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Abstract

This dissertation explores the major obstacles presented by epilepsy, a neurolog-
ical disorder that causes frequent seizures. The study presents EPIWEB, a user-
friendly web platform devised to improve the identification and forecasting of
epileptic seizures. By utilizing web development, data analysis, and machine
learning techniques, EPIWEB delivers an easy-to-use interface to create, arrange,
and scrutinize EEG data.

EPIWEB provides researchers with key tools for visualising raw EEG data,
extracting features, and utilising classification algorithms. EPIWEB's architec-
ture, grounded in the Django framework and tailored for scalability, guarantees
smooth data processing integration. Importantly, the platform emphasises user
authentication and data protection to secure sensitive patient information.

This dissertation explores in detail the core concepts that form the basis of
predicting epileptic seizures. It encompasses the analysis of EEG signals, feature
extraction, and an extensive evaluation of past research, including the important
EPILAB project.

This work addresses potential risks and implements strategies to mitigate
challenges arising from the ambitious project scope and evolving requirements.
EPIWEB undergoes thorough validation against functional requirements, demon-
strating its capacity and potential in analyzing and predicting epileptic seizures.
The platform’s proficiency in managing patient data, conducting research, and
displaying EEG information is convincingly demonstrated.

In conclusion, EPIWEB shows potential for advancing the field of epileptic
seizure detection and prediction. Its noteworthy attributes makes it a valuable
resource for academics and professionals in this pivotal field.

Keywords

Epilepsy, Web Application, EEG Signal Processing, Machine Learning, Seizure
Detection, Seizure Prediction.
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Resumo

Esta dissertacdo explora as principais adversidades levantadas pela epilepsia, um
distarbio neurolégico que causa a frequente ocorréncia de convulsdes. O estudo
apresenta o EPIWEB, uma plataforma web de facil utilizacdo desenvolvida para
melhorar a detegdo e a previsdo de crises epilépticas. Ao recorrer a Web Devel-
opment, analise de dados e técnicas de aprendizagem computacional, o EPIWEB
oferece uma interface amigével para criar, organizar e analisar dados de EEG e
estudos sobre eles.

O EPIWEB fornece a investigadores ferramentas importantes para visualizar
dados brutos de EEG, extrair features e modelar algoritmos de classificagdo. A
arquitetura do EPIWEB, baseada na framework Django, garante uma facil inte-
gragdo dos algoritmos de processamento de dados. E importante realcar que a
plataforma permite a autenticacdo de utilizadores e a protecdo de dados para
proteger os dados dos pacientes.

Esta dissertagdo explora em detalhe os conceitos fundamentais que formam a
base da previsdo de crises epilépticas. Abrange a anélise de sinais EEG, extracao
de caracteristicas e uma exploracdo do atual estado de arte, incluindo o impor-
tante projeto EPILAB.

Ao longo do trabalho sdo abordados potenciais riscos para a implementacao
e as estratégias para mitigar os desafios decorrentes do desenvolvimento promis-
sor do projeto e dos seus requisitos. O EPIWEB passa por uma validagdo cuidada
face aos requisitos funcionais, demonstrando potencial na andlise e previsdo de
crises epilépticas. A eficiéncia da plataforma na gestdo de dados de pacientes,
na construgdo de estudos e na exibi¢do gréfica de informacdes de EEG é demon-
strada de forma convincente.

Concluindo, o EPIWEB mostra potencial para contribuir no campo da de-
teccdo e previsdo de crises epilépticas. As suas capacidades revelam um recurso
valioso para fins académicos e profissionais neste campo da epilepsia.

Palavras-Chave

Epilepsia, Web Application, Processamento de Sinal EEG, Aprendizagem Com-
putacional, Detecdo de Crises Epilépticas, Previsao de Crises Epilépticas.
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Chapter 1
Introduction

This chapter contains a briefly overview of the problem and the motivation be-
hind this study, section 1.1, as well as the context surrounding it, section 1.2.
The main objectives and expected contributions are also discussed (section 1.3).
Lastly, the structure of this document is explained (section 1.4).

1.1 Problem and Motivation

Forecasting and identifying seizures is a realm with considerable potential. If we
can correctly anticipate seizures, it will revolutionize the management of epilepsy,
greatly elevating the quality of life for those affected by it.

Traditional practices for EEG analysis and seizure prediction frequently em-
ploy unique software platforms, such as the MATLAB-based EPILAB toolbox.
Although EPILAB boasts advanced features for analyzing brainwave signals, it
also faces obstacles related to availability, intuitiveness, and expandability. The
requirement to acquire and maintain MATLAB licenses, combined with the pro-
cessing constraints of users’ computers, can impede the broad acceptance of EPI-
LAB and restrict its capacity for instantaneous predictive prowess.

This is where EPIWEB steps in with a fresh perspective and a clear objec-
tive: using a web application, technology can be used to bridge the gap between
analysing EEG signals and predicting epileptic seizures. Migrating the features
of the EPILAB toolbox to an web-based environment will help counter the con-
straints associated with conventional desktop applications. The migration under-
way will improve accessibility, user experience, and adaptability in EEG signal
analysis and seizure detection, benefiting both experts and people afflicted.

The increasing prominence of digital platforms has created a unique chance

1



Chapter 1

to level the playing field in the domain of medical evaluations. This project goal
is driven by the conviction that an online application can reshape the manner
in which epilepsy is managed, via a straightforward user interface, easy data
processing, and forecasting models. By utilizing the current trend for online tools
and the flexibility of Python programming languages, this project operates under
the premise that reliable seizure predictions are easily accessible with just a few
clicks.

1.2 Context

Epilepsy, a chronic neurological disorder, casts a shadow of uncertainty over the
lives of millions worldwide. The hallmark of epilepsy lies in its unpredictability,
with seizures emerging suddenly and disrupting daily activities. These seizures,
characterized by abnormal electrical activity in the brain, can range from momen-
tary lapses in awareness to convulsive episodes. This complex and multifaceted
condition demands not only accurate diagnosis and treatment but also proactive
measures to anticipate and manage its impact.

Within the realm of epilepsy management, the quest for reliable seizure pre-
diction has assumed paramount importance. The capacity to predict an upcom-
ing seizure offers significant potential for transformation, enabling those with
epilepsy, their carers, and healthcare experts to take timely action. This pursuit
has given rise to an interdisciplinary convergence, where medical science inter-
sects with data processing and machine learning.

Machine learning, a subset of artificial intelligence, has emerged as a promis-
ing approach to predicting seizures. By leveraging advanced algorithms, ma-
chine learning seeks to unravel the intricate patterns embedded within EEG sig-
nals. These EEG signals, recordings of the brain’s electrical activity, encapsulate
valuable insights into the underlying neurological processes, offering a window

into the brain’s intricate workings during seizures.

Several databases have become available over time, to address these chal-
lenges, such as the one from the University of Freiburg, the University of Bonn,
the Children’s Hospital Boston (CHB-MIT) and the European Database on Epilepsy
(EPILEPSIAE). The EPILEPSIAE database was made publicly available in 2012
and it contains long-term EEG recordings, extensive metadata, and standardized
annotations, which will aid in the comparison and reproducibility of studies in
the field.

EPILAB is a software package developed using Matlab to help community
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study the prediction of epileptic seizures, product of the European project EPILEP-
SIAE.

1.3 Research Goals

The primary goal of this work is to develop an innovative web application EPI-
WEB that leverages the capabilities of the EPILAB toolbox while addressing its
limitations. The project aims to provide an accessible platform for processing
EEG signals and predicting epileptic seizures. To achieve this overarching objec-
tive, it was defined specific research goals that guide the approach and develop-

ment process.

¢ Adaptation of EPILAB to Web Environment: The first research goal involves
adapting the EPILAB toolbox to a web-based environment. This includes
redesigning the user interface, optimizing the algorithms for web execution,
and ensuring compatibility with modern web technologies.

¢ Implementation of EEG Signal Processing Algorithms: It is aimed to im-
plement a range of EEG signal processing algorithms within the EPIWEB
application. This involves replicating the functionalities offered by EPILAB
into web-compatible code, allowing users to process and analyze EEG data
effectively.

¢ Development of Predictive Models: Building upon the foundation of pro-
cessed EEG data, itis intended to develop machine learning predictive mod-
els that can accurately forecast epileptic seizures. These models will con-
sider both binary (2-class) and multiclass (4-class) classification scenarios,
accommodating different diagnostic needs.

¢ Signal Analysis and Visualization

¢ Creation of User-Friendly Web Interface: An essential aspect of EPIWEB is
its user interface. The project is committed to designing an intuitive and
user-friendly web interface that enables users to interact with EEG data,
configure parameters for analysis, visualize results, and access predictive
insights.

¢ Validation and Evaluation of Performance: EPIWEB plans to assess the ac-
curacy of predictive models, compare results with existing methods, and
gather feedback from domain experts and potential users.

3
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By achieving these research goals, this project seeks to offer a new solution
that combines the potential of EEG signal analysis with the accessibility and scal-
ability of web technologies. In the following chapters, this dissertation will ex-
amine the methodology, technical specifics, experimental outcomes, and implica-
tions of EPIWEB, presenting a comprehensive exploration of this approach.

