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Research Day 2013 Schedule 
 

09:00 10:30 Registration, Poster Setup & Coffee 

 

10:30 10:45 Welcome: President James J. Brown, NUI Galway 

Opening:   Minister Ciaran Cannon T.D.,   

Minister of State for Training and Skills at the Department of Education 

and Skills 

 

10:45 12:00 Plenary Session 1 

Gavin Campbell, Bombardier Aerospace, "Aerospace Research in Ireland" 

Martin Hynes, European Science Foundation, "European Research Funding" 

Prof. Deniz Tasdemir, NUI Galway,  "Marine Discovery Research" 

PhD students  -  4 x 5-minute presentations  

 

12:00 13:45 Poster Judging 1 (lunch provided from approx. 12:30) 

 

13:45 15:00 Plenary Session 2 

 Heinrich Anhold, StableLab, "From University Research to Spinout Company” 

 Ray McCarthy, Boston Scientific,  "Medical Device Research & Development” 

PhD students  -  4 x 5-minute presentations  

 

15:00 16:30 Poster Judging 2 (coffee provided) 

 

17:00 End  Pizza & Drinks in College Bar 

   

Sponsored Cash Prizes – Presented in College Bar 

1st, 2nd and 3rd prizes for best Poster in each of 4 Sections: 

  ICT and Mathematics 
  Physics, Chemistry and Materials 
  Environment, Marine and Energy 
  Biomedical and Life Sciences 
   

1st and 2nd prizes for best Oral Presentations: 

  2 students from each Section asked to make Oral Presentations 
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Research Day 2013 Foreword 

Welcome to Research Day at NUI Galway 

 

Prof. Lokesh Joshi, Vice President for Research, NUI Galway 

Dear Colleagues, 

I am delighted to welcome you to the 2013 Research Day. I am particularly 
pleased to see that over 180 PhD students from the College of Engineering 
and Informatics, and from the College of Science from NUI Galway and UL 
are participating in this event.  

The Research Day is an excellent platform for students and researchers to share ideas and develop 
collaborative relationships within the University and in this case between researchers in NUI Galway 
and UL. It allows younger researchers to prepare and present their research findings to their peers and 
mentors. The future of research and success is in promoting collaboration and joined-up thinking to 
increase the value and impact of our research efforts and this event is a testimony of true 
collaboration. 

With the rapidly changing landscape for research priorities and funding, we must adapt to grow and 
thrive with this change. Challenges often open up new opportunities and University researchers have a 
responsibility to be innovative and relevant to societal needs, both regionally and internationally. 
Research Day is an important annual event that highlights diverse yet excellent research carried out by 
the participating researchers. 

I wish you all an exciting and successful day and hope you will find the presentations, posters and 
interactions rewarding. 

With very best wishes, 

Lokesh Joshi. 
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ABSTRACT 
This paper presents a methodology for developing a 
library of simplified, yet accurate, physical models of 
the different components that can be found in a typical 
air-handling unit. Models development is focused on 
high accuracy with low computational cost aiming at 
the use of the library for real time applications like fault 
detection and diagnosis. 

1. Introduction  
Heating ventilation and air conditioning (HVAC) 
systems represent the biggest share (around 50%) of the 
energy consumption in the buildings [1], thus, they are 
among the primary targets for implementing energy 
efficiency measures in buildings. With this in mind, one 
of the main goals is to improve the efficiency of the 
existing HVAC systems while maintaining adequate 
comfort levels in the conditioned environment. Energy 
inefficiencies in HVAC systems are common; this is 
due to the presence of undetected failures in one or 
more of its components.  

Different fault detection and diagnosis (FDD) 
methodologies have been developed, mostly based on 
expert knowledge to help identify the faulty condition 
and its source [2]. A new trend in FDD is using accurate 
models of the HVAC systems that provide a base line 
for optimal operation supporting the detection of 
deviation from this optimum [3]. However, models are 
often impractical for real time applications due to 
elevated computational resources needed for 
development and simulation. 

2. Proposed Methodology 
The proposed methodology comprises three basic steps 
as shown on Figure 1. First, the development of the first 
principle models based on energy and mass balance 
equations representing the energy interaction between 

different mediums (mainly water and air) in the 
components of the AHU. The second step is to calibrate 
the models based on a novel procedure. Finally, the 
developed and calibrated models will be used for 
model-based real-time fault detection and diagnosis. 
The first two steps are currently under development 
while the last is part of the future work. 

3. First Principle Models 

An AHU is comprised of a combination of the 
following components: mixing box, cooling and 
dehumidification coil, heating coil, humidifier, ducts, 
filters and fans. In this work, the focus is the so-called 
active elements that are used for changing air 
temperature and humidity to match those required by 
the space being served. To this end, it is assumed that 
ducts and filters have negligible effects on air 
temperature and the fans just causes air temperature to 
increase 1.5 °C and has no effect on the air humidity 
ratio. The rest of the models are based on energy and 
mass balance equations at component level. 

4. Calibration M ethodology 

The proposed calibration methodology starts with a 
component-by-component calibration using real 
operation data obtained from the facility’s building 
management system (BMS) and ends with a final tuning 
of the assembled AHU. For the calibration procedure, 
instead of trying to adjust each of the component’s 
parameters, the approach used is by assuming all the 
calibration can be done by adjusting parameters of a 
valve model controlling water flow in case of coils and 
humidifier, and air mixture in the case of the mixing 
box. 

5. Future Work 
Next step in this research is to improve the calibration 
algorithm by developing an automatic tool that could be 
implemented underpinned by machine learning. 
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Figure 1Proposed Methodology 
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Abstract 
Strong subject matter knowledge has been highlighted 
over the years to be a critical element of a mathematics 
�W�H�D�F�K�H�U�¶�V�� �N�Q�R�Z�O�H�G�J�H�� �E�D�V�H���� �7�K�L�V��study was motivated 
primarily by research conducted in the area of pre-
service teacher knowledge which has uncovered serious 
deficiencies in their conceptual understanding. The 
research was narrowed by the lack of research 
previously conducted in the area of trigonometry. The 
van Hiele model of development of geometric thought 
(van Hiele, 1984) was adapted to be specific to 
trigonometry for this research and was validated by the 
use of APOS theory (Dubinsky & McDonald, 2002). An 
assessment tool was formulated based upon this model 
and thus far has been pilot tested amongst 19 pre-
service teachers. 
 
1. Introduction 

A model of conceptual understanding had to be 
constructed in order to assess the conceptual 
understanding of the research sample. Through the 
model that was formulated, an assessment tool was 
created. This assessment tool places each individual 
who takes part in the research on a level of the model. 
Through this their misunderstandings or indeed, lack of 
understanding of concepts can be pinpointed and an 
intervention can commence. 
 
2. Model of Conceptual Understanding of 
Trigonometry 

The model of conceptual understanding of 
trigonometry stemmed from the van Hiele model of the 
development of geometric thought. The model of the 
progression of trigonometric thought outlines 7 levels 
of understanding. Each level encompasses various 
concepts which, when understood, allow an individual 
to progress onto the next level of understanding. 

 
 

Figure 1: The Model of the Progression of 
Trigonometric Thought  

 
The elements of each level, or the concepts that 

make up each level, were compiled by conducting a 
genetic decomposition of each schema, or level of the 
model, through the use of APOS theory. 
 
3. Methodology 

For the assessment a large selection of questions 
was first compiled. After this stage the researcher 
eliminated any that were procedural in nature. The 
assessment was revised having been evaluated amongst 
three expert mathematicians and piloted by two 
secondary school mathematics teachers. The final stage 
was to re-pilot the assessment amongst 19 pre-service 
secondary mathematics teachers.  

The evaluation of the questionnaire was based upon 
the work of Gutiérrez, Jaime & Fortuny (1991). They 
proposed a model of assessment for the van Hiele 
model which applied �D�� �Z�H�L�J�K�W�L�Q�J�� �W�R�� �H�L�J�K�W�� �³�W�\�S�H�V�´�� �R�I��
answers. For this research a selection of five �³types�´��
will be used, each with its own weighting. 

�x Type 0. No answer provided/ No workings shown/ 
Illogical/ Irrelevant/ Incorrect. 

�x Type 1. Incorrect answers that show some level of 
reasoning. 

�x Type 2. Correct but insufficient answers. 
�x Type 3. Correct answer but incomplete/ unjustified/ 

error in calculation. 
�x Type 4. Correct answer that is fully justified. 

 
The weightings applied to each of these were: 

 
�)�L�J�X�U�H���������:�H�L�J�K�W�L�Q�J���R�I���Y�D�U�L�R�X�V���³�W�\�S�H�V�´���R�I���D�Q�V�Z�H�U�V 
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Abstract 
Entity detection and consolidation have been studied 
for some time in a variety of research contexts, 
including natural language processing (NLP) and 
databases. The growing number of Ôlinked dataÕ 
datasets made available on the web enables an 
integrated study that takes both the data entities and 
any relevant textual context in which they may be 
mentioned into account. In this paper we present our 
ongoing work in addressing entity detection and 
consolidation from this viewpoint and present our plans 
for future research in this area.   
 
1. Introduction 

Entity detection and consolidation consists of the 
identification of different mentions to real-world 
entities in natural language text and their unified, non-
ambiguous linking to an external database. Also 
referred to as entity linking, co-reference resolution and 
entity disambiguation, this task has been studied for a 
long time already but it remains a strong research area 
[3]. 

Entity detection and consolidation is often required 
as a basis by other applications (knowledge acquisition 
from text, semantic search, etc.). The former part 
(detection) enables machine understanding of the 
content of a given text, whereas the latter 
(consolidation) enables entity tracking across texts. 

If applied on newspapers or historical texts, entity 
detection and consolidation will enable temporal entity 
tracking. Application to web data enables web search 
over entities instead of keywords by consolidating 
preferential names, nicknames, acronyms or other 
alternative names into a unified entity reference. 

In this paper we present our ongoing work on entity 
detection and consolidation and outline plans for future 
work and planned research contributions. 
 
2. Related Work 

NLP research has been concerned with entity 
detection (Ônamed-entity recognitionÕ) for some time. 
One aspect of this work was the development of 
relevant background knowledge [1], which is 
increasingly addressed by the use of open and linked 
datasets available on the web as a source for entities in 
diverse domains. 

In parallel, researchers in the database and data 
integration domains have been studying the entity 
consolidation task [4]. In order to detect duplicate 
records in databases many techniques have been 
developed to identify the same entity in one database 
and between ones with different data schema. 

The entity linking task mixes both tasks and has 
emerged as the consequence of these studies [3]. It 
merges NLP and database research objectives in 
recognizing entities mentioned in text and tagging them 
with a unique identifier provided by a database. 

 
3. Research Contribution 

To address the entity detection and consolidation 
task, we have created a framework (AELA) that enables 
tagging text with unique identifiers provided by the 
growing number of linked datasets available on the web 
[2]. As data schemas may vary from one dataset to 
another, the framework implements adaptive methods 
that learn and exploit data structure. 

It is composed by independent modules responsible 
for: i) evaluating the data quality of the dataset; ii)  
identifying which structures (classes and properties) 
from the data schema identify entities and their names; 
iii)  transforming the database into a list of Named 
Entities (entities identified by Proper Names); and iv) 
detecting and disambiguating each entity mentioned in 
the text. 

To the best of our knowledge, AELA is the first  
entity detection and consolidation approach that is able 
to work with different linked datasets. A preliminary 
evaluation showed good results with F-Score measured 
as 0.54 for an entity/text data set in the music domain 
and 0.87 for a data set in the movies domain. 
 
4. Future Research 

There are many methods and techniques to be 
surveyed and evaluated in this research area. Our next 
step is in evaluating previous work and investigating 
performance if applied to the AELA framework. Other 
improvements will be: i) detection of entities that are 
mentioned by generalized names such as genes, 
diseases and others that are referred to by their class 
names such as ambulance, coffee machine or airplane; 
ii) application of the AELA framework in other 
domains such as news texts with applications in 
semantic search. 
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Abstract 

As the number of electronic devices within vehicles 
increases, there is more demand placed on underlying 
communication infrastructure. To meet the demands of 
next generation in-vehicle applications, 100 megabit 
(Mb) Ethernet based networks are being deployed in 
vehicles. However, as demand increases, we believe 
that Gigabit and multi-gigabit networks will be 
required. As such, we have carried out simulations of 
such networks.  
 
1. Ethernet  

Ethernet is one of the most commonly used 
communication buses in the world. �,�W�¶�V�� �O�R�Z�� �F�R�V�W�� �D�Q�G��
flexibility make it an excellent candidate for next 
generation automotive networks. Large automotive 
manufacturers such as BMW and Daimler currently use 
Ethernet as a communication network in high end 
models. However, these networks are limited to speeds 
of 100Mbps. As applications become more and more 
complex, we can expect to see a shift towards Gigabit 
Ethernet (1000Mbps).  
 
2. Raw Video 

The main contributor to the high bandwidth found in 
automotive networks is video streams from cameras 
used for driver assistance and safety applications. 
Currently, due to the limitations of 100Mbps networks, 
video must be compressed using MJPEG, H264 or 
another codec. This adds latency, complexity and cost 
as video streams must be compressed on the fly using 
dedicated hardware. Transmitting raw uncompressed 
video overcomes these issues at the expense of much 
higher required bandwidth. Typically each 640x480 
uncompressed video stream will require bandwidth of 
200Mbps or greater.  

 
3. Simulation Network 

To examine the feasibility of such a high bandwidth 
automotive network containing raw video streams, a 
simulation network was created using the ns-3 
simulation platform. This was modeled closely on a real 
automotive network. Cameras are located in the front 
and rear of the vehicle, front wheel arches and side 
mirrors as shown in Figure 1. The network includes 
other simulated devices such as driver safety (ABS, 
ESC etc.), infotainment and RADAR devices.  

 
4. Testing Methodology 

Extensive simulations were carried out modeled on 
the following real world scenarios.  

Parking: Vehicle is undergoing a parking maneuver, 
in this scenario, the network is very heavily loaded with 
front, rear, side mirror and side view cameras activated 
to assist with safe parking. 

Stationary: Vehicle is stationary at a junction or 
stop sign. Side view wheel arch cameras as well as front 
and rear cameras are active in order to identify potential 
hazards. 

Typical: When travelling normally along a road, 
front and rear cameras are active, to be used to perform 
lane departure detection, or to adjust an automatic 
cruise control system. 

 

 
Fig. 1. Illustration of camera locations on vehicle.  

 
5. Results 

End to end delay values, inter frame arrival times and 
jitter (average variation of delay between successive 
packets) are measured to ensure they fall within 
acceptable ranges. Max end to end delay results for each 
scenario detailed in Section 4 can be seen in Table 1 
below. These values easily meet the synchronization 
requirements for video, control and infotainment traffic, 
thus demonstrating that Gigabit Ethernet provides an 
excellent potential backbone network for high 
bandwidth, multi camera, raw video automotive 
networks.  

 

 
Table. 1. Max End to End Delay Values.  
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Abstract 

A simulation based framework for training skills 
required in Global Software Development has been 
developed in order to mirror real settings, providing 
instant feedback and automatic assessment. 
 
1. Introduction 

Global Software Development (GSD) entails 
confronting communication problems, since 
multicultural and multidisciplinary team members must 
interact, frequently in a second language [1]. These 
factors influence how students and software engineers 
should be trained to confront these new challenges [2]. 
Recent graduates lack the skills needed to interact in 
these cross cultural teams; however, preparing students 
in this field is not easy, as it requires training in soft 
skills and as a consequence, new training schemas, 
theoretical contents and tools [2]. 
 
2. Research focus 

Hypothesis: It is feasible to minimize the impact of 
GSD problems by applying appropriate training 
methods and tools. 

Goal: development a framework based on 
simulation to support automatic GSD training and 
education. The objective is to provide training in 
cultural and language differences and GSD specific 
skills required during the interaction of international 
teams. The following Research Questions are 
addressed: How could a GSD education environment be 
modeled by avoiding the problems of traditional 
training methods?, What would its limitations be? 
 
3. Framework 

A GSD training framework supported by a 
simulation-based training environment has been 
developed [3], and its architecture is shown in Figure 1. 

This virtual environment places students in 
simulated scenarios in which they solve GSD problems 
by textually interacting with Virtual Agents (VAs) 
using synchronous and asynchronous communication. 
VAs will play a specific role in the project and will be 
characterized by a specific culture. The advantage of 
using VAs is that it is possible to reproduce accurate 
scenarios to provide training in specific skills difficult 
to reproduce in traditional educational environments.  

Instructors can design training scenarios by using a 
designer with which they can define the flow of the 
simulation. 

 
Fig. 1. Training environment architecture 

4. Results achieved 
A systematic literature review on GSD training and 

education was conducted [2]. As a result, a training 
platform for training GSD was developed [3]. A 
feasibility study of the tool has also been conducted and 
an automatic assessment method has been designed. 

 
5. Future work 

Conduct evaluations with university students and 
inexpert practitioners in order to measure the actual 
learning achieved having completed a simulated 
training module.  
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Abstract 

 
 This paper proposes a new approach for predicting the 
Quality of Experience (QoE) of fish-eye to rectilinear 
transformed images used in automotive vision 
applications. For this purpose a dataset of automotive 
images was created. Subjective image quality 
evaluations of the dataset were carried out, in terms of 
visual perception and driving assistance usefulness. For 
objective artefact description we have utilized some 
fundamental descriptors from the Fourier transform 
which are known to correlate well with perceptual blur. 
The results show that our algorithm, although relatively 
simple and computationally inexpensive, can accurately 
predict perceptual image quality in daylight driving 
conditions.  
 
1. Introduction 
The QoE concept [1] for automotive vision systems 
differs greatly from that of entertainment based 
consumer image quality, since in the automotive 
environment, the subjective satisfaction of the user 
depends upon achieving a particular task, such as event 
detection or object recognition [2]. For this reason, a 
typical automotive vision system will employ the use of 
fish-eye lenses with fields of view of up to 190 degrees. 
These lenses are more useful as they increase the drivers 
field of view (FOV), enabling them to see more objects 
approaching from the sides. However, fish-eye lenses 
introduce significant distortion to the image, such as 
non-linear radial distortion manifested in straight lines 
being mapped to curves. Furthermore, the perspective of 
projection of a given scene in the fish-eye view differs 
greatly from the projection of the same scene in a 
rectilinear pin-hole camera, making it difficult for 
drivers to accurately judge distances between other 
vehicles or pedestrians. For these reasons, fish-eye 
images are typically transformed to rectilinear images 
before being displayed to the driver. 
 
2. No-reference Blur Metric 
Transformed images suffer from a loss of spatial 
resolution causing a decrease in sharpness in peripheral 
areas of the images. This loss of image sharpness can be 
characterized by a loss of high frequency energy in the 
Fourier spectrum. The high frequency Fourier energy of 
local image regions was computed for each image in our 
dataset. A block of size of 64x64 pixels was chosen as it 

is approximately the size of foveal regions [3]. The 
decrease in energy as a function of pixel distance from 
the optical center of the lens is illustrated in Figure 1.  
 

 
Figure 1: High frequency energy decreases as blur increases. 

 

3. Results 
The algorithm performance correlates closely to 
perceptual quality. 
 

 
Figure 2: Algorithm prediction plotted against subjective opinion.  
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Abstract 

The implementation and adoption of national e-health 
systems has been difficult in many countries, and there 
are few success stories to relate. A national e-
government system from another domain, the Irish 
Revenue On-line Service (ROS) was examined in order 
to identify building blocks and success factors which 
may also be common to national e-health systems. ROS 
went live in 2000 and the tipping point for adoption was 
reached in 2003/2004. By 2012, over 70% of all taxes 
filed and collected in Ireland were processed in ROS. 
The ROS success seems to be due to a unique 
combination of organisation, regulation, technical and 
adoption factors. 
 
1. Introduction and Objectives 
There has been a great deal of interest and activity in 
national e-health systems in the last decade especially in 
Europe, but there are few genuine success stories to 
relate thus far. This research has previously examined 
national e-prescribing systems and infrastructures in 
Europe, where some countries (including Ireland) have 
no established environment for e-prescribing at a 
national level, and their journey on this road is just 
beginning. As it is useful to study comparable 
established, successful systems before starting any new 
project, ROS has been identified as a successful 
national e-government system for comparison purposes. 
The objectives of this paper are to identify the building 
blocks and success factors behind ROS. 
 
2. Methods 
The evaluation of national e-health and e-government 
information systems is complex and difficult, so both 
qualitative and quantitative methods were used, 
including a literature review and fieldwork. 
 
3. Findings 
ROS is a successful national e-government system, 
which has been in operation since September 2000. 
Over the last 12 years, ROS has developed into a 
comprehensive suite of complex online applications, 
and ROS is now the preferred method of filing tax 
returns, processing tax payments and communicating 
with the Irish Revenue Commissioners (IRC) for most 
of the Irish tax community. The development and 
adoption of ROS is interesting because it achieved 
widespread adoption reasonably quickly across a wide 
range of taxpayers, and has continued to develop and 
expand on an incremental basis every year since  
2000[1]. Critical success factors and recurrent themes 
emerging from the research include long-term strategic 
planning, stakeholder engagement, extensive public 
communication, shared public-private software 

development, legal and regulatory foresight, failsafe 
system and data security, novel organisation methods 
and unique adoption techniques. These themes are 
explored under the following headings: Organisation 
The provision of on-line tax services was a strategic 
goal of IRC since the early 199���¶�V�� The ROS strategy 
�Z�D�V���W�R���³�V�W�D�U�W���V�P�D�O�O�����V�F�D�O�H���I�D�V�W�����W�K�L�Q�N���E�L�J�´, and ROS was 
organised as a separate project, in a building 10km 
away from the national IRC computer centre. Strong 
project governance and wide stakeholder consultation 
were very noticeable features of the project from the 
beginning. Regulation The IRC prepared all relevant 
legislation for the introduction of ROS well in advance 
of the live date, and have been proactive with 
legislation ever since, for example in the area of 
mandatory electronic tax filing. All taxpayers and tax 
agents using ROS have unique identification numbers 
(PPSN and TAIN). Technical Software development 
was shared between IRC and Accenture, with IRC as 
�W�K�H���³�V�H�Q�L�R�U���S�D�U�W�Q�H�U�´�����7he internet is the platform for all 
ROS users, and ROS employs public key infrastructure 
technology for system security. IRC designed a 
combined electronic/postal registration process to 
provide digital signatures to specific postal addresses 
and specified computers only. Security is a top priority 
for ROS, and IRC employ various methods to maintain 
security, including hiring firms to attempt to hack into 
�W�K�H���V�\�V�W�H�P�V�����5�2�6���L�V���W�K�H���³�I�U�R�Q�W���G�R�R�U�´���I�R�U��communicating 
with IRC, and all data processed through ROS is fully 
integrated with the internal IRC corporate systems and 
databases. Adoption Techniques The adoption strategy 
was to implement one module at a time, and develop 
incrementally over many years. Novel adoption 
techniques include a national roadshow with a mobile 
computer training room in a lorry, and a marketing 
campaign. Regular open public information about the 
project has also been a feature of ROS from the start. 
Evaluation ROS has been the subject of several 
independent national and international evaluations, and 
has won several e-government awards in Ireland and 
abroad. These evaluations suggest that ROS has been a 
success due to the unique combination of organisation, 
regulation, technical and adoption factors. 
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Abstract 

The research aim is to elaborate easy mapping of 
Internet performance profile spatially and temporally 
over specific paths as well as implement flexible yet 
tractable models which simultaneously account for 
long-term traffic dependence, latency, dynamic random 
routing, and spatial dependence. Research work also 
includes developing large-scale network testing 
methods for superior QoS-problem detection 
performance, e.g., bottleneck detection as an 
application of reconstructed delay or loss estimation. 
Internet probing strategies, including active network 
probing and/or passive traffic monitoring methods, will 
be used in collaboration with the European RIPE and 
USA CAIDA internet tomography infrastructures to 
capture raw QoS measurements. Application examples 
to be demonstrated include hot-spot congestion 
prediction, detection and approaches towards isolation, 
as well as routing faults, and anomalous traffic 
conditions. 
 
1. Introduction 
 

As the Internet has evolved very rapidly in a largely 
unregulated and open environment, and became a 
massive, distributed network over the last decade, 
which continues to explode in size, the network 
engineers and service providers are keenly interested in 
continuously assessing and monitoring the quality of 
service (QoS) of the networks. This includes packet loss 
rates, bandwidth utilization, delay disributionss, and 
other measures of throughput and performance [1, 2]. 
Quantitative assessment of network performance is 
extremely challenging because of the heterogeneous 
and largely unregulated structure of the Internet. Tasks 
such as dynamic routing, optimized service provision, 
service level verification, and detection of 
anomalous/malicious behavior are very hard as one 
cannot rely on the cooperation of individual servers and 
routers to aid in the collection of network traffic [2].  

The term network tomography was introduced by 
Vardi in 1996 [3] to characterize two classes of inverse 
problems in computer and communication networks. 
The goal is to recover higher-dimensional network 
information from lower-dimensional data [4]. The first 
class deals with passive tomography where aggregate 
data are collected at the router level and the goal is to 
recover path-level information; the most common 
application is estimation of the origin-destination traffic 
matrix of a network. The second is active tomography 
which deals with reconstructing link-level information 
from end-to-end path level measurements by sending 
packets from a source to several receiver nodes, all 

located on the periphery of the network. The goal is 
estimation of QoS parameters [1]. In any of these cases, 
statistical models should be developed for the 
measurement process. 

 
2. Research methodology 
 

RIPE/CAIDA measurement methodologies, based 
on software tools for monitoring traffic flow and 
generating probe traffic, statistical modelling of the 
measurement process, and sampling strategies for 
online data collection will be used. Model validation 
will be focused on the application to real network data.  
In collaboration with RIPE and being part of their Atlas 
project, TRC is part of the largest Internet measurement 
network ever made. This project employs a global 
network of probes that measure Internet connectivity 
and reachability, providing an unprecedented 
understanding of the state of the Internet in real time. 

By using available databases and probing tools, 
yearly and monthly one-way delay trends on selected 
routes will be obtained as per the methodology 
described in [6]. Ireland's historical position will be 
established; this then will become a benchmark for 
current Internet improvements. The issues of finding 
evidence-based arguments for strategically positioning 
cloud computing resources in 
Ireland/Limerick/Shannon region �± now, or what should 
be done to enable this in the future �± will be also 
explored. The approach would be initially to quantify 
customer performance experiences in 
Ireland/Limerick/Shannon relative to other competitor 
regions (using RIPE and CAIDA data). 
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Abstract 

The investigation of users' browsing behavior provides 
useful information to optimize web site design, web 
browser design, search engines offerings, and online 
advertisement. New online services and advances in 
Web and mobile technologies clearly changed the 
�P�H�D�Q�L�Q�J�� �E�H�K�L�Q�G�� �³�E�U�R�Z�V�L�Q�J�� �W�K�H�� �:�H�E�´��and require a 
fresh look at the problem and research. Platforms such 
as YouTube, Netflix or last.fm have started to replace 
the traditional media channels (cinema, television, 
radio) and media distribution formats (CD, DVD, Blu-
ray). Social networks attracted whole new, particularly 
less tech-savvy audiences. Furthermore, advances in 
mobile technolog�L�H�V�� �D�Q�G�� �G�H�Y�L�F�H�V�� �P�D�G�H�� �E�U�R�Z�V�L�Q�J�� �³�R�Q-
the-�P�R�Y�H�´ the norm and changed the user behavior as 
in the mobile case browsing is often being influenced by 
the user's location and context in the physical world. 
 
1. Motivation: The Big Picture 

Commonly used datasets, such as web server or 
search engines logs [1, 2] are inherently not capable of 
capturing the browsing behavior of users in detail. 
DOBBS1 (DERI Online Behavior Study) is an effort to 
create such a dataset in a non-intrusive, completely 
anonymous and privacy-preserving way. To this end, 
DOBBS provides a browser add-on that users can 
install, which keeps track of their browsing behavior 
(e.g., how much time they spent on the Web, how long 
they stay on a website, how often they visit a website, 
how they use their browser, etc.). Having deeper 
insights into browsing behavior would allow scientists 
from different disciplines to derive both fundamental 
and applied knowledge from different perspectives: 

(1) The information how long and how active users 
visit a website provides implicit feedback to potentially 
improving ranking algorithms of Web search engines.  

(2) Knowledge about browsing behavior enables the 
design and development of new features that improve 
the online experience of users.  

(3) New optimization approaches to save bandwidth 
or computing resources are conceivable such as idle 
modes for browsers or individual tabs where dynamic 
pages are not automatically updated. 

(4) DOBBS allows to make statements on why users 
go online (e.g., for information seeking, entertainment, 
or socializing) providing novel insights into the 
sociological impact of the Web �± that is, how the Web 
�D�Q�G���³�E�H�L�Q�J���R�Q�O�L�Q�H�´���V�K�D�S�H�V���S�H�R�S�O�H�V�¶ life. 
                                                 
1 DOBBS features a website (http://dobbs.deri.ie) providing detailed 
information about the project. It also provides download links to the 
browser add-on and the currently available dataset. 

 

 
Figure 1 Times a domain has been loaded, displayed and viewed. 
 

2. Implementation 
The DOBBS system uses a browser add-on that 

captures browsing events and sends them to a central 
server. Browsing events comprise, for example, 
adding/closing of tabs, loading of web pages, window 
status changes, and user activity changes. The sending 
of the data to the server is done via HTTP. To preserve 
the privacy of users, no personal information (e.g. IP or 
email address) are ever collected or transferred, and all 
sensitive data are first encrypted on the user side and 
before sent to the server. 

 
3. First Results 

Compared to existing approaches, DOBBS provides 
detailed information about (a) the loaded time, i.e., the 
overall time that pages of a domain were loaded in the 
browser, display time, i.e., the time pages of a domain 
were actually visible, and (c) the viewing time, i.e., the 
part of the display time during the user was considered 
active. Figure 1 shows the results for a single browsing 
session of a user grouped by websites. The number 
above each bar represents the number of page per 
domain. All three measures as well as the number of 
revisits typically induce different rankings. Further, one 
can consider combining individual measures. For 
example, the ratio between viewing and displaying time 
might be �D���J�R�R�G���L�Q�G�L�F�D�W�R�U���K�R�Z���³�D�E�V�R�U�E�L�Q�J�´ a website or 
a web page is. Which measure to apply depends on the 
research questions motivating an analysis of the dataset. 
While advertisers might be interested in the viewing 
time, the frequency of visits is interesting for web server 
administrators from a performance point of view. 
 
5. References 
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Abstract 

A comprehensive knowledge about which websites 
online users visits, how often and so on, helps to 
optimize web site design, search engines offerings, and 
online advertisement. Often, however, not the specific 
websites users have visited but their types are of 
interested. For instance, both Google and Bing can be 
classified as search engines, thus abstracting from often 
personal preferences. To provide such a dataset, i.e. a 
mapping from websites to their respective categories, 
WebCat aims for a community-driven approach letting 
users manually assign categories to websites. 
 
1. Motivation 

A lot of work has been done to automatically classify 
individually web pages, e.g. [1, 2]. Such automatic 
approaches, however, have to make simplifying 
assumptions and to deal with classification errors. In 
contrast, WebCat is addressing the classification of 
websites (not single pages), making crowdsourcing a 
feasible alternative to perform this task. We do not 
assume a universal truth, allowing users to assign 
categories to a website they deem most appropriate. 
However, WebCat deploys a scoring scheme that 
incentivizes users to make reasoned category selections 
towards a consensus regarding the main category for a 
website. A series of experiment with the platform will 
result in a comprehensive classification dataset. 
 
2. The WebCat Platform 

WebCat is an online platform that presents 
participating users with screenshots of websites, and 
allows them to assign one or more categories to each 
site (see Figure 1). For each classification users are 
rewarded with points. Furthermore, users receive bonus 
points depending on their selections: the closer to the 
general consensus the more points they receive. Users 
see their own current score and the ones of the top-k 
participants. After the experiment, user points translate 
into a monetary reward. The intuition is that users have 
an incentive to submit many thought-out categories. 

To each website, a user can assign multiple 
categories: primary category, secondary category, 
tertiary category, and so on. Regarding the 
implementation of WebCat, a major goal was to 
maximize its usability. Most importantly, selecting one 
or more categories for a website can be done very 
quickly with very view clicks. Furthermore, the 
available categories are grouped based on their 
relatedness to yield a simple hierarchy to simplify the 
navigation and selection of categories. 

 

 
Figure 1 Screenshot snippet of WebCat 

 

3. First Results 
We conducted preliminary experiments to test the 

functionalities of WebCat, to refine the scoring scheme, 
to get first insights into the expected results, and to 
receive feedback for further improvements. Firstly, the 
users stated that WebCat is easy to understand and the 
selection of categories is a straightforward process. 
Secondly, we consider emphasizing the effect of the 
bonus points on the overall score of users to further 
increase the incentive to provide meaningful category 
selections. And thirdly, the most discussed issue was the 
set of predefined categories for users to choose from.  
 
4. Roadmap 

With WebCat in place and tested, we are currently 
set up a series of experiments. The main parameter is 
the composition of the set of participants. We consider 
both closed settings with fixed number of users (e.g., 
students or staff members) and open settings allowing 
any interested user to join. For the latter, the Amazon 
Mechanical Turk might also be a suitable alternative 
 
5. References 
[1] X. Qi., and B.D. Davison���� �³Web page classification: 
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ABSTRACT
Current Complex Event Processing (CEP) systems require

considerable technical e�orts for event pattern de�nition and
event stream implementation. In this paper, we present a
service oriented framework that provides a user centric way
to de�ne complex event patterns and implement the patterns
automatically.

1. Introduction
Complex event processing (CEP) is a technique used to de-
tect complex events in (near) real time from a set of other
events called their member events. CEP systems are usually
equipped with rule-based languages and engines to de�ne
and evaluate complex event patterns. To implement CEP
tasks, it usually requires some programming e�orts to lever-
age APIs provided by CEP engines and create event objects.

In this paper, we propose a service-oriented framework that
allows an user-centric complex event de�nition using graph-
ical notations extended from Business Event Modeling No-
tations (BEMN) [1] and an automatic implementation of
event streams on demand. Then we transform graphical
event patterns into semantic stream queries and evaluate
them over semantic event streams. Web services deliver the
triples from event sources to the stream query engine.

2. Extended Business Event Modeling Nota-
tions

The Business Event Modeling Notation (BEMN) [1] intends
to provide a graphical representation for event compositions
beyond conventional textual language. To overcome the lim-
itations of BEMN, we revise the language and propose ex-
tensions/modi�cations to it. We call our extended language
BEMN + . The revised language allows for an event compo-
sition model to be transformed automatically into a stream
reasoning query using a Program-Structure-Tree based al-
gorithm. Then, a stream reasoning engine will evaluate the
query to execute the event composition model.

3. Prototype Evaluation
The prototype is built and tested on a 2.53GHz duo core cpu
with 4 GB 1067MHz DDR3 memory. The programming lan-
guage is Java and 512 MB memory is allocated to the JVM.
The WSN service providers and consumers are implemented

with Apache MUSE 1 toolkits. In our experiments we exe-
cute a single query with a BGP mapping and a �lter over
multiple noti�cation service providers and observe the pro-
cessing delay. The test results are shown in Figure 1. From
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Figure 1: System Performance Test

the experiment we can see that increasing the throughput
of the system will result in the increment of both transport
and message parsing delay as well as stream reasoning delay.

4. Conclusions
In this paper we present a service-oriented framework to al-
low user-centric de�nition and implementation of complex
event patterns. The user-centricity of event pattern def-
inition is achieved by extending BEMN. The language is
changed mainly in 2 aspects: (1) making the execution en-
vironment adaptive to publish/subscribe systems and (2)
re�ning the abstract syntax for some language constructs
including event declarations, �lters and etc to provide more
detailed information on event rules expressed in event com-
position models. We also improve the user-centricity of
event pattern implementation by automating the transfor-
mation from event patterns into stream queries. In this way
the event composition models can be evaluated immediately
without further coding.

References
[1] G. Decker, A. Grosskopf, and A. Barros, \A graphical

notation for modeling complex events in business pro-
cesses," in edoc. IEEE Computer Society, Oct. 2007,
p. 27.

1Apache MUSE. http://ws.apache.org/muse/
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Abstract 
This research intends to address the relationship 
between architecturally significant software 
requirements (ASRs) and architectural design decisions 
(ADDs). We discuss the aims, objectives, challenges 
and proposed approaches of this research. 
 
1. Introduction 

The intertwining of software requirements and 
architectural design has been recognized for years, yet 
requirements and design are often supposed to be 
completely separate activities. Since not all 
requirements play an equal role with regard to the 
architecture, architecturally significant software 
requirements (ASRs) refer to those requirements that 
have significant impact on the architecture of the system 
[1]. �)�R�U�� �H�[�D�P�S�O�H���� �D�� �U�H�T�X�L�U�H�P�H�Q�W�� �V�W�D�W�L�Q�J�� �W�K�D�W�� �³�W�K�H��
distance must be displayed in kilometers �Q�R�W�� �P�L�O�H�V�´�� �L�V��
often considered not as architecturally significant while 
�W�K�D�W�� �³�W�K�H�� �V�\�V�W�H�P�� �P�X�V�W�� �U�H�V�S�R�Q�G�� �L�Q�� ���� �V�H�F�R�Q�G�V�´�� �L�V�� �X�V�X�D�O�O�\��
architecturally significant. In the architectural design 
process, architectural design decisions (ADDs) have 
been viewed as the first-class entity by many 
researchers, Jan Bosch even viewing architecture as a 
set of ADDs [2]. ASRs and ADDs are conceptually 
tightly related, therefore, to research on the interplay 
between ASRs and ADDs counts significantly on the 
interrelationship between software requirements and the 
architectural design. 

 
2. Aims and Objectives 

This work aims to �F�R�Q�V�W�U�X�F�W���D�Q���µ�D�G�Y�L�V�R�U�¶�� �Z�K�L�F�K uses 
requirements (specification), especially ASRs as input 
and then generates ADDs with different priorities and 
might also generate ASRs and advice for more 
requirements which have not been captured in the input 
(Figure 1). 

 

 
Figure 1 

The objectives are to (i) inspire software 
requirements analysts to find out more relevant 
requirements and (ii ) assist software architects in 
determining ADDs. 

 
3. Challenges and Proposed Approaches 

A specific domain has to be chosen to narrow the 
scope in order to facilitate the research. Hence we 
decided to work in the domain of telecommunication 
systems. Though the telecommunications industry is 
mature and well-established, its architectures are not 
considered uniformly mature. More precisely, there are 
two kinds of architecture, intentionally designed and 
emergent, and in the case of telecommunication 
systems, most of their architectures belong to the second 
category. 

The most important and also most challenging part of 
the work is to understand design rationale, transform 
and represent it in the proposed advisor which then 
could guide architectural design decision making. One 
possible solution is to study successful architecture 
patterns or ADDs related to those patterns if possible to 
map each ADD to its original requirement (ASR), or if 
there is no such connection to any requirement 
documented then find how this ADD emerges. 
Therefore, we could analyze this relationship to answer 
the question �R�I�� �µ�K�R�Z�� �W�K�H��AS�5�V�� �O�H�D�G�� �W�R�� �W�K�H�� �$�'�'�V�¶����In 
order to achieve the goals in this work, an architecture 
knowledge base which contains patterns derived from 
successful architecture designs is necessitated. 
However, it introduces another challenge, knowledge 
representation. There are successful examples of 
researchers using Web Ontology Language (OWL) to 
express ontologies and Resource Description 
Framework (RDF) to model information. 

ASRs need to be better understood and categorized 
in order to be matched with corresponding and relevant 
sets of ADDs. This will facilitate the evaluation of 
ADDs including possible conflicts, and also facilitate 
reasoning about both ADDs and ASRs. 
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Abstract 
 

This research aims initially to demonstrate the 
evolution of co-operation and co-ordination in a 
predator/ prey scenario and secondly to display, with 
the addition of life-time learning, the Baldwin effect. 
The emergent patterns among a population of agents to 
learn to co-operate and co-ordinate are analysed. 

1. Introduction 
     Artificial life is a branch of artificial intelligence that 
examines systems related to life and its evolution by 
using computer simulation models. It studies the logic 
of the evolution of living systems in an artificial 
environment. Agent-based simulations are used to study 
the emergent behaviours of societies of agents [1]. 
 
2. Evolutionary Computation 
     Evolutionary Computing is a problem-solving 
technique that is based on the �S�U�L�Q�F�L�S�O�H�V�� �R�I�� �'�D�U�Z�L�Q�¶�V��
idea of natural selection and survival of the fittest as 
seen in biological evolution. Evolutionary Computation 
allows researchers to build models to better understand 
the process of evolution. Typically an artificial world is 
created and populated with agents. These agents 
perform tasks and are evaluated on their success by 
means of a fitness test, which rewards those agents that 
perform well. The best agents are selected to be evolved 
to the next generation [2]. 
 
3. Baldwin Effect 
     In 1896, James Mark Baldwin proposed �L�Q�� �³A New 
Factor In Evolution�  ́ [3] �W�K�D�W�� �D�Q�� �L�Q�G�L�Y�L�G�X�D�O�¶�V�� �O�L�I�H�� �W�L�P�H��
learning can influence the course of evolution. This is 
known as the Baldwin effect. The Baldwin effect occurs 
in three steps. 
1. Individuals interact with, and learn from, their 
environment resulting in learned behaviours that are not 
hereditary but are advantageous for survival. 
2. In future populations, evolution favours agents that 
can learn certain characteristics, especially those that 
can learn quickly. Eventually, genetic factors appear 
that produce hereditary characteristics similar to 
modifications that were previously learned.  
3. These genetic factors are favoured by natural 
selection and tend to spread in the population over the 
course of generations. The result of this is: the 
adaptation that was originally individual and non-
hereditary becomes hereditary [4]. 
 
 
 

 
 
 
4. Previous Work 
     To date the majority of the research with regard to 
Baldwin Effect has been in the field of evolving 
languages. Research has also been conducted explaining 
the Baldwin Effect in the social dilemma game  
�³�3�U�L�V�R�Q�H�U�V�� �'�L�O�H�P�P�D�´��a game which captures the 
conflict between individual and collective rationality[4]. 
 
4. Methodology 
     To conduct my experiments a Java simulator has 
been developed which creates an artificial world that is 
populated by different agents: predators and prey. The 
agents have pre-defined behaviours, depending on their 
type, and are randomly placed in the world and perform 
different forms of walks. The predators have perception 
which allows them to perceive prey, pursue and kill 
them. A fitness score is used to evaluate the predator�¶s 
ability to kill a prey in a pre-defined number of time 
steps. The adopted fitness functions are tunable to allow 
modification of the reward based on the level of 
cooperation and coordination needed to succeed. The 
population is evolved over a number of generations and 
the emergence of certain behaviours is measured and 
analysed. 
 
5. Expected Results 
     By running simulations for thousands of generations, 
results will be gathered and analysed to determine 
emergent patterns among the agents. It is expected that 
the predators will evolve and learn to seek each other 
and work in a team to pursue and kill a prey if it is 
advantageous for their own survival.  
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Abstract 
Over the past decade, there has been a growth in the 
development of digitally embedded interactive artefacts 
in Cultural Heritage institutions. This growth is 
changing the way in which people interact with 
exhibits. Through performing several participatory 
design (PD) studies, this research aims to analyse the 
processes participants take when designing their own 
low-fidelity exhibits. The outcome of this study will help 
inform the design of easy-to-adapt interactive exhibits. 
 
1. Introduction 

Embedding digital data into physical artefacts is 
increasing in cultural heritage institutions. This is 
changing the way the observer interacts with the 
exhibits. Electronics platforms, such as Arduino and 
Gadgeteer, are increasingly becoming more accessible 
for amateur and novice users. Therefore, it is becoming 
increasingly possible for novice and amateur makers to 
create such embedded technology on a small scale. 

Participatory design means actively including all 
stakeholders in the design process [1]. Through 
participatory design, the end user has a strong input on 
many of the design choices made. 
 
2. Previous Work 

Applying participatory design methods in the 
development museum exhibits is not a new concept. 
The Museum of Science and Technology in Stockholm 
used participatory design to gather visitorsÕ thoughts on 
exhibits through workshops [2]. However, these 
workshops were aimed solely at visitors. This research 
aims to gather from several groups of people like 
cultural heritage professionals, digital design students, 
as well as regular visitors.  

The availability of fabrication laboratories (Fab 
Labs) has greatly increased the ability to create physical 
artefacts from digital blueprints. Ars Electronica held a 
workshop, aimed to make the fab lab an interactive 
museum space [3]. Visitors could print a digital model 
they created using a 3D printer. However, this 
workshop did not consider how people would like to 
modify smart artefacts. 

Further studies have been completed with children 
in fabrication laboratory [4]. Children were free to 
design what they liked. However, the electronics 
workshop required significant instruction for assembly. 
The aim of this research is to devise a framework for 
easier adaption of digital embedded data in exhibits. 

 
 

3. Proposed Research 
 
3.1 Proposed Research Question and Objectives 

The research aim is to understand the processes 
novice and amateur creators undertake when designing 
prototype artefacts. In particular, this study aims to 
examine how multiple groups of people adapt with an 
interactive artefact. A proposed outcome of this study 
will inform design choices when developing physical 
artefacts with embedded smart technology. 

 
3.2 Proposed Research Methods 

The research will involve creating simple design 
workshops and games. Studies will run locally 
including people in Limerick, before hosting the studies 
with museums in the Netherlands and Italy. 

Design workshops will take place aimed at Digital 
Design and Computing students at the University of 
Limerick. Students will perform several design 
activities to create a design concept for an exhibit 
themed around the cultural heritage of Limerick. 

A twitter game will be held online and Faber Studio 
in Limerick. The game consists of three stick men and 
three destinations. Participants in the game will be 
asked what they think the cultural heritage of Ireland is: 
for pubs, participants will  tweet #irepubculture1; for 
landmarks, participants will  tweet #irelandmark2; for 
museums, participants will  tweet #iremuseum3. When 
participants tweet a response, their chosen stick man 
moves closer to their chosen destination. 
 
5. Acknowledgements 
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Abstract 

This research aims to apply a machine learning 
middleware to the development process of mainstream 
computer games. Every game has an intended purpose 
and intends to elicit a particular emotional response 
from its players. Monitoring the emotions of a player 
during game-play allows developers to assess whether 
their game is fulfilling its intended purpose. We propose 
middleware that can be used in the beta testing stages 
of a game’s development, to extract user information 
from players, which can in turn be used to adapt game-
play to elicit the desired emotion. 
 
1. Introduction 
Scripted intelligence in modern games has a dramatic 
effect on a player experience during game-play. Park et 
al. (2012) outline how playing either with or against 
scripted NPCs and the level of intelligence of the NPCs 
can have a profound impact on the enjoyment levels of 
the player characters. Research until now has had little 
focus on the players’ reactions to these enemies. Such a 
perspective could provide game developers with the 
user generated player data they require in order to script 
the AI for such enemy NPCs in order to elicit the 
expected emotional response from a game’s players.  
 
2. Emotion Recognition Setup 

Our system will classify emotion based on a voice 
signal and also text obtained via a voice-to-text 
converter. What this provides is two systems attempting 
to solve the same problem and, therefore, the potential 
for increased accuracy. For our prototype recognition 
system a standard feed forward neural network with 
back-propagation training is being used. This network 
will process the audio data from players during game-
play. The basic structure takes the form of a standard 
feed forward neural network and consists of three 
separate layers: an input layer; a hidden layer where our 
classification is performed, and a final output layer with 
six outputs to represent six fundamental emotions.  

 
In terms of selecting audio parameters to use as input 

to our network for initial training, Schuller et al. (2009) 
provide the most informed and complete parameter list: 
raw signal, signal energy, pitch, fundamental 
frequency, voice quality, spectral energy, mel-spectrum, 
cepstral coefficients. Through experimentation we 
found that the sampling rate of the input audio stream 
has a direct influence on the pitch extracted from the 
signal. By using a higher sampling rate of 48 kHz this 
ensures that the pitch reading is indeed accurate, and for 
lower sampling rates of 16 kHz pitch readings were 

obscure. The reason for this is that in order to calculate 
the pitch parameter we must rely on higher harmonics of 
F0. In the 48 kHz signal there are more of these 
harmonics than in a 16 kHz signal, so this implies that 
pitch extraction will be more robust using the higher 
sampling rate. Currently our work is focused around 
building the appropriate input schema to train our neural 
network. This in turn informs our work in further 
deriving the seven parameters as outlined by Schuller et 
al. 

 
3. Sentiment Analysis of Text 
Our classifier is based on the ‘Wordnet-Affect’ database 
which is an extension of the ‘Wordnet’ natural language 
processing database. ‘Wordnet’ presents a linguistic 
resource for a lexical representation of affective 
knowledge by assigning 'A-Tags' which can extrapolate 
emotional states and expected responses (Strapparava et 
al. 2004).  
 
4. Conclusion 
Deployment in a fully functional game or a game in its 
beta testing stages is required for testing. Through 
monitoring conversations between players and logging 
their emotions in real time through our system, 
developers can have a clear view of the emotional 
response being elicited from players and in turn know to 
alter the AI of the game accordingly.  Whether a game’s 
intention is to train or entertain, every game intends to 
elicit some kind of emotional response from its players. 
Our middleware will provide useful player generated 
feedback to adapt a game’s intelligence in real time in 
order to move toward eliciting the desired emotion. 
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Abstract 

Web browsers have developed greatly over the past 5-
10 years in terms of technical ability. They are no 
longer just responsible for displaying static web pages, 
but are competing with desktop specific applications. In 
parallel, Building Management Systems are becoming 
more complex and generate large volumes of data. An 
interesting development in modern browsers is the 
advent of plugin-free 3d graphics which can be used to 
help people visualize complex imagery and data such as 
building usage statistics in a user friendly and intuitive 
way. It is my aim to use this technology to further 
advance the work of the BEMSAA project [1]. The aim 
is to use the latest HTML5 and JavaScript technologies 
to enable Building Managers, Engineering Students 
and interested Stakeholders to interact with building 
information models and performance data.  
 
1. HTML5 and WebGL 

One of the most interesting features of the latest web 
mark-up language, HTML5, is the inclusion of a canvas 
element which allows for a range of graphics to be 
implemented in a web browser without the need of 
additional plugins or proprietary software.  

Through the use of a browser based graphics 
language called WebGL we can create and view 3D 
models and visualise complex data in user friendly 3D 
formats. WebGL is based on a graphics language called 
�³OpenGL ES�  ́ and is written in a very low level form 
using the web scripting language JavaScript. The more 
complex side of the 3D visualisation is handled by 
�³�6�K�D�G�H�U�V�´�� �Z�U�L�W�W�H�Q�� �L�Q�� �D�� �&�� �O�L�N�H�� �O�D�Q�J�X�D�J�H�� �F�D�O�O�H�G�� �*�/�6�/����
Because of its low level nature, developers have created 
a variety of JavaScript frameworks to simplify the 
process of creating and manipulating 3D graphics.  
 
2. Choosing a JavaScript Framework 

There are a large variety of WebGL Frameworks 
available [2]. Some only have a low level of abstraction, 
like PhiloGL while others are highly abstracted like 
GLGE and Three.js, the latter being the most popular 
and well supported [3]. It has wide ranging applications 
and is constantly undergoing development and 
improvement with a great variety of open source 
examples and a helpful user base. This is the framework 
�,�¶�Y�H�� �F�K�R�V�H�Q�� �I�R�U�� �W�K�H�� �L�P�S�O�H�P�H�Q�W�D�W�L�R�Q�� �R�I�� �P�\�� �E�X�L�O�G�L�Q�J��
model example. 

 
 
 
 

3. Visualisation and Implementation 
For the implementation section of my project I have 

chosen to use a model of the 2nd �I�O�R�R�U�� �R�I�� �1�8�,�*�¶�V��
engineering building, as it has been previously linked 
[1] in with room temperature, CO2 and humidity data 
and converted to a suitable file type for import into a 
browser. 
 
3.1. FPS Style Navigation 

The aim of this step is to provide an intuitive means 
of navigating the model. The most useful camera 
navigation will be First Person Controls, as found in 
most PC Adventure and First Person Shooter (FPS) 
games. I also aim to allow the user to toggle between 
this control scheme and the more conventional fly-
orbital control scheme. 
 
3.2. Clickable Rooms and Data Graphs 

This will allow the user to highlight and click 
individual rooms. This will then bring up the option of 
generating interesting temperature/CO2 graphs for that 
specific room, a feature which could be very useful for 
engineering student projects. 
 
3.3. Point of Interest Highlighting 

This feature will allow users to identify and highlight 
anomalous data points. Thresholds may be specified by 
the user and then shown as a series of highlights in the 
slider timeline bar at the top of the webpage. This could 
help indicate, for example, a recurring temperature fault 
in one or more of the rooms that could be addressed by 
the Building Manager in the future. 
 
4. Conclusion 

This research will assist developers in deciding 
which WebGL framework is preferable for their own 
3D browser projects. Its main benefit will be to allow 
various user types (building managers, students and 
interested stakeholders) to interact intuitively with 
building information models which will hopefully also 
allow for a greater understanding and awareness of the 
day to day performance of a building. It will also 
highlight in a graphical way, various inefficiencies in 
the building which can hopefully be fixed in the future. 
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Abstract 

This paper investigates the use of genetic algorithms to 
evolve strategies for the Hawk-Dove game. The evolved 
strategies will be analyzed to identify various traits 
contained within the strategies. Furthermore the effects 
of these traits will be examined to determine which 
individual traits or combination of traits, have the most 
impact. In addition this paper will look at identifying 
and analyzing common traits that exist in these 
strategies. 
 
1. Introduction 
     The Hawk-Dove game is a traditional example of a 
game theory model used for studying strategic decision 
making among rational individuals[5]. The aim of the 
paper is to analyze strategies and their traits using the 
Hawk-Dove model to determine if know strategies such 
as Tit for Tat and Pavlov will succeed or will new or 
alternative strategies produce fitter results.  
     In addition, this paper will test if common traits such 
as defending against defectors and taking advantage of 
mutual cooperation exist in these strategies.  
 
2. The Hawk-Dove Game 

 The Hawk-Dove model was first presented in 
Maynard Smith and Price, �³The Logic of Animal 
Conflict�  ́ in 1973. The game was devised to model 
animal behaviour where a contest over a sharable 
resource such as territory or food occurs[1,3]. Two 
players complete by playing one of two strategies, either 
hawk (daring) or dove (careful). The strategy of the 
Hawk is said to be a fighter strategy in which aggression 
is first displayed, then he will fight until he wins or is 
injured. The strategy of the Dove is more peaceful; he 
will also display aggression at first but will retreat if the 
threat of escalation becomes real.  As can be seen in 
Table 1, a payoff is associated with each contest.[1,3] 

 
 Hawk (Daring) Dove (Careful) 
Hawk (Daring) (V-C)/2 V 
Dove (Careful) 0 V/2 

Table 1: Hawk-Dove payoff matrix 
 
Nash Equilibrium describes what move each player 

will make to maximize her score based on accurate 
assumptions about the other player's actions. An 
outcome of a game is Pareto optimal if no one can be 
made better off without making at least one individual 
worse off.[5] For a strategy to be evolutionarily stable, it 

must have no mutant strategy that is; an individual who 
adopts a novel strategy which can successfully invade.[1] 

 
3. Genetic Algorithm 
     A genetic algorithm is a search heuristic based on the 
mechanics of evolution. Each simulation begins with an 
initial population, where strategies are selected 
randomly. Each strategy represents a player in the game. 
�,�Q���W�K�L�V���F�D�V�H�����D���F�K�U�R�P�R�V�R�P�H���R�I�����¶�V���D�Q�G�����¶�V���L�V���X�V�H�G where 
a 1 represents hawk and a 0 represents dove. A fitness 
function, determines the success of these strategies. 
Tournament selection occurs whereby solutions with 
higher fitness scores have a greater probability of being 
selected. �7�K�H���J�H�Q�H�W�L�F���R�S�H�U�D�W�R�U�¶�V���F�U�R�V�V�Rver and mutation 
are then applied to form the next generation. The 
process is repeated until the specified number of 
generations has been reached.[4] 
 
4. The Simulation 
     The simulations will consist of a population size of 
20 individuals per generation. Each game will consist of 
151 moves. Each experiment will consist of 50 
generations. Forty experiments will be performed.[2] 
     In this study a three-memory game is used where 
each strategy can remember the three previous moves of 
both themselves and the other strategy; hence there are 
64 possibilities for the three previous moves. Since a 
strategy requires the history of the three previous 
moves, an extra 6 bits will contain hypothetical moves 
so as the strategy can decide how to make the initial 
move.[2]  
     Each player or strategy will play in a round-robin 
tournament, in that each play all other strategies in the 
population but do not compete against themselves. 
Players or strategies will make simultaneous moves with 
points being awarded based on the outcome. After each 
move the points are calculated and the history of the 
three previous moves is updated.[2] 
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Abstract 
The aim of this research is to gain some insight into 
using a novel genetic algorithm (GA) solution to a 
simple yet challenging commercial puzzle game known 
as Zen Puzzle Garden (ZPG). We describe the game in 
detail, before presenting the complexity of the game 
and the use of a Genetic Algorithm to solve the 
problem. Our research will involve examining G.A. 
theory and looking at the possibility of dynamically 
evolving binary string lengths depending on the 
complexity of individual levels with ZPG. 
 
1. Introduction 
Zen Puzzle Garden (ZPG) [17] is a one-player puzzle 
game involving a Buddhist monk raking a sand garden. 
It is inspired by Japanese garden design, and one 
common feature of such gardens is a flat region of sand 
or small pebbles, which is raked into a pattern.  
ZPG is one example of a transport puzzle. 
The ZPG game takes place on a garden board (shown in 
Figure1) comprised of a two-dimensional grid of sand 
squares surrounded by a perimeter region. Boards may 
also contain rocks, leaves and ornaments. 
The objective of the game is to move a monk character 
around the garden, causing him to completely rake the 
available surface.  
A puzzle board is completed when all initially empty 
squares (i.e., any sand square not covered by either a 
rock or an ornament) have been raked and the monk has 
stepped onto the perimeter region. 
Previous research done in at the solvability of ZPG 
shows that it is NP Complete [1].  
 
2. Hypothesis 
This research project aims to look at the performance of 
various chromosome lengths in a set of Gardens found 
within in the ZPG both commercial boards [2] and self 
designed boards, of various degrees of difficulty. 
Detailed examination of the chromosome lengths for 
and implementing dynamically changing chromosome 
lengths for increased more optimal solutions.  
Due to the nature of the ZPG, the length of a 
chromosome is a parameter which if altered during a 
game may impact significantly on performance.  
Therefore we intend to examine the possibility of 
dynamically altering the chromosome length.  We also 
want to measure the effect on complexity of altering the 
board and analyse the impact of these changes on the 
GA’s ability to solve the problem. 

 
3. Methodology 

Due to the game being a commercially owned product 
the availability of source code for the game was 
unavailable therefore using Java we designed a playable 
game in which the complexity of a specific game could 
be changed by loading boards with different amounts of 
sand and obstacles on each the board. We built a 
simulator for the game which plays according to the 
rule set out by the game designers [2] and implemented 
a GA to optimize the solution. 
 
4. Future Work 
We hope to run diagnostics on the length of a fit 
chromosome and see if this chromosome could have 
solved the board in a shorted amount of moves by 
eliminating non productive moves on the perimeter 
region. And thus dynamically change the length of 
chromosomes. 
 

 
Figure 1: Example of a Board in ZPG 
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Abstract 

 This work proposes a linked data based configurator 
system, which creates an underlying semantic 
framework & utilises RDF / SPARQL for the 
configuration of heterogeneous sensor actuator devices 
& their parameters. This will enable more abstract & 
less technical device configuration statements to be 
executed using standardised web technologies. 
 

1. Introduction 
It is estimated by 2020 there will be 24 billion devices 
connected to the internet [1], a large portion of which 
will be sensing devices. As these “sensor networks are 
augmented with additional actuators to further enhance 
their functionality” [2] the case to enable users to 
configure these network devices strengthens. However a 
solution to the configuration of both sensor/actuator 
device (SAN) parameters, across the internet has not 
been addressed due to a number of issues; the inter-
linking of heterogeneous devices, device-to-device 
interoperability utilising existing standards & the ability 
to abstract the user configuration process. 
 

2. Device Parameter Configuration 
The following scenario illustrates the Device Parameter 
Configuration (DPC) requirements in a smart building 
context; A University campus has a collection of smart 
lighting fixtures, across a number of buildings, installed 
in different phases of campus construction thus made by 
different hardware vendors. Embedded in these fixtures 
is a networkable SAN device which can collect local 
environmental data & control the area lighting. The 
Facilities manager wishes to make some adjustments to 
lighting as during study week students will be in the 
designated study areas, later at night. The manager (with 
no technical background) wishes to set the light level to 
75% in the hallways around campus, near to study areas, 
between 22hr & 02hr. To build a system with this 
functionally can be quite complicated as the different 
devices vendors are not using the same communication 
standards, device parameters have a technical rather 
than a uniform semantic representation & achieving 
high level abstraction of such DPC statements, is not 
straight forward; i.e. configuration normally requires 
technical knowledge at a device level (low level). 
 

3. Linked Data for DPC 
To address this aforementioned scenario, we propose an 
architecture for a SAN configurator system, utilising the 
following linked data technologies; (1) RDF data 

model – As the concept of linked sensor data [3] 
outlines the benefits of expressing devices in terms of 
RDF, SAN parameters expressed in the same way 
would create a framework to enable the underlying 
semantics of parameters to be understood & altered in 
an abstract way. Moreover, a RDF device ontology[4] 
provides relations between these parameters & thus can 
be used to express low level entities (e.g. light fixture 
actuators)  in terms of high level concepts (e.g. light 
level) through reasoning. (2) SPARQL Update - High 
level configuration statements can be formed using 
device ontology relationships & executed through a 
standardised language, i.e. SPARQL Update. Figure 1. 
Illustrates the configuration statement required for the 
smart building scenario: 
 
INSERT {? thing san : lightLevel '75%' }  
WHERE {  a LightSource .  
    ?thing san : location "hallway"  . 
    ? thing san : near "StudyArea"  .  
    ?thing san : systemTime ?date  .  
FILTER (? date  > "0000-00-00T00:22:00-02:00"  
^^ xsd : dateTime )  .   
}  

 Figure 1: Sample SPARQL Update statement 
 
(3) RDF Storage - RDF stores can be utilised to store 
device specific meta-data which can be used at 
configuration time. Moreover, the configuration 
commands created through SPARQL Update can be 
temporary stored in RDF store for validation against the 
device ontology.  
A communications middleware is used to link this 
linked data layer with the device network layer. 
   
4. Current State & Next Steps 
We are currently in the process of building a 
configurator system based on above solution, using low 
level configuration type statements (device level) first & 
then we aim to abstract this to a system with more high 
level type statements. 
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Abstract 

Social Network Analysis is the study of human 
behaviour and its evolution based on interactions of 
similar or like-minded individuals. The objective of this 
research is to study the eBay community and analyse 
the effects of human behaviour in an environment 
where buying and selling is very much dependant on 
the behaviours of others i.e. bidding on items in an 
auction. In addition it aims to look at how sellers 
behave in this open marketplace and the incentives to 
react to what their competitors do, and in particular the 
concept of collusion.  
 
1. Introduction 

The emergence of ebay.com as one of the first 
consumer to consumer markets developed a new form of 
online community. This is a community that is driven by 
individuals with common interests but who effectively 
act for their own benefit in order to either achieve a 
profit or achieve the winning bid.  

With a global community of 100 million people eBay 
presents a diverse group of individuals and provides a 
wealth of insight into human behaviour [1]. 

Using Social Network Analysis this project will 
determine that such a community exists and provide an 
insight of how humans will behave both positively and 
negatively when interacting with one another in the 
eBay marketplace. 
 
2. Motivation 

When you consider that the first item sold on eBay 
was a broken laser pointer and the buyer, a collector of 
such items, it indicates the diversity of eBay which sets 
it apart from other marketplaces.  

The majority of products traded are through auctions 
which require a buyer to place bids until the auction 
time ends. A lot can be interpreted about human 
behaviour in such a system. An interesting question is 
also raised of how much of this behaviour is driven by 
the actions of other buyers.   

Sellers have a lot to gain by understanding their 
market and it is of particular interest to try and gain an 
insight to their behaviour in relation to both consumers 
and competitors. By analysing buyers and sellers, 
together with their transactions we gain a better 
understanding of this social network. 

 
3. Social Network Analysis 

People who interact with each other develop a 
network over time. Some are more connected to each 
other than others and thus are more influenced by what 
others do. On the other hand the more connected they 

are the more influence they have on others. Social 
Network Analysis attempts to analyse how opinions and 
actions of those within the network change over time 
with increased interaction. 
 
4. Methodology 

Our initial step is to find the most bought and sold 
items in the eBay marketplace. From this we will base 
our study on buyers and sellers trading those 
commodities. 

Data on eBay Sellers will be collected by using the 
Terapeak Developer API [2]. This data will then be 
visualised using Tableau data visualisation software.  

Data on eBay Buyers will be extracted using the 
eBay Developer Program [3] which provides a range of 
�$�3�,�¶�V�� �W�K�D�W�� �Z�L�O�O�� �S�U�H�V�H�Q�W�� �X�V�� �Z�L�W�K�� �W�K�H�� �L�Q�I�R�U�P�D�W�L�R�Q�� �W�R��
conduct our study on buyer behaviour. 

We will then apply the principles of Social Network 
Analysis to determine the role of human behaviour and 
its effect on the actions of people interacting in the 
marketplace. 
 
5. Auction Sniping 

During our research we will investigate the practice 
of auction sniping, a practice frowned upon but 
permitted by eBay. Sniping occurs when a buyer will 
hold off until the last moment before the listing end time 
before placing a higher bid than the current highest bid 
in order to win the auction. This research will try to 
prove that the practice is widespread and try and 
determine what the motivations for engaging in this 
practice are. 
 
