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Message
from the
Dean

Dear Friends,

n behalf of all the staff at the Faculty of Information
and Communication Technology (ICT), it is my
pleasure to welcome you to the 17" Edition of the
Annual Faculty of ICT Exhibition - FICTeX'17

As is invariably the case, we are proud to have come to that
time of the year that celebrates, amongst other things, our
final year student community's project accomplishment,
as well as the outstanding academic achievement of
students in our veracious degree programmes, this last
through the Dean’s List Awards. This year's FICTeX also
marks 10 years since the establishment of our Faculty. It
has been a challenging and yet interesting 10 years for the
Faculty. 10 years in which the Faculty of ICT has gone from
basically an idea based on innovative and forward-looking
perspectives of people like Professor Juanito Camilleri,
ex-Rector of the University, the developing national and
international economic, social and professional landscapes,
as well as the desire of academic staff to form an effective
entity to participate in today and tomorrow's teaching
and research needs and realities, to a Faculty that offers
five well-established undergraduate degree programmes
covering the whole spectrum of ICT servicing students from
all over the University and several postgraduate degree
programmes housing 115 postgraduate students, as well as
a joint Master’s degree with foreign European universities.
From a faculty that no one had heard about to a faculty with
a multitude of national, regional and international research
collaborations on several levels, ever-growing numbers of
exchange students, and 11 industry partners to whom we
are always grateful for the support they offer us.

Notwithstanding the strides that this young faculty managed
to make in this relatively short period, this event remains a
time when we give due credit to various aspects of what
our Final Year students have been able to accomplish in the
relatively short duration of a few months, basing themselves
on their undergraduate education and its application, and
their own creativity, skills and capabilities. It is also a time
where both the Faculty and our esteemed job-market
partners show their recognition and appreciation of the
effort that our Final Year students put into their Final Year
Project through the award of various prizes during FICTeX.

As already mentioned, an important constituent of this
event is The Faculty of ICT Dean’s List Awards ceremony.
The Dean’s List Awards recognise truly outstanding effort
within our undergraduate student community and we
therefore deem it a worthy element to “exhibit” along with
our students’ Final Year Projects. | just wish to remind you all
of the fact, that the criteria used by the Faculty to determine
which students to include in the Dean’s List are extremely
stringent and demanding, resulting in a varying number
of students eligible for this award each year. Therefore, |
wholeheartedly congratulate this year's eight students who

have made it into the list. A veritable well done!

Therefore, and | would like the coming statement to lie at
the heart of this forward, on behalf of the Faculty of ICT, |
would like to congratulate all our final-year students on their
work, their achievement, and their dedication. | would also
like to wish our out-going students success, fulfilment and
happiness in their professional careers, whether they choose
to pursue it in industry or continue deepening their studies
in academia. These two career paths should never be
exclusive of each other. We also very much augur, for those
of our students who choose to take up their merited place in
industry and commerce, that they do not irrevocably turn the
page on their Faculty, and hopefully go on supporting their
Faculty by placing themselves at the much needed, and at
times unclear and unappreciated, boundary that interfaces
academia with industry and that defines the area in which
true innovation and social value can flourish. | would also like
to congratulate all the academic staff in the Faculty for their
contribution to science in the form of their research activities
and bode that this will find its way into the teaching and
supervision activities they engage in.

We also see this event as an ideal platform for people not
necessarily involved in ICT to gain an insight into this far-
reaching and pervasive field. This especially applies to the
parents of the students directly involved in this exhibition. My
warmest congratulations go out to them for the achievements
of their children. Something indeed to be proud of.

Finally, I also wish to use this year's forward message to let
lose, as it were, a few words with regards to the increasingly
relevant issue of discernment between academic and
vocational education. The first thing that one should note is
that they are both forms of education. Rightfully so. While
strongly believing that both forms of education are critically
vital for any nation’s prosperity, | also strongly believe that
confusing the two or misplacing expectations from each
can be equally detrimental. Academic education focuses on
the acquisition of scientific knowledge and broad coverage
of fundamental concepts applicable to all aspects of a
specific domain of human endeavour. It cultivates discipline
of thought to allow analytical processes to flourish for the
benefit of understanding and progress. One would expect
persons coming from such an educational background
to exhibit traits of in-depth understanding leading to
long-term growth and adaptability to prevailing process
and technology, as well as a propensity towards trend-
setting and forward vision. Academic education results in
various degrees of qualification. Vocational education, on
the other hand, focuses on the imparting of knowledge
in the acquisition and use of skills and technologies.
Vocational education is crucial in imparting of applicative
and practical knowledge and skills pertaining to tangible
environments and established procedure focused towards



a specific need or a specific technology. Persons opting
for this type of education are invaluable practitioners and
should be at the forefront of implementation. Vocational
education results in various degrees of certification. A
possible way to put it, as Tony Cowley from the University
of Sheffield said way back in 1998, it boils down to “the
knowing” as distinguished from “the doing”. One without
the other does not really make any sense - as does
confusing the two.

When asked what defines our graduates, | like to reply
- their ability to orientate themselves with relative ease
in today’s ICT industry, their ability to drive, rather than
be driven by, technology, their ability to challenge the
status quo, and their motivation to grow and strive for
improvement in whichever context of human enterprise
they might find themselves. This, we feel, is a national
asset that must never be diluted or lost.

Allow me to thank those administrative persons in our
Faculty who, through their effort, the organisation of
all infrastructural and logistic aspects of this year's
FICTeX, from this booklet you hold in your hands to the
setup you will see in our various laboratories, would
not have been possible. | would also like to thank all
the excellent academic staff in all our five departments:
Artificial Intelligence, Communications and Computer
Engineering, Computer Information Systems, Computer
Science, and Microelectronics and Nanoelectronics, for
the invaluable expertise they lend in the tutoring of the

Professor Ernest Cachia

Dean

Faculty of ICT

students — whose culminating handiwork you can witness
during this exhibition and for any other assistance they
may have offered towards this event. A very big thank
you is also due to the Faculty’s hard-working technical,
support and building staff for the sterling support they
always wholeheartedly offer, sometimes even beyond the
proverbial “call of duty”.

| also wish to convey my thanks to both the Faculty
of Engineering and the Faculty of Science, with whom
we enjoy a close relationship and with whom we share
a common history, for the productive atmosphere of
collegiality and support we always find. | also wish to
thank all the other University Faculties who work with us
towards improving the quality of our collective services.
| would very much wish to thank our industry partners
who have seen the mutual benefits that can be gained by
maintaining closer ties and discussion with the Faculty
and who provide much needed material support in the
form of service-for-sponsorship agreements.

Last but surely not least, | would like to thank all our
University support offices for their help in handling any
administrative and financial procedures, our Marketing,
Communications & Alumni Office for providing exposure
for this event, and especially the University Rectorate,
through Professor Alfred Vella, for the constant support
and trust that is shown towards the Faculty of ICT
throughout its relatively short but exciting history. The
future remains rife with dynamicity and promise.
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Investigating the use of the Map-Reduce
Paradigm for Genome Alignment
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Genome alignment has many critical applications in multiple
areas, from medical diagnosis to forensic investigation
[1]. Genomes, particularly human ones, consist of a large
amount of data — approximately 3 billion base-pairs (or 3
GB); each base being one of four possible nucleotides:
adenine, cytosine, guanine and thymine, often referred to
by the letters A, C, G and T respectively [2]. Due to limits
in DNA sequencing technologies, the whole genome cannot
currently be read entirely at one go. These technologies
instead output millions to billions of short DNA reads
(fragments of the genome) [3] from which the whole genome
is reconstructed through software. All of these reads are
then aligned to the reference genome as depicted in Figure
1. This alignment is not a perfect exact match and may
contain differences due to sequencing errors, the natural
variation between species [2] and the differences between
DNA sequences of individuals.

The motivation for this project stems from the Malta Human
Genome Project (MHGP) where researchers at the University
of Malta aim to sequence 1% of the Maltese population. This
project requires analysis tools for its alignment technology.
Our aim is to investigate the best strategy for the alignment
of reads (from a sample) to the reference genome using the
distributed Map-Reduce paradigm to run this alignment
in the cloud to attempt to achieve speed up over current
methods.

This project was designed around the investigation and
evaluation of two genome compressors — a 32-bit and a 64-
bit encoder — and seven Map-Reduce enabled read-aligners
— naive matching using the Hamming distance metric, naive
matching using the Edit distance metric, Boyer-Moore,

k-mer index, Smith-Waterman, FM index and Burrows-
Wheeler. The implementation was developed using the
Python programming language. Also, the Apache Hadoop
Map-Reduce framework was used for local and cloud
executions (Amazon Web Services being selected as the
cloud computing infrastructure provider).

The results and evaluation showed that the 32-bit encoder
performed similarly to the Gzip compression tool. The latter
is however slightly faster, so it was selected to be used by
the Map-Reduce aligners. The results and evaluation of the
aligners showed that most produced accurate alignments
and were executed in a reasonable amount of time — the
k-mer index aligner clearly executing the fastest. Evaluating
these against the existing, popular alignment tool BWA
showed that, in terms of accuracy, all the aligners return
similar results; our aligners providing a more readable and
concise output. In terms of run-time, BWA outperforms
most of the Map-Reduce aligners we implemented with
the exception of the k-mer index aligner which showed
comparable timings. However, BWA is limited to execute
on a multi-threaded single node while our approach is more
scalable as it allows execution on multiple nodes.

Future work on this area may involve optimisations for the
32-bit encoder and for the k-mer index aligner (for instance,
by increasing the cluster size to outperform BWA), the use
of quality scores to measure the sequencing accuracy of the
resultant alignments and the construction of more analysis
tools for the MHGP such as genome visualisation tools and
genome browsers.
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genome length G ~ 10°

read length L ~ 100

N reads
N =~ 108

Figure 1: lllustration of DNA sequencing reads against a genome [4] - Nowadays it is common to find a

larger number of reads N due to improvements in sequencing technologies.
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High-fidelity rendering requires a substantial amount of
computational power to render even moderately complex
scenes. This is exacerbated by the need for interactivity,
which can only be achieved on powerful high-end systems
or computer clusters. Cloud systems provide elasticity of
computational systems and a seemingly infinite number of
resources that can be made available to a client device. This
work investigates the use of the cloud in providing interactive
high-fidelity rendering to client devices irrespective of their
computational power. A novel framework for rendering as a
service is presented and evaluated.

Figure 1 shows the architecture of the proposed framework.
The client-server approach was adopted; the client
requests to render a particular scene while the server is
responsible for handling the client parameters and render
the scene accordingly. The figure also illustrates the different
components of the proposed system: the facade serves
as an entry point into the system, the resource manager
keeps a record of all allocations and deallocations amongst
the various computation resources, the resource manager
daemon (RMD) is a delegate of the resource manager and
responsible for executing the commands issued by the
resource manager, the renderer (R) partitions the frame into
a number of tiles and gathers the results from the workers
and the worker (W) renders a particular tile and sends the
results to the renderer.

tV

R e

e

Figure 1: The image shows 3 clients, all of which sent their rendering reques
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Results show that the framework is scalable and elastic.
The proposed system achieved quasi-linear speed-up as
the number of workers increased and the experiments
demonstrate an upper-bound of 30 seconds to the elastic
response of the system. Furthermore, the proposed
framework incurred minimal realisation penalties; it has
been shown to sustain rendering of path-traced images at 9
frames per second on a commodity hardware infrastructure.

The framework also supports scheduling policies for
resource management amongst multiple connected clients;
the policies are based on different job characteristics,
from interactive jobs to batch-based offline rendering. The
implemented policies were inspired by operating systems as
resource managers which, for example, schedule processes
amongst the available CPUs.

Results show that shortest job first scheduling policy
minimises average waiting time, while the priority scheduling
policy modulates job waiting time by the assigned priority.
As expected, round robin scheduling minimises response
time for each individual job, while priority-based round robin
shows improved response times for high-priority jobs.

i
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Missing Data

DYLAN LUKE ABELA

SUPERVISED BY
DR LALIT GARG

WHAT IS MISSING DATA?

Missing data is that type of data that was left empty during
a situation. Some examples demonstrating this are:
» A questionnaire was given to someone and one or more
questions were left empty
» When a person has to enter his/her name or any
personal data and he/she keeps this empty because of
reasons

Unfortunately these missing data create a lot of problems
for researchers.

MULTIPLE IMPUTATION (MI)

This method works by creating multiple copies of the dataset
and then, the missing data is replaced by valid elements
chosen at random. It will then, calculate the mean of each of
the datasets and it will use the following formula ®:

1 i 2 1 1 i 2
AN +(1+-— -«-m) (a, —a)
whereMs VM &5 MAM-1/i5 1e standard
error ? and a is the parameter estimate B!, Then, after an
answer is obtained from the formula, it will replace all the
missing data in the dataset under test.

DIRECT MAXIMUM LIKELIHOOD (DML)
This method uses the following equation

where y is the number of occurrences, g is the probability
of that element to occur and total is the total number of

( Total )
[(g)(1-gyuw

(x )

Prix=ylp=9)= |

occurrences in the dataset. Then after calculating for each
and every occurrence, the maximum number among all
the answers will be picked and its respective element will
replace all the missing data that occur in the dataset.

OBSERVED DATA BECOMING MISSING A RANDOM (MAR)

Let's say that a student forget to write his/her name on
the examination paper. That creates quite a problem. So
researchers will analyse the observed data and try to figure
out that missing data and do their best to replace it with the
correct observed data. This can be done by having multiple
extra copies that can be used for double checking. Taking the
example of the student forgetting to write his/her name on
the paper, teachers can check previous work of the students
and try to match the handwriting.

GRAPHS ABOUT THE DATASETS

The graph on top shows what a particular person answered
in each given question. There is a block in the graph going to
the negative side of the y-axis. This person has some missing
data and it is easily spotted. The graph at the bottom shows
the same concept but this time, there is not missing data
found, meaning this person did not leave any questions
unanswered. Each graph is colour coded to represent each
question.
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Optical music recognition is the computerised process of
reading images of music sheets and transforming them into
a digital form, the result of which has many useful applica-
tions in the music industry [1, 2]. The focus of this project
was on the classification phase of this process, specifically
on the recognition of symbols which are lacking in previous
research.

The first step towards achieving this was the pre-process-
ing of the images with the use of adaptive binarisation [3]
and staff line removal [4]. Next, the classification of music
symbols was implemented using two different methods,
the COSFIRE approach [5] and template matching [6], to
determine which of them are better suited for this applica-
tion. These image recognition methods were trained on two
different fonts, one of which was the font found in the im-
ages, in order to evaluate how well these methods are able
to specialise and generalise. The recognition of each symbol
was also configured differently according to their different
shapes and sizes. The segmentation phase was subse-
quently implemented, which split up the various symbols
from the rest of the image using segmentation of connected
components [7].

System Development Model

Pre-processing and Staff
Line Removal

Classification
Parameter Configuarion
Segmentation
Ranking Structure

1

Notation Reconstruction
Note Detection
Note Matching

Evaluation
Creating Ground Truth
Checking With Ground Truth |
Outputting Results

A ranking structure which represents the order in which the
symbols are detected was established, with the aim of mi-
nimising the amount of false positives between the symbols
themselves. The last step consisted of the matching of the
symbols with their respective notes, not only to improve the
accuracy, but to also further the notation process of optical
music recognition.

Both image recognition methods obtained high results on
almost all the symbols recognised, with many of them ob-
taining close to or even exactly 100\% precision and recall. It
was concluded that the COSFIRE approach performs better
than the template matching in most cases, both when using
the same or a different font than found on the music sheets.
The two techniques which were applied, the ranking struc-
ture and note matching, were also successful in improving
the recognition results by a noticeable margin, ranging be-
tween a 1\% to 10\% increase in the average precision each
time.

Final Results with COSFIRE using Emmentaler Font

Recall Pracision
Turn 100
Treble Clef | 100
Acciaccatura 100
Accent [ 9221
Tl 400
Lower Mocdent | 100
Mordent f 100
Sharp | 98,79
Natural 9516
Flatf  96.41
Bass Clef | §0.00
Crolchet Rest [ 100
Semiquaver Rest | 100
Quaver Rest [ 100
Marcato [ 100
Staccatissmo [ 100
Stccaln [ 99.28

Dotted

Lower Mordent
Bass Clef
Semiquaver Rest
Quaver Rest
Staccatissmo
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Personal Information Management (PIM) is the area of

research concerned with understanding how people Task file
acquire, maintain, retrieve and use information items [1].

In order to develop tools which aid users to manage their Convert task file
information more effectively, PIM researchers require large into Java object
amounts of high quality user data [2]. Collecting user data is

a very time consuming process and also raises privacy and N
confidentiality concerns [3]. To overcome these problems we ———
propose PenTaGon, a personal task data generator which browsing session
provides synthetic web browsing session data. PenTaGon "
utilises a variety of web search behaviour patterns [4], [5]

and strategies [6] based on the web search experience and Stare beowslng
the domain-related knowledge of the user it attempts to history
mimic. The prototype requires a user specified information v
seeking task as input. Each task has a name and is divided Cosateaict
into sub-tasks [4], [7]. Each sub-task is considered as an adjacency matrix
independent query session [5] consisting of a number of

user-defined queries. Figure 1 summarises the processes A
carried out by PenTaGon. PenTaGon focuses on the latter Calculate graph
stages of the information retrieval process described in properties
Figure 2, the process of finding and interacting with web

documents in a realistic manner. The system uses a web m lisation file

user behaviour model develop by Baeza-Yates et al. [8]
to select a number of results from the search results page
after submitting a query to the Google search engine. The
level of web and domain experience of the artificial user will
determine the patterns used to access and interact with the [ Generate + Select Keywords
selected web documents. The system represents browsing T

sessions as graphs, where nodes symbolise a web page and l Formulate Query

l

Figure 1: High-level overview of PenTaGon

links symbolise a switch between one web page and another. ¥
Preliminary findings show that the synthetic browsing

sessions of an artificial user who is considered to be a web T
and domain expert are significantly more complex than i Get and Examine Search Resuits
those of a web and domain novice. Furthermore, the degree T
distributions of the browsing sessions follow the power law [ Select Documentis) from Results l
distribution, reinforcing the results achieved during this initial
attempt of this type of web task data generator. { Examine and Interact with Doc tls) ]
Figure 2: The information retrieval process as described by [4]
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Biometric Analysis for Personal Identification |

Using Retinal Fundus Images
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In 1935, Dr Carleton Simon and Dr Isodore Goldstein [1],
proposed a new method for biometric identification using the
blood vessel structure of the retina. However, this method
was not researched further until recent years because
of the technological limitations in manufacturing fundus
cameras. Fundus cameras are flash enabled cameras with
a microscope attached to them [2], which are used to obtain
retinal images, Figure 1.

In this work, we develop a personal identification system
based on the COSFIRE filter algorithm [3]. Figure 2, shows
the two main stages of the implemented COSFIRE based
system. Where the first stage consists of enrolling the
identities in a database by creating a unique pattern, using
features extracted from the retinal image. The second stage
consists of the identification process. In this stage, the
system attempts to return the identity of a retinal image
using the enrolled patterns created during the enrolment
stage. We also implement a similar, personal identification
system based on the SIFT algorithm [4]. We implement
the second system to compare the results obtained by the
COSFIRE based system.

Figure 1: Retinal fundus image [5].

To evaluate our system, we use images obtained from
the DRIVE [5] and STARE [6] datasets, which are both
freely available online. One of the main problems when
using retinal images for personal identification, are the
transformations that occur in the retinal images due to
head or eye movement. To address this problem, we create
several datasets from the DRIVE [5] and STARE [6] datasets
by applying multiple combinations of rotations and Gaussian
noise to the retinal images.

Using the created datasets, we evaluated both systems.
Where the COSFIRE based system, was able to produce
a higher accuracy score than the SIFT based system in all
the experiments that were performed. The COSFIRE based
system produced a 100% accuracy score when evaluated
using the dataset of noisy images, and the dataset of rotated
images. When using the datasets containing combinations
of rotations and noise the COSFIRE based system produced
an average accuracy score of 91.31%. From our experiments
we also showed that unlike the SIFT based system, the
COSFIRE based system was successfully able to extract the
retinal bifurcations from the noise and textured background.

High Level Filter

Input Image

Database

Feature Extraction

Enroliment Stage

Query Image

0.060
0.013

0.021 Maximum Response

l..o02

1dentifieation Stage

Figure 2: COSFIRE based implementation
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Rendering is the process of synthesising an image from
a set of models by drawing and colouring them. The
inclusion of shadows in this image, although significantly
contributing towards the computational costs of rendering,
greatly increases visual quality, immersion and aids in the
discrimination of depth, helping users’ understanding of a
scene [LBOO]. A straightforward but expensive approach
is that of computing the shadow contributions for each of
these light sources. To reduce rendering costs, clustering
of these light sources can be used to create new light
sources, representing groups of light sources in the scene,
that generate perceptually identical output. In real-time
rendering, where a user navigates a scene interactively, the
perceptual contribution of a light source to the output frame
may vary significantly over time; a clustering algorithm

should factor this in, together with the limited computational
budget constraints that come with interactive rendering.This
dissertation presents an interactive light prioritisation and
clustering technique (SLIC), based on the Barnes-Hut [BH86]
n-body algorithm, which determines and renders shadows
that are deemed to be mostly relevant from an observer’s
point of view according to a given computational budget.
A Global Illumination [Dor95] method is also presented
which implements realistic lighting in a scene and which
is compatible with SLIC. Light probability and colour maps
are used to generate light sources in a scene according to a
probability distribution and given a certain colour. A city map
is provided to generate a simple city. The clustering algorithm
can be easily configured to work with the presented maps to
provide an improvement in performance.
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Crowdsourcing has come along way from the time Jeff Howe
first defined it in 2006 [1]. The recent growth in smartphone
users has extended the reach of crowdsourcing to location
based content [2]-[4]. This project aims to leverage the
crowd’s wisdom by gathering information on points of
interest. This FYP will take advantage of smartphone
sensors to create a tool that uses the GPS receiver to
retrieve location, photographic data and textual input from
participants to gather information on points of interest,
this has been designed on par with participatory sensing
applications found in literature [5]-[8]. The system’s data
sets have been used to train four classification models
to classify the reports produced by the participants. The
Naive Bayes classifier was found to be the most suitable
scoring an accuracy of 95.4%. Two controlled experiments
have been conducted in a laborotary and on site (Valletta)
with 30 participants to evaluate the prototype’s usability
and effectiveness in gathering such data. The researcher
conducted the experiment with three individuals at a time;
this has been designed so that particpants can suggest
answers to factual questions using the suggestion system

Figure 1. System Block Diagram

implemented in the crowdsourcing tool. A total of 90 reports
and 1710 data items were produced by the participants,
scoring an average validity score of 79.87% on factual data
sets. The score was calculated by processing the reports
under two quality control methods found in literature
specifically Majority Rule and Expert Review methods [9].
The validity score was calculated by assigning one point
per valid answer in a report. Using the chi-square test
and Kruskal-Wallis test on these scores, it was found
that valid answers on a particular point of interest does
not depend on the amount of reports created, rather it
depends on the extent of knowledge among the public on
them. A System Usability Scale (SUS) questionnaire was
given to every participant at the end of the experiment. The
prototype’'s SUS study scored 82.4, that is, it scored an A,
and surpassed the average score of 68. The score obtained
means that the participants found the application usable
and satisfactory in terms of user experience. Findings
are further supported by a Cronbach alpha [10] score
of 0.651 which demonstrates that the participants SUS
questionnaire answers are reliable.