1.4 Outline

Beyond the introduction, this document is divided into 8 chapters that aim to
clarify the development of the entire work.

The Chapter 2, Background Concepts, provides an overview of epilepsy, the
EEG signal, seizure prediction concepts, and efforts in the field such as the EPILEP-
SIAE and EPILAB projects.

The Chapter 3, State of Art, showcases the state of art concerning EEG-based
seizure prediction. It also identifies and explains the features and architectures
from EPILAB and a first prototype of EPIWEB, previous developed.

The Chapter 4, Methodology, outlines the development methodology em-
ployed in this project along with its corresponding planning. It also identifies
potential risks associated with the development of the platform.

The Chapter 5, Requirements, User Stories are introduced, along with a com-
prehensive overview of all the requirements that the platform aims to address.
This chapter also take a closer look to both functional and non-functional re-
quirements, examining, evaluating, prioritizing each of them. It also provides
a comprehensive breakdown of the User Interface (UI) sketches that have been
designed for the user interface of the EPIWEB frontend system. It is taken into
consideration the windows that have been developed for the EPILAB toolbox.

The Chapter 6, Technologies, multiple technologies, libraries, and frameworks
are scrutinized and explained for building the backend and frontend. Their ben-
efits are explored in relation to the platform’s development requirements.

The Chapter 7, Architecture, introduces the selected specifications and tech-
nologies for the EPIWEB architecture. It is also provide an overview of both the
conceptual and physical models for the database.

The Chapter 8, Development, presents the risk analysis, the challenges and
difficulties that were encountered. Some outcomes from this work are also pre-
sented.
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The Chapter 9, Validation and Verification elucidates the process of valida-
tion and verification of the platform, employing also the alignment to the func-
tional requirements previous depicted.

The Chapter 10, Conclusion, presents the final thoughts and the future prospects
and potential directions for EPIWEB.






Chapter 2
Background Concepts

This chapter serves as an introduction to the fundamental concepts essential for
contextualizing the subsequent content of this document. It begins by providing
an overview of epilepsy as a medical condition, encompassing its clinical defi-
nition, classification, and the pivotal role of data such as Electroencephalogram
(EEG) in diagnosis, detection, treatment, and prediction (section 2.1.1). Subse-
quently, this document explores the role of computational learning in the field of
epilepsy, detailing numerous challenges and technologies particular to this area
(section 2.2). To conclude, noteworthy collaborative initiatives addressing these
challenges, such as EPILEPSIAE and the internally developed EPILAB under the
first initiative, are highlighted (section 2.3).

2.1 Epilepsy

Epilepsy stands as a profound challenge within the realm of neurological dis-
orders. Is a chronic brain disorder that results in recurrent seizures. Seizures
can be mild or severe and may cause loss of consciousness or control of bodily
functions. It is caused by excessive electrical activity in brain cells and affects 50
million people worldwide. A person is diagnosed with epilepsy after having two
or more unprovoked seizures [World Health Organization, 2022].

2.1.1 Definition and Classification

The International League Against Epilepsy (ILAE) defines epilepsy as a "chronic
brain disorder characterized by an enduring predisposition to generate epileptic
seizures and by the neurobiological, cognitive, psychological, and social conse-
quences of this condition" [Fisher et al., 2014].
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However, this and other ones conceptual definitions fail to encompass all clin-
ical scenarios comprehensively. Therefore, ILAE Task Force proposed an opera-
tional definition of epilepsy [Fisher et al., 2014]. According to this operational
definition, epilepsy is characterized as a brain disorder marked by any of the fol-

lowing conditions:

* The occurrence of a minimum of two unprovoked seizures with a temporal

gap of 24 hours or more between them.

* A single unprovoked seizure, coupled with a probability of experiencing
additional seizures, akin to the general recurrence risk (minimum 60%) fol-
lowing two unprovoked seizures, anticipated within the subsequent 10 years.

¢ Diagnosis of a specific epilepsy syndrome.

The classification of epileptic seizures forms a cornerstone of understanding
the complexity of epilepsy and starts by identifying whether the initial manifes-
tations (onset) of the seizure are focal, generalized, or unknown.

* Focal (partial) seizures: originate in specific brain areas and may propagate

to involve the entire brain.

* Generalized seizures: involve both hemispheres from onset.

The ILAE’s classification efforts aim to create a common language for health-
care professionals and researchers, ensuring that individuals’ diverse experiences
with epilepsy can be understood and effectively communicated. By categorizing
epilepsy types, including seizure types and epilepsy syndromes, these classifi-
cations contribute to accurate diagnosis and targeted treatment strategies [Berg
et al., 2010; Fisher et al., 2014].

Epilepsy is not limited by demographics and affects individuals of all ages
and from all geographical backgrounds. Epilepsy, with a global prevalence of
approximately 1%, is considered one of the most common neurological disorders
[Kobau et al., 2015]. The impact of this condition extends beyond the physical
realm, as individuals with epilepsy frequently encounter challenges in psycho-
social domains. The stigma surrounding epilepsy can foster feelings of isolation
and discrimination, compelling the need for a comprehensive approach to care
that addresses both medical and psycho-social aspects [Jacoby and Baker, 2008].

8
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2.1.2 EEG Signal

EEG is an important tool for studying brain activity and understanding complex
neurological processes. EEG signals record the electrical activity of the brain’s
neurons, giving us useful information about cognitive functions, emotions, and
conditions like epilepsy [Niedermeyer and da Silva, 2005].

To acquire EEG signals, electrodes are placed on the scalp to detect and record
the voltage fluctuations produced by brain activity, as depicted on figure 2.1.
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Figure 2.1: The international 10-20 system used for electrode placement. From
[Sazgar and Young, 2019].

EEG signals are a time-series data that appear as a mix of rhythmic oscillations
and momentary events called event-related potentials (ERPs). It illustrates volt-
age fluctuations over space and time, demonstrating significant changes in elec-
trical potentials, that originated form the excitatory and inhibitory postsynaptic
potentials. So, these signals exhibit diverse frequency components, ranging from
slow delta waves to fast gamma oscillations [Acharya et al., 2013; Buzséaki et al.,
2012].

Given that epileptic seizures stem from disruptions in the brain’s electric and
physiological system, leading to abrupt and synchronized electrical discharges
among groups of neurons, it becomes evident why the EEG has emerged as the
principal clinical instrument for managing patients afflicted by epilepsy [Acharya
et al., 2013].

In clinical research, the seizure process has four phases that can be identified
through an EEG signal: interictal, preictal, ictal, and postictal. The ictal phase is
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the outbreak of epilepsy, while the preictal and postictal phases are before and
after it, respectively. The interictal phase is between seizures, and EEG signals
during this phase lack seizure symptoms. See figure 2.2 for an overview of EEG
signal divisions [Cui et al., 2018].

Seizure Seizure
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TeP8 . < . *‘W e ikt : * o ;M

Interictal preictal postictal preictal postictal | Interictal
Ictal Ictal

Figure 2.2: Different episodes in a EEG signal, including interictal, preictal, ictal
and postictal. From [Cui et al., 2018].

EEG research places great importance on seizure prediction, particularly in
the management of epilepsy [Gotman, 1982]. EEG signals contain complex pat-
terns associated with imminent seizures. Sophisticated signal processing tech-
niques, such as time-frequency analysis and machine learning, are utilized to
identify the subtle changes preceding seizures. Such insights hold potential for
developing predictive models and personalized treatments [Mormann et al., 2007].

2.2 Seizure Prediction

2.2.1 Main concept

Machine learning techniques have rapidly integrated into the medical field, lead-
ing to a significant transformation in recent times. Epilepsy has also benefited
from these advances, like other fields. The use of classification models to predict
seizures has high potential for enhancing the quality of life of individuals with
epilepsy [Daoud and Bayoumi, 2019].

It is a challenge that can be seen as a classification task, which involves distin-
guishing between preictal and interictal brain states. An alarm is triggered when
the preictal state, which signals an impending seizure, is detected in the middle
of the prevailing interictal states [Daoud and Bayoumi, 2019]. You can also see
this concept illustrated in figure 2.2. The predicted time corresponds to the period
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before the seizure onset (seizure beginning), when the preictal state is identified.
This can give them enough time to prepare, take preventive measures, or seek
assistance. Importantly, this predictive system must maintain a stringent control
over the number of false alarms generated to prevent undue stress for the patient
[Bou Assi et al., 2017].

2.2.2 Detection vs. Prediction

An additional area of research, which is parallel but separate, concentrates on
detecting seizures. The algorithms in this field aim to quickly detect the begin-
ning (onset) of a seizure. Despite these algorithms not giving the patient any
time to react - unlike seizure prediction algorithms - they help medical profes-
sionals to locate the source of the epilepsy and decide on appropriate treatments.
Both methodologies for detection and prediction can be combined in closed-loop
intervention systems, but prediction stands out as it enables even more timely
interventions [Ramgopal et al., 2014]. At its core, seizure prediction aims to iden-
tify the preictal phase, while seizure detection focuses on recognising the precise
onset of a seizure. In principle, seizure detection can be regarded as a substudy of

the more extensive framework of the seizure prediction problematic. [Ren et al.,
2022].