6. Collusion 

With eBay being such a large open market it is 
possible that there are aspects of disingenuous trading, 
in particular, collusion. Collusion is the practice of 
sellers cooperating with each other in order to force 
prices upward to maximise profits. During our research 
and analysis of the data collected we hope to discover 
patterns of seller collusion and try and determine how 
prevalent this practice actually is. 
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Abstract 
This research is focused on developing new 
chemometric and data mining algorithms for analysing 
data collected from multiple sensors in real time. The 
algorithms will be used within a portable CBRNE 
(chemical, biological, radiological, nuclear and 
explosives) detection unit currently under development. 
Because the algorithms will be deployed on an 
embedded system required to generate timely and 
accurate alerts, speed and accuracy are crucial. The 
performance of our new algorithms will be compared to 
existing popular and best practice algorithms. 

1. Introduction 
The detection of illicit, hazardous, dangerous materials 
which are declared as unsafe and unsecure by border 
security and custom controls is of great importance and 
concern. This study aims to detect chemical, biological, 
radiological, nuclear and explosive substances. A 
variety of sensor technologies are required to identify 
such substances. The extraction of useful information 
from raw sensors requires specific methods and 
algorithms [2]. When analyzing sensor data, there are 
three main challenges [3][4]: 
 
1. High dimensionality: It is often the case that the 

numbers of attributes are large when compared to 
the number of samples. 

2. Collinearity: Many attributes are correlated to each 
other, making statistical analysis difficult. 

3. Noise: Noise is prevalent when samples consist of 
mixtures of multiple substances. For example, 
when analysing the spectrum of a mixture, different 
components may have overlapping peaks.   

In this study, we will focus on developing and 
designing new algorithms using domain knowledge. 
Various researchers have shown that incorporating 
domain knowledge improves the model, making it more 
accurate and reliable [1]. 

2. Previous Work 
Researchers at NUI Galway previously worked on the 
development of data mining methods for spectroscopic 
data analysis, which has included work on multiple 
machine learning methods [3][4]. This prior work 
focused primarily on Raman spectroscopy, for 
identification of solvents and narcotics; these 
techniques will have to be adapted and developed 
further to work with the diverse forms of sensor data 
required for this CBRNE detection unit. 

3. Objectives 
The objectives of this work are: 

1. To develop new chemometric and data mining 
algorithms using appropriate sensor data and 
incorporating domain knowledge  

2. To evaluate the performance of newly developed 
algorithms and compare them with existing best 
practice algorithms employed in this domain.  

The algorithms we will develop must be capable of 
operating effectively on low powered processors (e.g. 
ARM). We will explore two main approaches to 
achieve this: 

1. Develop algorithms that have low computational 
requirements and so can be implemented directly 
on such processors. 

2. Develop methods whereby data mining models are 
built on a more powerful computer and then 
deployed to a small processor. For example, it may 
be computationally prohibitive to inductively learn 
a decision tree or support vector machine classifier 
on a low-powered processor, but the resulting 
classifier can be represented as a small amount of 
code.  

We will make use of the software framework developed 
in previous NUI Galway research for our 
implementation work. 
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Abstract 

In recent years the volume of data stored has increased 
rapidly. This is largely due to do increased use of 
computers and the internet with the possibility of 
recording every occurring event. These collections of 
data have become known as Big Data. The traditional 
methods for managing and storing data, such as 
relational databases, are coming under increased 
pressure. In some cases data is being generated faster 
than it can be written to persistent storage disks. 
This research evaluates alternatives to the traditional 
methods of storing and explores the use of machine 
learning methods to learn from these large volumes of 
data and achieve better classification for new data.  
 
1. Introduction 

Most organisations view their data as one of their 
most valuable assets as they can monitor trends in their 
business and performance against their completion. 
This is the main reason why organisations have started 
collecting data in such a large scale. 

These large collections of data have created new 
problems regarding databases. The two main problems 
have been the physical storage of large volumes of data 
and the ability to analyse this data. When indexing the 
internet for their search engine, Google were one of the 
first to encounter these problems. As a solution they 
developed both the Google File System (GFS) in 2003 
[1] and MapReduce in 2004 [2]. The GFS is a 
distributed file system for storing petabytes over a 
cluster of commodity hardware. MapReduce is a 
programming model for processing data. The biggest 
advantage of the MapReduce model is its ability to be 
scaled horizontally. Horizontally scalable is where if 
more disk space or processing power is required, a new 
computer can be added as oppose to the vertically 
scalable option where a new more powerful computer 
would replace the existing computer. Apache Hadoop is 
an open source implementation of �*�R�R�J�O�H�¶�V��distributed 
file system and MapReduce [3]. 
2. Storage of the Data 

Traditionally relational databases are used for data 
storage. Two problems for RDBMS and Big Data are 
the size of storage disks and the read/write speeds of 
disk storage devices. One solution is distributed 
databases such as Hbase. These do not follow RDBMS 
conventions such as relations between the tables and 
SQL to query the data. In this project a parser is 
implemented to listen for data from a source and place 
it in Hbase using Hive client and a Thrift server. 
3. Analysis of the Data 

In machine learning, the decision tree is one of the 
most widely used methods to classify data [4]. A 

decision tree is built from classified data known as 
training data and is used to classify unclassified data.  

In 2001 Breiman presented a new approach to the 
decision tree called Random Forest [5]. A number of 
decision trees are created. Each tree is different, as each 
obtains a random sample of the training data and builds 
its own tree. This results in a forest of random trees. 
The testing data is passed through the forest of trees and 
each tree casts a vote on the classification of the data. 
The data is classified by the majority of the votes.  

In this project, a random forest is implemented as a 
MapReduce job. As each tree is independent of the 
others, �L�W�¶�V���S�R�V�V�L�E�O�H���I�R�U���W�K�L�V���W�R���E�H���G�H�Y�H�O�R�S�H�G���D�V���D���S�D�U�D�O�O�H�O��
process with the voting completed in a single reduce 
task as illustrated Figure 1.  

 
Figure 1 Diagram of Random Forest in MapReduce 
 
4. Future Work 

Over the past few years there has been an increase in 
the use of streamed data. These are live streams of 
events occurring in the present. It is hoped to that this 
project will receive streamed data, classify it and retrain 
the decision trees for the next period. 
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Abstract 
The WIISEL project proposes an open platform 
network architecture that delivers an unobtrusive, 
self-learning and wearable prevention and 
warning system to decrease the incidence of falls 
in the elderly population. The system is based on 
an insole that monitors the gait and posture 
dynamics of an individual via a matrix of printed 
pressure sensor. The data from the insole will then 
be sent to a smartphone via Bluetooth. The data 
will be then uploaded to a server via Wi-Fi or 3G. 
The server will incorporate an intelligent 
prediction system that aims to discover patterns 
and make predictions based on historical and real-
time daily behavioral data. In other words, the 
system is self-learning and user- friendly. This 
self-learning system will facilitate the 
identification of fall risk of falls, thereby allowing 
clinicians to view the information and take 
preventative action where necessary.   
 
1. Introduction 
Falls among older adults are a huge health, social 
and economic problem. Approximately 30 per cent 
of people over 65 years of age and living in the 
community fall each year [1]. Although less than 
one fall in 10 results in a fracture, at least a fifth of 
fall incidents require medical attention and may 
lead to injuries which will ultimately limit the 
independence of those affected [2]. Deterioration 
of gait and posture is seen as a major factor in 
increased fall risk [3]. The need for an ambient, 
intelligent and unobtrusive system to monitor gait 
and hence quantify fall risk is becoming apparent. 
The WIISEL project seeks to design and develop 
such a system.  
 
3. Design Process and System 
The older adult is the primary target end user of 
the WIISEL system. This provides challenges for 
designers as the elderly are not a traditional target 
group for advanced technology. The WIISEL 
project will seek to overcome this by heavily 
incorporating the principles of Human Centered 
Design (HCD) into its design process HCD 
promotes early focus on users and user input early 
in the design process [4].   

 
Figure 1: HCD Process 

The WIISEL system is shown in Figure 2. 

 
Figure 2: The WIISEL System 

5. Discussion 
We anticipate that this new technology will enable 
the prevention of falls in elderly people. It will 
drive a paradigm shift and empower new clinical 
and research opportunities, ultimately leading to a 
reduction in the burden of falls, improved health-
related quality, and economic benefits for EUs 
healthcare system that is faced with caring for a 
growing elderly population. The WIISEL system 
will be the latest in connected health technology.    
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Abstract 

Progressive Reinforcement Learning (RL) is an 
extension to RL that allows knowledge gained in one 
problem to be transferred to another. This research 
aims to show that Progressive RL can be used in 
situated robotics to improve the performance of 
learning agents. 
 
1. Introduction 

Reinforcement learning is a class of techniques in 
which an agent learns how to navigate its environment 
by interacting with it. It receives intermittent rewards 
and punishments as feedback from its environment, and 
attempts to maximise the rewards it receives over the 
long term. The environment is explored in a trial and 
error manner, with the agent having no prior knowledge 
of the environment in which it acts.  

As the agent gains knowledge of its environment, it 
balances its actions between exploration and the 
exploitation of its knowledge in order to maximise 
potential rewards. As Sutton and Barto [1] note “In the 
most interesting and challenging cases, actions may 
affect not only the immediate reward but also the next 
situation and, through that, all subsequent rewards.” 
 
2. Progressive RL 

Reinforcement learning agents are particularly suited 
to any class of problem where the solution is difficult to 
explicitly explain, or break down into steps. They can 
come to optimal solutions without any explicit 
instruction.  

Because the agent approaches every problem with no 
prior knowledge of simpler, related problems, 
knowledge learned in any one specific situation is 
ignored in closely related or parallel situations. This 
limitation of reinforcement learning becomes a problem 
in environments with large or complex state spaces, or 
when moving from one closely related environment to 
another.   

Progressive Reinforcement Learning [2] is an 
extension of RL for knowledge transfer in environments 
of progressive complexity. A progressive RL agent 
alternates between experimentation and introspection 
phases. In the first phase, the agent has no prior 
knowledge. It solves the problem using traditional RL 
methods. Once the initial problem is solved, the agent 
begins an introspection phase. The introspection phase 
distils the knowledge gained from solving the problem 
into a set of high level rules by employing a symbolic 
learning algorithm. The agent then uses these rules to 
guide its exploration in the next experimentation phase. 
 

3. Methodology 
For our initial implementation, we built a software 

environment for the progressive RL agent. The Theseus 
and the Minotaur maze puzzles [3] invented by Robert 
Abbot were used as a progression of environments with 
progressive difficulty. We implemented the agent as a 
Q-learner [4] with an ID3 [5] symbolic learner.  

Once we reproduced the results of Madden & 
Howley [2], the agent was implemented  on the Lego 
Mindstorms platform, using replacement firmware, 
leJOS [6].  

Currently testing is underway to determine if the 
knowledge gained in the simulated mazes improves the 
performance of the agent in the physical mazes. 
 
4. Conclusions 

In the development of AI algorithms for robotics, 
one of the key approaches is to simulate the 
environment and develop the algorithm to fit it. In any 
simulation, detail is inevitably lost. There are always 
simplifications or omissions made, often simply because 
a perfect model is intractable.  

Bringing the implementation from a simulated 
robotics setting to a situated robotics setting is 
analogous to moving from a simpler maze to a more 
complex maze in the Theseus and the Minotaur puzzles. 
Progressive RL can be used to leverage the knowledge 
gained in simulated robotics in order to improve the 
performance of the agent in the situated setting. 
 
5. Future Work 

Future work is to develop knowledge transfer 
algorithms to bridge the gap between simulated and 
situated robotics, and to further develop the 
understanding of knowledge transfer mechanisms in 
reinforcement learning agents.  
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Abstract 

The Bag-of-Words (BOW) is currently the most widely 
used model for text representation in Automatic Text 
Classification (ATC). However, the model is solely 
based on the use of individual words in a text document 
with no regards to their semantics and associations 
within the context of the document. This has been shown 
to negatively impact the accuracy of ATC systems. This 
research project aims to investigate the use of a text 
representation model, known as the Bag-of-Concepts 
(BOC), to complement the BOW and, hence, alleviate 
the effect of above mentioned shortcoming. In order to 
utilise the BOC model, a comprehensive and reliable 
knowledge source is required.  
 

1. Introduction 
A commonly used method to represent a document is 
by using a Vector Space Model with words as features, 
using an approach known as the Bag of words (BOW) 
model. However, this representation is limited by two 
main disadvantages: (1) it breaks multi-word terms, into 
independent features, i.e., single words (2) it treats 
synonymous words as independent features. 
Researchers have attempted to address above issues by 
representing text by concepts rather than words, using 
an approach known as Bag of Concepts (BOC) model. 
The main benefit of the BOC is that it captures and 
preserves the semantics and associations between words 
appearing in the document. In this case, a semantic 
knowledge bases such as WordNet1, ODP2, and 
Wikipedia3 can be used to identify the concepts 
appearing within a document. However, it has been 
shown that concepts alone do not provide sufficient 
representation of a text document. For these reason, we 
aim to enrich the BOW text representation with 
concepts and categories, as derived from the Wikipedia 
as a knowledge base, to build a new BOW-BOC 
combination model. 
 

2. The Combined Model   
Enriching the BOW model with concepts from the 
Wikipedia using different strategies via a combined 
model has two benefits: (1) It resolves synonyms; and 
(2) it introduces more general concepts which help 
identifying related topics. In our work, we investigate 
the realisation of BOW-BOC combined model using the 
following approaches: 
 

2.1. Adding Concepts (AC) 
This approach simply involves adding the concepts 
identified in the documents to the BOW [1]. 
 
 
 

2.2 Replacing Terms with Concepts (RTC) 
This approach is similar to �µ�$�G�G�L�Q�J�� �&�R�Q�F�H�S�W�V�¶�� but 
instead of keeping words with corresponding concepts 
in the BOW vector, they will be removed form it [1]. 
 

2.3. Adding Unmapped Concepts (AUC) 
This approach simply involves adding concepts with no 
corresponding words to the BOW vector. 
 
2.4. Using Concepts for Terms which do not 
Appear in the Document (CTD) 
Similar to the BOW model, this approach works by 
using words for representing a document. The only 
difference is in the weighting scheme used, where all 
the words from the dictionary which do not appear in 
the document but have a corresponding concept in the 
documents BOC vector would be added to the 
combined vector with weights equal to those of the 
corresponding concepts. 
 

2.5. Adding Concepts and Categories (ACC) 
This �D�S�S�U�R�D�F�K�� �Z�R�U�N�V�� �O�L�N�H�� �W�K�H�� �µ�$�G�G�L�Q�J�� �&�R�Q�F�H�S�W�V�¶�� �E�X�W��
instead of adding only the concepts to the BOW it will 
also add the parent categories of concepts will also be 
added to the feature vector [2]. 
 

3. Results 
 All above approaches have been tested on the 20 
newsgroups dataset. In these experiments we used the 
linear Support Vector Machine (SVM) algorithm to 
learn a model to classify the documents into 20 
categories. We evaluated performance of the proposed 
approaches using Micro and Macro F1 measures. As 
shown in Figure 1, the results show improvement in the 
performance of our combined model compared to that 
achieved by the BOW and BOC models individually. 
 

 
Figure 1: Results for text classification on 20 newsgroups 
using the different approaches. 
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Abstract 
Network traffic classification has become an 
increasingly problematic area with the expansion of 
Internet services. A machine learning based classifier is 
proposed as a solution to the issue of classifying traffic 
by their respective applications using the NetFlow tool 
developed by Cisco. Several machine-learning methods 
are analysed to gain the most accurate classification 
percentage. The chosen classification system is then 
placed in a software framework so that candidate traffic 
flows can be identified and analysed in real-time. 
 
Keywords 
NetFlow, Classification, Machine-learning  
 
1. Introduction 
As the number of people and devices around the world 
using the Internet increases, the monitoring and the 
management of network bandwidth becomes more of an 
issue. In this sense, a tool which could be used to 
classify network traffic by the respective applications 
which generated it would be a very useful tool for 
prioritizing and queuing of traffic on a network. As of 
the time of this study, older classification methods such 
as port-based classification and Deep Packet Inspection 
(DPI) have become obsolete in some respects. 
Of particular interest to this study is the classification of 
�I�O�R�Z�V���Z�K�L�F�K���Z�R�X�O�G���E�H���F�R�Q�V�L�G�H�U�H�G���µ�E�D�Q�G�Z�L�G�W�K-�K�R�J�V�¶���D�Q�G��
have the potential for slowing down a network. Such 
flows are sometimes caused through the use of video-
streaming websites and Peer-to-Peer (P2P) applications 
such as BitTorrent and Gnutella. 
In this work, a machine learning based classification 
system using the popular C4.5 decision tree algorithm is 
evaluated to see if it can become a viable solution to 
accurately classifying traffic and is then implemented 
using the WEKA machine learning software set so that 
flows can be classified in real-time. 
  
2. Methodology 
 
2.1. NetFlow Data 
 
NetFlow is a widely extended protocol developed by 
�&�L�V�F�R�� �W�R�� �H�[�S�R�U�W�� �,�3�� �À�R�Z�� �L�Q�I�R�U�P�D�W�L�R�Q�� �I�U�R�P�� �U�R�X�W�H�U�V�� �D�Q�G��
switches[1]. 
The first stage of this research was the capturing of 
Netflow data using the Nfdump software. NfDump is a 
Netflow tool which can be used to gather records of the 

flows which pass through a NetFlow-enabled network 
device such as a router or switch. These records include 
information about transport protocols, duration, port 
numbers, IP addresses, no. of bytes, packets etc. 
NetFlow v9, the latest version available, was the 
version used to carry out the research.  
 
2.2. Classification System (Offline Phase) 
 
The next stage in the project was the building of a 
machine-learning based classification system. This was 
done using WEKA machine-learning software. The 
building of the classification system involved two 
stages, first, the gathering of pre-classified data (7000+ 
samples) with which to train the classification system 
and second, the evaluation of the classification system 
�Z�L�W�K���µ�X�Q�V�H�H�Q�¶���W�H�V�W�L�Q�J���G�D�W�D (7000+ samples). 
A number of different machine-learning algorithms 
were considered and tested against the training and 
testing data with the C4.5 decision tree proving the 
most efficient and accurate choice giving a 
classification accuracy of approximately 94% over the 
two data sets. 
 
2.2. Software Framework (Online Phase) 
 
One of the aims of this project was to develop software 
which would allow the classification of traffic in real-
time. The software works by sending commands to the 
NfDump software and reading the data from the 
resulting NetFlow reports. This data is then passed into 
the C4.5 decision tree for classification. The resulting 
classification is then displayed in the user interface. 
 
3. Evaluating Results 
 
The results of this study will be the analysis of the 
research into the accuracy of the various ML techniques 
tested in the context of network traffic classification. 
Some of the statistics which will be discussed include 
the True Positive Rate, False Positive Rate, Precision 
and Recall. 
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1. Introduction 

In online question-answering (Q&A) platforms, the 
users' incentives to share their knowledge are manifold. 
Users have several intrinsic motivations to answer the 
questions of other users. For example, they rely on the 
fact that their own questions get answered when they 
contribute to finding solutions, and they also show a 
general altruism to help others [1]. In addition to that, 
providers of many Q&A platforms are trying to increase 
the quality of their content by giving the users an 
opportunity to reward good answers from their fellow 
knowledge-seekers, and thus adding an extrinsic kind of 
motivation [2]. These rewards usually come in a sort of 
points that users can accumulate and publicly display. 
 
2. Problem Statement 

The argument for rewards is that they improve the 
content quality of Q&A platforms because users are 
more motivated to provide helpful answers. However, a 
reward system also holds risks for the quality of the 
community-generated content. We investigate the 
impact of different kinds of widely-used reward systems 
on the user behaviour regarding the quality and quantity 
of contributions. In particular, we look at the perceived 
pros and cons of different implementations of reward 
systems, and try to answer the following high-level 
research questions: 
�x If a reward system increases the quantity of 

contributions, does it harm their quality? 
�x Does a reward system support or undermine trust in 

the community and in itself? Specifically, do users 
1) game the system, or 2) reward other users based 
on social factors rather than on the quality of their 
contributions? 

�x What are the use cases for different implementa-
tions of reward systems? When is it beneficial to let 
the community evaluate answer quality in addition 
to the question asker, and when is collaboration 
desired over competition? 
 

3. Approach 
In an attempt to answer these questions, we examine 

real-world Q&A forums with different implementations 
of reward systems. A set of statistical metrics helps us to 
evaluate different aspects of the user behaviour 
regarding question-answering in relation to reward 
systems. These statistical metrics describe the following 
characteristics of Q&A forums: 
�x User participation 
�x Diversity of contributions 
�x Reply time 

�x User expertise recognition 
�x Amount of purposeless information and low quality 

contributions 
�x The effect of rewards on trust in the community to 

help out users in need 
�x Usefulness of selected best answers for question 

asker vs. general usefulness for the community 
Then, we compare our findings in a simulation where 

we focus entirely on reward systems in a question-
answering environment. We ignore influences from 
outside the system, such as the user interface and the 
order in which questions are presented to the users. 
These factors differ from forum to forum, and can 
potentially bias our findings on the real-world data. 
With the simulation we want to compare our findings of 
different implementations in the same environment, and 
thus ruling out the potential bias of user interfaces. 
 
4. Real-world Data 

Our data sets are well known forums: 
�x SAP Community Network (SCN), a semi-corporate 

technical support forum. The SCN has a reward 
system where the question-asker selects the best 
answer and awards a number of helpful answers. 

�x Stack Overflow (SO), an independent forum for 
questions mainly around software and programming 
languages. One main difference to SCN is that the 
community assesses the quality of answers. 

�x Boards.ie, the biggest Irish discussion board. This 
platform has no reward system and serves as a 
baseline to see how people answer questions 
without the extrinsic motivation of rewards. We 
select technical Q&A sub-forums from the whole 
discussion board in order to directly relate to the 
other two platforms. 

 
5. Outlook and Expectations 

This work presented here is still in progress. In our 
on-going experimentation, we gradually gain under-
standing of the answer behaviours that users show in 
different reward environments. We expect that this work 
will provide useful insights into the effects of different 
reward systems, and thereby allow us to progress 
towards answering our research questions in near future. 
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Abstract 

The project seeks to innovate and evolve Internet cloud 
storage services and functionality which is more secure, 
more accessible than presently available. In particular, 
it will seek to design and implement a layer of 
user-controlled and user-driven security. This in itself 
should be sufficient to guarantee the security and 
confidentiality of user-selected data on the cloud 
storage platform, and should integrate harmoniously 
with mobile terminal security, and with security on 
other user platforms which will seek to have access to 
the data. Real time accessibility and functionality of 
user, or user-shared video and audio files through 
streaming, as well as through file downloading, will be 
provided as another key feature. Variations and 
expansion of synchronisation services and functionality, 
�R�I�� �X�V�H�U�� �W�H�U�P�L�Q�D�O�V�� �W�R�� �X�V�H�U�¶�V�� �F�O�R�X�G�� �U�H�V�R�X�U�F�H�V���� �L�V�� �D�� �W�K�L�U�G��
goal of this research. 
 
Keywords: Cloud Storage, Data Security, Streaming Video 
 
1. Introduction 
The numbers of mobile computing devices �±smart 
phones, iPads, etc.�± is seeing phenomenal growth. Sales 
of smart phones, for instance, in 2012 were of the order 
of 485 million, about a third of all handsets sold. This is 
forecasted to rise to over 1 billion per annum by 2016, a 
year when such sales should pass the 50% mark of all 
handsets expected to be sold, [1]. Real-time accessibility 
to and confidentiality of the data on the cloud are some 
of the pressing and paramount demands of these users. 
Cloud computing is characterised especially by data 
being stored on large distributed multiple third-party 
servers, which are mirrored to other redundant server 
farms for security and back-up[2]. Combining this with 
the multiplying growth of the Internet�¶�V�� �S�K�\�V�L�F�D�O��
resources, both bandwidth and level of QoS 
economically available to users, together with the 
immense growth in the range and spread of information 
each user is storing, accessing, managing, and sharing, 
�F�R�P�E�L�Q�H�G�� �Z�L�W�K�� �X�V�H�U�V�¶�� �G�H�V�L�U�H�� �W�R�� �E�H�� �D�O�Z�D�\�V�� �R�Q�� �D�Q�G�� �I�X�O�O�\��
mobile, means the cloud solution is quickly becoming a 
necessity and a modus operandi. Cloud computing 
styles, e.g., Amazon�¶�V����G�R�R�J�O�H�¶�V���� �0�L�F�U�R�V�R�I�W�¶�V�� �D�Q�G��
Dropbox, vary as a function of the underlying resource 
abstraction technologies[3]

.  
The location of server farms, or more especially in what 
legal jurisdiction they reside, in respect of security, data 
confidentiality, privacy and integrity[4], is a major 
concern for the data owners. Clearly for corporate users 
of clouds, this is the biggest obstacle towards 
widespread adoption. Cloud provider certificates, and 
guarantees of strong encryption of all stored data, are 
not sufficient assurance. Levels of accountability, 
liability and transparency on offer today (2013) is not 
re-assuring. Structured, independent transparent 

verification schemes also do not exist. In any case 100% 
data encryption is also a blunt instrument, as for many 
the fraction of data they usually wish to safeguard is 
quite small. Research on this project addresses this 
�O�D�W�W�H�U�� �µ�V�S�H�F�L�I�L�F�� �G�D�W�D�� �V�H�F�X�U�L�W�\�¶�� �S�U�R�E�O�H�P�� �D�Q�G�� �L�Q�� �S�D�U�W�L�F�X�O�D�U��
seeks to design user-controlled and user-driven 
integrated solutions which can be harmonised and 
synchronised over all user platforms.  
The second objective of the research is to enhance the 
cloud storage platform as a better platform for personal 
multimedia content storage and delivery. Video may be 
captured and encoded for real-time communication, or 
it may be pre-encoded and stored for later viewing. 
Interactive applications are one example of applications 
which require real-time encoding, e.g., videophone, 
video conferencing, or interactive games[5]. 
 
2. Work packages 
Advantages and disadvantages of the current open 
source and trial version cloud storage services like 
Amazon Simple Storage Service (S3); Google Cloud 
Storage are being comparatively analysed with a view 
towards developing and establishing a cloud storage 
platform for data storing and synchronisation. 
Integrated into this will be a stream media server, 
employing user-driven cloud apps for converting and 
delivering video files into stream media. 
Live-conversion and pre-streaming conversion solutions 
will be examined. Also user-created and user-driven 
security mechanisms for selected file/data storing and 
sharing will be examined. Functionalities supporting 
authentication, data integrity, encryption, and 
confidentiality in this context will be examined and 
solutions developed. 
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Abstract 
This research aims to address the problem of battery 
life in ambulatory systems for monitoring biomedical 
signals in the mobile healthcare environment. 
Specifically, examining the potential power savings that 
may be obtained using the recently-introduced 
Bluetooth Low Energy (BLE) specification, where 
wireless signal transmission is used between a wearable 
sensor, and a Body Area Network (BAN) hub e.g. a 
mobile phone. To demonstrate the potential savings, 
ambulatory monitoring of ECG for heart rate 
variability analysis is used as an example application. 
Furthermore, this study also examines the additional 
savings that may be obtained using compression of the 
ECG signal prior to transmission. The analysis shows 
that using both compression and BLE has the potential 
to extend battery life by a factor of 8 compared to the 
current Bluetooth 3.0 standard. 
 
1. Introduction 
    It is predicted that by 2015 there will be 700 million 
smartphones in existence with the BLE IC incorporated 
to these devices. Table 1 compares important 
characteristics of BLE and its Bluetooth 3.0 counterpart. 
Technical 
Specification 

BLE  Bluetooth 3.0 

Symbol Rate 1 Mbps 1 - 3 Mbps 
Start Up (from not 
connected to send) 

<6 ms >100 ms 

Power 
Consumption 

0.01 - 0.05 1 (reference 
value) 

Table 1: BLE and  Bluetooth 3.0 Comparison 
 
2. Mobile Healthcare Architecture 
    ECG monitoring in a Body Area Network (BAN) is 
used as a sample application and in particular analysis 
of heart rate variability (HRV) and QRS detection are 
considered. 

 
3. Power Consumption 
    SHIMMER 2r is chosen as the wearable sensor 
device and operates on a 280 mAh battery. Constant 
ECG transmission sampling at 500 HZ with no 
optimization techniques results in a battery life of 
(280/25.15) 11.13 hours. Cases of sampling at 100 Hz 
and 250 Hz lifespan would be 12.1 and 11.84 hours 
respectively. 
 

Sampling 
Frequency (Hz) 

100 250 500 

Current 
Consumption (mA) 

23.14 23.64 25.15 

Table 2: Current Consumption streaming over Bluetooth 
3.0 

  
4. Signal Compression 
    Twomey et al. [1] shows an accuracy of >90% in 
QRS detection and HRV analysis is maintained when 
compressing at a ratio of 25. Higgins et al. [2] reported 
that the cost of a compression algorithm (SPIHT) is 
negligible, for example while compressing at 25 a 
processor is only loaded at 0.024%. 
 
5. Combined Savings 
    Table 3 shows the savings which can be obtained 
when combining compression of the signals and 
transmission of signals over a BLE radio link. 

Operation Case 1: 500 
Hz, 2 channels 

Case 2: 250 Hz, 
1 channel 

Transmission 24 ms @10.65 
mA 

6 ms @10.65 
mA 

Sleep Mode 976 ms @ 3.1 
mA 

994 ms @ 3.1 
mA 

Average Current 3.3 mA 3.15 mA 
Battery Life  (280 mAh/3.3 

mA)  
= 84.8 hours 

(280 mAh/3.15 
mA)  

= 89 hours 
Table 3: Battery Life Extension for BLE 
 
6. Conclusion 
    Analysis suggests battery life extension by 
approximately a factor of 8 can be achieved using BLE 
in place of Bluetooth 3.0 standard. Future work would 
involve implementing of compression on a SHIMMER 
device and transmitting over a BLE link to verify the 
predicted power savings. 
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Abstract 

This research evaluates the suitability of Reinforcement 
learning to a new application, that of learning to play 
Connect Four. In addition, this research addresses 
some of the traditional problems encountered when 
translating real world states into something that is 
easily distinguishable by the computer. Useful 
applications of Reinforcement learning are explored as 
well as ideas for future work and application. 
 
1. Introduction 
Software Engineering's relative infancy means that 
innovation often comes from borrowing principles 
already established in other disciplines. Reinforcement 
Learning (RL) was inspired by Behaviourist Psychology 
and refers to the idea that behaviour [can] be fully 
understood in terms of environmental cues and results" 
[1]. In our case we provide the results in the form of 
numerical responses to actions taken. Higher numbers 
are received by learner from the environment in 
response to sequences of actions with a good outcome, 
while lower numbers are received following 
unproductive actions. A Reinforcement Learner acts in 
its environment, generating a range of actions and 
receiving intermittent reinforcements, and over time it 
builds up a map for each state of what next state it is 
likely to end up in as a result of taking an action, and 
what the likely reward will be. The action value of a 
state that has already been visited will depend on how 
successful the agent was following that course. The idea 
is that over a period of exploration, it will be possible 
for the agent to learn to act efficiently in a well defined 
environment. 
 SARSA is an RL algorithm that posits that the 
best way to determine the value of an action is to 
establish  the value of the combined state and action, the 
reward from them, and the resulting state assuming the 
best action is taken next. Only when both states have 
been assessed can the true value of the action be 
determined. 
 As Connect Four has only three possible 
outcomes (win, lose, draw), reinforcements are only 
received from the environment at the end of the game. A 
reward of 10 is given for a win, -10 for a loss and 1 for 
a draw. The value each action-state pair receives is 
dependent on how many moves were required to get the 
final result and how close that specific State/move was 
to the final result.  
 
2.Environment 

For this project, we have chosen Connect-Four as the 
environment for testing the fitness of the Reinforcement 
Learner. Board games offer a superb platform for 
testing learning hypotheses as they have clearly defined 
rules, they are a competitive environment, and they have 
predefined levels of excellence from which we can 
measure the level of success of our learner.  
 
3.Methodology 
To begin we conducted a literature review to assess the 
state of the art. We noted that while others had used 
Connect Four as a platform to assess the fitness various 
AI approaches [3][4], none had applied SARSA to this 
problem. To test the strength of SARSA we elected to 
test in a similar but far simpler game, Tic Tac Toe. The 
results were encouraging, and suggested that SARSA's 
on-policy learning was very suitable for this type of 
environment.  The state space for Connect Four is so 
much greater that it required a database to store the 
results. Next we implemented a virtual Connect Four 
game to allow the agent to run simulations. Once the 
simulations are completed we will construct the 
hardware implementation. This involves using a 
webcam to input the current state of the board. Using 
OpenCV the image is processed and passed on to our 
agent in a compatible form. Next we construct our 
Mindstorm NXT robots to carry out the agents move, 
giving our AI a 3D interactive form. 
 
4. Conclusion 
The overall goal of this research is to determine the 
fitness of applying SARSA to a Connect Four 
environment. Future work will involve coupling SARSA 
to other Reinforcement Learners to improve on 
performance, and singling out real world scenarios 
where the SARSA may most productively be applied.  
 
5. References 
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[4] Curran, Dara and O'Riordan, Colm (2007). Cultural Learning in 
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Václav Beĺak
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Relationships in social networks are often analysed on a
node-to-node scale, e.g. ego-centric analysis [1], or in terms
of the relationships between an actor and its community, e.g.
community-�nding [2]. Such analyses become increasingly
challenging as the network size grows; therefore we inves-
tigate aggregated relations between communities, i.e.cross-
communityanalysis, which offers a more scalable way for
investigation of social dynamics at a different level of granular-
ity. Our main hypothesisis that the level of mutual in�uence
between communities differ, that there are communities with
very high in�uence on other communities and conversely,
that there are also communities whose activity is signi�cantly
in�uenced by others.

Fig. 1: Illustration of cross-community in�uence

We developed a framework for cross-community in�uence
analysis which extends the notion of actor centrality to the
cross-community level: it de�nes the in�uence of community
A on B as the average number of replies members of A
received in B, weighted by the degree of membership in A
(see Figure 1). We evaluated the framework by conducting a
series of experiments on 10 years of data from the largest Irish
discussion system, Boards.ie. First, we investigated mutual
in�uence between communities and their dynamics. We then
used the framework topredict which communitiesto target in
order to maximise information diffusion [3] in the underlying
social network.

To the best of our knowledge, cross-community in�uence
and its maximisation has not yet been addressed, motivated
by the fact that in discussion fora the information is typically
shared to the community as a whole rather than to individual
users. Themain contributions are that we 1) developed and
assessed an extensible framework for cross-community in�u-
ence analysis; and 2) de�ned a community-aware diffusion
model for the study of information cascades in the context of
discussion communities.
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Fig. 2: Mean activation fractions (a)

Our initial �ndings show that the framework identi�ed com-
munities which intuitively had high in�uence on other com-
munities, such as system administrators or moderators. This
was further supported by our experiments with the diffusion
model. From each out ofq number of targeted communities,
we sampled 1–15 seed nodes (s), and measured the fraction of
all users activated at the end of the diffusion process (a). This
process was repeated for three different targeting strategies:
our framework (IF), group in-degree (GI) [4], and random
baseline (R). Figure 2 depicts the case of targeting onlyq = 1
community. The results showed that our method performs
better than the other investigated strategies up to a factor of
2, for when only one community has been targeted and only
one user sampled from the community, i.e. forq = 1; s = 1.
We observed similar results for the whole investigated range
q 2 [1;5]. In our present and future work, we have aimed to
extend our methods to conditions when onlyincompletedata
about the social interactions are available.

Acknowledgement. Research presented in this abstract is sup-
ported by Science Foundation Ireland under Grant No. 08/SRC/I1407
(Clique: Graph & Network Analysis Cluster) and Grant No.
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Abstract 
This research involves observing, analysing and 
understanding the relationships between various 
topologies and the outcomes of game-theoretic 
simulations. 
 
1. Introduction 

In game theory, computer simulations are 
increasingly used to model scenarios which are not 
easily solved by mathematical analysis. 

 Many of these simulations involve populations of 
agents with different strategies positioned on different 
graphs, where the interactions are constrained by the 
graph topology. These simulations are used to assess 
the effects of varying graph topologies and properties.  

Traditionally, this type of game theoretic modelling 
has utilised �(�U�G���V�±Rényi random graphs and, more 
recently, Small World Graphs and Scale Free Graphs 
[1]. The �(�U�G���V�±Rényi model of random graphs has 
connections between nodes created with a defined 
probability parameter. 

In the 1960s and 1970s, random geometric graphs 
were created to model situations where physical 
distance was an issue, such as in the spread of 
contagions. In random geometric graphs, connections 
exist wherever the distance between two nodes is less 
than a distance parameter. These graphs were shown to 
have a larger diameter and higher clustering coefficient 
than the �(�U�G���V�±Rényi model [2]. 

Recent research by Krioukov et al. [3] has developed 
a framework to study random geometric graphs in the 
hyperbolic plane. They reported that these graphs had 
strong clustering and heterogeneous organization 
which allowed effective navigability, without global 
knowledge. This property suggests potential for the use 
of random geometric graphs in game theory 
applications. This research involves observing the 
effects of embedding games on random geometric 
graphs in the Euclidean and hyperbolic planes. 

 
2. Current Work 

Random geometric graphs have been created in the 
Euclidean and hyperbolic planes. Properties of these 
graphs, such as diameter, degree distribution, 
clustering coefficient and transitivity, are being 
compared with those of E�U�G���V�±Rényi random graphs.  

The provisional results are interesting. In the 
�(�U�G���V�±Rényi model, the clustering coefficient and 
transitivity values are similar. In random geometric 
graphs the two measures are significantly different. 

This difference is especially marked for random 
geometric graphs in the hyperbolic plane. 
 

 
Figure 1 Comparison of clustering coefficient and 
�š�Œ���v�•�]�š�]�À�]�š�Ç���]�v���š�Z�������Œ���…�•�tRényi model 

Figure 2 Comparison of clustering coefficient and 
transitivity in the hyperbolic random geometric graph 

Further experiments are being undertaken to analyse 
the factors underlying these differences. 
 
3. Future Work 

This will involve further analysis of these graph 
properties to assess their potential usefulness for game 
theory applications. Games will be simulated using 
these topologies and evolutionary game theory 
techniques will be applied to explore processes such as 
the spread of cooperation in a network. 
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complex networks." Reviews of modern physics 74.1 (2002): 
47. 
[2] Penrose, M., Random Geometric Graphs USA: Oxford 
University Press, (2003). 
[3] Krioukov, D., F. Papadopoulos, M. Kitsak, A. Vahdat, & 
M. Boguñá (2010). �³Hyperbolic geometry of complex 
networks.�  ́Physical Review E, 82(3), 036106. 
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Abstract 

 
The aim of this research is to develop an understanding of the 
thermal behaviour of a room with forced convection and to 
�D�Q�D�O�\�V�H�� �W�K�H�� �X�V�H�U�¶�V�� �W�K�H�U�P�D�O�� �F�R�P�I�R�U�W�� �L�Q�� �W�K�H�� �U�R�R�P���� �7�K�H�� �X�V�H�U�¶�V��
comfort will be analysed by developing subroutines to calculate 
the mean average age of the air, the predicted mean vote (PMV)  
and the predicted percentage dissatisfied (PPD). This project 
uses a free open-source CFD software program called 
OpenFOAM. 
 
1 Introduction 
 
1.1 OpenFOAM 
 
Computational Fluid Dynamics (CFD) is an important tool used 
in engineering. For this project, we apply it to energy research, 
and in particular to thermal comfort, air quality and HVAC 
systems. CFD researchers in engineering at NUI Galway are 
currently using the Fluent Ansys software (1). My project will 
involve looking at a free open-source CFD called OpenFOAM 

(3) as an alternative. Being open-source software gives the user 
the ability to edit functions for their own needs. In addition it is 
known to be particularly good for parallel processing. The 
disadvantages include the steep learning curve and the lack of 
software support and community.  
 
1.2 User comfort 
 
�7�K�H�� �X�V�H�U�¶�V�� �W�K�H�U�P�D�O�� �F�R�P�I�R�U�W�� �L�V�� �W�K�H�� �V�D�W�L�V�I�D�F�W�L�R�Q�� �R�I�� �W�K�H���X�V�H�U�� �Z�L�W�K�L�Q��
his/her surrounding environment. The initial analysis of the user 
comfort will establish the mean age of the air in the room. In 
addition, the predicted mean vote (PMV) and the predicted 
percentage dissatisfied (PPD), as covered in the International 
Standard (ISO 7730), will be calculated. The PMV is an index 
ranging from cold to hot on a 7 point scale, giving the average 
�Y�R�W�H�� �R�I�� �D�� �O�D�U�J�H�� �J�U�R�X�S�� �R�I�� �S�H�R�S�O�H�¶�V�� �U�H�V�S�R�Q�V�H�� �W�R�� �W�K�H�L�U�� �W�K�H�U�P�D�O��
environment. The equation for the PMV involves variables such 
as clothing insulation, metabolism rate, air velocity, air 
temperature etc. The PPD is a quantitative measure of the 
percentage of people that feel too warm or cold. This percentage 
is calculated from the PMV. (2) 

 
2 Research objectives/contributions 
 
The overall research objective of this project is to analyse a 
�X�V�H�U�¶�V�� �F�R�P�I�R�U�W�� �L�Q�� �D�� �U�R�R�P�� �Z�L�W�K�� �I�R�U�F�H�G�� �F�R�Q�Y�H�F�W�L�R�Q�� �X�V�L�Q�J��
OpenFoam. The research contributions resulting from this project 
will include the learning curve of OpenFOAM to be documented, 
a verification and validation of a test case (using a 2D enclosure 
with a constant hot wall and a constant cold wall), and the 

development of subroutines to analyse the user comfort within 
the room. 
 
3 Current work 
 
3.1 Test Enclosure case 
 
The enclosure is a 2D square box with the length of 0.3 metres. 
In OpenFOAM, a 2D mesh is created as a 3D cuboid with the 
thinness of one cell in the mesh. The two horizontal walls of the 
enclosure are considered adiabatic while the vertical wall on the 
right is kept at a constant hot temperature and the opposite wall is 
maintained at a constant colder temperature. The result of this 
configuration is that air, warmed by the hot wall, rises up due to 
buoyancy effects and moves along the adiabatic ceiling before 
being cooled down by the cold wall. This generates the typical 
recirculation flow pattern inside the enclosure.  

The solution of the case was evaluated on two different meshes 
(one coarse and one fine), in order to analyse its grid 
independence. The solutions obtained were compared both 
qualitatively and quantitatively using the grid convergence index 
(GCI) (4). The GCI was evaluated using the average temperature 
in the domain and the average Nusselt number (a dimensionless 
number defined as the ratio of convection to conduction heat 
transfer across a solid boundary in a fluid) of the hot wall.  

From the grid independence analysis carried out it was possible 
to deem the solutions obtained as grid independent. 
Consequently the results generated were compared with 
theoretical data from literature which showed a good agreement. 

 
3.2 Room case 
 
The room in the project is modelled on the boundary conditions, 
dimensions and HVAC (heating ventilation and air conditioning) 
conditions of a room in University College Cork.  
Current status:  �W�K�H�� �V�X�E�U�R�X�W�L�Q�H�V�� �W�R�� �D�Q�D�O�\�V�H�� �W�K�H�� �X�V�H�U�¶�V�� �W�K�H�U�P�D�O��
comfort (mean age of air in the room, the PMV and the PDD as 
explained in section 1.2) are being developed. 
 
4 References 
 
(1) ANSYS® Fluent, Release 11.0 
(2) Olesen B.W, Parsons K.C, Introduction to thermal comfort standards 
and to the proposed new version of EN ISO 7730, Energy and Buildings, 
Volume 34, Issue 6, July 2002, Pages 537-548 
(3) OpenFOAM®, Version 2.2.1 
(4) Roache, P J., Perspective: A Method for Uniform Reporting of Grid 
Refinement Studies Source, Journal of Fluids Engineering, Volume 116, 
Issue 3, 1994, Pages 405-413 
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Abstract 
    It is estimated that the first autonomous (self-driving) 
vehicles will enter the market as early as 2019.1 
Current prototypes consist primarily of variations of 
sensors, RADAR and LIDAR to assist in the detection of 
other vehicles as they appear on the road. Video 
cameras are also used extensively as a result of 
advances in the field of image processing. This project 
aims to increase the field of view for such techniques 
when applied to fish-eye lenses. 
 
1. Introduction 
    The Connaught Automotive Research (CAR) group, 
in their partnership with Valeo Vision Systems (VVS) 
have previously developed methods that enable 
detection of other vehicles, that give instantaneous 
position, and through derivative techniques, velocity of 
the vehicles. This involves the placement of a fish-eye 
lens at the front and rear of the vehicle. When the 
position, curvature and orientation of the camera are 
known, the 2 dimensional co-ordinates of the image can 
be translated to three dimensional (real world) co-
ordinates. This enables the relative velocity between the 
host vehicle and the target vehicle to be calculated. 
However, current detection methods fail as the vehicle 
tends toward the extremities of the image. This project 
aims to extend the range of detection over the full 180 
degree scope of the lens, by using the wheels of the 
target car as a reference. This enables tracking of 
vehicles into the blind zone through the use of a single 
camera. 
 
2. Vehicle Detection 
    This section deals with detection of vehicles from a 
camera mounted above the rear number plate.  
 

    
Figure 1: View from the rear mounted camera 

 
The initial vehicle detection algorithm works by using 
classifier detection. However, as the vehicle approaches 
in an adjacent lane, i.e. an overtaking manoevure, the 
algorithm tends to break down. The reasons for this are 
twofold: Firstly, the fish-eye effect distorts the front 
view of the vehicle as it tends toward the edge of the 
image. Secondly, the front of the vehicle becomes 
occluded from view completely as the host vehicle is 
overtaken by the target vehicle.  
 
3. Current and Future Work  
    In order to overcome this issue and maintain tracking, 
new features must be detected. As the vehicle 
approaches in adjacent lanes, the side view of the 
vehicle becomes a more reliable measure for tracking. 
However, a new method for detection must be found as 
building up a reliable classifier for a side view would 
yield inconsistent results. This is because each frame 
has a view of the car from a different angle. The side 
view invariably displays a feature that is ubiquitous to 
all vehicles, the wheel. As the vehicle tends towards the 
extremities of the image, the wheel becomes less 
elliptical and more circular enabling the option of using 
the Hough Circle Detection algorithm.  
 

 
Figure 2: Hough Circle Detection 

 
The algorithm continues to detect the wheel, even at the 
extremities of the image enabling full 180 degree 
detection. Future work will address optimal transition 
points between both classifier detection and Hough 
Circle algorithms. 
 
4. References 
[1] �.���3���0���*���� �³�6�H�O�I-�'�U�L�Y�L�Q�J�� �&�D�U�V���� �7�K�H�� �Q�H�[�W�� �U�H�Y�R�O�X�W�L�R�Q�´��
https://www.kpmg.com/US/en/IssuesAndInsights/ArticlesPubl
ications/Documents/self-driving-cars-next-revolution 
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Abstract 

This research explores the robustness of cooperation in 
a spatially organised population of agents participating 
in the N-player prisoner's dilemma. The agents are 
placed on graphs exhibiting different properties and the 
relationship between these properties and the 
robustness of cooperation is explained. In particular, 
this paper analyses the effect the clustering coefficient 
and the average node degree has on cooperation. In 
addition to theoretical analysis, rigorous experiments, 
involving the creation of graphs exhibiting certain 
desirable properties, are undertaken to explore the 
effect of the graph properties on the ability of 
cooperation to resist invasion.  
 
1. Introduction 

In this research we explore the relationship between 
certain graph properties and the robustness of 
cooperation in a population of agents. In order to 
explore this relationship, we designed two graph 
generation algorithms in order to generate graphs which 
exhibit a set of desirable features, namely: a pre-
designed size, a pre-defined number of edges, and a 
specific clustering coefficient. By running simulations 
on graphs of the same size but with different clustering 
coefficients, we were able to observe and analyse the 
effect the clustering coefficient has on cooperation. The 
simulation shows that when one player in a connected, 
fully cooperating society is mutated to defect, the entire 
society will turn to defection quickly if the average 
degree is high. However, when the number of edges is 
relatively low, the cooperation rate is linearly 
proportional to the clustering coefficient in the graph. 

 
2. Graph generation model 

In addition to generating graphs with a tunable 
clustering coefficient [2], we introduced new graph 
generation algorithms that also satisfy the following 
conditions: 

a. The graph must be a connected graph. 
b. The graph size, number of edges, and the 

clustering coefficient can all be controlled. 
c. The error of clustering coefficient is in an 

acceptable range. 
 
3. The emergence of cooperation 
    According to the analysis, the cooperation rate, 
following the introduction of one defector in the graph, 
will be less likely to be reduced as the clustering 
coefficient increases (while keeping both size and the 

number of edges constant). Therefore, we hypothesise 
that a higher clustering coefficient is beneficial to the 
robustness of cooperation, as the higher clustering 
coefficient leads to a more clustered graph. 
 
4. Experiments 
    Simulations are used to explore how the average 
degree in the graph and the clustering coefficient of a 
graph influences the robustness of cooperation in a 
spatially organised population of agents.  

 
    The result shows that with the same number of 
vertices and edges, the graph with high clustering 
coefficient, can benefit cooperation, prevent defector's 
spread. 
 
5. Conclusion 

This paper presents two algorithms for generating 
graphs with a pre-defined clustering coefficient.  

The graph with a restricted number of edges and a 
high clustering coefficient is more likely to be 
constructed as a series of highly clustering subgraphs, 
which could, in theory, benefit cooperation. Moreover, 
the maximum clustering coefficient of a graph with a 
certain number of vertices and edges can be estimated. 
    As we expected, experiments show, that in a 
connected graph of cooperators, if the average degree is 
high, the cooperators are not robust if one player 
mutates to be a defector. Conversely, with a limited 
average degree, graphs with a high clustering 
coefficient can provide better cooperation. 
 
6. References 
[1] M.A. Nowak, ÒFive Rules for the Evolution of 
CooperationÓ, Science, 2006, pp. 1560-1563. 
[2] N, Parikh, and L.S. Heath, ÒGenerating random graphs 
with tunable clustering coefficientsÓ, Physica A Statistical 
Mechanics and its Applications, 2011, PP. 4577-4587. 
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Abstract 
Super Stream Collider (SSC) is a platform, which 
provide a web-based interface and tools for building 
sophisticated mashups, combining semantically 
annotated Linked Stream and Linked Data sources into 
easy to use resources for applications. The SSC system 
includes drag&drop construction tools along with a 
visual SPARQL/CQELS editor and visualization tools. 
The SSC platform is designed for both, novice users for 
easy understanding of linked stream mashups while 
supporting full access and control for expert users at 
the same time.  
 
1. Introduction 

The use of near-real time stream data is a key 
enabler and driver in such diverse application domains 
as smart cities, home automation, ambient assisted 
living, or recommender systems. As on the Web, access 
to and integration of information from large numbers of 
heterogeneous sources under diverse ownership and 
control is a resource-intensive and cumbersome task 
without proper support.  

The Semantic Web and Linked Data technologies 
can answer to many of those requirements but need to 
be extended to transparently cater for dynamic stream 
information, and tailor it to the existing infrastructures Ð 
from Twitter streams down to resource-constrained 
sensing hardware, the objective is to facilitate the 
access and use and at the same time to promote uptake 
of the information contained in the stream.   

The Super Stream Collider (SSC) platform and tools, 
which is build on our pre-existing work, i.e., CQELS 
[1], LSM, DERI Pipes [2], SPITFIRE, and GSN, 
provides a web-based interface and tools for building 
sophisticated mashups combining semantically 
annotated Linked Stream and Linked Data sources into 
easy to use resources for applications. 
 
2. Architecture design 

The SSC platform is designed as a classical 
data! ow/work! ow execution environment connecting 
processing input/outputs through pipelines for creating 
data mashups. Conceptually, each operator has n input 
streams and one output stream as illustrated in Figure 1. 
The inputs can be in any format while the output is 
RDF. Only the " nal operator of a work! ow can return a 
format other than RDF, if necessary. Operators can be 
of three classes: data acquisition operator, stream 
processing operator and streaming operator. 

__________________________________________ 

1 Supported by SFI under Grant No. SFI/08/CE/I1380 (Lion-2) and 
by the EU under Grant No. ICT-2011-7-287305 (OpenIoT). 

 
Figure 1. Layered architecture of the SSC platform. 

 

3. System Demonstrations 
A deployment of SSC is online at 

http://superstreamcollider.org, which provides a user-
friendly interface called SSC visual editor. This is a 
lightweight Web-based work!ow editor for composing 
mashup data through drag&drop. Using the SSC visual 
editor, we aim at providing a programmable Web 
environment suitable not only for expert users but also 
for non-expert programmers.  

 

 
Figure 2. SSC User interface 

 

4. Conclusion 
Super Stream Collider platform (SSC) enables the 

user to build complex mashups using semantically 
annotated Linked Streams and Linked Data. SSC offers 
a huge number of stream sources, including social 
streams such as Twitter, which can easily be extended 
by the user. SSC provides sophisticated visual tools 
both for novice and for expert users that speed up the 
learning curve. SSC has been evaluated in a large-scale 
real-world deployment with approx. 4300 users as part 
of the Volvo Ocean Race 2012 "nals in Galway. 
 

5. References 
[1] D. Le-Phuoc et al. A native and adaptive approach for 
uni" ed processing of linked streams and linked data. In 
Proceedings of 10th International Semantic Web Conference, 
pages 370Ð388, 2011. 
[2] D. Le-Phuoc et al. Rapid prototyping of semantic mash-
ups through semantic web pipes. In Proceedings of the 18th 
international conference on World wide web, WWW Õ09, 
pages 581Ð590, New York, NY, USA, 2009. ACM. 
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Abstract 

The Life Sciences Linked Open Data (LSLOD) Cloud is 
currently comprised of multiple datasets that add high value 
to biomedical research. However, navigating these multiple 
datasets is not easy as most of them are fragmented across 
multiple SPARQL endpoints, each containing trillions of 
triples and represented with insufficient vocabulary reuse. To 
retrieve and match, from multiple endpoints, the data 
required to answer meaningful biological questions, it is first 
necessary to catalogue the data represented in each endpoint. 
We explore the schema used to represent data from a total of 
52 meaningful Life Sciences SPARQL endpoints and present 
our methodology for linking related concepts and properties 
from the “pool” of available elements. We found the outcome 
of this exploratory work not only to be helpful in identifying 
redundancy and gaps in the data, but also for enabling the 
assembly of complex federated queries. We present three 
different approaches used to weave concepts. 

1. Introduction 
To achieve the ability for assembling queries 
encompassing multiple graphs hosted at various places, it 
is necessary either that vocabularies and ontologies are 
reused or that translation maps between the different 
terminologies are created [1]. There are two approaches 
that can be considered for enabling integrated queries 
using Linked Data [2]: “a priori integration”, which relies 
on linked data representations schemas that make use of 
the same vocabularies and ontologies and “a posteriori 
integration”, a methodology that makes use of mapping 
rules between different schemas, enabling the modification 
of the topology of queried graphs and the integration of 
datasets even when alternative vocabularies are used. To 
enable a posteriori integration of LSLOD, we introduce an 
approach to discover related and/or similar linked life 
sciences concepts and properties to facilitate federated 
SPARQL queries. 
 
2. Methodology 
We catalogued the LSLOD by harvesting, from SPARQL 
endpoints and the set of distinct concept/properties that 
may be used to query the data. A total of 52 different 
SPARQL endpoints1 were catalogued and the resulting 
triples were organized in an RDF document, the LSLOD 
Catalogue. These 52 endpoints include publically available 
bio2rdf datasets and datasets in CKAN2 tagged with “life 
sciences” or “healthcare”. Concept and properties were 
obtained by issuing queries such as “select 
distinct*where{[]a?concept}”, and “select distinct * 
where{<URI>?property ?object}”.  

The LSLOD catalogue resulted in a “pool” of 12,396 
concepts and 1,255 distinct properties from 52 endpoints. 
We combined several approaches towards maximizing the 
number of links created. We divided our approach into 3 
types of matching: 
                                                 
1 http://hcls.deri.org/RoadMapEvaluation/#Sparql_Endpoints 
2  http://wiki.ckan.org/Main_Page 

Naïve_Matching:type(I2,D1):=type(I1,D1),type
(I2,D2),label(D1,L),label(D2,L) -where I1 and 
I2 are instances; D1, D2  are two concepts, and L is the 
shared label. 
Named Entity Matching: Similar pattern matching. 
Domain Matching:  map(D1 , D2) := type(I1, 
D1), type( I2, D2), hasKey(D1, inchi1), 
hasKey(D2, inchi2),  same (inchi1, 
inchi2)  

 

Figure. 1. Architecture of the components involved in LOD 
Catalogue and Link development 

3. Results 
In our initial exploration of LSLOD we found a total of 

12,396 concepts, of which 12,119 were unique and out of 
40,833 properties, 1,255 of which were unique.  

 
Total Identified 
Concepts  

12396 % Distinct 

 

Total Id Distinct 
Concepts  

12119 2.2%Reused 

Semi- auto NamedEntity 
Match  

11343 93.6 % 

Manual/Domain Match 248 2.0 % 

Naïve Match 92 0.8 % 

Unmapped 402 3.5 % 

Figure. 2. Linked concepts statistics 

 
Figure. 3. Linked properties statistics 

4. Conclusion 
Our research relies on systematically issuing queries on 
various life sciences SPARQL endpoints and collecting its 
results in an approach that would otherwise have to be 
encoded manually by domain experts or those interested in 
making use of the web of data towards answering 
meaningful scientific questions. 
 
5. References 

1. Polleres, “Semantic Web Technologies�×: From Theory to 
Standards.” 

2. H. F. Deus, et al , “Translating standards into practice - One 
Semantic Web API for Gene Expression.,” Journal of 
biomedical informatics, Mar. 2012. 
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Abstract 

     Epidemiology, the study of the distribution and 
determinants of disease frequency, is the cornerstone of 
public health.  Agent based modelling, a computational 
model paradigm which is based on simulating a 
collection of agents (individuals in a system) in terms of 
their behaviours, can be used to study the determinants 
and spread of a disease outbreak. The resultant model 
will then allow us to observe the effect of different 
public health policies such as distancing and 
vaccination on the spread of the outbreak. 
 
1. Introduction 
     Public health is an organised effort by society, to 
improve, promote, protect and restore the health of the 
population through collective action [1]. One of the 
most important services of public health is that of 
infectious disease control. Through more thorough 
understanding of disease factors such as incidence, 
prevalence and spread we can learn to deal with them 
more effectively. Agent-based modelling is a relatively 
new paradigm in computational modelling in which 
autonomous agents or individuals in a system are 
modelled to view their effect on the system as a whole 
[1]. Agent based models for the spread of infectious 
diseases among humans can be used to explain 
transmission dynamics of infectious agents between 
individuals. Transmission dynamics are simply how the 
disease is spread between individuals in a system.  
 
2. Methodology 

As most infectious disease is spread through close 
contact with infected individuals, a network model was 
chosen as the most effective way to model disease 
spread. The model, running in NetLogo, an integrated 
modelling environment and agent-based programming 
language, shows a network of connected agents 
representing a social network of people. This network of 
agents is represented as a set of nodes and the links 
between them in what is known as a small-world 
network (SWN), as illustrated in Figure 2. An infected 
individual is introduced into the network of 
interconnected individuals and the resultant spread of 
infection can be observed step by step. The spread or 
transmission dynamics of the infection are calculated 
using the Reed-Frost equation.  Simply put, this 
equation states that the chance of a susceptible 
individual becoming infected at any time is dependent on 
the infectiousness of a particular disease and the number 
of infected individuals they come into contact with. 
There are a number of different compartmental models 
in epidemiology which describe the states that an 

individual will go through and these are dependent on 
the nature of the infection. 

 

 
Fig. 1 – SEIR compartmental model 

 
The SEIR model, as seen in figure 1, meaning 

Susceptible-Exposed-Infectious-Recovered, is used for 
diseases where an individual may be infected but goes 
through a latent period of not being infectious to others 
[2]. Different models are required to model the different 
patterns of infection. Age cohorts and other influencing 
factors will also be implemented in the model to ensure 
the greatest possible accuracy. 

 
 
 
 
 
 
 

 
 
 
 

Fig. 2 - Small-World Network in NetLogo 
 
3. Research Goals 

The goal of the work being carried out is to build a 
technology using agent-based models which would 
allow the public health sector to experiment with 
different policies to understand their effects on the 
model. Social distancing, immunization, quarantine etc. 
can be implemented to see what influence they have on 
the model’s outcome. The model will be calibrated to 
ensure accuracy using available data from the 1957 
Asian Flu epidemic and will be a valuable asset in 
modeling the behavior of similar disease epidemics in the 
future. 
 
8. References 
[1] Schneider, Mary-Jane. Introduction to public health. Jones 
& Bartlett Learning, 2010. 
[2] Epstein, Joshua M. Generative Social Science: Studies in 
Agent-Based Computational Modeling. Princeton University 
Press, 2011. 
[3] Vynnycky, Emilia, and Richard White.  
An  Introduction to Infectious Disease Modelling, Oxford  
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1. Introduction 
In this work we take the challenge of discovering 
knowledge from one of the largest Big Data streams 
publicly available these days, Twitter. For this, we took 
a practical use case: a mobile application for the �nal 
stop of the Volvo Ocean Race (VOR) 2012 in Galway, 
Ireland. Our goal was set on how we can leverage the 
experience of the visitors so that they get the most from 
the event and their time in Galway. We had to handle 
what is needed to extract, analyse, prepare and how to 
present the most relevant information from this huge 
social-media stream for such a particular local event. 

We propose an analytical architecture to deal with 
the above challenges and tested it during the VOR event 
in Galway, with encouraging preliminary results [1]. 

 
2. The Architecture of Whassappi 
Our use case was called “Whassappi”, a small but smart 
app that shows what’s up and hot around the event 
(VOR) on Twitter. Figure 1 shows the main architecture 
for our approach. Big Data is not just about the 
analytics; all surrounding tasks (filtering, pre- and post- 
processing, ranking, labeling and presentation) are of 
equal importance. Our architecture comprises several 
interconnected components, from the live Twitter 
stream up to the final end-user mobile application. 

 
Figure 1: Proposed architecture for Whassappi 

The core idea is to process tweets that pass the �lter 
continuously and perform analytics to extract 
community structures and event topics for the users to 
explore in real-time. The architecture is fully modular 
with a clear separation of the different processing logics 
involved. First, the Stream Filter takes raw tweets and 
aims to select those that are highly probable to be 
relevant for the event (discarding spam tweets). This 
filter is fully dynamic, it adapts when new hashtags are 
being used or new interesting users are found to follow. 
This stream of relevant tweets is then stored both into a 
Graph database for interactions structure and a 
Relational database (RDB) for text content, to later 
analyse them in regular intervals in a sliding time 
window approach by the Analytics component 
(described below). Then, the resulting topic/user groups 
are stored into the RDB and ranked and prepared to be 
presented in real-time to the end-user by a Mobile App 

connected through a Web service (Figure 2). Our app 
has three screens: the user starts from discovered topic 
groups, then dive into all tweets inside a particular 
group of his choice and finally go further into ranking 
data for the users inside this group. New incoming 
tweets are automatically assigned from the stream to the 
current groupings for the application to remain dynamic. 

     
Figure 2: Whassappi’s Three Screens 

 
3. The Analytical Backbone 
One of the most important components is the Analytics. 
The goal is to detect news and emerging topic trends by 
�nding groups of actors and analysing the topics of 
these groups. For the above, we need to: 

Identify Communities: using the structural 
properties found in Twitter: retweets (RT), mentions 
(@user) and replies (@user: text). These allow building 
multiple interaction networks that we later use to cluster 
users by the conversational modes they exhibit. 

Label Topics: over the found communities to extract 
the conversation subject of the user groups. We employ 
hashtags used by community members filtered by their 
usage frequency. 

Apply Ranking Strategies: to sort labels, groups 
and users inside them for presentation. Labels are 
ranked according to usage frequency, groups according 
to the global focus (i.e., VOR) of the app and users were 
ranked by the PageRank algorithm as it can act as a 
heuristic for capturing influence and authority of the 
participants. 
 
4. What Lies Beyond 
Whassappi worked! But there is much more room for 
improvements. Our clustering approach is still limited 
by the volume of tweets in one batch. Stream processing 
is our next step. We are exploring Topic labeling using 
keyword-based analysis and more advanced approaches 
can be used for trends/events detection. 
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Abstract 

Obesity and specifically childhood obesity is fast 
becoming a major health issue especially in developed 
countries.   The emerging area of Serious Games has 
the potential to help reverse this trend especially in the 
area of introducing activity into otherwise sedentary 
lifestyles. This research aims to examine the use of a 
social aspect in co-operative and competitive games as 
a motivation tool in active games. 
 
1. Introduction 

Childhood obesity is fast becoming an epidemic in 
Ireland with an estimated 1 in every 5 children being 
obese [1]. This trend will see 42-63% of these children 
go on to be obese adults. Being obese in adolescence 
has increased mortality and morbidity rates regardless 
of weight loss later in life.  

This alarming trends in obesity and it’s negative 
health implications has been attributed to people 
leading a more sedentary lifestyle. Factors include less 
activity, less exercise and bad diets. The emergence of 
video games and gaming consoles have also often been 
touted as a negative impact.  

One changing side of the gaming industry is in the 
domain of Serious Games in which the aim is not solely 
to offer entertainment but rather to offer a benefit to the 
player in an area such as education or health. While 
there is extensive work being carried out on the use of 
Serious Games as a benefit in the health domain this 
research to explore the use of social interaction as a tool 
to motivate users to exercise by playing an active game.  

A theme that has emerged in the area is that of the 
importance of player enjoyment and motivation. In 
many cases the link between these two factors are 
inherent – a player loses interest if the game is too 
much like work. However the same task when played 
with a competitive edge can itself be more interesting. 
This can be as simple as introducing a defined goal, 
increasing difficulty over time, using real-time sensor 
feedback to adjust game parameters and provide 
feedback on progress over time. Likewise, when a 
social aspect of games is introduced the game becomes 
more fun and a motivation to continue or succeed will 
emerge. It is also noted that feedback from peers can 
increase motivation [2], adult participation provides 
positive behaviour modeling [3], and social interaction 
is mentioned [4] as a positive aspect,  “…continuous 
response during play, challenge and stimulate children 
and arouse curiosity, which is extremely useful in 
learning” [5]. 