Figure 2. Project Sequence Diagram
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Improving the usability of a website may have drastic
effects on customer experience, effectiveness and overall
user satisfaction. This may in turn lead to better returns on
investment for organizations investing in an online presence
or for those building an intranet for internal use. However,
the time and money required to run usability tests may
sometimes be perceived to be too high to justify the benefits.
One low-cost approach to improve usability is to re-design
a website’s Information Architecture: matching the site’s
structure (e.g. information hierarchies) to the mental model
of the website’s core users [1].

This study aims to analyse the impact that an inexpensive
Information Architecture technique, named card sorting [2],
has on the usability of a website.

Two websites were chosen as case studies: The University
of Malta website, and the Vodafone Malta website. Personas
were selected — representing the core users of each website
— and participants under each persona were invited to
participate in a card sorting study. The results arising from
the card sorts were then used to treat the two websites
selected for this study. The Modified-Delphi Method [3] was
used to further reduce the cognitive cost of the technique,
while providing an easier way to reach consensus.

User performance on treated and untreated website
versions was compared through an A/B usability test
as part of a blind experiment. Eye-tracking technologies
were used to get a better understanding of users’ actions
while solving the assigned tasks. The data collected was
then evaluated to determine if there were any statistically
significant improvements in completion rates, time-on-
task and participant satisfaction. The latter was measured
via standardized metrics generated through the System
Usability Scale (SUS), Net Promoter Score (NPS), and Single
Ease Questions (SEQ).

The results show strong evidence to support the claim that
card sorting has a significant impact on usability, and that
it therefore is a valid technique that returns substantial
benefits with minimal investment. Additionally, qualitative
insights gained throughout the course of the study are also
presented, as well as issues encountered by users.

Figure 2: The website usability experiment setup
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Smart Home Automation System
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Ambient Intelligence is currently a well-known aspect being
used in several different areas of study, this allows Artificial
Intelligent techniques to perform actions which are usually
done by humans. In this thesis an intelligent smart home
automation system is designed, structured, implemented and
tested in a real life environment to determine whether it could
improve the standard of living.

Rather than using the more common machine learning
components such as Neural Networks, naive Bayes classifier
[1] Decision Trees and SVMs which require training and acting
phases, Pattern Recognition is used to determine the behavior
of multiple users living in such a household. This allows the ALl
component to learn, unlearn and act simultaneously. For this
reason no distinct training phase is required but all the user
has to do is use the system. Additionally the Al mechanism
should be as independent as possible of the individual
devices, their type and features.

Although distributed topologies are not very common [2]
in smart houses, the latter increases the scalability and
simplifies the processing mechanism as data processing is

Figure 1: The devices used in order for real testing to take place

split into blocks and shared across different nodes. Moreover,
it also offers fault tolerance when compared to the most
common topology which is centralized. In the latter case, the
central processing component acts as a single point of failure
and causes the whole system to stop working whenever a
problem is encountered. For this reason a distributed topology
is used to achieve a higher standard of living.

The A.l. mechanism designed and implemented for the proof
of concept is divided in 3 components: firstly the Environment
Awareness scouts what devices are available on the network,
secondly the Learning Component recognizes users’ patterns
and finally the Action Component which instructs the devices
to perform a task. Moreover this uses a distributed concept
where multiple instances of the A.l. engine running on multiple
physical devices collaborate and share data.

The Al mechanism used in this prototype was evaluated using
F-measure and an almost perfect score was reached when
configuration of the prototype was done properly and the
users used the prototype correctly. This study concluded that
such a system could indeed improve the standard of living.
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Figure 2: Air condition is switched on when

the wearable device is within range
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VANITAS - Visualising and Augmenting
Interesting Text Collections

AYRTON SENNA AZZOPARDI
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With the evolution of internet technologies, data available on
the World Wide Web is constantly being created at a rate too
fast for humans to process. Despite being extremely large, web
datais mostly accessed in textual format and thus unstructured.
As a result, internet users are forced to mine through large
amounts of textual data every day. For this reason there is a
growing need for automatic and efficient tools that are able to
extract and visualise meaningful information so that users are
able to observe this knowledge at a simple glance.

The aim of this dissertation was to research and develop

Hillary Clinton Emails

computational text-analytical methods as well as interactive
visualisation techniques, whereby users can obtain an overview,
of interesting document collections without needing to read the
whole text, whilst being able to ‘drilldown’ in the information.
In view of this, this project presents VANITAS, a document
visualisation tool that can be applied on any document
collection, provided that the documents are in English. It makes
use of a number of computational text-analytical methods,
aiming to extract meaningful relevant information. In fact, this
tool summarises documents by utilising a number of different
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representations (Bag-Of-Words, keyphrases and named
entities) that are then used to group related documents into
clusters. Additionally, VANITAS is capable of extracting and
gathering knowledge regarding ‘identifiers of interest’, by
augmenting information from other sources (Wikipedia).
Finally, VANITAS presents this information using various
visualisation techniques that comprise its user interface.

Whilst evaluating VANITAS, ourimplemented keyword phrase
extraction algorithm was found to perform quite satisfactory

when considering a few salient keyphrases. Furthermore,
the utilised No-K-Means [1] clustering algorithm proved to
be sufficient at creating fine-grained clusters surpassing
state-of-the-art algorithms, despite not knowing the number
of clusters beforehand. Finally, a user study showed that
VANITAS is useful in gaining an overview of document
collections and for this reason has real-world application
value to end-users.
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Detection of Fast Flux Botnets Networks
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Botnets are mainly large collections of devices running a
specific malware. This malware typically awaits instructions
from one or more Command and Control (C&C) servers which
it then follows. Therefore, hiding and protecting C&Cs is
crucial. This is in fact the motivation behind the use of Fast
Flux techniques which use a large pool of compromised IP
addresses to form a proxy layer to conceal the C&C's IPs.
However, research has shown that the concept of Fast Flux
has evolved considerably both in its form and pace; Domain
Flux [1], Single-IP Flux [2], NS Flux [3], Double Flux [4], DNS
Tunnelling [5] and even riding the wave of the loT revolution to
make detection of C&C more difficult [6] and [7].

The aim of this project is to analyse various Flux techniques
and extract features that indicate Flux behaviour. An Anti-
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Figure 1: Flux techniques Evolution

Fast Flux software artefact is proposed as figure 2 as a
proof of concept, with the primary aim to detect domains or
IPs that exhibit such behaviour. This acts as proxy between
the client/network and the external DNS server to passively
analyse traffic and look for anomaly features extracted from
the literature. Also, it automatically blacklists any unsolicited
IPs that attempt to connect with Telnet honeypot which could
be a result of Internet of Things (loT)-based botnets. The
system uses a scoring mechanism to collate different types
of Flux detections and assigns scores according the exhibited
features while blacklisting any domains that exceeds the score
of 100. The system successfully classifies fast flux domains
with 74.6% accuracy taking into consideration DNS changes
since it processes live data. An as SMTP proxy can be also
incorporated to cross check to increase accuracy rates.

Anti-Fast Flux
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Figure 2
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Advanced Al for Enemy Management
in Digital Games
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The video game industry suffers from increasing costs  weak against and spawns more of them.

of production. From multimillion dollar projects to single

developers, new techniques for increasing game value are  The problem consists of 3 aspects:

needed. Players in many products become too powerful inthe e  Creating a rule balanced game, where each and every

final stages of a game, which decreases late game playability ‘power’ comes with an advantage and a disadvantage.
and player satisfaction. A set of rules implemented in thedesign e Creating an Al module which can be integrated into the
stage of the game can be monitored by an Al controller and game and control the spawning of enemies on the scene.
can boost the game playability duration without financial e  Establishing that the Al is providing a greater challenge
overheads. This is achieved through the Al controller, which, than a mechanism which spawns the waves of enemies
through observation, deduces which enemies the player is at random.

CREATING A RULE BALANCED GAME

The figure shows the element relations between the different
‘elements’ at work in the prototype game. The blue arrows
indicate an element which deals twice as much damage to
the subsequent element whereas the red arrows deal only
half the damage to the previous element.

There are 2 cases where these rules are implemented: when
the player hits an enemy and when the player is hit by an
enemy. For example, if the player chooses ‘earth’ and strikes
a ‘lightning’ monster, the monster will receive 2X damage
whereas if the player is hit by the monster he will receive
0.5X damage.

CREATING AN Al MODULE

Damage Based

This was the initial option: an Al controller which used health
lost as a measuring function to define which wave is better
suited to kill the player. It was found to be insufficient.

Stats Based

This was the final Al which built upon the foundation of the
Damage Based Al It tracked the health lost but also started
tracking how many attacks were needed to clear the group
of enemies, how many seconds it took to clear them and how
much distance the player covered. It used these four aspects
incrementally to determine the optimal wave to kill the player.
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Heart Beat Rate Calculation from Facial
Video Recording on Smartphones
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Heart rate estimation is an important tool that could
single-handedly determine the overall health of a person
[2]. However, measuring the heart rate accurately requires
some form of specialised equipment that often tend to be
too costly for the general public and therefore ends up
getting disregarded.

In this final year project, an Android application capable of
evaluating a person’s heart rate through a video recording
of his/her facial region was developed. As blood flows into
the blood vessels close to the skin the facial region becomes
temporarily redder, however human vision does not have
the spatio-temporal capabilities required to be able to
detect these minor colour changes. The developed Android
application attempts to amplify these aforementioned
near invisible colour changes over time so that the user
can clearly visualise them. By clearly amplifying the colour
changes in a manner that does not also amplify noise, the
application will also be able to accurately count the number
of times blood flows in and out of the facial region and thus
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extrapolating these results to evaluate a beats per minute
(BPM) value.

A recently proposed algorithm, known as Eulerian Video
Magnification (EVM), provides the capability of detecting and
amplifying near invisible changes in both motion and colour
[1] through the usage of various image processing techniques.
The main aim of this FYP is to create a toned down version
of the original EVM algorithm that is capable of amplifying
the minor colour changes in a facial region caused by blood
circulation in a real-time contact-free manner. Unlike the
original algorithm, the proposed solution is expected to obtain
correct results in any realistic condition, and not justin a room
with a still background and constant lighting conditions. After
evaluating the results, the developed application reported
heart rates nearly identical to a finger monitor with an
average accuracy of 97% over all accepted tests. Scenarios
in which there are major changes in lighting or large amounts
of movement cause the test to fail, however it is assumed that
the user is aware of these limitations.
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Figure 1: Eulerian Video Magnification Overview [1]

Figure 2: Effects of applying Eulerian Video Magnification algorithm
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A Model to Optimise Consistency in the
Production of Food for Franchise Industry

JESSICA BONNICI

SUPERVISED BY
DR CONRAD ATTARD

Technology plays an important part when designing business
process, particularly for manufacturing. A major challenge
that factories, especially franchises, face is to track the
various stages of several cycles used to produce food, using
HACCP. The aim is to study the production processes that are
currently being adopted in the factory and optimise it using a
business model (Figure 1). The fragmented work that is being
done manually will be transferred into a dashboard using
an ERP solution. This optimization will allow stakeholders to
identify the hazards of the factory in less time, thus making
the process more efficient.

Visits were made to a local food factory. Food processes were
observed and interviews were conducted with a HACCP
expert to get further data relating to HACCP. HACCP is a
management system that monitors every step of the process,
therefore the chances for hazards to occur is decreased [1].
Four case studies were chosen and represented in a business
model using BPMN. The case studies chosen were: Figolla,
Kwarezimal (Figure 2), Meat Pie and Qaghaq tal-Ghasel. The
aim of the BPMN is to provide a notation that all business
users can understand [2]. After modelling Lhe case studies,
they were carefully analysed to identify at which points a

Get 10KG sugar,
20g vansiine,
6KG margarine,
240g lemon 2est

O
Get 1.6L milk, = Get 19KG fiour, Mox unt flour is =
Putin mixer Turn on mixer @ 24L water, 46 Add to mixer @ 209 baking Add to mixer fully integrated Tum off mixer Loave to prove @) .
egos powder with mixture
10 mins later 5 muns later 15 mins.

Figure 1: Figolla Production Snippet

hazard could occur. In fact, the four hazard simulations
were selected based on these models.

using an ERP, Acumatica which allows different
stakeholders to identify hazards happening in the factory
related to the food production process. This was done
using the data collected from observations and interviews.
Two variations of the dashboard were created. A usability
experiment was conducted to determine which dashboard
is preferred. The data gathered from the usability study was
analysed. Participants agreed that it is a very important
system to have in as they said that it is helpful to control
food safety hazards since that will improve consistency
that franchise industry would require. It was proven that
the system makes it easier to identify problems. A number
of recommendations have been suggested to further
improve the prototype suggested.

Figure 2: Kwarezimal
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Implementation of an Automated ¢
Event Scheduling System

JAMES BORG
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DR JOSEPH VELLA

Automation is becoming more frequent in many of our daily ﬁ?:,m:ww
tasks. Scheduling meetings in an appropriate candidate for I
automation because of the tedium and difficulties it presents e R c
when coordinating with other people. g ::

o]
The aim of this study is to design and implement a scheduler i
that is capable of finding a suitable time slot for all the invitees —
based on constraints set by the proposer and with minimal i
human interaction. Since scheduling is, in general, an NP- I

Complete problem, heuristics needed to be developed in order
to ensure that the system did not spend too long, and waste Figure 1: Main Screen of Scheduler
many resources, trying to solve the scheduling problem.

The scheduling process involves checking if the invitees
are all available in the indicated time slot, and attempts to
reschedule the meeting if not. Indications of invitees on when
they do not wish to meet are also considered by the scheduler
when checking for availability.

All data pertaining to a meeting is stored in a database
which is in turn a basis for the scheduling algorithms to make
decisions during the scheduling process. The two algorithms
implemented in this project are Round Robin and Priority
Round Robin. The latter is used only when a meeting of
importance needs to be scheduled. The user interacts with
the system using a web application, which allows the user to
create new meeting, view details of scheduled meetings and
accept or reject invitations. Users are also able to schedule
a meeting on one of two third party applications, i.e. Google
Calendar and Doodle, using their respective API.

Theinsights gained and results from this artefact development
include: negotiation between invitees is key to the success of
a scheduler allocation; the use of two scheduling methods
to allow the scheduler flexibility in its search for a solution is
very effective; having a priority levels for meeting and invitees
offers a more fair allocation of meeting slots. Figure 2: Process of Scheduling Application




o NO,

A Generic Chess-Like Game Player
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The objective of this project is to investigate the relationship
between the two features, compactness and expressivity,
of a domain-specific language. From this relationship one
can develop a domain-specific language which fits this
relationship.

Domain-specific languages are programming languages
which are targeted towards a specific problem [1, 2]. When
trying to describe a class of chess-like variants, domain-
specific languages provide a plausible notation, as these can
be altered and modified to cater for our problem domain.
Prior to the publication of this research, numerous domain-
specific languages (DSL) catering for the description of chess-
like variants, were developed.

Pell [4] and Browne [5] created DSLs capable of describing
a number of diverse chess variants. Pell took a more generic
approach, by making numerous assumptions and reducing
the number of chess variants which can be described by his
language. This resulted in a compact language, with restricted
expressivity. On the other hand, Browne had an expressive
language which lacked compactness.

In this project, we reviewed and evaluated Pell and Browne's
domain-specific languages which tackled the problem while
taking different approaches. For this study, we measured
the strengths of the domain-specific languages by the level
of expressivity and compactness. The level of expressivity
measures how many chess-like game variants can be
described using a single domain-specific language. The level
of compactness measures the ease of describing a variant
without any unnecessary or redundant definitions.

Within "The classified encyclopaedia of chess variants",
Pritchard [3] describes approximately 1500 chess variants.
From this list of chess variants, we chose two random
subsets. The first subset, called the language design set, will
be used to model the DSL, depending on any key attributes,
similarities and any information deemed important to a game
description. The second subset, the evaluation set, will be
used to measure how many chess variants are completely
describable, partially describable or indescribable using
the DSLs. We will also measure how compact a DSL is be
comparing similar descriptions against each other.
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Once the balance between compactness and expressivity of
the DSL has been found, some applications making use of the
game description are developed, as shown in Figure 1.

A generic game player is a specifically designed application
able to play any specified game without any human
interaction, making use of game playing algorithms such as
alpha-beta pruning [6]. The generic game player takes the
rules and specifications of the game as an input and returns

Figure 2: The flow of operations from describing a chess variant to creating an application

a player able of evaluating and applying the input specified.
The English representation application, provides a better
explanation of the rules defined through the DSL. This is done
by converting the definitions into a more readable format.
The player versus player application allows for players to
play against each other, while the application monitors their
actions, ensuring that each move is valid according to the
gamre description.
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Increasing Taxpayer Value for Money
Through Increased Usage of eHealth Services
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eHealth allows citizens to digitally monitor their own health
data online and supports health care professionals with tools
to improve the care they offer. Despite eHealth's benefits, a
lack of uptake eHealth services in Malta suggests a need to
promote and increase awareness of these services.

After a survey with 205 respondents carried out as part of this
project, it emerged that 23% of Maltese citizens make use of
eHealth services, while only 7% access myHealth, the portal
where citizens can monitor their health data online. Although
significant investments have been made in the development
of the Ministry of Health's eHealth portal (http:/Avww.health.
gov.mt) [1] and its myHealth portal (https:/myhealth.gov.mt)
[2], which requires authentication in order to use, the current
usage of eGovernment health services in Malta is very low.

This project aimed to discover why the usage of such
a widely applicable service is so low in Malta. Domain
expert interviews and usability testing on the eHealth and
myHealth portals were also carried out, in addition to the
survey. Maltese citizens expressed their opinion regarding
Malta's public eHealth services, suggested how could they
be improved and recommended various new services which

Do you believe that these services add value to the eHealth
portal and Increase its usage?
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Figure 1: Woulf the introduction of these services give an added value
to the eHealth portal, hence increasing its usage?

could be introduced.

Following the process of data collection and detailed data
analysis, an eHealth prototype portal was developed to
improve the usability of the current (live) eHealth portal and
add new services, as requested by users. Elements of the
myHealth portal that should not require authentication were
moved into the eHealth portal for greater accessibility.

The results showed that the introduction of completely new
services to the eHealth website would attract more users
to it (see Figure 1); also that the newly accessible myHealth
services from the eHealth portal would encourage more users
to start using those myHealth services that still required
authentication.

Furthermore, the usability testing of the newly redesigned
eHealth prototype portal showed a marked improvement
in time taken to find information on the site (see Figure
2); moreover, users managed to successfully complete
substantially more tasks in the eHealth prototype portal than
in its currently live counterpart, the official eHealth portal of
the Government of Malta.

Comparing the average time taken to complete tasksin the
current eHealith portals with that of the newly developed
eHealth portal
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Augmented Reality in Exploratory

Testing Activities
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Exploratory software testing is the process of inspecting all
or part of a software application with the aim of deciding if
the current state of the software satisfies its requirements
or not. Thus, the process plays an essential role in software
engineering as it requires executing the software manually
to identify any errors, unexpected behaviour or missing
functionality against the specified requirements [1]. Software
testers need to design their test strategy based on the
information given, served from a variety of sources including
system documentation, system change logs, textbooks and
results of previous tests, to name a few [2]. System testers
need also maintain awareness of any information changes in
order to preserve the relevance of the tests.

As software systems are rapidly evolving and becoming
increasingly more complex, testers can be overwhelmed with
the amount of information that is required to be understood,
made aware of, and made use of. Hence, suchissues commonly
lead to a phenomenon known as ‘information anxiety’ [3]
which in turn could result in avoidance of information [4] and
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Figure 1: Overview of the system architecture

which may negatively affect the quality of the end-product.
This project proposes that state-of-the-art technology and
research techniques borrowed from the field of HCI (Human-
Computer Interaction) can support the human tester to be
more efficient throughout the software testing processes. It
is believed that information anxiety can be reduced by taking
advantage of the early yet rapidly evolving augmented reality
technology to present just-in-time and contextually relevant
information, related to what the tester is currently doing on
the system-under-test (SUT).

The augmented reality workbench enables the use of
information overlays around the user’s monitor with each
overlay accurately positioned according to the user’s
preference. Physical markers on which overlays are projected
enable the possibility of organizing what information is to
be displayed while allowing for custom setups to improve
work ergonomics [5], much like a real workbench — albeit
dynamically adapting to the tester’s current context within
the SUT.

Figure 2: Screenshot from the Augmented Reality application
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With today's huge amount of social media content, it is
almost impossible to keep track of all the new content on
each happening event. Social Media includes all sources
where peers and friends can interact with each other such
as Blogs, Facebook, Twitter etc. Hence, if a social media
user is searching for a piece of news, it could take him more
than a couple of minutes to retrieve it. Moreover, if the user
is in a hurry, it could take him a long time to read a piece of
social media content to discover whether or not an event is
of interest to him.

We are proposing a system whereby a user can obtain a
quick overview of the latest blog and social media posts. Our
proposed solution is made up of different components such
as text categorization, sentence extraction summarization
and keyphrase extraction summarization. Moreover, we
propose a solution to solve the topic identification problem
beforehand by applying text categorization on social media
posts. Posts related to each particular event is placed
within a seperate cluster and the system will display these
event clusters to the user.

We also implement automatic summarization systems
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to generate short ‘overviews' of the posts’ content. We
developed two main approaches i.e. Sentence Extraction
where actual sentences are exacted from the original text
and Keyphrase extraction approach where keyphrases are
extracted from source text. This is done by utilising different
techniques such Parts of Speech Tagging, Named Entity
Recognition etc.