2.3 The Role of Projects like EPILEPSIAE

2.3.1 Databases

Difficulties in evaluating, standardising, and reproducing studies have been en-
countered in the field of seizure prediction. A lack of high-quality, long-term EEG
data has contributed to these challenges. Several databases, including those from
collaborative projects, have become available to address these challenges and are
shaping the understanding, tools, and methodologies employed in epilepsy re-
search and patient care. Notable examples, that are widely used, include:

¢ University of Bonn: a publicly accessible EEG database provided by the
University of Bonn, compiled by Andrzejak et al [Andrzejak et al., 2001].
This database comprises five distinct datasets, each characterized by spe-
cific properties and data collection conditions.

¢ European Database on Epilepsy (EPILEPSIAE): it is part of the EU-funded
EPILEPSIAE project. It contains high-quality, long-term EEG data enriched
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with clinical metadata, collaboratively managed by epilepsy centers in Coim-
bra, Paris, and Freiburg.[Ihle et al., 2012b]

¢ Children’s Hospital Boston (CHB-MIT): also known as the PhysioNet EEG
dataset (36), consists of EEG recordings from 24 pediatric patients. These
recordings were acquired at Boston Children’s Hospital [Goldberger et al.,
2000].

* American Epilepsy Society: intracranial EEG (iEEG) datasets provided on-
line on Kaggle [American Epilepsy Society, 2014].

2.3.2 EPILEPSIAE and EPILAB

The EU FP7 Project, EPILEPSIAE (Evolving Platform for Improving the Living
Expectations of Patients Suffering from IctAl Events), is aimed at improving the
quality of life for individuals who experience epileptic events, by employing
brain-computer interaction technology. The main objective of the project is to use
Information and Communication Technologies (ICT) to give epileptic patients the
power to monitor their own risks and increase their safety in their daily activities.
This way, they can further enhance their social integration. It is noteworthy that
the project includes developing software, hardware, and wireless devices as es-
sential parts of this initiative [epi].

The European Database on Epilepsy was produced by that project [Ihle et al.,
2012a]. It is the largest online database currently available for predicting seizures.
Its primary aim is to develop algorithms that can predict seizures by monitor-
ing EEG data for signs of an upcoming seizure. This comprehensive dataset
contains high-quality long-term electroencephalogram recordings collected from
both scalp and intracranial electrodes (iEEG) along with complementary clinical
and imaging data. The data repository involves 275 subjects, from which 225 EEG
recordings were carried out using scalp electrodes while the rest were intracra-
nial. It also encompasses more than 10 times the number of seizures as compared
to previous compilations. The database includes standardized, annotated EEG
and Electrocardiogram (ECG) recordings of patients along with comprehensive
metadata. The metadata provides essential technical and clinical details regard-
ing the recordings as well as pertinent patient-specific clinical information [Klatt
et al., 2012].

EPILAB is a software package developed using Matlab® to help community
study the prediction of epileptic seizures, also a product from EPILEPSIAE [Teix-
eira et al., 2011]. The tool provides a graphical user interface for analyzing data,
allows for the integration of new prediction methodologies through its object-
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oriented design and incorporates key concepts essential for predicting seizures.
It is designed to process long-term recordings of EEG and ECG signals, and it
can analyze both EEG and ECG data stored in various formats. EPILAB can ex-
tract over 35 features from EEG and ECG data using univariate and multivariate
data analysis. These features can then be used to make predictions, which can
be done using optimized thresholds or machine learning algorithms like artificial
neural networks, cellular neuronal networks, and support vector machines. The
architecture, features and algorithms of EPILAB are covered in more detail in the
section 3.2.

Projects such as EPILEPSIAE and EPILAB have made significant progress in
the field and serve as a basis for the further development of EPIWEB. EPILEP-
SIAE’s focus on integrating data and discovering knowledge is in line with EPI-
WEB'’s aim to create a reliable platform that processes EEG signals and accurately
predicts seizures. EPILAB’s advanced algorithmic expertise is guiding the devel-
opment of EPIWEB's predictive models, enhancing the web application’s inves-
tigation capabilities.

I
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Figure 2.3: Illustrates the conceptual framework of the planned high-level archi-
tecture for EPIWEB and highlights the crucial role that EPILEPSIAE’s EPILAB
and database will play in its development process.

13






Chapter 3

State of Art

This chapter provides an extensive investigation of the current methodologies,
tools, and platforms in the field of EEG-based seizure prediction. Section 3.1 ex-
plains the current framework and essential components for predicting seizures.
Section 3.2 provides a comprehensive description of EPILAB’s algorithms, fea-
tures, capabilities and some addressing aspects. Section 3.3 demonstrates the
first prototype of EPIWEB. Lastly, section 3.4 analyses and compares available
web solutions for epileptic seizure prediction.

3.1 Seizure Prediction Pipeline

The common methodologies used to forecast seizures stick to a set of steps that
revolve around signal processing and machine learning. The following figure 3.1
provides a clear and concise depiction of these steps.

Signal acquisition —> Pre-processing —> Feature Extraction > Feature Selection

d

PEU;’.L’L’ESE‘“' <= Post-processing <= Classification

Figure 3.1: Flowchart illustrating the standard pipeline for seizure prediction.
Adapted from [Bou Assi et al., 2017]
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3.1.1 Pre-processing

Pre-processing is essential in improving the quality of Electroencephalogram (EEG)
data by reducing noise and artifacts. Various filter techniques, such as band-pass,
notch, and adaptive filters, are utilized to filter out interference from external
sources, thereby enhancing the signal-to-noise ratio. Optimal pre-processing en-
sures that subsequent stages of feature extraction and classification rely on reli-
able and uncontaminated EEG data [Bou Assi et al., 2017].

3.1.2 Feature Extraction

In order to extract features from pre-processed EEG recordings, it is necessary to
divide the recordings into smaller windows [Bou Assi et al., 2017], which is called
as data segmentation.

Feature extraction involves the derivation of informative attributes from EEG
signals. Certain features rely on single-channel measures, univariate features,
whereas others incorporate insights derived from a combination of multiple chan-
nels, called multivariate features [Mormann et al., 2007]. Some techniques in-
clude time-domain features (e.g. statistical features like mean and variance),
frequency-domain features (e.g. power spectral density), and time-frequency do-
main features (e.g. wavelet coefficients). For instance, wavelet transform captures
frequency content variations over time and aids in identifying transient patterns
associated with seizures (specific and temporary changes in EEG signals that oc-
cur before the onset of a seizure).

3.1.3 Feature Selection

Feature selection aims to identify a subset of relevant features that contribute
most to predictive performance. After extracting numerous features from EEG
data, a high-dimensional space is formed. To streamline computation, enhance
classification, and prevent overfitting, diverse methods for feature selection or
reduction are utilized [Bou Assi et al., 2017]. These methods prioritize features
with strong discriminatory power and eliminate redundancy. Dimensionality re-
duction can be achieved through Principal Components Analysis (PCA). PCA
transforms high-dimensional data into a lower-dimensional, orthogonal feature
space, where new features reflect the principal components ranked by variance.
Another technique for reducing data dimension could be Multidimensional Scal-
ing (MDS).
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3.1.4 Classification

Classification algorithms have a crucial role in distinguishing between seizure
and non-seizure states. The most notable methods are the ones based on machine
learning classifiers (Bouassi, et al., 2017). Support Vector Machine (SVM) max-
imise the margin between classes by identifying the optimal hyperplane. Artifi-
cial Neural Network (ANN) learn hierarchical features from EEG data, capturing
intricate patterns automatically. The performance of each algorithm depends on
the selected features, the size of the dataset and the desired model complexity.

3.1.5 Post-processing and Evaluation

Post-processing improves classification outputs to increase predictive accuracy.
Regularization, also known as post-processing [Bou Assi et al., 2017], reduces
abrupt fluctuations and false positives, controlling the generation of alarms. This
enhances the specificity of the model. Approaches that consider temporal signal
dynamics, such as Kalman filtering [Chisci et al., 2010] or the firing power tech-
nique [Teixeira et al., 2011], have been used. Post-processing methodologies en-
sure that predictive models generate coherent and clinically meaningful results.

Similar to other classification tasks, the performance of algorithms must be
evaluated using performance metrics, like accuracy (ACC), specificity (SP), sen-
sitivity (SE), false positive rate (FPR) and F2 score.

