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Student Photo

Pictured here is the 2019/2020 cohort of ADVANCE students and supervisors at the
ADVANCE 2020 Induction event held in January 2020.
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Application Requirements

Below we offer an outline of the ADVANCE recruitment process and guidance
on the procedures. If you have queries or concerns please contact us to
discuss.
Candidates will be asked to provide the following:
Primary and highest degree(s) and awarding institutions; GPA/degree class.
A CV (maximum 3 pages)
Evidence of English language proficiency for non-native speakers based on
IELTS (or similar) score of 6.5 (or similar local requirements)
Proposed supervisor(s) in order of preference (up to 3)
A max. 2 page statement of motivation including a description of:
- why they wish to undertake an ADVANCE PhD (with reference to their future
career ambitions)
- the proposed research topic
- reasons for selecting the nominated supervisors.
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ADVANCE Supervisors

The ADVANCE supervisory cohort is made up of over 70 researchers who span
the breadth of the key research areas of ADVANCE.
Each supervisor is an internationally recognised researcher in their field with
numerous publications and research grants to their name. They play a key role
as part of ADVANCE through the creation and delivery of material for the
ADVANCE training programme, in their guidance of students as they develop
as researchers and through their engagement with industry for student
placements and projects.
With the launch of the first ADVANCE cohort last year, more supervisors will
come on board further strengthening the research expertise within ADVANCE
and its training programme.
You will find the supervisor profiles here on the ADVANCE website.
https://www.advance-crt.ie/people/supervisorslist/

In the next section you will find the profiles belonging to the current ADVANCE
supervisors with projects that you can apply for.
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University College Cork Supervisors
Dr. Laura Maye
Email: laura.maye@ucc.ie
Link to Profile
Research interests:
I am a qualitative, human-centred computing researcher working as a Lecturer in the School of Computer Science
and Information Technology at UCC. My main research interests are in tangible computing, as well as implementing
technology to support Do-It-Yourself and civic community participation, particularly in cultural heritage, healthcare
and other community contexts. I have been involved in various research projects that reflect this theme: I have been
co-investigator in an EU-H2020 project called Grassroot Wavelengths, which aimed to design low-cost radio
technology to enable people in rural communities in the periphery of Europe to participate in local matters,
deliberate and take action. Additionally, I have participated in research activities, where the goal was to support
people, with little to no specialized technical knowledge in technology, to be actively involved in their design and
implementation, particularly in museum contexts. I have publications in top Human Computer Interaction and
Computer-Supported Cooperative Work venues, such as CHI, DIS and CSCW.

Research potential impact on society:
The research I focus on is at the intersections between community participation, heritage preservation, and new
innovative technologies. My research particularly targets the following UN sustainable development goal:
- GOAL 11, Sustainable Cities and Communities: while there are many efforts being made to bridge the connection
between museums and their communities, further work needs to be done particularly to strengthen connections
between museums and the stories of their communities, particularly at a distance. The above project falls under this
category of sustaining culture and heritage, where the importance is to strengthen the participation of the local
community.

Example project title(s) of the ADVANCE Applicants can apply for:
Bridging Connections between Local Communities and Museums with Technology
One of the biggest challenges museums is community participation, or particularly, with connecting the on-site visit
with the offsite visit in meaningful ways to support participation in community storytelling. Indeed, while there are
emerging means for connecting in this way, few museums leverage possibilities of novel technologies in doing sp
and thus there often remains a divide in terms of access to museums and stories that are pertinent to the
community. Understanding how to connect the on-site and off-site visit is becoming a pertinent issue for the arts,
culture and heritage sector. Firstly, participation in cultural activities in museums is often only available to those who
have the means to physically access, which can be exclusionary to those who may not be able to access physically.
More recently, we have seen changes in mobility in response to health and safety measures, which has limited
people’s ability to travel and participate in cultural activities. Thus, the main question that this project will explore is:
In what ways do communities want to participate in the generation of museum stories, and how can technology be
designed to bridge this connection?
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University College Cork Supervisors
Dr. Rosane Minghim
Email: rosane.minghim@ucc.ie
Link to Profile
Research interests:

The search for biomarkers is one of the most active areas Systems Biology. It relates to finding biological indicators
of biological processes usually in the form of proteins and peptides. In that particular field, there is intense need for
both general and focused computational and statistical tools to support the hard task of identifying the right
elements to describe a particular biological process or pathological condition. The project involves developing
algorithms, data science procedures and visualization tools and techniques to support finding and monitoring
biomarkers related to a number of conditions, such as various types of cancer. Drawing on previous cooperation
and results [1] [2] [3] [4], the project will continue to explore novel approaches and tools for biomarker identification
and test those in real case scenarios.
[1] Heberle, H., Meirelles, G.V., da Silva, F.R. et al. InteractiVenn: a web-based tool for the analysis of sets through
Venn diagrams. BMC Bioinformatics 16, 169 (2015).
[2] Kawahara R., Meirelles G. V., Heberle H., Domingues R. R., Granato D. C., Yokoo S., Canevarolo R. R., Winck F. V.,
Ribeiro A. P., Brandão T., Filgueiras P. R., Cruz K. S. P., Barbuto J., et al Integrative analysis to select cancer candidate
biomarkers to targeted validation. Oncotarget. 2015; 6: 43635-43652
[3] Heberle, H., Carazzolle, M., Telles, G. et al. CellNetVis: a web tool for visualization of biological networks using
force-directed layout constrained by cellular components. BMC Bioinformatics 18, 395 (2017).
[4] Carnielli, C.M., Macedo, C.C.S., De Rossi, T. et al. Combining discovery and targeted proteomics reveals a
prognostic signature in oral cancer. Nat Commun 9, 3598 (2018)."

Research potential impact on society:

Biomarker identification is paramount to understanding, diagnosis, prognosis and monitoring of patient conditions,
many of which are more likely to appear late in life and to achieve better control or cure when detected early. Studies
in biomarker identification are paramount for health living and longevity with quality of life. Developing strategies to
improve performance in biomarker identification is likely to have high impact in society for those reasons, and in
particular if a breakthrough is achieved in data processing and user understanding in the process.

Example project title(s) of the ADVANCE Applicants can apply for:

Data science and visualization of Biological indicators to support biomarker search.
In this project the student will interact with Biologists and Data Scientists to support the research and development
of methodologies and tools that support biomarker finding. In particular, the new methods will focus on particular
aspects that are lacking in the current solutions:
- Identification of different protein and peptide rankings
- Identification of groups of proteins with similar behavior in sets of samples
- Tracking of protein and peptide changes over the course of progression of particular conditions.
- Associating protein activity levels with regions of lesions.
In order to acquire the training necessary to accomplish their goals, the research student will gain knowledge of data
science, visualization and bioinformatics. Previous knowledge on some of these subjects is welcome.
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University College Cork Supervisors
Dr. Paolo Palmieri
Email: p.palmieri@cs.ucc.ie
Link to Profile
Research interests:
My research work focuses on cryptography, privacy and security. Several of my research contributions relate to the
design of cryptographic protocols and schemes to preserve privacy and enhance security in real world settings.
My research interests include homomorphic encryption, secure (multi-party) computation, privacy-enhancing
technologies, anonymity, and privacy in e-health, smart cities, and smart transportation.
I currently supervise a number of cryptography and privacy focused researchers, and I am part of the Security
research group as well as ADVANCE. I am always looking for motivated students interested in contributing to the
research of our group.

Research potential impact on society:
Preserving privacy in the wake of the digital revolution will be one of the defining challenges of this century. Privacy is
a fundamental human right, and recent events, including the Cambridge Analytica scandal, demonstrate how a lack
of privacy can impact other rights, including freedom of thought and democracy. The challenge of protecting privacy
is multi-disciplinary and can only be addressed jointly by experts in different domains, such as digital technologies,
law, sociology and other disciplines. However, cryptography has a key role to play in this domain, providing the
technical means through which privacy can be achieved in complex digital systems.

Example project title(s) of the ADVANCE Applicants can apply for:
Secure multi-party computation on new communication paradigms
In cryptography, secure multi-party computation aims at enabling two or more parties to jointly
compute a function over their inputs while keeping those inputs private. This allows people or
entities to collaborate, without disclosing their sensitive information. Secure multi-party
computation can be achieved with information theoretic (that is - perfect) security using some
noisy communication channels. This has been proven over some standard wired and wireless
technologies. This project aims to studying how secure multi-party computation primitives such as
oblivious transfer can be achieved in new and emerging communication scenarios.
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University College Cork Supervisors
Prof. Dirk Pesch
Email: d.pesch@cs.ucc.ie
Link to Profile
Research interests:
My lab’s research focuses on networking for and applications of the Internet of Things and Cyber-Physical Systems
for smart and sustainable communities and smart manufacturing environments. In networking focused research, we
study capacity and performance aspects of massive machine type communication and ultra-reliable low latency
communication services in LPWAN, 5G, and low power short-range wireless technologies. We use both computer
simulation but also test-bed based evaluation to explore the operation and performance of our ideas. The use cases
for this research include massive sensing/actuation in manufacturing, autonomous vehicles in industry and vehicle
communication in urban environments. In this area we also collaborate with industry.
Our IoT application-focused research is transdisciplinary, where we study the use of IoT sensing and data analysis
services for smart city and health and wellbeing use cases. We work in collaboration with social scientists and
psychologists in this area. We use smartphone and off-the-shelf wearable sensing technology, which provide
continuous, passive sensing data from participants. We analyse the data in the backend system of the IoT to identify
trends and gain insights into the wellbeing of participants. We also work with Cork County and Cork City Councils on
urban IoT applications around transportation and parking. Again, we use smartphone sensing applications to devise
new and more efficient services.

Research potential impact on society:

Project 1:
Our world is increasingly being instrumented by IoT sensors. The majority of them operate in a wireless, battery
power format, sometimes using energy harvesting technology to increase lifetime of wireless operation. In order to
make IoT sensing more sustainable in terms of battery lifetime, operating costs, convenience but also applicability for
different use cases, we need to further enhance power and energy efficiency in wireless sensing. The impact a
further enhancement will have on society is that IoT sensing will have an even broader application range to enhance
sustainability in urban sensing, industrial applications but also in wearable sensing for health and wellbeing
applications.
Project 2:
Secure, efficient resource allocation in 5G network slicing is critical for the proper operation of many of the vertical
applications that are envisaged for 5G networks. A secure, efficient future mobile communication infrastructure is
critical to delivering services to society. Secure slicing can protect the proper operation of a particular service from
being corrupted, it will support autonomous mobility, e.g. autonomous driving, which can provide huge benefits for
society in making urban mobility more sustainable. It can also make autonomous operations in industrial
environments safer where machines can take on the role of humans, leading to safer, less heavy work environments.
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University College Cork Supervisors
Prof. Dirk Pesch
Email: d.pesch@cs.ucc.ie
Link to Profile

Example project title(s) of the ADVANCE Applicants can apply for:
Title: Low power, real-time wireless sensing and actuation for the IoT
Description: In many Internet of Things applications, low power, real-time sensing and actuation is of critical
importance in order to enable reliable, sustainable and safe applications. While much research has been done in the
area of power or energy efficiency for wireless sensing, less has looked at combining this with real-time and
actuation applications. However, combining real-time performance with energy efficiency remains a problem. With
increasing use of machine learning also in edge and wireless devices, energy efficiency will not only have to address
efficient communication but also computing. This project will study i) the boundaries of energy efficiency and ii)
propose communication and computing resource management approaches to enhance energy efficiency for
selected use cases.
Title: Performance and security of slicing in 5G for smart or autonomous mobility applications
Description: Slicing is a network virtualisation technology that creates multiple virtual networks on top of a single
physical network substrate. It will be used in 5G mobile networks to support multiple vertical applications with
different quality of service requirements. Slicing is a resource management approach that aims to optimise the
scheduling of physical resources and their allocation to individual virtual networks/slices. However, apart from
resource allocation challenges, there are security implications in using slicing, in particular in the wireless part of the
slice as wireless communication is of a broadcast nature and makes isolation difficult. This project will study both the
resource allocation as well as the associated security challenges of slicing in 5G networks.
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University College Cork Supervisors
Dr. Ailsing O' Driscoll
Email: a.odriscoll@cs.ucc.ie
Link to Profile
Research interests:
The research focuses on network management for mobile and wireless networks with a specific focus on cooperative
communication protocols, distributed architectures and modelling and performance evaluation. This has application
domains in connected and automated vehicular communications and the IoT.
Research challenges include optimally scheduling and managing radio resources given scarce spectrum at sub 6GHz
as well as managing the network given congestion, identifying ways in which new spectrum can be utilised to deliver
on the required of higher data rates and radio resource management for lower latencies. Particular emphasis is
placed on meeting the QoS requirements of a mix of future envisaged applications.

Research potential impact on society:

Project 1: Network reliability is critical for next generation vehicular services as many are linked to critical automotive
functions so packet loss can jeopardise the safety of drivers, passengers and pedestrians. The network must be able
to adapt its behaviour to prevent radio channel conditions becoming hazardous.
Project 2: Automated vehicles will act as mobile data centres gathering TBs of sensor dat (video, radar, lidar etc).
Envisaged applications include cooperative sensing/perception, platooning like maneouvering and remote driving, all
of which will radically change the transportation sector improving traffic efficiency, vulnerable road user (VRU) safety
and optimising efficiency of fuel, road infrastructure and labour. However existing spectrum does not support the
necessary data rates and latencies and so it is necessary to investigate alternative spectrum to fulfil the requirements
of the envisaged applications.