Finally the categories, Sentences and keyphrases are
displayed in a drill-down manner as can be seen in the
adjacent figure; as well as in structural manner and utilising
keyword clouds as shown in the figure below.

As for the results, results were quite satisfactory especially
when it comes to Text Categorization. However, the
summarization algorithms underperformed at times.

Apart from quantitative evaluation, we also perform
a qualitative evaluation where survey to a number of
students was handed out and the results were analysed to
come up with a conclusion that our system would be helpful
in the real world as it would help the user optimise his time
even better.
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Automated Checking for Deterministic

Monitor Behaviour
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Monitors are computational entities typically instrumented
with other computational entities, referred to as systems,
with the intent of collecting system information or verify
its behaviour [1]. Monitors are central to several software
engineering  techniques  including  monitor-oriented
programming and runtime verification, a lightweight
verification technique where monitors observe the trace
produced during a system run. Monitors are often considered
to form part of the Trusted Computing Base (TCB), and as
a result are expected to be correct. A frequent correctness
requirement is often assumed that they should exhibit
deterministic behaviour.

One such definition of determinism is through the notion of
controllability [2] [3], which in discrete event systems, refers
to the ability to steer a (passive) entity to designated terminal
states via a series of admissible controls. In [4], Francalanza
develops a co-inductive definition for controllability that
can be used to automate the process of checking a monitor
description for determinism.

Intuitively, a monitor is controllable if for a particular trace
it consistently reaches the same verdict. Figure 1 illustrates
a simple lightbulb system with three input switches (Input
Switch A, B and C which accept inputs ‘a’, ‘b’ and ‘¢’
respectively), and two lightbulbs as outputs. The internal
automaton (which is typically hidden) is illustrated for the
sake of this example. Certain sequences of inputs will switch
on either one of the two lightbulbs. Controllability allows
for internal non-determinism. For instance, there are three
different paths which can be followed for the input sequence
‘a.b’. After observing an input ‘a’, the system may transition
to either state Q2 or Q3. From these two states, the system
can only proceed to switch on light bulb 1 by observing input
‘b’. Therefore, the trace ‘a.b’ produces consistent results
regardless of which path is followed internally.

We say that this system is controllable. Systems are said to
be controllable when they exhibit consistent results every
time the same trace is analysed.

Francalanza [4], proceeds to define a second definition for
determinism, termed symbolic controllability, which uses
symbolic events and conditions instead of concrete events,
thus being able to observe a potentially infinite number of
events from every monitor state. He conjectures that both
definitions are implementable and also claims that an
implementation based on the latter can analyse monitors
more effectively.

In this study, we set out to verify the implementability
claims for controllability and its symbolic counterpart
by producing algorithms for the formal definitions of [4].
Moreover, we present an investigation on the claim that
symbolic controllability is more effective in detecting monitor
determinism when compared to the original definition.

Input Switch A Input Switch C

@> Output Bulb 2

Input Switch B~ |

REFERENCES

[1]  A.Francalanza, "A Theory of Monitors," in Foundations of Software Science and Computation Structures: 19th International Conference, FOSSACS

2016, Springer Berlin Heidelberg, 2016, pp. 145-161.

[2]  J. Klamka, "Control System, Robotics and Automation," in System Characteristics: Stability, Controllability, Observability, vol. 7, EOLLS, 2009.
[3] J. Dorsey, Continuous and Discrete Control Systems: Modeling, Identification, Design, and Implementation, NY, USA: McGraw-Hill, Inc., 2001.
[4] A.Francalanza, "Consistently-Detecting Monitors," 2017, Submitted for publication.



Automatic Segmentation of Indoor and
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Visual lifelogging and indoor & outdoor classification have
been researched on several occasions. The focus of this
research is to identify and implement the most effective
methods to automatically classify images, captured from
a visual lifelogger, into indoor and outdoor scenes. Figure
1 show an example of a visual lifelogger in the form of

a wearable camera. Additionally, we incorporated these
statistics in a smart phone application where the user can
monitor his/her activities.

To automatically classify images into indoor & outdoor
scenes, we have used pre-trained convolutional neural
networks on Imagenet [1] and Places2 [3] and applied
transfer learning to adapt to the problem at hand. Figure
2 shows how we have extracted the features from the
images. Once the features have been extracted, we have
used classifiers to learn and predict indoor and outdoor
scenes. This method proved to be useful instantly, obtaining
accuracies above 90%. Therefore, we investigated ways
to improve the classification further by joining different
features, using intermediate layer information from the
CNNs (FC7) and improving the classifiers used. We have
performed tests on two datasets UBRug dataset and
the SUN397 dataset [2]. The UBRug dataset contains
1000 images from a wearable camera while the SUN397
contains 108,000 images from a normal perspective.

When tested on the UBRug dataset, our best method,
joining the FC7 intermediate layer's output from both CNNs
with a Random Forest classifier, obtained around 98%

accuracy. We repeated the tests on the SUN397 dataset
and compared our results with previous tests done on the
SUN397 dataset. Our methods outperformed these tests
with the best performing method from these tests obtained
an accuracy rate of 94.2% while our best performing
method obtained an accuracy of 97.06%. Moreover, we
tested re-training a pre-trained CNN on the UBRug dataset,
introducing, the rst Ego-centric indoor/outdoor CNN.

Figure 1: An example of a visual lifelogger
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Security Issues in Controller Area
Networks in Automobiles
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Exploratory software testing is the process of inspecting all
or part of a software application with the aim of deciding if
the current state of the software satisfies its requirements
or not. Thus, the process plays an essential role in software
engineering as it requires executing the software manually
to identify any errors, unexpected behaviour or missing
functionality against the specified requirements [1]. Software
testers need to design their test strategy based on the
informalion given, served l[rom a variely of sources including
system documentation, system change logs, textbooks and
results of previous tests, to name a few [2]. System testers
need also maintain awareness of any information changes
in order to preserve the relevance of the tests.

As software systems are rapidly evolving and becoming
increasingly more complex, testers can be overwhelmed with
the amount of information that is required to be understood,
made aware of, and made use of. Hence, such issues
commonly lead to a phenomenon known as ‘information
anxiety’ [3] which in turn could result in avoidance of

Figure 1: The manual mode allows the user to control the instrument
cluster using a hardware interface consisting of slide potentiometers,
push button switches and toggle switches.

information [4] and which may negatively affect the quality
of the end-product.This project proposes that state-of-the-
art technology and research techniques borrowed from the
field of HCI (Human-Computer Interaction) can support the
human tester to be more efficient throughout the software
testing processes. It is believed that information anxiety
can be reduced by taking advantage of the early yet rapidly
evolving augmented reality technology to present just-in-
lime and conlextually relevant information, related Lo what
the tester is currently doing on the system-under-test (SUT).

The augmented reality workbench enables the use of
information overlays around the user’s monitor with each
overlay accurately positioned according to the user’s
preference. Physical markers on which overlays are projected
enable the possibility of organizing what information is to
be displayed while allowing for custom setups to improve
work ergonomics [5], much like a real workbench — albeit
dynamically adapting to the tester’s current context within
the SUT.

Figure 2: The connection of the rogue device as a man in the middle
attack between the vehicle simulator and the instrument cluster. The
instrument cluster has been hacked by displaying an RPM value of 5500,
a speed of 260km/h and both ABS and airbag systems are disabled.
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JavaScript Operating System Simulation
of Processes for Instructional Use

MICHAEL CALLEJA

SUPERVISED BY
DR JOSHUA ELLUL AND DR KEVIN VELLA

Operating Systems is a core topic in computer science,
but difficult to learn as a careful balance of theory and
practice is needed. This is because purely theoretical
models alone do not ensure complete understanding
since some of the concepts require detailed explanations.
Practical implementation is required as it help users
understand how the underlying concepts apply to real
world examples [1].

In a lecturing environment, operating systems concepts
lectures tend to be challenging to give since no practical
implementation is done in class and there is often a large
number of students enrolled for the course [2]. The variety
in the students’ background is also an issue as they may
not have the necessary background textbooks expect.
Programming tasks are helpful in these cases as hands on
experience can help users understand how the concepts
apply to real operating systems. These practical tasks
also help improve communication between the students
and lecturers [3].

In this final year project, the focus is on developing a web
based simulation of operating system concepts, focusing

on the concepts related to processes. The processes
are simulated down to the execution of their individual
instructions, in order to simulate processes in a way that
can show synchronization issues in a multiprogramming
environment. The system runs solely in JavaScript which
reduces time spent to set up the system since users have
immediate access to web browsers and also since this
increases compatibility with the users’ hardware and
existing software.

The simulation provides the practical aspect required by
allowing users to specify and modify their own processes
and the instruction set architecture which the process’s
individual instructions execute. The system also allows
users to plug-in and modify their own process scheduling
algorithm. Similarly certain hardware parameters of
the system can also be created or modified such as the
registers and I/O devices the instruction set operates on.

In order to hide the internal simulation components
from the users so that they can better develop these
implementation examples, the user instead interacts with
a framework built on top of the simulator.

Process Conrel

Sat

b
il
il

I
o8t hant

ratuchon
[Fiomn vuction f

farsd upsate

[promework | s

i
| L]

Figurel: System overview

nextevent | Preempsion | new process)

e

pass e m‘} Change
0 CPU ook fnction | counter

Figure2: How the instruction cycle is simulated using events
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Investigating Ways to Improve the
Effectiveness of BCl Techniques to Mitigate

the Oracle Problem
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Software Testing involves examining the behaviour of a system
in order to discover faults in the system. Given an input to the
system, the Oracle Problem is described as the challenge of
distinguishing the correct behaviour of a system from the
incorrect behaviour. This study explores the extent to which
one can leverage brain computer interface (BCI) devices to
mitigate the Oracle Problem. This study improves on Galea et
al.'s study [GMP16] by utilising expert feedback, better stimuli
presentation and using a device having more channels than
the headset used their study. The Emotiv Epoch+1 was used
to collect the EEG data. Simple mathematical equations were
shown to the participants where the data was then analysed
to obtain features for classification. The features used are the
average power of the delta, theta, alpha and beta frequency
bands obtained from different electroencephalograph (EEG)
channels and these were fed to the Linear Discriminant
Analysis (LDA) classifier. The best features were chosen using
visual and statistical analysis while the classifier was chosen
using expert feedback and literature. The results obtained
show that using an individual model for every participant
obtains an accuracy result of 60% while a global model
obtains an average accuracy of 52%. Overall, the global model
performs poorly when classifying simple arithmetic equations
so complex test cases would probably perform worse. This
indicates that the hypothesis that the Oracle Problem can
be solved using BCl devices is unlikely to hold. Having said
that, this work utilises a specific set of parameters, such as
using the power of the frequency bands as features for the
LDA classifier and using the arithmetic equations as stimuli,

achieving better-than-random results. Whilst the results
do not convey sufficient confidence, we would recommend
further investigation before the hypothesis is abandoned.
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Investigating the Suitability of COSFIRE
Filters for Pedestrian Recognition
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Pedestrian recognition is a widely researched area
due to its application in pedestrian detection systems
as in the cases of surveillance in crowded places and
assisted technology to the visually impaired. However,
certain factors such as occlusion, light and appearance
of pedestrians may hinder the performance of any
pedestrian recognition system. Throughout the years,
multiple state-of-the-art systems have been developed to
cater for such issues including the widely used Histogram
of Oriented Gradients (HOG). These systems typically
employ classification techniques such as SVM to determine
whether any particular scene contains any pedestrian or
not. However, some aspects of these systems still fail to
handle occlusion and thus misclassification occurs.

The purpose of this project was to investigate the
suitability of COSFIRE Filters [1] in relation to pedestrian
recognition. Given a pattern of interest, multiple COSFIRE
filters are configured by selecting random regions
of interest in a pedestrian’s body, so that pedestrian
descriptors can be configured and trained in an automatic
process. The implemented COSFIRE approach is based on

Configuration of
Padestrian
COSHR!’;:‘IDGM Descriptors
1
2 Classification
2
i

Figure 1: lllustration of system'’s design

the work of Azzopardi et al. in [2]. Moreover, the Histogram
of Oriented Gradients [3] approach is implemented to
compare and evaluate the performances of these two
systems. Since classification techniques vary in speed, we
propose the use of two classification techniques, namely
Support Vector Machines (SVM) and Random Forests
to evaluate the effectiveness of these two approaches.
Moreover, three well-established datasets, namely INRIA
Person dataset, Daimler Mono Pedestrian Dataset and
TUD- Brussels Pedestrian Dataset, which all vary in size
and type of images they contain are used to test the two
approaches.

The highest accuracy result achieved is that of 98.67%
on the INRIA Person dataset using the SVM classifier.
This result is remarkably good when compared to other
state-of-the-art systems such as HOG, where the
highest accuracy rate obtained is 93.55%. The research
undertaken for this project resulted in some interesting
conclusions on pedestrian recognition and detection
problems, which could serve as a foundation for other
works in this relatively ever-growing research area.

Figure 2: COSFIRE method (a) The training image, with the red-circled
region indicating the prototype pattern of interest. (b) The superimposed
(inverted) response maps of a bank of Gabor filters with 16 orientations
and a single scale. (c) The structure of the COSFIRE filter that is configure
on the prototype pattern in the first image. (d) The (inverted) response
map of the concerned filter to (a). The darker the pixel, the higher the
response.
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Automating Point Cloud Acquisition Methods
For Scene Understanding

JONATHAN CAMILLERI
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3D cameras or scanners use depth sensors to measure the
distance to the objects in view and produce a set of points
in space, a point cloud. This data may hold information
such as position and colour (Figure 1), acquired from real-
world objects, which can then be reproduced in virtual
environments. Advances in scanning hardware and

computer visualization technology have made the use of
this data more feasible. Applications making use of point
clouds have increased, with the acquisition of 3D point
information becoming customary practice in many areas
including architecture, cultural heritage, manufacturing and
urban planning.

Figure 1. Visualisation of point cloud (right) sampled from box on a desk (left)

Scene understanding (SU) algorithms have traditionally
been employed to classify 2D images of scenes into
semantic categories; for instance, an input data set
classified as an office space. Recently, SU algorithms
have also been applied on point clouds to automate
the process of determining which objects or structures
are present in a scene. A thorough evaluation of these
algorithms necessitates the production of several point
cloud data-sets, which is generally a lengthy process. The
aim of this project was to develop a simulation platform to
help alleviate some of the drawbacks of 3D scanning (i.e.
producing point cloud data sets) while facilitating other
tasks such as scene setup and scanner calibration. This
allows for the generation of data sets with user specified
characteristics in custom environments.

To achieve this a number of objectives were set:

> Model and simulate the functionality of a real 3D
scanner.

»  Model specific object surface materials.

> Simulate the 3D acquisition pipeline.

> Compare the point clouds generated in a virtual scene
with authentic ones.

»  Use the data sets generated to evaluate point cloud
processing algorithms typically used in SU.

To generate point clouds with authentic characteristics, a
virtual scanner needs to simulate the behaviour of a real 3D
scanners. However, replicating all the phenomena involved
is a very complex process. For this reason, a heuristic
approach is taken to create a mathematical model of the
scanner. The scanner would then require a movement
mechanism determining where to move and what to scaniin

a given scene. At the start of a scan a path is automatically
generated which the scanner then follows. Objects are
scanned depending on their size, geometric complexity and
the already acquired samples.

The point clouds generated by the simulation platform
were comparable to authentic point clouds in terms of the
noise distribution. Morcover, the algorithms developed for
the simulation can produce point clouds with high surface
coverage in open areas and good surface coverage in
occluded areas of the scene. The data sets were used as
input to algorithms commonly used in SU and managed
to provide reasonable results suggesting that this system
has potential in more comprehensively evaluating the SU
algorithms.

Figure 2: The virtual scene (left) is sampled using our simulator to
generate a corresponding point cloud (right)



Finding an Optimal Solution to the Car
Traffic Congestion Problem
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In these modern times and because of urbanization,
transport systems are facing several new problems. The
quality of service is expected to be high but because of
population density in urban regions in Malta, there are
traffic issues all around the island. As many major Maltese
towns and cities were built before cars were introduced in
Malta, there were little to no standards and conventions on
how to build a road. Most roads were build narrow, which
at the time were more than sufficient.

Currently, there are approximately 335,000 registered
vehicles including commercial vehicles, motorcycles,
coaches and minivans. This number is constantly rising as
around 10,000 new vehicles are being introduced to the
Maltese roads every year. Also, apart from new vehicles,
new drivers are contributing to the problem. Between
the years 2010 and 2016, 6792 learners got their driving
permit, hence being able to drive on the Maltese roads [1].

There are about 1.2 billion cars on the road, and it is
estimated that by 2035 around 2 billion cars will be in use
[2]. Many car manufacturers believe that the autonomous
vehicle industry is one that will impact our future very soon
and are investing a lot into creating these modern vehicles.
Autonomous vehicles will be able to drive closer to the car
in front as will have faster reaction times, drive within the
speed limits and will behave less randomly than humans
as we sometimes tend to overreact in certain situations.
As autonomous vehicles do not feature aggressive driving
(over braking, over accelerating) styles like humans, less
traffic congestion will take place, as the amount of jams
due to the butterfly effect and shockwave propaganda
will diminished. Furthermore, on a tactical level, cars will
behave in a more rational way, as they can communicate
with other cars and quickly choose the optimal route

according to traffic density and maintenance, much faster
than a human can [3].

The primary outcome of this dissertation is to build and
implementa web based system which will letthe user assess
the flow of traffic through three different environments.
As Malta is quite a small country, and there is no space
to expand the road networks, we have to work with what
we have got. As polls suggest, Malta's population is ever
increasing. Focusing on drivers is much more essential
and sufficient to tackle traffic congestion. Therefore, we
will be comparing the differences between the current
traffic network with human drivers against a network were
autonomous vehicles will be driven. Furthermore, the user
will be able to change vital parameters to the system, if
need be, to make it more realistic and flexible to mimic real
life scenarios.

Figure 1: Effects of traffic shockwaves
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Automatic Runway Detection for
Unmanned Aerial Vehicles (UAV)
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In this project, a system which uses computer vision to
automatically detect runways is presented. By using and
adapting CORF with push-pull inhibition [1], the runway
edges are detected and used to determine the position of
the runway threshold midpoint. A computer vision-based
approach was chosen over a GPS-only system to counter
the lack of accuracy of GPS when calculating distances.

The system uses a dataset of 631 aerial images
portraying the possible conditions of a runway, such as
light and weather conditions and features of the runway,
to maximize effectiveness and accuracy of the runway
detection process. The images are obtained both from
real-life landings (107 images) and from a flight simulator
(324 images), to ensure that most possible scenarios are
covered.

A training set made up of 150 random images from the

Figure 1 - Visual illustration of the system process for runway detection

a. A frame from the UAV's point of view is obtained

b. Approximately vertical edges are extracted from the frame using
the CORF algorithm

() Two lines which best describe the runway are selected based on
their length and y-coordinates

d. The landing point is estimated using various properties of the
selected lines

simulation dataset is used to determine the number
of detected contours to consider and which set of
y-coordinates should be used to select the edges which
bestdescribe the runway. Subsequently, these parameters
are used to determine the distance error in pixels between
the detected and the actual runway threshold midpoints
for each image in the dataset.

Dr George Azzopardi and Prof. Ing. David Zammit Mangion
The system obtains an average distance of error of
approximately 101 pixels, where day and night scenarios
obtained average distance errors of approximately 31 and
23 pixels respectively, while rain and live images prove to
be more challenging with average distance errors of 125
and 258 pixels respectively. Additionally, factors such
as the slant distance of the UAV from the runway, image
noise, visibility, and light conditions are shown to have a
significant effect on the runway detection algorithm.

Figure 2: Contour detection in different scenarios

a. Day scenario
b. Night scenario
(=3 Rain scenario

d. Live Images
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The Impact of Keyboard Layouts on Dwell-
Free Eye-Driven Typing Performance
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The modern technique of dwell-free eye typing enables more
efficient communication than the conventional, dwell-based
technique [1]. Nevertheless, speech and motor impaired
individuals who are also digital immigrants, may experience
challenges with this technique due to their unfamiliarity
with keyboard layouts. Whereas studies evaluated the
performance of different keyboard layouts with dwell-based
eye typing [2] and physical keyboards [3], their findings
cannol be generalised for dwell-free eye typing since this
technique is characterised by fundamental interaction
differences. The purpose of this study is to provide speech
and occupational therapists with insights on keyboard
recommendations based on the users’ aptitudes for and
experience with technology. This study considers three
standard keyboards; QWERTY, Dvorak and the alphabetical
layout, in light of deriving an optimised keyboard for users
with limited typing experience. Twenty digital immigrants
used all three keyboards during 45-minute experiment
sessions. Results emerging from this study informed the
design of a new layout (DF-AJR) which mitigates observed
shortcomings in standard layouts for dwell-free eye-typing.

Performance results on dwell-free eye typing using

Figure 1: Contour detection in different scenarios

1. One of the generated heat maps with gaze plots which identified
standard keyboards' shortcomings.

2, Dwell-free eye-typing user, Bjorn Formosa, communicating
through the developed tool.

existing keyboard layouts show that digital immigrants
(having some years of experience with technology) perform
best on the QWERTY layout, followed by the alphabetical
and Dvorak keyboards respectively. However, participants
who had less than one year of experience with technology
performed equally on both QWERTY and alphabetical
layouts, suggesting that the QWERTY layout may not yet
be clearly imprinted in the minds of this group of users. The
need for an alternative keyboard layout optimised for this
group was subsequently investigated. Whereas previous
studies, which used alternative modes of input, concluded
that Dvorak has the potential to outperform QWERTY, this
was not observed with dwell-free eye typing. Observed
shortcomings for standard layouts were mitigated in the
redesigned keyboard, DF-AJR, which utilised the English-
letter frequency list and adopted an alphabetical bias. Initial
results show that participants’ performance improved
with the DF-AJR keyboard and was also preferred by
participants. Moreover, while introducing dwell-free eye
typing over the web, the optimised and open sourced client-
side web-based tool developed for this study reduces the
financial burden associated with acquiring commercial
eye-driven AAC devices.

Figure 1: Positioning of characters in the DF-AJR optimised

keyboard layout
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Concurrency deals with the structure and composition of
independently running processes, as a way to increase
efficiency [1]. In fact, in a concurrent environment, tasks
may be run in parallel, but can also be interleaved or
executed sequentially on a single processor. This can
create problems of non-determinism if not handled
properly; that is, for a particular input, a process can emit
different outputs on different runs. Hence, a number of
concurrency models emerged to take advantage of the
properties of concurrency [2].