3.2 Underlying Architecture of EPILAB

As already mentioned, EPILAB is a Matlab toolbox developed by [Teixeira et al.,
2011], as part of the EPILEPSIAE project. MATLAB is famous for its advanced
computing and analysis features, which enable scientists, engineers, and researchers
to overcome numerous challenges in various fields [TheMathWorksInc., 2022].
Nevertheless, its command-line interface could be daunting for users who aren’t
experienced in programming or who prefer a more graphical interface [TheMath-
Workslnc., 2023]. Graphical user interface applications bridge the gap by en-
abling users to take MATLAB’s capabilities without requiring extensive program-
ming expertise.
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3.2.1 Overview

As shown in the following figure 3.2, EPILAB comprises five main modules, each
with its own goals and functionalities. These modules are labeled as Study Cre-
ation, Feature Extraction, Dimensionality Reduction & Feature Selection, Predic-
tion Algorithms and Visualization & Navigation. The last is not an independent
module but a common functionality of all the other units.

Study Creation

A new study can be created by the user from raw data, i.e., signals that have been
acquired from a specific patient. The data generally has a multi-file organization,
and therefore, EPILAB has the capability to systematically analyze directories of
tiles. This generates an internal map that allows the processing of all data as if
it were contained within a single file. Previously computed datasets (e.g. set of
extracted features) can also be used as an initial point for a new study.

Feature Extraction

Features can be calculated from Electrocardiogram (ECG) and EEG signals, de-
pending from user preferences. These measures can be univariate or multivari-
ate and they are calculated on a window-by-window basis (data segmentation
as already explained). Figure 3.3 provides a comprehensive list of the features
that EPILAB can extract using a large number of its own algorithms. Users can
choose to use filters before computing features. Specifically, three Infinite Im-
pulse Response (IIR) Butterworth filters are available: low-pass, high-pass, and
notch.

Dimensionality Reduction & Feature Selection

EPILAB has incorporated two distinct approaches for feature selection: super-

vised, reliant on target classification, while the other was non-supervised. The
non-supervised method facilitates feature ranking by evaluating the ratio be-

tween global and local variances and the supervised one, minimum redundancy-maximum
relevance (nRMR) ranks features by simultaneously minimizing redundancy among

them and maximizing their relevance to a specified target classification. EPI-

LAB incorporates also algorithms for reducing dimensionality, primarily cen-

tered around PCA and MDS.
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Prediction Algorithms

EPILAB uses traditional classification algorithms as part of its tools to predict
epileptic seizures: ANNs, SVMs, and cellular neural networks (CNNs). For creat-
ing a seizure prediction model through classification methods, the initial step in-
volves deciding the classifier inputs and the temporal division of data into train-
ing and testing sets (holdout cross-validation). EPILAB considers either two or
four cerebral states, leading to two or four-class classification, each class repre-
senting a episode in a EEG signal (see figure 2.2).

Visualization & Navigation

In every preceding module, presenting information or graphical representations
of the datasets, both processed (extracted features or classification results) and
raw, is advantageous. EPILAB seeks a user-friendly solution to facilitate such
visualizations, whether in text or graphical format;
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Figure 3.2: EPILAB flowchart. (A) The initiation of a new study involves cre-
ating it from raw data or precomputed feature data; (B) When commencing a
study from raw data, EEG and/or ECG features need to be calculated; (C) Using
either imported or computed features, prediction algorithms can be formulated
and assessed; (D) Imported or computed features can undergo dimensionality
reduction; (E) Throughout the study, data and outcomes can be visually or textu-
ally presented. From [Teixeira et al., 2011].
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Figure 3.3: List of features that can be computed by EPILAB. From [Teixeira et al.,
2011].
3.2.2 Limitations

The EPILAB toolbox provides useful tools for predicting seizures, but has some
limitations mainly because it is a MATLAB toolbox. These limitations include:

* Software Ownership: To use MATLAB, users must, first, obtain a paid li-
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cense, which restricts its usage and access to those with enough financial
resources. Therefore, only individuals and institutions with the necessary
financial resources can use and have access to the EPILAB toolbox.

Difficulty Learning to Use: Besides its user-friendly GUI, users new to this
language that may want to implement their own kind of algorithms may
found difficulties on MATLAB syntax and programming. This could make
it difficult for some people who are more comfortable with other program-
ming languages to adopt MATLAB.

Scalability Limitations: EPILAB’s MATLAB implementation is likely to de-
mand significant resources, particularly when dealing with computation-
ally intensive tasks that involve large datasets. This may limit its scalability
on systems having restricted computational resources.

Itis dependent on the platform: MATLAB relies on specific platforms, which
means it might not work well on different operating systems. This may
cause problems with compatibility when collaborating or sharing projects.

Integrating MATLAB-based functionality into web applications: Incorpo-
rating MATLAB-based features into web applications can be complicated
and often requires extra workarounds or tools. This may make it difficult to
deploy EPILAB's features smoothly in a web environment.

Accessibility Limitations: Users might face accessibility issues with EPILAB
due to the requirement to install MATLAB on their machines, especially
when they do not have MATLAB licenses.

Interoperability Limitations: Integrating EPILAB with other data analysis
or web development tools outside MATLAB’s ecosystem could be challeng-
ing, thereby limiting its interoperability.

3.3 Initial Prototype of EPIWEB

An initial work, developed by colleague Carolina Pereira, was presented as a

tirst prototype of EPIWEB and so a start point for the work. It had the same

objective of the present work, a foundation for a comprehensive and user-friendly

environment for EEG-based seizure prediction, based on EPILAB. This section

discusses the layout and essential parts of the initial model.
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3.3.1 Architecture Overview

The first version of Carolina’s EPIWEB platform uses a modular design that in-
cludes Java Maven, Servlets, and Python scripts to create a dynamic web ap-
plication. Maven makes it easy to handle project dependencies and streamline
deployment. [The Apache Software Foundation]. The prototype uses a Model-
View-Controller (MVC) design [Baeldung]. A diagram of this design and its flow
are shown on figure 3.4.

The Model holds the application’s fundamental logic, such as data processing
and classification algorithms. JavaBean classes compose the Models.

The View is created with Jakarta Server Pages (JSP), allowing the generation
of dynamic web pages with Java code inside. JavaServer Pages Standard Tag
Library (JSTL) improves the View layer with its tag-based approach, simplifying
the integration of dynamic content and logic into web pages.

The Controller layer consists of Servlets that invoke the Model and send data
to the View. These Servlets handle user requests and control data flow. Users
start Servlet execution by interacting with the web interface, which manages Hy-
pertext Transfer Protocol (HTTP) requests and responses, enabling real-time com-
munication. Servlet execution handles the EEG data processing and runs Python
scripts for EPILAB algorithms. This feature enables users to upload their EEG
data, set prediction parameters, and view results.

For data storage, the prototype incorporates a PostgreSQL database. The Post-
greSQL database serves as the backend repository for storing EEG data, feature
extraction results, and prediction outcomes.
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Figure 3.4: Model-View-Controller design. From [javatpoint].
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3.3.2 Functionalities

To carry out the scientific component of this work, which involves preparing the
data, selecting relevant features, reducing dimensions, and classifying data, Car-
olina chose to replicate EPILAB’s MATLAB scripts using Python programming
language.

Therefore, Python scripts are vital components of the prototype, that imple-
ment EPILAB algorithms for processing EEG data and predicting seizures. To
seamlessly invoke Python scripts, Java’s Process Builder has been utilised [Ora-
cle Corporation]. It launches Python scripts by creating a native operating system
process. This integration enables the prototype to employ EPILAB’s algorithms
within a web-based Java application.

In Python, a subset of the feature extraction algorithms from EPILAB’s mod-
ule were replicated. This subset includes algorithms like statistical moments and
wavelet coefficients computation in the time domain. Furthermore, the visualiza-
tion module and graphical signal analysis were also constructed. To accomplish
this, Carolina utilized the Plotly.js library.

This prototype uses a template as the basis for its User Interface (UI) de-
sign, aiming for a user-friendly interface that is both visually pleasing and well-
organised.

3.3.3 Early Exploration and Limitations

The initial version of EPIWEB developed by Carolina is a significant exploration
of the possibility of a web-based platform for predicting seizures. Although the
prototype demonstrates important functions, the prototype is simply a starting
point towards the all-encompassing EPIWEB platform. The design and charac-
teristics of the prototype are open to further improvement and enhancement.

3.4 Existing Web Platforms with Similar Features

Although the field of epilepsy seizure prediction using EEG is still under research
and development, it is important to mention that currently, no existing platforms
similar to EPIWEB have been found. EPIWEB’s integration of EPILAB algorithms
in a user-friendly web application that is designed for preictal and ictal period
prediction is innovative, given the lack of similar existing platforms.
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The lack of similar platforms highlights the distinctive contributions that EPI-
WEB intends to offer for epilepsy research and seizure prediction. EPIWEB fills a
significant void in the area by merging EPILAB’s reliable algorithms with a web-
based platform, delivering a comprehensive tool to predict seizures and scruti-
nize EEG data in an effortless way, to the community.

24



Chapter 4

Methodology

Firstly, a comprehensive overview of the development organization will be pro-
vided, specifically focusing on the development methodology employed, as out-
lined in section 4.1. Next, section 4.2 introduces the project’s plan and compares
the anticipated timelines with those executed. Section 4.3 will feature a reflective
exploration of the risks that were identified prior to embarking on the develop-
ment phase.