 

2. Work to Date 
After conducting a review of current work in this 

domain, and the technologies used in active games a 
decision was made to develop a game in-house based 
on inexpensive and accessible technologies. In this case 
it has been developed for a standard PC using C# and 
the Microsoft Kinect Sensor. The game encourages play 
using exercises which can be tailored to meet various 
fitness levels, and which are best suited to maximize 
time spent whilst playing. The game provides a 
mechanism for providing usage statistics and 
milestones reached as updates in Facebook.  

 
3. Future Work  

This involves further refinement of the game design 
to incorporate specific fitness regimes which are known 
to offer the most benefit to the people playing. The 
design will then the implemented in to the prototype.  

The prototype will then go through a testing phase 
with people from both the active and non-active 
population. The usefulness of the game will be explored 
in both stand-alone mode and in social mode where we 
attempt to increase a player’s motivation through 
explicit representations of team and social group.  
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Abstract 

In this research, the automotive-specific motion-based 
determination of a vehicle's environment through a 
single video stream in combination with a motion path 
is examined. This is done in the context of driver 
assistance and vehicle safety with the goal of 
demonstrating how such technology can be applied to 
improve road usage safety. 
 
1. Introduction  

The creation of a three dimensional digital model of 
an environment surrounding a moving vehicle can be 
carried out using a number of technologies. 
Technologies based on radar, lasers or combinations of 
these have been extensively used in experimental units. 
While these technologies are effective, they are 
prohibitively expensive. On the other hand, camera 
technologies provide a cost effective alternative method 
of capturing data for digital model generation of the 
�P�R�Y�L�Q�J�� �Y�H�K�L�F�O�H�¶�V��environment. This offers an efficient 
method of providing a dense environmental sensor 
which makes use of technology that has already 
matured in the automotive industry. Camera technology 
has progressed to allow the availability of driver 
assistance options to new car buyers for the majority of 
models in showrooms today, even down to relatively 
low-end vehicles. By using this camera technology to 
capture a three dimensional digital view of the area 
surrounding a vehicle through a single wide angle view 
camera, a system is created to generate data for virtually 
any driver assistance feature that interacts with the 
outside environment.  

2. Methods 
    The determination of a vehicle�¶s environment using 
camera based technology is based on matching common 
features in a scene through a series of video frames. The 
frames are captured by the camera as the vehicle moves 
towards and/or by a tracked feature. By calculating the 
distance from the camera to the common feature in each 
of the frames and by knowing the displacement of the 
vehicle on which the camera is housed, triangulation of 
the location of a point is determined By collating 
multiple matches in frames, point clouds are generated, 
and using these unordered clouds, outlines of structures, 
planes and surfaces are determined (Fig 1); this is 
known as Structure from Motion (SFM). [1]  

Fig 1.  Point cloud model of Engineering Building,
 NUI Galway. 

This project uses a single camera as the primary data 
source; by making use of sequential frames in the video 
stream, matched points were triangulated from frames n 
and n-1, taken at time t1 and  t0 (Fig 2).  

 

Fig 2.  Top down wire-frame view of feature in 
 multiple views using single camera in motion. 

3. Applications 

    An SFM-based model of a vehicle�¶s environment can 
be used as the primary data input for in-vehicle 
navigation aids and safety functions. The ability to map 
an area in real time could allow for interactive 
�D�S�S�O�L�F�D�W�L�R�Q�V���D�Q�G���W�K�H���S�R�V�V�L�E�L�O�L�W�\���R�I���³l�L�Y�H�´���X�V�H�U���J�H�Q�H�U�D�W�H�G��
mapping where maps and traffic flows could be 
continuously updated to reflect the latest data.  

4. References 
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Abstract 
The success of pair programming (PP) in industry as 
well as its well documented positive effects on staff 
collaboration, focus and knowledge transfer has led to 
its trial and use as a pedagogy tool for teaching 
programming students within higher education. Over 
the last decade, this research has concentrated on 
assessing the efficacy of this learning method as a 
collaborative teaching tool for students with Computer 
Science (CS) as their core discipline. Our literature 
review suggests a gap exists within previous research: 
namely PP evaluation within education for non-CS, 
students. It remains to be seen whether students of a 
non-CS (NCS) major course, who take programming 
modules, find the usage of PP effective and indeed 
whether they find it more effective than their 
counterparts, taking more traditional CS courses. This 
research evaluates this proposition with an empirical 
study of non-computing, entry-level students in UL. 
 
1. Introduction 
Kent Beck, champion of the agile method, eXtreme 
Programming (XP), in which PP has its roots, describes 
PP �D�V�� �³�W�K�H�� �G�L�D�O�R�J�X�H�� �E�H�W�Z�H�H�Q�� �W�Z�R�� �S�H�R�S�O�H�� �W�U�\�L�Q�J�� �W�R��
simultaneously program (and analysis and design and 
test) and understand together �K�R�Z���W�R���S�U�R�J�U�D�P���E�H�W�W�H�U�´���>���@ 
The positive reported outcomes for PP in industry [2] 
have led to varied research into the use of PP within 
pedagogy by universities. Some of this research focuses 
on the impact the teaching of programming using the 
technique has on academic outcomes, using quantitative 
measures of assignment and project marks, module 
grade attainment and the impact on retention and 
persistence within CS courses [3]. Qualitative research 
has focused on the CS student and academic response to 
PP pedagogy [3], how best to assign student pairs and 
the best practice for PP method implementation in 
university programming modules. 

During the course of a literature review associated 
with the subject of PP in pedagogy, the authors noticed 
that all but a small section of one paper [4] focused on 
research specific to teaching programming to CS 
students only.  That one work suggested non-CS 
students may have benefited more from PP than their 
CS counterparts. Given the possibility that PP is 
advantageous for non-CS students, the increase in NCS 
courses that rely, to a degree, on programming, and the 

high attrition rate in programming modules [4], this 
research further assesses this hypothesis. 
 
2. Research Plan 
The main hypothesis for this research is: Teaching 
programming using a PP method within labs has a 
greater impact on student grades for NCS students than 
for CS students.  
The research was carried out during the first semester 
labs for year one programming students within the 
University of Limerick. After their mid term exams 
(giving a base-line measure), the author and trained 
tutors attended three consecutive labs where students 
had to complete gradable assignments. Two out of five 
weekly labs were designated to use the PP method, the 
remaining three using the individual programming 
model. Students in the PP lab self selected their partner, 
and these partnerships were maintained for those 3 
weeks of lab assignments. PP students could only select 
partners from courses within their own classification of 
either CS or NCS. Hence, the students were split into 
four lab groups, NCS-PP (26), CS-PP(24), NCS-
NPP(17) and CS-NPP(62). All labs (PP and NPP) 
received the same additional levels of support from the 
research team. On completion of the 3 weeks of lab 
assignments the PP students (both CS and NCS) were 
surveyed to gain feedback of their perceptions of PP 
with regards its effectiveness. Assignment grades along 
with semester final exam grades are also to be assessed. 
Data Analysis is ongoing, initial indications suggest that 
PP was more engaging for all cohorts: with PP groups 
having much better attendance over the 3 weeks. 
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Abstract  
Internet-of-Things (IoT) -interconnecting devices over the 
Internet- and Cloud-computing -facilitating big data 
processing and storage- are emerging paradigms. We have 
analyzed cloud-based data modeling approaches and applied 
them for the IoT domain. A data classification by using 
benchmarked categories according to their support for end-
users, integrators and service developers for the IoT has been 
proposed. We also designed a distributed online data delivery 
system architecture for integrating Internet-of-Things data 
within Cloud Computing systems to handle and deliver utility-
based value services in the framework of European OpenIoT 
project. The data modeling IoT Cloud-based models and the 
system architecture are validated in the framework of 
European projects Spitfire and OpenIoT. 

1. Introduction 
In recent years, the convergence of Internet 

technologies for communication, computation and 
storage networks and services has been a clear trend in 
the Information and Communications Technology (ICT) 
domain. On one hand the Cloud computing paradigm is 
being so popular that many companies are considering 
to subsidizing their services in the Cloud, to reduce 
administration, maintenance and management cost. 
Some of the main Cloud providers, i.e., owners of the 
infrastructures, are Amazon, Salesforce and Google2, 
leading the market for their broad portfolio of services 
offer and defining terminology and processes, In the 
other hand Internet-of-Things is considered crucial; 
likewise Cloud-based systems are emerging to facilitate 
big data processing and storage. 

2. Data Modeling for IoT Services 
The most relevant modeling approaches have been 

chosen with respect to their support to the task of 
creating a platform architecture that integrates Internet- 
of-Things and Cloud Computing data. The summary of 
the outcome sin this task is presented as a comparison 
table and all the detailed description can be found in [1] 

The Ontology developed for IoT services on the 
Cloud integrates all the processes and data flows that 
are needed to automatically acquire, consume and 
manage IoT services on the Cloud. An IT service 
lifecycle on a Cloud is divided into five phases. In 
sequential order of execution, they act as the IoT 
requirements. Figure 1 depicts processes and data flow 
for IoT Cloud services in sequential order: requirements 
(blue), discovery (red), negotiation (green), composition 
(brown) and consumption (yellow). 

1 Supported by SFI under Grant No. SFI/08/CE/I1380 (Lion-2)     

________________________________________ 

  and partially funded by the EU OpenIoT and EU Spitfire projects. 
2 http://code.google.com/appengine/ 

 
Figure 1. IoT service life cycle on the Cloud in sequential order. 

Modeling IoT data is being pursued due it promotes 
an easy and seamless integration of data collections with 
(and among) heterogeneous domains, which enabling a 
new range of services and applications [2]. 

3. Architecture Design 
A distributed online system architecture for 

integrating Internet-of-Things data with Cloud 
Computing systems to handle and deliver utility-based 
value services was presented and under continuous 
development. Ontology modeling techniques using SSN 
extensions for IoT Cloud data systems are used in this 
framework for generating a distributed data delivery 
system. The service is available at URL: http://spitfire-
project.eu/incontextsensing/ld4sensors.php 

 

 
Figure 1. IoT service life cycle on the Cloud in sequential order. 

4. Conclusion 
Based on the IoT Cloud principles proposed and 

existing technologies for Semantic data management 
application-oriented implementations can be developed. 
Integrating IoT on the Web enables publishing IoT 
monitoring services, so LD4S can be available to other 
multiple applications. Further research work includes 
experimentation with integration of service data from 
embedded IoT and Cloud data usage.  
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Networks and Management Systems”, Springer publishers, 2012. 

49



Real-Time Predictive Analytics for Energy Management Using Complex Event 
Processing, Machine Learning, and Linked Data 

Éanna Burke1, Edward Curry 2, Hugh Melvin1 

1National University of Ireland Galway, University Rd. Galway, Ireland 

2Digital Enterprise Research Institute, National University of Ireland, Galway, Ireland 

 e.burke12@nuigalway.ie 
 
 

Abstract 
This project investigates a building/facilities power 
consumption prediction system that leverages linked 
data to provide power consumption information to 
users. Electricity sensors in the DERI building are used, 
along with weather sensor observations and third-party 
weather forecasts, to provide data for several 
prediction algorithms from which an optimum 
prediction algorithm will be chosen. The data will then 
be integrated with other semantic data via a Complex 
Event Processing engine to analyse whether the power 
consumption is above/below certain thresholds (e.g. per 
no. occupants). The resulting events can be used to 
manage electricity consumption within the building. 
 
1. Introduction  

Power consumption in a building can be predicted 
using one of two approaches, a Building Energy 
Management System (BEMS) using a calibrated energy 
model of the building and its power inputs or by using 
sensors and machine learning methods to find the 
implicit relation between factors that affect power 
consumption and the building's consumption. The 
advantages of using a machine learning approach 
include the ability to retro-fit onto buildings where 
engineering drawings are not available and the ability to 
automatically adapt to changes in the building use 

Linked data is used to increase the portability of the 
solution by offering standardized, well-specified inputs 
that can easily be configured with other weather 
stations, forecasting services and sensor networks. 

Complex Event Processing will be used to identify 
situations where the building may exceed thresholds for 
power consumption (e.g. power use is above predicted 
and few/no people are in a room) and create high energy 
use events that will be intercepted by another agent that 
can communicate to building occupants or take direct 
action. 
 
2. Prediction Methodology 
�x Power consumption event data, weather station 

observations and weather forecasts are parsed and 
converted into defined schemas of linked data.  

�x The linked data is stored in a triple store which can 
be accessed using SPARQL, a SQL-like language 
for linked data queries.  

�x The triple store is mined periodically and the 
derived relationship between the inputs, (weather, 

time), and the output (power consumption) is 
written to a file as a prediction model.  

�x This prediction model is then used with the present 
weather observations and the power use events to 
determine if the building is using more/less power 
than it should be.  

�x The prediction model is also used with the weather 
forecasts to predict the power use for three, six and 
twelve hours in the future.  

�x Complex Event Processing will then be used to 
identify patterns in these predictions and create 
events that can be acted upon by other agents in the 
system.  
 
The prediction model will be tested with variations 

of Neural Network and Support Vector Machine 
algorithms developed with the WEKA machine learning 
library [1] from which the best performing solution will 
be selected. 
 
3. Future work 

Developing, intelligent CEP rules that can leverage 
the varied sensors in the DERI building to reduce power 
consumption sensor networks. 

Analysis of weather forecast error and its 
contribution to error in the power consumption 
forecasting as this may be significant over longer 
periods [2]. 
 
4. Acknowledgements 
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ABSTRACT 

In cloud-based systems, a service-agnostic design of 
data systems is not anymore a way to achieve interactive 
solutions enabling service composition and supporting 
information sharing capabilities between heterogeneous 
(public and private) cloud infrastructures. Information 
exchange (interoperability) between data and service 
levels is a key challenge. Linked Data is seen as an 
opportunity to face up with data interoperability 
requirements in cloud computing systems. A big step in 
information interoperability relies on using Linked Data 
on the service lifecycle control loop for controlling data 
systems and services in cloud environments. 

I. INTRODUCTION  

Current Internet architecture as a design conception is 
not service-oriented nor user-friendly and does not 
include service openness neither free information 
exchange (interoperability) between data and service 
levels; these facts rises a challenge for academic and 
industry for designing cloud systems where information 
interoperability is a key challenge [1].  

A service agnostic design of systems is not anymore a 
way to achieve interactive cloud-based solutions in terms 
of service composition and information sharing 
capabilities for heterogeneous infrastructures. Instead, a 
more holistic and long-term view is required, in which 
managing issues are addressed in a manner that various 
protocols/interfaces delivering services can be supported, 
meeting rapidly changing needs of users.  

Figure 1 depicts the service-openness Future Internet 
holistic view and its implementation relies on the 
inference plane [2], or Linked-Data layer where the 
exchange of information facilitates knowledge-driven 
support and generation of composed services by enabling 
interoperable management information.  

 
Figure 1.  Service Openness by meaning of Linked-Data. 

Research initiatives addressing this SOA and cloud-
based requirement argue that the future lies in layers of 
overlay networks that can meet various requirements 
whilst keeping a very simplistic, almost unmanaged, IP 

for the underlying Internet1 . Others argue that the 
importance of wireless access networks requires a more 
fundamental redesign of the core Internet Protocols 
themselves2. It is consensus information interoperability 
among heterogeneous data models is necessary. 

II.  SERVICE OPENNESS IN CLOUD COMPUTING 

A big step in information interoperability relies on 
using Linked Data service lifecycle control loop for 
controlling communication systems and services in a 
cloud environment [3]. To this extent an extensible, 
reusable, common and manageable information Linked-
Data layer following cloud principles is critical (Figure 
2). The important aspect of this approach relies on the 
fact that high-level infrastructure representations do not 
use resources when they are not required to support or 
deploy services. The optimization of resources using this 
approach relies on classifying and identifying what 
resources need to be used, by semantic descriptions in a 
knowledge-based fashion. Thus the service composition 
is dynamically executed and cloud-based services 
deployed by result of knowledgeÐbased analysis. 

 
Figure 2.  Linked-Data on Service Lifecycle Control Loop. 

III.  CONCLUSIONS AND FUTURE WORK 
Linked Data from a conceptual point of view offers a 

viable alternative for enabling open services. By using 
cloud infrastructure service openness consists on 
allocation of data services facilitating data interoperability 
to execute management operations; for example: service 
deployment. Cloud Computing success relies on the 
objective to outsourcing with security, reliability and 
scalability operations and services.  
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the end to end arguments vs. the brave new worldÓ, ACM 
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for the Inference Plane Supporting Integrated Management Tasks 
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Abstract 
 In global software development, tight project schedules 

and global distance give rise to incomplete requirements 
handovers from one site to another. Therefore, the need for an 
efficient communication mechanism becomes inevitable as 
information available to one project team can often contradict 
what is available to the other.  

On the other hand, Software as a Service (SaaS) is one of 
the deployment models of the cloud that can provide multiple 
users with a web space to collaborate on things of mutual 
interest. In this research, we propose a SaaS-based process to 
facilitate communication among globally distributed software 
development teams working on the requirements engineering 
process. The focus of this research is the situation that occurs 
after requirements are handed to another site.  

1. Introduction  

Global Software Development (GSD) entails software 
development distributed across geographical borders. It deals 
with teams dispersed across multiple geographical locations to 
carry out and accomplish software development tasks [1]. 
Organizations expect to benefit from enhanced business value 
through advantages such as round the clock software 
development, availability of skills and labour, and a reduction 
in overall project costs. This kind of development model 
emphasizes on the need for communication among the 
development teams, which is good for software development 
but at the same time highlights challenges, as communication 
among GSD teams remains an issue.  

2. Problem Statement and Research Methodology 

In GSD, the situation gets worse when teams are located in 
different time zones. Moreover, distributed requirements 
engineering has been a problem area, and a key challenge 
when carrying out GSD projects is how to effectively 
communicate when requirements are handed over from one 
software development team to the other one [2].  

Our research question is how we can facilitate 
communication on a globally distributed requirements 
engineering process.  Within this, we first examine the 
alleviation of the need for oral communication so that the 
communication challenge associated with teams in different 
time zones can be minimized. Second, the proposed process 
should facilitate a requirements validation and verification 
mechanism which accounts for missing and caters for 
conflicting situations. Moreover, representation of actual 
requirements must be simple and easy to comprehend. For that 
purpose, we opted for a goal-based methodology [2].   

 
3. Research Contribution and Future Directions 

SaaS (Software as a Service) �L�V���D�O�V�R���W�H�U�P�H�G���D�V���µ�R�Q���G�H�P�D�Q�G��
�V�R�I�W�Z�D�U�H�¶���� �� �,�W�� �L�V�� �D�� �G�H�O�L�Y�H�U�\�� �P�R�G�H�O�� �L�Q�� �Z�K�L�F�K�� �V�R�I�W�Z�D�U�H�� �D�Q�G��
associated data are hosted on the cloud and the SaaS is 
accessed by users via a web browser [3]. The ultimate 
contribution of this research remains three fold: alleviate the 
need for oral communication to cope with time zone issue, 
propose a mechanism for identification of the missing to be 
developed requirements, and facilitate requirements 
verification and validation mechanism among the globally 
distributed project teams. Third, we propose a SaaS-based 
communication process to facilitate communication among the 
teams. While doing so, the process facilitates verification and 
validation activities for the conflicting situations which arise 
after the requirements handovers. The process workflow is 
built on top of a SaaS architecture.  We use this rather than a 
simple web based architecture as its use will ensure that a 
collaborative as you go space is provided to the software 
development team members, the scalability feature ensures that 
it can handle variable number of communication work flows 
and it can also provide as you go storage of requirements 
artifacts.  

To demonstrate the applicability and usefulness of the 
proposed process, we consider a real time situation where 2 
global teams are involved in a software system development. 
More concrete validation of the proposed process would 
involve development of algorithms to formalize the whole 
process of SaaS based requirements completeness and 
validation so that requirements trade-offs can be made on the 
basis of heuristic algorithms that will ensure that team 
members are assisted with their decision making on the to be 
implemented requirements for an optimal solution. 
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Figure 1: Overview of the proposed open framework for multi-source, cross-domain personalisation 
 

Abstract 
Cross-domain recommendations are currently available 
in closed, proprietary social networking ecosystems 
such as Face- book, Twitter and Google+. I propose an 
open framework as an alternative, which enables cross-
domain recommendations with domain-agnostic user 
profiles modeled as semantic interest graphs. This novel 
framework covers all parts of a recommender system. It 
includes an architecture for privacy-enabled profile 
exchange, a distributed and domain- agnostic user 
model and a cross-domain recommendation algorithm. 
This enables users to receive recommendations for a 
target domain (e.g. food) based on any kind of previous 
interests. 
 
1. Motivation 

Social networking sites, like Facebook, Twitter and 
Google+, are each the center of an ecosystem, which 
allows external services and 3rd party sites to enhance 
the user experience.  

While this increases the value of the social network 
for the user and results in stronger user attachment, this 
also introduces completely new challenges for building 
recommender systems. The input data consists of user 
profiles which are (a) distributed across different 
services (multi-source profiles), and (b) not associated 
with a specific domain or inventory (domain-agnostic 
profiles) [1]. A source of background knowledge, which 
provides connections between interests is required. 
Finally, the recommendation algorithm needs to provide 
cross-domain recommendations [3] targeted to a 
specific domain and inventory, in order to e.g. 
recommend posts from a food blog to users without 
food interests, or select advertisements from a pool of 
ads. 
 

2. Solution approach 
In order to provide users with the benefit of multi-

source, cross-domain recommendations, users currently 
need to accept a trade-off [2] regarding their privacy, 
trust, data ownership and control: Privacy and 
personalisation are currently at odds [4]. Enabling 3rd 
party services requires sharing of user data with 
external services, thus introducing the potential for data 
leaks. In addition, the social networking operator, e.g. 
Facebook, owns all of the user data. The user has no 
control to whom his data is sold. 

The goal of my research is to provide the same 
recommendation capabilities, namely multi-source and 
cross-domain recommendations, outside of closed 
social networking ecosystems. Towards this goal I am 
developing an open framework, as illustrated in figure 
1. It addresses fundamental issues in the architecture 
and methodology of making recommendations on 
heterogeneous, distributed data.  
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Abstract 

The objective of this research is to study the role of 
technology in education through its various 
stakeholders: students, educators and policy 
makers. This preliminary research has been 
undertaken with the view of understanding the 
role that technology currently plays in the daily 
lives of students in the Irish higher education 
sector.  Furthermore, this research explores the 
future role technology can play in the development 
of modern and highly responsive learning 
approaches. In particular, the role that social 
networking and data analytics can play in the 
learning environment. 

1. Introduction 
Technology has long been an integral part 

of higher education, from the first acetates to the 
virtual classrooms of today (Coursera, 2013). 
Through the strategic use of technologies in 
education, such as social networking, a wealth of 
insight into human behaviour can be gathered and 
used for monitoring, evaluation and continuous 
improvement of courses. 

Data analytics can potentially aid   
planning and student engagement monitoring for 
educators. Educational learning portals such as 
�µ�%�O�D�F�N�E�R�D�U�G�¶�� �D�O�U�H�D�G�\ provide some statistic 
tracking functionality; however this is still quite 
limited. This preliminary research hopes to develop 
�D�� �S�U�D�F�W�L�F�D�O�� �P�H�W�K�R�G�R�O�R�J�\�� �I�R�U�� �W�K�H�� �X�V�H�� �R�I�� �µ�%�L�J�� �'�D�W�D�¶ 
analytics in a learning context. 

 
2. Methodology 
 The first phase of this research involved 
analysing �V�W�X�G�H�Q�W�¶�V��attitudes towards technology in 
their daily lives and in the learning context. The 
sample population of 150 university students were 
from both undergraduate and postgraduate levels. 
Furthermore, a focus group will be assembled to 
discuss students attitudes towards technology in a 
more in-depth way. 

Educators will also be interviewed to 
establish their vision of technology in an 
educational context. 

Finally, policy makers from within the 
University will be interviewed to establish their  
view of new technologies as they hold an important 
place in the direction of higher education.  

 
3. Conclusion 

Despite its clear benefits, technology 
cannot provide solutions to address all problems in 
education. However, it is also considered a source 
of many problems in education context when 
abused. It is clear from this research that 
technology is highly-�S�H�U�Y�D�V�L�Y�H�� �L�Q�� �V�W�X�G�H�Q�W�V�¶�� �O�L�Y�H�V����
therefore higher education must respond to meet 
the preferences of students.    

For educators, this research hopes to aid 
better teaching practices; including the timing of 
assignments, class pace and also class assessment 
and evaluations. These detailed levels of student 
engagement data will not be available to an 
educator if they are not committed to adopting the 
technologies that engage students. The ideal 
scenario is of an educator using an automated 
reporting system that provides information on 
student performance and engagement, while also 
on a higher level allow analysis and comparisons 
across multiple course modules and student 
cohorts. 

The opportunities that educational data 
analytics has for policy makers has been 
acknowledged for many years (Hogan, 2005). 
However the adoption of data analytics in 
education has been slow to occur. (Simon, 2013) 
Policy makers play a significant role in the roll out 
of new techniques in education and this research 
will  assist in promoting the role technology can 
play in improving the delivery of education 
University-wide. 
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Abstract 

Producing reliable schedules for New Product 
Development (NPD) projects can be difficult because of 
the uncertainty involved. Task iteration and schedule 
slippage is a common feature of NPD projects, with 
traditional project management scheduling tools unable 
to model this iterative nature of schedules. Previous 
approaches all use a similar technique to model 
iteration, which relies on subjective estimates to 
determine the model input parameters. This research 
presents a novel approach for modeling iteration and 
NPD schedule slippage using a set of process specific 
root cause variables. 
 
1. Predicting iteration slippage in NPD 

NPD projects bring specific challenges for a 
company due to the innate uncertainty involved in 
producing a new product [1]. One major consequence of 
the inherent uncertainty involved in NPD projects is the 
resultant uncertainty and risk in project schedules [2]. A 
key contributory factor to schedule risk in NPD is the 
occurrence of iteration, which is caused by high levels 
of uncertainty and complex interdependency between 
project tasks.  

A challenge when trying to generate a product 
development schedule is to accurately account for the 
uncertainty caused by unplanned iteration. To date this 
challenge has been addressed by modelling iteration 
using two parameters: (i) probability of iteration 
occurring and (ii) the impact iteration will have on a 
project schedule [3]. This research proposes a new 
modelling approach that aims to provide a more 
accurate and process specific representation of iteration 
and schedule slippage in NPD projects.  
 
2. Research methodology 

The methodology employed in this research 
consisted of an exploratory investigation into the 
problem of iteration slippage in a single case study 
company’s NPD process. The case study firm is a large 
multinational that produces complex technology product 
and have a long running issue with schedule slippage 
and unplanned iteration in their NPD process. The 
research process employed a grounded theory type 
approach and consisted of: semi-structured management 
interviews, historical project performance data analysis, 
focus group sessions and the development of a schedule 
risk analysis framework. 

 
3. Modelling framework 

The findings from the exploratory investigation into 
the case study company’s NPD process found that the 

modeling of potential iteration and schedule slippage 
was not a trivial process. The management interviews 
and focus group sessions found a number of process 
specific factors that contribute to unplanned iteration 
and the ultimate occurrence of project schedule 
slippage. The developed modelling framework uses 
these root cause factors as inputs to the schedule risk 
analysis (Figure 1).  
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4. Implications 

The proposed modelling approach differs from 
previous attempts as it uses the underlying root causes 
of iteration and schedule slippage in an NPD process. 
This minimises the uncertainty caused by subjective 
estimates and provides a more accurate and reliable 
method for quantifying schedule risk in NPD projects. 
Adopting this approach can also facilitate organisational 
learning regarding NPD projects and where 
improvements can be made to the process. 
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Abstract 
Follow-the-Sun (FTS) is a strategy for Global Software 
Development (GSD) focused on software development 
twenty-four hours per day with physically distributed 
teams. Companies have tried to implement FTS, but 
have abandoned it after some point because of the 
difficulty to put it into practice. In this paper, we 
summarize the current research that has been 
developed on FTS software development. Our main 
goal is propose a software process for adoption of the 
FTS. 
 
1. Introduction 

Follow-the-Sun (FTS) is a strategy used for Global 
Software Development (GSD) projects in order to take 
advantages of temporal distances between several 
productions sites located in different time zones  [1]. 
The main purpose of FTS is the reduction of software 
development cycle duration [2].  

Many companies have tried to implement FTS 
strategy, but have abandoned it after some point 
because of the difficulty of putting it into practice [3]. 
The lack of successful cases in software industry has 
led companies to look for new strategies for software 
development. Consequently, FTS have stopped to 
evolve in the software industry. In order to motivate 
companies to adopt FTS, it  is necessary first to define 
how FTS must be practiced.  

Agile methodologies have been discussed as a 
promising way to develop software applying FTS 
strategy [3]. Hence, inspired in practices from agile 
methodologies, our research aims to develop a software 
process to support FTS strategy adoption in GSD 
environments.  

 
2. Research methodology 

This research is organized in three phases: (1) 
Exp loratory, (2) Development, and (3) Validation.  

 The Exploratory phase consists of three research 
methods: literature review, systematic literature rev iew 
(SLR) and study case. Its purpose is to identify 
characteristics, recommendations and best software 
practices for FTS implementation.  

Based on results from phase 1, we create a 
preliminary software process for FTS. This phase is 
called Development. 

In the Validat ion phase, we will conduct validation 
process based on experts opinion about the software 
process proposed.  
 
3. Obtained results and next steps 

From the review of the theoretical basis, we 
identified 36 best software practices for FTS. We used 
these practices to perform a study case at Infosys 
Technologies in Bangalore, India. Infosys is a global 
leader in consulting, technology and outsourcing with 
revenues of US$ 7075 million.  

This study case involved carrying out a project 
applying FTS to develop an internal project at Infosys. 
This project was developed by three teams located in 
different time zones, Mexico, India and Australia.  

Results from this study case show the experience 
acquired applying FTS in a software project. The 
challenges found in GSD projects increased using FTS 
model. Time zones differences are very hard to manage 
when teams are working in the same tasks.  

Many software practices performed shown to be 
effective for FTS. In other hand, others shown to be 
ineffective resulting rework hours.  

The main contribution of this study is related to the 
feasibility of FTS. We put FTS into practice and 
evaluated its feasibility. Our findings show that FTS 
works for GSD projects with some ev idence that FTS 
can be used to compress duration.  

We also identified from teams and difficulties faced 
during the development of the project some lessons 
learned. These lessons will contribute to create a 
preliminary software process for FTS.  The construction 
of a preliminary software process is the next step of this 
research. 
 
4. Considerations 

FTS strategy has been used in GSD context to  
explore temporal differences between productions local. 
However, little is known from the software industry due 
the many challenges found. The absence of empirical 
evidence led practitioners to stop adopting the strategy, 
and as a consequence, stopping the theory to evolve as 
expected. The lack of solutions to FTS implementation 
is observed as the main barrier to developing area.      
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Abstract 
In this research we look at nonlinear singularly 
perturbed reaction-diffusion equations of the form: 

 

 nonlinear, , 

 and try to find a faster and more accurate numerical 
method for solving them. A singularly perturbed 
problem is one which cannot be approximated by 
setting the small parameter,, to zero. Equations of 
this type arise in many biological processes, such as 
enzyme kinetics, and chemical engineering problems, 
which include chemical reactors. A stabilization method 
is used due to multiple solutions arising from the small 
parameter in the problem. �1�H�Z�W�R�Q�¶�V���0�H�W�K�R�G���L�V���W�\�S�L�F�D�O�O�\��
employed but here we look at using the theory of upper 
and lower solutions to solve the problem.  
 
1. Introduction   

Finite difference is used to discretize the equation 
and Newton's method is typically employed. Multiple 
solutions arise due to the coefficient multiplying the 
time derivative becoming negligible. A stabilized 
method is applied to fix this problem, of which details 
can be found in [1]. The theory of upper and lower 
solutions is implemented in the monotone iterative 
method and it is hoped that this method will be an 
improvement on previous methods. 

Frequently in numerical analysis literature it is 
assumed that ; here we drop this. It is 

restrictive on this type of equation as in many chemical 
and biological processes the reaction term does not have 
this property. 

It is hoped that this new method will require a less 
sophisticated initial guess. 

Techniques used include numerical analysis, 
discretization, Newton's method, asymptotic analysis, 
upper and lower solutions, discrete and continuous 
problems and layer-adapted meshes, such as Shishkin 
and Bakhvalov meshes. 
 
2. Upper and Lower Solutions 

Here we look at the method of upper and lower 
solutions, i.e. the monotone iterative method. This 
method uses the theory of upper and lower solutions and 
their monotone convergence property to find the exact 
solution. It is thought that this method is much faster 
than that of Newton's.  

 

Figure 1: Upper and lower solution converging on the 
exact solution. 
 

is an upper solution if it satisfies: 

 

 is a lower solution if it satisfies the same equation 

with the inequality reversed. Also .  

This method does not need the initial iteration like 
Newton's method. The initial guesses for the upper and 
lower solutions are obtained from the problem without 
prior knowledge of what the solution is expected to look 
like. 

 
Figure 2: Lower solution (left) and upper solution 
(right) showing convergence to the exact solution. 

3. Future Work 
The next stage of this work is to apply this method to 

a problem involving interior transition layers, i.e. a 
steep change in the interior of the domain.  

 
Figure 3 Upper and lower solution converging on the 
exact solution involving an interior transition layer. 
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Abstract 

Networks facilitate spreading. The human contact 
network is a medium for the spread of infectious 
disease. The structure of the network and the strength of 
the disease are important factors in determining its 
effect. This is here examined through the SIS 
(susceptible-infected-susceptible) model of disease 
spread on complex networks. Another spreading type 
process is that of magnetization, where atoms in a 
material conform to spin in the same direction. This is 
examined through the Ising model, where the material 
is modeled as a network of spinning atoms. Through a 
mathematical framework, the phase diagrams are 
constructed. This allows for the determination of the 
state of the network for different parameter values. 
 
1. Introduction 

Complex networks appear all around us in many 
different forms. The Facebook and Twitter communities 
are social networks. People are nodes, and links 
between them denote friendship. Banks where people 
deposit money are part of a network, where links denote 
debit or credit obligations. In biology, networks range 
from molecular networks to food webs to the most 
complex biological network of them all, the brain. 

Networks act as a medium for diffusion or 
spreading. Examples include the spread of fads or 
popular content through a social network, disease 
contagion in a human contact network, and signal 
processing in a neural network. 

Beyond the behaviour of individuals in a network, 
interesting behaviour occurs at the population level. For 
example, while the fact that a bank has collapsed may 
be worrying in itself, a more important issue is the 
potential cascade effect on a banking network as a 
whole. 
 
2. Mathematical framework 

Mathematical models give a framework for analyzing 
behavior on a population-wide level. The population of 
nodes is treated in a statistical manner, and equations 
are given for large scale quantities. 

Two examples are here examined. The first is the SIS 
model of disease spread, where the quantity of interest 
is the fraction of the population effected by an outbreak. 
The second is the Ising model of magnetism, where 
external factors, such as temperature, determine whether 
a material is magnetic or not. 
 
3. SIS disease spread model 

Diseases are contagious, and can spread throughout 
a population. A simple model of disease spread is given 

by the SIS model. Here, a person becomes infected at a 
rate ���P, where m is the number of neighbours that are 
already infected, and �� is a rate parameter. Similarly, 
infected nodes may recover, and do so at a rate �..  

 
Figure 1: Human contact network. Nodes are either infected 
(red) or susceptible to infection (green). 
 

The interesting question is what will happen the 
population as a whole. Will the disease die out, or will it 
prevail and become an epidemic. 

The phase diagram for the SIS model is constructed, 
and informs us of the long-time state of the population 
for certain parameter values of �� and �.. In a certain 
region of the parameter space, when ���������. / (k-1) where 
k is the average number of neighbours of each node, the 
disease will die out after a short period of time. 
However, once �� exceeds this value, an endemic state 
exists where a permanent proportion of the population 
are infected. 

 
4. Ising model of magnetization 

In the Ising model, each node in the network spins 
either in the up or down direction. When the system is 
ordered and most spins are in the same direction then 
the solid is said to be ferromagnetic. Factors that effect 
the magnetization of a solid are the external magnetic 
field h and the temperature T. 

The phase diagram is computed analytically. For a 
large enough temperature T, the spins directions do not 
co-align and the system is disordered. Below a certain 
temperature T*, which depends on the strength h of the 
external magnetic field, the spins begin to align in a 
certain direction and the system becomes ferromagnetic. 
This temperature T* is called the bifurcation point, and 
denotes the passing of the system from one state to 
another. 

The mathematical framework employed leads to the 
exact calculation of the bifurcation curves T* = f(h). A 
Taylor expansion of the equations in the region of the 
bifurcation curves gives the form of the bifurcation, 
which is expected to be a catastrophe bifurcation. This 
work is ongoing. 
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Abstract 

Computational Fluid Dynamics (CFD)  
is a robust tool for modelling interactions within and 
between fluids and solids. This work focuses on 
a systematic methodology for the development of 
calibrated CFD models of naturally ventilated internal 
environments. The calibration process is supported by 
on-site measurements obtained using a wireless sensor 
network. Valid CFD models of internal environments 
help estimate the boundary conditions that most 
influence indoor air temperatures and air speeds in 
naturally ventilated spaces. 
 

1. Introduction 
In recent years CFD has become a very popular tool for 
predicting the airflow in buildings. About 70% of 
ventilation performance studies published in year 2008 
used CFD in their analysis [1]. 
Chen & Srebric [2] specified guidelines for 
the verification, validation and results reporting of CFD 
models of indoor environments. However, 
no systematic methods for the calibration of such 
models were determined. Thus, there is a need for easily 
calibrated CFD models which provide good 
representation of the real environment. Being an 
effective tool for building design and optimisation, 
reliable CFD models would lead to cleaner, healthier 
and more efficiently controlled indoor environments. 

2. Research goals 
In this research a systematic methodology for the 
calibration of CFD models, for naturally ventilated 
environments in buildings, was developed. This 
methodology can be used to estimate the CFD boundary 
conditions that most influence model outputs and, thus, 
improve model accuracy and efficiency, leading to 
significant time savings when developing such models. 

3. Methodology 
Figure 1 shows the calibration methodology in 
a systematic manner. Firstly, different runs of the initial 
CFD model are performed; each with a finer mesh, 
and their results are compared to achieve grid 
independence. A grid independent solution implies the 
results do not change significantly with increasing 
numbers of mesh cells, i.e. the balance between 
the accuracy and computation time is achieved. Next, 
simulated air temperatures and speeds inside the room 
are validated against the on-site measurements.  
If the model meets the specified criteria, it may be 
called a true representation of the real environment. 

If the specified criteria are not met, parameter analysis 
is performed. Parameter analysis allows for the 
determination of the CFD model boundary conditions 
that most influence the model output results. 
The next step is the process of improving the agreement 
between experimental and simulated data by adjusting 
the most relevant parameters. This step is repeated as 
long as the CFD model meets the criteria of being 
a good representation of the real environment. 

 
Figure 1 Process of achieving a valid CFD model 

of indoor environment 

4. Demonstrators 
The development, validation and calibration of CFD 
models in this research were supported by on-site 
measurements in normally operating full-scale buildings 
exposed to outdoor conditions. This work utilised two 
naturally ventilated internal environments: (i) a study 
room in the Nursing Library building and (ii) a meeting 
room in the Engineering Building, both at the National 
University of Ireland (NUI) Galway, Ireland. 

5. Conclusions 
This work started with the realisation of the potential, 
but also difficulties, in utilising CFD to simulate 
naturally ventilated environments. Creating an accurate 
CFD model requires a high level of CFD expertise, 
trusted validation data and an ability to interpret model 
input parameters. Thus, this work takes a step forward 
towards robust and more accessible CFD models of 
naturally ventilated indoor environments.  
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Abstract 
This study aimed to examine the treatment of high 
strength slaughterhouse wastewater at 11 oC by using 
the intermittently aerated sequencing batch reactor 
(IASBR) technology. Three 8 L IASBR systems were set 
up in the laboratory. Three aeration rates of 0.4, 0.6 
and 0.8 L air/min were investigated. Among the three 
aeration rates, the optimum aeration rate was 0.6 L 
air/min, which achieved removal efficiencies of COD, 
TN and TP of 98%, 96% and 98%, respectively. The 
treated wastewater met the Irish emission standards. 
This study shows that IASBR technology is capable of 
high strength wastewater treatment at low 
temperatures. 
 
1. Introduction 
A large amount of slaughterhouse wastewater is 
generated in meat product manufacturing due to the 
cleaning process. It contains high concentrations of 
organic matter, oil and grease, and nitrogenous 
compounds (proteins and amino acids) [1]. Given the 
high biodegradability of slaughterhouse wastewater, 
biological processes are considered to be suitable for 
organic matter removal from slaughterhouse wastewater. 
Traditional aerobic and anaerobic processes are limited 
by a number of factors, like high energy consumption, 
climate and temperature. In our previous study at 20 oC, 
intermittently aerated sequencing batch reactor (IASBR) 
technology was successful in removals of COD and 
nitrogen from high strength slaughterhouse wastewater. 
In this study, the technical feasibility of IASBR 
technology in treatment of slaughterhouse wastewater at 
11 oC was investigated. Three aeration rates (0.4, 0.6, 
and 0.8 L air/min) were examined so as to obtain the 
optimal operation condition. 
2. Methods 
Raw slaughterhouse wastewater was collected from the 
wastewater treatment plant (WWTP) of a local 
slaughterhouse in western Ireland and stored in the 
laboratory at 11 oC for experiment use. The average 

concentrations of SS, COD, BOD5, TN, TP and NH4
+-N 

in the raw slaughterhouse wastewater over the study 
period were 1843 ± 280.5, 6057 ± 172.6, 4240 ± 271.3, 
576 ± 15.1, 52 ± 2.7, and 567 ± 17.2 mg/L, respectively. 
0.8 L of slaughterhouse wastewater was treated every 
day resulting in a HRT of 10 days. The SRT was kept 
about 20 days.  The average organic loading rate and 
TN loading rate were 0.61 g COD/(�/�Ü�G) and 58 mg 
TN/(�/�Ü�G), which were close to COD and TN loading 
rates applied in the slaughterhouse WWTP. 
3. Results 
The overall performance of IASBRs at the aeration rates 
of 0.4, 0.6, and 0.8 L air/min during pseudo-steady state 
is given in Table 1. Profiles of effluent NH4

+-N in three 
reactors is shown in Figure 1. 

 
Figure 1 Profiles of effluent NH4

+-N in three reactors. 
4. Conclusions 
Comparing IASBR performance at the three aeration 
rates (0.4, 0.6 and 0.8 L air/min), the optimal aeration 
rate was 0.6 L air/min. Efficient partial nitrification 
followed by denitrification occurred at the aeration rates 
of 0.4 and 0.6 L air/min at 11 oC.  
5. Reference 
[1] Manjunath NT, Mehrotra I, and Mathur RR. 2000. 
Treatment of wastewater from slaughterhouse by DAF-
UASB. Water Research, 34:1930-1936. 

 
Table 1 Characteristics of IASBRs effluent at the three aeration rates. 

Parameter (mg/L) Discharge standard a 0.4 L air/min 0.6 L air/min 0.8 L air/min 

SS 60 21.3 ± 4.1 b 27.2 ± 5.5 21.9 ± 4.5 

COD 125-250 or >75% removal 133.8 ± 3.3 
(97.8%) c 

115.2± 1.6 
(98.1%) 

110.3 ± 1.6 
(98.3%) 

Total nitrogen 15-40 or >80% removal 45.6 ± 5.1 
(92.1%) 

23.3 ± 0.7   
(96%) 

27 ± 2.1   
(94.6%) 

Total phosphorus 2-5 or > 80% removal 1.2 ± 0.1  
(96.7%) 

1.3 ± 0.1  
(96.4%) 

13 ± 0.7   
(64.3%) 

a Discharge standard given by Irish EPA (2006); b Standard deviation; c Percentage removal  
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Abstract 

This paper aims to set up a coastal surface currents 
forecasting system by combining the forecast state and 
measurement state to obtain optimal analysis state. 
Ensemble Optimal Interpolation (EnOI) data 
assimilation scheme is utilised to update the forecast 
state by using measurement state, and the forecast error 
covariance is computed from a free run with a long 
time period. Time series of surface velocity components 
at certain points and relative error in updated area are 
compared to evaluate the influence of assimilation 
process. 
 
1. Introduction 

As advanced computational ability and sustained 
real-time observation become more available, it has 
recently been recognized that it is crucial to blend 
different measurement sources into numerical modelling 
to obtain optimal state information, such as surface 
current components, temperature, salinity. Operational 
forecasting system of a coastal area can greatly 
contribute to our understanding of the functioning of 
marine sub-systems, as well as providing important 
information for shipping, naval operation, tourism and 
so on. 
 
2. Data Assimilation Scheme 

Data assimilation is a means to combine the forecast 
state and measurement state, gaining the optimal 
analysis state.  Generally speaking, there are two types 
of data assimilation approaches: sequential and 
variational method. In this research, one kind of 
sequential data assimilation methods--Ensemble 
Optimal Interpolation (EnOI) is utilised to synthesise 
the forecast state and measurement state. The analysis 
equation of EnOI could be written as follows: 

 
Where K is the Kalman gain, 

 
 
 

 
 

is the forecast error covariance (or background error 
covariance), H is the measurement operator, which 
projects the modelling field to measurement field, R is 
measurement error covariance, m is the ensemble size, 
A is the anomaly of ensemble sample. In Ensemble 

Optimal Interpolation scheme, forecast error covariance 
is computed from a free run with a long period. 
 
3. Modelling and Observation 

This research proposes to develop a forecasting 
modelling system for surface current prediction in 
coastal areas. This will be achieved using EFDC 
(Environmental Fluid Dynamics Code). The numerical 
model EFDC solves the three-dimensional, vertically 
hydrostatic, free surface, turbulent averaged equations 
of motions for a variable density fluid. The module uses 
a stretched or sigma vertical coordinate and Cartesian or 
curvilinear, orthogonal horizontal coordinates. 

The measurements are obtained from a type of 
compact High Frequency (HF) Radar--CODAR (Coastal 
Ocean Dynamics Applications Radar). CODAR uses HF 
surface wave propagation to remotely measure ocean 
surface waves and current. Two CODAR SeaSonde HF 
Radar Systems (the Mutton Island Water Treatment 
Plant and Spiddle Pier) have been installed in Galway 
Bay.  The measurement radials obtained from both sites 
are merged, producing total current vector maps. 
 
4. Results and Conclusions 

This study focuses on assimilating the surface 
velocity components u and v. In order to evaluate the 
impact of data assimilation process, some skill 
assessments are used for comparison. Such as time 
series outputs at certain reference points and Relative 
Error (RE) are compared. 
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Abstract 

A need has been identified for efficient water treatment 
technologies that can provide a sustainable, flexible, 
low maintenance alternative targeting a variety of 
contaminants in drinking water supplies. This paper 
will discuss the use of filtration and adsorption for 
contaminant removal with particular regard to 
emerging contaminants as defined by the 
Environmental Protection Agency (EPA). 
 
1. Introduction 

Removal techniques can be physical, chemical, 
biological, or combinations thereof. Physical 
mechanisms comprise filtration and adsorption. Filter 
types include slow sand filters, rapid gravity filters, or 
intermittent sand filters depending on the requirement. 
Technologies are required that have the ability to 
remove the key parameters identified in a water 
treatment plant, namely, E. coli, Enterococci, lead, 
nitrate, trihalomethane (THM), aluminium and turbidity, 
along with any emerging contaminants (EPA, 2010). 
The EPA has published a Remedial Action List (RAL), 
which identifies contaminants that are not being 
removed by current filter design and disinfection (EPA, 
2012). The most common contaminants that are 
identified as problematic according to EPA reports are 
nitrates, aluminium, THM and cryptosporidium (EPA, 
2012). The maximum allowable concentrations of each 
contaminant, as per S.I. No. 278 of 2007, are presented 
in Table 1 with the exception of cryptosporidium, 
which, at present, must be removed completely. 

Table 1: Maximum allowable concentrations for 
contaminants in drinking water (S.I. No. 278 of 2007) 

Contaminant Maximum allowable 
concentration (mg/L) 

Nitrate 
Nitrite 
Aluminium 
Total Trihalomethanes 

50 
3 
0.2 
0.1 

  
2. Preliminary Testing 

Preliminary testing conducted in the present study 
involved developing adsorption isotherms for each 
media and contaminant. Synthetic water was chosen so 
that media could be spiked with known contaminant 
concentrations. The Langmuir isotherm was chosen as it 
gives best fit for the data. The form of the Langmuir 
isotherm is: 

 

where qi is the quantity of contaminant adsorbed per 
gram of sand, PSOL is the equilibrium contaminant 
concentration in the pore water (g m-3), kA (m3 g-1) is a 
measure of the affinity of the contaminant for the media, 
and qMAX (g g-1) is the maximum amount of contaminant 
that can be adsorbed onto the media (McBride, 2000). 
Media tested included coarse and fine sand, anthracite, 
biopolymers, seaweed, bauxite residue, ground-
granulated blast-furnace slag (GGBS), flue gas 
desulphurization by product (FGD), bottom ash and fly 
ash.  
 
3. Proposed Work 
Based on initial results, laboratory-scale filters will be 
constructed and housed in the Environmental 
Engineering laboratory at NUI Galway. The filters will 
be fitted with sampling ports to allow ongoing analysis 
of the water as it passes through the filter. Initially, a 
spiked water sample may be used to feed the filter, with 
the option of sourcing contaminated water from the list 
of water treatment plants on the RAL. Variations of 
mixed media filters will be examined where removal of 
multiple contaminants is required. Following laboratory 
trials, pilot-scale filters will be constructed at Tuam 
Water Research Facility. Cost benefit analyses and life 
cycle assessments will be carried out to determine which 
media will be suitable for use in full-scale filters. This 
will result in a robust, sustainable technology that 
successfully removes a variety of major water 
contaminants. 
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Abstract 
This study examines the effectiveness of zeolite to 
sequester phosphorus and nitrogen from three types of 
agricultural wastewaters and from synthetic wastewater. 
This paper details preliminary work carried out to 
establish optimum loading rates of zeolite for the 
selected wastewaters. 
 
1. Introduction 
Land application of dairy cattle and pig slurry, as well 
as dairy parlour washings (referred to as dairy soiled 
water, DSW) can result in incidental phosphorus (P) 
losses to a waterbody [1], which may cause 
eutrophication. This project examines the effectiveness 
of natural zeolite to adsorb P and nitrogen (N) from 
three different agricultural wastewaters: dairy slurry, 
pig slurry and DSW, as well as synthetic wastewater. It 
will also examine the ability of the amendment to 
desorb the sequestered nutrients for subsequent reuse.  
 
2. Materials and Methods 
Dairy slurry and pig slurry were collected from Teagasc 
Research Centre, Moorepark, Fermoy, Co. Cork and 
stored at 10°C prior to testing. The wastewaters were 
fully characterized for a range of water quality 
parameters, including total nitrogen, total phosphorus 
and dry matter. The synthetic wastewater was made up 
using either K2HPO4 or NH4Cl. The zeolite was of 
Turkish origin, and was sieved to a particle size of less 
than 2 mm prior to conducting the tests. 
 
2.1 Adsorption Isotherm study 
Adsorption isotherms were conducted by adding 4 g of 
zeolite to 40 ml of varying concentrations of wastewater 
and placing on a reciprocating shaker for 24 hr at 250 
rpm. The supernatant water was tested for ammonium 
(NH4-N), ortho-P (PO4-P) and nitrate-N (NO3-N) before 
and after mixing using a nutrient analyser. 
 
2.2 Batch Study 
Batch studies were carried out by adding zeolite at 
varying loading rates to 40 ml of the wastewaters.  
 
3. Results and Discussion 
3.1 Adsorption Isotherms 
Linearised Langmuir adsorption isotherms were 
established and the results are summarised in Table 1. 

 
Table 1 Linearised Langmuir Isotherms characteristics 
for adsorption of PO4-P and NH4-N. 

Slurry 
Type 

qmax (mg/g) K (l/mg) R2 

PO4-P NH4-N PO4-P NH4-N PO4-P NH4-N 

Dairy 0.31 2.68 1.040 0.058 0.76 0.94 

Pig 0.06 7.88 -0.467 0.005 0.73 0.74 

DSW 0.18 2.25 0.357 0.014 0.84 0.25 

Synthetic 
PO4-P 0.33 - 0.005 - 0.19 - 

Synthetic 
NH4-N 

- 12.1 - 0.003 - 0.85 

 
3.2 Batch Studies 
The effect of zeolite loading on P and N removal was 
established. Zeolite was effective in reducing NH4-N 
(Figure 1), but was not as effective in reducing PO4-P.  

 
Figure 1 Effect of zeolite loading on NH4-N removal 
from pig slurry, dairy slurry and DSW. 
 
4. Conclusions 
Zeolite is an excellent adsorbent of NH4-N, but is not as 
effective in PO4-P removal. Preliminary optimum 
loading rates for the various slurries have been 
established. Desorption studies are required in order to 
establish regeneration possibilities of the nutrients.  
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Abstract
Time lag can extend achievement ofEuropean Union
Water Framework Directive(EU WFD) water quality
timelines beyond 2015 without implementation of
additional programmes of measures.At present, the
focus of this project is on development of
methodologies to elucidate the first component of time
lag i.e. vertical travel times through the unsaturated
zone. Cores taken from soil layers will be analysed
using both traditional pressure plateand modern
centrifuge techniques. Matric potential versus
volumetric water content data will enable the
construction of soil water characteristic curves
(SWCCs). Results will be inputted into Hydrus 1D
software and using the Van Genuchten and Mualem
equationsin combination with bulkdensity, particle
density andsoil texture data, further soil hydraulic
characteristicswill be calculated.Such data can then be
used to estimate vertical travel times in theunsaturated
zone.

Introduction
Under theEU WFD, all surface and groundwaterbodies
must achieve ‘at leastgood water quality status’ by
2015 with the implementation of programmes of
measures (POM) in 2012. In Ireland, the agricultural
POM is the Nitrates Directive. It is known that there isa
‘time lag’ between implementation offarm practices
and waterquality change. Assumptions with respect to
the effectiveness of POM should not be made until the
estimates ofvertical time lags on vulnerable sites are
known. SWCCs, in combination with equations from
Van Genuchten and Mualem, can be used to elucidate
soil hydraulic parameters and hence vertical time lags.
Traditional methods such as the pressure plate aretime-
consuming, takingup to several months to determine a
single curve. An alternative, which has not been tested
in Ireland, is the centrifuge method, which should only
take days to determine a single curve.The objectives of
this study are (1) to examine the suitability of the
centrifuge method as an alternativeto the pressure plate
method,and (2) to estimate hydrological time-lags for
various soil types using this method.

Methodology
Intact soil cores from different textural classes will be
collected in the field. To avoid air entrapment, which
could potentially distort the SWCCs, cores will be
saturated from the base under vacuum using deaerated
0.005 M CaSO4 (Dane and Topp, 2002). Coreswill be
then transferred to bespoke containers and placed in a
Sigma 4-15 centrifuge (upper speed = 4500 rpm). Pore
liquid will be extracted fromthesaturated soil cores.

The suction exerted on the pore fluidinside the soil core
will be calculated according to (Gardner, 1937):
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fluid (g cm3)���� �&�� �L�V�� �D�Q�J�X�O�D�U�� �Y�H�O�R�F�L�W�\�� ���U�D�G�V��, g is
acceleration due to gravity(981 cms-1) and r1 and r2 are
theradial distance(cm) to a point withinthe soil sample
and the free water surface, respectively. The cores will
be subjected to centrifugation at various angular
velocities corresponding to matric suctions ranging
from 0 to -1500 kPa(the permanent wilting point). A
porous ceramic column will be inserted at the base of
the soil sampleto extend the r2 parameter, thereby
increasing the maximum matric suction that can be
attained. Centrifugation will be conducted until
equilibrium is reached, whereupon the weight of the
sample shall be recorded and centrifugation at thenext
pressure step will begin. The SWCCs obtainedfrom
both methodologieswill be compared.Finally, Hydrus
1D will use all theSWCC dataand vertical time lags
will be estimated for a range of soil profiles. Future
plans will be to roll out this high throughput technique
to soils inareas presently failingEU WFD water quality
targets.
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Abstract 
Constructed wetlands are an established treatment 
technology and there is a long history of using wetlands 
as a unit process in treating acid mine drainage, while 
recent research has highlighted the potential for 
wetlands to buffer highly alkaline (pH>12) drainage1. 
The aim of this overall project is to assess the feasibility 
of a trial constructed wetland for reducing alkalinity of 
bauxite leachate from the bauxite residue disposal area 
(BRDA) on site in Aughinish Alumina 
 

1. Introduction 
The work presented here involved studying the fall in 

pH of various solutions, as a function of different 
parameters. These parameters included dilution with 
various water types, additives of calcium sources and 
acid, carbonation, soil types.  A significant fall in the 
pH was observed using carbonation.  This is believed to 
be partially due to the fact that the CO2 forms carbonic 
acid in aqueous solution which neutralises the solution. 
The effect of addition of a combination soil (which 
contains organic matter) and an artificial soil (perlite) to 
the solutions being carbonated were also investigated.  

 
2. Methodology 

To investigate effect of dilution, pH 13 (0.1M) 
NaOH was diluted by factors of 10 with different water 
types and pH was recorded. 

To investigate the effect of addition of Ca sources 
and acid on pH over time a specific quantity 
(0.00046mol) of additive were added to 0.01M NaOH 
solutions made up in different water types. 

To investigate effect of carbonation, solutions of 
NaOH were bubbled with CO2 gas to reduce the pH. 
Solutions were then aerated to remove CO2 and effect 
on pH was observed. The effect of temperature, soil 
type and calcium content were also investigated. 
 

3. Results 

      
Figure 1. Effect of dilution in factors of 10 on pH of 

NaOH solution using various water types 

 
Figure 2. Effect of gypsum, calcium chloride and 

sulphuric acid on pH of NaOH solution in well water 
(from Cork). Other water types showed similar trend 

 

    
Figures 3. and 4. Effect of carbonation and aeration 

on pH of NaOH solution containing organic soil and 
inorganic perlite compared to blank NaOH solution. 
 

4. Conclusions 
Effect of dilution on pH of NaOH for same factor of 

dilution depends on quality of water used. 
Addition of Calcium sulphate, calcium chloride and 

sulphuric acid cause pH of NaOH solution to decrease 
over time, with CaCl2 being most effective.  

Carbonating NaOH reduces pH dramatically in short 
time period; therefore carbonation can be seen as a key 
factor in reducing the pH.  

Aerating solutions to remove carbon dioxide does 
not return pH to above 9. 

Addition of organic soil and inorganic mineral, 
heating and calcium content may affect initial pH and 
rate of pH change but do not have significant effect on  
equilibrium pHs reached. 
 

5. Future Work 
 

Further investigate rate of carbon dioxide flow vs. 
rate of pH drop during carbonation and effect on pH 
drop of ratio of organic to inorganic matter content in 
soils 
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Abstract 
Human pathogenic viruses (HPVs) with particular 
reference to norovirus (NoV) are commonly linked to 
contaminated water supplies throughout Ireland.  High 
viral loads shed via human effluent into municipal 
wastewater combined with a low infectious dose often 
lead to sporadic outbreaks that can lead to public 
health risk.  Secondary wastewater treatment processes 
are not designed to eradicate HPVs thus a tertiary 
disinfection step is required.  This research focuses on 
the investigation of two tertiary disinfection systems; (i) 
a barrier method using tangential flow filtration (TFF) 
and (ii) ultraviolet irradiation (UV).  In addition to this, 
the use of FRNA bacteriophages as a surrogate for NoV 
will also be investigated as a measure of viral 
infectivity. 
 
1. Introduction 
The release of treated and untreated effluent to water-
bodies is a global occurrence in both the developed and 
developing world. Currently, both European and Irish 
regulations do not require monitoring of viral loads in 
treated wastewater. The human pathogenic viruses 
(HPVs) of main concern include the human adenovirus 
(HAdV), human enterovirus (EV), rotavirus (RV), and 
norovirus (NoV). Concentrations of HPVs in human 
effluent as high as 1011 viruses/gram faeces have been 
reported[1]. Of these viruses, NoV is accepted as the 
most common aetiological agent of sporadic acute 
gastroenteritis in many communities, both nationally 
and internationally. In 2009 there were 1647 NoV 
infections reported in Ireland[3]. The persistence of NoV 
in wastewater has been documented not only in the 
environment but also throughout wastewater treatment 
process where tertiary treatment is not in place. Tertiary 
treatment processes can include chlorine, ultraviolet 
irradiation (UV), slow sand filtration and tangential 
flow filters (TFF).   

As NoV lacks a reliable cell culture system, male-
specific bacteriophages have been suggested as 
surrogates because they possess many similar physical 
and physiochemical characteristics[2]. The use of phages 
also allows for infectivity quantification which is 
currently not possible through real-time qPCR. 

 
2. Materials & Methods 
2.1 Tertiary Disinfection Systems 

1) The TFF acts as a barrier method employing cross-
flow filtration action across a membrane cassette. 

Secondary treated wastewater is fed into the system 
with larger particles flowing across the surface of the 
membrane and smaller particles permeating through 
the membrane. Pore size is critical to membrane 
performance and thus various pore sizes from 
0.45µm down to 10kD will be analysed. 

2) Two methods of UV irradiation will be investigated; 
low pressure UV and pulsed UV.  Secondary treated 
municipal wastewater will initially be passed 
through a rapid sand filter to remove most solids 
present prior to the UV unit; solids can shield 
viruses and thus reduce UV performance. 
 

2.2 Virus Surrogacy Assay 
FRNA bacteriophages will be used as a surrogate to 
estimate infectivity of NoV. An overlay plaque assay 
will be employed which detects only viable 
bacteriophage in the sample. This will then be compared 
with real-time qPCR to determine over-estimation of 
infectious norovirus in wastewater. 

   
3. Results to Date 
The TFF was run in replicate sequence (x5) employing 
a 0.45µm membrane before biofouling prevented further 
processing (Figure 1). NoV reduction was observed at 
varying degrees from Run 1 through to Run 5 but at no 
point was complete removal of the virus observed. A 
further six cassettes of decreasing pore size will be 
trialled to establish viral eradication via membrane 
barrier method. 

 
Figure 1. Cumulative effect of influent suspended solids loading on 
the ratio between the influent (Vi) and effluent volume (Ve).  
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Abstract 

In this research 9 pilot scale Horizontal Flow Biofilm 
Reactors (HFBR) were used to treat nuisance gases 
common in wastewater treatment, namely methane 
(CH4), hydrogen sulphide (H2S) and ammonia (NH3). 
Excellent results were achieved in each case. Successful 
liquid phase optimisation of the CH4 reactors led to 
removal rates of up to 10 g CH4/m

3.hr. Full removal of 
H2S and NH3 was also achieved at loading rates of up 
to 11.6 g H2S/m3.hr and 4.9 g NH3/m

3.hr respectively. 
 
1. Introduction 

As the legislation governing greenhouse gas and 
odour emissions from waste and wastewater treatment 
facilities grows ever more stringent, novel, robust 
solutions offering simple, sustainable, energy efficient 
remediation are timely. In this study, a horizontal flow 
biofilm reactor (HFBR) was investigated for its efficacy 
treating nuisance gases associated with emissions from 
waste and wastewater treatment facilities, namely 
methane (CH4), ammonia (NH3) and hydrogen sulphide 
(H2S). Previous studies [1], [2] revealed the potential of 
the HFBR for nuisance gas removal. 
 
2. Materials and Methods 

The performance of the HFBR was investigated in 
three parallel experiments. Nine pilot scale HFBR units 
were used, three to investigate CH4 removal, three for 
H2S removal and three for NH3 removal. 

 
2.1. HFBR Construction 

The HFBR units comprised a stack of 60 horizontal 
plastic sheets positioned one above the other, enclosed 
in an airtight reactor. The working volume of each 
reactor was 20 L The air mixture was introduced at the 
top of each reactor, and flowed horizontally across each 
sheet before moving to the sheet below and flowing 
along that sheet in the opposite direction, concurrently 
with a Liquid Nutrient Feed (LNF) which added 
nutrients to the biofilm. The HFBRs were housed in a 
purpose-built laboratory with a controlled ambient 
temperature of 10oC. Each gas was supplied from a 
cylinder and mixed with compressed air to form the 
desired concentrations.. A gas chromatograph was used 
to measure CH4 and CO2 concentrations. Handheld 
sensors were used for NH3 and H2S measurements 
 
2.2. Analytical Trials 

The CH4 trials were carried out over 3 experimental 
phases (Phases 1, 2 and 3). Trials investigating H2S 
removal were carried out over 5 experimental phases 
(Phase 1 - Phase 5) of incrementing H2S loading rates. 
Trials investigating NH3 removal were carried out over 
2 experimental phases (Phase 1 and Phase 2). 
 
3. Results 
The CH4 trials investigated the potential for chemical 
enhancement of the liquid phase, to increase mass 
transfer of CH4 into the liquid phase. Enhancement of 
the liquid phase during Phases 2 and 3 of the 
experiment, resulted in an average performance 
improvement of 63% (over the Phase 1 performance) 
recorded during Phase 2. This average improvement 
increased to 140% (over the Phase 1 performance) 
during Phase 3.  
During each phase of the H2S trial, 100% removal was 
achieved and excellent odour removal was observed. 
During both phases of the NH3, 100% removal was 
immediately achieved and high levels of nitrification 
were recorded, demonstrating the excellent potential of 
the units to biologically eliminate ammonia gas and 
nitrify ammonium-nitrogen in the liquid phase. 
 
5. Conclusions 

These results show the HFBR to be an excellent 
alternative to traditional greenhouse gas and odour 
removal technologies. The simplicity and flexibility of 
the design lends itself to exceptional energy efficiency 
(running costs are negligible), excellent performance 
even at low temperatures. The application of this 
technology to waste facilities has to potential to reduce 
both carbon footprint and odour making their presence 
more acceptable to both the public and to legislators. 
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Abstract 
Effective Decision Support Systems (DSS) for 

building service managers require adequate 
performance data from many building data silos in 
order to deliver a complete view of building 
performance. 