In this work, we consider the Actor Model of concurrency,
specifically about actor systems: a setup of uniquely named
actors, interacting with one another via asynchronous
message passing, spawning other actors or changing their
own current behaviour in response to messages received
[3]. Focusing on how actor systems relate to each other,
we start from the widely accepted notion of safety testing,
where we compare two actor systems by arguing that if
they are able to pass all the same tests, only then they are
related. Although intuitive, to show this relation we must
consider all possible tests, of which there are an infinite
number. This renders the process hard to automate.

We therefore shift to relating actors by their traces, where
a trace refers to a series of input and output interactions
occurring between an actor system and its external
environment. Rather than relating actor systems by the
tests they pass, we relate them by comparing their traces.
If an actor system makes the same traces as another, we
can say they are related.

We examine a particular trace based technique proven to
be correct with respect to safety testing in a previous work
[2]. It is already easier to reason about actor systems using
traces, since most times, we only have a finite number of
traces to examine, making the process easy to automate.

However, recursive systems do not fall under this category,
as they generate an infinite number of traces. We therefore
construct a new method of relating actors based on
coinductive techniques. This allows us to reason about
and compare the states reached by each system, with the

intuition that if two systems can reach the same states,
then they must be related. Consequently, when dealing
with recursive systems, once a state has been examined,
we do not have to examine its traces again if it is looped
back to.

For example, suppose system A starts at state X, and
makes a transition a to reach state Y, and loops on the
state Y with the transition b. Suppose we also have an
actor system B, starting at state P which can make the
same transitions (possibly others too). Then we can say
that A and B are related by the proposed coinductive
technique. This is shown in Figure 1.

To evaluate this technique, ERLANG was chosen to reason
about the actor model itself [4], [6]. Using a formalisation
of the language, our proposed technique is finally shown
to be sound with respect to the trace-based technique
through formal proofs. Hence, it is also sound with respect
to the original safety testing technique.
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Figure 1: Demonstrating how Actor Systems A and B are related using
the proposed technique
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Free-Viewpoint television is one of the most complex
applications that requires a substantial amount of processing
power [1]. This application requires a set of depth and texture
camera views that will be used to create a virtual viewpoint
for user consumption. The Free-Viewpoint algorithm can be
broken down into a number of discrete tasks. These tasks
can then be distributed between the cloud and mobile
device in an optimal manner to benefit from the processing
capabilities of both the cloud and the mobile device. While
the cloud can easily scale in terms of processing capacity, the
mobile device is limited to its on-board processing capability
and battery capacity [2]. Although mobile device technology
is constantly evolving with ever increasing processing
capabilities being introduced with each new generation of
devices, consideration needs to be taken to a wide variety
of Mobile devices already in the market whose capabilities
vary significantly. These constraints all need to be taken
into account in the mobile side implementation. One further
important consideration is dependant on the quality of the
network that provides the connectivity between the cloud
and the mobile devices. Mobile and WIFI networks are also
evolving at a fast pace offering ever increasing speeds and
low latency, however wireless networks are shared media
which vary significantly in performance depending on the

Cloud Side

radio conditions and loading.

After analysing the Free-Viewpoint algorithm and its
stages it was decided to implement a system where the
cloud executes the warping of the left and right frames,
and the generation of a blended image. This image is then
compressed using a lossy compression algorithm and is sent
to the mobile device over a TCP socket on request. Once the
mobile device receives the view it performs in-painting to fill
the holes and displays the image.

The implemented hybrid system generated the blended view,
using OpenMP parallelisation libraries, in 0.7891 seconds
on the cloud side, but further improvement could be done.
Two in-painting techniques were implemented and tested
on the mobile device in order to assess the effectiveness of
the algorithms and their performance in terms of speed of
execution. Both algorithms performed in-painting effectively
however there was a significant difference in the time taken
to process a frame. The natively implemented in-painting
technique took on average 1.6 seconds on the latest mobile
device while the in-built in-painting function provided with
the OpenCV libraries took on average 0.089 second, on the
same device.
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Figure 1: Free-Viewpoint Algorithm System Design
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In today’s fast paced world, where time is precious, people,
the working class in particu-lar, spends the majority of the
day shuttling between several tasks and therefore tend to
neglect their health and fitness. Even a simple appointment
with our doctor in a clinic can take a lot of time, since it can
consists of various tests for diagnosis, prescription and
finally treatment. Therefore, many patients only seek medical
attention and go to a clinic when they are in great pain or
suffering from a serious illness. Hence, many individuals are
now seeking for an alternative, such as an obtrusive device
that can be worn on the body, which constantly monitor
the users’ health in real time while also providing timely
insights on several health parameters to the users and their
physicians.

OWliig the weearabletestineg protatype

Moreover, the overcrowded hospitals are resulting in a push
towards an outpatients or home based treatment of some
forms of situations, such as elderly patients. This is where
health wearables can help monitoring patients from the
comfort of their home and therefore, there is no more need
of regular check up appointments.

Nowadays, everyone wants to be a touch away from
information access, especially per-sonal information. Our
personal health is an important aspect in our lives, thus
having a system which will support and monitor our health,
and can be accessed via web is of ma-jor importance. People
can especially benefit of such system if the information can
be accessed on their mobile devices appropriately.

Book Your Appointment

the web based system
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Forecasting the daily resource requirements is important
to provide a way for healthcare planners to ensure optimal
allocation of scarce resources which in turn could help the
problem of long waiting lists [1]. Hospital admissions and
patient Length of Stay (LOS) have an influence on the
availability of healthcare resources. Several factors may
affect a patients' LOS and admission patterns, where
the factors considered in this study include: patient
characteristics, weather, air pollution and the day of the
week. The study was based on hospital admissions data
obtained from Mater Dei Hospital, Malta for the period
between January 2011 to December 2015, while weather
and pollution covariates were obtained from Free Meteo and
Environment & Resource Authority (ERA) for the respective
period.

Within this study, Survival Trees were used to cluster
patients' based on LOS and admissions data. Phase-Type
Survival Trees and Gaussian Mixture Survival Trees were
modelled using Coxian Phase-Type Distribution (C-PHD) and
Gaussian Mixture Distribution (GMD) where the Weighted-
average Information Criterion (WIC) statistic was computed
as a likelihood parameter. In the case of C-PHD, patient flow
was modelled as a Markov Process where patients move
progressively between hospital phases allowing them to
leave the system at any point, due to discharge or death.
The GMD distribution modelled patients in the care system
based on the mean and variance. The models created aimed
to improve within node homogeneity by selecting covariates

providing the most prognostic significance (highest gain in
WIC) [2]. The nodes yielding most improvement were located
in the higher levels of the Survival Tree. Survival Trees were
generated by recursively partitioning the covariates based
on the value of WIC until no further improvementis observed;
this is the stopping criteria defined.

Furthermore, the models' Goodness-Of-Fit (GOF) was
evaluated based on the WIC statistic [3], where C-PHD
yielded best improvement for both LOS and admission
models, thus it was expected to provide more accurate
results than the GMD model. Additionally, the variability in
data was analysed which illustrated that C-PHD in the case
of the LOS model and GMD in the case of the admissions
model, were the distributions that explained variability
best. Further to this, Cumulative Distribution Function and
Empirical Cumulative Distribution Function plots [4] were
used to illustrate how well the distribution values represent
empirical data. These plots concluded that C-PHD and GMD
could be used effectively to characterize the effect of different
factors on the patient LOS and admission patterns. Within
this project, the relationship between patient characteristics,
weather and pollution data was modelled to patient LOS
and admissions patterns to identify the factors effecting the
increase in admission and bed occupancy rates. Developing
such forecasting models could allow healthcare planners to
have a better indication on the expected number of available
beds and resources required, which leads to more adequate
planning of hospital resources.
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Computational methods have become increasingly popular
in drug discovery. In recent years, such methods have been
used to aid physical experiments during the initial stages of
the drug discovery process, in order to reduce expense and
the time taken to run these experiments. Despite the usage
of these methods, over recent years we have witnessed only
a slight increase in new medicinal drugs approved by the
FDA (U.S. Food and Drug Administration). Approximately 29
new molecular entities are approved annually [1, 2].

The aim of this final year project was to gain a better
understanding of protein-ligand interactions, and to build
machine learning models based on this understanding. These
computational models help us identify small-molecules (also
known as ligands) which interact with proteins, a necessary
requirement for most medicinal drugs, as shown in Figure
la. These small-molecules interact, or bind, with proteins
at some strength (binding affinity). The binding affinity is
measured experimentally in wet-laboratories using three
alternate measures (IC,, K, and K ). These measures are not
easily convertible from one to another (without knowing the
experiment’s parameters). An example of a protein-ligand
interaction is aspirin binding to a human protein (shown in
Figure 1b).

Presently, the only existing database of protein-ligand
interactions, CREDO, is not publicly available. Our database
was built by first acquiring 3D protein structures from the
Protein Data Bank and filtering them to keep those which
contained small molecules  The  small-molecules  and
their nearby atoms on the protein were then extracted

/ Ligand

¥ ey
Binding Site

/q

Protein

Protein with
Binded Ligand

(a) A schematic diagram showing how a

Ligand binds to a Protein at the Binding Site.

and standardised to correct inconsistencies. The small-
molecules were then checked for their drug-likeness by
applying Lipinski's rule of five (these are filters which
distinguish  drug-like from non-drug-like molecules).
Thereafter, the pharmacophores (features) of these small-
molecules and their nearby atoms were extracted. Finally,
the interacting feature counts were calculated for every
structure and stored. This database was then augmented
with the experimental binding affinity data obtained from
the PDBbind database. The binding affinity measures were
converted to nanomolar (nM / 10-°M), as these ranged from
molar (M) to femtomolar (fM / 10-'M). Machine learning
models were then built to predict the binding affinities based
on interactions between a protein and a ligand. Several
machine learning approaches were explored, including
Nearest Neighbours, Support Vector Machines, Random
Forest and Artificial Neural Networks to find the best model
which describes this binding relationship.

While acknowledging that predicting binding affinity based
on only feature interactions is hard, we also concluded that
the model selection depended on the type of binding affinity
measure. The K experimental measure was the best measure
from the three experimental measures of the binding affinity,
as a Support Vector Machine with a Linear Kernel produced
an average accuracy of 56% over 20 prediction classes.

The new database of protein-ligand interactions together
with their respective binding affinity data have been made
publicly available on Github [3] and may allow for further
research in this area.

(b) Aspirin (shown in Green) binding to a
Human Protein (which surface is shown in
White/Red/Blue).

Figure 1: Protein-Ligand Interactions
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This project is about image compression. We make use
of a compression algorithm applied to a greyscale image,
and an automatic colourisation algorithm to regenerate the
colour. Our aim is to test whether we are able to produce a
comparable image to JPEG’s. Specifically we expect our image
to have a smaller file size at the expense of colour fidelity. In
this project, our modified version of JPEG (Joint Photographic
Experts Group) image compression is applied to the image to
reduce data by removing redundant information. This allows
data to be stored or transmitted in a more efficient form due
to its smaller size. For our purpose, we will be storing the
luminance values only as opposed to all the image data.
Image colourisation is then applied. This is a process by which
colour is added to greyscale images. Colour data points are
extracted from the original image before compression is
applied. This is done by segmenting the image where data
points are then selected from each segment. Random data
points are also added to further enhance colourisation. By

storing only a few colour data points rather than colour data
for each pixels we aim to reduce the file size even further.
Our hypothesis states that neighbouring pixels with similar
luminance are likely to have similar chrominance values.
This is the underlying rationale supporting our automatic
colourisation hypothesis. Another hypothesis is that human
eyes are less sensitive to colour variance then they are to
luminosity. For this reason, slight variations in colour may be
unnoticed, especially if the original raw image remains unseen.
Our results show that using our algorithms we were able to
produce comparable images to JPEG'’s. However, our file size
did not reach the required size reduction due to the amount
of colour data points needed in order to recolour the image.
Although slight imperfections can be found in the resultant
image, such defects may remain unnoticed on small devices,
such as mobile phones. Finally, given that our projections
demonstrate comparable results to JPEG’s, this suggests that
further research would result in better results.

Figure 1: Left image shows the result produced by JPEG at quality factor 50. Right image shows our results after
compression at quality factor 50 and automatic colourisation.
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In this exploratory work, we investigate different techniques
used by speech & language pathologists to help children
on the autism spectrum improve their communication skills
[1]. With ASD-diagnosed children, challenges emerge when
using technology since they have less opportunities to gain
the communication partner’s attention [2]. Key behaviors
necessary for conversation, such as maintaining eye contact,
persistence and undistracted observation of surroundings
are typically not required when interacting with a device [3].

This study hypothesized that there may exist an interactive
technology which can be streamlined for speech and
language pathologists, to reap the benefits of using
technological devices (i.e. good motivators, attention
grabbing), while avoiding drawbacks typically associated
with them (e.g. undistracted observation of surroundings) —
to encourage students to communicate by interacting with
the real world as part of their learning process.

Initially, semi-structured interviews with domain experts were
carried out to understand the main issues encountered in
practice. Braun and Clarke’s Thematic Analysis technique [4]
was used to structure insights arising from these interviews.
Following this, direct observations of communication therapy
sessions further helped to understand what this interactive
technology should do. A scoping exercise highlighted a
frequent challenge encountered by pathologists, which
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Figure 1: Setup of final artifact

is the teaching of preverbal skills (e.g. matching words/
visuals to real life objects). This, together with issues such
as the children’s proneness to frustration (hence requiring
damage-resistant technology) and clutter reduction (hence
reducing the number of peripherals and cables) informed
the development of an artifact which was subsequently
evaluated and further developed through iterative field trials.

The interactive system created makes use of NFC tags and
an Android application - Interactiverb. Verbs are prompted
on screen by the application, and Lhe child is encouraged
to choose the most appropriately related object. Interaction
with the real world is required since the application will only
confirm the child's decision once the device is physically
close to one of the related objects. (e.g. verb: eat > object:

apple).

Through feedback collected from the field trials and co-
design interactions with speech & language pathologists’,
this study confirmed the system’s success in satisfying
the hypothesis. Children with different levels of severity
responded favorably to it, with higher-functioning children
wanting more challenges and lower-functioning children
displaying advanced levels of questioning because of it. A
System Usability Scale survey passed to expert participants
got an overall score of 90, which deems the system highly
recommendable.

Figure 2: Flowchart of the process followed and techniques used
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Contracts provide a legal binding between two or more parties
and used when they are en- gaging in operations in order to
obtain some common agreement. The specification of deontic
norms [10] such as obligations and permissions allow for this
interaction between communicating parties. At a specific point
in a contract, a party may be given a number of options which it
should do and this is when choices in contracts arise.

Despite the existence of several logics used to represent
contracts we focus our attention on contract automata [5], which
are a formalism used to represent and reason about contracts.
They provide an action-based view of contracts between parties
with deontic clauses tagged in each state and allow for the
representation of a very important feature, that of interaction
between participating parties. However, they lack expressivity
when it comes to the notion of choice — there currently exists no

Figure 1: First extension to represent explicit choices in contracts

Both extensions, despite having some differences, provide
similar expressivity when rep- resenting choices explicitly,
removing any element of ambiguity. By proving about several
propositions we check the sanity of our formalisms and by also
providing a use case between a student and the university,
based on the assessment regulations of the University of Malta
[1], we demonstrate the effectiveness of our extensions and the

. e Non-Deterministic Contract Automata

explicit way of knowing which party is deciding to make a choice
in a contract.

We provide two extensions to the definitions of contractautomata
in order to handle choices in contracts. Our first extension
consists of mapping every action set to the participating party
deciding to make the choice whilst the second extension consists
of distinguishing between deterministic (where no choice is
available) and choice transitions, represented using forking
actions. The representation of choice of these two extensions
may be seen in Figure 1 and Figure 2 respectively, below. In the
figures, ‘P’ denotes the party making the choice, upper case
letters (A, B) denote the set of actions being made whilst lower
case letters (a, b, ¢, d) denote the deontic modality (obligation,
permission, prohibition) that has to be obeyed by a party, in a

particular state.
(D=~
d

ALP

Figure 2: Second extension to represent explicit choices in contracts

way they are implemented.

Our work adds to the expressivity of contract automata by being
able to handle external choices, explicitly stating which party
is making the choice. This adds a new dimension to contract
representation when using contract automata and provides a
basis for future research.
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With an ever growing dependence on technology and
intelligent systems, automatic control and microcontroller
based systems play an increasingly important role in our
daily lives. Feedback control systems have been extremely
popular over the past few decades, providing elegant
solutions to complicated control problems in applications
ranging from climate control systems in automobiles to
high precision systems in space vehicle control.

This project involved the design and implementation of a
dual-axis light tracker which is able to locate a source of
light in both the panning and tilting axis of rotation. A block
diagram of the implementation is presented in Figure 1.
Four light sensors were strategically placed around a cross-
shaped shade, in such a way that all the sensors receive
an equal light level when the system directly faces the
light source (refer to Figure 2). A digital control algorithm
based on proportional, integral and derivative control was
implemented on an Arduino microcontroller driving two
servo motors, one for each axis of rotation.

The system also contains a number of of additional key
features to improve its performance, amongst which
are gain scheduling and integral anti-windup. Gain
scheduling is a technique used in non linear systems
which require different control settings depending on the
current conditions of the external environment. In the case
of the dual axis light tracker, the tuning parameters of
the controller need to be selected based on the ambient
light intensity. A set of parameters was determined
experimentally for a wide range of different light intensity
and set automatically on the fly. Integral anti-windup
techniques were also explored. The introduction of integral
control can often result in a phenomenon called integral
windup, whereby the system shows unstable response
or lag. This is often due to the physical limitations of the
system, preventing it from reaching its desired final point.
A number of conditions need to be imposed on the integral
action depending on the specific physical limitation of the

system. The results were compared to a simple yet widely
used algorithm for light tracking. This system is based on
the idea of measuring the intensity of light in two separate
regions and orienting the system towards the higher light
intensity region. The system stops when the two readings
are equal, indicating that the light source has been located.
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Figure 1: Block diagram of the dual-axis light tracker

Figure 2: Implementation of the dual-axis light tracker
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Business Analysis Tool for Small/Medium
Enterprises using Spatial Databases
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All businesses strive to compete with one another and try to
find methods to improve on their sales with each year. This
can be done using various different methods, starting from
diverse marketing techniques to strategic business decisions.
One important factor that can significantly affect their sales
is their geographic location (Ambarwati & Hanum, n.d.).
Small and Medium Enterprises (SMEs), however, due to the
way that they are built and operated, often do not possess
sufficient knowledge, data and even financial resources, to
effectively exploit this component in their business model
(Gourova, 2015).

This study sought to investigate the usefulness to and
usability by local SMEs of a specifically developed Business
Analysis tool that uses location-based data. This included
a study of its ability to maximize the efficiency of part of
their day-to-day operations and to support their strategic
business decision making processes. Different visualizations
were implemented to present various types of information
relevant to the user (Figures 1 and 2). These visualizations

Figure 1: Visualization Example - Routing

were designed to be easily understood and interpreted by
these SMEs whilst requiring the least use of resources by the
same SMEs.

A questionnaire was distributed to a set of local SMEs,
asking them about their views and opinions about the role
such a tool could play in an SME environment. The responses
indicated the type of functionality that is relevant to such
SMEs and influenced the design and development of the
prototype tool. During the testing of the prototype, the
accuracy of the predictive function of the model system was
estimated through specific experiments and data analysis.

The eventual prototype system was evaluated by
participants, similar to the ones who participated in the
first questionnaire, but this time through an interview. The
results of this evaluation gave an indication of whether the
functionality implemented in the prototype tool would be
of use in a real world scenario and highlighted the general
usability and usefulness of the prototype.
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Figure 2: Visualization Example - Prediction
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Towards Bookmark Folder Recommendation ¢
Using Simulated User-Guided Classification,
and Clustering Techniques
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Webpage bookmarking involves users storing their
favourite webpages into an organised structure called a
bookmark hierarchy or repository. We developed a user-
guided bookmark folder recommendation system to aid
users in maintaining their repository’s organisation.

Our system builds a flat-cluster semantic model of the
hierarchy using Latent Semantic Analysis [1]. This evolves
alongside users through their Indirect guidance whenever
a bookmark is created. Clusters model folders containing
pages using a mean centroid representation. If the
repository is small or empty, LSA is performed on the user’s
history instead. Using the model’s centroids, it recommends
up to three folders most similar to the page. If no folder’s
similarity is above a threshold, the system suggests creating
a new one. We also developed a folder restructuring user-
tool using DBSCAN [2] for folders containing random
webpages or multiple pages from different topics, thus
aiding recommendation.

The recommendation system was evaluated using the
SemEval 2013 Task 11 corpus [3]. We simulated the

Figure 2: System Diagram

creation and evolution of multiple hierarchies, performing
recommendation before adding each bookmark. We
modified a K-NN [4] algorithm to give up to three
recommendations, for system comparisons. We also
used a new metric, User Cost Index, that measures
recommendation quality with respect to the ‘cost’ for a
user to fix it. The restructuring tool was evaluated using the
same corpus.

We reached our aims through a system requiring no
external data that creates and maintains an evolving, user-
guided model for recommendation. Using LSA we achieved
up to 67.6% overall accuracy, which rises to 72.4% when
the repository’s size increases. We also discovered that
using a static LSA parameter on an evolving hierarchy
deteriorates accuracy by up to 4.4%. Meanwhile, the folder
restructuring evaluation showed that its positive results are
not always consistent for word sense based clustering.

These tools were incorporated into a browser addon.
This shows that a fully functional web browser addon for
intelligent bookmark management is possible.

System Accuracy Trend for an Evolving Bookmark Repository
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Figure 2: System Accuracy Trend
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Intelligent Bookmark Organiser

and Recommender
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With the increasing use of the World Wide Web in day to
day life, it is of growing importance for the average web
user to have a convenient web browser setup. As such the
continued development of the WWW spurs the development
of feature rich tools which have the objective of improving the
web browsing experience. A sizeable subset of such tools
aim to do so by offering a bookmark organisation service
or a bookmark recommendation service. However the great
majority of these tools require supervision to operate, for
instance most bookmark organisers provide users with an
interface to manually go through bookmarks and sort them
one by one, but they do not automate this process for them.
Thus, this dissertation aims to further exploration into the
automation of such tools.