4.1 Project Management Methodology

The achievement of the EPIWEB project relies on a methodical project manage-
ment approach. The development process follows methodology to promote effec-
tive communication, efficient progress, and adapting to changing requirements.
The methodology takes inspiration from agile principles that aim to allow a dy-
namic environment of software development and collaboration between the solo
developer and project advisors [Beck et al., 2001]. There are key aspects to explain
about the methodology. Among them, refer to the following;:

¢ Iterative Development and Weekly Meetings: The project management
methodology is based on iterative development cycles, facilitating incre-
mental progress, continuous feedback and flexibility to make necessary ad-
justments. Weekly meetings with project advisors are a vital element of this
methodology, serving as checkpoints to review progress, discuss challenges
and align development efforts with project objectives. The feedback gath-
ered during these meetings provides guidance for subsequent development
steps.

* Flexibility and Adaptability: The project management methodology places
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great emphasis on adaptability. Acknowledging the potential for modifica-
tions to the project’s requirements and priorities, the methodology allows
for effortless adjustments to the development plan. The iterative nature of
this approach facilitates the inclusion of changes, improvements, and en-
hancements as the project progresses.

¢ Communication: Open communication between the solo developer and
project advisors are essential to the approach. Regular interactions, both
during weekly meetings and through ongoing discussions, guarantee that
the project stays focused on its goals. The approach promotes collabora-
tive decision-making, knowledge exchange, and brainstorming of ideas to
overcome challenges.

* Risk Management and Problem-Solving: The project management method-
ology emphasizes proactive risk management and creative problem-solving.
By identifying potential challenges early in the development process, strate-
gies can be formulated to address them. When unexpected issues arise, the
collaborative environment established by the methodology allows for rapid
problem-solving and the exploration of innovative solutions.

Design &
Architecture

Implementation

Requirements

Gathering
Testing
Guidance &
i Refinement &
Solo Development Review & i
Feedback Development

Figure 4.1: Development Methodology: Iterative Approach with Weekly Feed-
back Loops (Agile based).
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4.2 Planning

At the beginning of the project, a detailed work plan was created to specify the
order of tasks and timelines. This plan acted as a guide for project development
and aimed to guarantee efficient task execution. A simple Gantt chart, as shown
in Figure 4.2, provides a visual representation of the project schedule, highlight-
ing tasks and delays timeframes. This chart effectively illustrates the evolving
timeline of the project, capturing both planned milestones and any deviations
from the schedule.

Month 1 | Month 2 | Month 3 | Month 4 | Month 5 | Month 6 | Month 7 | Month 8 | Month 9 |[Month 10|Month 11|Month 12,

State of Art _

State of Art (executed) ]

Review of EPIWEB Prototype —

Review of EPIWEB Prototype (executed) —

Reconstruction based on Protoype —

Reconstruction based on Protoype (executed) [ ]

EPIWEB development L]

EPIWEB development (executed) D

Validation and Verification ]

Validation and Verification (executed) _
Thesis writting _

Thesis writting (executed) -

Figure 4.2: Gantt diagram.

4.3 Risk Analysis

Throughout the development of the EPIWEB project, a comprehensive risk anal-
ysis was conducted to identify potential challenges and uncertainties that could
impact the project’s progress, timeline, and outcomes. Each identified risk was
assigned with the following structure:

ID

Description

Mitigation Strategy

Probability:

— Low
— Medium

- High

Impact:
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- Low: Does not contribute positively to the project’s progress.

— Medium: Interferes with the development of the project and can cause
changes to the final product.

— High: Puts the project’s completion at risk.

Below, it is detailed potential risks associated with the project and their corre-
sponding mitigation plans, aimed at minimising.

R1 - Insufficient Familiarity with Tools and Technologies

e ID: 1

* Description: This risk revolves around the possibility that the developer
may not have sufficient expertise or familiarity with the chosen frameworks,
like Django. Inexperience with the framework could lead to inefficiencies,
errors, or delays in development.

* Mitigation Strategy: To reduce this risk, the developer could proactively
enrol in online tutorials and conduct an extensive study of the documenta-
tion. These actions are intended to enhance knowledge and skills with the
selected framework.

¢ Probability: Medium.

¢ Impact: Medium.

R2 - Changes in project requirements

e ID:2

* Description: This risk considers the possibility of evolving project require-
ments due to changing needs or priorities. These modifications have the
potential to lead to changes in project goals or alterations to project deliver-
ables.

* Mitigation Strategy: To mitigate this risk, the developer must hold frequent
meetings with project advisors. Regular meetings ensured that the project
keep to the original requirements and objectives. Any suggested alterations
may be reviewed and deliberated before being implemented. In addition
to the hours outlined in the project plan, the developer will be required to
work additional hours to finalize the implementation and validation of all
features.
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Probability: High.

Impact: Medium.

R3 - Complexity of Electroencephalogram (EEG) data processing algorithms

ID: 3

Description: This risk presents difficulties that may arise when integrating
external libraries, such as PyWavelets and scikit-learn, into the project to
replicate EPILAB algorithms. Integration challenges could result in delays
or unexpected issues.

Mitigation Strategy: The developer must invest time in extensive research,
know in depth EPILAB scripts, and thoroughly reviewed documentation
related to the external libraries.

Probability: Medium.

Impact: Medium.

R4 - Hardware limitations affecting performance

ID: 4

Description: This risk concerns potential hardware limitations that could
affect the performance of the web application. Inadequate hardware re-
sources may lead to slow processing or decreased system responsiveness.

Mitigation Strategy: To address this risk, the developer must focus on opti-
mizing code to minimize resource-intensive operations. Additionally, Cen-
tre for Informatics and Systems of the University of Coimbra (CISUC) Lab
provides hardware to overcome this possibility.

Probability: Low.

Impact: Low.

R5 - Size of work too ambitious

ID: 5
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* Description: There is a possibility that the project’s goals may be too ambi-
tious, causing difficulties in efficiently managing and completing all planned
tasks within the given resources and deadline. An exceedingly ambitious
project scope can burden available resources, affect the quality of work, and
delay the project’s completion.

* Mitigation Strategy: Prioritisation of identified requirements is necessary
to understand which ones should be implemented. If it is not feasible to
complete all functionalities within the available time, requirements priori-
ties need to be redefined.

* Probability: High.
¢ Impact: High.
To aid comprehension and see the risks associated with the project develop-

ment more clearly, Table 4.1 gives a summary of the probability and impact of
each risk.

Probability

Impact Low Medium | High

Low
Medium

High |

Table 4.1: Risks classification.
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Requirements Analysis

This chapter sets the first step for EPIWEB implementation by examining its
requirements and functionalities. By analyzing its actors, functional and non-
functional needs, and User Interface (UI) visuals, it is created a comprehensive
plan for constructing a strong and user-oriented application.

The Requirements chapter serves as a link between user expectations and
technical implementation. These requirements were defined and identified based
on meetings with the project advisors, to address the product’s needs, not forget-
ting the previous EPILAB solution. Through prioritized requirements and func-
tional User Stories, the objective is to ensure a valuable user experience. In ad-
dition to core functionalities, this chapter explores broader aspects such as non-
functional attributes like usability, performance, and security. Sketches also pro-
vide a visual preview of user interactions. This exploration establishes the frame-
work for architecture design and implementation, as well as guidelines that must
be adhered to during EPIWEB implementation. This aligns with our mission to
create an advanced tool for the epilepsy field.

This chapter is organised into three sections. Section 5.1 identifies the actors
involved in the application. Section 5.2 presents the User Stories developed to
specify the functional requirements Sections 5.3 and 5.4 provide explanations of
the functional and non-functional requirements. Finally, section 5.4 outlines a
low-level prototyping process using sketches.

5.1 Actors

In this phase, EPIWEB aims to serve a limited number of user groups, with
straightforward needs and roles within the platform. Knowing these actors is im-
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portant in planning EPIWEB’s functionalities to suit their specific requirements.

Authenticated Users

Authenticated users are a primary group that may include enthusiasts, researchers
and analysts who use EPIWEB to access advanced tools and functionalities. This
group has the power to create accounts, sign in and contribute to the platform’s
data processing and analysis activities. Their roles encompass:

¢ Creating and managing classification models.

Uploading and processing EEG data.

Accessing detailed predictions and analyses.

Exploring visual representations of results.

¢ Leveraging advanced features for research and diagnosis.

Non-authenticated Users

Non-authenticated users constitute individuals who interact with EPIWEB’s public-
facing features before creating an account. This user group includes:

¢ Individuals seeking information about epileptic seizures and prediction.
* Those exploring the platform’s functionalities before deciding to register.

¢ Participants interested in understanding the scope and benefits of EPIWEB.

5.2 User Stories and Functional Requirements

In requirements gathering, User Stories can be a key strategy. This methodology
prioritises the end user by presenting a concise description of product features
from their perspective.