Example project title(s) of the ADVANCE Applicants can apply for:
"Project 1: Network reliability is critical for nextgeneration vehicular services as many are linked to critical automotive
functions so packet loss can jeopardise the safety of drivers, passengers and pedestrians. The network must be able
to adapt its behaviour to prevent radio channel conditions becoming hazardous.
Project 2: Automated vehicles will act as mobile data centres gathering TBs of sensor dat (video, radar, lidar etc).
Envisaged applications include cooperative sensing/perception, platooning like maneouvering and remote driving, all
of which will radically change the transportation sector improving traffic efficiency, vulnerable road user (VRU) safety
and optimising efficiency of fuel, road infrastructure and labour. However existing spectrum does not support the
necessary data rates and latencies and so it is necessary to investigate alternative spectrum to fulfil the
requirements of the envisaged applications.
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University College Cork Supervisors
Prof. Utz Roedig
Email: u.roedig@cs.ucc.ie
Link to Profile
Research interests:
My research interest is computer networks and security. Within this area my work focus is on distributed embedded
systems; this domain may also be described as Wireless Sensor Networks (WSN), Cyber Physical Systems (CPS), or
the Internet of Things (IoT). Most computer systems surrounding us in our daily life are no longer the traditional
personal computers but embedded devices. Recently, these embedded devices have become increasingly networked
together to form distributed embedded systems. Examples of networked embedded systems are home automation
systems, physical intrusion detection systems, smart cities or wireless sensor systems for factory automation.
Embedded devices are used to build critical infrastructures and we depend on their reliable operation. It is therefore
essential to provide mechanisms which protect these infrastructures against human error, system faults and attacks.
My work looks at communication mechanisms and the software used to construct these systems; with particular
focus on constructing them in a secure fashion. An important aspect of my work is to deploy and test systems in realworld application scenarios.

Research potential impact on society:

The aim of this project is to increase trust in IoT systems, specifically for home automation. Currently people feel that
systems such as smart homes have too much insight in their personal life. Hence, these systems are not as widely
deployed as they could as users might feel that the loss of privacy does not outweigh the benefits of having such
system. For example, the fear of a loss in privacy prevents people using systems that can help us meet emission
targets or construct safer living spaces.

Example project title(s) of the ADVANCE Applicants can apply for:
"Privacy Preservation in Smart Homes:
Modern homes are equipped with numerous Internet of Things (IoT) devices used to implement heating systems,
energy monitoring, burglar alarms, entertainment systems and so on. The devices are usually integrated via a back
end system to implement a smart home. Data collected via the deployed IoT devices is used to gather information
about occupants in order to implement services. For example, the system might be designed to improve living
quality, reduce the cost of maintaining a home or to reduce greenhouse gas emissions. As a smart home collects
information about the occupants it usually collects far more information than required for the service that is
provided. Thus, a service provider could learn more about the occupants than the occupants are willing to disclose.
The aim of this project is to investigate how a smart home could be constructed such that occupants have
confidence that only information about their daily life is passed to a service provider that they are willing to disclose.
Current smart home systems operate very differently, occupants have to trust service providers that they do not use
the data they collect for other purposes than the agreed ones. Trust is good but the ability to control is better."
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University College Cork Supervisors
Prof. Cormac Sreenan
Email: cjs@cs.ucc.ie
Link to Profile
Research interests:
My research focuses on computer networking, mostly wireless networking. Projects address fundamental and
applied research in networking to enable new and demanding applications. Recent applications include video
streaming, sensor networks and unmanned aerial vehicles.
This takes place with the UCC Mobile & Internet Systems Lab (MISL).

Research potential impact on society:

TITLE: Future wireless networks for the data needs of connected and automated vehicles
IMPACT: It is widely acknowledged that connected and automated vehicles will have a profound impact on society,
across many dimensions, from the small scale on the lives of individual transport users, right through to future city
planning on the large scale. This project specifically will look at the technology that will impact individual users, in
their ability to alter their lifestyles in response to autonomy. It will also see how technology can enable important
services such as protecting vulnerable road users and conveying information on hazards.
TITLE:Scanning and modelling of physical spaces using mm-wave wireless
IMPACT:Applications for low- cost modelling of physical spaces are numerous and include navigating smart cities and
buildings, for example to guide firefighters or people who are visually impaired. Understanding how to use this new
technology to improve people’s lives will form part of the research. Ethical and privacy issues are relevant, in relation
to when it is appropriate to capture scans, and when to share them with others, for example in the context of private
homes and sensitive areas.

Example project title(s) of the ADVANCE Applicants can apply for:
TITLE: Future wireless networks for the data needs of connected and automated vehicles
ABSTRACT:The evolution of road vehicles towards automated driving is continuing at pace. As vehicle occupants play
less of a role in vehicle control, it can be expected that the use of mobile entertainment (video, games, AR/VR) will
surge, presenting a significant challenge for future wireless networks. In addition, many scenarios, such as
cooperative perception,envisage the use of real-time high-definition video and sensor data transmission between
vehicles for safety purposes. This project will investigate the data delivery needs of these applications with a view to
conceiving and evaluating new mobile network architectures, protocols and resource management algorithms. The
project will suit a student who has a keen interest in networking and has either experience or interest in using a
combination of analytical (mathematical) and engineering-style (hands-on) methodologies for their research.
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University College Cork Supervisors
Prof. Cormac Sreenan
Email: cjs@cs.ucc.ie
Link to Profile

Example project title(s) of the ADVANCE Applicants can apply for:
"TITLE:Scanning and modelling of physical spaces using mm-wave wireless
ABSTRACT:Millimeter-wave (mm-Wave) radio is a key technology enabler for the ultra-high data rates of 5G cellular
networks, and it is expected that 5G smart phones will be equipped with mm-Wave network interfaces. Interestingly,
millimeter transmissions have utility beyond communication; previously they have been used extensively for shortrange radar detection and ranging. We envisage a future in which each person carries a smart phone equipped with
mm-Wave which can opportunistically scan the adjacent environment and share the results in a participatory
manner to allow accurate 3D models to be constructed and maintained. The research challenge is to devise
techniques for capturing and analysing images using mmwave, so as to produce accurate 3D models of the physical
space. The project will suit a student who has a keen interest in wireless networking and image processing and has
either experience or interest in using a combination of analytical (mathematical) and engineering-style (hands-on)
methodologies for their research.
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University College Cork Supervisors
Dr. Ahmed Zahran
Email: a.zahran@cs.ucc.ie
Link to Profile
Research interests:
"The Mobile & Internet Systems Laboratory is a research laboratory within the Department of Computer Science at
University College Cork. The Laboratory conducts research in the areas of computer networking and systems, with a
focus on applications in the mobile/wireless and multimedia domains.
My research interests lie in the broad areas of general distributed systems and wireless Internet technologies,
including next-generation wireless networks and systems, smart cities, and multimedia communications. In these
areas, my research focuses on developing new algorithms, protocols, and solutions to ensure the best user
experience while tackling key design problems, such as mobility and resource management. We use various
methods to develop our solutions, including analysis, simulation, experimentation, and data-driven techniques.

Research potential impact on society:
The first project would improve both the user experience and city sustainability. Hence, more users would use
sustainable public transport. Additionally, the collected data would be helpful for traffic and route planning.
The second and third projects would improve the user experience when using various applications, especially
streaming. Considering the increasing reliance on communication infrastructure due to the pandemic, the developed
solution would positively impact all economic sectors relying on remote activities, such as education, work, and
entertainment.

Example project title(s) of the ADVANCE Applicants can apply for:
Title: Leveraging crowd-sourced smartphone sensor data for intelligent bus transportation
Group transportation systems are key for sustainable living. However, the lack of accurate schedule information
represents a major obstacle for the wide adoption of group transportation, e.g. busses. This project aims to develop
solutions that leverage crowd-sourced data from system users to provide accurate information for both end-users
and system operators.
Suggested Secondary Supervisor: Ivana Dusparic (TCD)
Title: Optimizing the delivery of future multimedia applications in WiFi 7
The traffic demand for future applications, e.g., augmented and virtual reality, exceeds the capabilities of existing
WiFi networks. To meet these emerging demands, WiFi 7 (IEEE 802.11be) integrates many features, at both PHY and
MAC levels, to facilitate Extremely High Throughput (EHT) for these applications. This project focuses on leveraging
these features to ensure the optimized delivery of future multimedia applications.
Suggested Secondary Supervisor: Cormac Sreenan
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University College Cork Supervisors
Dr. Ahmed Zahran
Email: a.zahran@cs.ucc.ie
Link to Profile
Example project title(s) of the ADVANCE Applicants can apply for:
Title: Machine learning-based throughput prediction for wireless networks
Accurate throughput prediction is an essential element for efficient network and application operation. Using
traditional time-series analysis techniques do not accurately predict the throughput leading to degraded application
performance. Machine learning techniques are known for their capability to learn patterns in complex data to
provide accurate estimates for estimated parameters. This project focuses on developing novel machine learningbased mechanisms that process cross-layer information (PHY and higher) to accurately predict the network
throughput for various applications.
Secondary Supervisor: Cormac Sreenan
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Trinity College Dublin Supervisors
Dr. Melanie Bouroche
Email: melanie.bouroche@scss.tcd.ie
Link to Profile
Research interests:
My research addresses Programming Abstractions for Large-scale Applications, focusing on Intelligent
Transportation Systems and Smart Cities in general. In particular, I am fascinated by the opportunity that Connected
Autonomous Vehicles offer to improve not only traffic safety but also traffic efficiency.

Research potential impact on society:
As 90% of traffic accidents are caused by human factors, the impending deployment of autonomous vehicles is
widely expected to improve traffic safety, but this is likely to be at the expense of efficiency, as they will take less risks
than human drivers, resulting in increased traffic congestion. Congestion leads to significant time wastage (over 100
hours every year for the average London commuter for example), economic losses (estimated at nearly EUR 100
billion, or 1% of the European Union's GDP, annually), and pollution.
The advent of inter-vehicle communication, however, provides autonomous vehicles with the opportunity to
collaborate with each other to coordinate their behaviour and potentially reduce congestion significantly, even in
traffic flows composed of both manually-driven and autonomous vehicles. Indeed, preliminary studies have shown
that a proportion of cooperating vehicles of lower than 5% can be sufficient to reduce congestion. While these results
are very promising, it is still unclear how this can be achieved despite the heterogeneity of both drivers’ behaviours
and autonomous vehicles control algorithms.
The potential safety and efficiency benefits will only be fully reached if autonomous vehicles are collaborating with
each other, exchanging relevant information and applying compatible strategies to shape mixed traffic flows. Car
manufacturers, however, have little incentive to investigate approaches to improving traffic flow efficiency as those
are expected to benefit not individual drivers, but rather the whole traffic flow. This places the impetus on academia
to investigate the unprecedented opportunity provided by progress in automation and connectivity to improve traffic
flow safety and efficiency as connected autonomous vehicles start being commercialised.

Example project title(s) of the ADVANCE Applicants can apply for:
Project 1 - Exploiting emerging vehicle automation and connectivity to improve overall
traffic flow safety and efficiency
This project will investigate the design of autonomous vehicle coordination protocols that
guarantee safety while also improving efficiency, in mixed traffic flows with varied driver
behaviours and autonomous vehicle control algorithms. As inter-vehicle communication is
inherently unreliable, a significant challenge in the design of coordination protocols is how to
supplement it with sensing information to maintain safety at all times, despite delayed or lost
messages, or inaccurate sensors or actuators. The preliminary studies must be extended to
investigate potential safety/efficiency trade-offs as well as coordination algorithms that are
efficient at the lowest penetration rates to encourage adoption.
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Trinity College Dublin Supervisors
Dr. Melanie Bouroche
Email: melanie.bouroche@scss.tcd.ie
Link to Profile

Example project title(s) of the ADVANCE Applicants can apply for:
Furthermore, existing studies of cooperative driving do not consider the heterogeneity of both
drivers’ behaviours and autonomous vehicles control algorithms. Indeed, drivers each have a
different driving style, which influences their car’s behaviour, and the safety and efficiency
characteristics of the compound flow11. Similarly, controllers from vehicles of different models or
manufacturers are likely to behave differently, and this will influence the safety and efficiency
performances.
In addition, existing studies investigate only very limited failure modes (for example, messages
delayed or lost, vehicle controllers not behaving exactly as expected, and external perturbations
are not considered). As driving is safety-critical, i.e., that human lives are potentially at risk, it is
essential to ensure that the driving protocols maintain their safety properties despite potential
faults, but the expected efficiency results in the presence of such faults must also be considered
Project 2 – Designing appropriate communication protocols for Connected Autonomous
Vehicles coordination
This project will investigate the design of appropriate communication protocols and associated
programming abstractions to enable Connected Autonomous Vehicles cooperation and
coordination. Using vehicle to vehicle (V2V) communication, Connected Autonomous Vehicles can
exchange information in real-time regarding their surroundings (cooperative perception). This has
the potential to enable (i) more accurate sensing by merging the measurements from several
vehicles, (ii) additional sources of information, beyond sensors line of sight or range, and from
other vehicles’ internal sensors. Connected Autonomous Vehicles can also exchange messages
about their future manoeuvres (cooperative driving), reducing the ambiguity regarding their
intent, as well as actually coordinate their behaviour by negotiating future manoeuvres.
Wireless communication between fast-moving vehicles is a challenging task however. Recent
advances have enabled the development of the IEEE 802.11p for V2V communication, and,
specifically targeting low-latency short range communication, the standards ARIB in Japan, WAVE in
USA and ETSI ITS-G5 in Europe. Safety-critical applications such as coordinated driving require
reliable real-time information about the status of the communication however – while the
communication itself might not be reliable, it is essential to know in real-time how well it is
currently performing to adapt driving behaviour and maintain safety. This project will investigate
how recent standards can be extended to provide this real-time feedback.
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Trinity College Dublin Supervisors
Prof. Siobhán Clarke
Email: siobhan.clarke@scss.tcd.ie
Link to Profile
Research interests:
My research addresses shortcomings in the methods available to software engineers tasked with building software
to execute reliably in mobile environments and the Internet of Things. Mobile devices have become prominent not
just as end-user devices for software consumption, but also in software provisioning, while the Internet of Things
underpins smart technologies for addressing many global challenges, such as sustainable cities and communities.
Key decisions in resilient software provisioning in such dynamic, large-scale environments relate to where to place
software services in edge computing devices, how to enable the right services to be discovered at the right time, and
how to orchestrate the right combination of services to provide acceptable quality of service to consumers. My
research team has devised a new approach to software engineering for software services in highly dynamic and
challenging mobile environments based on new software service placement decision-making combined with goaloriented planning for software service orchestration. The Internet of Things not only encompasses mobile devices,
but also includes vast sensor networks, so-called edge computing and the traditional Internet, exacerbating
difficulties with reliable software provisioning. My research team also developed a new AI-based approach to
software engineering for Internet of Things devices using predictive modelling combined with decentralised
reinforcement learning techniques for optimising service orchestration, which adapts to real-time changes in the
environment. We have also investigated prioritised content/service delivery in vehicular environments, extending the
Information-Centric Networking model for prioritised routing of packets through a dynamic V2V network. Key open
research questions we are pursuing relate to the adequacy of, and selection of, appropriate AI algorithms in reliable
and resilient software provisioning models.
24 PhD students have graduated from my lab over the past 20 years, and we have over 200 publications.