 Current performance analysis techniques tend to 
focus on a limited number of data sources, such as BMS 
measured data (temperature, humidity, C02), excluding 
a wealth of other data sources increasingly available in 
the modern building, including weather data, occupant 
feedback, mobile sensors & feedback systems, schedule 
information, equipment usage information.  

This paper investigates the potential for using 
Linked Data and Semantic Web technologies to improve 
interoperability across AEC domains, overcoming many 
of the roadblocks hindering information transfer 
currently. 

 
1. Introduction 

In the AEC industry, information is often muddled, 
disjointed or inaccessible and the performance drift 
from ideal performance, over time, is pronounced. 
Building operators lack access to reliable performance 
information, delivered in a structured, systematic and 
contextual manner, cognisant of the technical 
background and expertise of typical building operators.  

The goal of decision support for the building 
operator is the provision of a framework of accessible 
information in a format that aids the decision making 
process, reducing the amount of decisions which rely on 
intuition.  

Building related data can be transformed into a 
homogenous format using Linked Data[1�±4] and the 
Semantic Web, allowing greater levels of information 
access and cross-domain interoperability. Using these 
technologies, we describe how a structured performance 
measurement platform can be enhanced to provide a 
more holistic interpretation of building performance.  

 
2. Methodology 
 

As part of a wider decision support framework for 
key building stakeholders, we describe a structured 
performance assessment of thermal comfort, utilising a 
variety of building data sources, including a calibrated 
BES model, real-time BMS data and softer building 
data, including scheduling data and occupant feedback.  

 

We illustrate how sources of building data can be 
interpreted using RDF and integrated using Linked Data 
and the Semantic Web. Using the Performance 
Framework Platform (PFP), we show how these data 
sources might be used to drive operational efficiencies. 

There is considerable value in considering other, less 
frequently used sources of data in modern buildings and 
including these sources in the building management 
framework. 

Taking an existing 14000m2 naturally-ventilated 
university building, we illustrate how diverse building 
data streams might be exposed and used to drive 
decision support for building operators, in the area of 
occupant satisfaction and performance optimisation. 

We go on to describe some of the difficulties 
encountered in organising disparate data sources into a 
coherent framework and describes some work underway 
to overcome these issues, utilising semantic web 
technologies and linked data. 
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Abstract 

The resonant converter is widely applied as 
intermediate conversion and a continuous 
miniaturization of the converter incorporating planar 
magnetics is leading to higher performance, higher 
efficiency and decreasing costs. We are focusing on the 
research of LLC resonant converter with synchronous 
rectifier and aim to develop the power conversion 
products implemented in smart grid applications with 
higher power density. The design methodology of the 
magnetic components in the circuit and the integrated 
magnetics were investigated. Based on the proposed 
methodology, LLC resonant converter with planar 
inductor and transformer integrated together can 
achieve the optimum design and an integrated planar 
transformer structure is presented. 
 
1. Introduction 

Smart grid is a modern technology revolution that 
uses information, communication and power conversion 
technologies to adjust the behaviors of supplies and 
consumers. Power electronics plays a significant role in 
the practical smart grid system for the intellectualized 
control of the power energy and the high performance 
realization of the connection between the renewable 
power generator and the grid. The LLC resonant 
converter can be applied in the smart grid system for its 
higher power efficiency and higher power density. The 
research about the design methodology of the converter 
and the magnetic component implementation technology 
is ongoing worldwide [1], [2]. 
 
2. LLC resonant converter optimization 
design 

The main topology of the half-bridge LLC resonant 
converter with synchronous rectifier output is shown in 
Figure 1.  

 
Figure 1. Half-bridge LLC resonant converter with 
synchronous rectifier 

The salient resonant components including Lr, Cr and 
Lm should be designed for high efficiency, high power 
density, and meet the holdup time and no-load condition 
requirements as well as zero-voltage-switching (ZVS) 
operation over the full load range. An improved design 
methodology has been proposed to achieve these goals. 

 
3. Planar magnetics 

In order to increase the power density of the resonant 
converter, the planar transformer is introduced. The 
primary windings are made by the PCB and the copper 
foil is applied in secondary windings. Figure 3 shows 
the detailed structure of the planar transformer. The 
experimental results indicate the design methodology 
and the planar transformer work well. 

 
Figure 2. Planar transformer for the LLC resonant 
converter 
 
4. Conclusions 

A methodology for designing LLC resonant 
converters has been presented in this paper. The planar 
structure of the transformer was proposed to achieve 
higher power density of the circuit. 
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Abstract 
Biofilm-based passive aeration systems (PAS) have 
attracted recent attention as alternative energy efficient 
and low maintenance technologies for wastewater 
treatment. However the modelling of biofilm-based PAS 
offers unique difficulties for engineers and scientists. 
One such technology is the pumped flow biofilm reactor 
(PFBR); a batch biofilm technology. The PFBR 
employs a unique hydraulic regime which, while 
enabling aerobic, anoxic and anaerobic conditions to 
be sequenced, poses a particular challenge to 
modellers. Furthermore, as the technology employs 
passive aeration the determination of, and modelling of, 
oxygen transfer rates and the concentration profiles of 
oxygen within the biofilm can be difficult. This study 
investigates a novel method of measuring oxygen 
concentrations at the substratum level (i.e. the base of 
the biofilm layer) using a ‘RedEye (TM)’ Oxygen 
Sensor Patch. This could allow for improved 
descriptions of how oxygen transfers through biofilms 
and can test this methodology of measuring 
contaminant diffusion into biofilms using measurements 
at the substratum level. In parallel bulk fluid dissolved 
oxygen concentrations are measured. Thus, uniquely, 
both the bulk fluid and biofilm base dissolved 
concentrations are passively measured. The results are 
modelled using GPS-X (Hydromantis Inc.) software and 
calibrated against experimental data from the 
laboratory scale PFBR reactor.  
 

1. Introduction 
Wastewater treatment plant modeling is a useful tool 

for performing plant capacity assessments and 
improving plant operations; therefore, saving energy 
and chemical costs. Devisscher et al., (2006) noted that 
mathematical modelling can optimise plant efficiencies 
resulting in cost savings of (i) aeration energy in the 
range from 10 to 20% and (ii) chemical dosing up to 
30%. Pena-Tijerina & Chiang (2007) also stated that 
once implemented and calibrated, a model can offer 
many advantages such as (i) determining maximum 
flow conditions, (ii) optimisation of daily operation, (ii) 
energy saving evaluations and (iv) preparing existing 
wastewater treatment facilities for upcoming 
regulations such as the Water Framework Directive in 
Europe.  

Passive aeration systems such as the PFBR can be 
complex to model due to the difficulty in representing 
the rate of oxygen (and indeed other contaminant) 
diffusion into the biofilm. The modelling of the PFBR 
is further complicated by the fact that it is a 2-reactor 
tank technology with unique hydraulics. Within 
biofilms internal dissolved oxygen (DO) concentrations 
of microbial aggregates significantly affect in-situ 
biochemical reaction rates. Recent research has focused 
on the use of microelectrodes to measure oxygen (and 
other chemical) distribution within biofilms (Clifford et 
al., 2010; Yun-Fang et al., 2012). However the use of 

microelectrodes, while giving excellent profile data, can 
be cumbersome and can involve disruption of the 
biofilm (i.e. is not passive). An accurate measurement 
of oxygen diffusion is a necessary component in 
modelling any passive aeration system (PAS). In the 
case of the PFBR biofilm growing on media modules 
within the two reactors is aerated passively as 
wastewater is pumped alternately between the reactors 
during an aeration sequence. Thus the reactors 
alternately empty and fill during a typical aeration 
sequence, with the biofilm alternately exposed in turn 
to atmospheric air and wastewater.  
 

2. Material and Methods 
The RedEye Oxygen Sensor Patch, which was 

deployed in-situ at the media surface (substratum) of 
the laboratory scale PFBR treating municipal strength 
synthetic wastewater over 3 weeks gave DO 
concentration data at the biofilm base.  

The major challenge in modelling the PFBR systems 
was the unique hydraulic operation of the technology. 
Proprietary software packages do not directly facilitate 
the modelling of the hydraulics of the PFBR system. 
GPS-X uses over 20 process objects in its models for 
example trickling filter, rotating biological contactor, 
membrane bioreactor etc. An initial investigation 
showed the SBR object most accurately modelled the 
PFBR characteristics. Average experimental effluent 
results, over a 90 day steady state period of operation 
were used to calibrate the model.  
 

5. Summary 
The overall aim of this project was to develop a 

predictive model for a new passive aeration system 
using the modelling package GPS-X. To help improve 
model accuracy the study also investigates the use of 
novel oxygen sensor patches for measuring oxygen 
concentrations at the base of biofilm layers in passive 
aeration biofilm systems. Once this is achieved the 
calibrated GPS-X model will enhance the 
understanding of the PFBR technology and indeed 
other passive aeration systems; thus leading to better 
designed and more cost-effective wastewater treatment 
systems. The study could improve methodologies for 
passively monitoring oxygen diffusion characteristics in 
biofilm systems thus improving the reliability and 
accuracy of predictive models.  
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Abstract 

Reducing dependence on fossil fuel derived energy has 
been the focus of the Ballynagran Energy Plus+ 
Community Project since its inception in November 
2010. A Material Flow and Carbon Accounting study 
of this rural area is being conducted to enable the 
calculation of current energy and resource use. The 
study will measure the quantity of resources that are 
used and produced within the study area and evaluate 
the sustainability of this Irish rural community.  
 
1. Introduction 

The Ballynagran Project area aims to reduce its 
reliance on energy produced outside of its geographical 
boundary. This is to be achieved by firstly reducing the 
consumption of energy in all aspects of community life 
and activities. The Ballynagran Committee has 
identified a number of approaches that can be 
considered when planning for the reduction of fossil 
fuel consumption. 

  
2. Aims and Objectives 

This research aims to identify and develop policies 
to enable the Ballynagran Energy Plus+ Community 
(BEP+C) to achieve its goal of becoming energy 
sufficient by developing an appropriate method to 
measure the energy requirements and carbon intensity 
of the community at household and business level. The 
Sustainability Evaluation Metric for Policies 
Recommendation (SEMPRe) will be used to quantify 
the effectiveness of candidate policies on reduced 
dependence on fossil fuel derived energy.  

 
3. SEMPRe 

SEMPRe allows for projected impacts of a candidate 
policy to a particular indicator, e.g. electricity CO2 
emissions, to be quantified in the unit relevant to that 
indicator. Conservative estimates, obtained from 
published sources, are further described in [1].  In real 
life environments a policy can have an impact on 
several indicators resulting in a possible cumulative 
effect, some which may present potentially negative 
results. SEMPRe has the capability to determine the 
degree of transformation that a candidate policy may 
have on a settlement and the level of effectiveness that 
the implementation of the candidate policy will have 
on increasing the sustainability score of the settlement 
in question.  

4. Managing Emissions at Community 
Level 

To effectively manage emissions communities must 
first develop methods to measure and report them. 
Planning and the subsequent implementation of 
policies in a rural community pose immense 
challenges. There is no single best method or measure 
for sustainability assessment. The concept of 
sustainability and sustainable development fluctuate by 
priorities, values, needs and wants [2]. Certain 
methods and measures may be more suitable in an 
urban context than a rural one, therefore having a good 
understanding of the restrictions and limitations of 
sustainability metrics are vital. 
 
5. Project outcomes 

The BEP+C is to become energy sufficient by 
reducing the amount of energy that is consumed by the 
community so that it becomes feasible to produce the 
required amount of energy within the BEP+C boundary. 
The benefits, if successful, are twofold �± Ballynagran 
residents make direct saving personally whilst also 
providing revenue (via the landfill levy and from 
excess energy that can be sold to the grid) to other 
community projects. Carbon emissions are also reduced 
presenting a substantial saving in carbon levies, (Table 
1).  

 
 Energy improvements 

Wind energy  95 kg/capita/annum CO2 reduction 
Energy crops for 
fuel 

 55 kg/capita/annum CO2 reduction 

Passively heated 
homes 

 49 kg/capita/annum CO2 reduction 

Upgrade  
insulation  

 1000kg/household/annum CO2 reduction 

Upgrade heating 
systems 

 100kg/household/annum  CO2 reduction 

Table 1. Energy Improvement Options 
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Abstract 

The purpose of this work is to create an energy 
management system that will transfer energy generated 
from a Dye-Sensitised Solar Cell (DSSC) to a wireless 
device with minimum losses. The system will have the 
following functionality: Maximum Power Point 
Tracking (MPPT), DC/DC conversion and energy 
management. MPPT will allow the system to extract the 
maximum energy from the DSSC while the DC/DC 
converter will provide a usable voltage level to the 
wireless sensor. Energy management will ensure that 
unused energy is stored for use during times of low 
illumination. 
 
1. Introduction 

SolarPrint manufactures Dye-Sensitised Solar 
Cell (DSSC) products which are particularly effective 
in producing electrical energy from ambient and diffuse 
light sources. The unique nature of this technology 
enables a new range of high power, high performance 
energy harvesting wireless sensors, including 
occupancy, Co2 and multisensing. With new high 
performance technology comes new challenges, while 
DSSCÕs have been optimised to produce maximum 
power on one hand, with wireless sensors optimised for 
minimum consumption on the other, there remains a 
need for optimised energy management systems to 
connect between them before fully autonomous long-
life devices can be realised. 

 

 
 
2. (DSSCÕs) 

DSSCÕs were invented by Michael GrŠtzel and Brian 
O'Regan at the ƒcole Polytechnique FŽdŽrale de 
Lausanne (EPFL) in 1991 and are therefore also known 
as ÒGrŠtzel cellsÓ. DSSCÕs are electrochemical devices 
comprising a light-absorbing molecule anchored onto 
semiconducting titanium dioxide (TiO2) nanoparticles, 
which make use of sunlight to generate electricity. 
Benefits of using DSSC include simpler manufacturing 
process, non-toxic and abundance of materials, and 
superior performance in low and diffuse light. [1]  

 

3. Power Management 
With the advent of energy harvesting, several 

power conversion solutions have been developed for 
low voltage, low power energy sources such as 
vibrational MEMS and parasitic fuel cell devices. These 
include switched capacitor/charge pump [2], [3] and 
DC/DC boost converter circuits [4], with silicon-on-
insulator technology enabling supply voltage levels as 
low as 0.3V. With DSSC cells producing similar output 
levels, these solutions will be considered as a first step 
in identifying solutions which have potential to provide 
maximum power at both the cell and module levels. 
 

Power requirements and energy management 
in wireless sensing products will also be reviewed to 
determine typical power profiles and to identify the 
scope for leveraging existing solutions. A significant 
aim is to combine suitable energy storage devices with 
DSSC sources to ensure continuous, autonomous sensor 
operation, while providing maximum source power. 
Developments in rechargeable battery technologies 
(including thin solid-state devices), and ultra/super-
capacitors will be investigated for this purpose.  
 
4. Conclusion 

This work outlines how the maximum possible 
energy created by a DSSC can be converted into a 
useful form. This will allow for truly autonomus 
wireless devices to be created and applied in a wide 
range of products for a variety of locations.   
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Abstract 

 
Carbon dioxide is one of a number of gases known as 
green-house gases which is thought to contribute to 
global climate change. CO2 released from fossil-fuel 
fired electric power generation plants is believed to be 
one of the main contributors to these emissions.  A 
potential way to deal with these CO2 emissions is 
carbon dioxide capture and storage. This research 
investigates the application of amine-modified 
mesoporous silica as CO2 adsorbents. Various amine 
modification methods were chosen in this study, and 
these results will be presented. 
 
1. Introduction 

Amine modification of mesoporous solids is a 
potential way of capturing CO2. This investigation 
focused on wet and dry impregnation and the specific 
requirements of each modification method. However, 
the presence of water during this modification step can 
significantly affect how amines bind to the surface of 
mesoporous solids. In this study, mesoporous SBA-15 
and AlSBA-15 were used as supports, while (3-
aminopropyl) triethoxysilane (APTES) was the amine 
employed. The presence of water during amine 
modification may result in the self-condensation of 
silanes, thus limiting amine loading onto the support and 
subsequently resulting in low CO2 adsorption capacity.  

Dry impregnation involved using a solution of 
ATPES and solvent, the volume of which was to just 
enough to fill the pores of the supporting solid.  Wet 
impregnation, on the other hand, involved using  25ml 
of solvent per gram of sorbent. Various APTES 
loadings were investigated, namely 10, 20, 40, 50 and 
70 wt% on SBA-15 and AlSBA-15. CO2 adsorption 
studies were carried out on a testing rig with mass 
spectroscopy detection. 

 
 
2. Results and Discussion 
Figure 1 presents the CO2 adsorption capacities of all 
the mesoporous sorbents prepared by wet impregnation 
(WI) and dry impregnation (DI). Of all the sorbents 
prepared 70wt%APTES/SBA(DI) clearly adsorbed the 
most amount of CO2. In general, sorbents synthesized 
by dry impregnation performed much better than those 
prepared by wet impregnation. However, the loose 
binding of APTES to the mesoporous surface in dry 
impregnation may result in unstable sorbents; this will 

be investigated at a later stage. Stability tests on all 
sorbents will be conducted. Two 70%APTES/SBA-15 
sorbents were prepared, one with solvent, the other 
without solvent. The sorbent prepared with solvent 
resulted in a higher CO2 adsorption capacity. This is 
likely to be due to a higher amine loading on the 
support. The solvent is required to ensure homogenous 
amine loading throughout the pore network. It is 
generally recognized that the preparation of these 
modified solids must be carried out in the absence of 
water to avoid self-condensation of the amine. Overall 
anhydrous solvent gave the best results. 
 

Figure 1: Results of all modified sorbents prepared 
via impregnation methods 

 
 

3. Conclusion 
Solids prepared by dry impregnation performed better in 
terms of CO2 adsorption capacity compared to solids 
prepared by wet impregnation. This may be due to 
direct interaction between APTES and the mesoporous 
solvent leading to more uptake of APTES. 
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Abstract 

Climate change is widely accepted as the greatest 
environmental challenge facing the world today. 
Increases in the emission of greenhouse gases (GHGs), 
especially CO2, to the atmosphere is a major 
contributor to climate change. As buildings account for 
36% of EU CO2 emissions the use of sustainable 
construction materials such as wood has a major role 
to play in reducing our CO2 emissions.  
Research is presently underway to accurately quantify 
and compare the total environmental impacts 
associated with the construction, maintenance and 
disposal of a timber office block in Ireland to a similar 
office block constructed primarily from concrete. 
 
1. Introduction 

Buildings account for 36% of EU CO2 emissions 
which is a major contributor to climate change globally. 
To counteract this, a major push is needed towards 
constructing more environmentally friendly buildings. 
To date a lot of emphasis has been placed in examining 
the energy used and associated carbon released 
throughout the operational phase of residential, office 
and industrial buildings. However, since major 
improvements have been made in both materials and 
construction techniques for thermal insulation of the 
building envelope, its contribution to the overall 
environmental impact of the building is becoming less 
and less significant.  

Therefore, the embodied energy (EE) and embodied 
carbon (EC) of the construction materials used are 
becoming increasingly important. The EE and EC of 
each material refers to the total energy consumed and 
carbon released from all processes associated with that 
product over its life cycle from the extraction of the raw 
materials through to the demolition and disposal of the 
building. This research aims to investigate the total 
environmental impacts associated with the construction, 
maintenance and demolition of a timber office block 
and compare the results to a similar concrete office 
block using an environmental assessment technique 
known as life Cycle Assessment or LCA.  

 
2. Life Cycle Assessment 

Life Cycle Assessment or LCA began in the early 
1960s and has since evolved into an internationally 
accepted analytical method for quantifying the total 
environmental impacts generated by a product each 
stage of its life cycle. In 2006, the International 
Organisation for Standardisation (ISO) published 
guidelines on how to conduct an LCA, the ISO 14000 
series. The environmental impacts assessed, include 

energy and material usage, emissions to air and water as 
well as solid waste generated at each stage. LCA 
considers materials over the course of their entire lives, 
from extraction through manufacturing, transportation, 
installation, use, maintenance, and disposal or recycling.  

 
3. Construction Wood Products  

Wood is unique among construction materials as it is 
a truly renewable resource when grown in sustainably 
managed forests. One key aspect that is often 
overlooked when considering wood is the fact that it 
absorbs CO2 from the atmosphere as it grows and this 
sequestered carbon is then stored in the wood 
throughout its life. Every 1kg of dry wood used can 
store up to 1.83kg of CO2 equivalents demonstrating the 
potential to produce carbon negative construction 
products and ultimately carbon negative buildings. 
These environmentally beneficial attributes can be taken 
into account using LCA, however, in order to conduct a 
LCA of a timber building the environmental indicators 
for each of the construction products used must be 
available. One of the issues in analyzing wood products 
using LCA is that these values can vary significantly 
from country to country due to differences in local 
climate and in forestry, sawmilling, product 
manufacture, and construction practices. As no data is 
currently available for Irish wood products and timber 
buildings, it is the aim of this project to fill this 
knowledge gap. 
 
4. Timber Office Block 

The timber office block to be examined is the Coillte 
Teoranta headquarters located in Co. Wicklow. It is the 
first all timber office complex to be built in Ireland. The 
two storey building covers approximately 2,300m2 of 
floor space and accommodates almost 100 staff. The 
office incorporates a wide variety of timber products 
such OSB panels, sawn timber and glulam from a range 
of wood types. The building was constructed in two 
phases and was completed in 2004. It demonstrates the 
best practice in timber building technology therefore, 
providing a perfect candidate to highlight the potential 
benefits of timber construction in Ireland. Using LCA, 
the total environmental impacts associated with the 
construction, maintenance and demolition are analysed. 
This includes the associated EE and EC from the 
extraction, production, transportation and disposal of 
each of the raw materials. A concrete building of the 
same dimensions  is also to be analysed to compare the 
overall environmental impacts associated with each 
form. 
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Abstract 
In addition to the customary drivers of cost and 

timely project delivery, embodied energy (EE) and 
embodied carbon (EC) have come to prominence in 
recent years as major design considerations in all 
aspects of large-scale road construction projects. 
Geotechnical engineers are beginning to compare the 
EE/EC cost of several piling and ground improvement 
techniques as part of the overall project design in order 
to gain competitive advantage. Construction 
incorporating the excavation or alteration of peat 
becomes more challenging as calculations must allow 
for the impact on the carbon stored within the peat and 
the greenhouse gases (GHGs) potentially released.  

This poster summaries the EE and EC results 
associated with a section of the M6 built on peat where 
excavate-and-replace was chosen as the ground 
improvement method. In addition, two alternative 
scenarios are examined where other ground 
improvement methods have been incorporated. 
 
1. Introduction 

�$�� �U�D�Q�J�H�� �R�I�� �µ�S�H�D�W-�U�H�O�D�W�H�G�¶�� �I�D�F�W�R�U�V�� �L�P�S�D�F�W�L�Q�J�� �R�Q�� �(�(��
and EC calculations are assessed in this life cycle 
assessment (LCA), including peat drainage, slope 
stability, drainage systems, restoration, and clearance of 
vegetation/forest as well as the more familiar factors, 
materials, transport and machinery. 

 
2. Pollboy Section 

The M6 Galway to East Ballinasloe scheme 
comprises of 56km of dual carriageway, a 7km link road 
to Loughrea and 32km of side and link roads (EIS 
2004). Peat underlay 4% of the route. One of the 
sections predominantly on peat, is a 2.14km section at 
Pollboy south of Ballinasloe. Peat excavate-and-replace 
(subsequently referred to as Scenario ER), was chosen 
as the ground improvement technique on this section. 
This site has a slope of around 0.5 degrees from north to 
south and is located in wet land that crosses a mixture of 
drained reclaimed and unreclaimed fields with an 
underlying layer of peat, also bordering on the Pollboy 
cutover bog.  

An estimated 115000m3 of peat had to be excavated 
and replaced with 170000m3 of fill from nearby 
quarries, necessitating three peat disposal areas along 
with drainage works comprising of ponds and 
infiltration ditches. A birch/willow woodland was 
planted on the peat disposal areas to blend in with the 
surrounding landscape.  

3. Carbon Calculation 
Following the establishment of the goals and study 

boundaries of the LCA, a systematic examination of the 
construction stages was undertaken (Figure 1). 

 
Figure 1 �± Process flowchart of Scenario ER 
 
4. Other scenarios examined 

Two alternative ground improvement scenarios were 
examined to see what the environmental impact would 
have been had they been used. Scenario S uses peat 
stabilisation to build a road embankment, while 
Scenario P involves a combination of peat excavate-
and-replace and piling. Piling is incorporated where the 
depth of peat is greater than 3m along a significant 
stretch of road, and peat excavate-and-replace was used 
for the remainder of the section.  

Comparisons of total EC are also investigated under 
various management practices and restoration 
techniques, assessing their strength in terms of carbon 
storage potential, i.e. afforestation, restoration, natural 
regeneration and burial of excavated peat in 
decommissioned quarries and borrow pits. 

 
5. Conclusions  
Based on a case-study, the methodology presented 
identifies the emissions associated with various stages 
�R�I�� �W�K�H�� �U�R�D�G�¶�V�� �F�R�Q�V�W�U�X�F�W�L�R�Q���� �H�Q�D�E�O�L�Q�J�� �E�H�W�W�H�U�� �G�H�V�L�J�Q�� �D�Q�G��
construction to reduce the emissions associated with 
various construction options. Such a methodology can 
form part of an overall road design calculation and be 
used when establishing the merits of one option over 
another. 
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Abstract 
Demand Side Management (DSM) is a technique used 
to regulate energy demand. Over the course of this 
research, a DSM tool will be designed and 
implemented. The web-based application will provide 
users with the tools and information necessary to 
manage their demand profile. 
 
1. Introduction 

Demand Side Management (DSM) is a technique 
used to regulate energy demand. Using real-time 
pricing, the demand profile and contract pricing 
structure, organizations can make significant savings in 
the deregulated electricity market, through use of an 
effective DSM strategy.  
 
2. Research Purpose 

The purpose of DSM is to encourage customers to 
use less energy during peak hours, thereby reducing 
energy cost for the customers and enabling suppliers to 
purchase energy at lower cost. Overall, it will also 
benefit the general economy through reduced energy 
import cost.  

. 
 

3. . Research Methodology  
Constructive Research is used for this research. It 

involves creating an artifact to solve a specific problem 
(Leedy & Ormrod 2005). Over the course of this 
research, a DSM tool will be designed and 
implemented. The web-based application will provide 
users with the tools and information necessary to 
manage their demand profile. A user will be able to 
upload a demand profile and view a graphical 
representation of the demand and price profile, enabling 
them to interact with the demand curve and see the 
impact in real-time. The user can then commit to a 
demand curve which forms the basis of a contract with 
their energy provider. The application will provide 
other various functions to benefit the user and energy 
supplier. These include user login 
authentication/authorization, ability to view peak time 
high demands per customer, and the effect of a 
�F�X�V�W�R�P�H�U�¶�V���G�H�P�D�Q�G���S�U�R�I�L�O�H���R�Q���Y�R�O�D�W�L�O�L�W�\���R�I��energy price 
 
4. System Overview 
 

.  
An overview of the system architecture is shown below.  
The DSM tool takes two main inputs, demand profile as 
specified by the user and pricing data , as agreed with 
energy supplier. The tool can then present useful 
information to the user to improve decision making. 
 

.  
 
5. Acknowledgement 

The researcher would like to express appreciation to 
Joe Hodgins of Crystal Energy for his guidance and 
contribution on this study.  

. 
 
6. References 
[1] Leedy, P.D., Ormrod, J.E. (2005), Practical Research: 
Planning and Design 8th Edition  
 



Spatial Investigations of a Cultural Landscape 
�6�K�D�U�R�Q���2�¶�%�U�L�H�Q�����$�Q�Q�D���5�\�D�Q 

School of Architecture, University of Limerick 
sobrien@wit.ie,  anna.ryan@ul.ie  

 
Abstract 

My paper concerns research in spatial landscape 
�F�X�O�W�X�U�H���L�Q���,�U�H�O�D�Q�G�¶�V���U�X�U�D�O���O�D�Q�G�V�F�D�S�H�V���D�Q�G���L�Q�W�U�R�G�X�F�H�V���P�\��
position on the relevance of knowledge of spatial 
landscape culture to the practice of architecture within 
rural space.  My research will draw focus on a number 
of historical and contemporary factors that influence 
�W�K�H�� �P�D�Q�Q�H�U�� �L�Q�� �Z�K�L�F�K�� �W�K�H�� �V�S�D�W�L�D�O�L�W�\�� �R�I�� �,�U�H�O�D�Q�G�¶�V�� �U�X�U�D�O��
landscape will emerge, namely; legislative landscape 
concepts in landscape policy, historical and 
contemporary mapping practices in landscape, 
landscape architectural tectonics, spatial nuances 
embedded in historical literature, language and rural 
�S�U�D�F�W�L�F�H�V���� �F�R�Q�W�H�P�S�R�U�D�U�\�� �F�R�Q�F�H�S�W�V�� �R�I�� �µ�U�X�U�D�O�L�W�\�¶�� �Z�L�W�K�L�Q��
�V�F�K�R�R�O�V�� �R�I�� �D�U�F�K�L�W�H�F�W�X�U�H�� �µ�H�P�E�H�G�G�H�G�¶�� �Z�L�W�K�L�Q�� �U�X�U�D�O��
territories and cultures. 
 
1. Introduction 

 My research paper will examine the meanings, values 
and use of the terms land and landscape, words as 
conceptual constructs of spatial cultural concepts and 
identities that co-exist within the Ireland�¶�V���D�J�U�D�U�L�D�Q���U�X�U�D�O��
territories. These terms imply opposing spatial 
conditions and states respectively, between boundless 
and boundary, between expansiveness and containment 
between permanence and transience, between looked up 
and worked upon, between intellectual proposition and 
practical condition, between the whole and the unit.  
There is an intention to reveal the spatial traditions and 
spatial narratives embedded within language, literature, 
oral tradition and folklore. 

My research will also draw focus on emerging 
legislative landscape concepts which shape landscape 
policy and it will identify implications for architectural 
interventions within legislated landscapes.  I will locate 
some of the legislative argument within the intellectual 
context of philosophical and theoretical concepts of 
utility and beauty.  I will future consider the contribution 
Architects can make towards landscape policy as spatial 
specialists within landscape. 
 
2. Methodology 

My mapping of landscape will consider line as a 
conceptual construct of time and space.  My research 
will reflect on the role of maps as historical and 
contemporary repositories of landscape knowledge and 
values.  It will consider modes of mapping within 
different disciplines, philosophy, geography, architecture 
and the motives behind the map makers.  It will consider 
maps as a kind of knowledge, as containers of spatial 
knowledge and values in landscape tested through 
situated empirical research on a particular landscape.  I 

will examine the idea of the architect as potential activist 
in the creation of new modes of landscape spatial 
mapping and the creation of new spatial knowledge 

I have located my research within contemporary 
academic landscape architecture and architecture 
theories of spatial composition.  I will investigate the 
spatial elements of landscape within a research landscape 
area located in South Tipperary.  It is the intention to 
examine the role that architecture can play in 
contributing to the advancement of  knowledge within 
landscape spatial research. 

My research is also concerned with contemporary 
�F�R�Q�F�H�S�W�V�� �R�I�� �µ�U�X�U�D�O�L�W�\�¶ and enquires if architectural 
practice and architectural education should engage with 
�W�K�H���F�R�Q�F�H�S�W���D�Q�G���V�W�X�G�\���R�I���µ�U�X�U�D�O�L�W�\�¶���D�V���D���P�H�D�Q�V���R�I���R�S�H�Q�L�Q�J��
a theoretical discourse on situated spatial experiential 
learning with an emphasis on the acknowledgement of 
embodied experiential rural spatial knowledge within the 
student body which could lead to adapting pedagogical 
�S�U�D�F�W�L�F�H�V�� �Z�L�W�K�L�Q�� �V�F�K�R�R�O�V�� �R�I�� �D�U�F�K�L�W�H�F�W�X�U�H�� �µ�H�P�E�H�G�G�H�G�¶��
within rural territories and cultures. 
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Abstract 
A scientific approach for fretting wear-fatigue of a 
prosthetic hip implant is developed. On a macroscopic 
scale, the stem and cap surfaces are flat. However, on a 
microscopic scale, surface roughness undulations are 
employed to accentuate the frictional contact for an 
enhanced mechanical locking effect.  Macroscopic 
(global) modelling for fretting wear-fatigue 
performance for two head/stem material combinations, 
namely Co-28Cr-6Mo against DMLS Ti-6Al-4V and 
Co-28Cr-6Mo against forged Ti-6Al-4V, are 
investigated. The significance of wear in a hip joint for 
10 years of service in a normal weight person for 
moderately intense exercise is predicted for both 
material combinations. Microscale sub-model is 
developed to investigate the fretting wear-fatigue 
performance of the surface undulations and hence 
predict wear and fatigue micro-cracking. 
1. Introduction 
Orthopaedic implants can be used to restore function to 
a damaged hip. A prosthetic hip implant normally 
contains a stem implanted in the femur, and a acetabular 
cup fixed in the pelvis. A cylindrical taper fitting occurs 
between a modular stem neck and femoral head of the 
cup. The environment of the hip joint prosthesis induces 
oscillatory small amplitude displacements to the 
contacting components, which may result in failure to 
the hip implant device. This work investigates the 
damage mechanism at a head-neck contact of a hip joint 
implant by means of finite element (FE) analysis and 
tribological experiments. 
 
2. Materials and methods 
Ti-6Al-4V and cobalt-chromium alloys are used here for the 
stem and the acetabular cup, respectively, since they have 
good mechanical abilities and biocompabilities. 
Representative tribological tests and profilometry analysis are 
carried out to investigate the tribological behaviour and wear 
resistance of the materials under realistic loading conditions. 
Coefficient of friction and energy-based wear coefficient are 
main target outputs from the tests and are important inputs for 
the FE fatigue-wear modelling of the hip taper-lock assembly. 
    An energy wear approach [1] is adopted in conjunction 
with the adaptive meshing scheme to evaluate the wear 
behavior. The energy wear approach is given as: 

�¦� EV �D
  

where V is the wear volume, �. is the wear coefficient and  
is the accumulated dissipated energy. Not only the wear extent 
but also the concomitant change in fatigue pertinent stresses 
are predicted. A nonlinear kinematic hardening (NLKH) 
formulation for material behaviour is used to model cyclic 
plasticity.  A critical plane approach incorporating the Smith-

Watson-Topper fatigue parameter is used to predict the crack 
nucleation, as follows: 

cb
fff

b
f

f NN
E

SWT ����� 
�'

� )2()2(
2

''2

2'

max �H�V
�V�H

�V
 

It considers both elastic (HCF) and plastic (LCF) strain 
components and takes into account the effects of the mean 
stress. The Miner-Palmgren (M-P) rule was used to calculate 
fatigue damage accumulation, due to wear-induced evolution 
of the multiaxial stresses and strains. 
On a macroscopic scale, the stem and cap surfaces are flat. 
However, on a microscopic scale, surface roughness 
undulations are employed to accentuate the frictional contact 
for an enhanced mechanical locking effect.  Macroscopic 
(global) modelling is employed for fretting wear-fatigue 
performance of two head/stem material combinations, namely 
Co-28Cr-6Mo against DMLS Ti-6Al-4V and Co-28Cr-6Mo 
against forged Ti-6Al-4V. A microscale sub-model is 
developed to investigate the fretting wear-fatigue performance 
of the surface undulations and hence predict wear and fatigue 
micro-cracking. The significance of wear in a hip joint for 10 
years of service in a person (for a range of weights) for 
different intensified exercises is predicted for both material 
combinations. 
 

3. Results and Discussion 
The global and sub-models are shown in Fig. 1, based on 
profilometry tests of the contacting surfaces. Without 
considering the undulations (global), the effect of wear on 
crack initiation time is negligible and number of cycles to 
crack initiation is large (>> 108) for forged and DMLS Ti64 
stems; however, when undulations are taken into 
consideration (submodel), wear is predicted to play an 
important role in fatigue micro-crack initiation life, Ni, e.g. 
without wear Ni = 6.6 × 105 cycles and with wear Ni = 8.9 × 
107 cycles. The results show qualitative agreement with the 
tests of Hallab (2011) [2].  

P
±�4

 
Figure 1. Global and sub-models of the taper lock assembly in a hip 
implant.  
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Abstract 
Due to climate change and dwindling resources, such 
as oil, becoming a major global concern an efficient 
natural gas turbine is invaluable. The current work, at 
NUI Galway, in computational modelling of pollutant 
formation in gas turbines is showing great promise but 
a re-examination of the fundamental characteristics is 
required to advance the work further. The aim of this 
analysis is to produce a universally applicable package 
that can be applied to any complex geometry.  
 
1. Introduction 

Natural gas is an important fuel in the global energy 
mix and is predicted to serve as a bridge to a renewable 
energy-powered future. It is however a fossil fuel and 
must be used as efficiently and cleanly as possible. 
Natural gas-burning gas turbines are one of the most 
efficient electricity-generating technologies, producing 
over 20% of global power demand. Turbine designers 
must adhere to stringent emissions requirements, which 
are rapidly driving technology innovation. 

 
Computational modelling is emerging as a viable 

means to accelerate gas turbine design cycles while 
reducing the need for expensive experimental 
campaigns. Turbulent combustion is an extremely 
complex process, with length-scales of importance 
ranging from 10-7 m for reaction zones to 100 m for 
combustor geometry, and time-scales from 10-6 s for 
ignition to 100 s for pollutant formation. Additionally, 
102 chemical species participate in 103 reactions. Due to 
practical limitations on time and computational expense 
it is currently impossible to accurately predict pollutant 
formation in a single computational model. Work at 
NUIG has developed the CFD-CRN (computational 
fluid dynamics - chemical reactor network) technique to 
address this need. 

 
2. Modelling approach 

A simplified CFD model is used to compute the 
temperature and flow field of a combustor. The CFD 
generated temperature profile is used as a basis for 
reactor-creation criteria. This allows the CFD domain to 
be automatically divided into a CRN. The CFD-
predicted flow field is used to calculate mass flow rates 
between reactors, which forms the network. The 
network is then solved, producing detailed data and 
figures of NOx, CO and other pollutant formation. 

 

This method has been validated with experimental 
laboratory flames and combustors. Results to date have 
shown promise, but in order to translate this success to 
complex industrial systems, the CFD-CRN method 

must be capable of modelling the entire range of 
underlying fundamental phenomena that occur during 
turbulent combustion, such as advection and diffusion, 
mixing, and pollutant formation and destruction.  
 
3. Current Focus 

The current focus of the work is to identify length-
scale and time-scale requirements of reactors in a CRN. 
By isolating in turn each fundamental phenomena of 
interest, one can establish the number of reactors and 
their levels of connectivity necessary for accurate 
prediction. The results shown in Fig 1 are profiles of 
temperature and species mass fractions for a 1D 
premixed laminar flame. The temperature profile will 
be used as a base for reactor-creation criteria and CRN-
predicted mass fractions will be compared with those 
shown for validation. By studying the number of 
reactors needed and the connectivity required to 
accurately replicate these types of results, a better 
understanding of the time and length scales will be 
achieved, this will aid in building more universally 
applicable reactor networks.  

 
Figure 1 Flame temperatures and species mass fraction  

4. Future Work 
The planned work for the research is to broaden the 

operating conditions to include variations in pressure, 
fuel mixture and levels of turbulence and premixing. 
Phenomena like lean blow off and flash back will also 
be investigate with the aim of having a complete 
understanding of the fundamentals so accurate models 
of an geometry can be achieved 
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Abstract 

This paper outlines a methodology for the calibration of 
detailed building energy simulation (BES) models using 
an analytical optimisation approach. The approach 
combines evidence-based model development with 
statistical Monte-Carlo based optimisation techniques. 
The first stages of the proposed calibration 
methodology are applied to a 700m2 naturally-
ventilated library building using short-term monitored 
BMS and sensor data. The paper concludes with a 
discussion of how this methodology differs from existing 
approaches and the benefits it offers over traditional 
calibration techniques. 
 
1. Introduction 

Whole building energy models provide a means of 
understanding building operation as well as optimising 
performance. Simulation tools, such as EnergyPlus, 
represent continuous, stochastic processes in buildings 
by discrete time-step, deterministic model estimations. 
The built environment is complex and influenced by a 
large number of independent and interdependent 
variables. Thus, it is difficult to achieve an accurate 
representation of real-world building operation in a 
model. By ‘calibrating’ the model to measured data, we 
aim to achieve more accurate and reliable representation 
of the building. A review of current literature on this 
topic has revealed that there is no generally accepted 
method by which building energy models should be 
calibrated [1].  
 
2. Methodology 

This paper will attempt to validate an analytical 
optimisation approach to calibrate a detailed EnergyPlus 
model of a naturally ventilated building. In order to 
avoid an over-reliance on analyst knowledge and 
judgement, this methodology follows a clear evidence-
based structure and proven statistical methods. This can 
be broken down into the following steps: 

1. Data Gathering / Building Audit. 
2. Evidence-based BES model development. 
3. Bounded Grid Search 
4. Refined Grid Search (Optional)  
5. Uncertainty Analysis 

This methodology is intended solely for the 
advancement of calibration research and is not 
suggested for commercial adoption in its current form 

due to the significant levels of time and resources 
required.  
 

An initial Building Energy Simulation (BES) model 
of the building is developed. The analyst collects data 
pertaining to the building construction, systems and 
operating schedules over time and uses this information 
to evolve the BES model. Version control software 
tracks model evolution along with the relevant evidence 
where available. This process continues until all readily 
available sources of building information have been 
exhausted. Best-guess estimates and probability density 
functions are applied to the input parameters based on 
the hierarchy of source information.  

 
Figure 1: Hierarchy of Source Information 

 
A Monte-Carlo simulation process generates a set of 

random parameter vector trials. Finally, EnergyPlus 
performs a batch simulation of the above trials and a 
goodness-of-fit analysis reveals the most promising set 
of solutions that satisfy the objective function.  
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Abstract 
Smart Energy is primarily concerned with the clever 
use of energy. With energy efficiency and demand-side 
management as the focus, this project aims to use 
Machine Learning algorithms (pattern 
recognition/classification algorithms) to derive 
meaning from household energy data. In particular, it 
aims to profile different domestic appliances through 
their energy usage patterns and, using this, attempts to 
identify   devices that may be behaving anomalously. 
 
1. Introduction 
In an increasingly energy dependent world it is of 
utmost importance to efficiently and effectively manage 
energy use in our homes.  
Gathering data is one step in this process; extracting 
useful information to facilitate better decision making is 
the next step. This project aims to combine both. 
 
2. Method 
A high level view of infrastructure is shown in Figure 1. 
A ZigBee Gateway HAN (Home Area Network) is 
�G�H�S�O�R�\�H�G�� �X�V�L�Q�J�� �6�P�D�U�W�H�Q�L�W�¶�V�� �³�+�R�P�H�$�L�G�3�L�´�� �6�R�O�X�W�L�R�Q�� �>���@����
This network collects Simple Power Metering data from 
Smart Plugs (kWh/kWs every 30 seconds) and stores it 
in a simple SQL database on a Raspberry Pi. 
Python code developed for this project is then used to 
extract elements of XML query responses from the 
ZigBee Gateway and transforms them into human 
readable format (kWh & kWs).  
The resultant data, shown in Figure 2, is then stored in a 
database to be used for machine learning based analysis.  
Various Machine Learning algorithms will be applied to 
see which performs best with the energy data in 
profiling appliances and then detecting anomalies in 
these appliances. 
 
 
 
 
 
 
 
 
 
 
 

Fig.1: System Overview 

 

3. HAN Detail 
�7�K�H���+�$�1���X�V�H�V���=�L�J�%�H�H�¶�V���6�P�D�U�W���(�Q�H�U�J�\���3�U�R�I�L�O�H���Z�K�L�F�K���L�V��
�D�� �³�Oeading standard for interoperable products that 
monitor, control, inform and automate the delivery and 
�X�V�H���R�I���H�Q�H�U�J�\���´ [2] 
With a python module running on the Raspberry Pi, the 
network is authenticated by using an XML query sent to 
the ZBP Server as a string. Following authentication, 
the smart plug�V�� �Z�L�O�O�� �V�H�Q�G�� �E�D�F�N�� �D�� �³�1�R�G�H�� �&�O�X�V�W�H�U��
Command Re�V�S�R�Q�V�H�´�� �H�Y�H�U�\�� ������ �V�H�F�R�Q�G�V�� �Z�K�L�F�K�� �Z�L�O�O��
contain 7 parameters, including the payload. 
The payload contains the metering information in a byte 
array. This array is separated and processed from the 
XML response string to display the current kWh/kWs. 
 
 
 
 
 
Fig.2: Example of a formatted byte array. The 4 attributes are 

extracted from the byte array with Python code. 

 
4. Machine Learning 
Machine Learning techniques will be used to mine 
useful information from the collected data. 
As described, our aims are twofold �± profiling and 
anomaly detection. We intend testing various ML 
algorithms to ascertain those that are the most useful 
and efficient. Previous work on this subject have used 
Neural Networks [3] & Support Vector Machines [4] to 
classify appliances and also statistical methods & 
clustering [5] for anomaly detection.  
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Abstract 
As Europe continues to decarbonize its electricity 
generation capacity, operators of thermal power plants 
face challenges to which they must adapt including the 
EU requirement for 30% biomass co-firing by 2015 [1]. 
This research studies the response of plant components 
to the altered ash composition of co-fired fuels. The 
methodology will incorporate both experimental and 
multi-physics modelling studies on the effects of 
biomass ash compositions on boiler tube material 
properties. A model showing the degradation of 
material properties over time is presented.  

1. Introduction 
Ireland currently faces a significant problem 

regarding energy security. The current fossil fuel import 
bi�O�O�� �L�V�� �R�Y�H�U�� �¼���� �E�L�O�O�L�R�Q�� �D�Q�G 88% of our energy is 
imported from other countries [2]. Due to the EU 
requirement for 30% biomass co-firing in peat-burning 
power plants, it is important to investigate the effect of 
altered fuel composition on the integrity and operational 
reliability of plant components. 

2. Problems during Co-Firing 
During co-firing fossil fuels and biomass are mixed 

with bed material and undergo combustion. Non-
combustible fractions (i.e. ash) form vapours of alkali 
halides (corrosive salts) which travel in the flue gas and 
condense onto the superheater tube walls. The alkali 
halides, which individually have melting points greater 
than 770°C form a eutectic mix during this process. 
This mix has a melting temperature in the range of 480-
550°C which is in the range of operating superheater 
temperatures [3].   

Once this mix is formed on the tube walls a series of 
chemical reactions occur where the tube wall is 
subjected to active oxidation, in which the metal is 
continually subjected to oxidation and chloridation 
processes [4], as shown in Fig.1 [5].  

 

Fig.1 Schematic of corrosion �˜�‹�ƒ���î�ƒ�…�–�‹�˜�‡���‘�š�‹�†�ƒ�–�‹�‘�•�ï [5]. 

This graphic shows the process which can lead to 
severe corrosion of the tube walls. The process can be 
described by the following chemical reactions: 

1) 2MCl + Fe2O3 + ½ O2 �:���0 2Fe2O4 + Cl2 

2) Cl2 �����)�H���1�L���&�U���:���)�H�&�O2 
3) 2FeCl2 + 3/2 O2 �:���)�H2O3 + 2Cl2 
4) Cl2 + H2�2���:�����+�&�O�������ò���22 

3. Numerical Modelling 
The thickness of oxide layer l due to surface 

corrosion is described here by a simple parabolic 
equation proposed by Reuchet & Remy [6]: 

 
Where: t is time of exposure and �D is an empirical 
constant. Figure 2 shows the predicted growth of a 
Cr2O3 layer on a corroding surface. The effect of oxide 
growth on mechanical behaviour is studied here. Finite 
element analyses are carried out for a cylindrical test 
specimen with different thicknesses of oxide layer, 
corresponding to different times, as shown in Figure 2. 

This type of modelling permits identification of the 
inhomogeneity of stress distribution due to the oxide. 
We intend to further develop this approach with 
experimental testing for identification of the effects 
oxidation due to co-firing has on structural integrity. 

 
Fig.2. Predicted growth of chromium oxide layer at 575°C, 

showing inhomogeneous stresses at sample times.  
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Abstract 

Ocean Wave Energy is the latest natural resource to be 
exploited as a renewable source of energy, while also 
coinciding with the aim of reducing our reliance on 
non-renewable energy sources. The main objective of 
the project is to develop a method of optimising the 
structural shape of a WEC for a given sea condition. 
Analytical methods, numerical simulations using 
computational fluid dynamics and experimental 
procedures have been used to determine the pressure 
distribution, the hydrodynamic forces and the dynamic 
response of a given converter in order to undertake this 
task.  
 

1. Introduction 
The concept of harnessing ocean wave energy is by 

no means a new idea. However, the topic only gained 
international interest in the 1970’s with the publication 
of Stephen Salter’s groundbreaking paper on his Wave 
Energy Duck. Since then thousands of patents have 
issued for wave energy converters (WECs), 
incorporating a variety of methods. However, as of yet, 
no ‘winning’ WEC design has being established. 

The energy in ocean waves is the most dense of the 
renewable energies and is available up to 90% of the 
time, compared to wind energy which is available 20-
30%. Furthermore, the wave energy density off the west 
coast of Ireland is one of the largest in the world. 

 

2. Project Objectives 
1. Develop an analytical approach for calculating the 

wave excitation forces on vertically axisymmetric 
floating bodies in deep water. 

2. Develop a methodology for developing an 
optimised deep water wave numerical wave tank 
and explore wave-structure interaction using 
computational fluid dynamics (CFD). 

3. Develop a methodology of optimising the 
structural shape of a WEC for a given design sea 
or ocean region. 

4. Explore methods for the structural health 
monitoring of offshore WECs[1]. 

5. Perform physical experiments in order to verify 
the results of the study.  

 

3. Analytical solution 
An analytical solution for determining the wave 

excitation forces on a floating truncated cylinder in 
water of infinite depth has been derived[2]. 

The derivation uses the wave-water problem and 
eigen-function expansions to obtain the velocity 

potentials. The velocity potential is then integrated over 
the structural surface to calculate the excitation forces. 
The analytical solution is arrived at by taking an 
asymptotic approximation of k0b < 1 and a/b is O(1). 

 

4. Computational fluid dynamics 
CFD is used to analyse the various arbitrary 

geometries in both the frequency and time domains.  
A commercial finite volume method is used to 

analyse wave-structure interaction in the time-domain. 
In order to insure the properties of the incident wave are 
accurate, a methodology for creating an accurate and 
optimum numerical wave tank model was developed[3]. 
This study is then advanced so to generate real ocean 
waves in a CFD numerical wave tank from raw data 
recoded by a wave measuring buoy. 

A boundary element method software is used to 
calculate the various hydrodynamic coefficients and 
excitation forces on the floating structure being 
analysed, in the frequency-domain.  
 

5. NUIG Wave flume 
The experimental wave flume located at NUIG is 

10m x 1m x 1m with a still water level of 0.7m. A 
wedged-shaped plunger-type wavemaker is used to 
generate regular waves with wave period of 0.75–2s.  

In order to validate the methodology derived for 
creating a numerical wave tank,  a number of 
simulations in the wave flume were performed and the 
outputs were compared to the of the CFD numerical 
wave tank model. The two sets of results were found to 
be in good agreement. The final experiment is to 
perform wave-structure interaction in the wave flume 
and compare to the numerical results. 
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Abstract 
With significant residential construction completed in 
preceding decades, Irish residential buildings were 
constructed without proper lifecycle quantification of 
both environmental, in terms of energy and carbon, and 
economic properties. Thus, environmental and 
economic life cycle assessment (LCA) was conducted 
on commonly constructed Irish residential building 
wall, roof and floor assemblies. Each structural 
envelope was assessed from an embodied and 
operational viewpoint (embodied energy (EE), 
embodied carbon (EC), operational energy (OE) and 
operational carbon (OC)) over a 60 year lifespan and a 
net lifecycle energy and carbon footprint attributed to 
each assembly. Additional, economic LCA was 
conducted on each analysed envelope to allow financial 
comparisons and quantify economic costs. 

 
1. Introduction 

Irish sample case study residential environmental 
LCA discovered a significant portion of lifecycle 
energy consumption was contributed by installed 
building material EE (up to 27%) [1].  Thus, further 
investigation into building envelope material 
combinations was required to assess and compare 
energy, carbon and economic costs attributed to 
building envelope systems. With Nearly Zero Energy 
Buildings (NZEB) becoming new residential building 
regulation standard in Europe by 2020, environmental 
and economic LCA will become more influential in 
future construction projects.  
 
2. Methodology 

Irish sample case study residential environmental 
LCA discovered EE and EC analysis was conducted in 
conjunction with the Inventory of Carbon and Energy 
(ICE) database v2.0 [2]. Economic analysis was 
conducted utilizing data from �6�S�R�Q�¶�V���,�U�L�V�K���&�R�Q�V�W�U�X�F�W�L�R�Q��
Price Book �± 3rd Edition [3] and a Consumer Price 
Index (CPI) [4]. OE and OC properties are quantified 
using simulated room U values and heating period [5]. 
 
3. Results 

Concrete masonry cavity walls and timber framed 
walls were found to be very similar in terms of EE, EC 
and financial cost. Based on sustainably sourced timber 

minimal lifecycle costs were discovered in comparison 
with masonry wall assemblies. LCA of pitched timber 
roof designs demonstrated the significant negative 
effects of no insulation on the internal environment and 
financial lifecycle costs. Due to higher material costs, a 
roof assembly insulated using rigid board insulation had 
a 8% higher lifecycle cost than a roof insulated using a 
fibreglass material. From roof assemblies analysed, an 
aluminium based rainwater system was found to 
increases lifecycle costs �E�\�� �¼25/m2 compared with a 
similar PVC system. Choosing a synthetic slate over 
�Q�D�W�X�U�D�O�� �V�O�D�W�H�� �S�U�R�G�X�F�H�G�� �O�L�I�H�F�\�F�O�H�� �F�R�V�W�� �V�D�Y�L�Q�J�V�� �R�I�� �¼��8/m2 
of roof area. Flat roof scenario analysis demonstrated 
the significant economic effect of no insulation. The 
cheapest analysed flat roof system also contained the 
largest initial EE and EC cost. 

Assessed floor systems, containing insulation, varied 
�L�Q�� �O�L�I�H�F�\�F�O�H�� �F�R�V�W�� �I�U�R�P�� �¼������ �W�R�� �¼������ �S�H�U�� �P2 based on 
chosen materials. Un-insulated examined floor 
scenarios contained lifecycle cos�W�V�� �E�H�W�Z�H�H�Q�� �¼�������� �W�R��
�¼���������S�H�U���P2.   
 
4. Conclusions 
Resulting from LCA of building envelope scenarios, 
designers may begin to consider more EE or EC 
qualities in building material selection. Such LCA 
analysis will aid residential construction become 
�µ�J�U�H�H�Q�H�U�¶. Due to customer awareness and regularity 
bodies, energy consuming product manufacturers will 
be forced to adopt more energy efficient production 
methods to satisfy selection standards. 
 
5. References 
[1] Alan Armstrong and Jamie Goggins, The assessment of 
embodied energy and carbon of residential buildings in 
Ireland, in BCRI 2012. 2012: Dublin. 
[2] Hammond, G. and C. Jones. Inventory of Carbon and 
Energy (ICE) v2.0.  2011  20th September 2011]; Available 
from: <http://people.bath.ac.uk/cj219/ >. 
[3] Talyor & Francis Group, Spon's Irish Construction Price 
Book - 3rd Edition. 3rd edition ed, ed. F.A.L.C. Economists. 
2008: Talyor & Francis Group. 
[4] Central Statistics Office, Consumer Price Index - 
Spetember 2012. 2012, CSO. 
[5] Passivhaus Institut (PHI), Passive House Planning 
Package - PHPP. 2008, PassivHaus Institut: Germany. 



 

Cost-effective sustainable construction technology: Learning from developing 
countries. 

Declan Gavigan1, Jamie Goggins2, Bryan McCabe3 
College of Engineering and Informatics, National University of Ireland, Galway. 

1D.Gavigan1@nuigalway.ie, 2Jamie.Goggins@nuigalway.ie, 3Bryan.Mccabe@nuigalway.ie  
 

Abstract 
One construction technology used in developing 

countries that has very low impact on the environment 
is stabilised soil blocks (SSBs). Although there is ample 
literature on the application of SSBs in tropical 
countries, their potential use in a European climate has 
not been fully investigated. Through this research 
project, the development of this novel, cost-effective, 
sustainable, composite building technology or product 
for use in a European context is investigated through 
extensive testing in terms of durability, strength, 
stiffness and appearance. 
 

1. Introduction 
Stabilised soil blocks (SSBs), as seen in Figure 1, are 

masonry units formed by compressing a suitable 
mixture of soil, cement and water into a mould. The 
blocks are low-cost as their main component, the soil, is 
usually local in origin, with minimal transport costs 
incurred. SSBs are predominantly used in the 
construction of both structural and non-structural 
elements in many developing countries throughout the 
world. These blocks are interlocking in nature, built dry 
stacked without the need for mortar joints. In general, 
SSBs have a lower environmental impact than 
alternative masonry technology, such as clay-fired 
bricks or concrete masonry blocks. 

 
Figure 1: Interlocking stabilised soil blocks. 

 

2. Investigation into alternative binders 
The most commonly-used stabiliser employed in the 

manufacture of SSBs is Ordinary Portland Cement 
(OPC), which is the most expensive and energy-
intensive ingredient.  Due to the manufacturing process 
associated with cement production, approximately 
750kg of CO2 is released into the atmosphere for every 
tonne of cement produced. Therefore, it is imperative 
that alternative cement replacements are developed. The 
replacement of OPC with alternative waste materials 
and by-products is a cost-effective process, and their 
use in SSBs can benefit the environment, especially 
where disposal to landfill is the alternative. A wide 

range of agricultural and industrial waste products are 
examined in terms of their physical and chemical 
properties and their suitability as a cementing material 
in an attempt to convert waste products into useful 
construction materials. It has been revealed that the use 
of these materials in SSBs not only reduces their cost 
and embodied energy, but also can improve their 
structural performance.  
 

3. Stabilised Soil Block Testing 
In terms of masonry blocks, compressive strength 

isn’t the most critical characteristic. Assuming the soil 
is adequately compressed and suitable soil is used in the 
making of the blocks, avoiding the use of topsoil with 
high levels of organic matter, the target strength should 
be met. Durability tends to be the more stringent 
criterion to meet, and the ability of the soil in the blocks 
to resist prevailing rain, wetting/drying cycles, 
freezing/thawing cycles and chemical attack deserves 
special attention if  they are to be applicable in a 
European climate. SSBs containing 5%, 7.5% and 10% 
cement by dry weight and containing a combination of 
cement and various proportions of alternative binders 
were tested in terms of compressive strength, tensile 
strength and stiffness at 7, 14, 28 and 56 days. 
Durability tests included cyclic freeze/thaw tests, cyclic 
wetting/drying, absorption, sorptivity (capillary test), 
spray test (spraying blocks with water), placing blocks 
in rainfall simulator and exposing blocks to natural 
weather conditions.  
 

4. Conclusions 
Through this extensive experimental testing 

program, it is expected that the successful development 
and implementation of stabilised soil blocks (SSBs), 
incorporating a waste material as a cement replacement, 
will be confirmed for a European climate. Currently, the 
commercial development of SSBs as a sustainable 
building product or technology seems to be highly 
promising. However, it is important that similar studies 
on the long-term performance and durability of SSBs 
are undertaken to further promote the commercial 
development of the product. The implementation of the 
product can contribute to the development of a more 
sustainable and ‘green’ economy. 
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Abstract 
This work is concerned with the development of life 
prediction methods for high temperature failure of 
welded test specimens and power plant components 
for two materials P91, high chrome ferritic steel 
and steel CrMoV.  Computational analyses of high 
temperature creep and cyclic plasticity of welds are 
used to predict the creep and fatigue failure for 
welded, high temperature components. 
 
1.  Introduction  

A key challenge is the development of high 
temperature materials for energy landscape. Of 
particular concern in power plants, is the prediction 
of service life and failure. Welded connections 
represent the weakest part of high temperature 
plant. Thermal fatigue and creep failure commonly 
occurs at such connections leading to downtime 
and costly repair, at a minimum, or loss of life and 
environmental damage, at a maximum. Attention is 
initially focussed on welded uniaxial fatigue test 
specimens. The microstructure of a weldment is 
typically partitioned into base metal (BM), welded 
metal (WM) and heat affected zone (HAZ) regions, 
with significantly inhomogeneous material 
behaviour leading to complex cyclic elastic-plastic-
creep stress distributions.  

 
2. Materials and Methods  

To gain initial understanding of the effects of 
these inhomogeneities, initial work investigates the 
elastic-creep stress distributions, using the Norton 
creep model, the Eq. 1, for a two-material test 
specimen. 

 

 nAcr �V�H � ��  (1) 

eqr �D�D�D�V�V )1(1 �����   (2) 

M
r

ft
�F�V��

�    (3) 

  
Rupture stress was predicted by the Eq. 2. Hence, 
the failure time was predicted by the Eq. 3. The 
Coffin-Manson relationship was applied to predict 
the fatigue life in each zone in a three-material 
specimen with softening cyclic hardening plasticity 
model. 
 
 
 

 
Details of necessary P91 material parameters for 
cyclic plasticity stress analyses are reported by 
authors elsewhere [2].    

 
Table 1. Accelerated creep constants for 
CrMoV at 640°C [1]. 
Zone A n M �$ �. 
BM 6.6×10-15 4 3.2×10-13 5.7 0.3 

WM 6.6×10-14 4 4.1×10-12 4.8 0.26 

 
3. Results and Discussions  
Creep rupture was predicted in the base metal at the 
interface on the outer surface. Corresponding 
failure time was estimated about 166 hours. High 
temperature low-cycle fatigue cracking was 
predicted in the heat-affected zone after 624 cycles.  

 
 

Figure 1. Contour plots in a two material 
specimen a) creep rupture stress b) plastic 
strain in a three material specimen with cyclic 
plasticity              
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Abstract 
A major barrier to the promotion of active travel 
(walking and cycling) in cities is the existence of 
impermeable suburbs and city centres. Specific 
impediments to permeability can include: cul-de-sacs, 
walls, hedges, closed alleys, lack of direct paths and 
roundabouts. This study focuses on the Westside area of 
Galway City and examines the effects that, introducing 
new links, has on the permeability and connectivity to 
local services and causes a resulting increase active 
transport within communities.  
 

Introduction 
A lack of permeability is a major issue in Ireland with 
many residential developments built in the past 20 years 
having taken the form of curvi-linear cul-de-sacs. Such 
developments are not conducive to bicycle, wheelchair 
or pedestrian access and can lead to increased car-
dependence. Permeability is the ease, directness and 
ambience of movement through the built environment. 
Filtered permeability is the concept that active 
transportation modes should be separated from other 
modes and given an advantage in ease, directness (time 
or space) and/or ambience. Well connected networks 
(i.e. roads, cycle lanes and footpaths) tend to be highly 
permeable and promote more active transport resulting 
in increased sustainability within communities. Figure 1 
gives an example of a connected (permeable) and 
unconnected (impermeable) network. 

 
Figure 1: Connected and unconnected transport networks 
 
Communities may be sceptical about increasing 
permeability within an area, fearing it could lead to 
anti-social behavior. This research, conducted in 
collaboration with Galway City Council examines case 
studies in Galway City with a view to proposing 
improvements to community infrastructure and links 
that can improve permeability and increase active 
transport.   

Methodology and results 
On-site surveys, census data and infromation from 
Google Maps were used to map the Westside area. A 
brief example of these results can be seen by taking 
walking distances from various residential areas to 
communal facilities, educational facilities and retail 
facilities, and comparing them to the straight line 
distance. Impermeable areas can then be indentified and 
links proposed that can improve non motorized access 
to these facilities. 

 
Figure 2: Illustration of permeability of the Westside area of 
Galway City (green indicates a permeable area and red 
indicates an impermeable area). 

 
 
Figure 3: An example of proposed links that can greatly 
increase the permeability of the case study area. 
 

Conclusions 
Improvements to permeability can increase active travel 
rates and result in: (i) reduced carbon emissions, (ii) 
reduced congestion, (iii) improved public health, (iv) 
large (positive) benefit-cost ratios, and (v) increased 
sustainability of communities.  
A further key output of this work is the engagement of 
local communities to help them to drive changes in their 
community that can improve its overall sustainability. 

Proposed Links 
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Abstract 
Solid-liquid extraction of high and low temperature 
manure derived biochars was performed using solvents 
from low to high polarities. Organic molecules in the 
extracted volatile matter are isolated and identified 
using gas chromatography - mass spectrometry (GC-
MS). The toxicity of the compounds is evaluated by seed 
germination tests. Green house experiments using high 
and low volatile matter biochars will give additional 
information on volatile matter effects on plant growth. 
 
1. Introduction 

Due to the high amount of animal waste 
accumulating in specific areas, intensive livestock 
production has become a problem. Animal manure is 
commonly and successfully used to improve crop 
fertility. However, exhaustive nutrient application is 
likely to result in a multitude of negative environmental 
and social impacts, for example: soil contamination; 
nutritional imbalance; acidification; volatilization of 
nitrogen gases; greenhouse gases, water eutrophication, 
pathogens and bad odours [1]. The processing of 
biochar by means of thermal treatment in a low oxygen 
environment has potential to mitigate these problems 
and in addition is known to sequester carbon. When 
utilised as a soil amendment, biochar has been found to 
either enhance or inhibit plant growth, depending on its 
physical and chemical properties and its interaction 
with soils [2]. During the thermal process, toxic and 
persistent volatile matter (VM) compounds are formed. 
These include: polycyclic aromatic hydrocarbons 
(PAHs); polychlorinated dibenzo-p-dioxin; 
dibenzofurans; etc. Their quantity, diversity and 
bioavailability can vary amidst different feedstocks [3] 
and pyrolysis conditions [4]. Our aim is to investigate 
the VM content and composition with special emphasis 
on PAHs in biochar and their effects on seed 
germination and plant growth. 
 