A widely used approach for gathering requirements is the formulation of User
Stories. This approach gives highest importance to considering the viewpoint of
the consumer. A User Story (US) comprises a concise, informal narrative of fea-
tures, crafted to show the perspective of the user and how they engage with the
product [Rehkopf, 2022]. These stories enable the extraction of the value added
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to the user experience when executing specific tasks. The structure of a typical
US follows this pattern:

"As [type of user], I want [intention], for [purpose]."

This structured approach to requirement gathering enhances communication,
prioritization, and clarity in the project development.

During the start of the project, meetings with the advisors were hold to discuss
the platform’s desired features. One of the main objectives is to reproduce the
EPILAB toolbox’s functionalities in the web application realm. Therefore, several
User Stories have taken inspiration from the way EPILAB presents its interface
and script results. These align with the initial prerequisites discussed with thesis
advisors.

The functional requirements were created from the User Stories developed
and presented.

The full list of User Stories that have been developed can be found in Ap-
pendix A. Next, some examples of User Stories are presented to explain their
importance and structure, together with the corresponding functional require-
ments.

5.2.1 User Stories Examples

Epic Story 1: Authentication

As a user, i want to sign in to EPIWEB, to have access to its functionalities.

US-01: Landing Page

As an non-authenticated user, I want to see a welcoming and informative home
page to provide me an overview of the platform’s capabilities and features and
the possibility to sign in.

US-02: Login

As an non-authenticated user of EPIWEB, I want to be able to log in to the plat-
form securely so that I can access and use the platform’s features. I want to enter
the fields like username and password so that my identity is validated when ac-
cessing the platform.
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US-03: Register

As an non-authenticated user, I want to recover my password by providing my
registered email address. Upon submitting the email, I should receive a password
reset email containing a secure link. Clicking the link will allow me to set a new
password, ensuring that I can access my account. For that i need to introduce

personal information like my email.

US-04: Create an Account

As an non-authenticated user, I want to create an EPIWEB account by providing
my personal information and selecting a username and password. This will en-
able me to access the platform’s features and contribute to epilepsy research. For
thatineed to introduce personal information like email, username and password.

US-05: Log out

As an authenticated user, I want the ability to log out of my EPIWEB account
when I'm done using the platform to ensure the security of my account and data.

5.2.2 Functional Requirements

This section presents EPIWEB’s functional requirements. These requirements are
prioritised using the MoSCoW method, which stands for Must, Should, Could,
Won't Have [Agile Business Consortium, 2022]. This prioritisation approach has
been chosen to help determine which requirements are essential for implementa-
tion during the placement. Given the limited duration of this EPIWEB implemen-
tation phase, it may not be possible to address all the requirements identified. The
MoSCoW methodology was chosen for its effectiveness in categorising and man-
aging requirement priorities at four levels, as described below [Agile Business
Consortium, 2022]:

* Must Have (M): considering the situation where a requirement isn’t met.
If implementing a solution without meeting this requirement would result
in project cancellation, it qualifies as a Must Have requirement. However,
if there is a workable solution, even if it’s challenging and requires manual
input, it falls under the Should Have or Could Have requirements.

¢ Should Have (S): requirements that are significant, but not essential, may
cause inconvenience when omitted. However, the solution remains viable
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by implementing workarounds, such as managing expectations, temporary
inefficiencies or using existing solutions. Should Have requirements can be
distinguished from Could Have requirements based on the level of incon-
venience caused by their absence, considering factors like the number of
affected individuals.

Could Have (C): requirements desired but of lower priority. Their omission
has a lesser impact compared to Should Have requirements. Could Have
requirements often serve as contingency options and may only be fully im-
plemented in an ideal situation. When confronted with difficulties or time
constraints, they are typically postponed or eliminated.

Won’t Have (W): requirements that are deliberately excluded from the cur-
rent project scope. They are documented to define the boundaries of the
project and prevent their unintentional unintended inclusion later. This
ensures realistic expectations and focuses attention on the higher priority
Could Have, Should Have and especially Must Have requirements.

The following table 5.1 lists the functional requirements that were derived

from the User Stories. Each row (representing a requirement) contains various

tields, each in a separate column. These fields include an identifier for the re-

quirement, the associated actor, its priority level, and any dependencies on other

requirements if relevant.
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ID Name Priority Dependencies
RF-01 Landing Page Must

RF-02 User Authentication Must

RF-03 Password Recovery Won't  RF-02
RF-04 User Registration Must

RF-05 User Sign Out Must RF-02
RF-06 User Personal Home Page Must

RF-07 Studies Processing Queue Information Must

RF-08 Notifications for Study Updates Must

RF-09 Recent Studies Table Could

RF-10 Load Raw Data Must

RF-11 Access Raw Data Must RF-10
RF-12 Manage a Specific Raw Data Must RF-11
RF-13 Visualize Graphically Raw Data Must RF-11
RF-14 Filter Channels on Graphic Visualization Must RF-13
RF-15 Analyze Average Plot Must RF-13
RF-16 Analyze Subtraction Plots Must RF-13
RF-17 Change Window Size of Visualization Must RF-13
RF-18 Jump to Specific Time Must RF-13
RF-19 Jump to Specific Event Must RF-13
RF-20 Real-Time Filtering Must RF-13
RF-21 Share Raw Data Must RF-11
RF-22 Comment on Raw Data Must RF-11
RF-23 Access to Studies Must

RF-24 Manage a Specific Study Must RF-23
RF-25 Comment on a Study Must RF-23
RF-26 Share a Study Must RF-23
RF-27 Create a Feature Extraction Study Must

RF-28 Visualize Graphically in a Feature Extraction Must RF-23
RF-29 Filter Graphs by Features in a Feature Extraction Could  RF-28
RF-30 Change Window Size in a Feature Extraction Study Should RF-28
RF-31 Jump to Specific Time in a Feature Extraction Study Should RF-28
RF-32 Jump to Specific Event in a Feature Extraction Study Should RF-28
RF-33 Edit a Feature Extraction Study Should RF-27
RF-34 Create a Feature Selection/Dimensionality Reduction Study Must

RF-35 Visualize Graphically in a Feature Selection/Dimensionality Reduction Study Won't RF-23
RF-36 Filter Graphs by Features in a Feature Selection/Dimensionality Reduction Study Should RF-35
RF-37 Change Window Size in a Feature Selection/Dimensionality Reduction Study Won't RF-35
RF-38 Jump to Specific Time in a Feature Selection/Dimensionality Reduction Study Won't  RF-35
RF-39 Jump to Specific Event in a Feature Selection/Dimensionality Reduction Study Won't RF-35

RF-40 Edit Feature Selection/Dimensionality Reduction Study Should RF-34
RF-41 Create a Classification Study Must

RF-42 Visualize Classification Study Graphs Won't  RF-23
RF-43 Change Window Size in a Classification Study Won’'t  RF-42
RF-44 Jump to Specific Time in a Classification Study Won't  RF-42

Table 5.1: List of functional requirements.

5.3 Non-functional Requirements

The non-functional requirements of EPIWEB comprise essential aspects that af-
fect the user experience, performance, and accessibility of the platform. While
the application is not yet in the production environment, focusing on these re-
quirements establishes a foundation for a good transition to a fully operational
state. Performance, usability, security are some examples of non functional re-

quirements.

EPIWEB places a strong emphasis on usability, with a focus on providing an
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intuitive and user-friendly interface. The design principles used intend to reduce
the difficulty in learning for users and improve usability in general, serving both
experienced and new users, in contrast to the previous tool, EPILAB. By adhering
to established web design guidelines, EPIWEB ensures that users can navigate
through its functionalities with ease.

Although EPIWEB is not yet deployed for public use, performance consider-
ations have been an essential aspect of the platform’s design. The system archi-
tecture is optimized to handle tasks, process and visualize data, and handle user
interactions efficiently. These performance features contribute to a smooth user
experience and facilitate effective platform scalability.

Even at this stage of development, ensuring security is extremely important.
EPIWEB recognises the sensitivity of EEG data and is dedicated to maintaining
rigorous security procedures. Access controls and user authentication mecha-
nisms need to be implemented in order to protect user data and ensure that only
authorised individuals have access to the platform. During the development en-
vironment, measures must be taken to maintain the privacy of EEG signals and
related data.

5.4 User Interface

During the transition of EPILAB’s functionality to a web platform, initial Ul
sketches were developed based on requirements extracted from User Stories.
These sketches served as a starting point, using EPILAB’s existing screens as a
basis for further development. While these screens provided valuable insights,
adaptations were made to suit the web environment and modern user expecta-
tions. Due to the solo development nature of the project and the lack of a formal
design approval process, the designs were not subjected to traditional review and
validation. However, they played an important role in discussions with advisors
and helped to communicate the conceptual translation of EPILAB’s functionali-
ties into a web-based interface.

These sketches, although not as complete as formal mockups, provided a first
look of the potential structure and functionality of the web platform. They acted
as reference points during iterations with the advisors, facilitating constructive
feedback and refinement discussions (development methodology will be detailed
further in the chapter 8). While sketches lacked comprehensive detail, their pur-
pose was to facilitate communication and collaboration by providing a tangi-
ble representation of the basic aspects of the Ul. The aim was not to achieve
pixel-perfect precision, but rather to establish a foundation for subsequent de-
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sign iterations. The images of these initial sketches serve as valuable documen-
tation resources [Nick Badich, 2020]. The developed sketches may not contain
attributes that will be present in the final application, being subject to improve-
ments. Therefore, the following subsections present figures that showcase the
developed sketches.