To explore this, an artefact which can organise and
recommend bookmarks in an unsupervised manner was
developed. Two distinct organisation techniques were
explored, one clustering via user defined labels (mimicking
folder names) and one clustering without any user input
at all, using the Vector Space Model (as shown in Figure
1). Latent Semantic Analysis, a technique for analysing
semantic relationships, was also tested with non user
labelled clustering. Two distinct recommendation techniques
were also developed. The first of these techniques made
use of the Vector Space Model to compare the similarity of
webpages visited by the user to those in his bookmark list.
The second technique used a search engine query approach,
where the most semantically significant words in a bookmark
folder were extracted and submitted to a search engine as
a query, with the top 4 results returned being recommended
to the tiser

To evaluate the artefact's performance three tests
were devised. The first test compared the artefact's
clustering algorithms with the top performing algorithm
in SemEval-2013 task 11 workshop, with the algorithms

used in the artefact producing marginally better results.
For the second test, the artefact's bookmark organisation
performance was tested on real bookmark lists. The artefact
was installed on 10 users’ computers. Users were asked
to produce a list of how they would manually cluster their
bookmarks (without seeing any results produced by the
artefact). Then the clusters produced by the artefact were
compared to the user produced lists. A simple accuracy
score of 90.43% was achieved when using LSA and 88.72%
when using labelled clustering, which is significantly higher
than accuracy scores of similar bookmark organisational
systems. For the third test, users’ were asked to mark
recommendations made by the artefact as either useful
or not useful. In total, 91.78% of recommendations were
marked as useful, which was on par with the best performing
similar fully automated recommendation system.
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Modelling Techniques for
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Cloud computing is nowadays on everyone’s mouth and in
every developer’'s mind [1]. Various solutions were developed
or rewritten and ported to the cloud. Even though adoption
of Cloud technology and services offers specific benefits to
its users, in certain instances it might present unexpected
development issues. [2, 3]

Most of the software that has been developed uses modeling
techniques which allow one to foresee possible bottlenecks
and challenges as well as the selection of tools that would be
used to best leverage development [4, 5]. In addition, modelling
techniques allow the breakdown of a software solution into its
constituent and more detailed parts. Many modelling techniques
have been around for quite some time and have a well-known
track record [6]. However, in order to create software solutions
that make use of modern technologies and approaches,
researchers build different extensions to them [7, 8, 9]

At present, Cloud computing is a technological aspect which
is not comprehensively supported by software modeling
techniques [10, 11]. This spurred the idea of proposing a
solution that would allow developers and other relevant
solution stakeholders to model software solutions with Cloud
technology and services in mind, allowing, amongst other
things, the modelling and provisioning of Cloud technology as
part of the presented solution.

The purpose of this project is to help developers who are
planning to either develop for, or port to, the Cloud, to reduce
development costs that may be arise from improper cloud

ClassName

attribute: Type

operation (parameters) :

return Type

laaS Paas Saa$

VM: Int numberOfServices: Int numberOfUsers: Int
CPU: Float hosting: Bool vertical: Bool
RAM: Int averageTransaction: Int horizontal: Bool
storage: int
locality: String approximateCosts(, approxi osts {(num,
0S: enum hosting, averageTrans): vertical, horizontal):
approximateCosts (VM, Float Float
CPU, RAM, storage}:
Float

Figure 1

integration and deployment [12, 13]. It is proposed that this be
done by introducing appropriate extensions to one of the most
popular modelling language nowadays - the Unified Modelling
Language (UML) [14, 15].

This project will be tackling the three aspects of the cloud
deployment service models, which are Software as a Service,
Platform as a Service, and Infrastructure as a Service [2,
12]. The reason for this is that deployment of the application
should be as closely mapped to its model so as to safeguard
consistency in the later stages of development and to facilitate
maintenance of the solution in the future resulting in reduced
muaintenance cosls. Each service model was tackled differently,
but each was implemented within the same solution. The
proposed solution presents a set of extensions as classes for
each of the previously mentioned models as well as providing
a new type of relationship to connect the existing classes to
the newly introduced ones. The main aim of the project is to
reduce both the overall cost of software solutions using Cloud
technologies as well as to reduce the risks of additional, and
sometimes unjustified, costs linked to incorrect usage of Cloud
resources [16, 17].

The validity and outcomes of the newly proposed extension
and relationship type are then tested on the case-study by
comparing the estimated costs incurred for two scenarios: one
using the extension for that given scenario, the other scenario
involves using the default features and modelling capabilities
offered by the providers, namely Microsoft's Azure and
Rackspace [18, 19].
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Nowadays, ample information is available on the internet,
causing users to be overwhelmed, leading to information
overload. This makes it difficult to find conferences on the
internet, which interest them enough to publish papers and/
or attend to. COnference REcommender (CORE) utilises Call
For Papers (CFPs) to recommend conferences to researchers
to solve this issue.

Recommender systems attempt to filter out information
which would have been disregarded by users, and only
present what is predicted to intrigue them. Amongst
recommenders, content-based and collaborative-filtering
are the most common. Conlenl-based recommenders,
analyse a user’s previous high ratings of items and find
similar items using the item content’s features [1, 2, 3].
Using Collaborative filtering, positively rated items of users
are suggested to those with similar interests [4]. Initially, in
either method, the system will not contain prior knowledge,
thus will not be able to accurately recommend items [5]. This
issue is known as the cold start problem [5]. Knowledge-
based recommenders give suggestions based on knowledge
gathered beforehand about users and items, overcoming the
cold start problem [4, 6].

Knowledge-based, content-based and collaborative-filtering
techniques, together with a hybrid approach combining the
last two, were implemented in CORE. The first step of CORE
is collecting information about conferences by obtaining CFP
data. This information is retrieved and stored inside a graph
database, creating the conference layer. The second step is
collecting information about each user, and constructing the
user model based on his/her past actions. This information
is collected from online publication sources, creating the
second layer of the graph; the user layer. This information

retrieval of CFPs and users shows the knowledge-based
nature of CORE. The two layers are connected using
content-based (through conference series and research
topics) and collaborative-filtering (through user co-authors)
links. Finally, using CFPs, conferences are recommended to
users based on those links.

After evaluating the different implemented techniques, the
best result was obtained using the hybrid approach, giving a
recall of 0.311, a precision of 0.248 and an f1 of 0.257.

Figure 1: Figure showing the user connected to CFPs, using content-
based techniques through topic and series links, and using collaborative
filtering through co-author links.
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Image classification has a variety of practical applications
in computing, most notably medicinal (e.g. detecting
diseases), industrial (e.g. locating faulty parts) and security
(e.g. facial recognition). Despite their popularity, little
research has been carried out on the comparison between
two common image classification algorithms: the Bag-of-
Visual-Words approach (BoVW) and Convolutional Neural
Networks (CNN), in terms of the size of the training set
required.

These methods have proven to be highly reliable. However,
they each have different memory and time requirements

a)

Upon training the entire CNN on the CIFAR-100 data set,
the enror rate did not decieuse below 0.9, suggesting thatl
more time and training images were required. In contrast,
training using transfer learning was successful (Fig. 2),
obtaining an accuracy of 77.55% on 20 classes using 200
images/class. The BoVW approach was less successful
reaching a top accuracy of 54.05%. Re-initialising more
layers of the CNN led to a lower performance - probably
due to the fact that more training images were required.
Adding more levels to the BoVW spatial pyramid resulted
in a higher accuracy.

. CIF
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as well as different optimal training set characteristics.
The tendency towards using the current top performing
algorithm, without regard for its best uses, has led many
to use CNNs despite other methods being possibly more
suitable for the task.

This work aimed at studying the BoVW approach and
CNNs to determine their performance when presented with
varied sized training sets. Subscts of the CIFAR-100 data
set, containing tiny images and multiple classes, and the
FERET data set, consisting of larger images and only two
categories, were chosen for this project.

Figure 1:

Left - Images from ImageNet data set
used to pre-train the CNN.

a) Great Grey Owl  b) Labrador Retriever
c) Pizza d) Red Fox

Middle - Images from the CIFAR-100 data set
e) Bird f) Cat
g) Deer h) Dog

Right - Images from the FERET data set
i) Male faces  j) Female faces

The opposite was seen on the FERET data set. The BovW
drastically outpertormed the CNN, peaking at 92.82%
with 200 images/category. The CNN required more than
50 images/category in order to provide decent results and,
even then, its accuracy was slightly less than that of the
BoVW.

From the results, one can conclude that using transfer
learning on pre-trained CNNs is more suitable for large and
complex data sets, while the BoVW approach performs
best on simpler and smaller data sets.
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Figure 2: A graph showing the accuracies obtained using different configurations of the CNN and BovW

algorithms on the FERET and CIFAR-100 data sets



Bringing Business Intelligence to
Bear on Long-Term HR Planning
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Business Intelligence (BI) is “a broad field that combines
people skills, technologies, applications, and business
processes to make better strategic and tactical business
decisions” [1]. It supports an organisation’s decision
making by combining “data gathering, data storage, and
knowledge management with analytical tools to present
complex internal and competitive information to planners
and decision makers” [2]. Businesses are realising the
importance and effectiveness of making decisions based
on solid data rather than intuition, and Business Intelligence
would seem Lhe way lorward for any business which wantls
to thrive.

While many businesses are adopting Bl in many areas and
reaping the associated benefits, the use of Bl in Human
Resource (HR) management and planning remains scant
[3]. Human Resources, which may be defined as the
human capital of an enterprise, and their management,
are increasingly being identified as potential sources
of competitive advantage for businesses [4]. Applying
Business Intelligence to this important area can help realise
this potential. One of the reasons for the scant use of Bl in
this field could be the lack of awareness of the capabilities
of Bl to provide insightful information to guide decisions and
actions regarding Human Resources, their management
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and planning.

This study aimed to showcase the relevance of Business
Intelligence to HR personnel, and subsequently assess the
applicability, usefulness and benefits of this technology in
Human Resource management and long-term planning.
Taking employee absence as the main area of focus, and
using Microsoft Power Bl as a visualization tool, a series
of dashboards and tailor-made visualizations displaying
associated data were produced, based on the input of
various HR professionals. The visualizations produced
were then submitted for evaluation by a different group of
HR professionals.

The results and positive feedback show that while different
users have different requirements, Business Intelligence
and data visualization can support Human Resource
personnel very effectively in their roles as managers and
planners. Professionals from both fields of Bl and HR
management can work together to provide the solution
most appropriate to the particular business. Moreover, the
degree of interest that participants in this study showed
in adopting this technology would suggest it opportune to
continue this investigation into areas of Human Resource
management and planning other than employee absence.
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Figure 2: A Tailor-made Visualization
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Platform For Human Activity Datasets —

PacSim
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Business Intelligence (Bl) is “a broad field that combines
people skills, technologies, applications, and business
processes to make better strategic and tactical business
decisions” [1]. It supports an organisation’s decision
making by combining “data gathering, data storage, and
knowledge management with analytical tools to present
complex internal and competitive information to planners
and decision makers” [2]. Businesses are realising the
importance and effectiveness of making decisions
based on solid data rather than intuition, and Business
Intelligence would seem the way forward for any business
which wants to thrive.

While many businesses are adopting Bl in many areas and
reaping the associated benefits, the use of Bl in Human
Resource (HR) management and planning remains scant
[3]. Human Resources, which may be defined as the
human capital of an enterprise, and their management,
are increasingly being identified as potential sources
of competitive advantage for businesses [4]. Applying
Business Intelligence to this important area can help
realise this potential. One of the reasons for the scant use
of Bl in this field could be the lack of awareness of the
capabilities of Bl to provide insightful information to guide
decisions and actions regarding Human Resources, their
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Figure 1: Image showing simulation of an uploaded dataset

management and planning.

This study aimed to showcase the relevance of Business
Intelligence to HR personnel, and subsequently assess the
applicability, usefulness and benefits of this technology in
Human Resource management and long-term planning.
Taking employee absence as the main area of focus, and
using Microsoft Power Bl as a visualization tool, a series
of dashboards and tailor-made visualizations displaying
associated data were produced, based on the input of
various HR professionals. The visualizations produced
were then submitted for evaluation by a different group
of HR professionals.

The results and positive feedback show that while different
users have different requirements, Business Intelligence
and data visualization can support Human Resource
personnel very effectively in their roles as managers and
planners. Professionals from both fields of Bl and HR
management can work together to provide the solution
most appropriate to the particular business. Moreover, the
degree of interest that participants in this study showed
in adopting this technology would suggest it opportune to
continue this investigation into areas of Human Resource
management and planning other than employee absence.

Figure 2: Image showing visualization of an uploaded dataset
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Genetic Algorithms
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Presented with a scene description — a vector of object P 3 A A
models in a 3-dimensional Cartesian coordinate space — / N e ,/ N\ f \\
the path-tracing algorithm propagates volumes of light rays 4 / \ :: / \ /
into the scene and simulates the ray-object interactions ;\ / 02 / \
that ensue. It is consequently possible to elegantly recreate 5 -
a physically-correct image that is representative of a §w\ . /~6 N * o 3 \‘ ' \m
realistic environment, while supporting phenomena such X { b ;‘ 2\ ¢ A
as caustics and global illumination amongst others. \/ \tﬁ’/:.;mm \w/«

The class of ray-tracing algorithms, to which path-tracing T h———

belongs, presents approaches aimed at solving the
rendering equation proposed by Kajiya [1]. Kajiya's work  Figure 1: An example of an evolved sine function superimposed over its
shows that producing perceptually noiseless physically- ground truth.

correct renders involves calculating a scattering integral
over an inordinate number of samples. Path-tracing's
largest contribution to its complexity is its attempt at
approximating this integral via importance sampling over
a finite set of values, in a process known as Monte Carlo
integration.

This work presents a genetic programming framework to
locate solutions in a search-space of program syntax-trees
with the intent of finding code-segments in the path-tracing
algorithm that outperform their standard implementation,
while maintaining a reasonable degree of accuracy (see
Figure 1). While similar approaches have been undertaken
— such as the work by Dutre et al. regarding Monte
Carlo path generation using genetic algorithms [2] — this
approach is unique as it uses genetic programming acting
at the level of path-tracing source-code as opposed to
higher-level constructs such as ray paths.

This work set out to determine whether it was possible
to use a strongly-typed genetic programming framework
to improve path-tracing source-code performance, and
to develop alternative implementations that could guide
further research (see Figure 2). It was in fact possible to
approach the path-tracing problem from a computer-
generated perspective; providing insight into parsimonious

code-management using constrained  function-sets. Figure 2: Snapshots of a simple example GP run at various generations,
Techniques were developed to improve convergence rates with a cubic ground-truth of x3 + 3x2 + 3, using a fitness =
for general problem solving, and the shortcomings of the error10 + variance10 + bloat2. Good genes are coloured in
system along with potential improvements (such as the green, good yet incomplete genes in yellow, and deleterious
need for meta-heuristics) were discussed. genes in red.
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Geotagging is an automatic process that detects geographic
locations in unstructured text. In addition it maps the
detected locations to latitude-longitude pairs [1]. EXCITE is a
geotagging system that is applied on a number of online local
news articles and other official notices such as police road
closures and scheduled power cuts. It detects references to
localities and streets of the Maltese Islands within collections
of unstructured text (e.g. news reports). In addition, EXCITE
visualises the detected locations on a map of the Maltese
Islands accessed via a simple and interactive interface. The
system accepts news articles written both in English and in
Maltese. EXCITE is available online on http://ec2-54-244-
103-196.us-west-2.compute.amazonaws.com/.

Geotagging s

performed using a gazetteer based

lookup method [2]. Our gazetteer contains references to
localities and streets mapped to latitude-longitude pairs,
in the form of a hierarchy. Our gazetteer for the Maltese
Islands has been constructed by utilising freely available
OpenStreetMap data. The geotagging system then applies
Named Entity Recognition on English articles and, given the

absence of NLP tools in Maltese, applies a number of rules
to extract locations in Maltese articles. The system must
disambiguate any ambiguities such as when a detection
can refer to either a location or to another entity, or when a
detection can refer to two distinct locations. EXCITE utilises
the gazetteer in order to solve ambiguity and to ground each
detection to latitude-longitude pairs. EXCITE also introduces
the geotagging process to the Maltese language and
establishes groundwork in the detection of location entities
when considering the lack of language tools for Maltese.

EXCITE achieved satistactory results when evaluated.
The results show that the gazetteer contains references
to all localities in Malta and Gozo and also refers to
approximately 75% of streets. EXCITE also detects 91%
and 86% of the referenced locations in English and
Maltese news articles respectively. These results are
very encouraging. The achieved results for the Maltese
language are particularly satisfying since the implemented
methods were constructed from scratch and make no use
of language tools such as NERs.
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Runtime Enforcement is a practical analysis technique
that ensures the system behaves correctly, according to
some behavioural specifications, via runtime checks. This
technique adds an extra authentication layer that ensures
that only correct behaviour is exhibited by the system to the
outside environment.

Currently, there is little work on how to best conduct runtime
enforcement in actor systems. Therefore, it is not yet clear
which technique one should employ when creating a runtime
enforcementl monitor in actor systems.

Actors are concurrent entities, uniquely identified by their
process identifier, that execute asynchronously to one
another. Actors can spawn other actors or communicate
through asynchronous message passing.

An enforcement monitor prevents incorrect behaviour from
being observed by the external environment. This is done
by suppressing or altering the execution when it starts to
deviate from the expected properties [1, 2, 3].

This work investigates three novel instrumentation strategies
of how to apply a runtime enforcement monitor with actor
systems. The three strategies we put forth intend to achieve
the instrumentation of the system in a distinct manner. The
firstimplementation is that of a send intercept strategy which
is able to intercept outgoing messages from the system. A
second implementation concerns a serialised strategy that

@capsulating Enforcement Monitoﬁ

only allows one client to execute at any moment in time. This
strategy switches the client's address with its own as to
deceive the system into communicating with the monitoring
entity. The third and final strategy is similar to the serialised
strategy in structure. This strategy assigns each client their
own monitoring stub, and proceeds to swap the client's
address with the address belonging to the monitoring stub.
This work continues by explaining the reasoning behind each
instrumentation strategy and accompanies it with a detailed
description of how their implementation is carried out.

Finally, these strategies are applied on a third party software
where an analysis in terms of their efficiency, in terms of
overheads, and their genericity, in terms of their ability to
encapsulate different types of systems, is performed. The
chosen software is the Ranch [4] socket acceptor pool for
TCP protocols. This software is chosen with the intent of
increasing objectivity of results

Through our evaluation we conclude that the send intercept
strategy yields the best results. However, this strategy
induces the highest instrumentation burden and as a
consequence it is not always viable to be used. In cases
where the burden is too great to be handled it would be
ideal to use the monitoring stubs as an alternate strategy.
This strategy gives similar time efficiency but at a higher
overhead cost. Ideally the serialised strategy should be
avoided as it gives the worst performance with little to no
overhead gains.

e | Request N \
Client A Abiding
Response
- Request . Sysiem
Sliant i _ Suppressed
‘\Response \ ) /
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Amid escalating security concerns, improvements in
technology and reductions in costs, the Electronic Security
Systems market is projected to exceed US $80 billion by
2020 [1]. Surveillance systems have become common-place
within urban settings such as public transport systems, parks
and motorways. Current equipment is restricted by the man
power required to manually monitor and report activity, and is
susceptible to human error [2]. In this project, computer vision
techniques are applied for the development of an automated
aggression detection system for the detection of gunshots,
breaking glass and screams in audio surveillance files.

Audio surveillance sensors are a cheaper, less-intrusive
alternative to conventional Closed-Circuit Television (CCTV)
cameras and are able to capture events with no visual
counterpart [3]. A novel approach for the off-line detection
of aggressive events in noisy, suboptimal conditions typical
of urban environments is proposed. As opposed to traditional
pipelines founded on the basis of low-level audio feature
analysis [2,4,5,6,7], this proposal has been adapted to

employ computer vision techniques upon time-frequency
audio representations, in order to attain a high robustness to
noise.

Training of the system commences with the translation of
audio event snippets into their visual counterparts, through
the application of logarithmic-frequency spectrograms.
Image features are then extracted and, through the Bag-of-
Words model [8], utilized for the generation of high level event
descriptors. These descriptors are then employed for the
training of classifiers in order to distinguish between salient
events of different classcs, as well as background noise.

A standalone localisation stage is implemented prior to
classification, in order to analyse test input and detect
temporal regions of suspected importance. The application
of such a filtering stage prior to classification reduces the
computational expense of standard windowing classifiers
adopted within literature. A set of Support Vector Machines
(SVM) are trained for each class at varying noise conditions,

e Qutput

Figure 1: Pipeline of the proposed system

to produce the final classification for each detected region of
importance.

The comprehensive MIVIA Audio Events Dataset [8], composed
of event recordings, superimposed with complex, realistic
background noise at varying Signal-to-Noise Ratios (SNR),

has been acquired for the thorough analysis of the system.
The robustness of the system to high levels of varying
background noise has been confirmed, surpassing accuracy
ratings achieved by similar systems within literature, and thus
cementing the applicability of such an architecture within a
forensic audio analysis context.
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Modern mobile devices allow people to perform their day-
to-day tasks anywhere in the world. Therefore, one would
assume that these devices have interfaces which can
accommodate the different contextual scenarios that users
might find themselves in. However, generally mobile devices
make use of a touch-screen, which uses a Graphical User
Interface (GUI) [1] to display information to the users. While
this type of interface has been widely accepted, it does not
cater for scenarios in which a user’s eyes and hands might
be busy [2], and this scenario can be very common in mobile
contexts. A user interface which can cater to these scenarios
is a Voice User Interface (VUI) [1].

The aim of this dissertation is to build a GUI and a VUI for
a small-screen mobile device, compare and evaluate them,
and then combine them into Multi-Modal User Interface
(MMUI) [1-3] so that this interface can also be compared
and evaluated against the previous two. The GUI and VUI
are compared using, as a measure, the time it takes for a
user to complete various tasks, and the user’s preference of
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Figure 1: Application main-menu

input/output modalities. The results obtained are then used
to evaluate the weaknesses and strengths of each Ul in
each test. Furthermore, the evaluation is used to determine
whether the MMUI's added flexibility in terms of 1/0 has
made it simpler for users to perform tasks, or more complex,
as well as to see whether having multiple modes of 1/O
promotes greater ‘safety’ of use in specific environmental
contexts, while still allowing users Lo accomplish cerlain
specific goals with the application.

The results obtained show that users preferred having a
MMUI rather than a unimodal interface, and that having
different types of input and output possibilities made it
easier to perform tasks and not more complex. Also, the
MMUI did promote increased safety, as users could perform
their tasks in an ‘eyes busy’ situation without risking injury to
themselves or to others. The results also showed that, while
users like having a VUI as part of the MMUI, they still have
a ‘natural’ bias towards using GUIs — possibly due to their
constant exposure to them.