2. Materials and Methods 

Pyrolysis was performed at 400 and 600°C in a low 
oxygen environment using poultry litter and cow 
manure at a rate of 20°C min-1 and held for 30 min. 1 
and 5 g of each biochar are milled and extracted via 
Soxhlet and Accelerated Solvent Extraction (ASE) 
using solvents from low to high polarity (hexane, 
dichloromethane, ethanol, water) for 24 h. The solvent 
are evaporated and the extract dissolved in 1 ml of 
dichloromethane for compound analysis using GC-MS. 
When necessary the extract is fractionated by liquid-
liquid extraction or column chromatography. In 

addition the extracts are dissolved in distilled water 
with the aid of sonication. The aqueous extracts are 
applied to filter papers and placed in petri dishes for the 
seed germination test of lettuce. The aqueous extracts 
are compared with a blank of pure distilled water. The 
same biochars are applied to two different soils to 
compare plant growth of lettuce with seed germination. 

Biochar characterization includes yields of char, oil 
and gas; proximate and ultimate analysis; pH; cation 
exchange capacity; specific surface area; VM 
composition by GC-MS;  thermogravimetric analysis; 
morphology by scanning electron microscopy; aromatic 
character by 13C solid-state nuclear magnetic resonance 
spectroscopy; nutrient uptake to plants and plant 
growth. 
 
3. Assumptions 

�x PAH concentrations are higher in gasification 
chars in comparison with pyrolysis chars.  

�x VM organic compounds show similarities with 
the bio-oil produced.  

�x High VM influences plant growth in a 
negative way compared to low VM biochars.  

�x The formation of organic toxic compounds is 
less dependent on the feedstock, but is rather 
influenced by the process conditions.  

�x Soil characteristics (mainly mineralogy, clay 
content and pH) influence the bioavailability 
and diffusion of the compounds. 
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Abstract 
Over recent years unquantifiable amounts of biocides 
and antibiotics have been released into the natural 
environment. However little is known about the effects 
of these chemicals on bacteria found naturally in the 
environment. Furthermore, water sources, sewage and 
other wastes have been polluted with sub-lethal 
concentrations of biocides and antibiotics. This sub-
lethal application could lead natural microbial 
populations developing a new resistance. 
 
1. Introduction 

The increase and spread of resistance to antibiotics 
linked to reports of co- and cross- resistance between 
antibiotics and biocides raised speculations on potential 
hazards of biocide and antibiotic concentration in the 
natural environment. Biocides are antimicrobial agents 
that have been in use for hundreds of years for 
disinfection, antisepsis and preservation. They are used 
in all areas of the food industry and are widely 
available in household products for cleaning purposes 
and play a key role in animal husbandry. Despite this 
widespread use most fungal and bacterial species 
remain susceptible to biocides. However over-reliance 
and inappropriate use of biocides has led to the 
emergence of biocide tolerant pathogens. Biocide 
tolerance has been reported in common foodborne 
pathogens, such as E. coli and Salmonella spp. This 
resistance could be linked to cross-resistance to 
antibiotics and a potential public health risk. 

The scientific committee SCHENIHR documented 
that it was not possible to obtain any tonnage 
information on the dissemination of biocides (E.C., 
2009). However, very little is known about the effects 
of these chemicals with the environment. To prevent 
biocide and antibiotic resistance it is important to 
incorporate best practice, this includes ensuring 
disinfection and environmental guidelines are in place. 
This is especially relevant in the farming sector where 
significant quantities of disinfectant are used daily 
under varying conditions. Increased awareness and 
improved farming practise could lead to better hygiene 
and therefore minimise antibiotic resistance spread. 

It is predicted that the biocide industry is expected 
to grow up to 4-5% over the next few years, with the 
growing usage in developing nations to improve 
hygiene. This had led to biocide regulations being 
reviewed worldwide and new legislation has been 
drafted to combat relulation issues pertaining to the 
harmonisation of biocidal products and there active 

substance (E.U, 2012). Biocides are frequently used for 
the disinfection of surfaces and play a key role in the 
elimination of pathogens. 

Bacteria have many bacterial resistance mechanisms 
to prevent the effect of antimicrobials on a bacterial 
cell. These mechanisms include antibiotic efflux pump, 
antibiotic- degrading and altering enzymes and 
antibiotic genes, these mechanisms usually work in 
combination to lead to antibiotic resistance (Poole, 
2002).   
 
2. Methodology 

This project illustrates the substantial dissemination 
of biocides and antibiotics in the natural environment. 
Samples were taken from farms, clinical veterinary 
isolates and potable water supplies. The isolates were 
examined for biocidal and antibiotics resistance and 
cross referenced with European Antimicrobial 
Resistance Surveillance Network data.Hygiene 
monitoring of dairy farms will be carried out to 
quantify potential outbreaks and examine the use of 
biocides in a dairy farm setting.  
 
3. Discussion 

This project will develop (a) standard protocol(s) for 
the quantitative assessment of biocide induced 
resistance and cross-resistance. It  will highlight the 
level of antibiotic resistance dissemination within the 
natural environment, this should encourage all key 
stakeholders, including policy stakeholders and 
planners, the practitioners and prescribers, public and 
patients, veterinarians, farmers and the pharmaceutical 
industry to use antimicrobial agent responsibly. 
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Abstract 
 

This project aims to investigate the relationship between the 
geology and hydrology of different aquifers types and the 
subsurface transport of pollutants. Groundwater samples 
from domestic private well water supplies are taken in areas 
with varying geological properties. The samples are then 
tested for both chemical and microbiological indicators of 
anthropogenic pollution. The data obtained will provide 
�L�Q�V�L�J�K�W�� �L�Q�W�R�� �W�K�H�� �V�S�D�W�L�D�O�� �G�L�V�W�U�L�E�X�W�L�R�Q�� �R�I�� �D�U�H�D�V�� �Z�L�W�K�� �µ�S�R�R�U�¶��
groundwater status as defined in the Water Framework 
Directive (2000/60/EC). It will highlight areas of 
environmental health concerns in relation to the abstraction 
of groundwater for drinking water purposes 

1. Introduction  
 

Some 7% of the population of Ireland derives their potable 
water from over an estimated 191,799 private supplies. The 
majority of these are very small domestic supplies serving a 
single property (PWS) or a small group of properties as in a 
private group water Scheme (pGWS).  Treatment for such 
supplies is rudimentary or most often non-existent and their 
microbiological and chemical quality has been shown 
repeatedly to be in breach of the European Communities 
(No.2) regulations, 2007. Public Health authorities, in both 
developed and undeveloped countries rely on the use of 
sanitary set back distances between animal and human waste 
disposal sites and drinking water wells, with the intent of 
protecting human health (Berger 2008) Unfortunately, in 
Ireland these distances are not based on the unique 
hydrogeological properties of the area, despite the well 
documented knowledge that the risk of faecal contamination 
varies greatly in different aquifer types. The sensitivity of the 
aquifer is paramount to the risk of contamination. 
Approximately 26% of the public and private drinking water 
supply in Ireland is provided by groundwater or spring 
sources (EPA, 2008a). Accredited to the decentralisation of 
rural Ireland, the majority of small Private Water Supplies 
(PWS) and small private group schemes are reliant on solely 
on the abstraction of groundwater which often have 
inadequate treatment, and in many cases, no treatment at all. 
This lack of supportive infrastructure heightens the need for 
source protection, pollution prevention and the 
implementation of singular or group treating regimes to ensure 
that the quality of the drinking water conforms to the Drinking 
Water Regulations (S.I.278 of 2007). 
 

2. Methodology  

Private well water samples were tested in accordance with the 
Wealth Health Organisation Guidelines for Drinking Water 
Quality, Third Edition (WHO 2008). 

 
3.Results: 
To date, the focus has been on the microbiological quality of 
groundwater. 125 samples were taken from different 
geological locations across Munster. They were analysed 
using the IDEXX Coliert 24 system for the presence of Total 
and Faecal Coliforms (E.coli) in accordance with ISO 9308-1. 
The results are shown in Table 1. 
 

Table 1: Number and % of Groundwater supplies with Total Coliforms 
and E.coli. 

 

4. Conclusions 

The prevalence of E. coli across Munster, which in some areas 
has shown to be as high as 62.4% is a major concern for 
public health. Further research hopes to quantify the risk of 
faecal contamination as a function of aquifer type. The 
presence of chemical pollutants will also be examined over the 
course of this study. 
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Microbiological 
Contamination 
Category 

Category 
Classification 
(CFU/100ml) 

No. of 
Wells 

Proportion 
of wells (%) 

Uncontaminated <1 47 37.6 
Contaminated:  
                        
 
Moderately 
Seriously 
Severely 
Acutely 
 

 
 
1-10 
11-100 
101-200 
>200 

 
 
36 
22 
12 
8 

 
 
28.8 
17.6 
9.6 
6.4 

Cumulative 
contamination 

>1 78 62.4 
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Abstract 

Electronic waste is the fastest growing waste 
stream in the world. [1]  This is driven by high 
penetration rates in developed countries and 
increasing penetration rates in developing 
countries coupled with shortening product 
lifetimes. High-energy costs and concerns 
about material availability are causing many 
in the ICT industry to examine how they can 
produce products with multiple life cycles. A 
specific set of the raw materials used in the 
manufacture of ICT equipment belong to a 
group known as Rare Earth Elements (REE) 
that are facing a number of supply challenges 
in the coming years. This include trade 
restrictions from China which is their main 
supply source at 98% of world production [2]  
and increasing demand from other industries 
such as Medical Devices (e.g. MRI), Energy 
(e.g. Wind Turbines) and Mobility (e.g. 
Electric Cars). In combination with this the 
recycling situation for these materials is very 
under developed with no known recycling 
process in mainstream operation.  
As demand for these materials increases the 
supply is not always able to respond leading 
to concerns about very high prices or a 
breakdown in supply.  To this end the 
effectiveness of maintaining longer lifetimes 
and repurposing of equipment becomes an 
important priority in becoming more 
Òresource efficientÓ.  
 

 
Fig 1. Projected Dysprosium demand up to 2030 [3]  
 
 

1. Introduction 
. The research to be undertaken is to examine the re-

purposing of ICT equipment such as notebooks/laptops 
into thin clients to increase the functional lifetime of the 
device. Re-purposing is the practice of giving electronic 
equipment an extended or second life by, in effect 
changing the primary intended function of a device and 
creating a secondary purpose in which the device can 
increase its use phase. 

The practice of repurposing is growing in modern 
culture and has been gaining momentum. There are 
many organisations such as make.com and 
instructables.com that encourage this practice and 
provide technical support to individual users and 
hobbyists. This project will examine how this practice 
can be mainstreamed and become a viable end of life 
option with much higher resource efficiency than 
current recycling practices. 

The proposed research will investigate current 
recycling practices and the quality and quantity of 
goods being disposed. The downstream processing of 
laptops will also be examined to document the current 
waste streams for electronic waste.  

The project will consider electronics, sustainability 
and eco-design as a holistic solution in the creation of a 
valid repurposed device. 

This research is being funded with the assistance of 
the European Recycling Platform (ERP) and the Irish 
Research Council through its Enterprise Partnership 
Scheme. 
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Abstract 
Thermal comfort is a key indicator of building 
performance and is proven to have a strong correlation 
with concentration and productivity under laboratory 
conditions. Typically, thermal comfort is defined using 
the Predicted Mean Vote (PMV) / Predicted Percentage 
Dissatisfied (PPD) [1]. This paper proposes a novel 
approach to teaching the concept of thermal comfort by 
linking prior knowledge with strong measurement-
based analysis. This work aims to advance fundamental 
understanding of comfort criteria as a core element of 
building design and operation. 

1. Educational Merit  
Undergraduate Engineering fundamental courses 

have significantly high attrition rates [2]. Student failure 
in these introductory courses can be linked to many 
factors, including incorrect pedagogical approaches, 
absence of learning community, and mismatched 
learning styles and disparity in problem solving ability 
[3]. The desire is for students to be actively constructing 
their knowledge based on integrating their current 
experiences with their prior experiences to understand 
novel ideas [4]. The ABET Protocol is a benchmark for 
future Engineering Education, evaluating courses 
educational merit in terms of ‘Outcomes’.  

2. Technical Assessment 
Participants are required to supply some basic 

information which is used to calculate PMV. This 
information can be categorized as follows: 
Envir onmental Criteria: Air Temperature (oC), Mean 
Radiant Temperature (oC), Air Speed (m/s), Relative 
Humidity; Personal Criteria: Age, Gender, Clothing 
Value (clo), Clothing Surface Temperature (Figure 1), 
Activity level (met); Adaptive Criteria:  Food/Drink 
consumption, Clothing adaptations. 

 
Figure 1: Clothing Surface Temperature 

3. Case Study and Results 
The New Engineering Building (NEB) will be used 

as the primary case-study for the laboratory.  Using the 
extensive sensor data attainable from the Building 
Management system coupled with on-site 
measurements, all of the variables used within the lab 
are from real time and are perceivable by the students 
themselves, linking to their instinctive knowledge of hot 
and cold. Initial results have provided an interesting 
insight into the validity of the PMV calculations and the 
relative perceptions of participants under laboratory 
conditions (Figure 2) 

Figure 2: Qualitative vs. Calculated PMV 

4. Conclusions 
This new ‘Thermal Comfort lab’ for the 

‘Fundamentals of Engineering’ course will serve as a 
test mechanism for a new pedagogical approach in a 
studio environment. All students can perceive hot and 
cold and by relation their own relative thermal comfort. 
By associating the variables in the lab to this intrinsic 
knowledge we are able to promote a deeper 
understanding of each variable while addressing 
misconceptions at an early stage.  This allows students 
to exercise their problem solving mechanisms in a 
constrained systematic approach, whilst associating the 
new information with a priori knowledge 
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Abstract 
A Modular Air-Cooled Condenser (MACC) which seeks 
to minimize the inefficiencies with current Air-Cooled 
Condensers (ACCs) is presented in this paper. 
Measurements taken on a full scale prototype 
demonstrate the ability of the MACC to continually vary 
the optimum condenser conditions, irrespective of 
ambient temperature. This ability will allow for the 
optimum steam turbine condition to be maintained and 
increase overall concentrated solar power (CSP) plant 
output. 
1. Introduction 
The Earth receives more solar energy in one hour than 
the combined worldwide consumption of energy by 
human activities in an entire year. CSP plants, which 
extract useable work from this energy, are now being 
regarded as a realistic, viable alternative to fossil-fuel 
power. However, the promise of CSP is hindered by the 
cooling of the condensers in the Rankine Cycle. In 
regions with high levels of direct solar irradiance (DIR), 
there is an obvious shortage of water for traditional shell 
and tube condensers. In their place, ACCs are installed 
despite evidence in the literature that they suffer from 
significant inefficiencies. The modular concept 
addressed in this paper could potentially alleviate these 
issues. Traditional ACCs use large diameter fans which 
are generally limited to two rotational speeds. The 
MACC design employs smaller fans, whose rotational 
speeds are continuously variable. By varying the fan 
speed, the air-side heat transfer coefficient is altered. 
This parameter governs the steam-side conditions. 
Determining the qualitative and quantitative relationship 
between fan speed and condenser pressure is the main 
goal of the work presented. 

 
Figure 1: MACC Prototype 

2. Experimentation 
Measurements were carried out on a full scale prototype 
MACC, similar to that il lustrated in figure 1. Realistic 
operational condenser conditions were maintained 

through the use of a vacuum pump which continually 
displaced any air leakages into the system, which occur 
when operating in sub-atmospheric pressures. The 
MACC was instrumented with a number of pressure 
transducers and thermistors to monitor condenser 
conditions during testing. The fan speed was reduced 
from a maximum of 1000 rpm in steps of 100 rpm. The 
pressure and temperature were recorded for each fan 
speed setting. 
3. Results and Discussion 
The variation of condenser pressure with MACC fan 
speed for a range of mass flow rates is given in figure 2. 
The trend of pressure decreasing as fan speed increases 
is illustrative of how the MACC fan speed will be 
capable of controlling the pressure at the outlet of a ST 
in a CSP plant. 

 
Figure 2: Variation of MACC Pressure with Fan 

Rotational Speed 
The effect of MACC pressure on a 50 MW ST was 
investigated. A ST characteristic curve was obtained 
and the output from this turbine based on the measured 
pressure values in figure 2 are given in figure, below. 

 
Figure 3: 50 MW Steam Turbine Output Curves  
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Abstract 

This paper expound the use of building performance 
and energy systems simulation (WBPS) into a wider 
implementation of an all-embracing energy 
management system. The role of simulation is to 
facilitate decision making regarding Energy 
Conservation Measures (ECMs) by mitigating risk and 
uncertainty. The main challenges to confront deal with 
the integration of Fault Detection and Diagnosis 
science (FDD) along with both new and legacy IT 
systems, the adoption of a robust calibration 
methodology, and the systematic verification of energy 
savings. CASCADE is a EU funded project under the 
7th Framework Programme1. 
 
1. Introduction. CASCADE Methodology 

Airports are significant energy users. Airport’s 
demanding operational requirements as critical 
infrastructures confront the increasing exigencies on 
energy conservation and carbon mitigation. CASCADE 
has designed a complex IT application that makes use 
of FDD methods within a comprehensive energy 
management system to  support ISO 50001 standard. 
Models are a crucial part of data driven commissioning 
processes and have proved an effective tool for energy 
managers. 

 
2. WBPS plan of work 
A three phases approach is proposed as method to carry 
out this research. Firstly, a comprehensive  

 
Figure 1WPBS plan of work 

Eventually, the implementation stage will make use of 
the calibrated model in a range of applications, 
described next in Section 4. 

 
3. Case Study  

The building analyzed is Satellite A at Milano 
Malpensa Airport. It is a 15,000 m2 building that 
handles more than 8 million passenger per year. A 
                                                 
1 CASCADE has received funding from the European 
Community’s Seventh Framework Programme (FP7/2007-
2013) under grant agreement No. 284920 

detailed model of the building using state of the art 
Energy Plus® simulation engine. E+ performs  
integrated energy balance simulation of weather, 
building and energy systems at run time. 

 

 
Figure 2 Aerial view and E+ model of MXP Airport 
 

6. Conclusion and next developments 
This paper presented an overview of WBPS in the 

context of the FP7 project CASCADE and the initial 
development of a case study. Actual performance data 
will be available in the coming months, and used during 
the calibration process. Regarding the future work the 
focus will lie on the following aspects:  

1. Integration of a predictive sensitive tool that can 
analyze and workout the optimal operation strategy 
based in actual performance and forecasted conditions 
such as weather and occupancy. 

2. Methodology to simplify the building model 
allowing for lower computational resources and shorter 
simulation time. 

3. Integrating real time data acquisition of 
meteorological data and occupancy for control schedule 
optimization using Building Control Virtual Bed Test 
(BCVBT) similarly as described by O’Neill [1] and 
Pang  [2] with the use of the BCVBT and synchronized 
data acquisition from the CASCADE business logic 
layer. 

4. Fault Detection by linking energy signature (or 
other parameters) with faults in the HVAC system. 

5. Development of a module to test energy 
conservation measures and report estimated savings 
according with ISO 50001 and IPMVP standards. 
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Abstract 

A finite element analysis formulation based on the 
convected coordinates method is combined with a 
quasi-rotation definition for the analysis of beams 
undergoing finite deformations, deflections and 
coupling of twist, bending and axial response.   
 
Numerical analyses demonstrate high convergence 
rates achieved in the analysis of subsea pipeline 
structures where the response is characterised by 
moderate beam element deformations under transient 
response regimes. 
 
1. Introduction 

Nonlinear analysis of beams undergoing finite 
deflections and rotations has been the subject of 
extensive research [1-3].  However analysis of subsea 
beam structures demands that continued improvement is 
required regarding convergence rates for beam finite 
element analysis.  This has led the authors to develop a 
finite element beam definition based on: 
 

1. the convected coordinates method; 
2. a moderate beam deformation definition 

relative to the convected axis with coupling of 
axial, bending and torque response; 

3. a description of the beam moderate rotations in 
terms of a set of varying twist-bend angles 
along the beam element; 

4. the use of rate of rotation and quasi-rotation 
definitions to track the path dependent nature 
of rotations in three dimensions 

5. a Newton-Raphson solution scheme 
 

2. Quasi-Rotation 
The quasi-rotation vector quantity and its time 

derivative rate of rotation in space , is shown by the 
authors to be related to a rotational deformation quantity 
for a beam where rotational deformation along the beam 
is defined by a set of varying twist-bend angles with 
respect to moving axis system denoted a convected 
coordinates axis. 

The relationship allows for the definition of 
generalized beam strain measures, with full term 
coupling, which leads to a finite element solution with a 
much reduced set of solution terms.  The rate of rotation 
measure which forms the basis for strain terms is given 
as follows: 

 

����
����

 
where 

 unit vector parallel to the element convected 
coordinate axis 

 unit vector normal to the bend plane of the 
element 

���� tangent to deformed beam centreline 
x beam convected axis joining beam end nodes 

 bend angle between ���� ����  and ���� 
 twist angle about either ���� and ���� ����   

 
3. Application 

The method developed by the authors is applied to 
the solution of an offshore flexible line structure.  
Figure 1 shows comparisons of structure displacement 
compared with independent validation solution [4].  It is 
noted that the analysis duration for the quasi-rotation 
method is up to 3 times shorter than that of the 
validation solution. 

 
 

      
Figure 1 Structure Displacements Comparisons 
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Abstract 

Four different Sulfated ZrO2-TiO2 catalysts were 
synthesized by using co-precipitation approach, 
characterized and compared in upgrading bio-oil by 
using acetic acid and ethanol as model reaction. 
93.66% of acetic acid was converted into ester by using 
50% ZrO2 loading catalyst at 100 �� . The 
characterization of original bio oil and Upgraded bio 
oil via esterification by applying the 50% ZrO2 loading 
catalyst were compared. The water content decreased 
from 40% to 16.9% and high heating value increased 
from 8.08kJ/g to 22.29kJ/g and acetic acid 
concentration dropped remarkably from 15.87% to 
0.774%, suggesting the properties of bio oil can be 
enhanced by SO42-/ZrO2-TiO2 Catalytic esterification. 
 
1. Introduction 

The fossil fuel shortage and serious environmental 
problems have led a great interest in exploring clean and 
renewable energy source. Hence, more and more 
attention was paied on the promising, renewable fuel----
---bio-oil. This liquid product from pryolysis is 
convenient for storage and transportation. However, 
some unwanted characters still impede the commercial 
usage, such as low heating value, high water content, 
low pH, low stability and high viscosity[1].  

Plenty of effort has been made in improving the 
upgrading techniques, such as hydrodexygenation, 
catalytic cracking of pyrolysis vapors, emulsification, 
steam reforming, catalytic esterifcation,etc. Most of the 
study was made on fast pyrolysis and slow pyrolysis.[2] 
However, for intermediate pyrolysis, it is still at an early 
stage of research and development. Overall, the yield 
and quality of bio oil increase with the raise of heating 
rate[3]. Nevertheless, intermediate pyrolysis could be 
carried out in a condition which is much easier to be 
approved compared with fast pyrolysis.  
 
2. Method 

�,�Q�� �W�K�L�V�� �V�W�X�G�\���� �W�K�H�� �³�L�Q�W�H�U�P�H�G�L�D�W�H�´�� �S�\�U�R�O�\�V�L�V�� �E�L�R-oil 
with catalytic esterification refining was focused on. 
The ZrO2-TiO2/SO4

2- catalysts in different weight ratio 
of ZrO2 were investigated in this research. Model 
reaction and catalyst characterication were carried out 
then the catalyst showing highest efficiency would was 
applied on bio oil upgrading. In a typical model reaction, 
acidic acid (HAc) and ethanol were mixed by a mass 
ratio 1 to 2 and catalyst was applied by 2 wt% of the 
reaction solution. 
 
3. Result discussion 

3.1 Catalyst Characterization 
X-ray diffraction (XRD), Infrared spectroscopy (IR), 

and specific surface area (BET) were tested as catalyst 
characterization. 
 
 3.2 Model reaction 

Esterification between acetic acid and ethanol was 
chosen as model reaction to test find out optimal 
condition and most effective catalyst. The 50% ZrO2 

catalyst shows highest activity in most situation, which 
could reach up to 81.03% at 80�� after 5h. In the 
contrast, 48.87%, 54.93% and 74.23% are the 
consequence of 10%, 20% and 30% ZrO2 loading 
catalysts in the same situation, respectively. 
 
3.3 Bio oil upgrading 

The high heating value (HHV) of original bio oil 
mixed with ethanol in table 3 shows that by only mixing 
with ethanol, the property of bio oil as combustion 
energy could remarkably increase. Moreover, water 
content droped sharply from 40.09% to 16.84%. The 
pH, as another significant indicator for corrosiveness of 
bio oil raised from 2.5 to 5.3.  

The composition concentration reported was related 
to the peak percent area by GC-MS. The area 
percentage of peak at retention time 7.013, which is 
acetic acid, dramatically dropped from 15.87% to 
0.77%. In addition, the content of carboxylic acid group 
decreased from 26.987% to 6.108%. This indicates the 
carboxylic groups in original bio oil have been greatly 
eliminated, which has a positive effect on the 
corrosiveness decreasing of bio oil. The other 
components in bio oil also changed after catalytic 
esterification. 
 
4. Conclusion 

50% SO4
2-/ZrO2-TiO2 catalyst showed highest 

catalytic activity in model reaction.Bio oil was 
successfully upgraded via catalytic esterification by 
using 50% SO4

2-/ZrO2-TiO2.  
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Abstract 
The fatigue of quasi-isotropic (QI) laminates is 
investigated as part of research investigating the 
fatigue behaviour of glass fibre reinforced polymer 
(GFRP) laminates while immersed in seawater. 
Experimental results from both dry fatigue testing and 
wet immersed testing are presented. A ply-by-ply 
damage model of QI GFRP is discussed and predicted 
fatigue life results are compared to the experimental 
results. 
 
1. Introduction 

Ocean energy devices and tidal turbine blades in 
particular have high multiaxial fatigue stresses and 
operate in a corrosive environment. Glass fibre 
reinforced polymers are the leading candidate material 
for these applications. 

 
Fig 1. Fibre direction stresses in a tidal turbine blade 
 
2. Water immersion ageing 

QI coupons of epoxy/E-glass (Vf  50%) were 
manufactured using vacuum assisted resin transfer 
moulding, postcured, and immersed in 30° water for 20 
months. This ageing regime is predicted via the 
Arrhenius relationship to be equivalent to 20 years 
immersion in 11° water or 6 years immersion in 20° 
water. 
3. Fatigue testing 

Tension-tension (R = 0.1) fatigue testing of these 
aged coupons was carried out with the coupon 
immersed in room temperature water. Fatigue modulus 
- the slope of a line which connects the minimum stress-
strain point in a fatigue cycle with the maximum stress-
strain point in the cycle �± was also monitored during 
these fatigue tests. 
4. Modelling 
In the model used here the approach taken is to model 
each ply as a transversely isotropic lamina. Different 
laminates can then be modelled using a finite element 
code to combine the various plies. Within each ply the 

response is divided into fibre direction response and the 
matrix response to transverse and shear loading. For the 
analysis conducted here a 16-ply [(45\135\90\0)2]s 
laminate is modelled. 
5. Results 

The stress life curve from immersed fatigue testing 
of aged QI epoxy/E-glass coupons is shown in Figure 2. 
Also shown are results for similar testing on dry non-
immersed coupons. 

 
Fig 2. Stress �± life curve for QI coupons 
 

Figure 3 shows a comparison between model 
predictions for fatigue life at various maximum stress 
levels and experimental results for dry QI epoxy/E-
glass.  

 
Fig 3. Predicted and experimental fatigue life 
 

6. Conclusions 
Fatigue testing of aged immersed GFRP coupons 

shows that water saturation and immersion degrades 
fatigue strength by 20% at 1,000 cycles and by 8% at 1 
million cycles. A ply-by-ply model with separate 
responses for fibre and matrix is shown to make 
accurate predictions for fatigue life of dry QI epoxy / E-
glass. 
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Figure 1: Global Desalination Plant Capacity by Technology 
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Abstract 
Increasing global water demand combined with falling 
supplies both of fresh water and of sources of non-
renewable energy is one of the more critical 
engineering challenges of today. Solar-powered 
seawater desalination is considered as one potential 
solution to both problems. Our research aims are to 
design and develop suitable solar-powered seawater-
desalination system. 
 Keywords:  Desalination; seawater; solar energy; 
sustainability; marine; health; environment; system 
engineering; innovation; simulation; design 
optimisation. 
 
1. Introduction 
The most common approach to seawater desalination is 
to evaporate the salt water and then to condense the 
water vapour that arises. Systems using such technology 
are known as multistage evaporator desalination plants 
where the energy source employed is fuel. 
 
Desalination of seawater is energy-intensive; with 
typical desalination technology, to produce one cubic 
metre of fresh water requires more than 3kWh. 
Geographical location makes solar radiation one of the 
most important renewable energy source in many 
countries. Desalination using solar energy offers the 
practical advantage of providing fresh water without 
causing ecological damage and at low energy cost. [1] 
 
2. Existing Technologies 
2.1  Solar Power Technologies 
Solar technologies can be represented by two main 
groups: concentrating solar power (CSP) and 
photovoltaic (PV).  Solar technologies can produce heat 
and thus electricity through a turbine (CSP), or may be 
used to generate electricity directly (PV). There are also 
hybrid developments �²  concentrating photovoltaic 
(CPV).  Growing interest and developments in CSP as 
well as in PV are making both technologies more and 
more attractive (Table 1). [2] 

 
 

 
The main concentrating solar power technology systems 
are: (a) parabolic trough, (b) linear fresnel reflector 
systems, (c) central tower receiver, and (d) dish/engine 
system. 
2.2  Desalination Technologies 
There are many types of desalination technologies for 
producing fresh water. The most common desalination 
systems (Figure 1) are: (a) reverse osmosis, (b) multi-
stage flash process, (c) multi-effect distillation.  
 
 
 
 
 
 
 
 
 
 
3. Research Objectives 
The objective of this project is to design and develop a 
solar-powered seawater desalination system suitable for 
use in naturally sunny regions that lack other sources of 
energy supply. Manufacturing of domestic solar water 
heating systems are well established and are being 
widely employed locally. However, this type of solar 
energy technology is unsuitable for desalinating 
seawater. Potential process designs involving, for 
instance, multi stage-flash distribution stills or solar 
concentrator stills are likely to be more practical. 
 
As part of the proposed research project, an analysis of 
the performance different desalination system options 
will be carried out. Candidate design options will be 
produced and evaluated, and modifications necessary to 
make such system meet the needs of the environmental 
conditions will be incorporated. Here, the issue of 
"appropriateness" of renewable energy technology must 
be considered. 

 
4. Conclusions 
Water is the basis of life on earth, and clean water is 
essential for health. Finding a sustainable source of 
energy is also important to the proper functioning of 
human life. Combining seawater desalination with a 
solar power source addresses both engineering issues. 
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Technology Parabolic 
Tough 
System 

Linear 
Fresnel 
System 

Solar 
Power 
Tower 

Dish 
Stirling 
Engine 

Capacity 
Range (MW) 

10 �± 250 5 �± 250 10 �± 
100 

0.1 �± 1 

Peak solar 
efficiency 

21 % 15 % < 20 % 31,25 % 

Estimated 
investment 
�F�R�V�W�V�����¼���N�:�� 
for SM1* �± 
SM2 

3,500 �± 
6,500 

2,500 �± 
4,500 

4,000 �± 
6,000 

6,000 �± 
10,000 
(SM1 
only) 

Table 1: Comparison of Concentrating Solar Power 
Technologies [3] 
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Abstract 
The purpose of this work is to show that distributing 
inductors-on-silicon can increase the output current 
and also maintain the same overall footprint size, while 
retaining the same effective inductance as a single 
inductor. The performance of distributed inductors is 
compared in a range of power converter circuit 
topologies with a view to determining which topology 
provides the best overall performance in terms of 
circuit size, conversion efficiency and power handling. 
Circuits considered include a single-phase buck 
converter with single vs. parallel inductors and 
MOSFETs. 
 
1. Introduction 

Previously it has been shown that paralleling of 
planar inductors on PCB can reduce footprint size and 
increase current handling [1]. Similar work has shown 
that paralleling of tapped inductor elements can lead to 
more effective use of the magnetic core [2]. This work 
builds on those findings and applies the methodology 
for inductors-on-silicon which inherently have low 
current handling capability and high DC resistance due 
to their size. At light-load it becomes possible to switch 
out a parallel MOSFET and inductor so that the 
effective inductance is increased thus reducing the 
current ripple (! I). As a result, while DC losses for 
remaining inductors are increased, AC and inductor 
core losses are reduced and output voltage ripple (! V) 
is also reduced while maintaining the same value of 
output capacitance [1]. This paper focuses on the 
performance of distributing parallel inductors against a 
single lumped inductor in a single-phase buck 
converter. In addition, the possibility of paralleling 
more than two inductors is explored to find the 
optimum level of distribution. 
 
2. Circuit Topologies and Testing 

The single phase buck converter shown in Figure 1 
has been investigated with different combinations of 
inductors outlined in table I, for example L1s1 is 
equivalent to L2p2 and L3p2 is equivalent to L2p3.  

A range of inductors-on-silicon with Ni45Fe55 cores 
were tested. Four devices were identified as having 
inductance values that enabled a comparison of a 
number of different equivalent parallel inductors, while 
fitting within approximately the same footprint; i.e. 
1" L4 vs. 2"L2 and 2"L3 vs. 3"L2. 

 
Figure 1 Single phase buck converter with N parallel 
inductors 

 
Table I Combinations of Inductors-on-silicon 

A suitable relationship for power conversion 
applications is identified between total inductor losses 
and effective Q-factor (defined as the peak energy 
stored divided by the total energy loss per cycle), and 
between losses and inductance factor per unit area. In 
this case, inductance factor per unit area can be 
interpreted as a measure of how effective the core is per 
unit area. Two switching frequencies were used (8MHz 
and 20MHz) to analyze the performance of the 
inductors. Results have shown that it is possible to 
maintain the same footprint area while at the same time 
decreasing losses and increasing the current carrying 
capabilities.   

 
3. Conclusions 

This work demonstrates that by distributing 
inductors in parallel efficiency and current handling 
capabilities of inductors-on-silicon can be improved 
while maintaining the same overall footprint area and 
equivalent inductance of a similar single inductor. 
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Abstract 
In this study, cylindrical cavity expansion (CCE) is used 
to work out post-installation lateral earth pressure 
coefficients (K) arising due to the lateral expansion and 
subsequent soil remoulding caused by the vibrating 
poker as stone columns are installed in a soft clay. Two 
sets of two-dimensional axisymmetric finite element 
analyses have then been carried out using PLAXIS 2D 
to examine load-settlement behaviour, the first set 
assuming K to be unaffected by column installation, 
while the second set have been conducted using 
increased K values based on the cavity expansion 
procedure. The results indicate that this approach can 
be used as a realistic means of accounting for column 
installation in conjunction with unit cell analyses, with 
larger improvement factors predicted when installation 
(increased K) is taken into account. 
 
1. Introduction 

The extent of improvement offered by stone columns 
in soft soils is quantified by a �G�L�P�H�Q�V�L�R�Q�O�H�V�V���µ�V�H�W�W�O�H�P�H�Q�W��
�L�P�S�U�R�Y�H�P�H�Q�W�� �I�D�F�W�R�U�¶�� ���Q�� � �� �Vuntreated/streated), where suntreated 
and streated are the settlements of untreated ground and 
the ground treated with stone columns respectively. The 
majority of 2D and 3D numerical studies investigating 
stone column behaviour �K�D�Y�H�� �L�Q�Y�R�O�Y�H�G�� �µ�Z�L�V�K�H�G-in-
�S�O�D�F�H�¶���F�R�O�X�P�Q�V�����L�Q���Z�K�L�F�K���.��is assumed to be unaffected 
by column installation, i.e. K values remain at the at-rest 
(K0) values. However, field measurements by Kirsch [1] 
have indicated K/K0 values in excess of unity post-
construction. Some authors have aimed to capture this 
effect with global increased K values [2]. 
 
2. Numerical Modelling 

The numerical modelling carried out using the 
PLAXIS 2D Hardening Soil Model consists of two 
distinct parts. The first part involves the use of CCE to 
establish post-installation K values generated by column 
installation in a soft clay soil. The second part involves 
carrying out two sets of wished-in-place unit cell 
analyses under an applied load for (i) a soft clay 
assuming the clay properties to be unaffected by column 
installation (Case A) and (ii) a soft clay with increased 
K values calculated using the CCE analyses (Case B). 

 
2.1 Installation (CCE) stage for Case B 

Simulating column installation in PLAXIS 2D using 
a cavity expansion technique will involve three phases 
after initial stress generation: 

a) Install �µ�G�X�P�P�\�� �P�D�W�H�U�L�D�O�¶��over the entire column 
length to a radial extent, a0. 

b) Apply a prescribed displacement (undrained 
conditions) from the initial radius, a0, to a final 
radius, af (Fig. 1). 

c) This cavity expansion stage is followed by a 
consolidation phase to allow excess pore pressures 
to dissipate to establish the long-term stress 
changes in the ground caused by column 
installation. 

 

 

Figure 1. Finite Element Mesh for CCE stage 
 
2.2 Unit Cell Settlement Behaviour 

A series of axisymmetric unit cell analyses for 
different column spacings have then been performed to 
examine load-settlement behaviour for Cases A and B. 
 
3. Results 

A comparison of n values for Cases A and B 
indicates how accounting for column installation (i.e. 
larger K values) leads to larger n values, i.e. larger K 
values leads to increased horizontal stresses in the soil, 
hence providing more resistance to lateral bulging of the 
granular material. 
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Abstract 
Inside cells complex mixtures of macromolecules 
assemble to form machines that remodel in response to 
the ever-changing environment. Proteins are usually 
characterized in pure form in dilute solution. 
Consequently, less is known about intracellular protein 
assemblies. Here, we describe a size exclusion 
chromatography (SEC) technique that allows for the 
investigation of protein assemblies under native-like 
conditions. 

 
 

Figure 1. SEC as a method of probing cellular 
machinery 

1. Introduction 
Proteins function, not as separate entities but as 
components of macromolecular machines which 
orchestrate cellular chemistry [1]. Proteins are normally 
isolated and purified prior to characterization with the 
result that the cellular machinery is poorly understood. 
Molecular biology is now directed toward protein 
studies in biological millieus but few techniques allow 
for the study of intact cellular assemblies [1, 2]. We use 
SEC to isolate macromolecular machinery from cell 
lysates (figure 1) [2]. This technique was used to study 
the interactions of Tat-GB1, a fusion protein 
containing the arginine-rich Tat nuclear localization 
signal (NLS). E. coli cells containing Tat-GB1 were 
lysed, treated with a nuclease and directly injected onto 
an SEC column. To identify the interaction propensities 
of  Tat-GB1 different salts were employed as SEC 
buffer components at ionic strengths of 0.1 and 0.2 M [2]. 

3. Results 
3.1 Tat-�*�%�����³�6�W�L�F�N�L�Q�H�V�V�´ 

Tat-GB1 has a molecular weight of 7.7 kDa but 
following SEC on cell lysates containing Tat-GB1, it 

elutes with an apparent molecular weight of  > 150 kDa. 
This shows that Tat-GB1 participates in cytosolic 
assemblies. High molecular weight species (assemblies) 
are difficult to study by in-cell NMR spectroscopy [2]. 
Correspondingly, Tat-GB1 cannot be studied by in-
cell 1H,15N HSQC methods. 

3.2 Ion Effects on Cellular Machinery 
Following SEC in buffers containing Mg2+ or Ca2+, 

Tat-GB1 eluted according to its monomeric molecular 
weight (figure 2). These cations are capable of 
disrupting assemblies that contain Tat-GB1. Citrate 
was also found to disrupt high molecular weight 
assemblies This suggests that citrate competes with the 
negatively charged surface patches of E. coli proteins 
for interactions with the Tat NLS.  

 

Figure 2. SDS-PAGE analysis of the SEC elution 
profiles of E. coli cell lysates containing over-expressed 

Tat-GB1. The effects of NaCl and MgCl2 at ionic 
strengths of 0.1 M are shown. The gel lanes are 
labelled; MM: molecular weight marker; CL: cell 
lysate; 45�±80: fraction volume (mL). The migration 
position of Tat-GB1 is highlighted. 

Tat-GB1 interactions with nucleic acid were tested by 
treating the cell lysates with either DNase or RNase to 
remove DNA or RNA prior to SEC. In the absense of 
RNA, a substantial proportion of Tat-GB1 interactions 
were disrupted. This suggests that Tat-GB1 associates 
with  RNA and ribosomes inside cells. 

4. Conclusions 
A simple SEC technique was used to study the 
assemblies and interaction behaviour of a sticky protein. 
Biologically relevant ions were effective disruptors of 
cellular machinery. 
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Abstract 
Here we explore the photophysics and photostability 
of a novel fluorophore, 2,5 Di-hydro 1,2,3 Phenyl 
Triazine(Ph-TR) in thin polymer films.  This 
fluorophore displayss a tri-band emission when 
excited at 400 nm and is uncommonly photostable in 
hydrophillic thermoresponsive polymers.  This Ph-TR 
fluorophore is thus potentially very suitable for 
extended-timeframe fluorescence imaging 
applications such as assessing polymer thin film 
quality on medical devices.  
 
1. Introduction:  

Moisture uptake in polymer systems is a very 
important factor for biomedical applications and in 
particular for thin film polymer coatings.  This is 
because water infiltration can significantly transform 
physicochemical  properties.  Therefore we need 
non-destructive, non-contact methods for the analysis 
of polymer physicochemical properties which can be 
implemented during manufacture such as for drug 
eluting polymer coatings.  The impact of water 
ingress can have adverse effects on parameters such 
as long term storage, drug elution rate, and device 
efficacy.  In the NBL we want to develop a robust 
florescence method for the quantitative analysis of 
polymers and do this we require fluorescent probes 
that are both sensitive to some environmental factors 
(e.g. water) and are yet very photostable to allow for 
extended time imaging.  Previous studies in the NBL 
involved the use of environmentally sensitive 3-
Hydroxyflavone (3HF) based fluorophores [1-2].  
Unfortunately they were not photostable enough for 
fluorescence imaging which is the next step in 
developing a robust analytical method for polymer 
characterisation.  The issue with photobleaching of 
ESIPT based fluorophores is that it can be difficult to 
separate the emission changes due to the polymer 
environment and water infiltration from the effects of 
photobleaching  
We are now studying a new class of 2,5 di –hydro 
1,2,3 Phenyl Triazines based fluorophores which 
have interesting 3 band emission, large Stokes shift 
and lifetime behaviour which are potentially very 
useful [3].  Here we present some initial findings in 
relation to their photostability in thermoresponsive 
polymers (PNIPAm and PEPM). 
 

2.  Materials and methods:  
     The ~10 µm thick doped polymer films were 
prepared by a solvent casting method [1,2].  After 72 
hours drying at 70º C the polymer thin films were 

placed in a controlled humidity chamber.  Steady-
state emission spectra were collected using an in-
house, fibre-optic based system [2].  The emission 
spectra were then fitted to 3 band Gaussian fit using 
Origin software  The relative areas of the bands, full 
width at half maximum (fwhm), band position values 
were obtained from the fit models  
 
3.  Result and discussion: 

Probe photostability was assessed by 
continuously irradiated a 1 mm diametre spot on the 
doped polymer film with a 405 mm laser (~10 µW) 
for 4 hours at 50%RH.  Spectra were collected every 
10 min.  For PNIPAm the fluorescence intensity only 
decreased by ~ 7% and more importantly the 
emission band shape did not change significantly 
during this time (Fig. 1).   
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Figure 1: Photobleaching study showing (a) Intensity 
decrease, and (b) variation in % band areas for the Ph-TR 
fluorophore in PNIPAm and PEPM thin polymer film.  
Films irradiated at 405 nm. 
 
In the PEPM thin film, the situation was a little 
different with a decrease in fluorescence intensity 
~14% over four hours with some significant changes 
in the emission band shape.  The changes in band 
shape may be due to different water uptake rates in 
the two polymers.   
 
4.  Conclusion:  
The Ph-Triazine probe is very photo-stable 
fluorophore in polymer thin films, even in the 
presence of considerable absorbed water.   
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Abstract 

 Quantitative characterization of cell culture 
broth and media is an essential phase in 
biopharmaceutical manufacturing.1 Analysis of 
biogenic materials is challenging due to their complex 
and often ill-defined composition. Multi-dimensional 
fluorescence spectroscopy has been successfully used 
as an effective, fast and non-destructive method of 
analysis.2,3 Here we investigate how anisotropy can be 
incorporated into multi-dimensional fluorescence 
measurements to provide more useful data. 
 
1. Introduction 
 This research focuses on the use of polarized 
fluorescence spectroscopy to determine the anisotropy 
(r) of cell culture media components. Anisotropy 
measurements provide important information on the 
size of the emitting fluorophore. Polarized fluorescence 
spectroscopy can be used to quantify the protein 
content of biogenic materials and to distinguish 
between monomers and macromolecules that give a 
similar or identical fluorescence signal. 
 Total synchronous fluorescence spectroscopy 
(TSFS) was the multi-dimensional spectroscopy method 
selected. In TSFS, both excitation and emission modes 
are scanned simultaneously, as opposed to conventional 
fluorescence emission-excitation matrix (EEM) where 
the emission mode is scanned at various emission 
wavelengths for every selected excitation wavelength.4  
2. Materials and methods 
 Standard anisotropy and multi-dimensional 
scans were performed on simple one fluorophore 
solutions of Rhodamine B and on complex materials 
(yeastolate spiked with bovine serum albumine at 
different concentrations).  
 To produce aniso-TSFS contour plots, 4 
different polarized TSFS scans were made for each 
sample. MatLab software was used for anisotropy 
calculations. 
3. Results 
 To validate the anisotropy measurement 
protocol we first analyzed a known fluorophore, 
Rhodamine B in 90% glycerol solution, the results 
being shown in figure 1 (literature value at 
r=0.350±0.003).5 Figure 2 shows the aniso-TSFS 
contour plot of BSA in yeastolate solution. 
 

a)  

b)  
Figure 1. a) Anisotropy (in blue) and emission spectra 
(in red) and b) aniso-EEM of 1µM Rhodamine B in 

90:10 glycerol/ethanol solution. 

 
Figure 2. Aniso-TSFS contour plot of 5g/L BSA in 

yeastolate solution. 
4. Conclusions  
 Rhodamine B in 90% glycerol can be used as a 
suitable anisotropy fluorescence standard. Aniso-TSFS 
of a yeastolate-protein mix clearly discriminates protein 
fluorophore from background media signal. 
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Abstract 
Many fundamental features of protein-surface 
interactions still remain unknown, in particular 
information about protein structural changes during 
adsorption processes.  This prompts questions about 
protein folding/unfolding, denaturation, orientation, 
stability, conformation and activity when interacting 
with surfaces.  In many cases, the lack of information 
results from the fact that high spatial and chemical 
restitution tools are not always available.  This project 
makes use of Total Internal Reflection Fluorescence 
Microscopy (TIRFM) and fluorescence spectroscopy to 
develop novel analytical methods that can yield 
quantitative data on  protein-surface interactions. 
 
1. Introduction 

TIRFM is a high axial-resolution imaging technique 
used for selective spatial excitation of fluorophores. 
This eliminates background fluorescence facilitating the 
collection of surface signals and enabling the analysis 
of individual cellular and molecular events [1]. 

 
Figure 1:  Overview of Evanescent Wave Illumination. 
Evanescent wave at the coverglass interface, 
 typically less than 200nm.  [Source: 
www.currentprotocols.com] 

 
Total internal reflection of a light beam can be 

observed when the light travels between two media 
having different refractive indices (RI).  When the 
incident angle is large enough, the light is totally 
internally reflected, and at the same time an evanescent 
wave is created.  This evanescent wave penetrates into 
the lower refractive index medium for a distance that is 
dependent on the critical angle, the RI of the media, and 
the wavelength of the light.  For UV-visible light the 
penetration depth is in the 40-200 nm range.  For 
fluorescence microscopy this allows for the selective 
excitation of only those fluorophores which are close 
enough (<200 nm) to the interface.  This ensures that 
TIRFM technique provides high quality imaging of the 
interface region with a high signal-to-noise and minimal 
out-of-focus fluorescence signal [1, 2]. 
 

2. Methodology 

 
Figure 2:  TIRFM system at the NBL.  
 

We use an Olympus TIRFM (Fig. 2) with three 
independently focussed lasers (405/532/641 nm.) and 
an EMCCD detector.  This provides for very sensitive 
protein-surface interaction measurements via emission 
imaging.  By adapting the system we will implement 
Fluorescence Lifetime Imaging Microscopy (FLIM) 
measurement modes to provide more information.   

 
3. Current work 
    Currently we are working on the development of 
appropriate protocols and standards which will allow us 
generate reproducible TIRFM data.  At this stage we are 
producing: a hardware solid state standard, a solution 
state standard, and a protein standard based on Bovine 
Serum Albumin (BSA).  Simultaneously we are 
preparing a detailed measurement protocol for TIRF 
measurements to generate reliable and reproducible data 
suitable for chemometric analysis.   

 
4. Future work  
    The next step is to integrate a fluorescence lifetime 
measurement (FLIM) mode and finalise the 
measurement protocols.  Once these are completed we 
will apply TIRFM-FLIM to the detailed study of protein 
interactions with polymer coated surfaces.  
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Abstract 

The project focuses on the use of (HOTT) to facilitate 
the first examples of efficient radical cyclisation with 
(hetero)aromatic substitution via Barton Ester 
Intermediates. Cyclopropyl and alkyl radicals allow 
access to five six and seven-membered [1,2-a] alicyclic-
ring fused indoles and diazoles with and without an 
additional fused cyclopropane.  
 

 
 
1. Introduction 
      
Bu3SnH with an azo-initiator is now a commonly used 
protocol for intramolecular homolytic aromatic 
substitution. [2,3,4] However, it is now accepted that the 
reaction proceeds via a non-chain reaction, requiring 
excess amounts of initiator in order to optimise yields of 
substitution product. Two inherent disadvantages of 
using Bu3SnH are the toxicity of tin-waste generated, 
and the requirement for slow syringe addition to 
minimise premature reduction of the cyclising radical.  
The first synthetically useful radical cyclisations onto 
aromatics via Barton esters are now presented. Radical 
initiators are not required for cyclisations from 
carboxylic acids (see above). 
 
This is part of our broad objectives to discover 
heterocycles with improved efficacy in comparison to 
the archetypical bioreductive anti-cancer agent, 
mitomycin C. [5,6,7] 
 
 2. Approach 

 
Ring-fused indoles and benzimidazoles were accessed 
using a straight forward three-step pathway with facile 
synthesis of carboxylic acids, comprising of N-
alkylation, saponification of resultant esters and new 
initiator�±free radical cyclisation protocol.  

 

 
 

The protocol allows access to the 
cyclopropamitosene skeleton, as well as expanded and 
diazole analogue. Seven-membered cyclopropyl radical 
cyclisation gave the azepino[1,2-a]indole shown below 
(X-ray crystal given).[8] 
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Abstract 
Composite overwrapped pressure vessels (COPVs) are a 
critical component for cryogenic fuel storage aboard 
rockets, satellites and spacecraft. Polymers have been 
highlighted as a replacement material for the more costly 
titanium liners in advanced COPV designs. This work 
presents a combined experimental-computational 
approach for development of low permeability liners.  

1. Introduction 
COPVs can be defined by their two main components, 

the low permeability liner and the high strength fibre 
overwrap. The liner provides the barrier to permeation 
and limits the leakage of the fuel while the composite 
overwrap contains the stresses generated by the elevated 
pressure in the tank. The high cost of the precision 
machined titanium liner has highlighted the need for new 
materials which can reduce the cost of these vessels [1]. 
Polymer materials have been identified as a prospective 
liner material due to their resistance to chemical attack, 
low permeability and relatively low cost. 

2. Materials & Methods 
Rotational moulding is an inexpensive production 

method for producing hollow polymer components. It 
inherently produces air voids in the part cross section 
which subsequently increases the permeation rate of 
hydrogen through the material (Fig. 1). Finite element 
modelling of steady state mass diffusion has successfully 
demonstrated the predicted effect of void volume fraction, 
spatial distribution and size on component permeability. 

3. Discussion 
A significant achievement of the work to date is the 

development and commissioning of a novel modified 
rotational moulding experimental rig for the manufacture 
of polymer components [2]. The key novelty is the 
incorporation of integrated tool heating for improved 
control of thermal distributions during the forming 
process. A combined experimental and computational 
study of rotationally moulded polyethylene has identified 
key relationships between: 
(1) measured forming temperature distributions and 

measured void morphology and distribution 
(2) void morphology and distribution and the predicted 

permeability of formed components.  

 
Figure 1. Air bubble formations in rotomoulded 

plastic parts. 

 

Figure 2. Diagram of permeability rig apparatus. 

Furthermore, predictive temperature-void relationships 
have been established between simplified hot-plate 
formed polymer parts and rotationally-moulded parts, 
thus allowing rapid assessment and ranking of candidate 
polymer materials for low permeability rotationally 
moulded components from hot-plate tests.  
 

4. Current Work 
Figure 2 shows the permeability test rig currently 

under construction. Current work is focussed on 
characterisation of candidate polymers with respect to 
rotational moulding, void analysis via the developed 
experimental-computational methodology [2] and 
permeability testing.  

5. Acknowledgements 
The research is co-funded by the European Space 

Agency Network Partnering Initiative and IRC-EPS. 

6. References 
[1] W. Tam et al., ATK Space Systems, Commerce, 2007. 
[2] Murray, B.R., et al, Proc I Mech E, Part L: J Mats 
Des Appl, under review. 



Ferromagnetic exchange in twisted, oxime-bridged [Mn (III) 2] and 
[Mn(III) 2Zn(II) 2] dimers 

 
Edel Houton, a E. K. Brechin, b Alan G. Rydera and Leigh F. Jones. a 

aSchool of Chemistry, University Road, National University of Ireland, Galway, Ireland. 
bEaStCHEM School of Chemistry, The University of Edinburgh, The Kings Buildings, West Mains Road, Edinburgh, 

EH9 3JJ, UK 
E-mail: e.houton1@nuigalway.ie 

 
Abstract 

Developing upon previous work by Jones / Brechin and 
co-workers, we report here recent developments 
pertaining a family of Manganese based SMMs. Two 
complexes are described which may be described as 
model complexes with which to examine the magneto-
structural relationship in polymetallic, oxime-bridged 
MnIII  complexes.  
 

1. Introduction 
The relationship between the structure of a 

molecule and its magnetic properties has captured the 
interest of chemists for decades. Developments in 
molecular magnetism have lead scientists to explore 
areas such as Single-Molecule magnetism, magnetic 
cooling and quantum information processing. Each of 
these studies fundamentally rely on a detailed 
understanding of this  structure-property correlation. 
 

Single-Molecule magnets (SMMs) are a family of 
molecular species that can retain magnetization below a 
blocking temperature, in the absence of a magnetic 
field. Too date, a large number of molecules exhibiting 
the phenomenon of Single-Molecule magnetism have 
been synthesized. These mono-disperse magnetic 
materials consist of a collection of paramagnetic 
transition metal ions bound by a range of organic 
ligands. This class of compound represent the smallest 
possible magnetic storage devices, through storage of 
information in a single molecule rather than in an array 
of particles. 
 

2. Manganese study 
The complexes reported in this study are the only 

examples of oxime bridged MnIII  dimers and are very 
rare examples of such Mn dimers at any oxidation level. 

 
Figure 1: Structure of the [MnIII

2(Naphth-sao)2(Naphth-
saoH)2(MeOH)2]·4MeOH (1) ferromagnet. 

3. Conclusions 
Dc magnetic susceptibility studies on 1 (Fig. 2) 

reveal that ferromagnetic exchange is mediated through 
the heavily twisted Mn-O-N-Mn moiety. This firmly 
supports previous reports which have suggested that 
Mn-N-O-Mn torsion angles greater than ~31° result in 
ferromagnetic exchange (J > 0), while angles of less 
than ~30° lead to antiferromagnetic exchange (J < 0) in 
both [Mn3] and [Mn6] complexes. 

 

 
Figure 2: (top) Plot of the �$MT product of [Mn2] (1) vs. 
T. (bottom) Plot of reduced magnetization (M/N��B) of 

[Mn2] (1). 
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Abstract 

Void form flat slab systems are an innovative and novel 
form of flat slab system. They consist of high density 
polyethylene void-formers, positioned in the middle of a 
concrete cross section to reduce the overall self weight 
of the slab. The reduction of self-weight, up to 35%, 
allows for savings in overall materials, a reduction in 
overall costs and also permits longer spans allowing for 
more complex geometry. The aim of this research is to 
analyse the performance of this system and characterise 
its shear and load sharing behaviour.    
 
1. Introduction 
Void form flat slab (VFFS) systems can be constructed 
using two methods; a traditional in-situ concrete option 
or through the use of pre-cast elements in combination 
with in-situ concrete. The research being carried out at 
the National University of Ireland Galway (NUIG) 
focuses directly on the use of the semi-precast elements 
(Fig. 1). Unlike hollow core slabs VFFS’s manage to 
maintain full flexural strength, allowing two-way or bi-
axial load transfer. However, when using the precast 
elements the two-way action of the bottom steel 
reinforcement is restricted. To ensure that this two-way 
action is achieved between the different slab panels a 
series of reinforcement or ‘stitching’ bars are provided. 
These ‘stitching’ bars are centred on the joint between 
the pre-cast elements. The assumption is that these will 
provide sufficient bond between the slab panels to 
ensure transfer of load across the slab joints rendering 
the joints irrelevant to the completed structural 
performance.  
�(�K�I�W�T�G���������+�P�U�V�C�N�N�C�V�K�Q�P���Q�H���R�T�G�E�C�U�V���G�N�G�O�G�P�V�U���W�U�G�F���K�P����
�V�J�G���E�Q�P�U�V�T�W�E�V�K�Q�P���Q�H���X�Q�K�F���H�Q�T�O���H�N�C�V���U�N�C�D���U�[�U�V�G�O�U����

 
2. Methodology 
The project forms a part of the overall structural 
instrumentation of the Engineering building at NUIG.  
The building represents a milestone in the construction 

of engineering educational facilities by incorporating 
the use of numerous types of sensors to create an 
interactive learning environment for students. It is the 
first building in Ireland to utilise a VFFS system. 
During its construction over 160 gauges (Fig. 2) were 
installed in a VFFS element and these are continuously 
monitoring the temperatures and strains. The data from 
site allows for a detailed understanding of exactly how 
VFFS’s react during the various stages of a buildings 
construction and throughout its lifetime. An important 
aspect of interpreting in-situ data is to accurately 
calculate and predict the time dependent effects (TDE) 
of concrete. These effects i.e. creep, shrinkage and 
temperature all need to be accurately accounted for as 
they have an adverse effect on the stresses and strains 
experienced within concrete elements. A 
comprehensive material testing programme has been 
carried to accurately establish the properties of concrete 
used in the construction of the Engineering building. 
This in turn allows for accurate prediction of TDE 
models in line with relevant design codes. 

�(�K�I�W�T�G���������+�P�U�V�T�W�O�G�P�V�C�V�K�Q�P���Q�H���C���X�Q�K�F���H�Q�T�O���H�N�C�V���U�N�C�D���K�P��
�V�J�G���'�P�I�K�P�G�G�T�K�P�I���D�W�K�N�F�K�P�I���C�V���0�7�+�)����
 
In addition to the analysis of in-situ data, numerical 
simulations using a number of non-linear finite element 
models have been created to accurately model the 
aspects which contribute to shear and load transfer in 
VFFS systems. By collating the in-situ data from site 
and the non-linear finite element models it is possible to 
derive a subsequent analytical model taking account of 
TDE to accurately account for deflection, stiffness and 
load transfer mechanisms in VFFS systems.  
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Abstract 

Poly-N-(isopropylacrylamide) (pNIPAm) polymer films 
have been used for the enzyme-free detachment of cells 
and cell sheets since the early 1990s. Many studies 
�K�D�Y�H�� �V�K�R�Z�Q�� �W�K�D�W�� �µ�W�K�L�F�N�¶�� ���P�L�F�U�R�P�H�W�U�H�� �V�F�D�O�H���� �S�1�,�3�$�P��
films are unsuitable as cell culture substrates as cells 
resist attaching to these surfaces and therefore ultra-
thin polymer films have become very prevalent in this 
area. The purpose of this study is to develop and 
characterize ultra thin physically adsorbed 
thermoresponsive films and also to investigate their 
suitability as regenerative cell culture substrates.  
 
1. Introduction 
Physical adsorption is routinely used to coat surfaces 
with cell adhesion promoters such as fibronectin and it 
is one of the simplest methods available for altering 
surfaces properties1. The aim of this study was to use 
the simple physical adsorption method to fabricate 
films for cell culture regeneration from pNIPAm and 
its copolymer cousins2. 
2. Experimental Methods 
 Physically adsorbed films were prepared from a 
0.1mg/ml aqueous solution of polymer both above and 
�E�H�O�R�Z�� �W�K�H�� �S�R�O�\�P�H�U�¶�V�� �/�&�6�7�� �Z�L�W�K�� �D�Q�� �L�Q�F�X�E�D�W�L�R�Q�� �S�H�U�L�R�G��
of 3 hours after which the films were dried. 
Crosslinkable films were prepared via exposure to UV 
irradiation. Characterization: XPS, contact angle and 
AFM analysis. Human pulmonary microvascular 
endothelial cells (HPMEC) were seeded and incubated 
for 96 hours. Cell detachment was achieved through 
temperature control. 
3. Results and Discussion  
 Four polymers were used in this study; (1) pNIPAm, 
(2)NIPAm-co-N-tertbutylacrylamide 
(NtBAm),(3)NIPAm-co-acrylamidobenzophenone 
(AcBzPh) and (4)NIPAm-co-NtBAm-co-AcBzPh. 
These were chosen due to their specific advantages in 
terms of commercial availability (1), hydrophobicity 
(2,4) or crosslinking capability (3,4).  
Roughness analysis shows that films produced above 
the LCST are rougher than those produced below. The 
roughness values range from 4.5-15.6 nm for the 
surfaces produced below the LCST and from 23.6-59.0 

nm for those produced above the LCST. XPS studies 
confirmed thermoresponsive film deposition. The 
advancing contact angle results for the films produced 
above and below the LCST do not vary greatly except 
in the case of polymer (1) where a ten degree difference 
is observed. The surfaces produced below the LCST 
possess contact angles in the range of 55.0o-81.5o and 
the range of those produced above is 65.0o-89.0o  
Cell proliferation and viability was superior on the 
films produced below the LCST than above which 
could be due to their lower comparative roughness. 
Cell growth was significantly better on surfaces with 
contact angles in the range of 74.0o-81.5o indicating 
that cell proliferation is superior on more hydrophobic 
surfaces. Cell sheet detachment was achieved by 
lowering the temperature with detachment times 
ranging from 20 minutes for polymer (1) to 3 hours 
and 30 minutes for polymer (4). 
4. Conclusion  
 Thermoresponsive surfaces capable of cell adhesion 
and detachment were produced using the simple 
physical adsorption technique. It was found that cell 
proliferation and viability are optimal on surfaces 
produced below the LCST. These surfaces possess 
contact angles in the range of 74.0o-81.5o and surface 
roughness in the range of 4.5-15.6 nm demonstrating 
that HPMEC achieve optimal growth on hydrophobic 
surfaces which are comparably smoother. The 
crosslinkable coatings offer the most desirable 
outcomes as the films are immobilized on the 
underlayer surface after crosslinking and therefore do 
not dissolve when cells are detached at low 
temperatures 
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Abstract 
This abstract outlines the development of a 
computational model to determine the concentrations of 
Particulate Matter (PM) in indoor microenvironments 
(e.g. home, office, car or outdoors), and hence, 
determine the exposure of individuals through a series 
of microenvironments.  
 
1. Introduction  

The World Health Organization[1] estimate that 
more than two million premature deaths each year can 
be attributed to the effects of air pollution from both 
outdoor and indoor sources. The European 
Commission[2] along with Clean Air for Europe 
Programme (CAFE) have highlighted particulate matter 
as the pollutants of most concern. The importance of 
indoor and outdoor exposure to air pollution have been 
previously well studied. However indoor exposures 
need to be further separated into the contributions of 
indoor sources and the penetration of outdoor pollution, 
for the proper management of air quality to be fully 
evaluated. Modelling approaches are essential if this is 
be effectively achieved.  
 
2. Methodology 
 In the current project, an existing INDoor AIR 
pollution exposure model (INDAIR)[3] was further 
developed and parameterised. This section outlines the 
modelÕs modifications and developments to the 
INDAIR model. INDAIR uses a microenvironmental 
approach, whereby the levels of particulate matter are 
determined based on the location and the activities 
taken place in each individual zone. Infiltrated external 
air pollution and indoor sources will be considered, as 
well as indoor transport processes such as particle 
deposition. The enhancementsÕ include expanding the 
model from a 3-room scenario (bedroom, kitchen and 
sitting room) to 15 rooms. The traditional model dealt 
with only one emission source, although it did take into 
account two different scenarios, one with smoking and 
the other with cooking, it was only possible to simulate 
one at a time. The enhancements now included 12 
separate source and can be run for any combination; 
smoking, frying, grilling, toasting, microwave, kettle, 
solid fuel fire, candles incense, sweeping, dusting and 
vacuuming. A variable Air Exchange Rate (AER) has 
been added to the model in comparison to the mean 
AER in the traditional model. This allows for variations 
in window pattern and both internal and external door 
patterns, changes in mechanical ventilation, or variation 

in internal AER attribution it temperatures changes due 
to central heating system.  

 
3. Results 
 Figure 1 show the concentrations in the kitchen 
when outdoor concentrations, room volume and AER 
remain constant, only variation in emission strength and 
duration occur. The emission strength and duration for 
each source have been taken from literature. 
 

 
Figure 1 shows the comparison of concentrations 
attribution to an emission source for PM10. 
 