Research potential impact on society:
The extent of the projected use of advanced networks and Internet of Things devices raises concerns about the level
of quality of service that will be enabled. There are countless use cases from multiple industries emerging, which will
place massive load on the network, testing coverage, throughput and latency qualities. My group is particularly
interested in city-wide use cases, including inter-modal traffic management; mobile ambulance software service
provisioning; disaster management; and so on.
For each such use case, continually reliable software provisioning is likely to be critical to the successful operation of
the technologies supporting the city’s management and the citizen’s well-being. All three projects address elements
of this concern.

Example project title(s) of the ADVANCE Applicants can apply for:
Project 1: Reliable AI for Reliable Software
Large and dynamic systems, such as those that enable smart cities and communities, or connected/autonomous
vehicles, use data intensive applications, which usually rely on AI algorithms. However, current AI algorithms tend to
be designed and executed in isolation, solving domain-specific problems in controlled environments, with their
effectiveness and efficiency at risk in large and dynamic systems. Such systems have multiple and complex goals,
which are difficult to achieve with isolated, potentially conflicting, AI algorithms. In addition, large systems generate
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Trinity College Dublin Supervisors
Prof. Siobhán Clarke
Email: siobhan.clarke@scss.tcd.ie
Link to Profile
unexpected behaviour that can easily outdate isolated AI algorithms’ learning models.
This project will investigate a flexible and holistic AI-centric middleware for large and dynamic systems, whose
main goals are to automate the provision and management of end-to-end AI solutions, integratable with domainspecific software (micro)services. The middleware solution will provide context-aware AI lifecycle management
and reusable AI tools and algorithms.
Project 2: Reliable Vehicle-to-X Communication
Modern vehicles include significant technology that could be exploited to improve safety and road network
efficiency. Making use of these technologies requires time-sensitive, reliable and consistent information delivery
between vehicles and deployed intelligent transportation systems (ITS) infrastructure. The capabilities of the
network to provide the required quality of service of data delivery between vehicles and ITS infrastructure is of
critical importance, and this project will investigate the capabilities of next-generation network technologies, in
particular, ICN, in achieving these requirements. Data naming, routing and name resolution, and caching are key
functionalities of ICN that enable its content-centric focus for content delivery. Designed for scalability and
efficiency in content distribution, it remains an open question as to whether these functionalities, either
individually or in combination, provide a suitable technology for safety-critical, V2X communication. This project
will investigate extensions to ICN to achieve time-sensitive, reliable data delivery, enabling improvements to traffic
congestion, carbon emissions and safety.
Project 3: Reliable Service Provisioning in Mobile Environments
Smart cities are environments where many devices generate huge volumes of data. Such data need to be
processed by various applications to satisfy citizens' needs in large geographic areas. Edge computing provides an
opportunity to process this massive data at the edge of the network to reduce the latency and network overhead
caused by cloud processing and storing. Multi-access Edge Computing (MEC) is a paradigm that optimises the use
of edge servers' resources while improving applications' Quality of Service (QoS). As compared to the cloud, MEC
servers are usually resource-constrained computers that execute a finite number of services that compose
applications
Placement mechanisms are used to optimise the selection of MEC edge servers to run the services for a given
application, offering improved QoS (e.g., latency) at the lowest cost (e.g., resource consumption). Smart cities pose
challenges to these service placement mechanisms, as large networks of edge servers and the large number of
offered services produce an even larger number of potential solutions. This makes the optimisation process
complex and time consuming. Applications users are frequently mobile in smart cities, requiring service
placement to consider their routes to maintain QoS while they move. In addition, there may be additional
contextual factors that influence placement decision-making, for example different users and applications with
different priorities (e.g., ambulance vs concert-goer). This project will investigate AI-based context-aware service
placement and provisioning in edge computing environments, using prediction models such as Bayesian
classifiers, neural networks and/or deep learning, and queueing theory for priority decision-making.
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Research interests:
Located within the School of Psychology, the Centre for Innovative Human Systems (CIHS), (https://www.tcd.ie/cihs/)
brings together a multidisciplinary RTD capability in understanding human behaviour and attitudes, user needs
specification & acceptability of new technologies, development and application of new technologies, stakeholder
engagement, and managing the risks in change implementation processes. The CIHS is one of the leading
Organisational Psychology and Human Factors Groups in Europe. CIHS has a strong track record of applied research,
innovation, training and education over 25 years across multiple high-reliability sectors – healthcare, aviation, road
and rail transport, maritime, security, process, manufacturing and pharmaceutical sectors.
The CIHS’s main focus is on understanding the dynamic interplay of human, system and technological factors which
underlie safety, reliability and change in complex safety, quality, and efficiency critical industries and communities.
The overall objective of the Centre’s research is to improve performance, safety and efficiency by developing tools
and methodologies to: understand the dynamics of human behaviour and performance & organisational systems;
establishing learning communities; promoting better practice, bridging the gap between operations and design;
engaging key stakeholders in knowledge generation and development; enabling coherent risk-management; and
evaluating human, technological & organisational interventions upon operational performance, user acceptability
and ensuring long term sustainable change.. A further area of expertise relates to implementation planning –
ensuring that the development of solutions (technological, procedural, or both) is paired with systematic
consideration of how the solutions will be implemented in real life bearing in mind sociotechnical and behavioural
issues.

Research potential impact on society:
Figures published recently by the Irish Health Survey state that there are over half a million family caregivers
currently in Ireland, with 31% of carers providing 20 hours of care per week or more. Prevalence rates of T1D in
Ireland are some of the highest globally and are increasing in unprecedented numbers. It is estimated that over
22,000 people in Ireland are currently living with T1D (Diabetes Ireland, 2020). It is typically diagnosed in childhood.
Rigorous research is required that will create a solid evidence-base to support recognition of the extent of the
problem and identify gaps and potential technology-driven solutions. It will create an opportunity for cross-discipline
inputs in developing innovative solutions to address the support requirements for family caregivers. The research
will enable healthcare providers to make changes necessary and evaluate their effectiveness, thereby increasing trust
and promoting the positive engagement with services that is critical for desirable patient health outcomes and
improved caregiver experiences.
Findings will be generalisable to self-caring type 1 diabetics as well as to other caregiving cohorts with nocturnal
caregiving responsibilities for children and adults alike. Impacts for health and wellbeing will be considerable for this
large and generally invisible community who are living, often for decades, with an unrecognised burden. Supporting
patient health by supporting the caregiving ecosystem will provide benefits by reducing pressure on healthcare
resources and promoting better overall health outcomes for patients. Reductions in secondary harms for caregivers
will deliver significant societal benefits and cost benefits for healthcare systems.
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Example project title(s) of the ADVANCE Applicants can apply for:

A multidisciplinary, Human Factors approach to evidence building and innovation has been effectively applied across
a wide variety of domains. The proposed research seeks to bring this approach into the healthcare domain, focusing
on ‘family caregiving’ as an aspect of healthcare delivery that is very much understudied from an empirical research
and innovation perspective. Hospital healthcare delivery relies on the provision of supplementary care by family
members, where patients are seriously ill, chronically ill or disabled. Thereby saving the state up to 20bn. Fifty-seven
percent of family caregivers juggle full-time work and caregiving. In addition, many are caregiving around the clock;
delivering nocturnal care, often in difficult circumstances and without respite. Impacts on health and wellbeing,
secondary harms, are commonplace.
This proposal is interested in looking at nocturnal caregiving; it’s impacts, mitigating factors, requirements for
support and opportunities to leverage technology to relieve some of the burden. The project has selected caregivers
for juveniles with Type 1 Diabetes as an exemplar cohort. This is a rapidly growing cohort of highly-burden
caregivers. There is general recognition that this cohort are operating within an illness-management regime that
often requires nocturnal illness management practice. Medicine has nothing to offer to address nocturnal caregiving
and the subject is underrepresented in the diabetes literature. As a result, this cohort are living with a huge burden
that is not recognised in clinical care provision and potential supports are not made available.
Use of technology has significantly changed the treatment landscape in T1D in recent years. Clear benefits to illness
management overall are seen but it is unclear to what degree the technology moderates or mitigates nocturnal
caregiving challenges. Although these illness management tools are often promoted with the promise that they
provide relief from the nocturnal burden of care, literature is emerging that suggests that with the technology in its
present form, from the caregiver perspective, the opposite is often the case.
Research Objectives & Expected Outcomes
1. Descriptive: establish a clear overview of nocturnal caregiving practices in Ireland
2. Establish the effectiveness of nocturnal caregiving practices
3. Investigate impacts of nocturnal caregiving on caregiver health and wellbeing
4. Review technologies currently available and in use. Assess their value
5. Define support requirements
6. Identify opportunities to leverage current technologies to provide support
7. Develop appropriate implementation strategies
Proposed Methodology
This research will take a multi-stage implementation approach using mixed-methods (quantitative and qualitative
data collection and analytics). Quantitative data will be gathered using questionnaires to capture information on
demographic and illness-related variables (i.e. method of insulin delivery, method of blood glucose monitoring,
duration of illness and haemoglobin A1c; which averages blood glucose over three months indicating level of illness
management achieved). Surveys, including open-ended questions, semi-structured interviews will be utilised to
gather qualitative data on the patient and caregiver experience, requirements for support and implementation
strategy inputs. Patient & Public Involvement (PPI) principles will be applied and patient validation techniques will be
utilised to promote the delivery of robust, patient-centred outcome findings.
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I am working in the area of wireless networks, leading a small but growing team. We are covering most of the layers
of the networks stack as well as different types of wireless networks, from ultra low power, long range networks, to
ultra wide band mmwave ones. We are investigating the behaviour of the wireless signals and PHY and MAC
methods for improving their reliability. At the network layer I am interested in the complex interaction between
nodes and the ability to control them through centralised or decentralised algorithms. We try to ground our research
into the real world by building our own testbeds, conducting fun site experiments, or using publicly available
resources.

Research potential impact on society:

LoRa networking has become the preferred solution for a wide variety of applications that require large scale data
gathering. In agriculture for livestock or crop monitoring, smart city and environment monitoring, or ambient
assisted living, LoRaWAN is easier to deploy and manage than the traditional short range solutions such as ZigBee,
and much cheaper and more power efficient than cellular communication. Nevertheless the subGHz LoRa is
unreliable and does not scale well so it is not suitable for more critical applications for example in healthcare or
industry. The support for the 2.4GHz band could allow the development of more reliable communication protocols.
This would mean that the same ease of use, market penetration and land coverage that LoRa is bringing today could
be brought into applications such as telehealth (falls detection, panic buttons), structural monitoring (fire alarms), or
industrial IoT.

Example project title(s) of the ADVANCE Applicants can apply for:
I am looking for a PhD student interested in investigating the LoRa 2.4GHz technology. LoRa is already an exciting
communication technology that took the IoT world by storm, the support for the 2.4GHz band will be able to improve
the simplistic communication protocols (as there is no duty cycle limitation) leading to higher reliability and
scalability, potentially determinism of the communication, opening LoRa to a larger set of application domains. Of
course it comes with the disadvantage of functioning in a frequency band that is already crowded by high power
sources such as WiFi and Bluetooth, and that will have to be managed. This is a new area with relatively low
contribution so there is an opportunity for high impact.
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Research interests:
I am interested in advancing our understanding of the use of ICT and wearable technologies for increasing physical
activity in the population. Specifically, I would like to better understand the point at which “digital cognitive loading”
negatively impacts individuals to remain active and/or increase their physical activity levels. Accompanied by
promises of personal transformation, we are inundated with opportunities to use smart technology to compare and
evaluate our frequency, intensity, type and duration of physical activity and, with the emergence of advanced
networking technologies, we will be offered ever more varied opportunities. However, little is known about the
effects these technologies really have on motivating inactive adults, or those with physical or mental challenges that
make participating in physical activity more difficult, to remain or increase their physical activity levels.

