals 

RP4 is contributing well to CLARITYôs overall mission. It is interacting well with other RPs and is contributing to 3 

demonstrators. It has successfully sourced additional complementary funding. It has been instrumental in cultivating 

potential CLARITY industry partners, both multinational and SME, and is establishing a strong network of links with 

international research groups/centres. 

 

RP4 
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Research Programme 5: Content Organisation & Management 
The Team: [See Appendix 2 for Full Staff Detail] 

 

Programme Coordinator:  

Prof. Alan Smeaton 

 

Industrial Collaborators :  

Zignals 

 

Researchers PhD students 

Niamh Caprani,  

Dr. Aidan Doherty,  

Dr. Colum Foley,  

Dr. Hyowon Lee,  

Dr. Chen (Nelson) Wang 

Adam Bermingham,  

Daragh Byrne,  

Kenneth Conroy,  

Graham Healy,  

James Lanagan,  

Zhengwei Qiu,  

Peng Wang,  

Peter Wilkins  

Edel O'Connor (who is funded by 

Marine institute Beaufort) 

 

Project Overview 

Digital libraries provide some level of retrieval and access which operates across different media. Yet there are at least two other 
dimensions of information access besides the media that digital libraries and other contemporary approaches to information 

retrieval do not usually address. The first is context, in particular user and data or document contexts. When users seek 

information, either directly from a repository or through some application that integrates the personalization and recommendation 

strategies to be developed in RP6, they have a context which includes their current overall work tasks, their background, what 

they have already seen and done, their data access channel, etc. Capturing and using such context represents a key research 
challenge in contemporary information retrieval. In a similar manner, when documents, or indeed any kind of data, are collected 

or aggregated, they also have contexts, which include the application, date, time, place, environment and the circumstances that 

form the setting for why the data was gathered in the first place. All this can be captured within CLARITY given the centreôs 

unique position to sense user, document and data contexts, and this can be leveraged for more effective access and retrieval. 

The second dimension which has been largely ignored in research to date addresses a userôs search type. This refers to the kind of 
retrieval that is best suited for the userôs situation at the time. The default retrieval modality is to rank documents or data objects in 

decreasing similarity to a query and to ignore issues of the novelty value of retrieved items, or whether a user wishes to retrieve an 

exhaustive set of results for an exploratory type of search, or to retrieve a known item, or items similar in some way to a given 

item. None of these are satisfied by a simple similarity ranking. While some research has been carried out on developing some of 

these retrieval types individually, no work has yet been done on combining them. 
The goal of this research programme is to research and develop approaches to allow information access mechanisms to operate 

across different media, to incorporate users and document/data contexts as appropriate and to facilitate different types of retrieval 

for users. This will allow us to exploit the natural synergies which exist across media, across user contexts and even across search 

types. 

 

Work Packages 

Å 5.1: USING USER AND DATA CONTEXTS FOR RETRIEVAL  

Å 5.2: INTEGRATING RETRIEVAL FOR DIFFERENT SEARCH TYPES  

 

Project Novelty 

Å Multiple toolkits are available as óenginesô 

ï Lemur, Terrier, Físreal, Okapi, Bow 

ï Layer on top of those, so no re-invention 

Å Specifics 

ï Formalise ñvistermsò - virtual terms - as media/data representations 

ï Formalise representation for user and for information contexts, also as visterms  

ï Develop, evaluate, and then integrate multiple search algorithms for different search types 

Å Uniqueness for this CBIR is where the work is situated 

ï Advanced analysis of content comes from RP4 

ï User and information contexts come from RP2, RP3, RP6 

Å Nowhere else has user contexts, and information contexts, and addresses multimodal information management; 

Deliverables 

Å RP outputs will be  

RP5 
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