Recording

DICTATE "TITLE" INFORMATION

STOP RECORDING

Figure 1: Voice recording dialog-box for filling a field
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Evolutionary algorithms are extremely efficacious at
finding near-optimal solutions for NP-Complete problems.
However, complex combinatorial problems often demand
high processing power which most of the time is unavailable
to the ordinary public. A Genetic Algorithm (GA) is a
stochastic-based search and optimisation technique that
attempts to find a solution through an automated routine
of trial-and-improvement (Goldberg, 1989). Simulating the
process of natural selection, individuals compete against
each other in a continuously evolving population to achieve
a near-optimal solution. A Parallel Genetic Algorithm (PGA)
can be employed Lo significantly reduce the lime necessary
for obtaining a near-optimal solution by executing multiple
Genetic Algorithms simultaneously on several loosely-
coupled machines.

After extensively researching GAs, PGAs, various
communication topologies and different evolutionary
computational frameworks, a tailor-made GA was
developed in C++ and implemented into the EASEA
framework; an open-source, artificial evolution platform
that allows users to implement evolutionary algorithms and
easily achieve parallelism (Maitre, Kriiger, Querry, Lachiche,
& Collet, 2012). PGA parameter settings such as migration
rates and topology infrastructure were tactfully selected
to promote optimal solution quality. A network of inter-
connected, homogenous machines, much like the set-up
commonly found in a school or office, was used for the PGA
set-up. The PGA utilised a UDP communication protocol
for the transfer of individuals, eliminating much of the
communication overhead found by using a TCP/IP, as well
as allowing for a higher level of robustness and scalability.

Results generated from this study indicated that time
was dramatically decreased when using a PGA due

to the increased amount of evaluations per second on
different machines. However, given the same amount
of evaluations, the GA and PGA arrived to a solution of
similar quality. The PGA performed marginally better
as the complexity of the knapsack problem arose. Thus,
results indicate that a PGA may be a preferable option for
problems with a very high complexity.

Figure 1: Designed topology for the PGA
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Figure 2 - GA and PGA runs for 10,000 items against total number of evaluations.

REFERENCES

[1]  Goldberg, D. E. (1989). Genetic Algorithms in Search, Optimization & Machine Learning (1st ed.). Boston, MA, USA: Addison-Wesley Longman

Publishing Co.

[2]  Maitre, O, Kriiger, F., Querry, S., Lachiche, N., & Collet, P. (2012). EASEA: Specification and execution of evolutionary algorithms on GPGPU. Soft

Computing, 16(2), 261-279. https://doi.org/10.1007/s00500-011-0718-z



Smart Sensor for EEG Acquisition and
Epileptic Seizure Detection

NOELLA GALEA

SUPERVISED BY
DR LALIT GARG AND MR KRISTIAN GUILLAUMIER

Epilepsy is a chronic neurological disorder which affects
various people, independent of age. According to the World
Health Organisation (WHO), around 50 million people
worldwide have epilepsy, making it one of the most common
neurological diseases globally [1]. Considering that seizures
are unpredictable and unforeseen, epilepsy patients have
no control on the seizure and this is the most threatening
aspect of epilepsy. Symptoms include changes in movement,
behaviour, sensation and awareness [2]. Early diagnosis
of epileptic seizures is essential to the development of
effective prevention treatments so the patient can undergo
treatments which can delay or prevent disease progression.

This project investigates a novel and hybrid system for
seizure detection and prediction by attempting to build a real
time EEG analyser that strives to detect and predict seizures
based on the EEG waveforms. By predicting an oncoming
seizure within a given time frame, epileptic patients can
prepare for the seizure and therefore remove themselves
from any harm. With this goal in sight, in order to increase

accuracy, irrelevant or distorted channels are removed
from the EEG signals and the most important features
and channels of the signals that distinguish between
seizures and non-seizures states are extracted and utilised.
Amongst these features, the frequency of these EEG signals
together with the variation in amplitude are considered
for better discrimination between abnormal and normal
EEG signals. By calculating seizure likelihood in the time
domain using the envelope detector and in the frequency
domain by using the bandpass Butterworth filter, seizure
detection and prediction using signal processing techniques
is achieved. Another approach taken into consideration is
classification, where using an innovative machine learning
technique, other linear features of seizure and non-seizure
states of the EEG signals such as skewness and variance
are considered.

The system is tested using the publicly available CHB-
MIT scalp EEG database to simulate real-time data which
contains over 1000 hours of recorded scalp EEG signals

Figure 1: The international 10-20 system used to record EEG signals [3]

with over 190 seizure events of 23 distinct patients suffering
from epilepsy. This proposed system offers an environment
where users can test this model with minimal effort while
allowing them to alter any parameters deemed fit.

Evaluation of the proposed system shows that analysis of
EEG signals using digital signal processing and classification
techniques can be useful in developing an efficient and
accurate seizure prediction and detection system that
can be employed in real time. Using the signal processing
technique an average sensitivity of 100% and an average
specificity of 73.65% were attained. The signal processing

technique combined with the novel machine learning
technique achieved an average sensitivity of 72.4% and an
average specificity of 52.3%. These techniques obtained an
average warning window of 74s prior to the seizure onset.

Even though this study is still in its infancy, the results
obtained are promising and show considerable potential
which justifies further research in order to identify the best
way forward in the direction of a real life practically useful
seizure detection and prediction machine. This would result
in a novel and hybrid system that would be propitious
especially to epileptic patients.
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Aerial Image Recognition is a technological area which
has enabled several solutions to problems in different
sectors around the world. This study examines the use
of a combination of automated multi-rotors (commonly
referred to as drones), computer vision and machine
learning as a solution to problems faced every day, taking
parking management as a case study, and is part of
SmartSkyAutomator [1].

Several different technological approaches have been
taken to facilitate parking management, such as the use of
an infrastructure of sensors around the parking space[2],
applying computer vision techniques to footage captured
by CCTV cameras[3] and using similar computer vision
techniques on dash-mounted mobile phones to identify
empty parking spaces[4]. This study recognizes the
benefits of computer vision in this area, and the importance
of a mobile platform which allows mobility of the system.

As part of the development of the proof of concept, a custom
multi-rotor, shown in Figure 1, was built, around which
a flight automation system was created. This multi-rotor

was used to collect a dataset of the parking availability
over a period of one week at one of the University of Malta
parking facilities. Computer vision techniques were used
to automate the process of determining the number of
occupied and unoccupied parking spaces, with a sample
result shown in Figure 2. An online survey was carried out
with University students, lecturers and administration to
collect information on the how they use all of the parking
facilities at the University of Malta. A Machine Learning
model was trained to predict the percentage of free parking
spaces using the data captured from the multi-rotor and
the survey.

Statistical analysis of the data collected showed that the
computer vision technique used achieved satisfactory
results, albeit with some limitations. Several patterns where
observed for the parking patterns exhibited in the case
study, identifying the ideal time to find a parking space in
Car Park 6B at the University of Malta, which the end-user
can visualize through a mobile application. The results of
this study show that aerial image recognition is an effective
tool to facilitate parking management.

Figure 1: Custom Built Multi-Rotor

Figure 2: Proéeésed Parking Space Image, with Red showing occupied

and Blue showing unoccupied spaces
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Collision Avoidance System for the RP
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the CERN Large Hadron Collider

LEANDER GRECH

SUPERVISED BY
DR GIANLUCA VALENTINO

This Final Year Project focused on producing a working
prototype of a collision avoidance system for the retractable
Radio-Protection (RP) arm, in the Train Inspection Monorail
(TIM), located in European Organization for Nuclear Research
(CERN)’s Large Hadron Collider (LHC) Tunnel. This retractable
arm is deployed in specific regions in the tunnel, after the
beams have been dumped, to take radiation and oxygen
level measurements around LHC equipment. In turn, these
measurements allow the CERN Radiation Protection Group
to assess any health hazards inside the LHC tunnel, before
access to it is permitted to the maintenance personnel.

This prototype uses a series of eight distance measurement
sensors based on the Infrared (IR) Time-of-Flight (ToF)
technology, which scans a safety volume underneath the
TIM and raises an alarm once this volume is breached. The
TeraRanger One (TR1) IR ToF distance measurement sensor
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is used, which is interfaced via the TeraRanger Hub (TRH),
by TeraBee. A Cortex-M microcontroller, is mounted on the
TRH, which in turn is connected to the distance measurement
sensors via a multiplexed USART connection among all eight
sensors. The microcontroller also provides an interface for the
user maintaining the collision avoidance system, via a second,
dedicated USART connection.

Sensor characterisation tests were also devised and
performed, from which calibration data for the TR1 sensors
was obtained and the effects of prolonged use of the TR1 as
well as that of partial Field-of-View coverage on the distance
measurements, were observed. For the specific role of aiding
in the data acquisition during the sensor characterisation
tests, a testing rig was designed and constructed. This was
designed to ensure that the distance from the sensor array to
the surface being scanned, was always known during testing.

Threshold
Distance

Tunnel Floor
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Realistic soft shadows, cast by area and volumetric light
sources, are highly sought after in computer graphics. These
consist of an umbra and a penumbra [3, 5] — the portion
of the shadow that is partially occluded from the light
source [2], resulting in a blurry silhouette. Nevertheless, soft
shadows are more computationally expensive to render
than traditional hard-edged shadows, due to complexities in
penumbra calculations.

In this work, we are primarily concerned with real-time
rendering, which puts the additional constraint of interactivity
on the generation ot soft shadows: dynamic illumination
models where light sources and scene objects can change
at runtime preclude the use of traditional approaches that
precompute shadowing information and encode (or bake) it
into visual elements a priori.

We propose a novel approach based on area light point-
sampling [6] which allows user-parameterised trade-
offs between visual quality and rendering performance.
The approach is suitable for area lights which emit light
uniformly along their surface (majority of light sources). The
sampling process is independent of the complexity of area
light geometry; it makes use of depth and normal maps

Figure 1: Conference Room scene rendered with hard shadows cast from

a point light source

generated from the area light. These maps (or buffers) are
then sparsely sampled to reconstruct surface positions on
the area light geometry at runtime and generate a volumetric
approximation of the lighting via individual point-based light
sources. The cost of rendering these individual point sources
is further reduced through an adaptation of the Barnes-Hut
algorithm [1] (approximation method for the n-body problem
in Astrophysics), which clusters reconstructed sample points
using a heuristic that takes into consideration camera
proximity. The method is illustrated in Figure 2, where
geometrically correct soft-shadows are generated; these
can be contrasted Lo the hard-edyged shadows in Figure 1.

Visual quality and performance metrics [4] were used
to evaluate the proposed method across a variety of
scenes and light source geometries. As expected, results
show an improvement in performance as the number of
samples decreases, albeit at the cost of image quality.
Notwithstanding, perceptually-weighted image difference
metrics show that even when the sample reduction is
substantial (within limits), the decrease in image quality
is virtually imperceptible to a human observer. This trade-
off allows for the use of dynamic area light sources at
interactive rates.

Figure 2: Soft shadows from a toroidal light source rendered using our

technique
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Extending Android's Binder as a Basis
for Application Monitoring
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Android is the leading operating system (OS) for
mobile devices. While equipped with device diagnostic
functionality it is still missing an OS-centric monitoring
capability for apps, without requiring their modification.
Such monitoring benefits a range of scenarios, from the
verification of correct app functionality at runtime to
device security e.g. to track complex permission leakage
operated by malware that turns mobile phones into
spying devices.

Despite being Linux based, Android does away with
Syslem V Inler- Process Communication (IPC) and uses
a Remote Procedure Call (RPC) mechanism called Binder.
Binder connect apps to each other as well as to device
services, e.g. telephony and camera, making it an ideal
location from where to provide the required OS-centric
monitoring. This mechanism is tucked underneath the Java
APls exposed to developers [1]. Client apps use a proxy
object to send marshalled/serialized remote call data to
the Binder driver. The Binder driver in turn forwards this
data to the service through its stub object as shown in
Figure 1.
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Figure 1: Binder Inter-Process Communication Flow

The first part of this work identifies suitable patch
points to provide the required monitoring. An AIDL
(Android Interface Definition Language)-driven app, that
interacts directly with Binder, is used as a medium for
fully comprehending the nature of its IPC flows [2]. The
resulting Binder patches are applied at the Java level,
with remote calls being intercepted immediately on the
client-side. A string representation of the call data is
printed using Logcat, as well as sent to a purposely-built
monitoring app using Java-level inter-app communication
objects: Intents.

The second part of this project focuses on the monitoring
application per se. On Intent receipt the monitored
remote call data is decomposed and parsed into simpler
parts, enabling correct display. This is achieved using an
intermediate representation of the AIDL files related to the
services being monitored. Applications accessing different
services were used as case studies in order to demonstrate
the effectiveness of the monitoring functionality achieved.
These were showcased on an Android emulator running
the modified Android image, as shown in Figure 2.
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Figure 2: Left: Sample messaging application
Right: Monitoring application
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FIRE: Finding Important News REports y

NICHOLAS MAMO
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Every day, an immeasurable number of news items are
published, with social media greatly contributing to the
dissemination of information. As one of the social networks
with the largest user bases, Twitter is not only a tool that
facilitates communication between people; the succinct
messages can be written in seconds, but contain a wealth
of information. Thus, it comes as no surprise that Twitter
has become an invaluable tool in breaking stories, serving

Ultimately, FIRE demonstrates how even a small sample of
tweets can be used to extract newsworthy stories, although
results indicate a dependency on a reliable spam detection
and removal tool. On the other hand, Twitter’s conversation
habits do nothing to shackle the clustering process, with the
system performing well across different news categories.
Finally, it is shown that the adopted workflow can pick up
emerging topics earlier than Twitter itself.

as a news outlet for many users[1].

Finding Important News REports (FIRE) tackles the problem o} o
ot information overload by identifying topics of interest lo . B e
the general Twitter population in real time. This is achieved
by exploiting the metrics available on Twitter to detect and s
track breaking news items, and articles that discuss them, - ‘ "
based solely on tweet content[2].

The developed solution is split into different components,
including clustering, emerging topic detection and tracking,
and spam and noise detection and removal. Given the
context-specific problems of Twitter, FIRE modifies the No-
K-Means clustering algorithm detailed in [3] to collect as
much information about topics as possible. Subsequently,
an adaptation of the emerging topic detection algorithm
presented in [4] is used to collect multiple breaking events.

FIRE also tackles spam and noise - a prevalent problem on
Twitter[1] - by using existing and new metrics to filter out
unremarkable tweets[5, 6]. Each component has a clearly-
defined role in the bigger picture, and has been the subject
of research in this project. These different methods, albeit
widely-researched in information systems, present context-
specific problems when dealing with the micro-messages
of Twitter. —

@ .

FRENCH VOTERS ELECT CENTRIST EMMANUEL MACRON, REJECTING
MARINE LE PEN'S 'FRENCH-FIRST' NATIONALISM BY LARGE MARGIN
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Video Transmission using 10G Ethernet
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The Memento Project is a project funded by MCST. It aims
to commercialise home-grown electronics technology in
the high performance vision market. This project aims to
address the problem of precision synchronisation when
dealing with groups of high speed cameras, enabling the
capturing of subject media from a multitude of different
angles. This technology would be extremely important
for scientific experimentation, among other applications,
where the gathering of different facets of information from
contrasting angles yields a full and complete picture.

The aim of this project was to create a sysltem whereby
the data generated from the high performance imaging
hardware may be transported to a centralised hub. It was
designed within the Vivado Design Suite and had the final
aim of reaching a benchmarked speed of 10 Gigabits per
second (10G).

The system was implemented using pre-defined cores that
each provided functionality suitable for the aims of this
project. It encompassed an efficient and dedicated means
for the transferring of high performance imaging. The
project area dealt with communications and networking on
a hardware implementable level. This, in turn, is a project
detailed and carried out to the specification provided by the
project actuators, keeping in mind the software, licenses
and hardware available.

A modular approach was taken to the problem, looking to
break it down to its core elements and work it back up to
a final complete design. Numerous tests were performed
to verify the final design’s functionality, together with
simulations carried out at each stage of the design
process. Particular dithculty was seen with respect to
the synchronisation of received video data together with
paired video timing signalling and this was solved through
the introduction of a FIFO buffer together with other
components.

This project deals with, and conforms to, the specifications
set out by the IEEE as well as the standards set by ARM.
The main problem was creating a complete point to point
system, in this case tested singularly in software, where
this system could provide an efficient implementation of
video signal generation, the transmission of this video

signals, reception of this same video signal and finally the
synchronisation to an industry standard output that can
be interfaced to a display or storage medium of the user’s
choice.

In conclusion, the main aim of the project was met
successfully with the 10G speed ultimately being reached.
The process involved creating various designs where each
design was an incremental step towards the final design.
This involved firstly understanding the protocols that
govern this field, and then moving onto a design phase.
The design phase was taken In stages, starting from a 1G
Media Access Controller (MAC) test design, then moving
onto the main core, namely the 10G MAC. After that, the
data generation was tackled and paired with the 10G MAC,
with the receive interface being ultimately tackled. This
receive interface helps with synchronising data to control
signalling, and was implemented using additional IP cores
and some custom written code modules.
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Figure 1: Binder Inter-Process Communication Flow



Constructing a Web Application for
Identification, Detection and Analysis

of Pattern Based Fraud
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The rapid development and popularization of the e-commerce
business in the past few decades have made online
purchasing of products preferable and more comfortable
shopping method for buyers. As credit / debit cards became
most common payment method for both online and regular
purchases, the number of registered fraudulent transactions
also increased significantly. Fraudsters seem to find back-
doors in the security systems, leading to accumulation
of losses for banks, merchants and customers. Therefore
implementation of efficient fraud detection system has been
made imperative for bank issuing systems in order to be able
to predict suspicious behavior and stop fraud before it occurs.
Modern techniques for fraud prevention include Machine
Learning, Data Mining, use of Artificial Immune Systems etc.
Based on the dataset and the present information various
techniques could be used to develop security systems. This
project has a goal to examine the transaction process for both
genuine and fraudulent purchases of online products and
using a Naive Bayes algorithm to be able to detect an flag
the suspicious such. The algorithms selection is based on the
dataset size (small dataset, since credit card details include
sensitive data) and due to the high probability performance of
Naive Bayes when data is not clustered or is partially missing.

The Bear's Bank we donot eat your assets here!

For the scope of the project a gateway, a bank and a
processor are simulated to observe behavior of credit / debit
card charges. Data are being fed to the system to analyze
it in order to detect suspicious transactions, trigger a fraud
score an eventually stop fraud before it reaches the bank and
affects merchant's of customer’s account [7] [8] . This project
develops a gateway and a bank along with customers, bank
accounts, merchants and a processor. The standard gateway
checks are divided into three groups: consistency, velocity and
referral risk checks. [1] Each check is implemented through an
algorithm triggering score. The goal of the scoring system is
to decline a card transaction by reaching a limit of score 100,
when the transaction is rejected by the gateway. On the bank
side a machine learning is used to identify and flag fraudulent
transactions using Naive Bayes algorithm. The algorithm is
selected based on the size of the dataset used for the project
and the type of data. Since credit card credentials are highly
sensitive data, the database with customers and transactions
is randomly generated and the size of the dataset is small
(less than 2000 entries). Therefore the selected algorithm is
Naive Bayes, because it is a suitable solution for classified and
scattered data and in cases when some of them is missing or
not full. [9]
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Multi-Dimensional Indexes in DBMSs
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Multi-dimensional data and operations are commonplace
across multimedia and data-mining environments. A well-
known and suitable indexing method is the R-Tree, which
DBMSs are implementing into their core for efficient retrieval
of multi-dimensional data. This structure groups data into
subspaces using Minimum Bounding Rectangles but it does
underuse space and overlap each other. Searching the
R-Tree is thus a multipath problem, and the gap between
the best and worst-case performance is very wide, making
carefully crafted R-trees especially important.

The aim of this study is to investigate the R-Tree in a popular
and advanced DBMS, PostgreSQL. Focus is directed on an
index-building parameter as an optimisation parameter,
referred to as LIMIT_RATIO in the DBMS, that controls
the number of items per group of space. The challenge
behind studying this parameter is that officially, it is only
controllable through direct manipulation of the DBMS
source code. This project also provides a suitable means of
dealing with this overhead.

To undo the hard-coding of this parameter, the DBMS is
unravelled and modified, creating a solution which controls
the parameter from the SQL level. Then, the impact of
LIMIT_RATIO is studied with respect to a set of metrics
over an extensive and well-known spatial and multi-
dimensional dataset and query workload. Metrics include
time and storage costs of the index and query performance.

The SQL addition successfully underwent an extensive set of
regression tests, ensuring correctness of its implementation.
Through performance analysis, a set of values offering
improved performance in terms of a specific metric are
identified. Further, results suggest alternative configurations
which are superior to PostgreSQL’s hardcoded default. As
a result of this project’s implementation, data designers
now have a more flexible and configurable set-up of R-tree
based multi-dimensional data indexes.
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Figure 1: Two groupings of space considered by the R-Tree
building process. Configuration of LIMIT_RATIO
contributes to the rejection of one over the other.
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Figure 2: A visualization of a simple R-Tree

built over a set of data objects.



Gamified Beacons
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The main aim of this project is to provide a platform which
embeds knowledge into a gaming environment through
the use of Bluetooth Low-Energy Beacons. Beacons are
transmitters which send Bluetooth signals to be scanned
continuously by mobile devices [1]. This will allow for a
much more enjoyable and engaging learning experience,
potentially also increasing the rate at which one is able to
learn and memorise facts.

Such a platform will be achievable through the
implementation of concepts referred to as gamification
and alternate-reality. Gamification refers to the idea of
introducing game concepts into non-game related contexts
[2]. On the other hand, alternate-reality is a game genre
with a story-driven approach and core mechanics mainly
requiring collaborative problem-solving and storytelling [3].

As a result of reviewing and analysing various systems with
their own implementations of gamification or alternate-

Figure 1: Example of an implementation using beacons - each location
has a beacon set up, displaying its own information on the
mobile devices of passers-by.

interact with different characters or pick up various objects.
As they progress through, players are challenged on the
facts which are being mentioned, putting more emphasis
on the learning aspect. This resulted in a majority of the
players learning new history facts, as backed up by the

reality, we were able to propose and develop a system of our
own. For this project, we developed an Android application
which takes into account aspects from both concepts. The
application developed presents an alternate-reality game
with a story-line based on the medieval times of the capital
city of Malta, Valletta. Beacons act as an intermediary
between factual and actual reality, portraying characters
from the past which may be interacted and spoken with
through the application itself by being in vicinity of the
physical location of the Beacon.