Research potential impact on society:

Continuing developments in ICT/smart technology have significant potential to motivate and improve physical activity
experiences. Yet, these technologies could also detract from the enjoyment or motivation to be active due to their
associated “digital cognitive load”. Exploring user experience for different categories and stages of physical activity, as
well as potentially using artificial intelligence to deliver only the most relevant digital information that matches the
individual’s personal and stage-specific requirements, are of interest. Additionally, given the average age of the
population is increasing, smart technologies can continue to support physically active lifestyles across the lifespan
but sensory, motor and/or cognitive impairments may create further cognitive load challenges that need to be
addressed in order to support older adults to remain physically active.

Example project title(s) of the ADVANCE Applicants can apply for:
How much and what types of ICT are most beneficial for different categories and stages of participation in physical
activity among inactive adults?
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Dr Martin Klepal is a lecturer at the Electrical and Electronic Department at CIT. He is currently teaching mostly in the
area of embedded programming, automation and robotic. He leads the People Behaviour & Technology Integration
team, specializing in the development of next generation cloud based applications, systems, products and solutions
that are specifcally designed to encourage people engagement and improve urban spaces. Martin is currently
managing EU H2020 project called HESTIA aiming to develop next-generation energy demand response services in
residential settings enabled through optimised consumer engagement strategies.
The People Behaviour & Technology Integration team brings together multidisciplinary researchers from the
engineering, social, and information sciences addressing the challenges of the future where the ever closer
integration of technology into almost all areas of life can be used to create many novel and useful applications.
Based on thorough modelling of people’s behaviour and their interaction with the environment and integrating these
models with rigorous machine learning based principles and algorithms, this approach enables the development of
innovative systems, which are designed to encourage people engagement and enhance user experience in various
application domains, including energy management, smart cities, transport, and health interventions to name a few.
All these developments are built on top of our cloud-based IoT processing environment, in conjunction with multiplatform front-end user engagement tools, which have been deployed and proven in various real-world
environments.

Research potential impact on society:

It is estimated that we spend around 90% of our time indoors and that buildings are responsible for between the
20% and 37% of the global energy consumption in the EU. Therefore, user behaviour within buildings strongly
influences not only local but global energy consumption. It is envisaged that unlocking the residential energy demand
flexibility as a tradable asset at the energy market will contribute to the reduction of residential consumer energy
price. The resident’s level engagement will enable energy trading at a community level that local people and thus
communities can benefit most from local renewable energy production (solar, wind turbine, bio methanol stations,
geothermal, etc..) further mobilising a community level investment into local renewable energy sources. This will in
turn reduce requirements on long distance energy transmission networks and even enable creation of sustainable
energy islands.
40% of Europe’s energy consumption comes from buildings, and they generate 36% of GHG emissions in the EU. With
a staggering 97% of the housing stock estimated as being energy inefficient, the building sector is one of the key
enablers for achieving low carbon economy goals for 2050.
Research proves that 92% of the air in the places we live is unsafe to breathe and that comfort has a direct impact on
human working efficiency, occupant’s morale and potential health impairments. Comfort encompasses various
aspects including user’s satisfaction with the visual, acoustic or thermal conditions of the environment. Therefore,
there is a direct need to reduce building energy consumption without neglecting indoor air quality and occupant
comfort.
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Potential projects will research, devise and evaluate residential engagement techniques for unlocking the behaviour
demand response in the energy market. The concept of demand response is still mostly reserved for large individual
facilities in the commercial and industrial sectors. However, recent studies have shown that the residential consumer
engagement potential for demand response can play an important role when balancing energy grids with increased
proliferation of non-dispatchable renewable energy sources. Currently, there are several ICT solutions designed to
capture the users’ attention and invoke efficient and sustainable behaviour over time, including the users with low
ICT literacy. However, while proven to be effective to a certain extent, the existing solutions still face significant
adoption barriers due to technology acceptance, use and effectiveness. In parallel, recent ICT advancements, the
smart meter rollout, the increase of novel energy storage technologies, transport electrification, as well as innovative
payment mechanisms and business models yield optimal conditions for delivery of solutions. Still, inducing a
consumer engagement and behavioural change for demand response represents an unsolved societal challenge
with potentially enormous environmental, economic and geo-political impacts by reducing fossil fuel dependency of
EU.
Potential PhD projects will research, devise and evaluate residential consumer engagement techniques
for unlocking the residential behaviour demand response through:
1) creation of a self-learning consumer digital twin to accurately model and predict the energy demand
behaviour of individual consumers as well as residential communities.
2) automated consumer engagement strategies enabled by the consumer digital twin and an ambient
user interface
3) ambient user interfaces and consumer behaviour monitoring to support the consumer engagement
strategies and to inform the self-learning processes of a consumer digital twin.
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Many industries have witnessed a shift from traditional features and benefits marketing towards creating
experiences for their customers (Pathak, 2014). Rather than communicate through traditional methods, brands
create a brand environment in a public space and involve potential customers by encouraging them to take part in
an activity (Strategic Direction, 2008). This concept of experiential marketing has garnered much attention in recent
years (for example, Batat, 2019; Smilansky, 2018; Pine and Gilmore, 2011, 1999, 1998; Schmitt, 2010; Atwal and
Williams, 2009; Srivastava, 2008; Caru and Cova, 2007; Lenderman, 2005; Shaw and Ivens, 2005; McCole, 2004;
Holbrook, 2000) and has evolved along this timeline. With its theoretical foundations firmly rooted in consumer
behaviour literature - (Holbrook and Hisrschman, 1982) - the practice of experiential marketing in the modern era
has grown to now, where it has become more strategic and encompasses “the process of identifying and satisfying
customer needs and aspirations profitably, engaging them through authentic two-way communications that bring
brand personalities to life and add value to the target audience” (Smilansky, 2018: 12). Industries such as Fast Moving
Consumer Goods, Consumer Durables and many Service industries have embraced the use of experiential
marketing, however others have yet to incorporate experiential into their marketing strategies. This research will
focus on Big Tech and will explore how experiential marketing can be used to enhance rather than exploit individual
lives and enrich rather than exploit society, something that Big Tech is readily accused of.

Research potential impact on society:

Customers’ in the 21st century not only want a desired product, they also want their personal values to be reflected
in a memorable customer experience (Forhez and Evans, 2018; Haddad, 2016). Despite this however, 51% of
customers say that brand experiences typically fall short of their expectations (Riordan, 2020). Not only that, but
there is a growing mistrust among consumers of companies and what they do with personal information that is
routinely gathered on them. Big Tech specifically is regarded as particularly culpable in this regard. In this context
there is potential with all of these projects, to explore if the concept of experiential marketing can be adopted by Big
Tech and used in a way that connects positively with customers and works to build trust among those customers.
The role of ethics in this regard assumes centrality, where the use and application of technology such as virtual
reality, augmented reality and data capture, for example, in creating experiences for customers, becomes
paramount. By recognising people as vital partners, rather than simply consumers, there exists the potential for Big
Tech companies to communicate with and build relationships with those partners in a way that benefits them in their
daily lives rather than exploiting them. Armed with more information and more control over exchanges, those
customers are well positioned to become more empowered and more vocal in their exchanges with Big Tech
companies. A key outcome of these proposed research projects therefore, will be an understanding of the role of
experiential marketing in creating such an environment. In addition, another key outcome will be insights on the
potential of wireless/wearable etc technology on improving consumer experiences and consequently their lives in
society.

Example project title(s) of the ADVANCE Applicants can apply for:
Experiential marketing and Big Tech: The role and application of algorithms.
Furthering the relationship between marketing and Big Tech: The importance of ethics.
The role of information technology in developing the experiential marketing concept.
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Dr Conor Lynch is a senior research engineer at Nimbus, with interests including system modelling, machine
learning, data analytics and artificial intelligence to optimally integrate and allocate renewable energy resources
(RES). He completed a level 8 honorary Bachelor of Engineering degree in Structural Engineering and Sustainable
Energy Technology at the Cork Institute of Technology in 2006 and 2011 respectively. In 2013, Conor was awarded
the Irish Research Council for Science Engineering and Technology (IRCSET) Enterprise Partnership PhD Scholarship.
Partnering with United Technologies Research Centre (UTRC), in 2016 he concluded his PhD in model predictive
control, focusing on Kalman Filtering optimisation techniques to optimally schedule the renewable energy
contribution within a micro-grid. During his PhD, he completed a term with the Applied Control Technology
Consortium (ACTC) through the University of Strathclyde, Glasgow, Scotland. In that time, he studied System
Modelling, Identification and Parameter Estimation Methods for the Predictive Control for Linear and Nonlinear
Systems. In 2017, he was awarded the Bridge Network Technology Transfer Consortium Invention of the Year award
for Engineering, ICT and Physical Sciences for his work on the Nimbus Energy Optimisation System (EOS) project.
He now leads the AI, Machine Learning (ML) and Data Analytics team within Nimbus/TEC with expertise in the
aforementioned applied to forecasting, predictive maintenance, anomaly detection, sentiment analysis, natural
language processing (NLP), pattern recognition and data classification. Additionally, he is a task participant of the
International Energy Agency (IEA) Technology Collaboration Programme (TCP) for Task 36 - Forecasting for Wind
Energy.

Research potential impact on society:

What AI, ML and data analytics can do for you:
RES: AI applications can transform the renewable energy through increased efficiency, which in turn will fuel growth
of the sector and accelerate its adoption. AI, ML and data analytics can also help Mitigate against the intermittent
nature and challenges posed by inconsistent weather conditions which largely govern RES output. Thus, augmenting
the contribution from weather-dependent energy such as wind and solar to the overall energy mix.
Sentiment Analysis (SA): Sentiment analysis and natural language processing can reveal opportunities to improve
customer experiences, reduce employee turnover, build better products, and more. The most common applications
of natural language processing fall into three broad categories: Social Media Monitoring, Customer Experience
Management and Voice of Customer, and People Analytics and Voice of Employee.
Anomaly Detection: One way to process data faster and more efficiently is to detect abnormal events, changes or
shifts in datasets. Thus, anomaly detection, a technology that relies on Artificial Intelligence to identify abnormal
behaviour within the pool of collected data, has become one of the mainobjectives of the Industrial IoT
Battery Optimisation: AI and machine learning is set to disrupt the battery technology space, by combining the
power of predictive intelligence and data analytics to achieve high battery efficiency and operational reliability. AI and
machine learning is set to disrupt the battery technology space, by combining the power of predictive intelligence
and data analytics to achieve high battery efficiency and operational reliability.

-29-

Munster Technological University Supervisors
Dr. Conor Lynch
Email: Conor.Lynch@cit.ie
Link to Profile
Example project title(s) of the ADVANCE Applicants can apply for:
- Applying available solar irradiance, temperature and cloud index data, to AI, machine learning and data mining
methodologies to build a day-ahead prediction model for solar power output.
- Application of AI, machine learning and data mining to numerical weather prediction models to build a day-ahead
prediction model for wind power output.
- Develop an energy price forecaster model for the integrated single electricity market in (I-SEM) in Ireland.
- Application of AI, machine learning and data mining to forecast agricultural yields and commodity prices.
-Development of a multi-media sentiment analysis platform – text, image and video processing.
- Application of AI, machine learning and data mining to automatically learn the dynamic charge / discharge curve of
an array of battery types – identification of the battery life cycle profile.
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Dr Ruairí O'Reilly is a computer scientist with expertise in developing distributed healthcare platforms to monitor,
analyse, and visualise clinical data. Dr O'Reilly has experience in capturing expert knowledge and integrating that
knowledge into automated analysis processes. Previous healthcare domain projects include the SFI INFANT Centre,
Scan & Scrutinise (EI) and the Babylink Project (SFI). Ruairí has published extensively in affective computing,
explainable AI, machine learning, distributed systems and e-health.
Dr Samantha Dockray is a physiological psychologist with expertise in ecological measurement of biological systems
linked to emotions and health. She has led studies of the interactive associations of health and well-being that use
wearable technologies to capture psychobiological processes. Dr Dockray has experience in using person-centred
design to develop new measures of psychobiological processes in ecological settings. She has expertise in
researching models to elaborate the time-dynamics, anticipatory and lag effects and predictive capacity of
technologies to describe biology-behaviour-context associations.