 
4. Conclusion 
 It is envisaged that the model will ultimately 
be able to simulate personal exposure to PM10 and 
PM2.5, highlighting the contribution of both indoor and 
outdoor sources. To aid in planning regulations and 
creation of new legislation, especially in regards to 
assessing the impact of building energy efficiency has 
on indoor air quality. To estimate AER to achieve the 
highest removal of PM, without comprising a buildingÕs 
ability for heat retention. Finally, to investigate the 
possibility of changes in internal house layouts, to 
maximize the effects of deposition and reduce overall 
personal exposure. 
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Abstract 

Fibre-reinforced composite fuselages are being 
developed for next-generation aircraft such as the 
Airbus A350. Joints, which are weak points, are a 
critical design feature. Although bonded connections 
offer higher structural efficiency, mechanically-fastened 
joints are favoured by the aerospace industry for ease 
of disassembly. A single-lap joint configuration is 
typical for fuselage skin applications, while 
countersunk fasteners ensure aerodynamic efficiency. 
In this study, 3D Finite Element (FE) modelling was 
carried out on single-lap, countersunk, carbon-epoxy 
joints using Abaqus/Explicit. A 3D composite damage 
model was developed to capture ‘bearing failure’ at the 
hole, a non-catastrophic failure mode preferred for 
aircraft design.  
 

1. Introduction 
3D FEA of composite structural details is currently very 
limited in the aeronautical industry. Shell elements are 
used extensively, but fail to account for the 3D nature of 
the laminate stress distributions and provide inadequate 
failure predictions. Some bolted joint models have 
utilised 3D elements, but only with an implicit solver. 
Implicit solutions are computationally expensive for 
problems involving strain-softening material behaviour, 
typical of composite, and complex contact conditions. 
In this work, 3D countersunk composite joint models 
are developed for Abaqus/Explicit. The method was 
found to be highly robust for the simulation of joint 
failure and is more scalable and parallelisable than the 
implicit modelling approach. 
2. Methods & Results 
A typical FE model is shown below in Fig. 1. Loading 
conditions mimic an ASTM joint bearing test. 

 
Figure 1 Typical FE Model, including boundary conditions. 

A user-defined subroutine (VUMAT) was developed to 
define a 3D damage model for composite failure, which 

included Mohr-Coulomb type failure criteria (see 
Fig. 2) of Puck and Schürmann [1]. 

 
Figure 2  Prediction of ‘action plane’ failure showing stress 

rotation to potential fracture planes of VUMAT. 

The damage model was used to accurately simulate 
bearing failure in typical fuselage skin joints, as shown 
in Fig. 3. Both load levels of initial failure onset and the 
subsequent reduced tangent stiffness were well 
captured. The simulation of large joint displacements 
including prediction of extensive composite damage 
was possible, and models allowed for element deletion 
(see Fig. 4). 

 
Figure 3  Load-deflection response from a single-bolt joint model 

compared with experiments. 

 
Figure 4  Simulation of bearing failure – dmc = compressive 

matrix damage, at 5.3kN. 

3. Conclusions 
A sophisticated 3D composite damage model has been 
developed and used to successfully simulate joint 
bearing failure. Single and multi-bolt joint models were 
validated with experiment for quasi-static loading 
conditions. The models were accurate, scalable, and 
exceptionally robust, showing the 3D explicit approach 
to have exciting potential for simulating failure in large 
bolted airframe structures. 
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Abstract 

Fluorescence is probably the most widely used 
spectroscopic technique for the life sciences.  There 
is a continual demand for customized fluorophores 
that can be fine tuned to sense particular 
environmental variables or to explore protein 
localization in cells.1  A new class of fluorophores 
based on the 1,2,3-triazine system have been 
developed in NUI Galway and Maynooth.  A 
selection of 2,5-DHTRZ (2,5-dihydro�±1,2,3-
Triazines) fluorophores have been synthesised with 
various reactive groups.2  A detailed exploration of 
the fluorescence properties in aqueous solution is 
required to determine their suitability for protein 
labelling.   

1.  Introduction 

Fluorescence methods are non-contact, quantitative, 
and highly sensitive making them ideal for the 
analysis of biological molecules.  In many cases it is 
necessary to introduce an additional molecule, which 
has distinct photophysical properties that can act as a 
sensor of the biomolec�X�O�H�¶�V�� �H�Q�Y�L�U�R�Q�P�H�Q�W.3  The 2,5-
DHTRZ fluorophore family have the potential to be 
used for such applications.2,4  The fluorescence 
emission is complex with three distinct emission 
bands, and a wavelength dependant lifetime which 
may allow for unique sensing/imaging modalities.  If 
a fluorophore is to be a viable biological label, a 
comprehensive study of its behaviour in aqueous 
environments must first be carried out.  The emission 
properties of a phenyl derivative of the 2,5-DHTRZ 
class (Ph-Tr) was studied in a number of buffer 
solutions at a constant pH of 7.4.  This serves as a 
preliminary study to an investigation of how 
biological molecules, such as proteins, may be 
labelled with this family of probes.  

2.  Materials and Methods 

The Ph-Tr fluorophore was dissolved in 1 ml of 
DMSO before being made up to a volume of 100 ml 
with a buffer solution of pH 7.4.  A series of 
solutions with concentrations varying between 10-4 
M and 10-6 M were made up and analysed.  
Absorption, fluorescence emission and fluorescence 
lifetime data was collected.  Fluorescence emission 
spectra were obtained for excitation wavelengths of 
310 nm and 400 nm over a spectral range of 280-700 
nm.  Fluorescence lifetime values were obtained 
using a photon-counting lifetime measurement 

system (405 nm excitation, 520 nm emission) with 
an accuracy of ± 0.2 ns. 

3.  Results and Conclusions 

The emission of the fluorophore was consistent 
across the concentration range with the shape of the 
emission band remaining stable.  Inner filter effects 
are however significant in the 10-4 to 10-6 M range as 
the emission intensity does not increase linearly with 
concentration.   

 
Fig. 1: (L) Three emission bands were fitted to the 
emission band at 400 nm excitation for Ph-Tr in 
HEPES buffer at a concentration of 1X10-4 M.  Inset is 
a model of Ph-Tr. (R) A plot of the maximum intensity 
vs. concentration. 

The average lifetime is also relatively constant with 
increasing concentration.  The variation seen in 
figure 2 is due to a fitting error introduced by 
increased scatter at the lowest concentrations.   

 
Fig. 2:  (L) The time-resolved decay of a 10-4 M 
solution of Ph-Tr in HEPES buffer collected at 520nm 
for an excitation of 405nm.  (R)  Plot of the average 
lifetime with concentration. 

The consistent lifetime and steady-state emission 
measurements indicate that concentration effects 
(such as aggregation and/or quenching) are minimal. 
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Abstract 

Unlike precast piles, concrete for cast-in-situ piles must 
be given sufficient time to cure and develop strength in 
the ground prior to loading. The interaction between 
the concrete and surrounding soil is complex and there 
are a number of processes which contribute to residual 
load development. By continuously monitoring strain 
development within a pile between casting and static 
load testing, these processes can be easily identified, 
enabling accurate quantification of residual load. A 
case study of a driven cast-in-situ pile in which strains 
were continuously monitored during curing 
demonstrated the presence of residual load within the 
pile as a result of internal processes in the concrete and 
external processes in the soil. 
 
1. Introduction 

The load which develops in a pile between its 
installation and a subsequent load test is often referred 
�W�R���D�V���µ�U�H�V�L�G�X�D�O���O�R�D�G�¶����Unlike preformed piles, cast-in-situ 
piles must cure in the ground and therefore will undergo 
changes in volume as the concrete sets and cures. In 
addition, the installation of a pile, regardless of type, 
results in disturbance to the surrounding soil (from 
either lateral or vertical soil movements) and the 
generation of excess pore pressures in cohesive soils 
which induce downdrag on the pile as they dissipate. 
Residual loads can significantly alter the distribution of 
load within a pile during a static load test, and should 
therefore be accounted for. However, the database of 
studies of residual loads in cast-in-situ piles remains 
rather limited [1]. 

In light of the limited database, the variation in strain 
within an instrumented driven cast-in-situ (DCIS) pile in 
mixed ground conditions was monitored continuously 
for a 14 day period after casting in order to assess the 
level of residual load which developed. 
 
2. Pile details and ground conditions 

The test site was located at Dagenham, UK, where 
the ground conditions consisted of a 3 m layer of 
compacted fill overlying 4.2 m of alluvial silty clay and 
peat, which in turn was underlain by dense gravelly 
sand.  

The test pile was 7.7 m in length, with a nominal 
diameter of 340 mm. A total of 16 no. vibrating-wire 
strain gauges with temperature measurement capability 
were used, with four gauges installed at four separate 
levels (1.3 m, 3.5 m, 6.5 m and 7.5 m below ground 
level) for the purposes of accounting for potential 
bending and for redundancy. A data-logger was 
connected to the gauges after construction and was 

programmed to record strain and temperature in the pile 
at 15 minute intervals for the first 2 days after casting, 
followed by hourly intervals for the remaining 12 days. 
 
3. Results 

The variation in strain after casting is shown in 
Figure 1 (note that compressive strains have been 
designated as positive). During initial hydration, the 
total strain response was compressive throughout the 
pile, with a �P�D�[�L�P�X�P���F�R�P�S�U�H�V�V�L�Y�H���W�R�W�D�O���V�W�U�D�L�Q���R�I�������������0��
observed near the base (6.5 m). As the temperatures 
reduced and began to stabilise during the curing phase, 
the compressive strains reduced at all gauge levels. The 
largest reduction occurred near the head of the pile, 
�U�H�V�X�O�W�L�Q�J�� �L�Q�� �D�� �W�H�Q�V�L�O�H�� �V�W�U�D�L�Q�� �R�I�� ������ ���0�� �Z�K�L�F�K�� �U�H�P�D�L�Q�H�G��
relatively constant for the remainder of the curing 
period. The reduction in compressive strain at the other 
gauge locations was considerably less, with strains 
stabilising in a compressive state �R�I���E�H�W�Z�H�H�Q�����������0���D�Q�G��
�������� ���0�� �D�S�S�U�R�[�L�P�D�W�H�O�\�� ������ �K�R�X�U�V�� �D�I�W�H�U���F�D�V�W�L�Q�J���� �+�R�Z�H�Y�H�U����
with the exception of the strain near the head (which 
remained steady as mentioned previously), compressive 
strains began to develop in the pile once again after 80 
hours and continued to increase for the remainder of the 
measurement period. Such strains are a consequence of 
residual load due to internal processes in the concrete 
and external processes in the soil [1]. 

 
Figure 1 �± Variation in strain during curing 
 
4. Conclusions 

The monitoring of strain behaviour within an 
instrumented DCIS pile demonstrated the development 
of residual loads approximately 80 hours after casting. 
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Abstract 

We herein report the synthesis, structural and magnetic 
properties of three planar pentanuclear Cu(II) 12-MC-4 
metallocrowns: [Cu5(L)4(MeOH)4](ClO4)2 (1), 
[Cu5(L)4(pyr)2](ClO4)2·pyr (2) and 
[[Cu 5(L)4(pyr)6](ClO4)2 (3), along with the 2D 4,4 grid 
extended network {[Cu5(L)4(4,4-bipy)3](ClO4)2.H2O}n (4) 
comprising [Cu5] metallocrown nodes (where LH2  =2-
(dimethylamino)phenylhydroxamic acid). 
 

 
 
 
 
 
 
 

1. Introduction 
Metallocrowns are inorganic analogues of crown 

ethers and comprise �±[M-N-O]n- repeating units where 
the methylene carbon atoms of a crown ether are replaced 
by a metal and a nitrogen atom. They are part of a family 
of metal containing supramolecules called 
metallomacrocycles. The first ever metallocrown was 
synthesised by Pecoraro et al in 1989 and since this 
discovery interest in this field has expanded 
exponentially.1 Metallocrowns have been used for a 
variety of functions including molecular recognition,2 

host guest chemistry,3 molecular magnetism,4 catalysis5 

and luminescent materials.6 Previous studies by Gaynor 
et al. with the ligand (LH2) resulted in the formation of a 
heptanuclear [Ni7] ferrimagnet which exhibited four 
hydroxamate ligand binding modes7 and a clam-shaped 
dimer of [Cu(II)5] 12-MC-4 metallocrowns.8 
 

2. Results and Discussions 
The complexes reported in this study form an 

extended family of Cu(II) 12-MC-4 metallocrowns in 
which LH2 is doubly deprotonated and coordinates via the 
��1: ��1: ��2: ��1���� ��3-bonding motif (Fig. 1). The terminal 
ligands of these complexes can be exchanged in a 
controlled manner towards the assembly of a 2D 
coordination polymer (4) which is the first [Cu5] 
metallocrown to be formed using pyridyl connector 
ligands (Fig. 2). 

 

3. Magnetic Susceptibility Studies 
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Figure 1  Structures of 1-3 as viewed perpendicular to 
their {Cu5} planes. 

Figure 2 a) Structure of a {Cu5} node within the extended 
network 4. b) Structure of three {Cu5} nodes linked into 2D arrays 
by 4,4'-bipy connector ligands. * highlights the connection of the 

1D rows (via 4,4'-bipy ligands) to form the 2D sheets. 

Figure 3  �3�O�R�W���R�I���$M ���û�����D�Q�G���$MT (�‘ ) vs T for 1. The solid lines 
represent best-fits of the experimental data using the 

schematic model in the inset. Best-fit parameters: S = ½, g = 
2.15, J1 = -139.77 cm-1, J2 = -295.31 cm-1. 



 

Finite Element Prediction of Microcrack initiation and Propagation in 
Composite Cryogenic Fuel Tanks  

David. M. Grogan, Sean B. Leen, Conchúr M. Ó Brádaigh, 
Mechanical Engineering, NUI Galway, Ireland 

 d.grogan1@nuigalway.ie 
 

Abstract 
This work presents a method of modelling microcrack 
and delamination growth in Carbon-Fibre PEEK 
(CF/PEEK) composite laminates due to thermal and 
mechanical loading using the extended finite element 
method (XFEM), with the aim of increasing the 
accuracy and efficiency of crack initiation and crack 
growth prediction over current techniques. 
 
Introduction 

The reduction of structural weight is a key issue for 
the next generation of space launch vehicles. Carbon 
fibre composites, with their high specific strength and 
stiffness, are an ideal candidate material to replace the 
aluminium alloys which have traditionally been used in 
the construction of the cryogenic fuel tanks. One of the 
challenges of using composite materials is their 
propensity to microcrack and delaminate under the high 
thermo-mechanical loads experienced during 
spaceflight. Interaction between these damage modes 
can lead to the formation of leakage paths through the 
laminate, allowing the fuel to leak through the tank wall.  
Thus, it is essential to accurately predict microcracking 
and the subsequent permeability of the fuel tank walls in 
order to ensure an adequate service life for the structure. 

 

 
Figure 1 Schematic of a typical leakage path through a 

cross-ply laminate 

Material characterization 

CF/PEEK is a high strength and high stiffness 
thermoplastic composite which can be tape-laid or 
autoclaved. Like many composite materials, a number 
of defects inherent to these manufacturing processes are 
typically present in CF/PEEK laminates. These defects 
represent areas of lower strength within the composite 
and can act as crack initiation points. The 
characterisation of these inherent faults is critical to 
accurate prediction of the service life of the composite 
structure as a whole. 

  

 

 
Figure 2 Cross-section view of defects and damage 

present in a tape-laid laminate 

Finite element modeling 

 In order to predict crack initiation due these defects, a 
method of introducing imperfections into the material is 
used. A multi-phase model of the laminate is created by 
randomly distributing voids and inclusions of a suitable 
size range throughout the 3D material space. Upon 
application of thermo-mechanical loads, these defects 
lead to stress concentrations within the laminate, which, 
using XFEM, are observed to cause crack nucleation at 
loads below the fracture strength of the bulk material.  
 

 
Figure 3 XFEM model of crack initiation at a void in a 

�&�)���3�(�(�.���O�D�P�L�Q�D�W�H���G�X�H���W�R���D���û�7���R�I��-250 °C, which 
represents a single exposure to liquid hydrogen 
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Abstract 
Composite materials are already widely used in 
engineering structures, especially in aerospace 
industries where their high specific strength and 
stiffness make them ideally suited to realise lower mass 
components. However, a major weakness of these 
laminated materials is that they are prone to 
delamination at both the interface between the plies 
(interlaminar) and within plies (intralaminar), which 
hinders reliable prediction of their durability in service. 
The impact of multiple cracks or delaminations within a 
structure is often highly dependent upon their location 
within the material relative to each other and their 
geometry. Ordinarily, the interactions, coalescence and 
growth of multiple cracks may induce early failure of a 
material. In this work, unidirectional carbon fibre 
(HTA/6376) with multiple cracks present is examined 
experimentally. Load displacement behaviour, along 
with propagation and crack tip interaction behaviours 
are considered. An XFE model has been developed to 
numerically study the influence of crack geometry and 
material orientation on the stress intensity factor (KI). 
1. Introduction 
    Crack interactions, for isotropic materials are well 
understood, however, for composite materials the 
mechanisms of interaction are not well defined. In 
isotropic materials it is known that collinear cracks in 
general amplify the SIFs of the approaching tips as they 
advance towards each other.  In contrast parallel cracks 
are found to have a shielding effect upon each other. 
The configuration of multiple cracks within a structure 
has also been shown to be significant. This work 
examines similar scenarios for composite materials. 
2. Methods 

Unidirectional composite specimens containing two 
central notches were manufactured with two crack 
geometries examined; double centre cracks; and offset 
centre cracks. Experimental testing, involving a tensile 
testing machine, high speed camera and associated DIC 
equipment was carried out. The load displacement, peak 
loads and propagation behaviours were recorded.  
3.  Results 

A total of 30 samples were tested with three samples 
of each material orientation tested. The orientations 
tested were 0, 30, 45, 60, 90 degrees off axis. It was 
found that the offset centre configuration withstood 

lower loads than that of the double centre crack 
configuration (parallel cracks) as shown in Figure 1. 
 

 
Figure 1: Variation in peak load for variable material orientation. 

The numerical study verified these findings and 
concluded that parallel cracks in orthotropic materials 
indeed have a shielding affect upon each other (Figure 
2). 

 
Figure 2:: (a) Model parallel crack configuration  and (b) Results 
for variable material orientations. 

It was found for the chosen composite material that no 
crack tip interaction occurred during propagation. The 
propagation direction remained unaltered by the 
presence of other matrix cracks and the propagation 
direction was found to remain along the fibre direction 
at all times. 

 
Figure 3: Crack propagation for 45 degree off-axis sample. Crack 

tip intersecting with body of second crack. 
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Abstract 

An analytical model was developed for the efficient 
finite element analysis of composite bolted joints at 
high loading rates. A number of single-bolt lap joints 
were tested at rates ranging from 5-15m/s in order to 
validate the model and in an effort to determine the 
physical mechanism that is the source of the rate 
dependency in the joint. 
 
1. Introduction 
    An accurate numerical analysis of composite bolted 
joints requires the use of expensive three-dimensional 
finite element (FE) techniques. A model accounting for 
the most significant nonlinearities in the joint load-
displacement curve must include frictional effects 
between the laminates and the clamping effect of the 
bolt. In addition, a complex model is required to 
account for damage initiation and progression within the 
composite material as well as any significant strain rate 
effects. Accounting for these aforementioned effects in a 
detailed numerical model significantly lengthens the 
CPU time required for analysis, thus making further 
numerical optimisation studies unfeasible.  
 
2. Experimental Work 
    Ger et al [1] and Pearse [2] tested various 
configurations of mechanically fastened composite 
joints. It was observed that in both [1] and [2] the 
stiffness of the joint increased with loading rate. This 
was consistent with material test data published by 
Hsiao et al [3] and Hosur et al [4]. Additionally, in [2] 
it was concluded that the mode of failure was also 
dependent on loading rate. 
    Experimental work has been carried out at the 
University of Limerick in order to develop and validate 
a high-rate analytical model for composite bolted joints. 
A number of single-bolt joints where tested at speeds 
varying from quasi-static to 15 m/s using a Zwick HTM 
5020 servo hydraulic test machine. Work carried out to 
date has shown that the main source of rate-dependency 
in system arises at the onset of damage in the joint, 
influencing the high-rate response up to catastrophic 
failure. It was suspected this rate-dependency originated 
at the bolt-hole interface and is due to the adiabatic 
heating of the laminate, which is possible in high speed 
compressive failure events [5]. Work is currently being 
carried out to quantify the magnitude of this heating 
effect and to determine the sensitivity of the mechanical 

properties of the composite to a given increase in 
temperature. 
 
3. Model Development 
    The analytical model developed simulates the joint 
response through a series of masses and springs whose 
stiffnesses are derived from the geometry of the joint 
and the moduli of the materials used. It was observed 
from the experiments carried out in the University of 
Limerick and in [1,2] that the undamaged stiffness of 
the joint is not rate dependent for loading-rates up to 15 
m/s, thus the analytical spring model was developed to 
reflect this.  
    However, the response of the joint is most rate 
dependent from the initial onset of damage up to 
catastrophic failure. It is believed that the primary cause 
of this rate dependency is due to the heating of the 
composite material. A constituent model for the 
composite has been developed that accounts for a 
fraction of the plastic work done being converted to heat 
and thus partially degrading the mechanical properties 
of the material. This model is currently implemented in 
a detailed 3D FE model of the system being tested and 
current experimental work is focused on the validation 
of this material model. 
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Abstract 
Research has been undertaken to characterise the 
relationship between intralaminar crack growth and 
delamination leading to failure of composite materials. 
Crack growth and delamination are often considered as 
two separate damage mechanisms leading to failure in 
composite materials, when in reality they are highly 
coupled[1] .  
 
1. Introduction 

The use of composite materials, in particular carbon 
fibre, is becoming more common in aircraft structures 
and performance vehicles Whether being designed to 
bear a flexural load, or experiencing a sudden impact, 
unseen matrix cracking can occur and go unnoticed as 
the load bearing capacity can appear unaffected. 

Matrix cracking coalesces under continuously applied 
load to form transverse cracks. Eventually, transverse 
crack growth can lead to delamination, severely 
deteriorating the performance of the composite material. 
In this research, microtesting has been carried out under 
scanning electron microscope (SEM). Such testing can 
provide a better understanding of the highly coupled 
relationship between transverse crack growth and 
delamination during failure of a composite material. 
 
2. Methods 

Carbon fibre specimens of HTA/6376 were 
manufactured in the University of Limerick and analysed 
under three- and four-point bending load in a Deben 
microtester. The stacking sequence of specimens tested 
was [904/07/904] and [04/907/04]. Flexural tests were used 
to characterise the stages of failure of the composite 
material as tensile, compressive and shear stresses can be 
induced simultaneously. 

Specimens were mechanically tested while inside the 
SEM chamber. This allows for failure on the microscale 
to be observed and associated with the corresponding 
loading and displacement data. From classical laminate 
theory, the stresses in each individual ply could then be 
calculated for any failure event observed. 

 
 

3. Results 
Sample load displacement data is shown in Figure 1, 

with associated SEM images in Figure 2. It was observed 
�W�K�D�W���I�D�L�O�X�U�H���L�Q���W�K�H�������Û��plies on the tensile surface of the 
[904/07/904] specimens began at very low load levels. 
However, this non-critical failure generates the 
delaminations necessary to eventually cause catastrophic 
failure of the specimen. 

 

 
 

Figure 2 illustrates the different stages of damage 
observed during testing at the increasing load levels of 
Figure 1. Microcrack growth [A] is visible at 48N load, 
eventually this coalesces to form a transverse crack [B]. 
A small delamination is generated at the ply boundary of 
the next ply with alternative fibre direction [C]. This is 
followed by a sudden increase in delamination length and 
significant loss of load bearing capacity [D]. 
 

  
 

  
 
 
 

4. Conclusions  
- Failure within the matrix occurs at very low load 

levels relative to ultimate failure of the specimen. 
- Sub-critical failure of the matrix leads to 

delamination, a significant contributor to catastrophic 
failure of the composite. 
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Fig.2: SEM images corresponding with test 
data seen in Figure 1. 
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Abstract 
Dry soil mixing is a method of ground improvement 
used in soft soils to improve their strength and 
deformation characteristics. This abstract presents a 
brief description of a series of scale Pull Out 
Resistance Tests carried out on stabilised soil columns, 
the aim of which is to better understand the relationship 
between the force required to pull a PORT 
penetrometer out of the stabilised column and the 
strength of the column. 
 

1. Introduction 
Dry soil mixing (DSM) is a method of ground 

improvement used to improve the geotechnical 
characteristics of soft soils through the addition of dry 
cementitious and pozzolanic binders [1]. The binders 
react with the water held within the soil, initiating 
hydration reactions leading to improved strength and 
deformation characteristics. The deep dry soil mixing 
(DDSM) method involves the creation of stabilised soil 
columns, typically up to depths of 30m with column 
diameters between 0.5m and 1.0m. 

Due to natural variations of a soils moisture content, 
mixing conditions and curing temperatures, strengths 
achieved in the field are generally less that those 
achieved in the laboratory for DSM, thus verification of 
the insitu field strength of the columns is required [2]. 
 

2. Pull Out Resistance Test 
The pull out resistance test (PORT) is used to 

estimate the strength of a stabilised soil column. Shortly 
after creation of the column, a PORT penetrometer is 
installed in the column. At the required test time the 
penetrometer is pulled out of the column and the force 
required to do so, recorded. Using Equation 1 and the 
pull out force, the undrained shear strength of the 
column can be estimated: 

 
A
P

N
cU �u� 

1
 Eqn. 1 

Where cU is the undrained shear strength, P the pull out 
force, A the frontal area of the penetrometer and N a 
bearing factor. Current literature [3&4] suggests an N 
value of 10 but no account is taken for depth, binder 
content or curing time. 
 

3. Laboratory Scale Testing 
3.1. Column Construction 

In a series of laboratory tests, 200mm diameter scale 
stabilised columns have been created in 750mm dia. 
basins using an organic silt from Belfast. Columns were 
stabilised using ordinary Portland cement (OPC) at 
binder contents of 100kg/m3 and 150kg/m3 in 

accordance with EuroSoilStab [1]. Column construction 
was carried by compacting the stabilised soil mixture 
into a 200mm dia. form pipe, removing the form pipe 
and surrounding the column with raw soil. Typically 
columns were created from four stabilised mixes and 
built to a height of 1m. The columns were allowed to 
cure for various curing periods from 1 day to 13 days 
before being tested. Two columns were surcharged with 
a load of 13.6kPa during curing. 
 
3.2. Scale Pull Out Resistance Test 

The scale PORT involved the pull out of a fabricated 
scale stainless steel penetrometer from the column at a 
rate of 16.5mm/sec with pull out force and displacement 
recorded. Once tested, the basin was dismantled and the 
column extracted. The surrounding raw soils strength 
was determined using a pocket vane and samples taken 
to taken to determine moisture profiles. From the 
extracted column, 50mm dia. by 100mm long 
cylindrical samples were taken for strength testing. 
 

4. N Value Discussion and Conclusion 
Using the pull out force recorded, the column 

strengths and Equation 1, an N value profile with depth 
was determined for each column. From this plot it was 
seen that the current value of 10 agrees well with results 
from the mid sections of the column.  

In the upper section of the column lower N values 
were seen, thought to be due to lower confining stresses 
allowing the column to crack open ahead of the 
penetrometer. Where a surcharge was placed on the 
column during curing and testing, N values in this 
section were higher than without the surcharge.  

Weaker strengths were noted near the base of the 
columns, which along with the high force seen as the 
penetrometer begins to move, resulted higher N values. 
The effect of curing time and binder content are as of 
yet unclear and require further investigation. 
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Abstract 

An approach is adopted where the embedded 
strain gauge technique is applied to the pin-loaded lug, 
facilitating direct measurement of internal, sub-surface 
contact strains for multiple pin-lug clearance levels, pin 
materials, co-efficients of friction and different loading 
scenarios.  In this way, internal stress concentrations 
due to the complex contact conditions are analysed. 

 

1. Introduction 
Pin-loaded joints are widely-used in structural 

applications in the aerospace and civil industries. Two 
dimensional models �± traditionally used in analysing 
stress fields �± can lead to inaccuracies in predicting safe 
loads due to 3D stress gradients. Efforts to quantify this 
effect are scarce and mostly reliant on numerical 
models1. 

 

2. Experimental Models 
Two experimental models were made to 

facilitate the measurement of strain. Miniature strain 
rosettes were used to measure strains at critical internal 
and surface locations around the contact arc in the 
radial, hoop and axial directions with respect to the lug 
hole. The strain gauge models were manufactured from 
an epoxy (CT1200/HT907) using a specialist casting 
process2. 
 

3. Experimental Work  
A quasi-static bearing load was applied to the 

model using a Tinius-Olsen tensile testing machine 
(Figure 1). 

 

 

Strains were recorded with load from one hundred 
embedded and surface strain gauges across the two 
models. A finite element model of the test setup was 
developed in ABAQUS Standard version 6.10 using 
Python script allowing for efficient updating of model 
properties to include geometry, clearance, materials, 
friction and load. Element type, mesh properties and 
contact definitions were also controlled. 

4. Results 
A comparison of the finite element and 

experimentally-measured strains shows consistency to 
within a few microstrain. The hoop, radial and axial 
strains on an internal plane are shown along a 
circumferential path (Figure 2). The excellent 
agreement with the finite element results demonstrates 
the ability of the model developed in measuring 
behaviour at internal points. 
 

 

5. Conclusions 
The embedded strain gauge technique has 

successfully been applied to the thick pin-loaded lug, 
facilitating the measurement of internal strains local to 
the contact arc. The effect of varying contact parameters 
including clearance, pin stiffness and friction will be 
experimentally measured, facilitating the validation of 
finite element models developed to analyse the contact 
conditions. This will allow for better predictions of 
three dimensional stress distributions in the design of 
such structures.  
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Abstract 

Composite materials are used increasingly in the 
aircraft industry as they boast higher specific strength 
and stiffness than their metallic counterparts. However, 
composites are susceptible to impact damage which 
may limit their use in structural applications. Also, the 
cost of the materials required to manufacture a 
composite part using preimpregnated (prepreg) 
material  based processes, represents only 25-40% of 
the total cost, the remainder is processing costs. This 
research aims to use liquid resin infusion (LRI) as an 
alternative processing strategy to manufacture 
composite components with superior impact resistance, 
through the incorporation of thermoplastic interlayers, 
while reducing overall costs and increasing the speed of 
manufacture.  
 
1. Introduction 
     LRI is a generic title for processes in which liquid 
resin (matrix) is infused into a dry fibre preform 
(reinforcement), thus the composite material and final 
part are manufactured in a one-shot process. LRI 
processes: eliminate the expensive intermediate prepreg 
material manufacture and the final energy�æconsuming 
autoclave processing step; reduce the amount of labour 
required in the lay�æup; and enable complex and 
integrated net shape parts to be made in one piece. LRI 
has historically been limited to making brittle 
composite parts, since toughened prepreg matrices are 
too viscous to be successfully injected into a fibre 
preform. The use of untoughened, brittle resins leads to 
composites susceptible to impact damage. The 
overarching aim of the research is to manufacture, by 
LRI processes high quality composites of increased 
fracture toughness using low viscosity resin 
formulations. 
 
2. Objectives 

The objective of this research is to introduce 
different interlaminar tougheners to composite lay-ups 
and, using a commercially available untoughened 
benzoxazine matrix (Epsilon 99120), explore the 
relationships between these interply modifications and 
various processing parameters (e.g. mould-filling rate, 
dissolution and diffusion rates of interply thermoplastic 

inclusions) and properties (e.g. damage tolerance, 
interlaminar shear strength, environmental resistance). 

 

3. Methodology 
     To date the research has involved incorporation of 
thermoplastic veils to improve toughness on a coupon 
level using Vacuum Assisted Resin Transfer Moulding 
(VARTM). Mechanical characterisation of fibre 
reinforced laminates via interlaminar shear strength 
(ILSS) has been conducted. Dynamic Mechanical 
Analysis (DMA) has been used to characterise both 
baseline and toughened panels. 
 
4. Preliminary Results 
     It has been found that the inclusion of thermoplastic 
veils at each interlayer of the toughened laminates 
increases the apparent ILSS by 16% when compared to 
the baseline panels. DMA tests have shown that the 
toughened laminates exhibit a higher storage modulus 
(+23%) and increased damping (+43%). The 
thermoplastic interlayers did not have any effect on the 
Glass Transition temperature of the laminates. Finally, 
it has also been observed that the veils enhance resin 
flow during VARTM infusion. 
 
5. Future Work   
     Future work will comprise manufacturing laminates: 
with fibrous veils (combinations of carbon fibre, 
thermoplastic fibre, nano-particles/-rubbers/-fibres); 
scaled up from coupon to sub-component level; and 
comparison with prepreg based autoclaved components. 
Mechanical characterisation will primarily focus on 
toughness and compression after impact (CAI) 
properties. Further analysis will include 
fibre/resin/modifier interfacial bonding, viscosity and 
curing kinetics of modified and unmodified resins, 
simulation and measurement of permeability, void 
content and degree of wet-out.  
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Abstract 
An experimental fretting fatigue bridge-type 
arrangement has been developed to characterise the 
fretting fatigue behaviour of 316L and to validate a 
novel microstructural-sensitive crack initiation model 
for fretting fatigue.    
 

1. Introduction 
Fretting is a phenomenon that occurs when two 
materials in contact under a normal load are subjected 
to cyclic tangential displacements typically in the range 
of 1 to 100 µm. This leads to severe stress gradients and 
surface damage (fatigue and wear) at size scales 
competitive with material microstructure. It is a 
detrimental and premature mode of failure in many 
industrial applications, including the offshore oil and 
gas industry, biomedical applications and aeroengine 
transmissions. 
 

2. Methodology and results 
A bridge-type fretting fatigue rig has been developed to 
study the effects of fretting on 316L stainless steel (SS), 
see Figure 1. Parallel plain fatigue testing allowed 
quantification of a mean fretting life reduction factor of 
approximately 3.5. Material characterisation via 
mechanical testing and chemical etching microscopy 
allowed for macroscale and microscale modelling of the 
316L SS material within a crystal plasticity (CP) finite 
element (FE) model and a J2 plasticity model. 
 

 

Figure 1. Bridge type fretting rig clamped to a 
specimen in an Instron servo hydraulic testing machine. 

 Due to the difficulties associated with 
measuring crack nucleation, to facilitate comparison 
with the measured fretting fatigue lives, a micro-
mechanical FE model of the experimental bridge-type 

fretting rig is developed and a mixed-mode short crack 
propagation methodology is implemented with this 
microstructure-sensitive crack initiation methodology. 
The crack propagation method employed a weight 
function approach to deal with the steep stress gradients 
in the fretting contact damage regions. This resulted in 
the ability to predict total fretting fatigue lives based on 
a realistic microstructure, that correlates with 
experimental data. The predicted (mean) fretting life 
reduction factor was approximately 2.  
 Figure 2 compares the CPFE predicted 
initiation and total lives to the experimental total life.  
 

 
Figure 2. Comparison of microstructure-sensitive 
predicted total lives with measured total life. 
 

Furthermore, the microstructure-sensitive methodology 
was extended to predict a wear scar profile and wear 
coefficient for 316L SS. This was shown to correlate 
reasonably well with measured 316L SS data. The 
CPFE-predicted wear coefficient gave good correlation 
with typical values for stainless steel from the literature 
[1]. This represents a basis for unified prediction of 
wear and fretting fatigue.   
 

3. Conclusions 
A fretting fatigue test rig was developed and used to 
characterise the fretting fatigue behaviour of 316L 
stainless steel. A novel microstructure sensitive 
prediction methodology was shown to capture the 
measured effect of stress amplitude. The model also 
captures the effect of fretting on fatigue life and 
demonstrates the important role of micro-plasticity in 
fretting wear (early cycles) and fretting fatigue.   
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Abstract
When companies innovate they often focus their 
attentions on exploiting their existing markets. There is 
nothing wrong with this strategy—as long as the ‘rules’ 
don’t change. What happens when a new 
technology/product is developed that potentially 
threatens your existing market share? Do you ignore 
the potential threat and continue to invest in your own 
technology? Do you recognize the threat as a potential 
opportunity? Established companies are vulnerable to 
disruptive technologies especially if they rely on a 
single product or technology. This paper looks at this 
issue of exploring innovation space and in particular 
the search and selection approaches which firms deploy 
in order to extend the range beyond their immediate 
search and selection environments. Strategies 
companies can utilise to explore their search and 
selection spaces are identified. These strategies are 
then tested on a sample of innovating companies in 
Ireland to examine the extent to which such routines 
exist and are deployed.

1. Introduction
It is widely accepted that organizations require both 

exploration and exploitation type activities to be 
successful innovators over extended periods of time.
Exp lorat ion activity that leads to radical innovation can 
propel small companies into a position of industry 
dominance and can result in the failure of those 
incumbents that do not recognise the potential of very 
new technologies. There are practices companies can 
utilise to enhance their search and selection capabilities 
in the radical search and selection spaces. These 
practices include using lead users, using idea 
generators, and using alternative measurement for 
radical innovation.

2. Methodology
An extensive review of the literature identified 12 

search practices and 14 select ion practices a company 
could use to enhance their radical capabilities. A survey 
methodology was employed to examine the extent to 
which such practices exist and are deployed within 
Ireland. 

3. Results
Factor analysis resulted in the discovery of 5 

underlying search factors and 4 underlying selection 
factors. 

Search Factors 
Market Awareness 
Idea Management 
Customer engagement 
Open innovation environment 
Internal Networking 

Selection Factors 
Fostering and supporting radical innovation. 
Prototyping as a selection tool 
Strategic and operational flexib ility 
Differentiating between radical and 
incremental

4. Conclusion
From this research a number of important conclusions 

can be drawn. Firstly large dominant companies are 
leading the way in-terms of radical innovation. 
Secondly a large gap exists between the usage of 
practices for radical innovation and the perceived 
importance of the practices for radical innovation. 
Innovation practitioners are aware of the existence of 
best practice but are failing to utilise them. Further to 
this point this study has highlighted that there is a gap 
between the practices of firms who have a record of 
successfully introducing radical innovations and those 
that do not. Comparing the usage of the innovator 
companies with the usage of the non-innovator 
companies demonstrated that the innovators use all the 
practices to a larger degree than non-innovators. Thirdly  
there appears to be underlying factors relating to radical 
innovation search and selection 

These practices clearly work. Many markets are 
extremely competit ive and companies, when following 
their current tra jectories, often need to ‘sprint’ in order 
to keep pace with their competitors. If a company shifts 
its focus from the current trajectory and takes a few 
steps in an alternative direction i.e. reframes the search 
and selection space then they may find the market place 
less crowded and filled with potentially rad ical 
opportunities.
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Abstract 
The rupture of a cerebral aneurysm can have 
devastating effects. The use of computational modeling 
using realistic geometries for the investigation of flow 
dynamics within aneurysms has become more 
widespread. This study presents the development of 
representative geometric models of the basilar artery, 
based on 13 patient-specific models.  
 
1. Introduction 

Aneurysms of the basilar artery are among the most 
prevalent of posterior circulation cerebral aneurysms 
[1]. The use of computational modeling for the 
investigation of flow dynamics within cerebral 
aneurysms has become more widespread [2]. In cases 
where some or all patient-specific data is not available, 
the use of representative geometries based on patient-
specific models provides an attractive alternative for 
detailed hemodynamic studies to identify key 
parameters that indicate a higher risk of aneurysm 
rupture.  

The aim of this study is to develop representative 
geometries of the basilar artery based on patient-specific 
models, for future numerical analysis of the changes in 
concentration of blood-borne species at the aneurysm 
wall. 
 
2. Materials and Methods 

From a cohort of 238 patient-specific cerebral 
aneurysms drawn from the @neurIST database [3], it 
was determined that 13 (5%) of the aneurysms were 
found at the basilar tip (Figure 1A). Each basilar artery 
geometry was imported into ProEngineer Wildfire 4.0, 
where key geometric parameters for each aneurysm 
were measured �± height, diameter, neck width, distance 
from neck to diameter, aspect ratio, non-sphericity 
index, volume and radius of curvature of the parent 
artery (Figure 1B). All inlet and outlet diameters for the 
parent and daughter arteries were also calculated and 
averaged. Next, the centerline of each geometry was 
imported into Paraview 3.14.1 where the outlet arteries 
were segmented and their centerline averages 
determined using Matlab. 

This led to the development of the average and 
standard deviation values seen in Table 1. Finally, the 
average artery diameters were swept over their 
centerlines to create a generic representative geometry 
of the basilar artery. The process was repeated for the 

aneurysm sac, resulting in the development of an 
average aneurysm of the basilar artery. 

  
Figure 1 (A) 13 Patient-Specific Basilar Artery 

Geometries and (B)Aneurysm Parameters Measured where D 
= diameter, H = height, N = neck width and h = distance from 

neck to diameter 
 

3. Results and Discussion 
Measurements of the 238 aneurysm geometries from the 
@neurist database resulted in the average values for 
each of the 13 locations within the cerebral vasculature 
being determined. Results of the measurement study of 
the 13 patient-specific basilar artery aneurysms led to 
the development of a table of average values, with 
standard deviations (Table 1). Due to the high level of 
morphological variation associated with the basilar 
artery, the standard deviation is quite high for certain 
parameters.  

 
Table 1. Averaged Basilar Artery Aneurysm Parameter 

Values (PA = Parent Artery, DA = Daughter Artery) 
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Abstract 

Abdominal  aortic  aneurysms  (AAA)  are  defined  as  
a permanent  and  irreversible  localised  dilation  of  
�W�K�H�����Y�H�V�V�H�O�����>���@�����7�K�H���S�U�H�Y�D�O�H�Q�F�H���R�I���$�$�$�¶�V���L�V���U�L�V�L�Q�J���Z�L�W�K��
150,000 new cases diagnosed every year. More than 
�������� �R�I�� �D�O�O�� �$�$�$�¶�V�� �D�U�H�� �Q�R�Z�� �W�U�H�D�W�H�G�� �E�\�� �(�Q�G�R�Y�D�V�F�X�O�D�U��
Aneurysm Repair (EVAR) in the United States [2]. 
There are a number of post treatment issues associated 
with the EVAR including rupture, endoleaks, cost and 
stent graft migration. Migration is an issue for all types 
of endografts. Rates of secondary interventions due to 
migration have been found to be up to 71% [3]. 
 
1. Introduction 
   Endograft migration can be longitudinal, caudal or 
lateral migration [4]. Figure 1 demonstrates a lateral 
movement of 2.3 cm (relative to the spine) 3 years post-
implantation. 

 
Figure 1: Lateral and cross-sectional CT images of an 
aortic endograft used to treat a patient with an 
abdominal aortic aneurysm [4].  
 
Device migration is not an immediate event and may not 
arise for a number of years after the implantation with 
the risk of device migration increasing over time [5]. 
This would suggest that the level of monitoring should 
increase over time 
 
2. Methodology 
   An idealised geometry has been used in numerous 
studies [6, 7] and was employed here. The models were 
created using the previously reported lost wax technique 
[6].  
   Corbett et al described a physiological aortic flow 
loop which allows the recreation of any aortic waveform 
[6]. This system has been further developed and was 
used to conduct in-vitro studies of expansion and 
rupture behaviour following AAA repair.  
   The Medtronic AneuRx stent graft is a polyester graft 
supported by a Nitinol exoskeleton. 
   A number of studies have used 5mm as the key 
measurement of migration, thus it was applied here. The 
force required to cause the stent graft to migrate >5mm 
is measured by the motorised force gauge. Stiff polymer 

strings were attached to the stent-graft within the 
silicone model. This was then linked to a motorised 
force gauge to allow for displacement measurements to 
be collected.  

 
3. Preliminary Results 

The range force requ�L�U�H�G���W�R���³�P�L�J�U�D�W�H�´���W�K�H���V�W�H�Q�W���J�U�D�I�W��
was recorded as 8.05-11.01N. Comparable results are 
found in the literature. Corbett et al, demonstrated a 
displacement force for an AneuRx Stent Graft of similar 
size to be 8.03-9.38 N [8]. 

  
4. Conclusion 
   These comparable results endorse the functionality of 
the test rig construction in examining migration forces 
and support the use of silicone as a test material and 
thus validate their usage in further testing. Further 
testing will be carried out using other commercially 
available stent grafts in the idealised AAA models. 
Subsequently, the study will be repeated using patient 
specific silicone models.  
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Abstract 
Trinucleotide repeat (TNR) expansion is the genetic 
mutation that underpins at least 17 inherited 
neurodegenerative diseases. An important area in the 
field is identifying cellular factors that promote this 
expansion process. This work describes the 
identification of the 26S proteasome as a novel driver of 
TNR expansions in yeast and human cells. Disrupting 
yeast 26S proteasome activity by mutation or chemical 
inhibition resulted in decreased TNR expansion rates. 
In human cells knockdown of proteasome subunits also 
suppressed expansions. The mechanism by which the 
26S proteasome promotes TNR expansions is currently 
being investigated.  
 
1. Introduction 

Trinucleotide repeats (TNRs) are tracts of the same 
three nucleotides repeating in tandem. Expansion of a 
subset of TNRs is the underlying mutation for several 
neurodegenerative diseases. For example, HuntingtonÕs 
Disease is caused by an expanded (CAG) tract in the 
coding region of the huntingtin gene, resulting in an 
incurable loss of cells in certain brain regions. 

Proteins within the cell that can drive this expansion 
process have been identified in both human cell and 
mouse models [1]. Identifying these proteins and 
characterizing the mechanisms by which they promote 
TNR expansions could lead to therapeutic interventions 
to prevent this disease-causing mutation.   

This work describes identification of the 26S 
proteasome as a novel promoting factor of TNR 
expansions in yeast and human astrocyte models.  
 
2. TNR expansion assay 
 

 
 
 
 

 
 
 

 
 
The assay used allows quantitative measurement of 

the TNR expansion rate [2]. As Fig. 1 shows, at the 
starting TNR length CAN1 is expressed and cells are 
sensitive to the drug canavanine. When an expansion 
occurs the CAN1 gene is not expressed and yeast 
containing an expansion can be selected for on media 
containing canavanine.  

3. The 26S proteasome 
 
 
 
 
 
 
 
 
 
 
The 26S proteasome is highly conserved between 

yeast and humans. Fig. 2 shows the location of several 
subunits tested in yeast and/or human cells. The main 
function of this large complex is to degrade proteins 
targeted for destruction, but it also has non-proteolytic 
roles in gene expression and DNA repair.  
 
4. Results 

Deletion of several non-essential 26S proteasome 
subunits resulted in a decrease in the TNR expansion 
rate compared to wild type yeast (Fig. 2 & Fig. 3A). 
siRNA-mediated depletion of human proteasome 
subunits PSMC5 or PSMB3 also resulted in a decrease 
in the TNR expansion frequency (Fig. 2 & Fig. 3B).  

 
 
4.  

 

 

5. Future work 
Investigations are on going into the mechanism(s) by 

which the 26S proteasome affects TNR expansions. Our 
data to date suggests that the proteolytic activity of the 
proteasome is important for promoting expansions.   
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Figure 1. Yeast TNR expansion assay 

Figure 2. Schematic of the 26S proteasome. Yeast 
subunits shown in green, human homologs in blue. 

Figure 3. (A) Deletion of yeast proteasome subunits 
decreases TNR expansion rates. (B) Knockdown of 
PSMC5 and PSMB3 by siRNA in human cells also 

suppresses TNR expansions. 
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Abstract 
High Purity Water (HPW) can be contaminated with 
pathogenic microorganisms which may result in human 
infection. Current culture based techniques for the 
detection of microorganisms from HPW can be slow 
and laborious. The aim of this study was to develop a 
rapid method for the quantitative detection and 
identification of low level pathogenic microorganism 
contamination of industrial and clinical water systems.  
 
1. Introduction 

HPW is a commonly used raw material in the 
pharmaceutical, industrial and clinical sectors. The 
microbial monitoring of pharmaceutical grade water and 
water systems associated with industry and the clinical 
sector is often limited by lengthy conventional microbial 
culture based methodologies. These methods are labour 
intensive, time consuming and can lead to a significant 
delay in the detection and identification of the microbial 
contaminant thereby deferring the onset of any 
necessary remedial action. In recent years significant 
advances have been made in Nucleic Acid Diagnostics 
(NAD) technologies for the simultaneous detection and 
identification of specific microorganisms [1]. Due to 
shorter turnaround time to results, automation, the high 
specificity and low limits of detection achieved, NAD 
technologies are now routinely used in the clinical, 
environmental and food industry sectors [2]. The 
microbial analysis of pharmaceutical grade water and 
water systems has identified a panel of contaminating 
microorganisms which includes Pseudomonas 
aeruginosa and members of the Burkholderia genus [3, 
4]. In this study we report the development of a novel 
multiplex real-time PCR assay for the detection, 
identification and quantification of low level 
contamination of HPW with P. aeruginosa and the 
Burkholderia genus within one working day [5]. 
 
2. Materials and Methods 

In silico analysis and nucleotide sequence alignments 
of target genes were performed. Species / genus specific 
assays and an internal amplification control were 
designed. The sensitivity and specificity of the multiplex 
real-time PCR assay was established. Total genomic 
DNA was purified from serially diluted overnight 
bacterial culture. HPW was spiked with a bacterial load 
ranging from 103-10 cfu / 100 ml and then filtered. This 
filter was subjected to mild sonication to detach trapped 
cells. Bacterial total genomic DNA was then purified 
and used in the developed multiplex real-time PCR. 

   
3. Results 

In monoplex format all three diagnostics assays had 
an analytical sensitivity of 1 genome equivalent (GE). In 
the multiplex format the sensitivity of the P. aeruginosa 
and Burkholderia genus specific real-time PCR 
diagnostics assay were to 3.5 and 3.7 GE respectively 
while the IAC assay was detected to between 10-100 
plasmid copies. The specificity of each real-time PCR 
diagnostics assay was confirmed both in monoplex and 
multiplex formats. The assays were 100% specific for 
the microorganisms tested. Using the developed 
multiplex real-time PCR diagnostics assay it was 
experimentally determined that it was possible to 
directly detect and quantify a spiked bacterial load of 
102 cfu /100 ml from a 200 ml filtered water sample for 
P. aeruginosa and 103 cfu / 100 ml for B. cepacia.  
 
4. Discussion 

A significant advantage of using multiplex real- time 
PCR for the microbial analysis of HPW and water 
systems is that it permits not only the rapid, sensitive 
and quantitative detection of contaminating 
microorganisms but also the identification of the 
microorganism without the requirement for further 
testing.  

This shorter time to result utilizing nucleic acid 
diagnostics can reduce manufacturing costs by enabling 
raw materials to be released more quickly. It can also 
shorten the manufacturing production cycle and reduce 
inventory requirements. 
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Abstract 

The development of a constitutive model to describe the 
behaviour of the intraluminal thrombus (ILT) in vivo is 
necessary for the successful implementation of Finite 
Element Analysis (FEA) as a tool in Abdominal Aortic 
Aneurysm (AAA) rupture prediction. This study aims to 
determine the mechanical properties of ILT. Results 
suggest that the ILT has mechanical properties that are 
patient, region and layer specific, which if incorporated 
into a constitutive model may improve the reliability of 
FEA in the prediction of rupture. 
 
1. Introduction 
 
 Abdominal Aortic Aneurysm (AAA) is the gradual 
widening of the distal region of the aorta. If undetected, 
AAA can rupture which in 90% of cases results in death1. 
Rupture occurs when the intramural stress exceeds the 
strength of the AAA wall, and by utilising the finite 
element method (FEM) it has been shown that regions of 
elevated wall stress correlate with an increased rupture 
risk. In order to improve the accuracy of the FEM, it is 
crucial that the mechanics of both the AAA wall and 
intraluminal thrombus (ILT) are described accurately. This 
study aims to further characterize ILT using both uniaxial 
and biaxial test methods and, where possible, determine 
the region and layer specific mechanical properties of this 
material. 
 
2. Methods and Materials 

 
 Local ethics was granted for this study. ILT samples were 
harvested from patients undergoing open AAA repair 
surgery at the Mid-Western Regional Hospital, Limerick. 
Tissues were separated into luminal, medial, and 
abluminal layers and a total of 418 square shaped samples 
were excised from 20 patients. Samples (14 x 14 mm) 
were biaxially tested using a series of stretch protocols 
(���4:��L = 0.25:1, 0.5:1, 0.75:1, 1:1, 1:0.75, 1:0.5, 1:0.25). 
Following biaxial tests, the gripped area (8.9 x 8.9 mm) of 
the sample was halved (n=836, 8.9 x 4.5 mm) and 
uniaxially elongated until failure. All tests were performed 
using a preconditioning regime of 10 loading and 
unloading cycles, at a strain rate of 0.2 mm/s. A total of 
1254 mechanical tests were performed.  
 
3. Results and Discussion 
 

 Figure 1(a) shows layer-specific results of the biaxial 
testing. This demonstrated an approximately linear stress-
stretch relationship, with the strength and the maximum 
tangential stiffness (MTS) decreasing radially from the 
lumen towards the AAA wall. No significant difference 
was found between the mechanical properties in the 
longitudinal and circumferential directions. Figure 1(b) 
presents results of the luminal layer from both biaxial and 
uniaxial testing. Biaxial loading measured higher stresses 
for all three layers than uniaxial loading. It was also found 
that the luminal layer of ILT, which fully encircled the 
AAA wall (n=3), was stronger and stiffer in the posterior 
region than in the anterior region.  
 
 
 
 
 
 
 
 

 

Figure 1. (a) The stress stretch response for the 
luminal, medial and abluminal layers of the ILT (b) 
Biaxial vs. uniaxial stress-stretch response for the 
luminal layer.  
 

4. Conclusions 
 
  This study has demonstrated that the ILT is (a) isotropic, 
(b) has layer-specific mechanical properties, (c) is stronger 
and stiffer under biaxial loading, and (d) is stronger in the 
posterior region. On the basis of these results, it may be 
inappropriate to computationally model the ILT as a 
homogeneous material derived from uniaxial tests. 
Importantly, with the ever-increasing rates of endovascular 
repair, the availability of ILT tissue is becoming more 
limited than ever. Layer and region specific data is sparse 
in the literature and as the role of ILT in AAA rupture 
assessment is still not clearly understood, full 
characterisation this tissue is pertinent to future AAA 
research efforts. 
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Abstract 
One remarkable trait exhibited by Nitinol is the 
improvement of its fatigue performance with increasing 
strain [1-6]. Clarification into this phenomenon still 
remains incomplete in literature. This study proposes a 
microstructural explanation; it is hypothesised stress-
induced martensite (SIM) is induced and will stabilise 
with increasing strain which, in turn, leads to the 
observed increase in fatigue life. Finite Element 
Analysis (FEA) is employed to investigate the behaviour 
of a ‘v-strut’ stent subcomponent under various strain 
levels. The volume fraction of SIM is analysed to 
identify its potential influence on fatigue behaviour. 

1. Introduction 

One material that has found particular favour for 
use in biomedical endovascular stents is the near equi-
atomic superelastic NiTi alloy, Nitinol. Superelasticity 
can be attributed to a stress-induced martensite 
transformation (SIMT) from a parent austenite to a 
daughter martensite phase. By this microscopic process, 
Nitinol can withstand approximately 6-8% strain 
without permanent deformation. This is a highly 
desirable attribute in biomedical stent design for stent 
deliverability, flexibility, and durability.  
 
2. Materials and Methods 

To investigate the effect of stress-induced 
martensite (SIM) on fatigue behaviour of a Nitinol stent, 
a 3-D Finite Element (FE) model of a ‘v-strut’ stent 
subcomponent was created. Employing a user-defined 
material subroutine (UMAT/Nitinol), the model was 
capable of predicting Nitinol’s transformational 
behaviour on a macro-scale level. To accurately 
characterise Nitinol’s asymmetric behaviour for input 
into the UMAT, uni-axial tensile and compressive 
experimental testing was performed on linear 
specimens. Following validation, the influence of SIM 
on the macroscopic behaviour of the ‘v-strut’ specimens 
was established for various mean strains (Fig. 1).  

Figure 1  The volume fraction of SIM in ‘v-strut’ under 
(a) 2.5%, (b) 4% and (c) 6% compressive strain. 

Figure 2  Comparing (a) the volume fraction of SIM 
present in the FE model and (b) the experimentally 
established constant life diagram for Nitinol [1, 2]. 

3. Discussion 

The volume fraction of SIM present in the ‘v-strut’ 
subcomponent was found to increase with increasing 
strain levels (Fig. 1). It was demonstrated to follow a 
similar trend to that of the experimentally established 
constant life diagram for Nitinol (Fig. 2) [1, 2]. In 
addition, the on-set of SIM correlates with the observed 
improvement of fatigue performance at approximately 
1.5% mean strain. Therefore, it is hypothesised there 
exists a strong connection relating SIM, in particular at 
strain levels high enough to stabilise SIM, and the 
observed fatigue behaviour.  

At these critical strain levels, deformed martensite 
structures and defects are hindered leading to differing 
dominant detwinning, reorientation modes and 
dislocation densities in discrete areas of the 
microstructure; thus, resulting in stabilised SIM. This 
localised strengthening of Nitinol (by a strain hardening 
effect), in conjunction with the self-accommodating 
nature of the SIM itself, provides a possible explanation 
for the phenomenon of observed improved fatigue 
performance of Nitinol. 
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Abstract 
Rising cancer rates coupled with a deteriorating health 
status among young people in Ireland is a cause for 
serious concern. Considering the huge role second level 
�H�G�X�F�D�W�L�R�Q�� �S�O�D�\�V�� �L�Q�� �,�U�L�V�K�� �W�H�H�Q�D�J�H�U�¶�V�� �O�L�Y�H�V���� �V�F�Kools 
present a perfect opportunity to implement change 
through core subjects such as Science.  This research 
centres on a health intervention programme in second 
level schools that aims at overcoming serious 
�P�L�V�F�R�Q�F�H�S�W�L�R�Q�V�� �D�Q�G�� �F�K�D�Q�J�L�Q�J�� �\�R�X�Q�J�� �S�H�R�S�O�H�¶�V�� �Y�L�H�Z�V of 
their health. At present, health related misconceptions 
have been identified in the literature and a survey to 
test for these misconceptions has been designed. 
 
1. Background Information 

Studies examining the health of young people in 
Ireland have highlighted teenage obesity, low levels of 
physical activity, smoking and alcohol consumption as 
areas for concern. These factors can play a substantial 
�U�R�O�H�� �L�Q�� �D�� �W�H�H�Q�D�J�H�U�¶�V�� �K�H�D�O�W�K�� �D�V�� �W�K�H�\�� �P�R�Y�H�� �I�U�R�P��
adolescence to adulthood. 11% of Irish teenagers are 
overweight and a further 8% are obese. Furthermore, 
65% of obese Irish adolescents are obese in adulthood 
[1].  Levels of physical activity in Irish teenagers are also 
well below ideals; nearly nine out of 10 Irish teenagers 
are insufficiently active to benefit their current or future 
health, according to the recent findings of Aviva Ireland 
Health Insurance. Irish youths are placed in the second 
worst international tier for smoking with 16 to 29.9% of 
teenage boys and girls having started smoking. In 
relation to alcohol, 77% of the 16 to 20 year old 
consumed alcohol; 48% of these began drinking before 
the age of 16 [2]. 

The contribution of these lifestyle factors to 
variation in cancer risk is well known. Startling figures 
released in 2012 by the World Health Organisation 
(WHO) indicate that cancer levels in Ireland will 
increase by 72% by 2030. Considering the trends 
observed in teenage lifestyle factors, the WHO figures 
are not surprising. Despite cancer levels in Ireland 
increasing at an alarming rate, it is important to realise 
that many of these cancers are preventable; in fact, one 
third of all cancers according to the WHO. It is 
therefore vital that young people are made aware of 
how neglecting their own personal health can have a 
huge impact on their future health. 

 
2. Misconceptions 

Misconceptions can be defined as strongly held, 
stable cognitive structures which differ from expert 
conceptions and fundamentally affect student 
understanding. Misconceptions can stem from 

interactions with teachers in formal educational 
settings. Teachers may hold their own misconceptions 
and pass these on or teaching strategy may 
unknowingly reinforce or propagate misconceptions.  

External to the formal educational setting, 
misconceptions can arise from learners attempting to 
understand everyday life experiences. Each learner will 
have a vast amount of interaction throughout their life 
with health related issues through, for example from 
family matters and media exposure to health promotion 
campaigns. Considering this, it is understandable that a 
learner will try to make sense of what they encounter 
around them. However correct or incorrect these 
understandings are, they play a vital role in the 
integration of new concepts for learners.  
 
3. Relevance of the study in Ireland 

Successful implementation of this intervention 
programme would have profound benefits for both 
family life and the Irish Economy. Unhealthy living has 
a colossal cost to the Irish State every year. For 
example obesity, which is associated with premature 
death, excessive morbidity and serious psychosocial 
problems, is a huge economic burden for the country. 
The most recent figures available (2003) approximate 
in-�S�D�W�L�H�Q�W�� �F�R�V�W�V�� �I�R�U�� �W�K�H�� �\�H�D�U�� �D�W�� �¼������ �P�L�O�O�L�R�Q�� �L�Q�� �,�U�L�V�K��
hospitals [3]. The integration of health education into our 
existing curricula would improve the quality of health 
awareness in society. Through this, changes in lifestyle 
factors and the development of healthier habits could 
move towards reducing the extent of this financial 
burden from our society.  

�)�U�R�P���W�K�H���S�H�U�V�S�H�F�W�L�Y�H���R�I���H�D�F�K���L�Q�G�L�Y�L�G�X�D�O�¶�V���T�X�D�O�L�W�\���R�I��
life, the implementation of this health intervention 
programme has the potential to improve physical and 
psychological health of the next generation of Irish 
adults. The elimination of misconceptions such as 
�µ�F�D�Q�F�H�U���F�D�Q�Q�R�W���E�H�� �F�D�X�V�H�G���E�\�� �S�R�R�U���G�L�H�W�¶�� �D�Q�G���µ�O�L�Y�L�Q�J�� �L�Q���D��
heavily polluted city will increase your risk of lung 
�F�D�Q�F�H�U���D�V���P�X�F�K���D�V���V�P�R�N�L�Q�J���G�R�H�V�¶���L�V���F�U�X�F�Lal to the health 
of our nation. 
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Abstract 

Leaving Certificate biology is one of the most popular 
subjects taken by students in Ireland. As this subject 
relies heavily on rote learning, understanding is rarely 
tested. This has resulted in a serious level of 
misconceptions when students enter third level leading to 
poor grades in introductory biology modules. It is vital 
that students and educators are assessed to identify these 
misconceptions so that they can be tackled and overcome. 
Serious inaccuracies in core textbooks have also 
contributed to these misunderstandings. It is imperative 
that the quality of students entering third level is 
increased.  
 
1. Introduction 
  
    The term misconception can be defined as “any 
conceptual idea that differs from the commonly accepted 
scientific consensus” (Garnett and Treagust 1990). 
Throughout our lives we are immersed with information, 
the process of understanding this information can lead to 
the formation of our misconceptions. Misconceptions can 
result due to the number of contacts students make with 
the physical and social world around them; from 
communication with different teachers and friends 
through sources of media and textbooks (Griffiths and 
Preston 1992). It is imperative that the quality of teachers 
teaching such subjects maintain a high standard to allow 
their students to excel in the world of science and the 
wide range of opportunities it creates. Results from a 
pilot study (Galvin 2012) looking at the number and 
levels of misconceptions held by students and pre-service 
teachers has provided some shocking results. The 
participants showed some very serious misconceptions in 
fundamental biology topics. A serious concern is the 
level of misconceptions held by very high achievers. This 
demonstrates the massive problem of rote learning in 
science in Ireland. Students can achieve very high grades 
and at the same time have little knowledge of the topic.  
 
2. Why is research required? 
 
    Despite the huge number of students taking biology at 
senior cycle, there has been no comprehensive study on 
misconceptions in biology in Ireland. Science teacher 
education in Ireland has predominantly focused on the 
subject matter content in preference to achieving a 
learner-centered classroom. Final examinations have 
contributed to these misconceptions due to the prevalence 
of rote learning. In order to improve the quality of the 
education system, it is imperative that the quality of the 
teachers is increased. Pre-service teachers should be 

targeted directly to ensure that they have the capacity to 
continually question misconceptions they may have and 
work alongside peers and teacher educators to 
significantly reduce, if not completely eliminate, these 
from their pedagogical strategies. This research poses a 
challenge to pre-service teachers, teachers and teacher 
educators. 
 
3. Universities – What role will they play in 
overcoming these misconceptions? 
 
    Misconceptions are a particular concern to pre-service 
teachers as they are faced with the prospect that they may 
leave university without overcoming these and in turn, 
embed them in the minds of students they teach. This will 
result in the teaching of errors and incorrect 
understandings of scientific concepts that will be carried 
on from one generation to the next. Student achievement 
depends significantly on the quality of the teachers. 
Therefore, in order to improve science education, it is 
imperative that teachers identify and amend all 
misconceptions they may have during their teacher 
education courses.  
 
4. Ireland – How will my research benefit the 
country? 
 
    According to the Minister for Enterprise, Jobs and 
Innovation (2011), science is central to engineering 
economic rejuvenation in Ireland. The ability of the 
science sector to assist Ireland’s economic growth is 
largely linked to the standard of the Irish education 
system and its ability to produce a high-quality 
workforce. The development of such skilled workers 
from our third level institutions requires a good 
foundation of science knowledge and interest at second 
level schooling. 
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Abstract 
Lung cancer is the most common cancer in terms of 
both incidence and mortality, worldwide. Medical 
devices such as bronchial stents and valves are used in 
the treatment of lung cancer.  However, the design of 
such devices is limited by the lack of understanding [1-2] 
of the mechanical environment into which these are 
implanted due to the fact that the biomechanical 
properties of the tracheobronchial tissue have never 
been characterised.   
 

1. Introduction 
The objective of this study is to determine the 

biomechanical properties of ovine bronchi tissue.  In 
particular, we seek to determine the directional 
dependent elastic properties of the tissue to define the 
material behaviour for computational models of the 
bronchi anatomy.  Histology of bronchi tissue is 
completed to investigate the anisotropy of bronchi tissue 
constituents.   
  