The implementation, which was launched at the Faculty of
Information and Communication Technology (at Level -1)
in the University of Malta, provides the users with a single
quest to be completed. Throughout the quest, users are
taken through the process involved with the building of
Valletta. This is achieved by referring to the steps indicated
by the quest, which often finds the players having to travel
from one position to another (within the Faculty) to either
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Figure 2: The main screen with the map and interactable
entities on the left side, the steps required to
complete the quest on the right.

analysis conducted.

Ultimately, the system provided may be downloaded and
installed from the Google Play Store, by searching for
'Gamified Beacons'®.
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Visualising and Interacting with
Music-Theoretic Structures

SAMUEL MIZZ]
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DR KEVIN VELLA AND PROF. GORDON PACE

Music theory and mathematics originate from completely
different points of view. However, it was shown that there
are certain music-theoretic structures that are meaningful
in science and mathematics [6]. This is one of the main
reasons why there is an ongoing scientific study in music
theory.

In the dissertation paper concerned, various musical terms
and related properties were explained. In addition to this,

® o :

particular focus was on musical scales, and exploring their
geometric properties [3]. It was found [1] that some scales
have maximal properties known as maximally even sets
and maximal area sets [4]. Up till now, these properties
were all demonstrated and computed manually on paper.
The dissertation presents a software application tool
that can help apprehend whoever is interested about this
subject. The user of this application can input the desired
parameters to visualise the said properties and results
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Figure 1: Software artefact visualisations of the clock diagram (semitone space) and piano keyboard

Moreover, this software application allows the user to
choose between two different instruments: clock diagram
[2] and piano keyboard. The two instruments can show the
same results in a different visualisation (see also figure 1).
In addition to this, another intrigiiing detail for the end user
is the visualisation of microtonal music [5].

The software application was implemented for Android
using mostly Java language (figure 2 show the design prior
to the implementation of the Android application). Finally,
the application was evaluated from both algorithmic and
qualitative perspectives. The overall evaluation contributed
to come up with ideas for future related work and
improvements. One example of this is to make the Android
application more entertaining for the user. This can be
accomplished by injecting the aspect of gamification into
the application [7].
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Figure 2: High level view of the Android application design stage
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Computer Interface on Maltese Mobile Users
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PURPOSE

With the development of new and improved information and
communication technologies, the issue of Human Computer
Interaction (HCI) has taken centre stage. Moving away from
command-line and graphical user interfaces and more
towards perceptual user interfaces, customer experience has
faced over recent years significant challenges, particularly
in terms of adapting to various new functionalities [1].
In view of this, this study sets out to critically assess the
impact of human computer interaction on mobile phones
amongst Maltese youth, given that this is the technology
they often use to access the Web [2]. In addition, the study
seeks to determine characteristics and qualities that need
to be present in website mobile-based interfaces that
make them effective to mobile youth and consequently
make recommendations to developers based on the results
obtained.

DESIGN

In order to reach the objectives identified, an e-commerce
interface was selected to be the basis of three mainiterations
of focus groups. In the first iteration, paper prototyping and
user sketching were used to assess youth’'s preferences
amongst four primary designs developed by the researcher
[3]. [4]. A total of 18 participants from this target cohort
took part at this stage. Based on the feedback obtained, a
second iteration involving usability testing amongst 5 test
subjects was conducted to iron out any issues that persisted
[5]. An e-commerce mobile website was then developed
according to the preferences expressed during the previous
two iterations. A further 40 participants then took part in
focus group sessions in which they were asked to compare
and contrast the interface developed by the researcher with
that of a popular Maltese e-commerce website — Maltapark.

FINDINGS

From the three iterations of usability testing conducted, it
was clearly observed that Maltese youth give considerable
importance to user experience when using mobile websites
on their mobile phones. In particular, certain characteristics
emerged as being key in their decision as to whether a
particular mobile website has an optimal user experience
or otherwise. To this end, Maltese youth participating in the
sessions preferred mobile websites that did not include an
overflow of information on screen, that were customised
to the size of their phones’ screen, that involved an easy
and logical structure to navigate from one page to another
and that were provided useful features such as real-time
validation, progress bars and password strength indicators.
Conclusion: The major conclusion drawn from this study
is that a user-centric approach should be adopted for
user interface design whereby end users are continuously
engaged and asked for their feedback not after but during
the development phase of a particular software [3], [6].
In addition, companies should not underestimate the
significance attributed to user experience and should
dedicate time and resources to ensure an optimal UX [6].

VALUE

This study has shed light on the importance of UX for the
popularity and success (or otherwise) of a particular website.
As users increasingly use their mobile phones to access the
Internet, enterprises should well consider adapting their
websites to incorporate more mobile-friendly features.
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Image Processing Techniques for Brain
Haemorrhage Detection in Head CT Scans
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Medical imaging is an important tool used for obtaining
visual information of the interior of the human body. There
exist various imaging modalities such as Magnetic Resource
Imaging, Ultrasound and Computed Tomography (CT). The
latter is used extensively for detection and diagnosis of
brain haemorrhage.

Computer Aided Detection/Diagnosis (CAD) systems are
used by radiologists as a tool which helps them during
the diagnosis phase. Increasingly, CAD is becoming a key
component of routine clinical practice in several medical
areas such as mammography and colonoscopy. Research
regarding brain CAD systems has not progressed at
the same pace as research in the mentioned areas. This
provides a need as well as an opportunity to contribute
to the research by developing a CAD system for brain
haemorrhage detection and classification.

This study applies image processing techniques to brain
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CT scans with the aim of creating a CAD system which
detects fresh bleeds. The system also includes a basic
classification that identifies the haemorrhage type. The
system distinguishes between an intra-axial haemorrhage
and an extra-axial haemorrhage with the only limitation
being subarachnoid haemorrhage (SAH), which is not
always properly classified due to its complex structure.
The techniques implemented in this study include noise
reduction methods through the use of filters, morphological
operations and segmentation algorithms, such as
thresholding and clustering.

The designed CAD system was tested on 36 brain CT sets
obtained from the general hospital in Malta. The results
show that the system achieved a sensitivity of 94.4%,
a specificity of 94.4%, a precision of 91.259% and a
classification accuracy of 88.89%. The system performed
the required operations in an average time of 0.26 seconds
per slice.




The Implementation of the SATA

Protocol on an FPGA

MATTHEW SACCO

SUPERVISED BY
DR ING EDWARD GATT AND MR ANDRE MICALLEF

Medical imaging is an important tool used for obtaining
visual information of the interior of the human body. There
exist various imaging modalities such as Magnetic Resource
Imaging, Ultrasound and Computed Tomography (CT). The
latter is used extensively for detection and diagnosis of
brain haemorrhage.

Computer Aided Detection/Diagnosis (CAD) systems are
used by radiologists as a tool which helps them during
the diagnosis phase. Increasingly, CAD is becoming a key
component of routine clinical practice in several medical
areas such as mammography and colonoscopy. Research
regarding brain CAD systems has not progressed at
the same pace as research in the mentioned areas. This
provides a need as well as an opportunity to contribute
to the research by developing a CAD system for brain
haemorrhage detection and classification.

This study applies image processing techniques to brain

Figure 1: CAD model of the camera product (section view)

CT scans with the aim of creating a CAD system which
detects fresh bleeds. The system also includes a basic
classification that identifies the haemorrhage type. The
system distinguishes between an intra-axial haemorrhage
and an extra-axial haemorrhage with the only limitation
being subarachnoid haemorrhage (SAH), which is not
always properly classified due to its complex structure.
The techniques implemented in this study include noise
reduction methods through the use of filters, morphological
operations and segmentation algorithms, such as
thresholding and clustering.

The designed CAD system was tested on 36 brain CT sets
obtained from the general hospital in Malta. The results
show that the system achieved a sensitivity of 94.4%,
a specificity of 94.4%, a precision of 91.259% and a
classification accuracy of 88.89%. The system performed
the required operations in an average time of 0.26 seconds
per slice.

Figure 2: Hardware setup while testing
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Medical imaging is an important tool used for obtaining
visual information of the interior of the human body. There
exist various imaging modalities such as Magnetic Resource
Imaging, Ultrasound and Computed Tomography (CT). The
latter is used extensively for detection and diagnosis of
brain haemorrhage.

Computer Aided Detection/Diagnosis (CAD) systems are
used by radiologists as a tool which helps them during
the diagnosis phase. Increasingly, CAD is becoming a key
component of routine clinical practice in several medical
areas such as mammography and colonoscopy. Research
regarding brain CAD systems has not progressed at
the same pace as research in the mentioned areas. This
provides a need as well as an opportunity to contribute
to the research by developing a CAD system for brain
haemorrhage detection and classification.

This study applies image processing techniques to brain

CT scans with the aim of creating a CAD system which
detects fresh bleeds. The system also includes a basic
classification that identifies the haemorrhage type. The
system distinguishes between an intra-axial haemorrhage
and an extra-axial haemorrhage with the only limitation
being subarachnoid haemorrhage (SAH), which is not
always properly classified due to its complex structure.
The techniques implemented in this study include noise
reduction methods through the use of filters, morphological
operations and segmentation algorithms, such as
thresholding and clustering.

The designed CAD system was tested on 36 brain CT sets
obtained from the general hospital in Malta. The results
show that the system achieved a sensitivity of 94.4%,
a specificity of 94.4%, a precision of 91.259% and a
classification accuracy of 88.89%. The system performed
the required operations in an average time of 0.26 seconds
per slice.
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Electronic voting encompasses all means which aid to speed
up and increase the accuracy of the vote casting or vote
counting process through automation. Various countries
have already implemented an electronic voting system to
be used in general elections; a case in point is Estonia who -
was one of the pioneers in introducing electronic voting e
through the use of the Internet [1].

Malta has been yearning for the introduction of an electronic |
voting system to help overcome the long and tedious vote S = i

counting and vote casting process. From last election’s
statistics it was deduced that there were over 4,000 voles

Sun

N

which were deemed as invalid [2]. In an article published
by the Malta Independent, it was mentioned that the 2017 > viennss
elections would be the last to use manual counting and that

Y

an electronic vote counting procedure is to be introduced in X
the next election [3][4]. The way forward would then be to (—
introduce an electronic vote casting system, so that certain o
inaccuracies introduced when writing down the vote by

hand are completely eliminated. There would also be no
need of transporting the votes from the polling booths
to the counting hall because they would be in electronic
format.

The system being proposed is an electronic vote casting

system which uses a secure technology called blockchain, —
for storing and moving the electronic votes. This ensures
that none of the ballots are tampered with and that the
votes are delivered to the vote counting hall in a safe and
secure manner whilst guaranteeing voting anonymity —
see figure 1. Initially a blockchain was created to serve
as an environment where financial transactions for the
bitcoin cryptocurrency can be executed while eliminating
the problem of double spending [5]. However, it has
now evolved to be used beyond its financial application,
attributed to the fact the data is shared between all the  Figure 1: A diagram illustrating a high level visualisation of the system.
users in the blockchain rather than having a single central

server, giving a small window of opportunity for tampering

with the system.

Therefore, a blockchain based e-voting system makes a
good candidate amongst the other e-voting systems in
providing a good alternative to traditional voting methods.
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Unstructured and semi-structured information sources
written in natural language, such as Wikipedia!, make
available huge amounts of factual information. With such
information sources and the availability of powerful search
engines, a user may easily find documents relevant to a
query. However, retrieving a particular piece of information
from these documents may be time consuming. This is
tackled in the question answering problem; the process
of using computers to find succinct answers to questions
posed in a natural language [1].

In this work, a scalable open-domain question answering
system is designed and developed. While this task has
been widely studied in the past, we constrain our approach
to using Wikipedia, the free encyclopedia, as the exclusive
source of information. We present a robust architecture
(Figure 1) which can be expanded beyond a few types of
questions.

The focus is mainly on factoid questions and yes/no
questions, but other types, such as decision questions, are
also studied. This goes beyond the usual research methods
in question answering as, commonly, a study focuses on a
single question type. We use only the documents’ plain text
to answer questions, but the implementation allows for
other features to be added. These features, such as utilising
the categories or infoboxes of Wikipedia pages, are usually
studied in isolation.

1 https://en.wikipedia.org

We deal with several sub-tasks in the question answering
problem, namely question focus extraction, question
classification,informationretrievaland answerextraction and
selection. The question focus describes the main information
required by the question [2]. In question classification, the
question is assigned a class in a hierarchical taxonomy
which is later used to filter out unreasonable answers [3].
Keyword queries are then generated from the question
and Wikipedia is searched for relevant pages through the
MediaWiki API2. The top-ranking document is used to find
the answer. This is divided in paragraphs which are then
ranked and the segment most likely containing the answer
is chosen [4]. The rest of the process depends on the type
of question at hand. Factoid and decision questions require
extracting possible answers from text, and selecting the best
one after filtering and ranking [1, 4]. When answering yes/
no questions, on the other hand, the system attempts to find
pieces of the text which support the question [5].

The developed modules are evaluated separately. The results
show that the focus extraction and document retrieval
modules can be improved further as their performance is
not satisfactory. The results for answer selection show that
the proposed methods achieve adequate performance on
simple questions and yes/no questions. In addition, extra
effort put into the question classification task contributed
to achieving state-of-the-art performance with room for
further improvement.

2 https://lwww.mediawiki.org/wiki/APl:Main_page
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Classes are becoming increasingly multi ethnic and it is
often the case that teachers may not be effectively trained
to handle such new multiethnic classes. Our project involves
the development of an immersive virtual reality experience
for teachers. This will take the user through actual
experiences of a child from a migrant background with the
aim of supporting empathy. Therefore, the VR headset can
easily become an empathy machine capable of influencing
the perception of the users. The success of such systems is
centered around the principles of immersion and interaction.
The adequate use of both will determine the overall outcome
and ettectively define the impact of the virtual reality
experience. Through using the appropriate methodologies
alongside the necessary hardware, it was envisioned that
by the end of the project a fully working prototype would be
created. This could then be evaluated to see whether any
effect was present on the user.

The main objectives of the project were to find new
innovative techniques to combine interaction with different
types of user interfaces, which would essentially recreate
empathy. The latter were mainly achieved throughout the
project Evaluation of the latter yielded very interesting
results. It could be seen that the presented experience
provided the necessary level of immersion that it altered
the user's emotions and perception. This was an indicator
that the hypothesis can be proven through further testing
and analysis. All possible future methods for testing were
duly listed and their relevance explained. Alongside this all
possible future improvements to the experience were clearly
listed. These improvements would increase the overall
quality of the experience and improve the effect it can have
on users. Further to this all it was concluded that virtual
reality can have effect on user perceptions but further study
must be done into the extent of such effect.

<1 No.
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The Multi-Particle or N-body simulation problem has been
pursued by numerous scholars in the last century. Nowadays
particle simulators are considered to be highly valuable tools
in several fields of Physics, particularly that of Astronomy.
The idea behind the N-body problem is to find the most time
and resource efficient method to simulate the gravitational
interaction of a number of particles in a given space. In
particular, the position of each particle is continuously
predicted by considering the particle’s current velocity
and the forces exerted on that same particle by the other
particles. There are various ways to achieve this, with the
most basic approach being the brute-force approach which
compares each particle with every other particle in the given
space for each time-step. An optimised approach towards
solving the N-body problem is the Barnes-Hut algorithm
that makes use of a quadtree data-structure.

The multi-particle problem in this dissertation has been
tackled from two different perspectives: a software and
a hardware perspective. For the scope of this project
the brute-force approach was implemented as both a
software and a hardware version, while the Barnes-Hut
was only implemented as a software version. The software
implementation consisted of a simulator built from scratch
in Python, utilising custom packages such as the quad-tree
data-structure. The basic brute-force algorithm compares
each particle with every other particle while the Barnes-Hut
makes use of the quad-tree, to improve computational times
at the expense of losing some degree of accuracy since it only
considers particles which are in the close neighbourhood.
Figure 1 shows a screen shot of the brute-force simulation
with 50 particles, where the colours of the orbiting paths are
indicative of the mass of the respective particle. On the other
hand the hardware implementation consists of a brute-force
simulator implemented on an FPGA platform using VHDL.

The idea behind this project was to investigate the difference
between the two implementations in terms of computational
efficiency. Each implementation was approached using a
different mind-set. The software implementation required
a procedural and structural approach even though object

Figure 1: Screen shot of the brute-force simulation with 50 particles.

oriented principles were applied, whilst the hardware
implementation required a more state driven and concurrent
approach. In the software implementation the N-body
problem was solved using a rather highly abstracted
understanding of the logic with minimal to no particular
interest of how it is implemented at a lower level. This is in
stark contrast with the hardware implementation, where the
hardware dictated how the simulator was to be built, so a
low level understanding was mandatory and a priority.

The results for the software implementation showed that the
Barnes-Hut algorithm offers significant improvement over
the basic brute-force approach in terms of computational
speed. This is primarily due to the efficient quad-tree data-
structure implementation, with fast traversal times. It was
also concluded that the FPGA is not necessarily the best
option in terms of platform, even though it might sound
counter intuitive. This is because if parallelisation is not
utilised, the problem becomes quadratic and computational
times become large in a very short amount of time. In the
hardware implementation computation times are dependent
on the propagation of the values through the logic and the
intensiveness of the calculations, rather than the inputs
themselves.
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This dissertation aims to implement a solution for sound
localisation of deterministic signals, trading off between cost
and result accuracy, by using industry-standard equipment
and setup. The solution must provide a real-time result: the
code behind the implementation must be light enough to be y
able to keep up with this requirement. The system consists of
four microphones which are pre-amped, and fed through a
DAC, where MATLAB analyses the sound windows captured
and performs tests based on the time delay between
microphone pairs. Direction and distance values are derived
using two sorts of tests, geometric and Cartesian, over two
topologies: closely grouped microphone pairs, and an array
of equally spaced four microphones which are then paired
using all possible permutations as shown in Figure 1.

i (XY)

y=mx + G
The best-performing test is the one using closely-located
pairs and a Cartesian analysis, giving a result in 2.107s with
fairly lightweight code. Using a BPSK-modulated Barker-13
sequence, the system returns values as shown in Figure 2, Bescrce
with mean percentage errors of 28.5% on directional values \ \\
and 16.04% on distance values. Going a step further and { &) 0 ) O,

testing using a real-life signal, the Cartesian analysis on

both topologies interestingly return almost equal result as

shown. The inaccuracies in the results obtained are mostly

due to the presence of reverberations as well as human  Figure 1: Setup for a generally-spaced microphone topology, mapped
errors during direction and distance measurement. over Cartesian 2D-space
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The research carried out focused on the development of
a weighted ranking mechanism for football players. The
purpose of this was to find out how good a player is, by
analysing the player’'s abilities according to his playing
position. Since all players are unique and have different
strengths, the players were ranked based on their respective
qualities by making use of performance data.

Through the use of the FIFA dataset !, an online tool was
implemented to allow football scouts to easily analyse and
discover players who may be of interest. This dataset was
collected by EA Sports ? through factual data and is used in
the FIFA video game series on a yearly basis [1]. The dataset
is very rich and also consists of player data from 2007 up
till 2016. All the players were categorised according to their
playing position obtained through an additional source,
Futwiz 3. This source was also used to obtain other attributes
which were missing from the dataset for each player, such
the team and nationality.

Data analysis was performed by analysing a variety of
attributes found in the dataset, such as dribbling and
stamina. All attributes which were found to be important, for
each position based on relevant research, were used for the
ranking mechanism by performing a weighted average on
the selected attributes. Additional attributes relevant to each
position were discovered and selected by analysing positive
associations through the Pearson correlation coefficient.
This was applied by analysing all correlation coefficient
of over 0.70 and then including them for the weighted
average. The ranking mechanism itself was developed by
assigning a weighting to all the selected attributes. The
weightings reflected the attribute’s respective importance
for a particular position and was derived by calculating the
geometric mean for each attribute and then normalising
each weighting out of 100.

An overall ranking out of 100 for each player was generated
by applying the attribute weightings in the weighted
average method. The concept of weighted average was
applied also in [2] to rank cricket players based on raw
player data collected. Similar research conducted by [3] used

1 https://www.kaggle.com/hugomathien/soccer
2 https://www.easports.com/fifa
3 http:/www.futwiz.com
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Figure 1: Player comparisons through a radar chart

a weighted average to find the most important attributes for
playing positions, whilst [4] used a similar approach to rank
Premier League players on a weekly basis through the use
of attribute weightings.

Data visualisations such as radar charts (Figure 1) and
multi-line charts were used to visudlise the players, their
ranking and their performance. We also include several
visualisations in relation to player demographics. The aspect
of real-time data was introduced by integrating statistics
from Opta's * Twitter feeds into the system.

The player rankings were evaluated for each position
using Root-Mean Square Error with the FIFA and Football
Manager ® datasets. A comparison was performed between
the system’s ratings and the ratings of FIFA and Football
Manager. The results in comparison with the FIFA dataset
were quite satisfactory for all positions, whilst the results
for the Football Manager dataset varied accordingly for
different positions.

4 http://www.optasports.com
5 http:/www.footballmanager.com
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This dissertation presents a tool whose aim is to facilitate
usage, control and management of a graph based data
model maintained by Neo4j [1]. The tool's objective is to
allow a developer using Neo4j to effectively and efficiently
adopt it by attenuating the latter’s reputed steep learning
curve. This learning curve is mentioned in a paper by Peinl
and Holzschuher [2].

The strengths and weaknesses of graph databases in
general and those particular of Neo4j are given. In particular
data and querying modelling details are presented and
evaluated. A case is also made for graph visualisation
especially since a graph database can be schema less [3].
Also an analysis of known tools, mainly from RDBMSs, that
have similar aims to ours was undertaken and their essential
features are elucidated. Software development tools and
libraries that offer a contribution to the development of
our tool's functionality in handling graphs and interactive
visualization of graphs are surveyed.

After stating the project's functional and non-functional
requirements of the solution, an analysis exercise yielded
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Figure 1: Overall design of the solution

a number of decisions. The most important being to use a
wizard to generate Neo4j Cypher code, and also to tie graph
visualization with the tool’s activities. Also elaborate import
and export facilities have been identified and implemented.
Much of the software development required here uses Neo4;j
and the other tools surveyed in the literature review.