Research potential impact on society:

Project 1: The impact of Project 1 is via the development of a complex adaptive system that can package multiple
streams of psychobiological data to develop algorithms for use in personalised health care. The technical challenges
associated with integrating data into a complex adaptive system for evaluating biopsychosocial processes represent
a hurdle that prevents the maximal use of data collected via wearable technologies. The outputs of Project 1 address
this hurdle and thus, the societal impact of Project 1 will be via contribution to the development of personalised
healthcare capacity via wearable technology.
Project 2: The most direct societal impact of Project 2 will be in the areas of health care, including mental health and
preventative healthcare. By integrating behavioural science principles with the scale and intricacy of data collected
using wearable technologies, the project responds to enduring and emerging needs in the personalisation of health
care, both in ecological settings and health care contexts. The research will contribute to understanding attitudes and
behaviours related to clinical and consumer use of wearable health technologies, especially in specific populations (
e.g. adolescents) and special populations ( e.g. people with dementia). The impact will also be via a contribution to
the development of health care interventions and prevention programmes, and the person-centred design of health
technology.
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Wearable technologies can record human experience, including psychophysiological processes and behaviour. This
data's potential is under-realised, in part as the complexity of the underlying data presents a challenge in enabling a
holistic approach to be taken. A complex adaptive system would meet these needs, enabling automated processes
and creating data repositories for predictive and explanatory human health modelling. There are relevant research
integrity questions, burden, privacy, and clinical or research utility to be realised from artificial intelligence.
This project will develop a platform based on complex adaptive systems that can derive meaning from multiple data
streams, relating it to human psychobiological health questions. In parallel, the project will examine questions of
research integrity, burden, and privacy.
Both Project 1 and Project 2 grapple with theoretical and applied issues in psychophysiological science and software
development. The anticipated outputs of both projects will impact these areas and contribute to preventive,
personalised care, consumer health, well-being, and performance. The projects are distinct and have unique
research questions, but have synergistic potential.
Project 1 examines the role of knowledge engineering, machine learning and automated pattern recognition in the
modelling of psychobiological processes. Automated functionality will be investigated such that the inherent
dependencies, relationships and interactions within the system can be dynamically altered and queried in a
scientifically rigorous manner. A multi-stakeholder perspective will be adopted surfacing each role in extracting
knowledge from the underlying data streams (physiological, self-report and clinical findings). The efficacy of
integrating explainable artificial intelligence with psychophysiological interventions will be investigated as a means of
achieving consensus amongst practitioners.
Project 2 examines how ecological momentary assessments of individual mood and behaviour can be integrated to
examine psychobiological health models and used for just-in-time interventions for health. Project 2 will also
examine the acceptability and usability of multi-source, all-context wearable devices to participants, including specific
user groups (e.g.adolescents, clinical populations), encompassing questions of individual attitudes and behaviours
related to the use of wearable technology. Individual perceptions and experiences related to technology, privacy,
individual health and behaviour directly shape decisions to wear technology. Yet, a behavioural science perspective
on wearable technology is underrepresented in empirical and applied research on the usability and acceptability of
wearable devices for health.
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Keywords: Network Slicing, Security, Smart Cities

"
Example
project title(s) of the ADVANCE Applicants can apply for:
Fifth Generation (5G) networks and beyond are envisioned to support new business models and use cases across
a range of vertical industries such as industry 4.0 and smart cities. For network operators to meet the demands
of these different vertical industries, they need a way to design custom networks supporting varying
requirements in terms of performance, cost, bandwidth, latency, and security. Network Slicing is the term used to
describe the creation of several logical networks sliced from a single physical substrate that is customized to
meet the divergent requirements to support the use cases and business models of 5G. Given that 5G will touch
every aspect of our everyday lives, security in these custom designed network slices will be of critical importance.
However, the security landscape in 5G is complicated given it will act as a key enabling technology for IoT and
industry 4.0 where trillions of connected things means a huge extension of the threat surface, requiring careful
consideration from a security perspective. This security landscape is further complicated given that network
slices are also going to span across different networks owned by different operators on heterogeneous
environments provided by different vendors. This project will examine the main security concerns in network
slicing for smart cities use case and will develop a solution to mitigate against these concerns, leveraging Artificial
Intelligence as a possible tool and approach.
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I’ve been working at the intersection of technology and learning for more than 25 years, over which time I’ve led
and participated on a wide range of innovative EU-funded, national and commercial ed-tech projects and initiatives.
I’m currently the head of the Department of Technology Enhanced Learning (http://tel.cit.ie) in the Munster
Technological University (MTU), Cork, a department responsible for the mainstream development and support of
ed tech use in the college and for the development of complimentary research in the field. I chair the Ed Tech and
E-learning research group at MTU, Cork and I’m also the course director of the university’s online MA in E-learning
Design and Development (http://tel.cit.ie/ma-in-e-learning). I am interested in and have published and presented
on a wide range of topics in the ed tech and technology enhanced learning fields including, the integration of elearning systems in higher education, open educational resources (OER), the pedagogy of online learning, learning
transfer, micro credentials and game-based learning. I am also very interested in potential applications of Artificial
Intelligence to education and learning. My research approach is primarily a qualitative one which gives primacy to
the lived or subjective experience of the user or learner and which sometimes also supports, or constitutes a phase
of, a larger design and development process.

Example project title(s) of the ADVANCE Applicants can apply for:
The Experience of Learning Transfer in and from High Fidelity XR Applications
Much has been written about the potential of high-fidelity virtual reality (VR) and extended reality (XR)
implementations for teaching and learning purposes. Emerging research on the use of VR for education, for
instance, suggests benefits with respect to things like recall accuracy, engagement, motivation, attitudinal learning
and empathy building. It is also often assumed that immersive, high fidelity virtual environments have the ability to
support better learning transfer outcomes, i.e., what we learn “in there,” in these virtual worlds, easily transfers to
the real world “out here” or that high fidelity, hyper-realistic learning environments have significant and inherent
“transfer power”. Learning transfer, however, has long been a problematic construct in educational research and
there is still little consensus emerging from many generations of research into the topic about the conditions that
control or predict its occurrence. A number of sources in the learning transfer literature argue moreover for a
radical reconceptualisation of learning transfer which places an emphasis not on single acts of learning transfer but
on the dynamic and extended nature of the interrelationship between prior learning and new in the meeting of
new learning challenges. Against this background but also in context of the imminent availability of low latency,
high speed 6G networks to support “anytime anywhere” high fidelity XR, it becomes timely and important to
investigate the interplay of prior and new learning experiences in crossing the boundary between high fidelity
network-mediated learning environment and the “real-world”. Can what we learn in these exciting new virtual and
cyberphysical environments really help us to navigate real world learning and performance challenges and if so
what facilities this transfer? How does our prior learning and our past experiences interplay with our new learning
efforts as we try to negotiate these new extended worlds? What is the experience of users in all of this and how is it
constituted? What innovative UX and other methods might we use and what affordances does XR provide in
gathering data to help answer these questions? How, finally, might research outputs guide the efforts of developers
to create XR educational applications that support learner and learning requirements for the 21st century?
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Our Enterprise Engagement and Experiential Learning research group is at the forefront of policy and practice
development in integrated approaches to engagement with enterprise and in particular in all forms of experiential
learning. We have been involved in a series of national and EU-funded projects in the recognition of prior learning
and work-based learning. Nationally, we have been funded by QQI to develop a report on RPL in further education
in Ireland and by the National Forum for the Enhancement of Teaching and Learning to research RPL in Irish higher
education. In addition, we have been funded by the NFETL to develop and offer a micro credential in RPL for staff of
further and higher education. Internationally we are members of the University Industry Innovation Network and
the Irish partner for the EU funded University-Business Cooperation in Europe report, and members of the
Accreditation Council for Engaged and Entrepreneurial University.
We have worked closely with IBEC on research related to work placement in third level in Ireland and with American
Chamber of Commerce in Ireland on the development of a work-based learning programme for graduates at level 9.

Research potential impact on society:
Work placements are envisaged as an integral, accredited part of the ADVANCE Doctoral training Programme not
only as an important form of experiential learning but also to allow students to apply formal learning in the
workplace and where appropriate to provide students with an opportunity to interact with both technologyprofessionals and technology users. Given that an increasing number of PhD graduates will work outside of
academia, their doctoral studies need to allow them to develop their professional identity and the practical
transferable skills to enable them to take advantage of innovative professional and career development
opportunities to broaden career aspirations and to ensure that they are equipped for a variety of workplaces.
According to HEA statistics, the first destination analysis of PhD holders in Ireland demonstrates that more than half
enter a non-academic career (HEA,2013). Similar research in UK illustrates that 70.1% of PhD holders have left the
academic sector 3.5 yrs after graduation (Hepi 2020)
The contribution will include development of the absorptive capacity for PhDs in workplaces of all sizes and sectors.
The project through a considered reflective approach will contribute to the trust and confidence in learning gained
outside of the university by academics. It will contribute to a closing of the gap between the academic and business
domains and will include the learner as a key contributor to the development of their learning pathways, in addition
to providing valuable policy inputs.

Example project title(s) of the ADVANCE Applicants can apply for:
"Codesigning Work-integrated Learning at Doctoral Level
The research is situated within the ADVANCE CRT but has significantly broader potential application particularly in
extending the research and outcomes to other CRTs. While the kind of skills that might be attained in a doctorate are
the subject of much literature and the inclusion of placement or practice-learning within post graduate programmes
is widely proposed, there is little written on the practical aspects of the implementation of work-integrated learning
at level 10 or on the role of the employer and the learner in designing, monitoring and evaluating both the learning
and the process by which the learning is attained, evidenced and evaluated.
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Example project title(s) of the ADVANCE Applicants can apply for:
The main objectives of the research will be:
• Conduct a literature review to explore extant peer-reviewed publications on the design of doctoral learning
pathways with a particular emphasis on the codification and evidence of skills, practice-based learning, the role of
the learner in learning planning and the role of the employer…
• Explore the expectations and motivations of the various stakeholders in a number of planned work placements
within the ADVANCE CRT structure
• Develop a re-usable framework to support good practice in work placement
• Trial the framework through a pilot application
• Collate and analyse findings in relation to the framework its implementation
• Review and refine the practice framework
• Explore the means by which the work-integrated learning can be accredited either as part of the structured
doctorate or as an alternative credential
• Explore implications for policy and practice in doctoral learning pathways and the opportunities for broader
application of the placement framework or model.
In developing a research methodology, the researcher will need to consider the experiences of the various
stakeholders and how they will be explored – what kind of data will emerge and which methods might be suitable. In
addition, the role of the researcher themselves as an ‘insider’ in the context of the research question will impact on
the reflective processes. While not seeking to constrain the methodology ultimately decided on it is likely that the
research will be fixed largely within the qualitative domain as a form of guided enquiry with the development of
theory, collection of data and reflection occurring in the midst of the action steps and the identification of the
emergent structure in a kind of action research process.
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"The TEC Technology Gateway at Nimbus Research Centre, MTU works actively with industrial and community
partners on applications of Internet of Things. We undertake an end-to-end approach seeking to produce research
outcomes that can be materialised in an industrial or commercial setting.
Our portfolio of partners, stretches from start-ups and SMEs to multinationals, public bodies and academia.
Building on the exposure of dealing with-real life projects we focus on a number of areas namely Industry 4.0, STEM
education, Cloud computing, Edge Computing, Machine learning and Information experience.
The team of Software and Enterprise solutions in particular, has 6 full-time staff and along with a number of parttime researchers and interns encompasses expertise on building back-end/front-end solutions on TRL 3-7 and
collaborates closely with other teams In Nimbus: Human computer Interaction, hardware and data analytics."

Research potential impact on society:

1. Sustainable energy reduction by public bodies. In the context of the “Sustainable Energy” social challenge, public
authorities throughout Europe have been assigned targets for reducing their energy consumption and CO2
emissions.
2. A conversational Agent as an educational assistant. The shift to online mode of education triggered by COVID-19
lockdowns, causes a disruption which in turn may result to inequalities to access delivery of education. This has a
negative impact to the “Inclusive, innovative and reflective societies” societal challenge

Example project title(s) of the ADVANCE Applicants can apply for:
"1. Sustainable energy reduction by public bodies
The objective of this project is to produce a framework that covers every aspect of sustainable energy and emission
reduction, from the technical part of collecting all necessary data, through their analysis for optimum information
experience to decision making with the human on the loop so as to result to meeting these targets. Answering this
research question- apart from the technical work-involves working with public authorities.
Work so far in Nimbus has highlighted issues such incompleteness of data that hinders data analysis, lack of alert
(e.g. anomaly in consumption), absence of investigation of alerts and establishment of an action plan. Therefore any
technology-driven solution must take into account the requirement for adaption/feedback by the end user and the
organisation in order to result to measurable positive impacts.
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Example project title(s) of the ADVANCE Applicants can apply for:
2. A conversational Agent as an educational assistant
The objective of this proposal is to investigate and incorporate a conversational agent as an educational assistant.
The context of this application is currently open in terms of student age or subject. The research question is which
types of tasks of the educational process can be delegated from the teacher to the conversational assistant with a
positive impact to all stakeholders involved.
The important point to note is that this will be an assistant and by no means a replacement to the teacher and we
expect valuable impact for teachers on the approach of research.
Work requires managing task-oriented conversations with a dialogue-based pedagogical approach so as an agent to
undertake tasks and improve the educational experience. Examples of conversation starter questions would factoid,
inquiring keyword searches.
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My current research interests are in the areas of communication protocols, mobile and wireless communication and
Quality of Service. Current research trends, such as autonomous transportation, communication infrastructure for
Smart Cities, Artificial Intelligence and the evolution of mobile networks to 5G and beyond open new and interesting
research challenges which provide opportunities in my areas of interest.
The Application of Artificial Intelligence to mobile communication, for example, has the potential to enhance the
availability, reliability and quality of network connections. With devices having multiple connections at the same time
(multihoming), e.g. WiFi, 4G and 5G, the choice of the most suitable connection or the distribution of traffic across
the available connections will be essential for providing dependability and Quality of Service. Artificial Intelligence
can assist in this by continuously assessing the available connections and proactively distributing the communication
traffic in a way that optimizes the achievable Quality of Service.

Research potential impact on society:

The future of transportation, in particular in urban scenarios, is widely considered to be autonomous. Autonomous
vehicles, however, will require reliable, dependable communication to interact with other autonomous vehicles as
well as with infrastructure. Citizens who are moving in such smart urban environments may be passengers in
autonomous vehicles, or they may be so-called vulnerable road users if they are, e.g., on foot or on bicycles. Users of
autonomous transportation want to use data services while on the move, e.g. consuming or producing audio and
video content, while vulnerable road users will benefit from increased safety if they can interact with their smart
environment, including the autonomous vehicles. Consequently, there is a high and continuously growing demand
for dependable high-quality communication in future smart urban environments, both for the citizens and for their
smart environment. My research is providing technological enablers to this environment to improve services as well
as safety for citizens.