5.4.1 Authentication

Upon accessing the application’s landing page, users should encounter essential
information such as platform description and features. This page also serves as
the entry point for user authentication. Illustrated in figure 5.1 is a sketch for the
user authentication interface. Once users attempt to log in, they are presented
with this interface, requiring them to input their associated email and password.
In cases of incorrect credentials, the user is promptly notified of the error.

Figure 5.1: EPIWEB - Authentication page sketch.

5.4.2 Home Page

Upon logging in, users who have been authenticated are taken to their home page
which replicates the functionalities of EPILAB (figure 5.2). This page provides
different choices, such as the ability to access the list of raw data and completed
studies. Additionally, users can create new studies or upload additional raw data
by clicking the respective buttons located directly on this interface.
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Figure 5.2: EPILAB - Main GUL

5.4.3 Raw Data

On the patient listing page (raw data), users should be able to access key in-
formation from a selected patient, such as their ID, the number of related files,
EEG channels, registration period, start and end dates, and sampling frequency,
depicted in the sketch on figure 5.3. Nonetheless, users should also be able to in-
vestigate patient details further by accessing to a dedicated patient page, similar
to the functionality observed in EPILAB, as demonstrated in the figure 5.4.
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Figure 5.3: EPIWEB - Raw data fast de-
tails on list page sketch.

Within the same patient page, users should have access to the raw data, grant-
ing them with the ability to analyse specific channels of interest using real-time
filtering capabilities. Within the same patient page, users should have access
to the raw data, granting them with the ability to analyse specific channels of
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interest using real-time filtering capabilities. The viewing page will mirror the
functionality in EPILAB and enable the customisation of window dimensions.
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Figure 5.6: EPILAB - Raw data visualiza-
tion.
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Figure 5.5: EPIWEB - Raw data visual-
ization sketch.

5.4.4 Studies

Regarding studies, their presentation in the listing should mirror the structure of
raw data, eliminating the need for a separate sketch.

For study creation, the provided sketches, represented by figures 5.7 and 5.9,
draw inspiration from EPILAB’s approach (figures 5.8 and 5.10), incorporating el-

ements such as an informative dataset section relevant to the study and a graph-
ical analysis preview.
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Figure 5.7: EPIWEB
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page sketch.
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Figure 5.9: EPIWEB - Features selection

study creation page sketch. Figure 5.10: EPILAB - Feature selection

study creation page GUI.

EPIWEB is tasked with the responsibility of providing dedicated information
pages for each study, accessible through the listing page. In pursuit of this ob-
jective, the sketch from figure 5.11 was drawn. Drawing inspiration from the
architecture of EPILAB, these study information pages should encompass vari-
ous elements. These include segments dedicated to essential study information,
such as creation date and the user who created it, alongside study-specific op-
tions like feature extraction settings. Additionally, the page design incorporates a
comments section, allowing collaborative discussion among researchers, and an
intuitive button for graphical visualization. Furthermore, users must also access
information on other studies that have derived from this specific one.

It is also noteworthy that the visualization page mirrors the design of the raw
data visualization page, thereby ensuring a consistent user experience.
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Figure 5.11: EPIWEB - Extraction study
information page sketch. Figure 5.12: EPILAB - Feature extraction

study information page GUL

41






Chapter 6
Technologies

To successfully implement EPIWEB, it is crucial to choose appropriate backend
and frontend technologies while considering both functional and non-functional
requirements of the system. Although the system implementation technology can
be chosen freely, it is crucial to make informed and justified selections. Therefore,
a brief overview of the most common technologies in this field is valuable as it
helps to make optimal decisions for the project’s success.

In Section 6.1, it is presented some backend technologies, explaining briefly
their advantages and disadvantages. Similarly, Section 6.2 thoroughly evaluates
the frontend technologies, emphasizing their benefits and limitations. Taken to-
gether, these sections demonstrate the approach that was adopted to ensure that
the chosen technologies are in complete alignment with the goals and require-
ments of EPIWEB.

6.1 Backend

The EPIWEB platform’s backend is responsible for processing data, running al-
gorithms and facilitating communication between the User Interface (UI) and the
data infrastructure. By using a range of technologies, EPIWEB manages data ef-
fectively, seamlessly integrates systems and carries out EPILAB algorithms.

6.1.1 Integration of EPILAB Scripts

EPIWEB effortlessly translates EPILAB algorithms, previously only accessible
through MATLAB. Unlike other project phases, this integration presents a fun-
damental data science problem. It comprises the complex task of combining data
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from different datasets, analysing it, visually expressing its importance, and de-
veloping machine learning algorithms. The decision of the most appropriate pro-
gramming language for this task is of utmost importance, given the project’s spe-
cific objectives and the developer’s level of expertise [Rice University].

Python

Python, known for its adaptability and extensive ecosystem, must assume a sig-
nificant role in the EPIWEB backend. Emerging as the leader in programming
language popularity rankings [TIOBE, 2023], Python is an open-source and ver-
satile programming language, that extends its applicability not only to the data
science field but also across other domains. The versatility of Python is truly
remarkable, being widely used for data science tasks. This is predominantly at-
tributed to its robust library ecosystem. Backed by a vast community of users,
Python offers a wide range of reliable packages that allow various operations
such as data pre-processing, visualization, statistical analysis, and intricate de-
ployment of machine learning and deep learning models [Rice University].

Libraries like NumPy allow for efficient numerical computations, whereas
SciPy offers resources for scientific and technical computing. Furthermore, scikit-
learn improves the machine learning capabilities of EPIWEB with its provision of
algorithms for regression and classification, among other things. Another crucial
library within this field is TensorFlow [Javier Canales Luna, 2023].

6.1.2 Backend Frameworks

EPIWEB's back-end architecture is supported by robust frameworks that simplify
development, facilitate structured organisation, and handle Hypertext Transfer
Protocol (HTTP) requests with efficiency. Different frameworks catering to vari-
ous preferences and needs are elucidated below.
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Backend Framework Repository Stars (GitHub archive)

Laravel 71,903
Django 67,941
Spring 64,405
Flask 59,137
Express JS 53,209
Nest JS 53,209
Ruby on Rails 52,913

Table 6.1: Backend frameworks usage on 2023 according to Statistics and Data.
From [Statistics & Data, 2023].

Flask

Flask is a micro web framework for Python which provides a minimalistic foun-
dation for creating web applications. It provides fine-grained control over com-
ponents enabling developers to construct applications customized to suit their
specific requirements. Flask’s core offers essentials such as routing and request
handling, while its modular approach facilitates smooth integration of third-party
libraries for database connectivity, authentication, and other functionalities. The
versatility of Flask renders it a prime option for projects that require bespoke so-
lutions and value resource efficiency.

Django

Django is a Python web framework with a high-level design and a comprehen-
sive suite of built-in functionalities. Its inclusive philosophy encompasses user
authentication, an Object Relational Mapping (ORM) for managing databases,
and a resilient administrative interface. Django’s Model-View-Template (MVT)
model is a helpful programming paradigm for creating applications, as it organ-
ises the various elements and their interactions. The framework enables swift de-
velopment while maintaining best practices, rendering it appropriate for projects
necessitating extensive features from the onset.

Express.js

Express.js, constructed on top of Nodejs, is favoured by JavaScript aficionados.
Its versatile and minimalistic design enables programmers to create web applica-
tions quickly. Express.js endorses middleware to deal with HTTP requests, which
has made it a widely-used option for constructing APIs and single-page applica-
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tions.

Spring

Spring, a Java-based framework, is well-suited for the enterprise environment. Its
modular design and wide-ranging features support the creation of durable, scal-
able, and easily maintainable applications. The Spring ecosystem incorporates
tools for multiple areas, such as data access, security, and integration.

Laravel

Laravel, a PHP web framework, prioritises developer convenience and elegant
syntax. It offers features such as routing, authentication, and ORM, streamlining
development. Laravel’s expressive syntax and built-in tools enhance developer
productivity.

6.1.3 Data Persistence

EPIWEB must use the PostgreSQL relational database management system to en-
sure strong data management and accuracy. PostgreSQL’s support for complex
data types, ACID-compliant transactions, and scalability make it an excellent op-
tion for storing Electroencephalogram (EEG) data, analytical results, and user-
related data.

6.2 Frontend

The Ul is how users access the EPIWEB platform, and it impacts their experience
and interaction. This section explores the technologies that could be used in the
EPIWEB frontend. It covers fundamental concepts, commonly used frameworks,
and visualization libraries that users can engage with.

The frontend of EPIWEB encapsulates the visual and interactive components
that users engage with. It facilitates the representation and manipulation of data,
empowering users to interact seamlessly with the platform’s functionalities.
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6.2.1 Fundamental Concepts

At the core of modern web development, HyperText Markup Language (HTML),
Cascading Style Sheets (CSS), and JavaScript collaborate to shape the structure,
design, and interactivity of web pages [Lindley].