Five main components were then designed and implemented
successfully (see Figure 1), namely: creating an environment
for access to Neo4j; executing queries and visualizing their
results; importing and exporting of graph data; an interactive
visualization tool; and a query builder with additional wizard
option.

Finally the solution was tested by methods of verification
and validation. Verification was carried out by gathering a
set of known queries, generating them using our solution,
and checking them for correct syntax and output. On the
other hand, validation was performed by looking up a list
of known types of queries and checking how many of these
types our solution covers.
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Figure 2: Example of a visualization
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Video traffic has become one of the biggest loads on
communication networks and data storage worldwide due
to ubiquity of video content along with the increased desire
for higher video quality, such as increased video resolution
[1]. Uncompressed video signals generate a significant
amount of data which would not be feasible for transmission
or storage. This uncompressed data generated by video
signals contains a lot of redundant information that can be
removed to compact the amount of data required to store
or transmit.

The latest video compression standard, High Efficiency
Video Coding (HEVC), was developed with the interest of
creating a new standard to improve compression as much
as possible but to also enable deployment of services which
would have not been practical with previous standards,
such as the introduction of Ultra-HD (UHD) and High
Dynamic Range (HDR) video content [1]. HEVC is designed
on the same structure of the previous standard called
H.264/AVC (Advanced Video Coding) but has incorporated
multiple improvements, such as decreased bit rate and
better compression efficiency, but at the cost of increased
complexity, due to the increased number of predictions and
searches that need to be performed [2].

Coding Quadtree Residusi Quadiree

g
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The reference codec, called the HEVC test model (HM), is
provided as a common reference implementation of the
HEVC standard butis only made available to demonstrate the
functionality of the codec and is not particularly optimised for
speed or efficiency [2]. To speed up the encoding process of
the reference codec, functions consuming a large part of the
encoding time are modified to utilise the entire CPU through
multi-threading provided by the OpenMP API. The functions
consuming the most of the encoding time are identified by
profiling the unmodified HM encoder. Profiling results give
various performance metrics that help to identify where
the most work is being done by the encoder. Parallelisation
is implemented into the HM encoder based on the results
obtained from the profiling stage.

The unmodified and modified encoders are compared with
each other by encoding various video sequences using the
same encoder configuration throughout. The implemented
parallelisation resulted in a reduction of encoding time
that ranges between ~10.5% to ~20.9%, with a negligible
decrease in video quality of up to ~0.7% and a small increase
in bit rate of up to ~4.4%.
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Figure 1: HEVC Encoder Block Diagram [3]
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Financial distress prediction is of interest to many
stakeholders who strive to understand the financial position
of a business often with limited knowledge about how it
operates. This study aims to improve the current methods of
predicting corporate distress through the development of an
integrated decision support system based on the application
of Machine Learning techniques, namely Decision Trees,
Naive Bayes and Artificial Neural Networks (Shalev-Shwartz
& Ben-David, 2014).

Signs of business failure are in most cases evident long before
official bankruptcy occurs. Through the use of 96 indicators,
including financial ratios, industry-related variables and
fraud red-flags, this study analyses a company’s financial
records in order to predict the sustainability of a given
firm. Key profitability ratios were also compared to market
averages. One important result which emerged was that the
industry a company forms part of highly affects the financial
stability of the firm. Therefore, whilst some markets may
be performing well and boosting company growth, other
industries may be the cause of company status deterioration.
Two pattern analysis techniques were used: comparison to
the previous year, and comparison to the first year of the
available financial records. This analysis, combined with the
proposed model for checking both the nature and magnitude
of change across the comparisons yielded an F, Score (i.e. a
score which conveys the balance between the precision and
the recall) of up to 88.7%.

The research findings over four real-life datasets confirmed
the strength and ability of the proposed model to predict
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Figure 1: Previous Year Analysis on the American Dataset

imminent business failure. The proposed system compares
three machine learning techniques. All three techniques
are tested with the same datasets. Each technique uses a
history span from three to five years.

The study finds that a model based on previous-year analysis
performs better than a model based on base-year analysis.
It was also found that in most cases, the inclusion of different
aspects of a company's upkeep (profitability, solvency,
leverage, management efficiency, industry specifics) lead to
more accurate results (Refer to Migure 1).

Results have also shown that the Decision Tree outperforms
the other two techniques, especially in previous-year
comparison. One issue to note is that the nature of the
model created in this study, that is dealing with the
differences between calculated ratios, rather than the raw
ratios themselves, has provided some reliable results with
quite an adequate accuracy rate. With this implementation,
the models were able to predict records with up to 94.7%
accuracy. Research has shown that accuracy rates reached
in the past were at most 94.2% (Mehrazin, Taghipour,
Froutan, Ghabdian, & Soleimani, 2013).

Finally, the study can be extended by predicting the
degree to which a company is failing. This would be quite
advantageous as it would indicate to what extent firms have
to go, to improve their financial status.
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The generation of a synthetic dataset involves the creation
of fictitious data that follows some set of rules. The aim of
this project is the generation of synthetic data that simulates
the properties of an existing dataset by retaining the
characteristics of its real-world counterpart. Using synthetic
datasets as opposed to real-world data has various
advantages, such as the ability to safeguard sensitive
information by replacing it with fictitious subject matter
(Wu et al., 2016). This prevents personal and identifiable
information from being shared, thus retaining privacy for the
individuals involved and enforcing data protection. It can also
generate conditions which cannot be found in real-world
datasets by modifying certain field properties. Changing the
distributions of values within a dataset, for example, can be
useful to improve the robustness of new algorithms (Ayala-
Rivera, McDonagh, Cerqueus, & Murphy, 2013). This has
the potential to reveal more software bugs within a product
which is a highly desirable outcome of testing.

The aim of this project was to semi-automatically detect
characteristics and properties between the fields of a MySQL
datasource which were then replicated by a syntheticdataset.
The program inferred information on the data properties
from the source database and predicted their use. Once
these results were verified and, where necessary, modified
by the user, the tool identified the relationships between the
variables, along with other useful information to generate
semantically similar data. By automating Exploratory Data
Analysis (EDA) techniques, relevant information on the
relationship between different fields can be acquired as
shown in Figure 1. In contrast to existing data generation
tools which generally generate data on a column-by-column
basis, this algorithm replicates data on a row-by-row basis

maintaining the meaning between the different properties.
This framework extends ADaGe, a synthetic data generator
developed at the University of Malta by (Camilleri, Bonello, &
Attard, 2016).

Statistical tests on the generated data, such as percentage
frequency distribution statistics, showed that ADaGe
retained relationships between categorical fields, whereas
the binning techniques were effective in preserving the
distribution in quantitative fields.

The correlation between multiple date fields in a table was
maintained by preserving the range of the dates generated
between date fields. Each date field also considered the
days of the week, to cater for cases that exclude certain
weekdays (such as omitting weekends in the simulation of
the sales of a small grocery store).

Regular expressions were used to define values for text
fields which are known to follow a pre-specified pattern.
In trying to recreate numerical distribution patterns from
normally distributed data, results showed mean and
variance remained comparable when generating large
volumes of data.

Future work includes enabling ADaGe to connect to other
data sources such as Web Services. With regards to
categorical fields, the percentage distribution observed for
each of its possible values could be shown in parameterised
fields such that the user is able to choose a different
probability distribution for the data. For fields which follow a
specific pattern, an automatic regular expression generator
could be used to suggest patterns to the user.
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Figure 1: System Process
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GARY ZAMMIT

SUPERVISED BY
DR SANDRO SPINA AND DR CHRISTOPHER PORTER

Interaction with virtual objects in a virtual reality environment
is still not as realistic as one would expect. In virtual reality,
there are two main modes to interact with virtual objects:
indirect interaction and direct interaction [1, 2]. Indirect
interaction revolves around the use of peripherals to interact
with objects, whereby the user is required to make use of
hand-held joysticks/controllers to manipulate objects. On
the other hand, direct manipulation of objects in immersive
virtual environment allows users to interact with objects
without any physical device, but through a representation
of the user’s hands and fingers in a virtual space. The latter
mode is more challenging because users must interact with
objects without receiving any kind of haptic feedback arising
from contact with the object itself (e.g. resistance, weight,
texture, material density). Nonetheless, direct manipulation
affords a more lifelike and natural method of interaction
when compared to indirect peripheral-based interaction.

Launched in summer 2013 [2], the Leap Motion Controller, is a
small optoelectronic sensor device, which enables computers

to constantly track the user’s bare hands through computer
vision algorithms. This in turn allows for programmatic
rendering of hand-data in a three-dimensional space with
sub-millimeter accuracy [3]. However, challenges of precision
exist when sensors are not able to read data correctly (e.g.
because of finger occlusion), often making it hard to interact
with objects in a realistic fashion (e.g. picking small object
using the opposable thumb and index finger).

The main aim of this dissertation was to explore and
attempt to improve the user experience when directly
interacting with virtual objects of different shapes and
sizes as well as actions and gestures. A novel interaction
technique - state-driven interaction (SDI) - has been
developed for this research project, building upon the
state of the art in terms of hand-detection accuracy while
predicting hand positions and user’s intentions where
necessary. This enabled the sensor to be used in scenarios
where high hand movement precision (e.g. handling
delicate or small objects) is required.
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The objective of this project was to design and develop
a mobile, indoor location technique. Existing outdoor
triangulation-based positioning techniques like the Global
Positioning System and GLONASS, are generally not
suitable or accurate enough for indoor use, particularly in
multilevel buildings. Developing a positioning technique for
indoor spaces, opens possibilities for the deployment of
various next generation intelligent systems that provide the
user with a plethora of location based applications. These
range from step-by-step indoor navigation, to product-
level retail customer engagement, to proximity-based social
networking.

The system was designed to utilize the signals from a
single Wi-Fi access point to locate the client device, without
support from any additional infrastructure. Furthermore, no
prior radio-frequency finger-printing procedure is required,
thus reducing the implementation complexity significantly.

The novel positioning approach developed in this project
is based on a hybrid angle of arrival and received signal
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Figure 1: Explicit beam forming procedure
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strength technique, which tokes dadvantage of explicit
beamforming (figure 1) and multiple-input and multiple-
output (figure 2) techniques to achieve a fairly accurate
location estimation.

To test the system, ray-tracing (figure 3) was used to
characterise the propagation in an indoor, multipath-
rich environment, and build appropriate indoor radio
propagation models. Simulation was then used to show
that accuracy improves with the number of transmitter and
receiver antennas and was on par with more sophisticated
techniques reported in the literature.

The structure of our final year project report was to first
review the literature on indoor location services. The
methodologies used to implement the system were then
presented, followed by a preliminary analysis of the
necessary calculations, a description of the simulation
environment and an appraisal of the accuracy achieved by
the suggested algorithm. Conclusions were then drawn and
further work suggested.
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A Gamified Beacon Based Conference

Management System
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Conferences are events with the aim of bringing together
people with a shared interest. The ever-increasing
dependence on smart mobile devices is leading to the
development of new technologies which can improve
attendees’ experience at conferences. Mobile applications
are nowadays expected to derive context and provide
useful information without being prompted to. The concept
of intuitively and contextually providing users with the right
information at the appropriate time is crucial to Artificial
Intelligence.

This project aims to improve attendees’ experience at
conferences by using Indoor Positioning technologies to
provide contextual information, while offering a gamified
experience to motivate the user to explore the conference.
The developed mobile app is designed to make use of
commonly available technology such as Bluetooth to satisfy
the aims of the project.

For Indoor Positioning purposes, Bluetooth Low Energy
(BLE) beacons were used. Beacons continuously transmit a
signal which is picked up by mobile devices, which can in
turn estimate the distance from a beacon by signal strength.
Beacons are deployed in strategic points in the conference
space and by estimating the distance from every beacon,
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Figure 1: System Architecture

the mobile device can approximate its location within the
conference. The approximate location is used to inform the
user of the closest attractions.

Gamification is defined as the use of game design elements
in nongaming contexts [1]. One of the most prevalent
problems of conferences is to keep attendees interested in
the various attractions at specific days of the conference. For
this reason, gamification techniques such as points, badges
and milestones which can be shared to social media were
implemented into the system. Gamification aims to increase
user engagement by providing a more challenging, yet
rewarding experience.

The system was used in two separate conferences, with
a total of 70 invited participants for evaluation. Due
to circumstances such as Bluetooth interference, one
of the identified weaknesses of the system is that the
response time to identify the closest beacon is not optimal.
Notwithstanding the limitations of the artefact, the approach
helped to demonstrate that the use of nowadays ubiquitous
mobile technology for conference management can make
a significant difference, especially when the application is
tailored for the needs of every conference.

Ow

Armites Navigator

Figure 2: Gamification Aspect
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Profiles for Predicting Financial Distress
using Company Final Accounts
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Financial distress prediction is of interest to many
stakeholders who strive to understand the financial position
of a business often with limited knowledge about how it
operates. This study aims to improve the current methods of
predicting corporate distress through the development of an
integrated decision support system based on the application
of Machine Learning techniques, namely Decision Trees,
Naive Bayes and Artificial Neural Networks (Shalev-Shwartz
& Ben-David, 2014).

Signs of business failure are in most cases evident long before
official bankruptcy occurs. Through the use of 96 indicators,
including financial ratios, industry-related variables and
fraud red-flags, this study analyses a company’s financial
records in order to predict the sustainability of a given
firm. Key profitability ratios were also compared to market
averages. One important result which emerged was that the
industry a company forms part of highly affects the financial
stability of the firm. Therefore, whilst some markets may
be performing well and boosting company growth, other
industries may be the cause of company status deterioration.
Two pattern analysis techniques were used: comparison to
the previous year, and comparison to the first year of the
available financial records. This analysis, combined with the
proposed model for checking both the nature and magnitude
of change across the comparisons yielded an F, Score (i.e. a
score which conveys the balance between the precision and
the recall) of up to 88.7%.

The research findings over four real-life datasets confirmed
the strength and ability of the proposed model to predict
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Figure 1: Previous Year Analysis on the American Dataset

imminent business failure. The proposed system compares
three machine learning techniques. All three techniques
are tested with the same datasets. Each technique uses a
history span from three to five years.

The study finds that a model based on previous-year analysis
performs better than a model based on base-year analysis.
It was also found that in most cases, the inclusion of different
aspects of a company’s upkeep (profitability, solvency,
leverage, management efficiency, industry specifics) lead to
more accurate results (Refer to Figure 1).

Results have also shown that the Decision Tree outperforms
the other two techniques, especially in previous-year
comparison. One issue to note is that the nature of the
model created in this study, that is dealing with the
differences between calculated ratios, rather than the raw
ratios themselves, has provided some reliable results with
quite an adequate accuracy rate. With this implementation,
the models were able to predict records with up to 94.7%
accuracy. Research has shown that accuracy rates reached
in the past were at most 94.2% (Mehrazin, Taghipour,
Froutan, Ghabdian, & Soleimani, 2013).

Finally, the study can be extended by predicting the
degree to which a company is failing. This would be quite
advantageous as it would indicate to what extent firms have
to go, to improve their financial status.
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The generation of a synthetic dataset involves the creation
of fictitious data that follows some set of rules. The aim of
this project is the generation of synthetic data that simulates
the properties of an existing dataset by retaining the
characteristics of its real-world counterpart. Using synthetic
datasets as opposed to real-world data has various
advantages, such as the ability to safeguard sensitive
information by replacing it with fictitious subject matter
(Wu et al., 2016). This prevents personal and identifiable
information from being shared, thus retaining privacy for the
individuals involved and enforcing data protection. It can also
generate conditions which cannot be found in real-world
datasets by modifying certain field properties. Changing the
distributions of values within a dataset, for example, can be
useful to improve the robustness of new algorithms (Ayala-
Rivera, McDonagh, Cerqueus, & Murphy, 2013). This has
the potential to reveal more software bugs within a product
which is a highly desirable outcome of testing.

The aim of this project was to semi-automatically detect
characteristics and properties between the fields of a MySQL
datasource which were thenreplicated by a syntheticdataset.
The program inferred information on the data properties
from the source database and predicted their use. Once
these results were verified and, where necessary, modified
by the user, the tool identified the relationships between the
variables, along with other useful information to generate
semantically similar data. By automating Exploratory Data
Analysis (EDA) techniques, relevant information on the
relationship between different fields can be acquired as
shown in Figure 1. In contrast to existing data generation
tools which generally generate data on a column-by-column
basis, this algorithm replicates data on a row-by-row basis

maintaining the meaning between the different properties.
This framework extends ADaGe, a synthetic data generator
developed at the University of Malta by (Camilleri, Bonello, &
Attard, 2016).

Statistical tests on the generated data, such as percentage
frequency distribution statistics, showed that ADaGe
retained relationships between categorical fields, whereas
the binning techniques were effective in preserving the
distribution in quantitative fields.

The correlation between multiple date fields in a table was
maintained by preserving the range of the dates generated
between date fields. Each date field also considered the
days of the week, to cater for cases that exclude certain
weekdays (such as omitting weekends in the simulation of
the sales of a small grocery store).

Regular expressions were used to define values for text

fields which are known to follow a pre-specified pattern.
In trying to recreate numerical distribution patterns from
normally distributed data, results showed mean and
variance remained comparable when generating large
volumes of data.

Future work includes enabling ADaGe to connect to other
data sources such as Web Services. With regards to
categorical fields, the percentage distribution observed for
each of its possible values could be shown in parameterised
fields such that the user is able to choose a different
probability distribution for the data. For fields which follow a
specific pattern, an automatic regular expression generator
could be used to suggest patterns to the user.
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Figure 1: System Process
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Interaction with virtual objects in a virtual reality environment
is still not as realistic as one would expect. In virtual reality,
there are two main modes to interact with virtual objects:
indirect interaction and direct interaction [1, 2]. Indirect
interaction revolves around the use of peripherals to interact
with objects, whereby the user is required to make use of
hand-held joysticks/controllers to manipulate objects. On
the other hand, direct manipulation of objects in immersive
virtual environment allows users to interact with objects
without any physical device, but through a representation
of the user’s hands and fingers in a virtual space. The latter
mode is more challenging because users must interact with
objects without receiving any kind of haptic feedback arising
from contact with the object itself (e.g. resistance, weight,
texture, material density). Nonetheless, direct manipulation
affords a more lifelike and natural method of interaction
when compared to indirect peripheral-based interaction.

Launched in summer 2013 [2], the Leap Motion Controller, is a
small optoelectronic sensor device, which enables computers

to constantly track the user’s bare hands through computer
vision algorithms. This in turn allows for programmatic
rendering of hand-data in a three-dimensional space with
sub-millimeter accuracy [3]. However, challenges of precision
exist when sensors are not able to read data correctly (e.g.
because of finger occlusion), often making it hard to interact
with objects in a realistic fashion (e.g. picking small object
using the opposable thumb and index finger).

The main aim of this dissertation was to explore and
attempt to improve the user experience when directly
interacting with virtual objects of different shapes and
sizes as well as actions and gestures. A novel interaction
technique - state-driven interaction (SDI) - has been
developed for this research project, building upon the
state of the art in terms of hand-detection accuracy while
predicting hand positions and user’s intentions where
necessary. This enabled the sensor to be used in scenarios
where high hand movement precision (e.g. handling
delicate or small objects) is required.
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The objective of this project was to design and develop
a mobile, indoor location technique. Existing outdoor
triangulation-based positioning techniques like the Global
Positioning System and GLONASS, are generally not
suitable or accurate enough for indoor use, particularly in
multilevel buildings. Developing a positioning technique for
indoor spaces, opens possibilities for the deployment of
various next generation intelligent systems that provide the
user with a plethora of location based applications. These
range from step-by-step indoor navigation, to product-
level retail customer engagement, to proximity-based social
networking.

The system was designed to utilize the signals from a
single Wi-Fi access point to locate the client device, without
support from any additional infrastructure. Furthermore, no
prior radio-frequency finger-printing procedure is required,
thus reducing the implementation complexity significantly.

The novel positioning approach developed in this project
is based on a hybrid angle of arrival and received signal
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strength technique, which takes advantage of explicit
beamforming (figure 1) and multiple-input and multiple-
output (figure 2) techniques to achieve a fairly accurate
location estimation.

To test the system, ray-tracing (figure 3) was used to
characterise the propagation in an indoor, multipath-
rich environment, and build appropriate indoor radio
propagation models. Simulation was then used to show
that accuracy improves with the number of transmitter and
receiver antennas and was on par with more sophisticated
techniques reported in the literature.

The structure of our final year project report was to first
review the literature on indoor location services. The
methodologies used to implement the system were then
presented, followed by a preliminary analysis of the
necessary calculations, a description of the simulation
environment and an appraisal of the accuracy achieved by
the suggested algorithm. Conclusions were then drawn and
further work suggested.
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A Gamified Beacon Based Conference

Management System
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Conferences are events with the aim of bringing together
people with a shared interest. The ever-increasing
dependence on smart mobile devices is leading to the
development of new technologies which can improve
attendees’ experience at conferences. Mobile applications
are nowadays expected to derive context and provide
useful information without being prompted to. The concept
of intuitively and contextually providing users with the right
information at the appropriate time is crucial to Artificial
Intelligence.

This project aims to improve attendees’ experience at
conferences by using Indoor Positioning technologies to
provide contextual information, while offering a gamified
experience to motivate the user to explore the conference.
The developed mobile app is designed to make use of
commonly available technology such as Bluetooth to satisfy
the aims of the project.

For Indoor Positioning purposes, Bluetooth Low Energy
(BLE) beacons were used. Beacons continuously transmit a
signal which is picked up by mobile devices, which can in
turn estimate the distance from a beacon by signal strength.
Beacons are deployed in strategic points in the conference
space and by estimating the distance from every beacon,
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Figure 1: System Architecture

the mobile device can approximate its location within the
conference. The approximate location is used to inform the
user of the closest attractions.

Gamification is defined as the use of game design elements
in nongaming contexts [1]. One of the most prevalent
problems of conferences is to keep attendees interested in
the various attractions at specific days of the conference. For
this reason, gamification techniques such as points, badges
and milestones which can be shared to social media were
implemented into the system. Gamification aims to increase
user engagement by providing a more challenging, yet
rewarding experience.

The system was used in two separate conferences, with
a total of 70 invited participants for evaluation. Due
to circumstances such as Bluetooth interference, one
of the identified weaknesses of the system is that the
response time to identify the closest beacon is not optimal.
Notwithstanding the limitations of the artefact, the approach
helped to demonstrate that the use of nowadays ubiquitous
mobile technology for conference management can make
a significant difference, especially when the application is
tailored for the needs of every conference.
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Figure 2: Gamification Aspect
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