Example project title(s) of the ADVANCE Applicants can apply for:
AI-enhanced multihomed communication in smart urban environments. This research aims to develop AI-enhanced
methods to manage connectivity and QoS in a multihomed setup, depending on user and application demands. With
multiple connections available at the same time, e.g. WiFi, 4G and 5G, the choice of the most suitable connection or
the distribution of traffic across the available connections will be essential for providing the desired reliability and
QoS. The AI methods to be created in the scope of this research are expected to assist in this by continuously
assessing the available connections and proactively distributing communication traffic in a way that optimizes the
achievable QoS based on user and application demands.
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IT systems have a transformative effect on the way in which we think, feel and act and they mediate the relationship
between human goals and outcomes in ways that are not always planned. Failure to anticipate this results in
vulnerabilities potentially becoming inherent in the system from the outset. This project is concerned with decentering the locus of risk and vulnerability from the individual towards the system – considered as a whole
sociotechnical system (people and technology together as a unit of analysis). The challenge of cyber-resilience-bydesign will be addressed not through a human error model or a model of technological characteristics, but through a
unified model of cyber-risk based on a more thorough analysis sociotechnical systems and cyber-physical systems.
Practically understood, this is about identifying a design methodology for complex systems that adopts a
collaborative approach to the design of resilient systems by looking at cyber-resilience as an object of activity at the
boundary between the technological and human aspects. A key aspect of this work will involve enhancing the role of
system-wide situational awareness capabilities and visualisation of system status based on an enriched dynamic
model.

Research potential impact on society:
This study will contribute to informing our ability to design, develop, manage, and maintain cyber-resilient systems
and ensuring their longer-term sustainability along with a roadmap or guidance methodology for implementation.
This will be applicable to the security of a variety of domains such as commercial, financial, health, security, critical
infrastructures, transport, among others.

Example project title(s) of the ADVANCE Applicants can apply for:
Cyber-resilience as boundary object: A trans disciplinary study incorporating psychology, sociotechnical systems
design, and computer science.
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The research in the Wireless Communication Systems Group in Maynooth University covers topics from IoT,
4G/5G/6G and E-band. We work on digital baseband, radio front-end and systems and network level concepts. The
group has direct access to world-class high frequency hardware test facilities and equipment.

Research potential impact on society:

"Project 1:
Some instances of the collection of this cellular data are extremely useful for a society. Take for example
1.) movement of users is important to the operation of future networks. As basestations become more versatile, it is
important to use this information to plan where hardware/services should be deployed to optimize network
performance.
2.) identification of tourists at different tourist hotspots. Identifying these users anonymously will help to inform the
Department of Tourism from what countries do the most tourists visit certain sites and build on this information to
improve the experiences of tourists in future
3.) use of cellular data in the prosecution of people who commit serious crimes
4.) analysis of automobile traffic which can be used to update a road management network to inform autonomous
vehicles as to what routes are busy in order that they can predict the optimum route to take.
If an indigenous company can identify the optimum basestation configuration in order to collect and parse this
information about users and the extent to which the network data must be secured based on the national and EU
laws, there are far reaching opportunities.

Project 2:
Some instances of the operation of cellular networks for a better society. Take for example
1.) users on cheaper subscriptions being ignored or denied access to cellular network in favour of subscribers on
higher cost plans as a result of a machine learning algorithm not being setup correctly.
2.) signal power levels exceeding recommended levels in a particular direction due to the machine learning algorithm
controlling the signal power levels incorrectly due to a situation it was not fully prepared for.
If an indigenous company can identify the optimum basestation configuration while ensuring a wide range of
responsible innovations, this could provide the company with protectable IP, additional concepts which could be
written into future wireless standards and a USP to compete for business in the ORAN marketplace."
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Project Title: User data collection and protection in ORAN networks.
Traditionally, cellular operators provide network coverage to their users. This coverage is made possible by networks of
basestations connected via a network core, which in turn is connected to the world wide web. Typically these
basestations and network core are supplied by a single vendor (e.g. Ericsson, Nokia, Huawei). As such the security of all
links and interconnections are monitored and controlled by the operator using proprietary standards.
With the advent of open radio access networks (ORAN), a disaggregation of the cellular network is proposed and this
will in-turn open these proprietary interfaces. While this will serve to open up the market place to smaller hardware
providers who can focus on supplying smaller pieces of the network it also opens up the network to new security
threats and points of attack. The security threats and their countermeasures are quite well understood for the
information transferred between users communicating on the network. However, the network data and privacy of
individual users data is perhaps more vulnerable and accessible. Location registers are kept of mobile devices out of
necessity as when a call is placed to a mobile device the closest basestation has to be aware of the presence of that
device in order to route the call to it. If the local basestation is owned and operated by a shopping centre or limited
company at what point can the line be drawn as to how that information can be collected and used by the entity
collecting the data or transferred to other parties. When the network is owned by one company and for the most part
supplied by only one other company, it can be more easily protected. However since this new business model will
increase competition and likely reduce the price of network hardware, it seems almost inevitable that operators will
insist on it. With increased threats to data privacy and security also comes opportunities to develop systems to collect
the information, put it to use to improve the operation of the network and keep information about users secure.
Project Title: Responsible Innovation for AI in Cellular Networks
Traditionally, cellular operators provide network coverage to their users. This coverage is made possible by networks of
basestations connected via a network core, which in turn is connected to the world wide web. Typically these
basestations and network core are supplied by a single vendor (e.g. Ericsson, Nokia, Huawei). As such the security of all
links and interconnections are monitored and controlled by the operator using proprietary standards.
With the advent of open radio access networks (ORAN), a disaggregation of the cellular network is proposed and this
will in-turn open these proprietary interfaces. While this will serve to open up the market place to smaller hardware
providers who can focus on supplying smaller pieces of the network it also creates the opportunity for the use of
machine learning in order to optimise performance of the hardware over time.The use of artificial intelligence or
machine learning techniques such as neural networks are ideally suited to solving complex problems such as the
weighting of signals in multiple parallel paths to perform beamsteering in cellular basestations or planning on where
network resources will be provided at different times of the day. Neural networks have been referred to as universal
approximators, in so far as when a suitable structure is chosen and the signals used for training the network are
suitably chosen it is in theory possible for the network to learn the weights that characterise the relationship between
the inputs and outputs. In this project the use of constrained optimization approaches for training neural networks will
be explored. In the context of a cellular network, if the constraints are placed to optimise network operating cost
through the use of artificial intelligence, but possibly at the expense of some groups of users, then this may not be a
desirable outcome for society. Similarly if the environmental cost of operating the network is disregarded in the pursuit
of tuning a neural network to maximise revenue and profit, regulators have a huge role to play in ensuring equitable
and fair use of cellular networks.
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The advent of an always-connected society where people and machines concurrently interact with multiple devices
requires future networks to be highly flexible, combining multiple standards and architectures (e.g. vehicular
communication, massive multiple-input multiple-output (MIMO), millimeter wave (mmWave) and THzcommunications etc.), while simultaneously providing service to multiple users of various types and traffic
requirements. The emergence of such a diverse set of services and applications in networks of the future set out
many challenging requirements, including but not limited to massive connectivity, low latency and high reliability of
the wireless links. My research is concentrated around the broad area of signal processing for communications. In
particular, my research group is focusing on the development of flexible, efficient and robust data transmission and
detection techniques with reduced signaling overhead to address the challenging requirements of the future
networks. We analyze and design novel physical layer technologies and advanced waveforms/modulation schemes,
bolstered with co-located/distributed massive MIMO and multiple antenna solutions to provide an increased
reliability and scalability to the wireless links. These technologies enable a more compact and efficient usage of
physical radio resources with unprecedented levels of area spectral efficiency compared with the current wireless
systems. We also address the challenges of the future networks from a different angle through the design of novel
frame structures and protocols applicable to the diverse ecosystems emerging in future networks, which is an open
problem yet to be addressed.

Research potential impact on society:

Wireless communication systems have become an indispensable part of everyday life and have had a highly
transformative impact on the social and professional aspects of modern society. The outcomes of the proposed
project can generate huge societal impact in different fronts. Towards serving the diverse ecosystem in future
networks, the proposed project will directly impact their physical layer design. It will do so by focusing on the
development of novel and disruptive solutions that address unique challenges posed by emerging applications and
services such as vehicle-to-everything (V2X) communications. This project will develop a technology that can provide
high levels of link reliability and a very low latency that will address the stringent requirements of future vehicular
communication networks. This enables swift control of operations in autonomous vehicles, efficient traffic
management, safe and effective navigation, high definition video streaming and enhanced mobile entertainment.
From an environmental impact perspective, these benefits contribute towards a cleaner, smarter and more energyefficient environment. The societal impacts of this research are multifold. This research will, in the long-term,
revolutionize our quality of life by enabling ultra-safe mobility, eliminating traffic congestion, and reducing the
commute time while making the commute more productive and less stressful. In the medium-term, the current
research will influence and form the new wireless communications technologies and standards that are required for
operation of autonomous vehicles. All the above will contribute towards a safer, smarter and highly connected
society.
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I am interested in all aspects of physical layer design for future networks for both single and multiple antenna
systems that enable highly reliable, low latency, flexible, and spectrally efficient communications. A sample project
along these lines of research is presented in the following.
New modulation techniques to combat doubly dispersive V2X channels
Vehicular communication systems experience high dynamical environments where transmitter, receiver, and
blocking objects can potentially move together. This leads to fast variations of wireless channel with time and hence
the wireless channel becomes highly frequency dispersive. It is worth to note that Doppler spread increases in
proportion to the carrier frequency. Therefore, Doppler spread is more challenging in mmWave bands compared
with sub-6 GHz bands and the channel becomes doubly dispersive, i.e., time-frequency dispersive.
Classical approaches to cope with Doppler spread either shorten symbol duration or reduce the amount of leakage
by deploying filtered multicarrier modulation techniques. However, such approaches suffer from spectral efficiency
loss due to the large signalling overhead. As an alternative approach, recently a new two-dimensional modulation
technique, orthogonal time frequency space (OTFS) modulation, for simultaneously dealing with both Doppler and
delay spreads the channel has emerged, [Hadani2017]. However, such an approach does not work on a symbol-bysymbol transmission and detection basis. This imposes latency issues and hence limitations for ultra-reliable lowlatency (URLLC) and mission-critical applications.
To avoid such issues, this project considers the emerging multicarrier waveforms that utilize cyclic prefix (CP) in the
frequency domain to deal with Doppler spread, [Dean2020]. Such waveforms work on symbol-by-symbol
transmission and detection basis and hence opposed to OTFS, they do not lead to latency issues. Deployment of a
frequency domain cyclic prefix (FDCP) will solve the Doppler spread, however, inter-symbol interference due to delay
spread remains. This limits application of such waveforms to channels with zero or negligible delay spread,
[Dean2020]. This project will solve this issue and tackle the delay spread of the channel in the absence of time
domain CP, through application of advanced signal processing techniques to multicarrier waveforms with FDCP.
Thus, this project will develop a technology to enable application of FDCP solution to channels with both high
Doppler and delay spread. In this project, we will deploy multiple antenna processing methods to push the delay
spread of the equivalent channel after multiple antenna combining to very small values close to zero, and
consequently, make the FDCP solution applicable to real-world vehicular communication systems.
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Guaranteeing the dependability of safety-critical software is crucial, as the slightest software error can have
catastrophic consequences. Such concerns are traditionally addressed, with great expense, in software such as that
in the avionics, automotive, space, and medical industries.
Our research concerns the verification of autonomous systems where simulation and software testing alone is
insufficient to guarantee system safety. Our research specializes in the modelling, analysis, and verification of
software, exploiting a variety of techniques to model software systems, and verify their correctness, hence increasing
software dependability, both in terms of the cost of human life and the economic cost of software failure.

Research potential impact on society:

The motivation for this project is the overwhelming need for guarantees in large scale software correctness as
software permeates everyday life in society, e.g. transport, healthcare, agriculture, industrial robotics and
automation. Improving software quality improves quality of life as we can be more confident in the safety and the
reliability of the software around us.
In addition, this research is part of a larger vision which aims at early foundational technologies in support of the
long-term vision that computers can be scientifically creative to uncover new knowledge that would be deemed
“novel” and “useful” if it was discovered by humans, increasing A.I. power in creativity to support scientific discovery.

Example project title(s) of the ADVANCE Applicants can apply for:
Many steps in the software verification process are expensive e.g. formal modeling of a system, specification of
properties of the system to be verified and provision of the proof of that verification. In this project we employ
analogical reasoning to compare two similar systems of information, identifying the detailed feature-by-feature
similarities between them and transferring information between these systems to build and reuse knowledge.
Through combining approaches from computer science and artificial intelligence, our research automates many
steps involved in verifying software systems through the reuse of software artefacts.
The central research aim of this proposed work is to establish a framework within which reuse of existing verified
specification - implementation pairs and the corresponding proof strategies both support software verification. The
core hypothesis is that the canonical analogical reasoning algorithm (composed of the phases: Representation,
Retrieval, Mapping and Validation) can provide this framework. This will allow investigation of the high-level
strategies for
(a) extracting suitable properties to be checked when verifying software as correct through reusing existing
specifications
(b) constructing dependable software through the reuse of existing implementations from already verified
specification/implementation pairs.
(c) re-using proof strategies to verify software as correct and supporting this within automatic verification tools
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To achieve this, we will extend the Cre8blend cognitive computing framework that generates graph representations
of data and finds similar graph structures. The project will generate representations of semantically similar software
implementations, using knowledge graphs that have been derived from existing programs. Using the existing
corpora of verified programs, we will use graph matching to find similar specifications or implementations and use
Cre8blend to transfer artefacts such as formal specifications, implementations, and test data from one software
implementation to another. Having achieved this transfer of artefacts we will then transfer the proof strategy used to
verify the original implementation with respect to its original specification. This transferred proof strategy will supply
a skeleton proof which can be reused and fine-tuned to verify the new specification/implementation pair.
We also plan to demonstrate our work through a case study which will evaluate the applicability of these high-level
reuse strategies to industry.
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My research lab is currently focused on the application of autonomous mobile robots to provide assistive services
for independent and sustainable living, typically in a home, care-home, or other health setting. For example, in the
SHAPES H2020 project, we are piloting the use of robotics and other advanced technologies to help Europe’s ageing
population. We make extensive use of machine learning and deep learning as part of these applications.
State of the art algorithms and neural networks are often developed on systems with significantly more computation
power, and perhaps better sensors, than available on most real-world robots that can be deployed today. Therefore,
one aspect of our work is to scale or adapt these algorithms and neural networks appropriately to work well on the
available robot hardware. When the robot itself has insufficient computing power, a complementary aspect of our
work is to distribute the required computing between the robot itself and other computational platforms using the
cloud, fog, or edge-based computing paradigm as appropriate. Performing this distribution effectively requires deep
understanding of both the algorithms or neural networks to be distributed and the real-world constraints of the
communications to be used.
At the level of an individual users and society at large, it is very important to provide assurance that robot systems
are safe and facilitate trustworthy AI as robots move out of the research lab and into the real world. We collaborate
with domain experts to address these important questions.