2. Methods 
Two sets of ovine lungs (45-50kg, Suffolk lambs) 

were tested on day of harvest.  Three samples of 
bronchus (10x10x1mm) were mounted on the Zwick 
biaxial testing machine and uniaxial testing was carried 
out at room temperature.  Samples were stretched at a 
displacement rate of 1mm/minute.  Bronchi anisotropy 
was investigated by applying a displacement in the 
longitudinal and circumferential direction.  Hematoxylin 
and eosin (H&E) staining was performed on separate 
samples of bronchi tissue. 

 

3. Results & Discussion 
Graphs of stress versus strain were plotted, derived 

from force applied and video extensometer 
displacements in Figure 1.  The average Young’s 
moduli for 3 samples of ovine bronchi were estimated to 
be 0.3528MPa and 0.0486MPa in the longitudinal and 
circumferential direction (Table 1).  H&E staining of 
ovine bronchi allowed identification of constituents of 
the bronchi tissue in Figure 2.  
  
Young’s Modulus (MPa) of Ovine Bronchi 
Sample 1 2 3 Average 
Longitudinal 0.4938 0.4436 0.1211 0.3528 
Circumferential  0.0214 0.0735 0.0508 0.0486 

Table 1: Summary of tensile testing 

 

 
Figure 1: Stress-strain plot of ovine bronchi 

 

 
Figure 2: Cartilage [C], glands [G], smooth muscle 

[SM], elastin [E], epithelial cell [EP] 
 

During normal respiration and coughing, forces are 
exerted on the bronchi and contraction and expansion of 
the bronchi diameter is required to generate sufficient 
forces to expel mucus and clear airways.   
 

Future testing of ovine bronchi at additional strains 
and a micro-dissection of ovine bronchi will be 
performed.   
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Abstract 
 

Validation and qualification are essentially components 
of the same concept, and often used synonymously, 
though there is a distinct difference. The term 
qualification is normally used for equipment, utilities 
and systems, and validation for processes. In this sense, 
qualification is part of validation [1]. Qualification can 
be viewed as the generation of evidence that equipment 
is ready for its intended use while validation is 
documenting that the use of the equipment will result in 
output meeting its predetermined specifications. 
 
1. Process Validation 

 

The World Health Organisation defines process 
validation as the establishing of documented evidence 
which provides a high degree of assurance that a 
planned process will consistently perform according to 
the intended specified outcomes [2].  The United States 
Food and Drug Administration defines the term Process 
Validation as follows; ‘Process Validation is 
establishing documented evidence which provide a high 
degree of assurance that specific processes will 
consistently produce products meeting predetermined 
specifications and quality characteristics’ [3]. 
Validation studies are performed for analytical tests, 
equipment, facility systems such as air, water, steam, 
and for processes such as the manufacturing processes, 
cleaning, sterilisation, sterile filling, lyophilisation, etc. 
[2] 
 
2. Equipment Qualification 
 
Equipment Qualification (EQ) is a formal quality 
assurance process that establishes confidence that 
specified equipment and ancillary systems are suitable 
for their intended use and are capable of consistently 
operating within established limits and tolerances. 
Equipment Qualification is a well-established practice 
within several safety critical industries such as medical 
device and pharmaceutical manufacturing, nuclear 
power generation and within sterilisation and analytical 
laboratories. Typically the EQ process consists of three 
stages of qualification: installation qualification (IQ), 
operational qualification (OP) and performance 
qualification (PQ). Some authors add a preliminary 
qualification stage known as Design Qualification (DQ) 
[4], most frequently however the elements of a DQ 
phase are incorporated in prerequisites to the equipment 
qualification process. 
 

 
 
  

3. PV and EQ Examples 
 

Taking as an example the manufacturing process of 
injection moulding; there will be separate qualification 
protocols for the injection moulding machine as an 
equipment item and validation protocols for the 
injection moulding process. The reader will note here 
the use of the term qualification for machine related 
activities and validation for process related activities. 
 
In healthcare, the inherent complexity of healthcare 
processes and in particular the wide variation in 
treatment modes required renders healthcare processes 
extremely difficult to validate. It will however be 
possible to qualify the medical equipment.  
 
 
4. Qualification / Validation Protocols 
 
A protocol describes the details of a comprehensive 
planned study to investigate the consistent operation of 
a new system, new equipment, a new procedure, or the 
acceptability of a new process before it is implemented. 
Protocols include significant background information, 
explain the rationale for and the objective of the study, 
give a full description of the procedures to be followed, 
set out the parameters to be measured, describe how the 
results will be analysed, and provide pre-determined 
acceptance criteria for drawing conclusions. 
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Abstract 

This study was designed to study the expression of  
the gene coding for the non-selective cation channel, 
TRPV1, in the CNS of two rat strains, Sprague-Dawley 
and Wistar-Kyoto, which differ in their responses to  
stress and pain. Activation of the TRPV1 receptor is 
associated with increased pain responding in a number 
of rodent pain models. Quantitative real time PCR  
(qRT- PCR) revealed differences in  brain regional 
TRPV1 mRNA levels in between the two rat strains. 
 

1. Introduction. 
The Wistar-Kyoto (WKY) rat is a stress-

hyperresponsive strain that exhibits a hyperalgesic 
phenotype, compared with the Sprague-Dawley (SD) 
strain1. The transient receptor potential vanilloid 
receptor 1 (TRPV1) modulates pain processing2 and we 
hypothesised that differences in the expression of 
TRPV1 within the CNS may account for the differential 
nociceptive responsivity in WKY vs. SD rats.  The aim 
of the present study was to complete a comparative 
analysis of TRPV1 mRNA expression within the CNS 
of WKY and SD rats that had received intra-plantar 
injection of either saline or the noxious chemical 
formalin. 

 

2. Methods. 
 Adult male WKY or SD rats weighing 280-320g 

received intra-plantar injection of either saline(SAL) or 
formalin (2.5%, 50µl)(FORM) (n=10-12 rats per group 
for behaviour and n=6 for post-mortem analysis) under 
brief isoflurane anaesthesia (3%) and  nociceptive 
behaviour assessed for 30 minutes using EthoVision XT 
software to generate composite pain scores (CPS).  Rats 
were killed by decapitation at the end of the formalin 
trial period and total RNA was extracted from spinal 
dorsal horn and frozen punches of periaqueductal grey 
(PAG), rostroventral medulla (RVM), hippocampus 
(HIPP), amygdala (BLA) and prefrontal cortex (PFC). 
qRT-PCR was used to determine the expression of 
mRNA coding for TRPV1.  Data were analysed by two-
�Z�D�\�� �$�1�2�9�$�� �I�R�O�O�R�Z�H�G�� �E�\�� �)�L�V�K�H�U�¶�V�� �/�6�'�� �S�R�V�W-hoc test.  
P<0.05 was considered statistically significant and data 
are presented here as mean ± SEM. 
 

3. Results.  
      WKY rats exhibited significantly higher formalin-
evoked nociceptive behaviour than SD counterparts, 
indicating a hyperalgesic phenotype (CPS: SD-FORM: 
0.84±0.09 vs. WKY-FORM: 1.14±0.04; P<0.01).  
TRPV1 mRNA levels were significantly higher in the 
dorsal PAG (SD-SAL: 100±14.2% vs. WKY-SAL 

55.3±6.8%; P<0.05), and lower in the lateral PAG (SD-
SAL: 100±5.38% vs. WKY-SAL: 183±23.4%; P<0.05) 
of saline-treated SD rats compared with WKY 
counterparts. There were no significant differences in 
TRPV1 mRNA expression in the ventrolateral PAG 
between the two strains. Formalin treatment was 
associated with a significant reduction in TRPV1 
mRNA expression in the dorsal PAG of SD rats only 
(SD-SAL: 100±14.42% vs. SD-FORM: 63±7.84%, 
P<0.05). In contrast, formalin injection was associated 
with increased TRPV1 mRNA expression in the ventral 
PAG of SD rats only (SD-SAL: 100±9.65% vs. SD-
FORM: 209±35.4%; P<0.001). Formalin administration 
was associated with reduced TRPV1 mRNA expression 
in the PFC of SD rats only (SD-SAL: 100±20.32% vs. 
SD-FORM: 52±7.73%; P<0.05), and in the BLA of 
both WKY (WKY-SAL: 98±6.57% vs. WKY-FORM: 
36±6.04%; P<0.01) and SD (SD-SAL: 100±15.8% vs. 
SD-FORM: 54±7.08%; P<0.05) rats. TRPV1 mRNA 
expression in the ventral hippocampus did not differ 
between the two strains, but there was a significant 
formalin-induced reduction in mRNA expression in SD 
rats (SD-SAL: 100±26.76% vs. SD-FORM: 43±4.68%; 
P<0.05). TRPV1 mRNA expression in the spinal dorsal 
horn did not differ between the two strains irrespective 
of SAL/FORM treatment. 

 

4. Conclusion.  
These data provide evidence for rapid, dynamic 

formalin-evoked alterations in TRPV1 gene expression 
in pain-related brain regions of SD and WKY rats. 
Further studies are required to determine whether these 
alterations underlie differential formalin-evoked 
nociceptive behaviour in the two rat strains.  
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Comparison of Energy Harvesting Techniques for Wearable Activity Monitoring 
Devices  

Abstract 
Piezoelectric and electromagnetic generation are the two 
most commonly used energy harvesting techniques. The 
aim of this paper is to compare the two techniques by 
proposing an electromagnetic generator and a 
piezoelectric system to power an activity monitoring 
device located in the shoe. Results to date indicate that 
the electromagnetic generator produces the best output 
power levels. 
 

1. Introduction  
Energy harvesting techniques have been compared in 

several studies [1], but very little has been done to 
compare techniques for a given application.  
The proposed generator in this work was designed for 
producing pulsed power to operate a nRF chip 
programmed to transmit a pulse of data every time a step 
is taken. 
 
2. Piezoelectricity vs. Electromagnetism 
for pulsed power 

Electromagnetic power generation is a widely used 
technique in portable applications like those presented by 
[2]. The electromagnetic generator proposed in this paper 
is based on on the sliding magnet principle described in 
[3] and the prototype occupies an overall volume of 
�����ª�����ª15 mm³ . The tests performed showed that the 
structure achieved power levels of up to 4.5 mW at 1.4 V 
peak to peak. These results are summarized in Figure 1. 

 
Figure 1: Comparison of pulsed power for EM generator and the 
best combination of piezo- disks 
 
   Research in the field of piezoelectric energy harvesting 
has been reviewed in papers like [4]. Although 
piezoelectric components are capable of providing high 
output voltage, the output power is limited by the loading 
of the capacitive impedance.  
   In this work, commercially available materials were 
selected for testing, and simulations results have shown 
�P�D�[�L�P�X�P�� �$�&�� �S�R�Z�H�U�� �R�I�� �§�� ������ �—�:��without impedance 

compensation for material �3�,�&�� �������� ���ª����mm which 
performed the best. 

3. Electromagnetic AC/DC Circuit 
Performance 

After establishing that the electromagnetic generator is 
better suited for the in-shoe design the most optimal 
parameters and design for the generator were selected and 
simulations of available rectification techniques were 
compared. A doubler circuit performed the best, with 
values of 3 mW peak instantaneous power achieved for 
�D�Q���R�S�W�L�P�D�O���O�R�D�G���R�I�����������
�� Simulations results are shown 
in Figure 2. 

 
Figure 2: Simulation results of maximum output power for 
rectification circuits depending on load resistances for a 3.5mF 
capacitor. 

 

4. Conclusion 
    Two different energy harvesting techniques have been 
compared in order to prove their suitability to power an 
activity monitoring device, and with the given space of 
�����ª�����ª������ �P�P3 the electromagnetic generator produced 
power levels of 4.5 mW AC and 0.8 mW DC.  
    For the piezoelectric system, the selection of materials 
tested has not given the desired outcome, with the 
piezoceramic disks giving low output powers and being 
subjective to damage due to repeated stress caused by 
pressure applied during walking. 
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Abstract 

Brachytherapy is a complex procedure for prostate 
cancer treatment. It requires a multidisciplinary team of 
experts working together. The overall workload of a 
physician’s tasks was assessed at the seed implantation 
stage of the brachytherapy treatment process at Galway 
University Hospital. The results showed that the seed 
implantation stage is mentally demanding, requires a 
high level of effort, and can result in raised levels of 
frustration due to limits on the time available for the 
procedure. 
 
1. Introduction 

Brachytherapy is one of the treatment modalities of 
prostate cancer treatment. Seed implantation is a stage 
of this treatment where small low-dose rate radioactive 
seeds (usually Iodine-125) are permanently implanted 
into the patient’s body. The whole procedure requires a 
multidisciplinary team of experts working together. 
Such a team consists of: A physician, medical physics 
staff, radiation oncology nurses, and an anesthesia team.  
The physician’s task is to successfully implant 
approximately 80 radioactive seeds into the patient’s 
prostate gland using advanced medical equipment, such 
as a trans-rectal ultrasound probe, a specifically 
designed template for seed implantation and a seed 
applicator. The physician’s task requires highly focused 
specialized training both off and on site. 

In this research, the overall workload of a physician 
was measured immediately after brachytherapy 
treatment using the NASA-TLX method. NASA-TLX is 
a highly validated method for measuring human 
workload, and has been in use since 1988. It has a 
multidimensional rating procedure which assesses the 
following: Mental Demand (MD), Physical Demand 
(PD), Temporal Demand (TD), Performance (PE), 
Effort (EF), and Frustration (FR). Each factor can be 
weighted in individual tasks when carrying out the 
workload assessment. 
 
2. Methods 

NASA-TLX was administered to a physician 
immediately after the brachytherapy treatment over 7 
brachytherapy sessions. It measured the physicians’ 
overall perceived workload. 

 
 

3. Results 

 
 

Fig 1: TLX  workload scores of the assessed tasks 
 

The TLX values recorded for MD were high in 4 
sessions, for TD they were high in 2 sessions, and for 
EF they were high in 1 session. 
 
4. Discussion 

The results indicate the physician’s task at the seed 
implantation stage is mentally demanding because he or 
she must focus intensively on the task, tools used, visual 
feedback, and team cooperation. It requires a high level 
of effort to accomplish the task because the seeds have 
to be implanted correctly within a uniquely shaped, and 
limited sized gland. Since the patient is anaesthetized, 
there is a limited time available for the whole procedure. 
The task has to be performed at a certain pace and it 
requires the physician’s constant attention, as well as a 
high level of knowledge, training, and experience. 
Because of these factors and time pressure, frustration 
can occur when specific decisions have to be made 
regarding the correct treatment procedure e.g. needle 
positioning and correct seed placement taking into 
account specific patient’s organ positioning, dose 
distribution, ultrasound positioning, visual feedback on 
the ultrasound screen, and the 3D model on the 
computer. 
 
5. Conclusion 

Brachytherapy is a complex procedure of prostate 
cancer treatment. It requires a highly skilled physician 
to successfully perform the seed implantation task. The 
mental demand of the a physician’s task in 
brachytherapy was found to be high using the NASA-
TLX method. 
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Abstract 

Staphylococcus aureus infection rates in Ireland are 
among the highest in Europe and pose a serious and 
ongoing threat to hospital patients. A major risk factor 
for infection is the extensive use of implanted 
biomaterials now associated with device-related 
infections involving biofilms, which is compounded by 
the problem of antibiotic resistance. In particular, the 
acquisition of mecA, encoding penicillin binding 
protein 2a and methicillin resistance, by S. aureus has 
added to an already impressive array of virulence 
mechanisms. This research aims to determine how 
PBP2a-induced methicillin resistance, represses the agr 
system and virulence gene regulation, modulates 
biofilm formation and, if beta-lactam antibiotics have 
therapeutic potential in the treatment of MRSA 
infection. 

  
1. Introduction 

The methicillin resistance gene mecA encodes the 
low affinity penicillin binding protein 2a (PBP2a) 
carried on a mobile staphylococcal cassette 
chromosomal mec element (SCCmec) of which eleven 
different types have been characterized to date. Recent 
findings indicate that MRSA attenuates virulence 
potential for antibiotic resistance, and that expression of 
methicillin resistance alters the biofilm phenotype. 
Specifically high level PBP2a expression blocked 
icaADBC-dependent polysaccharide type biofilm 
development and promoted an alternative PBP2a-
mediated biofilm, repressed the accessory gene 
regulator (Agr) system, and attenuated virulence in a 
mouse device-infection model[1].  

S. aureus clinical isolates exhibit heterogeneous 
methicillin resistance (HeR) under laboratory growth 
conditions. In a HeR strain the majority of cells grown 
in the presence of a � -lactam antibiotic are susceptible 
to low concentrations of the drug, with only a 
subpopulation expressing higher-level resistance. 
However HeR strains become capable of expressing 
homogeneous resistance (HoR) after selection on 
elevated concentrations of � -lactam antibiotics.  
Through activation of the MecR1/MecI/MecA system 
by exposure of MRSA cells to oxacillin Agr-regulated 
exoenzyme production is repressed; suggesting that 
exposure to � -lactam antibiotics may further attenuate 
the virulence of MRSA, enhancing the effectiveness of 
currently-used antimicrobial drugs like vancomycin. We 
therefore hypothesise that using � -lactam antibiotics to 
further repress virulence may have therapeutic potential 
in the management of MRSA infections.  
 

2. mecA Attenuates Virulence and Alters 
Biofilm Phenotype 
     The mecA methicillin resistance gene was introduced 
into 8235-4, a polysaccharide producing strain. Biofilm 
assays on hydrophilic micro-well plates and �  and �  
hemolysis assays using 8235-4 pmecA HeR and 8235-4 
pmecA HoR demonstrated that high level, PBP2a-
mediated methicillin resistance attenuated virulence and 
altered the biofilm phenotype.  

 
3. Evaluation of HoR Phenotype in Strains 
with Different SCCmec Elements 
     The impact of the HoR phenotype in strains with 
different SCCmec elements exhibiting a heterogeneous 
pattern of oxacillin resistance was examined. Previous 
work shows reduced � -hemolysin expression in the CA-
MRSA USA 300 strain LAC HoR, and an increase in 
biofilm production in BHI glucose media. Data to date 
shows no change in quantity of biofilm produced by 
isogenic HeR and HoR MRSA strains screened in this 
study. Hemolysis data shows variable strain dependent 
effects on � -hemolysin and � -hemolysin production. 
 
4. Characterization of Biofilm 
     Using Scanning Electron Microscopy (SEM) biofilm 
phenotypes of polysaccharide producing strain 8235-4 
and proteinacious biofilm producing strain BH1CC 
were characterized. 8235-4 was grown in BHI NaCl and 
BH1CC grown in BHI Glucose for 4 days. The biofilm 
structures are substantially different and extracellular 
DNA was visualized in the MRSA biofilm matrix for 
the first time. 
    
5.  Future Work 
      The biofilm phenotypes expressed in HoR MRSA 
strains will be analyzed under controlled shear flow 
conditions to mimic in vivo environments. Analysis of 
virulence factors and the effect of high level antibiotic 
resistance on the Agr system in different strains. Genetic 
sequencing will allow us to identify mutations 
contributing to the HoR phenotype. In combination 
these data will allow us to determine if b-lactams have a 
therapeutic potential in MRSA infections. 
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Abstract 
This study describes the development and 
characterization of a new anatomically relevant animal 
model of postoperative pain associated with inguinal 
hernia repair.  Behavioural characterization following 
surgery consisted of home cage and open field 
locomotor tracking with and without analgesic 
treatments.  Molecular markers of nerve damage and 
neuronal activation were also assessed.  .   
 
 
1. Introduction 

Acute postoperative pain remains a significant 
healthcare issue.  41% of patients report moderate to 
severe pain on the day of surgery despite acute pain 
management protocols 1.  The development of 
anatomically relevant models of postoperative pain with 
improved predictive validity would advance our 
understanding of the mechanisms of postoperative pain 
and improve treatment outcomes.  We aimed to 
develop, characterize and pharmacologically validate a 
rat model of acute postoperative pain associated with 
inguinal hernia repair.    
 
2. Methods 

Male Lister-Hooded rats (300-350g: n=6-12 per 
group) underwent surgery to model inguinal hernia 
repair or a sham (no incision) procedure under identical 
anaesthesia (3% isoflourane/0.6L/min O2).  Post-
surgical behavioural characterization involved 
monitoring of home cage and open field locomotor 
activity using an infra-red beam break system (Opto-
M3).  Rats received the mu-opioid receptor agonist, 
morphine (7mg/kg, 10mg/kg s.c.) 1hr before surgery 
and immediately after surgery, the non-steroidal anti-
inflammatory agent carprofen (5mg/kg, 10mg/kg s.c.) 
1hr before surgery, or saline vehicle.  Rats were 
sacrificed by transcardial perfusion.  Spinal cords and 
dorsal root ganglia were removed, sectioned and stained 
for markers of surgery-associated nerve damage (ATF3 
& IB4) and neuronal activation (c-Fos).   Data were 
analysed with two-repeated measures ANOVA followed 
by Fisher’s LSD post-hoc test.  p<0.05 was considered 
statistically significant and data are presented here as 
mean ± SEM. 

 
 

 

 
3. Results 
  Surgery was associated with a decrease in locomotor 
activity in both the homecage and open field.  Morphine 
increased activity in surgery rats compared to saline-
treated controls in the early hours following surgery.  
However morphine also increased levels of activity in 
sham rats compared to saline-treated controls.  
Carprofen attenuated the surgery-induced decreased in 
locomotor activity in the early postsurgical perod, 
without affecting sham animals.  Hernia repair surgery 
did not alter expression of markers of neuronal damage 
(ATF3 and IB4) in the dorsal root ganglia or spinal 
cord.  Immunohistochemistry revealed that c-Fos 
expression in the dorsal horn of the spinal cord was 
increased on the side ipsilateral to surgery at 2hrs post-
surgery.   
 
4. Conclusion.   
A novel anatomically relevant animal model of 
postoperative pain has been developed and 
characterized and may facilitate an increased 
mechanistic understanding and treatment of 
postoperative pain.   
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1. Introduction  
    Asthma is characterised by the inflammation of the 
air passages in the lungs. It is a common lung disease 
in Ireland that attacks 470,000 adults and children 
nationwide [1]. There is massive reactive oxygen 
species (ROS) generation, including superoxide anion 
(O2

! ) in asthma. ROS production leads to oxidation of 
many cellular components and excess generation of 
ROS is associated with the extent of airway hyper-
responsiveness when measured by methacholine 
challenge. SOD1 is one of the three members of the 
SOD family of dismutases that catalyse the 
dismutation of superoxide into oxygen and hydrogen 
peroxide [2]. Consequently, it is considered an 
important antioxidant defence in almost all cells.  
Hyaluronic acid (HA) is a commonly used carrier 
system and  binds to CD44 leading to the regulation of 
different biological processes, including tumor growth 
and metastasis, wound healing, and T-cell recruitment 
to sites of inflammation. The HA-binding peptide 
Pep1 is responsible for decreasing leukocyte homing 
during inflammation by reducing the binding of HA to 
CD44 [2].  
 
2. Hypothesis 
   A HA-binding pep1 can be used to generate 
recombinant HA-SOD1 fusion protein in Escherichia 
coli .  
 
3. Aim 
   The aim of this work is to express and purify a 
multi-functional recombinant form of HA-SOD1 
using an E. coli expression platform. 
 
4. Experimental Approach and Results  
     1. The gene encoding a hyaluronic acid-binding 
peptide, Pep1 [3], was amplified from human cDNA 
and combined using an overlap PCR approach with an 
MMP2 metalloprotease cleavage site [4], the sod1 
gene amplified from human cDNA, and a N-terminal 
hexahistidine tag for detection and purification of the 
recombinant product. 

 
Figure 1: Schematic of genetic construct encoding an N-terminal 
6His-tag, HA pep1,  MMP2 cleavage site,  and the sod1 gene  
 
 2. After cloning into an E. coli periplasmic expression 
vector, clone screening and sequence confirmation, 
the encoded protein was expressed in the cytoplasm of 
E. coli BL21 cells using an autoinduction approach.  
 

                  
Figure 2: Schematic of pIG6 expression vector containing the 
recombinant sod1 gene. Following expression in the E. coli 
cytoplasm, the fusion protein shown is purified using its N-terminal 
hexahistidine tag. 
  

5. Conclusions  
     HA-SOD1 recombinant protein expression in E. 
coli provides an inexpensive and relatively simple 
source of recombinant fusion protein. 
 
6. Future Studies 
    Delivery of HA-SOD1 expressed and purified from 
E. coli to the lung cells to reduce the levels of reactive 
oxygen species, associated tissue damage as well as 
inflammation.  
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Abstract 

A wearable embedded sensor and classifier device 
for bladder monitoring and treatment could improve the 
management, diagnosis and treatment of bladder-
related medical conditions. No such device currently 
exists.  This paper describes a Spiking Neural Network 
(SNN) application targeted at embedded hardware 
classification of bladder volume using a reported Ultra 
WideBand (UWB) radar target signature dataset.  
 
1. Introduction 

Bladder Volume Monitors (BVMs) are typically 
ultrasound, are not wearable due to size, power 
consumption and cost [2] constraints. UWB radar 
bladder-state sensing system proto-types have been 
reported [1] and tested using phantom bladder 
apparatus.  UWB technology incorporating an 
embedded classification function offers a potential 
wearable low power BVM solution.  

This paper presents a software SNN bladder volume 
classifier, exhibiting training set and validation set 
accuracy above 85% and 83% respectively over less 
than 500 Genetic Algorithm (GA) evolution 
generations. The SNN classifier is evolved using the 
ACROMUSE adaptive GA [3].  

 
2. UWB BVM RTS 

 
Fig.1. Block diagram of the UWB bladder system setup. 

 
Figure 1 illustrates the UWB BVM apparatus. The 

bladder phantoms present a range of bladder widths 
(containing saline solution), including small (10mm), 
medium (20mm) and full (30mm) widths. A UWB pulse 
is radiated into the bladder phantom and the reflection is 
recorded at the receiver. 60 observations are made from 
each of the three phantoms. Principle Component 
Analysis (PCA) is applied to the 180 element dataset to 

reduce the dimensionality to 15 variables per 
observation. Reported KNN classification algorithm 
accuracy is 91.3%, with standard deviation 4.6% [1]. 

 
3. Evolved SNN UWB Bladder Volume 
Classifier 

The SNN classifier uses PCA reduced data separated 
into positive and negative variables to yield 30 
variables. The dataset is divided into a training set 60%, 
validation set 20% and test set 20%. The training set is 
used to evolve the SNN classifier both in a software 
SNN simulation and on the EMBRACE hardware SNN 
emulation [4]. 

 The ACROMUSE GA [3] has been applied to 
evolve the SNN synaptic weights and neuron spike 
firing threshold potentials of a feed-forward, fully 
connected SNN with 30 inputs, 16 hidden layer neurons 
and 3 output neurons. The neuron model is leaky 
integrate and fire (LIF).  The classified output for any 
given set of inputs is based on the highest spike 
frequency of the relevant output layer neurons.  
 
4. Conclusions 

A software SNN bladder volume classifier has been 
developed, exhibiting training set and validation set 
accuracy above 85% and 83% respectively. An 
embedded FPGA hardware SNN classifier based on the 
reported EMBRACE FPGA hardware SNN architecture 
has been implemented on Xilinx Spartan 6 technology. 
Hardware SNN BVM classifier evolution is currently in 
progress. This marks progress towards the development 
of a cost effective, wearable classification device for 
monitoring bladder volume. Future work will 
incorporate an embedded hardware PCA core, and 
migration of host-based GA elements onto the FPGA. 
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Abstract 
This poster compares tools for product and service 
lifecycle management. Much is known about new 
product development and the role of tools and 
technology for the manufactured product, however little 
is understood of these issues within the realms of the 
service and product-service sectors. This research aims 
to provide an adapted toolkit which will assist service 
firms to improve productivity and efficiency based on 
lessons learned from manufacturing and SOA literature 
on services lifecycle management. 
 
1. Introduction 

Advances in technology and tools for life cycle 
management in the manufacturing sector have led to 
raised expectations in services, yet services have lagged 
behind manufacturing in productivity gains from 
systematic approaches such as computerization (Tien 
2006). Services can account for up to 70% of GNP 
(Goffin 2010) and can span healthcare, education and 
business services and more  (Forfás 2006; Tien 2006).   

The role of technology and tools in service life cycle 
management is poorly understood (Tidd 2009; Goffin 
2010) with much to be learned and applied from the 
manufacturing sector if the full scope and scale of 
services can be economized (Tien 2006). 
 
2. Comparing Life Cycles in the 
Manufacturing and Service Sector  
    Whilst the PLM cycle is broadly standardized 
(Goffin 2010), diversity in the service sector means that 
SLM is difficult to define (Tien 2006). The domain of 
telecommunications and IT has much to offer the 
service lifecycle in terms of conceptual models. Figure 
1 compares product and service lifecycles. 

 
4. Key Challenges 
Services typically involve attributes which differ from 
the manufactured product making standardisation 
difficult (Tidd 2009). Given the dynamic context of 

service delivery (Thomas 2002) tools and technologies 
must be able to cater for such attributes. The literature 
reveals new and evolving paradigms, frameworks and 
tools (Sage and Rouse 2011; Vallejo, Romero et al. 
2011) which leverage the historical development of 
quality and efficiency tools in the manufacturing 
industry and fuse these with the dynamic capabilities 
arising from telecommunications and IT infrastructure 
such as the cloud (Tien 2006). 
 
5. Findings 
   In summary, service firms and manufacturing firms 
seeking to unlock new value from services should 
examine and integrate these technologies and tools into 
their strategic and operational framework. It is clear that 
product lifecycles from the manufacturing and services 
sector differ and as such current tools and techniques to 
manage each stage will require adaptation within a new 
paradigm of enterprise engineering which enables the 
integration of business elements which are not under the 
direct control of the firm (Thomas 2002).  
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Abstract 

Biodegradable polymers have received major interest in 
the stent industry as they have the potential to overcome 
many limitations associated with Bare Metal Stents and 

Drug Eluting Stents [1-2]. Reported issues for fully 
polymeric stents refer to the lack of mechanical stability 

and vessel support, culminating in high recoil 
compared to metal stents [2]. In order to improve the 
mechanical performance and subsequently overcome 

high recoil, the shape memory effect is introduced and 
studied using Finite Element simulation.  

 
1. Introduction 

     Shape Memory Polymers (SMP) can retain a 
temporary shape post-deforming, and recover via heat-
control to initial shape. This effect is strongly related to 
the entanglement and strain storage of chain segments at 
elevated temperatures [3]. For the stent application, this 
allows a certain degree of self-expandability, which, 
combined with balloon expansion, can lead to a major 
improvement in recoil behaviour [2]. Previous 
experimental studies [2, 4] serve to confirm the overall 
potential for enhanced cardiovascular stenting 
performance. Moreover, they highlight the necessity for 
design and mechanical optimisation targeted at the 
interface of simulation and material science. 
 
2. Material and Methods 

Current studies are focused on the execution of a 
mathematical and physically representative model to 
describe the shape memory effect in polymers. 
Assumptions are based on a uni-axial model proposed by 
Wong et al. [5], which refers to a network consisting of 
elastic, viscoplastic and rubbery elements. Three stages 
are presented as deformation, retention and recovery; 
these stages are strongly time and temperature 
dependent. In order to develop a FE compatible model 
in three dimensions, a simplified constitutive model is 
required. Physical correctness is of major importance to 
ensure accurate and realistic simulation output. 

 
3. Result 

A simplified model has been adopted to capture the 
memory behaviour of amorphous thermoplastics using 
Abaqus Finite Element simulations. The outcomes are 

comparable with experimental results published by 
Wong et al [5] as shown in Figure 1.  
 

 
 Figure 1: Stress versus stretch ratio result for uniaxial 
stretching 
 
4. Discussion 

    The proposed model demonstrates the capability to 
generate a platform for more in-depth studies on shape 
memory behaviour of full polymeric stents. The gained 
knowledge about stress-strain behaviour of deformation 
during a thermo-dynamical cycle of shape memory effect 
can be used to create a more specific simulation  analysis 
using a UMAT.  
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Abstract 
The lymphatic system is a very complex vascular 
network featuring contractile walls and valves that aid 
in the propulsion of lymph back to the main circulatory 
system. The objective of this research is to use both 
computational and experimental methods to model the 
flow behaviour of the lymphatic system plays in cancer 
metastasis. The effect of two different wall motions on 
the wall shear stress (WSS) within a lymphangion is 
investigated in this study using computational fluid 
dynamics (CFD). 
 
1. Introduction 

Cancer is a leading cause of death worldwide and 
accounted for 7.6 million deaths, which was 
approximately 13% of all deaths in 2008[1]. Cancer is a 
disease whereby cells divide uncontrollably. These cells 
cluster together and form masses known as tumours. 
Tumor metastasis to regional lymph nodes is a crucial 
step in the progression of cancer. 

The lymphatic system is an extensive vascular 
network that consists of lymphoid organs, lymph ducts 
and lymph nodes. There are many areas of lymphatic 
physiology that still remain unexplored and little 
theoretical analysis exists. The lymphatic system 
transports lymph by skeletal muscle action, respiratory 
movement and the contraction of smooth muscle cells in 
the walls of the collecting lymphatics [2]. Immune cells 
travel via the lymphatic vessels to regional lymph nodes 
where specific immune responses are initiated [2]. These 
vessels are also exploited by cancerous cells. 
 
2. Objectives 

The objective of this study is to develop a numerical 
model to analyse the flow in the lymphatic system.  
 
3. Methodology 

The research strategy for this project is based around 
a systematic investigation of all the steps in existing 
knowledge of numerical models of the lymphatic 
system. Work to date has focused on generating an 
idealised lymphangion model using Star CCM+ Version 
7.06.012 software.  

The lymphangion model was constructed with a 
contracting segment flanked by static inlet and outlet 
sections. The flow was modelled as an implicit 
unsteady, incompressible, single component Newtonian 
fluid with a density of 997kg/m3 and a dynamic 
viscosity of 0.9mPas. 

 

 
Figure 1: Lymphangion model, the contracting segment 
has a prescribed motion such that the radius (60-120µm) 
varies with time. 

Two different wall motions, periodic sinusoidal and 
skewed sinusoidal were investigated with both steady 
and unsteady parabolic velocities defined at the inlet. 
The wall motion was defined as a boundary condition 
and a segregated implicit flow model was used to solve 
for the fluid. All simulations were run for 13.2s, which 
corresponds to 5 contraction cycles.    
 
4. Preliminary Results 

A preliminary computational analysis of 
lymphangion contraction has been carried out using 
CFD. The results reveal that the assumption of 
Poiseuille flow is valid for the estimation of WSS 
during a lymphangion contraction cycle. A fundamental 
understanding has been established that has provided a 
research platform for future experimental and 
simulation analysis. 
 
5. Future Work 

Future work will focus on modelling the lymphatic 
system in greater detail using both CFD and 
experimental methods. The incorporation of valves into 
this initial computational model will provide valuable 
information in regards to the mechanisms behind lymph 
transport.  

An investigation into cancerous tissue from a mass 
transport perspective will then be carried out. Numerical 
and experimental methodologies will be exploited to 
better understand and predict species behaviour in these 
diseased tissues within the lymphatics.  
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Abstract 

It is well established that stiff metallic implants often 
cause resorption of the surrounding bone. The use of 
carbon fibre PEEK laminates in orthopaedic devices 
offers potential for the development of implants with 
customised anisotropic material properties similar to that 
of bone, increasing load sharing between the implant and 
the bone and reducing bone resorption. This study will 
examine the response of laminated CF/PEEK distal 
radius fracture fixation plates to physiological loads. 
 

1. Introduction 
Polyetheretherketone (PEEK) is becoming increasing 

more attractive as a biomaterial for use in orthopaedic 
applications [1]. The addition of continuous unidirectional 
carbon fibres to PEEK allows for the design of laminates 
with customised anisotropic properties, providing 
mechanical advantages over homogenous metal plates for 
fracture fixation applications (e.g. decreasing the potential 
for stress shielding). This study analyses the response of 
CF/PEEK laminates to forces induced during everyday 
physiological loading of the distal radius. Results are 
compared with homogenous titanium and unreinforced 
PEEK plates. 
 

2. Methods 
Two composite plate designs are considered, with 

different layups and ply orientations:  
Lam. 1: [0°/0°/90°/0°/90°/0°/90°/-45°/45°]s 
Lam. 2: [90°/0°/90°/45°/90°/0°/-45°/0°/0°]s. 
Idealised plate geometries are subjected to the 
physiological loading experienced in the radius, i.e. 
combined bending (4.9Nm) and torsion (0.68Nm) 
[Christen, P., 2012; Hirahara, H., 2003] (Fig. 2A). 
 

3. Results 
Figure 1 shows the longitudinal stresses through the 

thickness of the laminates for a bending load of 4.9Nm. In 
the case of laminate 1, the high proportion of 0° plies 
towards the outer edges of the laminate allows for a 
greater resistance to the applied bending. 

 

 
Fig. 1: Longitudinal stresses through the thickness of the 
laminates under a 4.9Nm bending moment a) laminate 1 and b) 
laminate 2.  

 

The longitudinal and transverse stress distributions in 
the most highly stressed ply in laminate 1 (ply1, 0°) and 
laminate 2 (ply2, 0°) under the combined bending/torsion 
load are shown in Fig. 2B. Peak stresses are lower in 
laminate 1, with a significant stress concentration being 
computed in the region of the screw thread in laminate 2.  

 
Fig. 2: A) Plate geometry and applied loading; B) Longitudinal 
(i & ii) and transverse (iii & iv ) stress distributions in laminate 
1 and laminate 2. 
 

As shown in Table 1, the design factor of safety (FoS) 
of laminate 1 is comparable to that of a titanium plate 
with the same thickness (2.85mm). The importance of ply 
orientation highlighted by the reduced FoS of laminate 2. 
An unreinforced PEEK plate is shown to be unsafe for the 
specified physiological loading. 
 

 Factor of Safety 
Titanium 5.57 

Laminate 1 4.72 
Laminate 2 2.84 

Unreinforced PEEK 0.51 
Table 1: Design factor of safety calculated for 2.85mm thick 
plates under the combined bending/torsion loading.  
 

4. Discussion 
Clearly the introduction of continuous carbon fibres 

into PEEK polymer allows laminates to be manufactured 
with a similar thickness to titanium plates, with the 
advantage of reduced stiffness, thus decreasing the 
potential for bone resorption due to stress shielding. The 
importance of ply orientation in the reduction of stress 
concentrations is demonstrated; optimal laminate design 
is of critical importance in the use of CF/PEEK as an 
alternative to titanium for fracture fixation plates. 
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Abstract 
Complex carbohydrates are involved in 
molecular and cellular recognition, most 
chronic diseases and in immune response. 
Sialic acid is a family of 9 carbon sugar that is 
critical in immune recognition and the half life 
of molecules in vivo. Human cells are 
predominantly covered with the form of sialic 
acid N-acetyl neuraminic acid (Neu5Ac) 
whereas most other mammals also posses N-
glycolyl neuraminic acid (Neu5Gc): a form 
homo sapiens are unable to synthesize due to a 
genetic mutation in the CMAH gene 
responsible for converting Neu5Ac to Neu5Gc. 
There is also evidence that Neu5Gccontaining 
glycoconjugates occur frequently in cancer 
patients and in in vitro systems. Recently, it 
has been shown that tumor-associated Neu5Gc 
can interact with low levels of naturally 
occurring circulating anti- Neu5Gc antibodies 
thereby facilitating tumor progression via 
chronic inflammation in human-like Neu5Gc-
deficient mouse model(1). There is therefore 
increased interest in the biology of this non-
human sialic acid. The availability of specific 
binders for Neu5Gc would be very useful for 
these studies, both as analytical reagents and 
also as interrogation tools. 
 
1.  Introduction 
Aptamers are oligonucleotides (DNA or RNA), 
which have a capacity to bind with a variety of 
biomarker with high affinity and specificity. 
Here we describe the development of aptamers 
against the Neu5Gc. The most commonly used 
methodology for finding and developing 
aptamers is termed SELEX(2) (Systematic 
Evolution of Ligands by Exponential 
enrichment). In SELEX, specific nucleic acid 
aptamers are isolated from a diverse pool of 
randomized nucleic acids containing more than 
1012 different sequences, by successive rounds 
of selection and re-amplification.  
 
2.  Results 
We started with a 60bp synthetic DNA library 
pool with a 30 bp random variable region and 
flanking constant regions permitting 
reamplification. In total, 10 rounds of solution-
phase panning were carried out against 
Neu5Gcspacer- biotin and bound aptamers 
were isolated utilising streptavidin-coated 
magnetic beads. Three rounds of negative  

 
 
selection were also performed to increase 
further the specific DNA binders against 
Neu5Gc - against the spacer-biotin alone, 
Neu5Ac-spacer-biotin, and against bovine and 
human serum albumin (BSA and HSA, 
respectively). The outputs of each panning 
round were evaluated for ability to specifically 
bind Neu5Gc presented as conjugates of BSA 
and biotin. DNA pools demonstrating a higher 
binding were cloned into E.coli direct 
sequencing and selected sequences tested. 
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Abstract 

Recent studies have shown that Escherichia coli can 
persist in the external environment for longer periods 
but the mechanism for their survival in the external 
environment is unknown. Thus, we examined the role of 
the general stress response regulator (rpoS) in 
adaptation of soil-persistent E. coli strains to the soil 
environment. We show the presence of rpoS in 5 
genetically distinct soil-persistent E. coli isolates. These 
strains are able to respond to acid stress at pH 4 by 
producing �Â-aminobutyrate (GABA) while motility test 
shows higher motility in soil-persistent E. coli than in 
laboratory strain BW25113. These results suggest 
rpoS is functional in the soil-persistent E. coli. 
 
1. Introduction 

E. coli is widely used as an indicator of faecal 
contamination in the environment based, mainly 
because it was assumed to only survive transiently 
outside of the host gastrointestinal tract. However, 
recent studies suggest that E. coli can persist and 
grow in the external environment. 

Soil persistent E. coli strains have been shown 
to be genetically diverse and possess unique 
growth and metabolic characteristics, suggesting 
adaptation to conditions present in soils (1). 

This project aims to determine whether the 
alternative sigma factor rpoS ���1s) is intact and 
functional in soil-persistent Escherichia coli 
strains and if �1s plays a role in the adaptation of 
Escherichia coli to soils. 

 
2. Methodology 

Soil-persistent E. coli belonging to diverse 
genetic groups were collected from a previous 
study (2) and designated as COB583, COB584, 
COB585, COB586 and COB587. E. coli 
BW25113; rpoS mutant (�û��rpoS), J1 (a human 
commensal) and E. albertii TW11588 (a soil 
isolate �± COB593) were used for comparison 
purposes. 

PCR was used to confirm the presence of rpoS 
in the 5 soil-persistent isolates. 

GABA Assay was used to determine the 
response of E. coli strains to acid stress at pH 4.  

The assay was done according to (3). Motility 
test was carried out by inoculating colonies of test 
organisms into the centre of 0.25% w/v soft LB 
agar plates and incubation at 37°C and 15°C.  
 

 
3. Results 

There is presence of rpoS in the 5 genetically 
distinct soil-persistent isolates and the rpoS loci 
are currently being sequenced. Soil-persistent E. 
coli isolates produced intracellular GABA 
(GABAi) and extracellular GABA (GABAe) when 
challenged with pH 4, indicating that there is a 
functional glutamate decarboxylase (GAD) system 
in these strains. GABA assay has shown that the 
GAD system in E. coli is RpoS-dependent. Soil-
persistent E. coli exhibited high motility, similar to 
commensal strain (J1) at 37°Cand 15°C; compared 
to the low motility of laboratory strain BW25113. 
 
4. Conclusions 

RpoS is present in genetically diverse soil-
persistent E. coli strains. Production of GABA in 
the soil-persistent E. coli indicates they possess 
functional GAD systems which respond to acid 
stress. These results suggest rpoS is functional in 
the soil-persistent E. coli. 
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Abstract
A self-efficacy scale is developed to measure the strength of 
oneÕs belief in their ability to successfully perform business 
model tasks (i.e. the business model self-efficacy, or BMSE, 
scale). Following an initial process of validation, this scale 
will be tested on a diverse sample to test the hypothesis that 
BMSE is associated with entrepreneurial performance.

1. Introduction
Self-efficacy is a task and domain specific construct 

from Social Cognitive Theory [1] that refers to the strength 
of oneÕs belief in their ability to successfully perform given 
tasks [2]. In this regard, the business model [3] [4] provides 
an umbrella term for understanding the tasks of 
entrepreneurship, whereas Business Model Self-Efficacy 
(BMSE) refers to the strength of oneÕs belief in their ability 
to successfully perform business model tasks. This study 
aims to develop a valid and reliable measure of BMSE to 
test whether BMSE mediates the relationship with 
entrepreneurial performance. In this way, the study will 
explore whether differences in BMSE exist across groups 
(i.e. non-entrepreneurs and entrepreneurs) and within 
groups (i.e. micro-entrepreneurs and macro-entrepreneurs).

First, past self-efficacy measures exclusive to 
entrepreneurship have not specifically employed a business 
model lens, e.g. [5]. Second, these measures have not 
differentiated between the underlying knowledge and 
cognitive process dimensions of entrepreneurial tasks, e.g. 
[6]. This is important since the cognitive domain for a 
given task may be understood as the intersection of these 
dimensions [7]. Third, it may be helpful for scholars to 
understand the relative importance of these underlying 
dimensions as they relate to the successful performance of 
entrepreneurial tasks. 

To conclude, this study aims to develop a new measure 
of self-efficacy specific to entrepreneurship (i.e.  the BMSE 
Scale). With the business model as a theoretical guide, a 
two-dimensional conceptual framework of entrepreneurial 
tasks is developed. Within this framework, a 
multidimensional BMSE scale is created to be later tested 
on a diverse sample that includes both non-entrepreneurs 
and entrepreneurs. BMSE scale items will be statistically 
evaluated for reliability and validity (e.g. factor analysis). 
Finally, implications for entrepreneurship theory and 
practice will be reported based on the results of the study.

2. Method 
First,  a two-dimensional conceptual framework of 

business model tasks was developed to distinguish between 
the underlying knowledge and cognitive process 
dimensions of these tasks.

Second, using this framework as a theoretical guide, 63 
BMSE items were developed to also include a 9-item lie 
scale. These items were reviewed by a panel of academic 
experts (entrepreneurship and psychology disciplines) to 
ensure construct validity at the front-end of the process.  

Third, a research instrument was developed to capture 
other information related to the overall research question, 

e.g. the respondents demographics, business classification 
category, and business performance data, as appropriate.  

Lastly, a multistep scale development process will be 
followed as per the protocol outlined in Figure 1 [8] and 
BanduraÕs guide for constructing self-efficacy scales [9]. 

1. Theoretical Foundations for Underlying Construct 

2. Generate an Initial Item Pool

3. Determine the Format for Measurement

4. Have Initial Item Pool Reviewed by Experts

5. Consider Inclusion of Validation Items

6. Administer Items to a Development Sample

7. Evaluate the Items

8. Optimise Scale Length

Figure 1: Adapted Scale Development Protocol
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Abstract 
Empirical research in the Irish MedTech is sparse and 
�G�L�V�S�U�R�S�R�U�W�L�R�Q�D�O�� �W�R�� �W�K�H�� �V�H�F�W�R�U�¶�V�� �H�F�R�Q�R�P�L�F�� �V�L�J�Q�L�I�L�F�D�Q�F�H����
In addressing at least part of that shortfall, this 
qualitative research, the first a two part empirical 
investigation, identifies current practices of user 
involvement as voice of the customer (VoC) in the 
sector's product innovation. The study conducts (20) 
semi-structured interviews in (4) multinationals (MNC), 
(2) small and medium enterprises (SME) and (3) start-
up firms. Findings to date identify major differences in 
the user interfaces employed, embeddedness and the 
tools used to generate VoC. The engineer/designer's 
need to shadow users, build and manage relationships 
and develop entrepreneurial skills, were unexpected 
findings. The study plots current �X�V�H�U�V�¶ involvement and 
identifies tools and skills required to enhance it. 
1. Introduction 

The Irish MedTech Sector has been identified by the 
Irish Government as a major growth sector in the 
recovery and development of the Irish Economy. There 
are currently 250 medical technology (MedTech) 
�H�Q�W�H�U�S�U�L�V�H�V���L�Q���,�U�H�O�D�Q�G�����H�[�S�R�U�W�L�Q�J���¼�������E���Z�R�U�W�K���R�I���S�U�R�G�X�F�W��
annually and employing 25,000 people. At least half of 
these companies are multinational corporations, the 
majority of which have US ownership. However, 
empirical studies are sparse and disproportional to the 
�V�H�F�W�R�U�¶�V economic significance.  
 
2. Aim 

 The purpose of the research is to qualitatively 
identify; current practices of user input as voice of the 
customer (VoC) in the Irish MedTech sector, the 
manner and intensity of that engagement, the skills 
required and tools used. The data collected provides 
major themes for further investigation in a subsequent 
empirical study, the outcome of which leads to the 
construction of practical guidelines or a best practice 
framework for user engagement in MedTech 
innovation. 

 
3. Literature review 
    New product innovation is the life blood of high 
technology enterprises, critical to their on-going 
growth. Radical innovation increases the likelihood of 
differentiation and therefore long term competitive 
advantage [1]. Users are a highly probable source of 
radical innovation [2] and firms who spend time in the 
front end of innovation gathering data by ethnographic 
means are more likely to develop successful products 
[3].Yet involving users, still presents major challenges 

for firms and their research and development personnel, 
despite the research generated in the voice of the 
customer (VoC) space. Available empirical studies 
however are descriptive and explanatory [4], or 
�Z�H�L�J�K�W�H�G�� �µ�R�Q �Z�K�D�W�� �I�L�U�P�V�� �Q�H�H�G�� �W�R�� �G�R�¶�� �Z�L�W�K�� �O�L�W�W�O�H�� �U�H�J�D�U�G��
give�Q���W�R���µ�K�R�Z���W�R���J�R���D�E�R�X�W���G�R�L�Q�J���L�W�¶��[5].  
 
4. Method 

This study employs qualitative in depth semi 
structured interviews with 20 carefully chosen 
respondents 14 of whom are R+D engineers, 3 
biomedical scientists all of whom are engaged in R+D, 
2 innovation course directors and a facilitator. 
Questions were constructed from both findings and 
gaps in literature. Interviews are sound recorded and are 
of 30-40 minute duration. Each is transcribed, then 
analysed by NVivo software. The interviews provide an 
overview of innovation and user involvement in the 
sector, while also identifing themes for the subsequent 
survey. 
 
5. Findings to-date 

Many aspects of current practice have already come 
to light including; innovation processes employed, the 
frequency and timing of user interaction, the type of 
engagement and contrasting practices employed by 
start-up and MNC firms. However, other themes such 
as relationship development, relationship management, 
and the need for engineers/designers �W�R�� �µ�V�K�D�G�R�Z�¶��users 
emerged unexpectedly and will require further 
investigation. Finally by identifying practical tools and 
skills which increase user involvement this research 
contributes �W�R���W�K�H���V�H�F�W�R�U�¶�V���O�H�Y�H�O���R�I���S�U�R�G�X�F�W���L�Q�Q�R�Y�D�W�L�R�Q��  
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Abstract 
During early fetal development long bones are developed by 
means of a process called endochondral ossification, which 
begins when chondrocytes condense, proliferate and 
produce a cartilage template. Over time the cartilage matrix 
is invaded by blood vessels, osteoclasts, bone marrow 
stromal cells (MSCs) and osteoblasts, which deposit bone 
upon this template [1]. In this study we propose to use tissue 
engineering approaches to recreate the endochondral 
ossification process in vitro. 
 
1. Introduction 

Recent in vitro tissue engineering approaches have 
looked at incorporating certain aspects of the endochondral 
ossification process as bone regeneration strategy. Two key 
aspects of the process that have been investigated are the 
production of the cartilage template and the invasion of 
blood vessels and vascularisation. Both processes have been 
found to beneficial to the mineralisation process of MSCs [2, 
3].  

However, in vivo both are crucial for the development of 
bone tissue, and to date no in vitro tissue regeneration 
strategy has sought to incorporate both events. The objective 
of this study is to chondrogenically prime MSCs to form a 
cartilage template and subsequently pre-vascularise the 
constructs through co-culture.   
 
2. Materials and Methods 

To determine the optimum in vitro conditions for 
development of a cartilage template, pellets formed from 
MSCs harvested from BALB/c mice were chondrogenically 
primed for varying durations (10-28 days).  

Once the optimum conditions for the development of a 
cartilaginous template were determined, vascular priming 
was performed by co-culturing human bone marrow derived 
MSCs with HUVECs at a ratio of 50:50 per pellet.  

Papain digested pellets were analysed for sulphated 
Glycosaminoglycan (sGAG) content, as a measure of 
chondrogenesis, and DNA content. Media samples were 
analysed for ALP activity and hydrochloric acid digested 
samples were used to analyse calcium content, both 
measures of osteogenesis.  

Pellets were also embedded in paraffin, sectioned in 8µm 
sections and stained with Alcian Blue, Picosirius Red 
(chondrogenesis), and Alizarin Red (osteogenesis).  

 
3. Results 

Looking at the biochemical and histological results 
we can see that chondrogenic priming enhanced the 
chondrogenic differentiation potential of MSCs compared to 

chondrogenic growth factors alone as seen in Day 49 of the 
sGAG assay and Alcian Blue histological staining.  
 We can also see that the HUVECs that were added 
did attach to the already formed cartilage template as seen 
in Alcian Blue histological staining and that this addition 
had a significant effect on the ALP activity of the MSCs as 
seen in the ALP assay.  

 
 

Figure 1: (a) sGAG Content 6 groups at Day 49. (* p<0.05 versus 
Chondro Group, & ^ p<0.05 versus Osteo Group, n=6). (b) Alcian 
Blue Staining of each of the groups at Day 49. (c) Alcian Blue 
stained sections of the two groups; (d) Extracellular ALP activity 
expressed by co-culture pellets (ap<0.05 versus both groups at Day 
20; n=3). 

 
4. Discussion 

Our results show for the first time that 
chondrogenic priming for 14 - 21 days, prior to being 
exposed to osteogenic factors, produces the optimum 
conditions for the development of the cartilage template. 

Interestingly we can also see that the formation of 
the cartilage template provides a suitable platform for 
HUVECs to attach and invade. Moreover, our results show 
that the co-culture of the HUVECs and MSCs leads to an 
increase in osteogenic markers (ALP). 
 
5. Conclusion 
This study shows that chondrogenic priming followed by 
vascular priming can enhance the osteogenic differentiation 
potential of MSCs and may serve as an effective in vitro 
bone regeneration strategy. 
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Abstract 
Osteoblasts and osteocytes are bone cells which sense 
mechanical stimuli and control bone growth in 
response. This study represents the first direct 
experimental characterisation of the stimuli 
experienced by healthy and diseased bone cells in their 
native environment, providing a greater understanding 
of bone cell mechanobiology and its implications in 
osteoporosis. 
 
1. Introduction 

Alterations in bone tissue composition occur at the 
onset of osteoporosis and such changes likely disrupt 
the mechanical environment of bone cells, and may 
thereby initiate a mechanobiological response. However 
it has proved challenging to characterise the mechanical 
environment of bone cells in vivo and as such the 
mechanical stimuli sensed by bone cells in osteoporotic 
bone tissue are poorly understood [1].  

The objective of this study is to characterise the 
strain environment of osteoblasts and osteocytes under 
physiological loading conditions in healthy and 
osteoporotic bone. 
 
2. Materials and Methods 

Fluorescent staining of femur sections from normal 
(SHAM) and ovariectomised (OVX) rats with a plasma 
membrane stain (CellMask, Invitrogen) and fluorescein 
isothiocyanate (FITC, Sigma-Aldrich) was performed, 
allowing visualisation of cell membranes and the 
lacunar-canalicular network respectively [2]. 
�3�K�\�V�L�R�O�R�J�L�F�D�O���O�H�Y�H�O�V���R�I���O�R�D�G�L�Q�J�����������������—�0�����Z�H�U�H���D�S�S�O�L�H�G��
to the samples using a custom-built loading device and 
confocal images �Z�H�U�H���D�F�T�X�L�U�H�G���I�R�U���H�D�F�K�����������—�0���O�R�D�G�L�Q�J��
step. Digital image correlation (DIC) techniques were 
applied to characterise cellular strains [3]. 

 
Figure 1: Images of strain in osteocytes and osteoblasts 

 
Figure 2: Strain in healthy and diseased osteoblasts 

3. Results 
The strain distribution in a sample osteocyte and 

osteoblast is shown in Figure 1. The average strain 
distributions in the cells are shown by volume for 
osteoblasts (Figure 2) and osteocytes (Figure 3). 

 
Figure 3: Strain in healthy and diseased osteocytes 

4. Discussion 
Our results provide the first experimental evidence 

that osteocytes in healthy bone tissue experience higher 
maximum strains ���1�� � �� �������������� �“�� ������������ �—�0����than 
osteoblasts ���1�� � �� �������������� �“�� ������������ �—�0��, whereas 
osteoblasts sense bone growth strain stimuli (> 10,000 
�—�0���� �W�K�U�R�X�J�K�R�X�W�� �D�� �J�U�H�D�W�H�U�� �Y�R�O�X�P�H�� �R�I�� �W�K�H�L�U�� �F�H�Ol body [4]. 
Most interestingly, we show that osteoporotic bone cells 
sense osteogenic strain magnitudes throughout 2-11% 
more of their volume, with 25-31% greater maximum 
strains, than healthy bone cells. Furthermore, osteocytes 
are more stimulated than osteoblasts in osteoporotic 
bone, exhibiting 46% higher maximum strains. 

This study represents the first direct experimental 
characterisation of the stimuli experienced by healthy 
and diseased bone cells in their native environment, 
providing a greater understanding of bone cell 
mechanobiology and its implications in osteoporosis.  

Acknowledgements: IRC EMBARK, ICHEC, ERC Grant 
258992 �± BONEMECHBIO 
References: [1] Nicolella et al., J Biomech, 2006 (39) [2] 
Verbruggen et al., J R Soc Interface, 2012 (9) [3] Luu et al., Opt Lett, 
2011 (36) [4] You et al., J Biomech Eng, 2000 (122) 



Understanding the Effects of Thermal Elevations Associated with Orthopedic Cutting 
*Dolan, E.B.1,2, Vaughan, T.J.1, Niebur, G.L.2, Tallon, D3, McNamara, L.M.1 

1 Biomechanics Research Centre (BMEC), Mechanical and Biomedical Engineering, NUI Galway, Ireland. 
2 Department of Aerospace and Mechanical Engineering, University of Notre Dame, Notre Dame, IN 46556, USA. 

3 Stryker Instruments, Cork, Ireland 
e.dolan4@nuigalway.ie 

Abstract 
Bone is inevitably exposed to elevated temperatures 
during orthopaedic cutting procedures that can result in 
thermal injury, contributing to delayed healing. The 
objective of this study is to develop a progressive 
localisation technique that predicts how organ level 
thermal elevations are experienced at the cellular levels. 
We report that thermal elevations are immediately 
experienced by osteocytes at their processes, known to be 
mechanosensitive. This study offers a novel insight into 
bone thermal behavior, informing the development of 
innovative cutting techniques. 

 
1. Introduction 
Orthopaedic instrumentation are required to provide 
surgeons with access to joints of the body, without 
causing extensive harm to native tissue, thus enhancing 
post-operative outcome. Surgical cutting inevitably 
exposes bone tissue to elevated temperatures. Thermally 
injured bone is subsequently resorbed, causing loosening 
of implants and delayed healing [1-3]. However, precise 
thermal elevations occurring throughout bone during 
surgical cutting are not defined. The objectives of this 
study are to a) determine precise thermal elevations and 
microscopic thermal properties using infrared and thermal 
diffusivity imaging technology and b) develop multi-scale 
computational models to predict temperature elevations 
experienced throughout bone during orthopaedic cutting. 
 
2. Materials and Methods 
Thermal imaging: To define boundary conditions for the 
computational models, FLIR® thermal imaging 
technology was used to record temperatures occurring on 
the bone surface during surgical cutting. Briefly freshly 
harvested ovine bone was cut using a heavy duty surgical 
saw (Stryker Instruments) attached to a Zwick tensile 
tester, to apply a constant feed rate. Thermal diffusivity 
imaging was used to define thermal properties of bone 
using a custom built coaxial thermal lens microscope [4]. 
Images based on the thermal diffusivity of bovine cortical 
bone were generated. Multi-Scale Computational 
Modeling: Abaqus Finite Element software is used to 
predict thermal elevations throughout bone. Localised 
osteocytes embedded in mineralised bone were studied 
using a multi-scale methodology. Heat flux and cooling 
was applied to global models to parallel experimental IR 
imaging data. Resulting temperatures were applied as 
boundary conditions for osteocyte submodels. Thermal 
properties for osteocytes and bone tissue were derived 
from thermal diffusivity imaging. 
 

 

3. Results 
Thermal Imaging: Thermal profiles are identified for 
specific cutting regimes and applied to computational 
models to simulate cutting. Bone heterogeneity is 
represented by the range in thermal diffusivity observed 
in the mineralised matrix. Cells have a lower thermal 
diffusivity than bone, 1.45e-7 vs. 2.28e-7m2/s. Resulting 
properties inform computational models. 
Computational Modeling: Multi-scale models predict 
that when temperature at the surface is ~60°C, cells up to 
620 µm from the heated surface (z-direction) are likely to 
experience thermal injury. Highest temperatures are 
observed in the marrow, which is accredited to the 
thermal properties, see Figure. Temperature in the bone 
varies directly with feed rate and inversely with cooling 
time and distance from the surface. Cell processes 
experience thermal elevations immediately. 

 
Figure: Thermal elevations at organ, osteon and cell levels 
4. Discussion 
The multi-scale nature of these models takes into account 
the combined contribution of both bone thermal 
properties and compositional factors affecting the 
generation and distribution of heat as a result of 
orthopaedic intervention. Additionally, by resolving local 
thermal elevations at each scale, this study provides an 
insight into the mechanisms which contribute to the 
thermal behaviour and damage responses of bone tissue. 
We demonstrate that the location of bone cells alters their 
direct exposure to elevated temperatures. We observe that 
osteocyte processes, due to their slender morphology, 
experience elevated temperatures equaling surrounding 
cortical bone. This highlights the sensory role of the cell 
processes, which are known to be mechanosensitive, 
embedded within mineralized bone matrix, detecting 
mechanical and thermal damage and stimulating a 
response in neighboring cells. These studies will enable 
continual innovation of surgical instrumentation, with the 
overall outcome of improving patient outcome.  
5. References 
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Abstract 
Pre-osteoblasts (MC3T3-E1s) are known to be sensitive to 
fluid shear stress (FSS) stimulus and regulate their 
metabolic and adaptive functions in response [1] but the 
mechanism through which they do this remains unclear. 
Through a combination of in vitro and computational 
research this study will improve understanding of the 
mechanotransduction role of intercellular adhesion 
junctions in the stimulation of osteogenesis. 
 

1. Introduction 
Adhesion junctions (AJs) are transmembrane structures 

which form a link between the cytoskeletons of adjacent 
bone cells. It has been shown that FSS stimulates an AJ 
osteogenic signaling response whereby intercellular 
proteins such as ��-catenin are released from the junction 
complex [2]. The objectives of this study are to investigate 
the role of AJs in the mechanotransduction of FSS into an 
cellular osteogenic response and to develop a fluid-
structure interaction (FSI) model to examine and predict 
the role of AJs in osteogenesis. 
 

2. Methods 
MC3T3-E1s were seeded on collagen type-I coated 

glass slides and grown to confluency in MC3T3-EI 
expansion media. Samples were divided into 3 treatment 
groups; recombinant human Endostatin (Peprotech) which 
degrades the AJ signaling �P�R�O�H�F�X�O�H�� ��-catenin, EGTA 
(Sigma) which chelates extracellular Ca2+ and a control. 
After treatment, FSS of 1 Pa was applied for 1 hr in a 
parallel plate bioreactor [3]. Cellular response is analyzed 
using immunofluorescent staining, ALP, PGE2 and NO 
assays and RT-PCR. Using Ansys software a FSI model 
was developed to compute the flow induced strain 
distribution in two MC3T3-EIs connected by a single AJ. 
Cells were oriented at 0o and 90o to the flow direction to 
assess the influence of AJ location on computed strain 
concentrations. The cell nucleus and cytoplasm were 
modeled as elastic materials. 

 

3. Results 
A significant decrease in AJs in EGTA treated samples 

was observed (Fig. 1A). FSS induced realignment of the 
cytoskeleton and stress fiber formation are most 
pronounced in EGTA FSS samples. ALP results were 
analyzed using two-way ANOVA, followed by pairwise 
multiple comparison procedures (Tukey test). A 
�V�L�J�Q�L�I�L�F�D�Q�W�� ���S�”������������ �G�H�F�U�H�D�V�H�� �L�Q�� �$�/�3�� �D�F�W�L�Y�L�W�\�� �Z�D�V��
observed for EGTA treated samples. A significant 
increase in ALP activity was observed for control FSS 
samples, but no significant difference was found between 
EGTA static and EGTA FSS samples. FSI simulations 
(Figure 1B) reveal that a significant strain concentration 

occurs in the region of the AJ when cells are oriented at 
90o to the flow direction, in sharp contrast to computed 
results when cells are oriented at 0o. 

 

 
Figure 1: A) MC3T3-EI Immunofluorescent staining of N-
cadherin AJs (green),  cytoskeleton (red) and the nucleus (blue). 
B) Contour plot of equivalent strain on idealized MC3T3-EI 
models joined by AJs (blue arrows). 
 