Research potential impact on society:
Both potential projects are targeted at the same general problem domain. Although they focus on different
subproblems, they both enable the wider deployment of robotic solutions and may have a similar impact on society.
Social care throughout Europe is under unprecedented pressure due to an ageing population. In 2017, 85 million
Europeans, nearly one fifth of the population, were aged over 65 and this number is expected to double by 2060.
Ambient (or Active) Assistive Living (AAL) aims to address this problem, at least in part, by facilitating and extending
independent living of older adults (ageing in place). AAL makes use of innovative technologies including robots,
sensors, AI systems, and communications to assist older users and users with disabilities, support them during daily
life or work, and to improve or maintain their independent living. Our work is focused on making the necessary
advances so that technologies such as autonomous mobile robots integrating with networks of sensors and cloud or
fog based functionalities can make the transition from the laboratory to the unstructured and dynamic home
environment. A necessary aspect of this is providing evidence of sufficient verification to assure users and society at
large that such robots are safe and trustworthy. Our aim is that successful deployment of our work will directly
contribute to improving the health, wellbeing, independence and autonomy of older individuals in our society. This in
turn will have positive benefits on the cost and sustainability of health and care systems.
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Cloud and fog enhanced social navigation in human environments.
In typical human environments people constantly make decisions about their navigation and movement based on
presence of potentially moving obstacles and other people. In the context of people specifically, those decisions are
guided by social and cultural norms. The aim of this project is to implement socially aware navigation for a robot,
enabling it to take a human-friendly path through the environment. It is expected that the algorithm will be
distributed between the robot itself and cloud or fog-based computation resources. Additionally, the robot must
perform safely among people whether the off-robot computation resources are available or not and this requires the
system to be appropriately specified and verified. Simulation and testing alone is insufficient and therefore we plan
to use appropriate formal techniques (e.g. model based design and model checkers) to investigate how the results of
formal and non-formal verification techniques can be integrated to provide meaningful verification of the overall
system.

An autonomous service robot as a mobile sensor platform in care.
In a home or care home environment it might not be appropriate to have fixed sensors in every room or space for
reasons that could include privacy, cost, or technical constraints. Nevertheless, it is often desirable to provide some
facility to non-invasively monitor the health and wellbeing of the person or persons living there, to detect significant
issues (e.g. falls), and to investigate if the person has not been seen when they should have. If the robot is the
primary sensing system, it is very important to demonstrate that the robot can be relied upon to detect issues and
report them. This requires a robust monitoring behaviour and robust sensing. Moreover, due to resource and
computing constraints on typical robots, we expect to use distributed algorithms with additional cloud or fog based
computation resources. Simulation and testing alone is insufficient to verify this robot system and therefore we plan
to supplement this with appropriate formal techniques to investigate how the results of formal and non-formal
verification techniques can be integrated to provide meaningful verification of the overall system.
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The Antenna & High-Frequency Research Centre in TU Dublin specialises in analysing, designing, and measuring
antennas and associated devices for wireless communications and medical applications. The team have over twenty
years of applied research experience and an international reputation for innovative futuristic concepts and solutions
to contemporary industrial challenges.

Research potential impact on society:

1. Emerging application needs are driving the evolution of GNSS. GNSS provide benefits including advanced timing
services, safety-critical and liability-critical transport, drones and robots, and emergency warning services.
2. UWB location-based systems are a disruptive innovation that brings improvements in location-based body
wearable technologies in the health and well-being industry and security, child safety and asset protection.

Example project title(s) of the ADVANCE Applicants can apply for:
1. Antennas for emerging GNSS systems. This project will develop high precision GNSS antennas for biomedical
(health, status, diagnosis, wearable, WBAN, and therapeutic) monitoring systems.
2. Miniature antennas for UWB pulse-based time-of-flight motion tracking systems. Increasing use of UWB tracking
systems in wearable devices has led to the necessity of smaller and more compact antennas.
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Technological University Dublin Supervisors
Dr. Damon Berry
Email: damon.berry@tudublin.ie
Link to Profile
Research interests:
Dr Damon Berry is the lead researcher in the tPOT (‘towards People Oriented Technology’) research laboratory in the
TU Dublin Environmental Sustainability and Health Institute. As its name suggests, the work of this research
laboratory is well aligned with the ADVANCE emphasis on technology for society.
Dr Berry’s research is principally focused on two closely-coupled research areas in connected health and “smart”
responsive spaces (for example age-friendly environments). Topics that are or have been covered in his research are
listed below. Much of this work, and more generally the work of other tPOT colleagues, involves the use of the
Internet of Things and embedded systems to improve the lives of citizens. Dr Berry’s experience informs and is
influenced by his standards development work for the National Standards Authority of Ireland, the Health
Information and Quality Authority and as an NSAI expert in ISO technical committees.
Previous and existing responsive space topics
- anonymised indoor and outdoor localisation and pedestrian behaviour studies
- embarkation assistance for users with intellectual disability,
- policy, standards and training to support age-friendly environments.
- a ""responsive"" microwave oven with multimedia features, that can interact with the user.

Research potential impact on society:
The intention of this work is to leverage symbiotic connections between mobile and fixed ICT resources to allow
public outdoor infrastructure to respond on demand, to the needs of passing citizens, while also providing valuable
utilisation and other data to a participating local authority.
For example, the infrastructure would enable tightly controlled location-based delivery of specialised local historical
information, musical compositions or live information to be delivered based on user preference to the phone of a
person who is sitting on a particular park bench. Meanwhile, useful information about how the interactive resource is
utilised by the user will be provided by the phone with user consent.

Example project title(s) of the ADVANCE Applicants can apply for:
A microservices noticeboard to support symbiotic smart outdoor recreation infrastructure
The ability to merge data and services from mobile and wired network devices provides an opportunity to establish a
mutually beneficial arrangement that is useful for applications deployed in a smart environment.
In a wireless environment, devices come and go, as e.g. device resource power or connectivity varies, over time.
Wired and wireless environments should, with the consent of end-users, be able to leverage passing wireless devices
that dynamically become available. In a similar fashion the user of the mobile device can choose to avail of local
services. A symbiotic space of this type should incorporate mobile devices on-the-fly into their executing
environments to provide a smarter, richer, more connected and context-centric experience of the smart space for
end users.
This work will look at the design of a framework to enable the creation/curation of symbiotic smart outdoor
infrastructure (e.g. street furniture) that seamlessly adjusts/augments the fixed ICT abilities of the environment with
the functionality of wireless ICT devices that dynamically become available. This will be achieved in a mutually
beneficial way and with agreement of the user of the wireless devices by offering them the full functionality that is
available to the fixed smart environment.
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Technological University Dublin Supervisors
Dr. Jane Courtney
Email: jane.courtney@tudublin.ie
Link to Profile
Research interests:
Areas: Computer Vision, Power Systems
Groups: tPOT (People Oriented Technology), Electrical Power Research Centre
Topics: Automated Drone Navigation Swarm Electrification for Developing Countries
Smart Grids
Image Processing and Analysis
Deep Learning in Computer Vision
Recent collaborations:
Electrical training projects in West Africa with Azorom Power Consultants
Advanced Computer Vision course for Valeo Vision Systems
Chair of the International Machine Vision and Image Processing (IMVIP) Conference 2019.

Research potential impact on society:

See descriptions below. All three have significant potential for positive societal impacts as all address UN Sustainable
Development Goals:
SkinDeep: Goal 10: Reduced Inequalities
Swarm Electrification: Goal 7: Affordable and Clean Energy
Drone Navigation: Goal 9: Industry, Innovation and Infrastructure

Example project title(s) of the ADVANCE Applicants can apply for:
SkinDeep: Human Flesh Detection in Images:
While deep learning has changed the world of Computer Vision, with breakthroughs in vision systems applications
from face detectors to self-driving cars, it has left a lot to be desired in one area – human skin. This has led to racial
bias in face detectors and failure to recognise people in autonomous driving applications. Deep learning is only as
good as the data you feed it. However, classical computer vision techniques have better approaches to the flesh
detection problem using alternative colour spaces. Not only does this work across different skin tones, but it is also
faster, requiring less processing power and energy to implement. This opens it up to more reliable real-time
implementation and on-board low-power processing for mobile applications.
In this project, the shortcomings of existing approaches will be investigated, and a classical computer vision solution
will be implemented and tested alongside existing deep-learning techniques, towards both comparison and analysis
and investigation of the potential for a hybrid implementation. The design will be applied to both reducing or
eliminating racial bias in computer vision applications and in online content safety, an area of great interest to both
Google and Microsoft, who are both offering financial support for research in this area.
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Technological University Dublin Supervisors
Dr. Jane Courtney
Email: jane.courtney@tudublin.ie
Link to Profile

Swarm Electrification Technology for Bottom-up Evolution of Power Systems in Developing Countries:
While developed countries with stable power systems are working towards deconstructing these grids to allow
more flexibility for renewables and household electricity generation, developing countries with no established
power systems are getting creative, providing an opportunity to re-think the standard power systems model.
Individual consumers are providing their own electricity through solar panels and windmills, leading to a bottom-up
approach to electricity production. However, this also means less reliability and stability. What if these individual
“prosumers” could interlink to create a loose-knit power system where electricity could be shared? This is the
concept known as “swarm electrification”. A review of one of the leaders in this field (SOLshare) concluded that
there is much potential in this technology, but a realistic, sustainable business model has yet to be established.
There are also technological challenges to be overcome in making this idea scalable, safe and reliable.
This project will investigate the potential of swarm electrification technology from an economic, sustainability,
sociological and technological perspective. Drawing from the myriad expertise here in DIT and with our partners
outside, researchers on this project will be integrated into an active research environment and will have significant
support from both power systems and Internet-of-Things experts within the School of Electrical & Electronic
Engineering in TU Dublin.
Automated Drone Navigation in Cluttered Environments:
Autonomous drone navigation has applications in many fields from delivery to crop monitoring to surveying the
built environment, but each of these come with their own challenges. Traditionally, autonomous navigation has only
been implemented at ground level or at high levels above any obstacles, with some limited vertical navigation.
Navigation via object analysis, using datasets generated from the elements of many different image sources would
allow the drone to navigate “on-the-fly,” generating movement vectors, which can be recorded and used as inputs
to navigation for return trips or other drones. This approach is achieved using convolution neural networks in
computer vision to determine the trajectories and is a relatively new concept.
In this project, the potential for autonomous navigation of drones in cluttered environments will be investigated
and an autonomous navigation design will be implemented and tested on a quadrotor drone.
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Technological University Dublin Supervisors
Dr. Mark Davis
Email: mark.davis@tudublin.ie
Link to Profile
Research interests:
The main area of research carried out at the Communications Network Research Institute (CNRI) at TU Dublin is
performance monitoring and management of next generation wireless networks with particular emphasis on the
IEEE 802.11 family of WLAN (i.e. Wi-Fi) standards. Previous research projects have focused on QoS provisioning and
resource allocation models for real-time services such as video streaming and VoIP. Other areas of interest have
included resource aware routing for wireless mesh networks and the development of analytical tools for providing
estimates of voice and video quality.

Research potential impact on society:

The increasing variety of on-line applications and services has led to Internet access becoming absolutely
indispensable for the functioning of modern society in terms of how humans interact, work, socialise and access vital
public services. Furthermore, users are becoming more and more demanding in terms of Internet coverage,
accessibility, and quality of these services which has lead Internet service providers (ISPs) to consider new
technological and business models to fulfil these needs. This project will support the development and roll-out of
new communications networks capable of supporting the widest range of technologies (both wired and wireless) and
capable of delivering a diverse range of services to users with the highest possible quality of service.

Example project title(s) of the ADVANCE Applicants can apply for:
"TITLE: OBSS and Spatial Reuse Management in IEEE 802.11ax (i.e. Wi-Fi 6) Networks
Next-generation wireless (NGW) ecosystems are expected to comprise heterogeneous technologies and will operate
in complex and challenging deployment scenarios. A good example of a NGW technology is the IEEE 802.11ax
standard (also known as Wi-Fi 6) which is expected to be ratified sometime in 2021. This new standard is intended to
improve spectral efficiency and data throughput in high density deployment scenarios. It will introduce a number of
new interference mitigation mechanisms to deal with the ever increasing levels of Wi-Fi usage and the resulting cointerference problems that can arise under this scenario. These new mechanisms include BSS Color, Dynamic
Sensitivity Control (DSC) and dynamic Transmission Power Control (TPC). There are a number of issues relating to the
operation, joint usage and optimization of these techniques. Therefore, this project will undertake a study of the
optimal operation of these mechanisms in a dense environment to ensure the reliable and efficient operation of WiFi 6 networks."
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Technological University Dublin Supervisors
Dr. Rúairí De Fréin
Email: ruairi.defrein@tudublin.ie
Link to Profile
Research interests:
"Dr Ruairí de Fréin: The development of algorithms for efficient monitoring of large-scale networks using results
from Signal Processing, Machine Learning and Software Defined Networking.
Dr Malabika Basu: the development of new and improved control techniques to enhance the performance of
microgrid operation.

Research potential impact on society:

The impacts of this project consist of improving the technology and system performance of power systems,
improving the comfort, health and well-being of society and finally increasing the resilience and flexibility of power
systems.
It was reported in 2017 that 88 per cent of Ireland's energy needs were met by importing fossil fuels. This came at
the cost of €4.6 billion, which is significant both monetarily for the customer and in terms of climate change. As a
consequence vulnerable members of society experience fuel poverty.
Comfort, health and well-being of society: ""Fuel poverty"" is defined as spending at least 10% of your income on
keeping your home warm. Approximately 400,000 households in Ireland suffer from fuel poverty. More generally,
""energy poverty"" in Europe is due to high energy prices, low incomes and inefficient buildings. These forms of
poverty have consequences on the health of society: Respiratory and cardiac diseases have been linked to living in
low temperatures and the stress associated with unaffordable energy bills. Cold, damp homes exacerbate asthma
and chronic obstructive pulmonary disease.
Developing local, isolated microgrid-based methods for delivering affordable and clean energy will decrease our
dependance on the conventional grid. Reducing the need for extending conventional grids addresses aspects of the
climate emergency that has been declared in Ireland. Distributing the energy generation function using an
interconnected, isolated microgrid topology will increase the security of energy generation systems, which are
increasingly under strain due to climate change and cyber/physical attack. It is envisaged that this approach will
reduce the cost of energy for communities. This PhD will help to realise the vision of an efficient, stable, secure
energy system by developing the communication/networking aspects of interconnecting B2B isolated microgrids,
increasing the resilience and flexibility of communities that use them.

Example project title(s) of the ADVANCE Applicants can apply for:
In the context of increasing levels of energy disruption due to climate change (storms and earthquake) and the need
for energy security in the context of intentional disruptions (terrorist attacks), Building to Building (B2B)
interconnection will enable the creation of a cyber-physical ecosystem, that increases the flexibility and resilience of
communities.
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Technological University Dublin Supervisors
Prof. Yuliya Semenova
Email: yuliya.semenova@tudublin.ie
Link to Profile
Research interests:
My research group’s focus is in the field of photonics with a focus on optical fiber sensors and their applications. Our
specific areas of interest are:
- novel optical sensing micro- and nano- structures;
- whispering gallery mode effects in microfiber based resonators for chemical and bio- sensing;
- smart optical sensors for engineering applications;
- photonic crystal fiber sensors for minimally invasive surgical instruments;
- sensing of volatile organic compounds in environmental monitoring, food quality assessment, medical diagnostics
and industrial control;
- optics and applications of liquid crystals in photonics;
- photonic devices for optical communication networks."

Research potential impact on society:

Emerging new challenges in food safety control, environmental monitoring and medical diagnostics drive the need
for the development of rapid, sensitive, and reliable methods to detect a range of bio-quantities. For example, in the
food industry, globalization of food production and quality and safety concerns increased the importance of the endof-line product inspection. Moreover, ultrasensitive, cost-effective, and early detection tools with a potential of massproduction, could become game-changes during pandemics such as COVID-19, not only for diagnostic applications
but also as the means to assist in speeding up the drug discovery and vaccine development process.
Traditional laboratory methods while typically capable of providing the required levels of sensitivity and specificity,
suffer from the disadvantages of long analysis time ranging from several hours to days, usually with different pretreatment steps and the lack of portable systems.
Optical fiber bio-sensors capable of detecting minute changes in the surrounding refractive index, when combined
with specific coatings, to monitor the presence of biological molecules or species are capable of rapid and real-time
detection.
In a longer term, commercialization of the developed during the project technology is well positioned to deliver
significant societal impact through improved early diagnostics of infectious diseases and is likely to contribute to
addressing global challenges in the area of health and wellbeing of citizens internationally.

Example project title(s) of the ADVANCE Applicants can apply for:
Novel plasmon resonance fiber structure and its application for detection of infectious diseases
The project aims to develop a novel high sensitivity optical fiber bio-sensor for rapid detection and quantification of
biomolecules. The principle of the proposed sensor is based on the localized surface plasmon resonance (LSPR) in a
functionalized-surface tapered single mode-multimode-single mode fiber structure. The specific objectives are:
1) Develop and verify a theoretical model for the fiber based LSPR sensor.
2) Develop appropriate fabrication techniques for the fiber structure involving fiber tapering, application of the
nanoparticles-based coating with the aim of demonstrating a spectral sensitivity to changes in the surrounding
refractive index in the order of 10^4 nm/RIU (refractive index units), one order of magnitude higher than that of
existing plasmonic sensors.
3) Develop appropriate functionalization techniques and demonstrate application of the proposed sensing structure
for rapid monitoring and early detection of infectious diseases.
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Technological University Dublin Supervisors
Prof. Yuliya Semenova
Email: yuliya.semenova@tudublin.ie
Link to Profile

Research potential impact on society:

All proposed projects are in the field of photonics. Recent advances in photonics, fiber optics and the numerous
advantages of light over electronic systems have boosted the utility and demand for optical sensors in various
military, industry and social fields. Environmental and atmospheric monitoring, earth and space sciences, food
quality control, industrial chemical processing and biotechnology, law enforcement, digital imaging, scanning, and
printing are just some examples of such fields. The ubiquity of photonic technologies could drive down prices which
reduced the cost of optical fibers and lasers. Fiber optic sensors in particular offer a wide spectrum of advantages
over traditional sensing systems, such as micro- or even nano- size and longer lifetime. Immunity to electromagnetic
interference, amenability to multiplexing and high sensitivity make fiber optic sensors the technology of choice in
several fields, including the healthcare and aerospace sectors.

Example project title(s) of the ADVANCE Applicants can apply for:
The following projects are available for the 2021 Cohort Call:
1. Whispering gallery mode microresonators for multi- parametric sensing
2. Ultra-high sensitivity plasmonic biosensors
3. Fiber microresonators for applications in optical communications networks
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Additional ADVANCE Supervisors

Below you will find details of our other ADVANCE Supervisors and their research profiles
who are also looking for interested applicants to carry out a PhD project in their labs.
We encourage students to contact any supervisors in this project booklet to find out more
about the projects available and the types of research you are interested in.

Name

Profile Link

Research Interests

Dr. Paolo Palmieri

https://www.advance-crt.ie/ourteam/dr-paolo-palmieri/

Privacy; Security; Cryptography

Dr. Sabin Tabirca

s.tabirca@cs.ucc.ie

Parallel and Mobile Computation for Scientific
Problems

Dr. Klaas-Jan Stol

http://research.ucc.ie/profiles
/D005/k.stol@ucc.ie

Open Source Inner Source; crowdsourcing; theory
development

Dr. Eleanor BantryWhite

http://research.ucc.ie/profiles
/A012/ebantrywhite

Interventions for loneliness and social isolation;
healthy cognitive ageing
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Additional ADVANCE Supervisors
Name

Profile Link

Research Interests

Dr. Haithem Afli

https://www.advance-crt.ie/ourteam/dr-haithem-afli/

Natural Language Processing; Deep Learning & Machine
Translation

Dr. Andrea Bickerdike

andrea.bickerdike@cit.ie

Smart technology for physical activity and healthy living

Dr. Con Burns

con.burns@cit.ie

Smart technology for physical activity and healthy living

Dr. Ignacio Castineiras https://www.advance-crt.ie/ourteam/dr-ignacio-castineiras/

Big Data Analytics; Machine Learning; Combinatorial
Optimisation

Dr. Pio Fenton

https://www.advance-crt.ie/ourteam/dr-pio-fenton/

AI; Future wireless networks; hypeconnectivity

Dr. Mohammed
Hasanuzzaman

https://www.advance-crt.ie/ourteam/dr-mohammedhasanuzzaman/

Natural Language Processing; Machine Learning (Deep
Learning); Social Media Analytics; Multi-modal
(vision+text) learning

Dr. Breda Kenny

https://www.advance-crt.ie/ourteam/dr-breda-kenny/

Entrepreneurship; Collaborative Innovation;
Internationalisation

Dr. Conor Lynch

https://www.advance-crt.ie/ourteam/dr-conor-lynch/

Renewable energy; machine learning; system modelling

Dr. Sean McSweeney

https://www.advance-crt.ie/ourteam/dr-sean-mcsweeney/

Pentesting; Ultrasonics; Acoustics

Dr. Cian O’Neill

cian.oneill@cit.ie

Smart technology for physical activity and healthy living

Dr. Susan Rea

https://www.advance-crt.ie/ourteam/dr-susan-rea/

Digital Value Chains (Blockchain); Trusted & Secure
Interactions for IoT; Energy Communities

Dr. Mubashir Rehmani https://www.advance-crt.ie/ourteam/dr-mubashir-rehmani/

Wireless Networks; Wireless Sensor Networks; Cognitive
Radio Networks; Smart Grid

Dr. Kritchai
Witheephanich

kritchai.witheephanich@cit.ie

Predictive control for systems operating under
uncertainty

Dr. Christian Beder

christian.beder@cit.ie

Dr. Judith Butler

judith.butler@cit.ie

Pedagogic Theory, ECEC and Higher Education

Dr. Martin Hill

martin.hill@cit.ie

Electrical & Electronic Engineering; control systems; PV
inverter integration in large-scale grid networks; tools to
engage citizens in the energy transition

Dr. Olivia Brickley

olivia.brickley@cit.ie

Network management; SDN; Intelligent Transportation
Systems
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Additional ADVANCE Supervisors
Name

Profile Link/Email

Research Interests

Dr. Catherine Hurley

https://www.advance-crt.ie/our- Data Visualisation; Machine Learning; Network/Graph
team/dr-catherine-hurley/
Visualisation

Dr. David Malone

https://www.advance-crt.ie/our- Computer Networking; Measurement and Analysis;
team/dr-david-malone/
Security

Prof. David Prendergast https://www.advance-crt.ie/our- Digital Health, Internet of Things, Science, Technology &
team/prof-david-prendergast/
Society
Prof. Delia Ferri

https://www.maynoothuniversity. EU Law, European Constitutional Law and Comparative
ie/people/delia-ferri
Disability Law

Dr. Diarmaid O’
Donoghue

https://www.advance-crt.ie/our- Computational models of analogical thinking
team/dr-diarmuid-o-donoghue/

Dr. Joanna McHugh
Power

https://www.advance-crt.ie/our- Loneliness, Mental Health, Cognitive Ageing, Psychology
team/dr-joanna-mchugh-power/ of Ageing

Dr. Laura Coffey

https://www.maynoothuniversity. Assistive Technology; Health and Wellbeing; Independent
ie/people/laura-coffey
Living

Prof. Malcolm
MacLachlan

https://www.maynoothuniversity. Assistive Technology; Policy; Systems Thinking
ie/people/malcolm-maclachlan

Dr. Maria Helen
Murphy

https://www.advance-crt.ie/ourteam/dr-maria-murphy/

Data Protection; Law and Technology; Ethics

Dr. Rebecca Maguire

https://www.advance-crt.ie/ourteam/dr-rebecca-maguire/

Quality of Life in Chronic Illness; Wellbeing; Decision
Making

Prof Ronan Farrell

https://www.maynoothuniversity. Radio and Wireless Systems Microelectronics (analog,
ie/people/ronan-farrell
mixed-signal, RF) Systems Engineering RFID, wireless
sensors
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Additional ADVANCE Supervisors
Name

Profile Link/Email

Research Interests

Dr. Federico Cugurullo

https://www.advance-crt.ie/ourteam/dr-federico-cugurullo/

AI; Sustainable Cities

Dr. Gavin Doherty

https://www.advance-crt.ie/ourteam/dr-gavin-doherty/

Healthcare; Smartphone applications; Mental health

Dr. Georgios Iosifidis

https://www.tcd.ie/research/profi Wireless systems and network economics
les/?profile=iosifidg

Dr. Ivana Dusparic

https://www.advance-crt.ie/ourteam/dr-ivana-dusparic/

Multi-agent Systems; Reinforcement Learning; Intelligent
Transport Systems

Prof. Lucy Hederman

https://www.advance-crt.ie/ourteam/prof-lucy-hederman/

Connected Health; Clinical Decision Support Systems;
Data Integration

Dr. Marco Ruffini

https://www.advance-crt.ie/ourteam/prof-marco-ruffini/

Virtualisation of optical access networks; Machine
Learning; Convergence of optical, wireless and cloud
networks

Dr. Melanie Bouroche

https://www.tcd.ie/research/profi
les/?profile=bourocm

Connected Autonomous Vehicles

Prof. Vinny Cahill

https://www.advance-crt.ie/ourteam/prof-vinny-cahill/

Distributed systems; programming models
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Additional ADVANCE Supervisors
Name

Profile Link/Email

Research Interests

Dr. Patrick McEvoy

http://ahfr.dit.ie/node/210

Antennas; Ultra Wideband Systems; Radar

Prof Sarah Jane Delany https://www.dit.ie/computing/pe Machine Learning, Data Analytics, Text Analytics, Concept
ople/academicstaff/staff/staffna Drift, Case-based Reasoning
me161599en.html
Dr. Ted Burke

http://teapot.dit.ie/people.html#t Human-machine interaction, assistive technology,
edburke
biomedical signal processing, embedded systems, music
technology and toys
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