4. Discussion 
ALP results indicate that AJs could be significantly 

involved in MC3T3 osteogenesis, while FSI results 
indicate that the mechanical stimulus received by an AJ is 
highly dependent on location and orientation to the flow 
field. Simulation of cell morphologies observed in-vitro 
will further elucidate the role of fluid flow and AJs in cell 
remodelling. 
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Abstract 
Aortic stenosis is an age related degenerative disease of the 
aortic valve that causes narrowing of the valve and aortic 
regurgitation. Transcatheter Aortic Valve (TAV) 
implantation is a percutaneous alternative to open heart 
surgery, which allows for the treatment of a cohort of 
patients for whom conventional surgery is deemed 
excessively risky due to high postoperative mortality rates or 
pre-existing illness[1]. In this study we assess the effect of 
TAV implantation morphology on valve hemodynamic's. 
1. Introduction 
Patients with aortic stenosis often present with large 
asymmetric calcium deposits on the native aortic valve [1]. 
Conventional open-heart surgical techniques allow for the 
removal of these deposits and ensure optimal implantation of 
surgical valves. However the use of a percutaneous 
technique is complicated by the possibility of incomplete 
and asymmetric deployment of the TAV. A consequence of 
asymmetric deployment is distortion of the TAV, which can 
result in severe aortic regurgitation, device embolisation and 
increased leaflet loading and abnormal flow leading to 
hemolysis and thrombus formation [2,3]. The objective of 
this study is to  characterize the effect of valve asymmetry 
on fluid velocity fields, and associated fluid shear stress in a 
TAV. 
2. Materials and Methods 
A Transcatheter Aortic Valve (TAV) was deployed into an 
acrylic idealized aortic root and connected to a pulsatile left 
heart simulator consisting of a bulb pump driven by 
compressed air to simulate left ventricle contraction. Valves 
were cycled under physiological (5.0 L/min) and 
pathological (2.5 L/min) flow conditions typical of TAV 
patients. 
TAVs were deployed in two geometries, a circular geometry 
(e=0) (acting as the control) and a severe asymmetric 
geometry with an eccentricity of e=0.68 representing in vivo 
deployed TAV geometries [2]. 2D Particle Image 
Velocimetry consisting of a pair of pulsed Nd:YAG lasers 
emitting a laser sheet and used to illuminate fluid flow 
seeded with fluorescent polymethyl methacrylate (PMMA) 
particles. Velocity vector fields, Reynolds (RSS) and 
Viscous (VSS) shear stresses were used to evaluate fluid 
flow in circular and asymmetric geometries. 
3. Results 
Figure 1 shows ensemble averaged velocity flow fields from 
PIV of circular and asymmetric deployed valves at different 
systolic time points in the cardiac cycle. At early systole in 
the circularly deployed valve, a central systolic jet is formed 
with a peak velocity of 1.1 m/s, and streamlines show 
laminar flow downstream. In the asymmetrically deployed 
valve, a narrower, offset and increased velocity jet with a 

peak velocity of 1.5 m/s occurs. At peak systole, jet velocity 
magnitudes (2.5 m/s) are similar in both deployment 
geometries. Jet profile in the asymmetric deployed valve 
show a more divergent flow pattern with an added strong 
vortex at the Sinotabular Junction 
 
 
 
 
 
 
 
 
Figure 1: Velocity fields at early, peak and late systole for 
circular and asymmetric valves (A) and Reynolds and 
Viscous Shear Stresses at peak systole in circular and 
asymmetric valves. 
4. Discussion 
This study provides for the first time a comprehensive 
analysis of the in vitro flow characteristics of a TAV 
implanted in varying patient derived aortic annulus 
morphologies. PIV experiments showed that an asymmetric 
deployed valve produces a more divergent flow pattern than 
that of a circular deployed valve. This diverging flow pattern 
is due to the eccentric geometry applied to the inflow 
segment of the valve, which causes the stent posts to diverge 
from each other at the outflow segment and increase the 
opening angle of the valve. Peak Viscous Shear Stresses 
(VSS) occur immediately downstream of the valve (Figure 1 
(A)),  with maximum counter clockwise VSS emanating 
from the stent post in both geometries. In both geometries 
max and min VSS magnitudes are similar (5 and -4 N/m2) 
however in the circular valve max and min VSS areas are 
aligned parallel while in the asymmetric geometry the areas 
are diverging and aligned away from each another indicating 
divergence of the stent posts.  
5. Conclusion 
Our study reports for the first time that asymmetric 
implantation leads to a more divergent ejection volume 
than that of a circularly deployed valve. As the clinical 
use of transcatheter valves increase with the introduction 
of new technologies and younger patient populations, the 
assessment of TAV performance in asymmetric 
geometries is critical in determining the successful 
implantation in patients with wide ranging aortic root 
morphologies. 
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1.Introduction  
Biochar amended soils have demonstrated various 
plant growth promotion effects, increased water 
retention and pH neutralisation (Lehmann et al, 
2011������ �7�K�H�� �F�K�D�U�¶�V�� �L�P�S�D�F�W���� �K�R�Z�H�Y�H�U���� �R�Q��
macronutrient bio-availability and the 
microorganisms involved in their transformation 
remain largely unknown. This is particularly the 
case with sulphur (S) and phosphorous (P). Plants 
rely on microorganisms to mineralize organic and 
inorganically bonded S and P which the plant can 
then readily utilise. The aim of this study was to 
investigate S and P mobilizing bacteria in biochar 
amended soil to better understand nutrient 
mobilization capabilities in Irish soils amended 
with biochar. 

2.Materials and Methods  
Eight replicate pot experiments of ryegrass Lolium 
perenne, Spring barley Hordeum vulgare and 
tomato Lycopersicon esculentum were established 
on S and P limited soil. Pot soils were treated with 
1 or 2% biochar (w/w, made from Miscanthus 
giganteus, pyrolysed at 600°C for 15 minutes) 
(Kwapinski et al, 2010) or were kept biochar-free 
as a control. After a growth period of 
approximately 3 months the plant shoots were 
harvested. Rhizospheric soil was sampled from 
each plant replicate, a Most Probable Number 
(MPN) analysis was conducted and Colony 
Forming Units (CFU) were established using 
minimal media to grow bacteria capable of 
mobilising a) S from aromatic sulfonates, 
(Schmalenberger et al, 2008) b) P from phosphate-
esters, c) P from phosphonates, and d) P from 
tricalcium-phosphates as sole source of S or P, 
respectively. The diversity of the bacterial 
community was analyzed employing 16S rRNA 
gene based PCR and subsequent Denaturing 
Gradient Gel Electrophoresis (DGGE).  

3.Results and Discussion  
Both biochar amendments resulted in a significant 
growth promotion effect (P<0.01) with all plants 
tested (Fig.1, upper panel) . A significant increase 
in the abundance of sulfonate (Fig. 1, lower panel), 
phosphonate, phytate and tricalcium-phosphate 
mobilising bacteria in the rhizosphere soil (P<0.05) 
was associated with both biochar treatments 

compared to the control for all plants. Detrended 
Correspondence Analysis (DCA) of the bacterial 
DGGE profiles revealed a clear separation between 
both biochar treatments and the control. 

 

Fig 1:  Biomass (dry weights, upper 
panel).MPN of sulfonate mobilising bacteria (lower 
panel) of pot experiments with ryegrass (blue), 
spring barley (red) and tomato (green).  

4.Conclusion  
Application of biochar to soil can significantly 
promote plant growth. Findings from this study 
suggest a link between this plant growth promotion 
effect and increased numbers of S and P mobilising 
bacteria enhancing nutrient mobilisation. Future 
biochar applications to Irish soils may allow 
sustained crop nutrient supply at reduced inorganic 
fertilizer application rates. 
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Knotted Polymer Structures: Efficient Nucleic Acid Delivery Agents 
 
 
 
 
 
 
 
 
 

INTRODUCTION 
Polymers used in gene delivery applications 
range in molecular weight, structure and 
molecular composition. We have developed a 
new class of uniquely structured polymers 
capable of condensing DNA plasmid into 
nanoparticles having low molecular weight but 
high charge density. These nanoparticles show 
much better transfection properties than 
commercial agents. 

EXPERIMENTAL METHODS 
The polymer was synthesized from disulfide and 
amine monomers using deactivation-enhanced 
atom transfer radical polymerization (DE-
ATRP)1. The polymer structure was determined 
in a combination of experiments using gel 
permeation chromatography and proton NMR. 
Gene delivery properties were analysed using 
the gaussia luciferase and col7a1 plasmids in a 
range of cell types including the recessive 
dystrophic epidermolysis bullsoa (RDEB) 
keratinocytes. These cells were kept in 
PromoCell growth media with antibiotics. 

RESULTS AND DISCUSSION 
The polymer forms cyclic knots at the early 
stages of polymerization2. These combine to 
form large molecular weight multi-knot polymer 
after several hours. In physiological conditions 
the polymer multi-knot is reduced to single 
cyclised knots. We found that it could be the 
major function that maintains 100% cell 
viability.  
Using the properties of this uniquely structured 
polymer we were able to transfect RDEB 
keratiocytes with the large col7a1 plasmid. The 
cells were able to produce collagen VII (C7) for 
7 days after transfection.  
 

 
 
 
 
 
 
 
 
 
 
 
 

      
Figure 1. a. GPC trace for multi-knot polymer formed 
after 7 hrs reaction. b. Polymer reduces to single knot in 
physiological conditions. c. Fold increase in transfection 
efficiency and cell viability of multi-knot polymer over 
PEI. d. Restoration of C7 expression in RDEB cells (20x 
magnification).  
 
CONCLUSION 
The new polymer displays improved 
transfection properties thanks to its unique 
structure that enables strong DNA binding and 
release in the cell. The range of polymers we 
have synthesized can also be modified to 
include functional units such as excess amine 
groups. 
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Abstract

Over the last two decades, mathematical modelling is be-
ing used as a tool in study the dynamics of blood coagu-
lation. Reaction rates of the biochemistry involved in the
activation, control and inactivation of the coagulation cas-
cades have been translated to sets of ordinary differential
equations (ODEs). By incorporating these ODE sets into
a computational �uid dynamics (CFD) solver one is able
to simulate the reactions of the coagulation system for lo-
calized stimuli. We present a simpli�ed model of the co-
agulation cascade's biochemistry which is included in the
classical transport equation and solved by the �nite volume
method (FVM).

1. Introduction

Experiments for assessing the kinetics of the biochemical
reactions involved in blood coagulation were already trans-
lated to mathematical equations [4]. The evolution of the
biochemical reactions in time can is modelled by the reac-
tion rates in function of each factor's concentration. For
instance, a single step reaction like

aA + bB ��! pP + qQ

would have the reaction rate

r = k[A]a [B ]b ; (1)

where [�] stands for concentration andk is an empirical
constant. In a system where many reactions occur simul-
taneously, there is a number of reaction rates (ri ) contribut-
ing to each factor's concentration rate. For each biochem-
ical factorX j there is a source/sink term for the produc-
tion/consumption rate de�ned as

SX i =
NX

j =1

� ij r j ; (2)

where N is the number of reaction rates speci�ed, and
� ij = �1 if the reaction rater j contributes to consump-
tion of X i , � ij = +1 if it contributes to production, and
� ij = 0 if no kind of contribution is done. ODE sets de-
�ned by Eq. 2 can be solved by classical algorithms, such
as Euler, Runge-Kutta or BulirschStoer [2].

2. Methods

For spatio-temporal simulations, a transport equation is in-
troduced for each biochemical factorX i ,

@[X i ]
@t

= �r � (~v[X i ]) + r � (D r[X i ]) + SX i ; (3)

where the source termSX i is de�ned by Eq. 2. The �ow
�eld ~v is solved for with the PISO algorithm for unsteady
�ow [3]. The solver is coded in C++ with OpenFOAM
2.1.0 library [1].

3. Results

A simpli�ed reaction (A+ B ��! C) was simulated in a 2-
D environment as a sample case for our FVM solver, which
is depicted in Fig. 1. Other cases having �ow, as well as
more reactions and biochemical factors can be simulated
using the same solver.

Figure 1: Single reaction involving 3 factors (A, B and C),
in three times. The content of the 2-D lid-driven cavity is
being steered on clockwise direction.

4. Discussion

Our FVM solver is able to simultaneously calculate reac-
tion and convection of any number of chemical factors in a
3-D geometry.
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INTRODUCTION 
Inspired by the composition of proteins 3,4-
dihydroxy-L-phenylalanine (DOPA)1 in mussels, 
we have targeted the development of Poly 
Dopamine-co-acrylate (PDA) as wet tissue 
adhesive precursor for sternum closure in 
median sternotomy which is the most commonly 
performed procedure in cardiothoracic surgery. 
Following the surgery the chest is usually closed 
using stainless steel wire placed through the 
sternum. A more efficient method to replace this 
invasive method of closure has long been sought 
by doctors as there is an morbidity rate (5%)2. 
The polymer developed here showed excellent 
adhesion and mechanical properties for the 
sternum closure application.  

EXPERIMENTAL METHODS 
Dendritic polymer PDA was synthesized 
through poly-condensation of dopamine 
hydrochloride and trimethylolpropane 
triacrylate in DMSO via Michael addition 
reaction and subsequently purified by 
precipitation method. Molecular weight was 
calculated through Gel Permeation 
Chromatography and functionality confirmed by 
Nuclear Magnetic Resonance. Adhesion 
strength was evaluated by shear-lap test on 
PMMA sheet. Degradation was studied by 
weight loss analysis. Cytotoxicity was assessed 
by performing Alamar Blue® assay with mouse 
fibroblasts. Data is presented as average ± 
standard deviation. Stude�Q�W�¶�V�� �W-test was used to 
analyze mechanical and degradation tests. Two-
way ANOVA was used in toxicity test.   

RESULTS AND DISCUSSION 
A high molecular weight (90 KDa) dendritic 
polymer with both dopa and vinyl groups was 
fabricated. The shear-lap test on PMMA Fig1(C) 
indicate that Kryptonite hardens immediately 
(>900KPa) which might delay emergency 

operation. PDA gradually increases with time 
and finally reaches 760KPa at 7days. PDA 
shows appropriate degradable performance and 
degrade to almost 60% in a month time while 
Kryptonite almost do not degrade Fig2 (A). Cell 
viability shows that it is biocompatible Fig2 (B). 

 
Figure1. (A)Composition of bone adhesive  
(B)Preliminary PMMA shear-lap test (C) result of 
PDA adhesive controlled with commercially bone 
adhesive Kryptonite 

Figure2. (A) In-vitro weight loss along time. (B) 
Percentage of Cell Viability. 

CONCLUSION 
We have developed bone adhesive with tailored 
�µ�V�H�W�W�L�Q�J�¶�� �S�U�R�S�H�U�W�L�H�V�� �R�Q�� �V�W�H�U�Qum which can 
facilitate easy access to the chest cavity in the 
event of emergency. 

REFERENCES 
1. Lee H. et al., Science 2007, 318 : 426-430. 
2. Casha A.R. et al., European Journal of 

Cardio-Thoracic Surgery 1999, 15(3):365-
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Abstract 
Tissue Engineering (TE) scaffolds serve an important 
mechanical function as they transfer applied loads 
through their porous architecture, allowing for the 
mechanical stimulation of adherent cells. In this study, 
a computational fluid dynamics model is developed that 
characterises perfusion fluid flow through a TE scaffold 
with an idealised hexagonal architecture. This 
computational model predicts the nature of mechanical 
stimulation within the scaffold in terms of wall shear 
stress (WSS), fluid velocity distribution and fluid 
pressure. 
 
1. Introduction 

Tissue engineering (TE) involves the replacement of 
native tissue with tissue that is grown under in vitro 
conditions from cells seeded on either natural or 
synthetic substrates and has much clinical potential to 
treat a wide range of bone diseases. Recent studies have 
shown that mechanical stimulation enhances bone tissue 
regeneration in vitro to a certain extent [1]. Mechanical 
stimulation in the form fluid flow and direct mechanical 
strain are commonly applied to TE scaffolds in vitro 
using bioreactors [2]. However, due to the complex 
architecture of the scaffold, the precise nature of 
mechanical stimulation being applied at a cellular level 
is unknown and exactly how such vitro stimulation 
techniques compare to physiological levels of loading 
has not been established.  

As a starting point, in this paper, we develop a global 
computational fluid dynamics (CFD) model to 
characterise fluid flow through a TE scaffold with an 
idealised hexagonal architecture and a porosity of 55% 
and predict the precise nature of mechanical stimulation 
throughout the scaffold.  

 
2. Materials and Methods 
A computational fluid dynamics model is developed in 
ANSYS CFX (Swanson Analysis Systems, Inc., US) to 
predict the WSS, fluid velocity and pressure throughout 
the scaffold under perfusion fluid flow, as shown in Fig. 
1(a). The model assumes steady state laminar flow, 
where the perfusion media has a dynamic viscosity 
µ=1.45mPa·s and density �!=1000kg/m3 [1]. The inlet 
velocity is 1mm/s and the outlet pressure is set as 0Pa.  

 
3. Results 

As shown in Fig.1 (a), for an inlet fluid velocity of 
1mm/s, the wall shear stress (WSS) has a concentration 
at the surface close to the inlet, while it is equally 

distributed on the other surfaces of the scaffold with an 
average value 0.1Pa. It was found that the fluid velocity 
has a peak value 4.1mm/s in every scaffold element, as 
shown in Fig. 1(b), moreover, the velocity value is 
higher in the central region than other positions that are 
closer to the walls of the scaffold. Finally, the pressure 
acting in the scaffold decreases along the longitudinal 
direction. From inlet to outlet, the value of pressure 
varies from 9.7Pa to 0Pa  

 
Fig.1: (a) The wall shear stress on the scaffold; (b) the 
fluid velocity distribution. 
 
4. Discussion 

This study highlights the WSS, fluid velocity and 
pressure within the scaffold at a global level. The 
maximum values of WSS and fluid velocity are 0.2Pa 
and 4.1mm/s, which lay within the range of effective 
stimuli for tissue differentiation [1].  

Future work will involve the development of a local 
scaffold single element model that discretely represents 
bone cells attached to the scaffold walls. Boundary 
conditions will be derived from the global scaffold 
model to precisely predict mechanical stimulation 
applied to the cells under in vitro fluid flow. This will 
allow the optimisation of loading conditions to produce 
more physiologically realistic cellular stimulation.  
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1. INTRODUCTION  

Spinal cord injury (SCI) is a disability in which 
nerve connections between the brain and the rest of 
the body are interrupted by trauma, resulting in 
paralysis. A decline in function is caused by 
mechanical injury which ultimately leads to 
necrosis in the core of the injury. However, after the 
injury, a complex cascade of cellular reactions take 
place, such as severe immune reaction which can 
lead to even further damage (development of glial 
scar, necrosis and apoptosis). Hydrogels may 
provide a promising approach to modulate glial scar 
formation, enhance cell survival and induce the 
regenerative capabilities of endogenous neural stem 
cells, since mechanical and biochemical properties 
of  the hydrogels can mimic natural tissue to a 
certain extent. Aligned hydrogels are suitable for 
the application due to their topography, allowing 
directional guidance for axons. In this study, two 
types of collagen I hydrogels (random and aligned) 
in a 4-week in vivo study on a hemisection rat 
model of the SCI were investigated.  

2. MATERIALS AND METHOD  

Collagen hydrogels were prepared as previously 
described elsewhere [1]. Female Sprague Dawley 
rats were divided into 5 groups:  Sham (no injury); 
hemisection (no treatment); preconditioning lesion 
in sciatic nerve followed by hemisection injury (no 
treatment); hemisection injury with random 
collagen hydrogel treatment and hemisection injury 
with aligned collagen hydrogel. Laminectomy was 
performed at the T8-T10 level, one half of the 
spinal cord was cut out (approx. 1mm). A collagen 
hydrogel was placed at the region where the spinal 
cord was removed. 
Basso�±Beattie�±Bresnahan (BBB) open field 
locomotor testing was performed. Hindlimb 
function was assessed after injury using the BBB 
locomotor rating scale in an open field. Immuno-
histochemistry was performed using primary 
antibodies: glial fibrilliary acidic protein (GFAP) 
recognizing astrocytes, SMI32 recognizing non-
phosphorylated neurofilaments in neurons. In 
addition astroglial scar formation was quantified. 
 
3. RESULTS  
Astrocyte staining was performed to assess the 
formation of glial scar. Preliminary data indicates 
that within the injured animal groups the lowest 

astrocyte density is found in the aligned hydrogel 
group. 

 

 

 

 

 

 

Functional regeneration was assessed weekly for 4 
weeks. There are no significent differences among 
experimental groups, however, a trend towards 
recovery is apparent. 

 

4.CONCLUSIONS 

It can be concluded that the most significant effect 
on glial scar reduction in a rat hemisection model 
had an aligned collagen hydrogel. The same is true 
for functional recovery. 
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1.  Abstract 
Advantages of non-viral gene therapy include 
high production rates of vectors and a lower 
risk of immune responses in the host. 
Disadvantages, however, can be seen in low 
efficiency rates of transfection and transient 
gene expression level. This study aims to 
enhance non-viral delivery systems focusing 
on the skin disorder, Recessive Dystrophic 
Epidermolysis Bullosa.  
 

2.  Results 
In this study minicircle (MC) plasmids - 
supercoiled DNA molecules that are devoid of 
their bacterial elements Ð were prepared by 
transforming E.coli with parental plasmids 
containing an L-arabinose inducible PhiC31-
based intramolecular recombination system, 
which removes and degrades the bacterial 
backbone resulting in minicircle plasmid 
(4KB) after purification. Furthermore, through 
sub-cloning, a Scaffold Matrix Attachment 
Region (S/MAR) sequence was inserted into 
the parental plasmid downstream of the 
recombination site giving rise to an S/MAR 
minicircle construct.  
 
These constructs were used to deliver a GFP 
reporter gene to human keratinocytes from 
healthy patients by nucleofection. Results 
showed gene expression was increased in 
comparison to parental plasmids alone over a 
period of 4 weeks when minicircle or S/MAR 
constructs were used.  
 
The former construct (MC) may offer 
immunological advantages over the parental 
plasmids, the latter (S/MAR) may offer 
additional benefits such as a more sustained 
gene expression due to its ability to attract the 
transcriptional machinery of the cell and its 
capability to be maintained as an episome 
resulting in long term transgene expression. 
Results from studies comparing the long term 
expression of our constructs by FACS analysis 

indicate higher levels of expression and 
viability of cells for S/MAR minicircle 
constructs over a period of 4 weeks in 
comparison to that of parental plasmid. 
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Abstract 

A micromechanical model with both physically-based 
constitutive formulation and geometry is developed, 
based on experimental fatigue and microscopy data, 
and used for assessing the effect of microstructure on 
the fatigue performance of CoCr alloy stents.   
 
1. Introduction 
The use of balloon expandable stents as part of the 
angioplasty procedure has revolutionised the treatment 
of heart disease. However, with the evolution of drug-
eluting stents and the resulting reduction in restenosis, 
instances of severe stent distortion and fracture have 
been revealed [1]. Additionally, recent reports of late 
stent thrombosis for polymer coated drug-eluting stents 
[2] have renewed interest in enhancing the design of the 
bare metal stent, most commonly manufactured from 
CoCr alloys. Thus, improved stent design techniques 
are required, including the development of enhanced 
fatigue failure prediction methods. Crystal plasticity 
(CP) theory, modelling of lattice deformation due to 
crystallographic slip in a polycrystalline material, is 
necessary for modelling the mechanics of components 
such as stents, whose dimensions are comparable in size 
to microstructural features such as grain size [3]. Here, 
a micromechanical methodology for modelling the 
fatigue behaviour of CoCr alloy stents is presented, 
including (i) development of a suitable physically-based 
CP constitutive law, (ii) low cycle fatigue (LCF) testing 
for calibration of material parameters of L605 CoCr 
stent material, (iii) microscopy imaging for generation 
of realistic microstructure geometries and (iv) 
application to fatigue behaviour of CoCr stents. 
 
2. Materials and Methods 
A physically-based CP constitutive law is developed, 
based on the cyclic evolution of both statistically stored 
and geometrically necessary (GND) dislocation density. 
This incorporates length-scale effects via strain 
gradients due to evolution of GND density, thus taking 
into account accentuated hardening in fine-grained 
materials. 
 Strain-controlled, LCF testing of L605 CoCr alloy 
is presented, along with microstructural characterization 
for determination of grain and carbide size and 
distribution. A finite element representative geometry is 
developed, as shown in Fig. 1, with the CP constitutive 
model for calibration of material constants.  
 Stent fatigue simulations are carried out using the 
calibrated micromechanical model. A damage 
mechanics methodology, based on microstructure-
sensitive fatigue indicator parameters, is implemented 

to investigate the effect of grain size and carbides on 
fatigue crack nucleation performance of the stent.   

 
3. Results 
The measured LCF behaviour of the CoCr alloy L605 
illustrates excellent performance compared to other 
stent materials, such as 316L stainless steel. 
Microstructural attributes are successfully identified 
from micrographs, allowing (i) development of  
physically-representative CoCr microscale geometry 
and (ii) excellent correlation of the calibrated model and 
experimental fatigue data. 

 
Figure 1. Development of representative FE 
geometry, based on microscopy images. 
 
Increased strain-gradient hardening due to a decrease in 
grain size is shown to increase predicted crack 
nucleation life for high cycle fatigue, while the presence 
of carbides is predicted to have little effect.    
 
4. Discussion 
A microstructure sensitive methodology for fatigue 
design of stents is presented, along with experimental 
characterisation and calibration for the state-of-the-art 
stent material, L605. Decrease in grain size is shown to 
improve stent fatigue performance of CoCr alloy stents, 
while carbides are shown to have a negligible effect. 
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Abstract 

The degradation of poly(lactic-co-glycolic) acid 
copolymer with a lactic to glycolic ratio of 50:50 was 
investigated. Solvent-cast films were incubated at 37°c 
in phosphate buffered saline solution and their 
degradation was followed using SEM, AFM, ATR and 
GPC analysis. The mechanical variation in the 
structure of the polymer have been mapping using 
nanoindentation.  
 
1. Introduction 

Poly(lactic-co-glycolic) acid (PLGA) is a polyester 
with suitable properties for biomedical applications. 
The main advantages of such a synthetic biocompatible 
polymer are that degradation is due to simple hydrolysis 
of the ester backbone in aqueous solution and that the 
degradation products can be eliminated by the body. It 
is very important to control the dynamics of degradation 
for the intended application. In order for this coating to 
function it must have appropriate mechanical properties 
and an adequate degradation rate. The specific aims of 
this work are to prepare a PLGA film and then to 
characterise physical and mechanical properties of the 
film during the degradation time. 

 
1. Experimental methods 

A 50:50 copolymer of poly (L-lactide-co-glycolide) 
was used in this study (Mw=17 kDa). A 10% w/v 
solution of PLGA in dichloromethane was prepared and 
casted in a cover glass. The films were dried at 40°c in a 
vacuum oven at 500 mbar. The thickness of the 
prepared films was determined to be between 200-250 
µm. The specimens were placed in PBS (pH 7.4, 37°c) 
and removed at regular time for SEM, AFM, ATR and 
GPC analysis. Nano-indentation trials were performed 
(CSEM, Instruments, Switzerland) with a Berkovich 
diamond tip. 

 
2. Result and discussion 

Fig.1 shows the number average molecular weight 
and the mass loss percentage of the polymer as a 
function of degradation time. The polymer molecular 
weight in the bulk was found to decrease as soon as the 
film was placed in the medium while the polymer 
present in the surface layer was found to degrade at a 
much slower rate. Significant mass loss was, however, 
observed only after 17 days indicating that the 
degradation products that formed inside the bulk of the 

film did not diffuse out until they reached a critical 
molecular weight. Fig.2 illustrates an NHT result for a 
non-degraded PLGA film. It is a typical load-
displacement curve showing the main stage of the 
indentation experiment. Values for Young's modulus 
obtained (based on Oliver and Pharr procedure) from 
the NHT test were 3.3±0.15 GPa which are consistent 
with values reported in the literature1. Characterisation 
of the mechanical properties of the degraded films are 
being performed using NHT through the cross section of 
the specimen from the surface to the bulk. 

 

 
Fig.1. Number average molecular weight and mass 
loss percentage versus degradation time for PLGA 
50:50 film. 
 

 
 

Fig. 2. Typical load-displacement applied for non-
degraded PLGA film. 
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Abstract 

A modified AFM system is used to obtain quantitative 
force data measured from cytochalasin-D (cytoD) 
treated and untreated control cells under cyclic 
loading. An upper strain range (regime 1) followed by a 
lower strain range (regime 2) is applied. The regime 1 
steady state maximum (max) force value is ~40% of the 
regime 2 steady state max force value in cytoD cells, 
and ~80% in control cells. Simulations using an active 
framework for stress fibre (SF) remodelling and 
contractility accurately predict cell reaction forces. 
 
1. Introduction 

Cell function and tissue maintenance are regulated by 
a dynamic loading environment. Several in-vitro studies 
have reported realignment of the actin cytoskeleton due 
to cyclic deformation. 

In the current study a modified AFM system (Fig 
1A) is used to obtain force data measured under cyclic 
loading conditions [Weafer, 2012a, b]. Experiments are 
simulated an active bio-chemo-mechanical framework 
for SF remodelling and contractility [Ronan, 2012]. 

 
2. Methods 
Experimental: Osteoblast cells are cyclically deformed 
for 2 hours at a frequency of 1 Hz (Fig 1B). For the first 
hour, a cyclic strain range of 10-35% is applied (regime 
1). For the second hour, a strain range of 0-25% is 
applied (regime 2). It should be noted that the strain rate 
is identical for regimes 1 and 2. 
 

 
Fig 1: Schematic of modified cantilever (A) and 
graphical representation of cyclic deformation (B). 
 

Computational: CytoD cell behaviour is simulated 
using a non-linear visco-hyperelastic constitutive 
formulation: 

where �I = (e�.�0 �± 1) and �., ��, �/, ��, �� and �� are constants.  
SF contractility in control cells is simulated using an 

active framework. Tension dependant dissociation of 
the actin cytoskeleton is predicted using a first order 
kinetic equation [Deshpande, 2006]: 

 

where �K is the dimensionless activation level of a SF 
bundle. Formation is driven by an exponentially 
decaying signal C. 

The contractile response of the bundles is modelled 
using a Hill-like equation: 

;      

 
3. Results 

As shown in Fig 2A, cytoD cells reach a steady state 
max force of ~30nN during regime 1. At the onset of 
regime 2, the max force reduces instantaneously and 
subsequently recovers to only ~40% of the regime 1 
steady state value. For contractile control cells (Fig 2B) 
a higher steady state max force is measured in regime 1 
(~180nN). An instantaneous reduction in force at the 
onset of regime 2 is followed by a recovery to ~80% of 
the regime 1 value. 

The limited recovery of cytoD cells is captured by 
the visco-hyperelastic model. The SF contractility 
model accurately predicts steady state behaviour for 
control cells.  

 

 
Fig 2: Experimental and computational results for 
cytoD (A) and control cells (B). Results shown are ± 
10 mins of the regime change region. Maximum and 
minimum forces at the end of loading and unloading 
half-cycles are plotted. 
 
4. Discussion 

Forces generated during the cyclic deformation of 
control cells differ significantly from those of cytoD 
cells, demonstrating the important role of the actin 
cytoskeleton in the dynamic response of cells. During 
constant strain rate cyclic loading, the applied strain 
range has little effect on the response of control cells, in 
contrast to the response of non-contractile cytoD cells. 
Computational predictions suggest that passive visco-
hyperelastic material models are suitable only for cells 
in which the actin cytoskeleton has been removed. 
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Abstract 
Cellular encapsulation is a problem associated with 

mineralisation of porous scaffolds in bone tissue 
engineering [1]. The objective of this study is to 
determine the optimum conditions for cellular 
distribution and hence investigate the effect of 
enhanced cellular distribution on mineralisation in 
gelatin glycosaminoglycan (GG) scaffolds. 
 
1. Introduction 

The extra-cellular matrix of bone is a porous 
mineralised structure regulated by bone cells. 
Replication of this environment in porous tissue 
engineered scaffolds has proven challenging due to 
uneven cellular growth [2]. Previous studies have shown 
that scaffold mechanical properties and seeding density 
can determine cellular distribution and growth [3]. The 
objective of this study is to investigate crosslinked GG 
scaffold mechanical properties, determine the optimum 
conditions for cellular distribution and hence investigate 
the effect of enhanced cellular distribution on 
mineralisation in GG scaffolds. 

 
2. Methods 

The effect of cellular distribution was investigated by 
carrying out a cell seeding density experiment on GG 
scaffolds. GG scaffolds were produced via a freeze-
drying process with 1-Ethyl-3-3-dimethylaminopropyl 
carbodiimide (EDAC) crosslinking. Scaffolds were 
individually seeded with a density range of 2, 3 and 
5x106 MC3T3 cells and cultured up to 7 days. Hoechst 
DNA assay and H&E staining were used to determine 
cell number and distribution respectively at days 1, 3 
and 7. Separately, the effects of crosslinking on GG 
scaffolds mechanical properties were investigate. 
Crosslinking was carried with different concentrations 
of EDAC (3, 6 and 24 mM) and glutaraldehyde (GTA) 
(0.5, 1.25, 2.5 and 5 mM) per gram of GG scaffold. 
Unconfined compressive testing was used to determine 
the mechanical properties of the crosslinked GG 
scaffolds. Samples were hydrated and held in a bath of 
PBS during testing. 
 
3. Results 

Results showed a greater seeding efficiency in 2x106 
cell density, (p > 0.014; Fig. 1(A)). Cell attachment 
showed no significant difference over each of the 

densities, Fig. 1 (B). However a decrease in cell number 
was seen at day 7 with a seeding density of 5x106. 

 
Fig. 1 (A) Seeding efficiency of scaffolds, (B) Attached 
cell number on scaffolds. Two-way ANOVA determined 
a decrease in cell number at day 7 (p<0.0121) in a 
seeding density of 5 x 106                      
Mechanical testing showed a significantly higher 
compressive modulus in scaffolds crosslinked with GTA 
> 0.5 mM compared to EDAC, (p < 0.05; Fig. 2) 

 
Fig. 2 Compressive modulus of GTA and EDAC 
crosslinked scaffolds. N = 5 samples per group, ap < 
0.05 relative to 3 mM EDAC. 
 
4. Discussion 

Results for seeding density showed no significant 
effect on cellular distribution. We also found no change 
in cell attachment with increased seeding density. This 
may be due to the poor mechanical properties of 
scaffold. Mechanical testing results show GTA cross-
linked scaffolds as having promising mechanical 
properties. Ongoing work will look at scaffolds cellular 
distribution at days 7, 14, 21 and 35 and hence the 
effect of inducing mineralisation. 
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Abstract 
Centrosomes are small organelles that 
establish an astral microtubule network during 
interphase and a bipolar spindle during 
mitosis. However, centrosomal activities are 
not limited to microtubule organisation but are 
also tied to other cellular events, including 
DNA repair.  Here we describe our work to 
examine the roles of Cep164, a centrosome 
component that is also required for 
ciliogenesis, in the maintenance of genome 
stability, using the hyper-recombinogenic 
chicken DT40 cell model as a vehicle for 
reverse genetic analysis.  To ablate Cep164 in 
DT40 cells, we have introduced a combined 
GFP- degron-coding sequence into the 
Cep164 locus.  This tag will allow us to 
visualize Cep164 as well as to remove it from 
cells in a controlled manner. 
 
1.  Introduction  
Cep164, a centrosomal protein with a 
significant role in cilliogenesis, has recently 
emerged as a link between the centrosome and 
DNA repair [1]. As is the well-characterised 
centrosomal protein Centrin2, Cep164 is 
involved in nucleotide excision repair (NER), 
the mechanism used to repair DNA lesions 
induced by UV light. However while Centrin2 
interacts with the DNA lesion recognition 
factor XPC [2], Cep164 interacts with XPA, a 
downstream component in the NER pathway. 
 
Through our work we wish to provide more 
insight into the role of Cep164 with regard to 
centrosomal and NER activities. We hope to 
achieve this through a gene targeting approach 
in the DT40 model system. The aim is to target 
the endogenous Cep164 locus in such a way as 
to introduce both an Auxin Inducible Degron 
[3] and GFP tag. This approach will allow 
spatiotemporal tracking and controlled 
depletion of the Cep164 protein. A targeting 
strategy for other components of the NER 
pathway is also in progress with targeting arms 
for XPA already designed. 
 
2.  Progress 
We have successfully cloned and 
overexpressed Cep164 in DT40 cells and 
localised it to the centrosome. We have also  
 

successfully targeted the Cep164 locus which 
has been verified through a Southern blot. 
Expression of the GFP tag has been confirmed 
through western blot and the expected 
localisation was observed through IF. 
Preliminary tests with UV-induced DNA 
damage have also been carried out on the 
generated cell line showing potential co-
localisation of Cep164 to DNA damage. 
 
Together, these analyses provide the a novel 
and robust reverse genetic system to define the 
roles of Cep164 in genome maintenance. 
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Abstract 
This study determined the effect of JZL184, a selective 
inhibitor of monoacylglycerol lipase (MAGL), the 
enzyme which preferentially catabolises the 
endocannabinoid 2-arachidonoyl glycerol (2-AG), on 
inflammatory cytokines in the brain and plasma 
following an acute immune challenge. These data 
indicate that inhibition of peripheral MAGL in the rat 
by JZL184 suppresses LPS-induced circulating 
cytokines which in turn may modulate central cytokine 
expression. 
 
1. Introduction 

The endocannabinoid system is an important novel 
therapeutic target for the treatment of 
neuroinflammatory disorders. This study determined 
the effect of JZL184, a selective inhibitor of 
monoacylglycerol lipase (MAGL), the enzyme which 
preferentially catabolises 2-AG, on inflammatory 
cytokines in the brain and plasma following an acute 
immune challenge. The receptor and molecular 
mechanisms involved were also investigated.  
 
2. Methods 

JZL184 (10mg/kg i.p.) and/or AM251 (CB1 
antagonist; 1mg/kg i.p.) or AM630 (CB2 antagonist: 
1mg/kg i.p.) were administered to male Sprague 
Dawley rats 30 minutes prior to the administration of 
lipopolysaccharide (LPS: 100 µg/kg i.p.). Animals were 
sacrificed at 2 hrs post LPS, plasma, spleen and frontal 
cortex taken and stored at -80°C. The mRNA 
expression or protein �O�H�Y�H�O�V�� �R�I�� �7�1�)�.���� �,�/-�������� �,�/-6 and 
IL-10 were determined using quantitative RT-PCR or 
ELISA respectively. Concentrations of the 
endocannabinoids, anandamide and 2-AG, the 
prostaglandins PGE2 and PGD2 and JZL184 were 
determined in frontal cortical and spleen tissue using 
LC-MS-MS. Arachidonic acid was measured by HPLC 

coupled to UV detection.  MAGL activity was assessed 
by a radiolabelled substrate assay. Data were analysed 
�X�V�L�Q�J���$�1�2�9�$���I�R�O�O�R�Z�H�G���E�\���)�L�V�K�H�U�¶�V���/�6�'��post-hoc test 
when appropriate. P<0.05 was deemed significant. 
 
3. Results 

JZL184 attenuated LPS-induced increases in IL-��������
IL-6, TNF-�.���D�Q�G���,�/-���������E�X�W���Q�R�W���,�¸�%�.���H�[�S�U�H�V�V�L�R�Q���L�Q���W�K�H��
rat frontal cortex. AM251 attenuated the JZL184-
induced decrease in frontal cortical IL-������ �H�[�S�U�H�V�V�L�R�Q����
Although arachidonic acid levels in the frontal cortex 
were reduced in JZL184-treated rats, MAGL activity, 
2-AG, PGE2 and PGD2 levels remained unchanged. In 
comparison, MAGL activity was inhibited and 2-AG 
levels enhanced in the spleen following JZL184 
administration. In the plasma, LPS-induced increases in 
TNF-�.���D�Q�G���,�/-10 levels were attenuated by JZL184, an 
effect partially blocked by AM251. In addition, AM630 
blocked the LPS-induced increases in plasma IL-������ �L�Q��
the presence, but not absence, of JZL184. Further 
analysis revealed that while JZL184 was not detectable 
in cortical tissue, significant levels were present in 
splenic tissue. 
 
4. Summary and conclusion 

Inhibition of MAGL in the rat by JZL184 
differentially suppresses LPS-induced frontal cortical 
and circulating cytokines. The data provide further 
evidence for the therapeutic potential of targeting the 
endocannabinoid system for the treatment of central 
and peripheral inflammatory disorders.  
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Abstract 
The present study demonstrated that inhibition of fatty 
acid amide hydrolyse activity, both systemically and 
centrally, enhanced endogenous levels of anandamide 
in the brain, an effect associated with an attenuation of 
LPS-induced inflammatory cytokine expression. These 
data demonstrate that the endocannabinoid system 
plays a fundamental role in the regulation of acute 
neuroinflammatory responses.  
 
1. Introduction 

Neuroinflammation is a key component underlying 
several neurological diseases including Alzheimer’s 
disease, Parkinson’s disease and multiple sclerosis. 
Enhanced endocannabinoid tone in vivo has been 
shown to exert immunomodulatory effects both 
centrally and peripherally1, 2. However, there has been a 
paucity of studies examining the extent to which the 
brain’s endocannabinoid system modulates 
neuroinflammatory responses. The present study 
examined the effects of inhibiting fatty acid amide 
hydrolase (FAAH), the enzyme primarily responsible 
for the metabolism of anandamide, both systemically 
and centrally, on endocannabinoid levels and cytokine 
expression in discrete rat brain regions following a 
systemic immune challenge.   

2. Methods 
Male Sprague Dawley rats received PF3845 

(10mg/kg i.p in ethanol:cremophor:saline 1:1:18, or 
500nmoles, i.c.v in 100% DMSO), a selective FAAH 
inhibitor, or vehicle, 15 (i.c.v.) or 30 (i.p.) minutes prior 
to systemic administration of the bacterial endotoxin 
lipopolysacchardie (LPS) (100µg/kg, i.p.). Animals 
were sacrificed 2hours post LPS challenge, the 
hippocampus and frontal cortex dissected out, snap-
frozen and stored at -80°C. The expression of 
inflammatory cytokines���� �,�¸�%�.�� �D�Q�G�� �V�X�S�S�U�H�V�V�R�U�� �R�I��
cytokine signalling 3 (SOCS3) were determined using 
qRT-PCR. Concentrations of the endocannabinoids, 
anandamide and 2-arachidonylglycerol (2-AG), and, N-
oleoylethanolamine (OEA) and N-

palmitoylethanolamine (PEA), were determined using 
LC-MS-MS.  Data were analysed using unpaired two-
tailed t-test and P<0.05 was deemed significant.  
 
3. Results 

Anandamide, OEA and PEA levels in the frontal 
cortex were significantly increased following systemic 
and i.c.v. administration of PF3845 when compared to 
vehicle-treated counterparts. Similarly, in the 
hippocampus, OEA and PEA levels were significantly 
increased following systemic administration, and 
anandamide, OEA and PEA were elevated following 
i.c.v. administration of PF3845. Systemic 
administration of PF3845 significantly attenuated LPS-
induced increases in IL-������ �7�1�)�., IL-6, IL-10���� �,�¸�%�. 
and SOCS3 expression, in the frontal cortex, and IL-��������
�7�1�)�.�����,�/-6 and SOCS3, expression in the hippocampus, 
when compared to vehicle-treated counterparts. Central 
administration of PF3845 (i.c.v.) resulted in a 
�V�L�J�Q�L�I�L�F�D�Q�W�� �G�H�F�U�H�D�V�H�� �L�Q�� �7�1�)�.���� �,�/-6, IL-10 and SOSC3 
expression in the frontal cortex, and IL-������ �D�Q�G�� �,�/-10 
expression in the hippocampus following LPS 
administration, when compared to vehicle-treated 
counterparts.  

 
4. Conclusion 

The present study demonstrates that both systemic 
and central administration of the FAAH inhibitor 
PF3845 attenuates LPS-induced cytokine expression in 
discrete brain regions, thus further supporting an 
important role for FAAH substrates in the brain in 
regulation of acute neuroinflammatory responses.  
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Abstract 

This study was a cadaveric, histological analysis of the 
structure of the mesocolon, and the fascial plane which 
separates the apposed portions of the mesocolon from 
the underlying retroperitoneum. 
 
 
1. Introduction 
Recent studies have confirmed that the right and left 
mesocolon persist into adulthood and do not regress as 
previously thought.1,2   This anatomic finding prompts a 
re-appraisal of mesocolic structure at all levels. 
Surprisingly, no studies to date have characterised the 
histological structure of the mesocolon. As a result, the 
aim of this study was to determine the histological 
features of the mesocolon from ileocaecal flexure to 
mesorectal level. 
 
2. Methodology 

Full thickness mesocolic samples were harvested 
from 12 cadavers, which had been bequeathed to the 
Medical School, NUIG. Samples were taken from the 
right mesocolon, transverse mesocolon, descending 
mesocolon, and mesosigmoid (from apposed and mobile 
components). Specimens were fixed, embedded, 
sectioned and then stained with haematoxylin and eosin 
(H&E). �6�H�U�L�D�O�� �V�H�F�W�L�R�Q�V�� �Z�H�U�H�� �V�W�D�L�Q�H�G�� �Z�L�W�K�� �0�D�V�V�R�Q�¶�V��
trichrome to identify connective tissue components. 

 
3. Results 
In general, the mesocolon was comprised of adipocyte 
compartments demarcated by connective tissue septae.  
A surface mesothelium was evident throughout. At all 
levels a connective tissue layer of variable thickness and 
cellularity was evident beneath the surface mesothelial 
monolayer. Two mesothelial layers were regularly 
evident separating the mesocolon from underlying 
retroperitoneum at the level of the right and left 
mesocolon and also at the apposed mesosigmoid.  
Between these, a connective tissue layer was evident, 
likely corresponding with �7�R�O�G�W�¶�V�� �I�D�V�F�L�D���� �'�H�Y�L�D�W�L�R�Q�V��
from this pattern occurred at the transverse mesocolon 
and at mobile mesosigmoid levels where adipocyte 
compartments occurred between two mesothelial layers.  
 

 

 
 
Fig. 1 Example of ascending mesocolon, stained with 
H&E. The pla�Q�H���R�I���7�R�O�G�W�¶�V���I�D�V�F�L�D�����V�P�D�O�O�H�V�W���D�U�U�R�Z�������F�D�Q��
be appreciated between the mesocolon above, and the 
retroperitoneum below. 
 
  
5. Conclusion 

This is the first study that systematically 
characterises histological appearance of the mesocolon.  
The findings demonstrate that the mesocolon and 
retroperitoneum are separated by mesothelial and 
connective tissue layers. Thus the mesocolon should not 
be considered a retroperitoneal structure throughout any 
of its length. 
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Abstract 

The cell cycle describes the series of events by 
which cells duplicate their DNA and divide for 
growth or renewal. This vital process is tightly 
regulated in order to detect and repair DNA 
damage, thus ensuring cell division can proceed. 
The separase protease plays a major role in the 
appropriate segregation of DNA prior to cell 
division. Recent evidence suggests that separase 
activity is altered in response to DNA damage. This 
study focuses on defining the timing, location, and 
rate of separase protease activity during the cell 
cycle and after DNA damage. The development of a 
molecular biosensor of separase activity has 
enabled us to visualise this activity in vivo, using 
live cell microscopy methods. 
 
1. Introduction 
Separase is a cysteine protease that plays a well-
established role in DNA segregation where it 
cleaves Scc1, a subunit of the cohesion complex 
that prevents segregation. New evidence has found 
that separase plays a similar role in the duplication 
process of the centrosome, the primary microtubule 
organising centre (MTOC) of the animal cell. It is 
proposed that separase cleaves centriolar cohesion 
in a similar manner during mitosis, permitting 
subsequent centrosome duplication.  

We propose to investigate this model using a 
separase activity biosensor to analyse separase 
function in vivo. The biosensor can be directed to 
regions of interest within the cell where its 
fluorescent protein components allow the 
visualisation of separase activity.  
 
2. Separase Activity  

 
2. The biosensor is based on the separase substrate 
Scc1. Scc1 is a subunit of the cohesion ring which 
surrounds the DNA preventing segregation. In the 
presence of active separase the biosensor is 
cleaved, an event which is made detectable by the 
fluorescent proteins. 
 
3. Activity Biosensor 

 
 
 
 

 
 
 
 

The intact biosensor is composed of the separase 
substrate Scc1 sandwiched between a green 
fluorescent protein (GFP) and a red fluorescent 
protein (mCherry) that is anchored to the localizing 
tag protein.  
 
4. Results 
Development of the activity biosensor has allowed 
us to generate cell lines expressing the biosensor at 
our regions of interest. Using live cell microscopy 
we can visualise and measure the changes in 
fluorescent signals due to separase activity.    

 

 
5. Future work 
Using the biosensor we are monitoring separase 
activity in multiple subcellular regions during 
canonical and DNA damage affected cell cycle.

Figure 1. (A) Schematic of the separase activity biosensor. 
(B) Role of separase in DNA segregation. Separase cleaves 
the cohesion ring encircling the DNA and enables 
segregation 

Figure 2. (A) Schematic of the centrosome directed 
biosensor in the presence of active separase 

Figure 3.  Stills of the DNA targeted biosensor in the 
presence of separase obtained during live cell microscopy. 
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Abstract 

Dividing cells have an obligation to replicate and 
segregate their DNA without mutations, breaks or one 
daughter cell acquiring more chromosomes than the 
other. The centrosome is the organelle responsible for 
making sure the DNA is segregated properly and is 
incorporated into the new cells. This makes it important 
that its structure and function remains intact in order 
for correct cell division. 

C-Nap1 is a protein at the heart of the centrosome 
and is pivotal as an internal centrosome scaffold. It 
links two structures at specific stages in the cell cycle 
and is a target for phosphorylation and degradation at 
the onset of mitosis. Through a targeted knockin of an 
AID-GFP tag, we firstly, aim to deplete C-Nap1 in 
chicken DT40 cells and secondly, hope to further 
anaylse the changes C-Nap1 undergoes in mitosis and 
through which mechanisms they occur.    

  
1. Introduction 

Centrosomes are the microtubule organising centres 
of the cell. In mitosis, they establish the bipolar spindle 
which coordinates the arrangement and segregation of 
the chromosomes, allowing cell division to occur. The 
centrosome is composed of two orthogonally arranged 
centrioles, consisting of 9 microtubule triplets in a 
barrel-shaped structure, and is surrounded by the 
Pericentriolar Material (PCM), a dense proteinaceous 
matrix from which microtubules arise and bind to the 
chromosomal DNA.  

 
C-Nap1 is a linker protein that acts as a tether, in 

association with rootletin, between the two developing 
centrosomes in S phase and between the mature 
centrioles in G1 [1]. The linker is dissolved at eh 
beginning of mitosis (M phase) in order to facilitate the 
separation of the two new centrosomes and their 
migration to opposite poles of the cell. The 
phosphorylation of C-Nap1 by Nek2 kinase protein 
permits the dissociation of this linker at the onset of M 
phase [2], and it targets C-Nap1 for removal from the 
centrosome. 

 
2. Aims 

We wish to investigate the activities of C-Nap1 
throughout the cell cycle, including its associations with 
Nek2. We are also interested in the impact of DNA 
damage on the centriolar linker, with particular 
emphasis on C-Nap1. There are also considerations for 
an examination of some of the other proteins on the 
linker, such as rootletin. 

 
3. Methods 

To explore these questions, we are targeting C-Nap1 
in the hyper-recombinogenic chicken DT40 cell line. 
We are knocking in a C-terminal tag; an Auxin 
Inducible Degron (AID) [3] linked to GFP. The AID tag 
should allow the selective degradation (via the 
proteasome) of C-Nap1, facilitating the investigation of 
the role of the protein in the centrosome.   
 
4. Results 

The 7.3kb C-Nap1 gene has been cloned from cDNA 
and its sequence confirmed. With regard to the 
targeting, we have generated a heterozygous mutant in  
DT40 chicken cells, which expresses the double tagged 
form of the protein. The knock-in has been confirmed 
by Southern Blot. Immunofluorescence microscopy 
experiments, using the attached GFP tag, show the 
mutant protein localises to the centrosome, verified by 
co-staining with gamma-tubulin. That there are no ill 
effects on cell viability and centrosome and cell still 
function correctly though mitosis. The GFP tag has also 
been used in confirmation of the knock-in by Western 
Blot.   
 
5. Future Work 

We would like to tag the C-Nap1 cDNA and 
reintroduce it into wild-type and C-Nap1 depleted DT40 
cells to see the effects of overexpression of the protein 
and if the phenotype of C-Nap1 depletion can be 
rescued. 
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Abstract 
Whey protein isolate (WPI) solutions were heat-treated 
at 80 ºC for 10 min. Both non-heat treated and heat-
treated WPI solutions were hydrolysed to a target 
degree of hydrolysis (DH) of 5 % with gastro-intestinal 
enzymes. Starting substrates and respective 
hydrolysates were assayed for angiotensin-I-converting 
enzyme (ACE) inhibitory activity. Prior heat-treatment 
of WPI had a positive effect on the ACE inhibitory 
activity of the subsequent hydrolysate. 
 
1. Introduction 

Whey is gaining recognition as a source of bio-
functional food ingredients benefiting human wellbeing. 
According to the three-stage model of denaturation (Fig. 
1) proteins un-fold and aggregate upon thermally-
induced denaturation in a step-wise pattern.  
 
Fig. 1 �����v���š�µ�Œ���š�]�}�v�� �u�}�����o�� �}�(�� �t-lactoglobulin where; 
�~���•�W���v���š�]�À�����t-lg, (B): unfolded and (C): aggregated.  

 

 
 
Enzymatic hydrolysis of these whey proteins can yield 
hydrolysates with techno-functional and bio-functional 
applications.  

Angiotensin-I-converting enzyme (ACE) plays a 
central role in the control of blood pressure in humans 
through the conversion of angiotensin I to angiotensin II 
(a potent vasoconstrictor) and the inactivation of 
bradykinin (a vasodilator).  
 
2. Methods  

WPI solutions (100 g L-1 protein w/w) were 
subjected to a heat-treatment of ������ �Û�& for 10 min. 
Denaturation of whey proteins was monitored by SDS-
PAGE and reversed-phase and size exclusion HPLC. 
The physico-chemical changes as a result of this heat-
treatment were highlighted previously by the authors 
[1]. Non-heat treated and heat-treated WPI solutions 
were hydrolysed to a target degree of hydrolysis (DH) 
of 5 %. The resulting hydrolysates were characterised at 
the amino acid level.  

ACE inhibitory activity of the samples was 
determined through modification of the method of 
Cushman & Cheung [2]. 

 
3. Results 

Non-heat-treated WPI took significantly longer (P < 
0.01) than heat-treated WPI to reach 5 %DH (Fig. 2). 
 
Fig. 2 Hydroysis of control and heat-treated samples of whey 
protein isolate. (Inset) confocal microscopy image of a whey 
protein aggregate. 

 
 
Heat-treated WPI and subsequent hydrolysates 
possessed higher ACE inhibitory activity than non-heat 
treated WPI and respective hydrolysates (Fig. 3).  
 
Fig. 3 ACE inhibitory activity determined at 10 g L-1�X���Z�W�}�•�]�š�]�À����
���}�v�š�Œ�}�o�[�� �(�}�Œ�� �]�v�Z�]���]tion is acid inactivated ACE. Where A = 
Control WPI, B = Heat-treated WPI, Ah = Hydrolysed control 
and Bh = Hydrolysed heat-treated.  
 
 
 
 
 
 
 
 
 
 
The denaturation of whey proteins may facilitate the 
release of novel peptides possessing unique functional 
attributes. Further characterisation is required. 
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Abstract 
Hydroxyapatite (HA) is a bioceramic chemically similar 
to the mineral content of bone. HA coatings in joint 
replacements have resulted in acceleration in the 
process of bone formation. Protein based biomaterials 
are a relatively new area of interest by the scientific 
community due to their enormous potential and 
compositional similarities with molecular systems. 
Hydroxyapatite thick films were successfully created 
and characterised. Moreover the adsorption of 
cytochrome c onto the HA thick films was investigated.   
 
1. Introduction 

Synthetic hydroxyapatite has long been used as a 
scaffold for studying biological activity, especially in 
relation to the calcification processes. Recently, 
nanocrystalline thin films of hydroxyapatite have shown 
potential to host cells and proteins at their surface as a 
verifiable means for studying electrical and 
electromechanical interactions between the biological 
system and the biomaterial. The low roughness of these 
sol-gel deposited thin films can however be problematic 
for cellular interaction studies as cells typically do not 
like to grow on surfaces that are too flat. Considering 
this and also the fact that thick hydroxyapatite films 
have shown pressure induced capacitance change, it is 
reasonable to expect thick films to be closer to a model 
surface to investigate the influence of electrical and 
electromechanical forces in biological interaction. The 
main difficulty lies in depositing these thick films over a 
large area with stability and adhesion. 

 
2. Materials and Methods 

Hydroxyapatite powders (with particles sized < 25 
µm) obtained from Cambiocermaics (Netherlands) were 
mixed with polyvinyl butyral (PVB) used as a binder 
and diethylenglycolmonobutylether added as a solvent. 
The paste was then smeared over glass slides using a 
glass microscope slide as a squeegee. The obtained 
films were dried at 200°C for 10-15 min and then 
annealed (ramp rate of 5oC/min and for 1 hour at 
700°C). Cytochrome c (������ ���0��in 10 mM KH2PO4 
buffer, pH 7.0) was placed on the film and allowed to 
adsorb for 90 min. 

 

3. Results and Discussion 
Hydroxyapatite thick films were prepared and 

extensively characterized using SEM, AFM, FTIR and 
XRD. The results indicate that the HA films had a high 
degree of crystallinity and had a grain size of ~200 nm.  
The UV-visible spectrum of the samples (Figure 1) 
demonstrated that the HA thick films adsorbed 
cytochrome c. 

 

 
Figure 1 UV-visible spectrum of cytochrome c adsorbed on 
hydroxyapatite thick films 

 
4. Conclusions 

Hydroxyapatite thick films were successfully created 
and characterised. Films annealed at 700°C are stable in 
aqueous solutions. The positively charged redox 
protein, cytochrome c, was adsorbed on to the films. 
Future work is focussed on examining the morphology 
of the protein on the hydroxyapatite films. 
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1. Abstract 
    Many reports, strategies and tools designed in 
Europe and at National level are available to assist 
the growth and competitiveness of SMEs. This 
paper investigates the methods of communication 
used by the European Union and by the Irish 
authorities when disseminating new information, 
strategies and tools to SMEs.  

2. Review 
 

    SMEs are the principal form of business 
organisation in Europe and are now regarded as the 
key to economic recovery in Europe and Ireland. 
SMEs in Ireland make up 99.8% of all enterprises 
in Ireland with micro enterprises accounting for 
90.8% (Central Statistics Office,2012). For the 
purpose of this study SMEs are defined in 
accordance with the EU definition, medium-sized 
�H�Q�W�H�U�S�U�L�V�H�V�������������H�P�S�O�R�\�H�H�V���Z�L�W�K���D�Q�Q�X�D�O���W�X�U�Q�R�Y�H�U���”��
�¼�������P�L�O�O�L�R�Q���R�U���D�Q�Q�X�D�O���E�D�O�D�Q�F�H���V�K�H�H�W���”���¼������ �P�L�O�O�L�R�Q����
�V�P�D�O�O���H�Q�W�H�U�S�U�L�V�H�V�����������H�P�S�O�R�\�H�H�V���D�Q�Q�X�D�O���W�X�U�Q�R�Y�H�U���”��
�¼������ �P�L�O�O�L�R�Q�� �R�U�� �D�Q�Q�X�D�O�� �E�D�O�D�Q�F�H�� �V�K�H�H�W�� �”�� �¼������ �P�L�O�O�L�R�Q��
and micro enterprises <10 employees annual 
�W�X�U�Q�R�Y�H�U���”���¼�����P�L�O�O�L�R�Q���R�U���D�Q�Q�X�D�O���E�D�O�D�Q�F�H���V�K�H�H�W���”���¼����
million (European Commission,2005). It is 
increasingly recognised that the growth and 
competitiveness of SMEs is the route to economic 
recovery at national and European level �µthe 
driving force for growth�¶(HU. M.,2010). To safe 
guard the competitiveness of European SMEs it is 
imperative that they are aware of and have access 
to the initiatives designed to assist their growth and 
innovation. 

The aim of the European Commission and the 
Irish Government is to enhance the competitive 
position of SMEs, however this cannot be achieved 
if the information is not accessible. When deciding 
on a method of communication, the characteristics 
of SMEs, in particular micro enterprises should be 
considered (lack of resources, expertise, time etc. 
(MacEachen et al.,2010). The cost of technology 
can be insurmountable for SMEs. According to a 
survey run by the Central Statistics Office (CSO) in 
2007 there were a number of Irish SMEs identified 
in who did not use the internet (Central Statistics 
Office,2008). The survey concluded that only 29% 
of micro enterprises in Ireland in 2007 had a 
website or a home page and 66% used the internet. 
This demonstrates the possibility of a gap in 

communication. The review found that the majority 
of Governing bodies within Ireland such as the 
Health & Safety Authority and the National 
Standards Authority use their websites to 
communicate regulations, legislation, European 
initiatives etc.  

3. Conclusion 

    Irish SMEs contribute 55% of total turnover in 
the business economy and employ almost seven in 
�H�Y�H�U�\�� �W�H�Q�� �S�H�U�V�R�Q�V���� �µ�:�L�W�K�L�Q��the Irish indigenous 
economy in 2010, the SME share of turnover was 
71.8% while the SME share of gross value added 
(GVA) was 69.4%. This is evidence of how 
important SMEs are to the indigenous economy in 
�,�U�H�O�D�Q�G�¶ (Central Statistics Office,2012). As such, 
research into the effectiveness of communication 
strategies is important. If the internet becomes a 
default medium for the dissemination and transfer 
of information, SMEs who have not yet adopted the 
internet will be at a disadvantage and their growth 
will suffer. Subsidising access to the internet for 
SMEs is something that the European and Irish 
authorities should look at. The effectiveness of web 
based communication should be measured. One 
possibility may be by the redistribution of the CSO 
2008 survey focusing on the �µ�N�Q�R�Z�O�H�G�J�H���H�F�R�Q�R�P�\�¶ 
and comparing the findings with those reported for 
�W�K�H���µ�N�Q�R�Z�O�H�G�J�H���H�F�R�Q�R�P�\�¶���L�Q��������������It should not be 
assumed that all of the SMEs in Europe and Ireland 
are using the internet to access information. 
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Abstract 

The assessment of potential vascular graft materials 
requires extensive, physiologically-realistic, in vitro 
analysis prior to clinical application. This study 
proposes a comprehensive evaluation platform of cell-
material interactions, including cell compatibility, 
viability, proliferation trends and gene response to the 
substrate materials analysed. In order to obtain 
clinically relevant data, cell-seeded substrates were 
subjected to physiological flow conditions mimetic of 
the in vivo environment. Human Aortic Endothelial and 
Human Aortic Smooth Muscle cells were seeded in 
isolation and as a co-culture environment and materials 
were studied under all conditions. 
 
1. Introduction 

This study focuses on the Endothelial Cell (EC) and 
Smooth Muscle Cell (SMC) attachment and behaviour 
on naturally derived cell-seeded Extracellular Matrix 
(ECM) materials, namely Urinary Bladder Matrix 
(UBM) and Small intestinal Submucosa (SIS).  Cell 
seeded materials were exposed to the relevant 
physiological shear stresses in order to assess and 
understand the cellular mechano-transductory pathways 
- often regulated by inherent properties of the 
underlying material.  
 
2. Materials and Methods 

Physiological Wall Shear Stress (WSS) conditions 
were implemented on the cell-seeded scaffolds utilising 
an in vitro bioreactor system. A cone and plate 
bioreactor system1 was modified to facilitate the 
incorporation of 3D cell-seeded scaffolds2. The 
idealised WSS profiles chosen were representative of 
physiological atherogenic and atheroprotective flow 
profiles. The graft materials analysed included both 
UBM and SIS ECM materials.  EC and SMC metabolic 
activity was evaluated pre- and post-shear through 
quantification of alamarBlue® assay (Invitrogen). 
Proliferation/apoptosis was monitored using 
LIVE/DEAD® cell viability assay (Invitrogen). 
Monoculture for both cell lines was initially conducted, 
and subsequently the co-culture environment of both EC 
and SMC was performed. The genetic response of cell-
seeded scaffolds to the flow profiles was quantified 
using RT2 Profiler PCR Arrays (Qiagen). An indirect 
contact study was performed using scaffold and shear 

conditioned media to assess the EC and SMC 
performance using the xCELLigence RTCA (Real Time 
Cell Analysis) System (Roche). The migratory response 
of both cell lines in the direct presence of scaffolds was 
also quantified using the xCELLigence system and re-
affirmed utilising alamarBlue® assay. 
 
3. Results 

Greater cellular/metabolic activity on UBM was 
found in comparison to SIS, this finding is supportive of 
previous data reported3. The results obtained indicate 
that cellular activity for each of the materials tested was 
either maintained or increased when exposed to the 
atherogenic WSS profile, in comparison to that of the 
atheroprotective profile. The confocal microscopy 
imagery depicted distinct patterns of cell alignment. The 
atherogenic flow resulted in a disorganised cell 
orientation in comparison to the alignment evidenced 
for the forward flow. The real-time data obtained from 
the xCELLigence system re-iterated the findings of the 
metabolic activity and staining methodologies. 
 
4. Discussion 

The results obtained suggest that UBM ECM 
material, with its unique natural structure, facilitates a 
more favourable cellular performance in comparison to 
the other ECM materials assessed, yielding significantly 
higher cellular growth pre-shear during the culture 
p�H�U�L�R�G���� �)�R�U�� �E�R�W�K�� �W�K�H�� �³�D�W�K�H�U�R�S�U�R�W�H�F�W�L�Y�H�´�� �D�Q�G��
�³�D�W�K�H�U�R�J�H�Q�L�F�´�� �:�6�6�� �S�U�R�I�L�O�H�V���� �8�%�0�� �S�U�R�P�R�W�H�G�� �J�U�H�D�W�H�U��
cellular adherence and distribution post-shear compared 
to SIS. The xCELLigence Cell Index data provides an 
improved insight into cell behaviour in response to 
various conditions, over periodic data acquired by cell 
viability assays. The methodology described, in 
conjunction with results obtained, describes an accurate 
in vitro simulation and analysis to help predict potential 
in vivo performance of such materials. 
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