HTML

HTML forms the foundation of web development by structuring content. It in-
cludes a set of elements, each represented by opening and closing tags enclosed
in angle brackets. HTML defines the structure and content of a web page, includ-
ing headings, paragraphs, links, images, lists, forms, and more. It also allows for
the inclusion of multimedia, hyperlinks, and metadata. Web browsers interpret
HTML documents to render web content for users to see [MDN Web Docs, 2021b;
W3C, 2021b].

CSS

CSS is essential for shaping a website’s visual appeal and layout, complementing
HTML by offering rules to control how HTML elements appear. It serves several
roles, empowering designers and developers to define colors, fonts, spacing, and
backgrounds for customization, reflecting brand identity and enhancing read-
ability. CSS also arranges elements on web pages, ensuring responsive designs
that adapt to diverse devices through techniques like Flexbox and CSS Grid, and
maintains consistent styling across a website by propagating changes efficiently
[MDN Web Docs, 2021a; W3C, 2021a].

JavaScript

JavaScript is a useful script language that helps to make the web more interactive
and functional, when combined with HTML and CSS. It enables user interaction,
such as detecting clicks and keyboard input, which leads to a better user expe-
rience. With JavaScript’s ability to modify the Document Object Model (DOM),
pages can be updated instantly without reloading. It helps talk to servers using
AJAX, bringing smooth data updates and easy interactions. JavaScript makes
animations, effects, and API integration possible, which creates numerous inter-
active features that direct user focus and enhance website attraction. Overall,
JavaScript is a key component of contemporary web development, supporting
developers to create immersive, responsive, and dynamic web platforms [MDN
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Web Docs, 2021c; W3Schools, 2021].

6.2.2 Data Visualization Libraries

Effective data visualization plays a crucial role in enabling users to comprehend
and analyze EEG data. EPIWEB could approach two prominent JavaScript li-

braries for interactive data visualization:.

Plotly.js

The Plotly.js charting library was created by Plotly Inc. [PlotlyInc.]. This open-
source tool is essential for data analysis suites and provides a diverse range of
visualisations. It includes an extensive selection of chart types, from common
options such as line and bar charts to more specific ones like histograms and
box plots. Notably, Plotly extends its range beyond Plotly.js and offers charting
libraries for Python and R, which are based on the underlying Plotly.js technol-
ogy. This integrated suite increases its usefulness across various programming
languages. If the requirements are in the field of data science, then Plotly.js is the
recommended library to utilize [Derflinger, 2021].

Chart.js

Chart,js is an open-source JavaScript charting library, which has been widely
adopted [Chartjs]. The library also offers diverse plugins, which can expand
its capabilities, ranging from streaming data to financial charts and crosshairs.
The adaptability of Chart.js is showcased by its inclusion of eight pre-configured
chart types, spanning basic choices such as bar and line charts, as well as more
complex ones like bubble charts, scatter charts, and polar charts.

6.2.3 Frontend Frameworks

To streamline front end development and enhance Ul design, a variety of frame-
works have emerged. React, Angular, and Vue.js are among the most widely
used frameworks, each offering unique advantages [StateOf]s]. React empha-
sizes component reusability, Angular’s declarative approach simplifies complex
Uls, and Vue js prioritizes simplicity and integration.
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Frontend Framework Usage (%)

React 82
Angular 49
Vue js 46
Svelte 21
Preact 13
Ember 8
Alpine.js 6
etc.

Table 6.2: Frontend frameworks usage on 2022 according to State of JS survey.
From [StateOf]s].

React

React, a JavaScript library developed by Facebook, excels in component-based ar-
chitecture. Components encapsulate specific UI elements and functionality, fos-
tering reusability and separation of concerns. This modular approach enhances
maintainability and facilitates collaboration among developers.

Angular

Angular, a full-fledged framework by Google, embraces a declarative style that
reduces the imperative code, making Ul development more straightforward. Its
two-way data binding and dependency injection mechanisms enhance efficiency
and facilitate real-time updates. Angular also supports TypeScript, enhancing
code maintainability and minimizing errors.

Vue.js

Vue js is a highly regarded frontend development framework known for its sim-
plicity and adaptability. It integrates with existing projects, making it accessible
for both smaller projects and teams with an uncomplicated learning curve. Vue.js
leverages a virtual DOM, ensuring faster performance compared to other frame-
works. Its strong emphasis on component reusability streamlines code develop-
ment and enhances its comprehensibility. While Vue.js documentation is concise
and well-structured, there’s also a supportive online community available to pro-
vide assistance when needed.
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Architecture

Architecture plays a crucial role in all projects as it delineates the system’s overall
framework and behaviour, encompassing its various components. This chapter
focuses on selecting the appropriate architectural approach for developing EPI-
WEB.

The initial stage is to select the project’s development technologies, as outlined
in section 7.1. Followed by this, section 7.2 covers the fundamental concepts relat-
ing to application architecture utilizing the chosen backend framework. Further
elaboration is provided in section 7.3, where the specific architecture type utilized
for EPIWEB's creation is established, based on the requirements presented. The
chosen architecture is then comprehensively explained through C4 model dia-
grams. Finally, Section 7.4 presents the Entity-Relationship diagram devised for
the project.

7.1 Technologies

As we mentioned in the Technologies chapter (chapter 6), the project can freely
choose the technology for development. However, this choice depends on ensur-
ing that the technologies chosen meet the project’s requirements. It was carefully
considered which options could best fulfill the specified requirements. Further-
more, it’s crucial to understand and become skilled in the technologies as this
knowledge greatly affects the effectiveness and efficiency of the implementation
procedure.
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Backend Technologies:

¢ Python and libraries for data processing - as already mentioned EPILAB’s
algorithms and scripts will be replicated in Python due to its great popular-
ity and community on data science.

* Django - Python-based framework, is an ideal choice for building the back-
end of the system. Its extensive range of third-party packages, well-documented
resources and vibrant community make it a superior option. Choosing
frameworks from different programming languages could potentially lead
to complications in terms of compatibility and coordination. Such a choice
could require additional resources to maintain and support different com-
ponents of the system, making Django the preferred and more efficient
choice (like it was done on the first prototype - see section 3.3).

Frontend Technologies:

e HTMLS5 - language used to build the platform’s web pages.

* JavaScript - high-level programming language, better known as a scripting
language for web pages.

* jQuery - JavaScript library that allows you to execute AJAX requests and
easily manipulate the Document Object Model (DOM) [jQuery].

¢ Plotly.js - open-source JavaScript library that allows the creation of interac-
tive graphics. This technology was used to generate all the graphics in the
platform.

¢ Tailwind CSS - open-source Cascading Style Sheets (CSS) framework. Un-
like other technologies such as Bootstrap, it works by scanning all your
HyperText Markup Language (HTML) files and then generates the corre-
sponding styles and writes them to a static CSS file [Tailwind CSS].

7.2 Model-View-Template (MVT)

Django follows the software architectural pattern MVT (see figure 7.1), which
aligns with the well-known Model-View-Controller (MVC) pattern. MVT pro-
vides a clear separation of concerns in web application development, making it
easier to manage and maintain complex projects.
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* The Model defines how the data is structured and interacts with the database
schema. It represents the database schema and data and can be defined
using Python classes through Django’s Object Relational Mapping (ORM)
layer. Working with databases without writing raw SQL queries is made
easier with this layer, which defines the structure of the database tables and
their relationships.

* The View is responsible for rendering data to the user. The View in Django
oversees the presentation of data to the user and controls the business logic.
Views handle user requests, process data from the Model, and determine
how to present that data. In Django, a view comprises a Python function
that accepts a web request and provides a web response. The views may
generate HTML templates, or they can return JSON data, or execute various
actions based on the request.

¢ The Template in Django is accountable for producing HTML and other out-
put formats. Templates permit defining the outline and arrangement of the
user interface. The template language of Django facilitates the dynamic ad-
dition of data from the Model into the HTML document, thereby rendering
the generation of dynamic and data-controlled web pages effortless. Tem-
plates are not relevant in the context of a frontend framework like React. As
this project is not using any frontend framework, templates have their due
significance.

In the context of the MVC pattern, the View determines the data shown to
users, not its visual style. In Django, a View is a Python function linked to a
specific URL, defining what data to display. Templates handle how data appears
visually. The controller role is primarily managed by Django’s framework, di-
recting requests to the appropriate view based on URL configuration [Django
Documentation, 2021].

The MVT procedure [Sara Bastian, 2021] can be demonstrated through the
following step-by-step analysis:

1. user sends a URL request for a particular resource through Django;
2. Django framework searches for the appropriate URL resource;
3. if the URL path matches a View, that View is triggered;

4. the View interacts with the Model, retrieving the required data from the
database;
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5. subsequently, the View generates an appropriate template, integrating the
obtained data, and displays it to the user.

URL Dispatch \ Database

\ »

Views ™
\1

¢ g Template l
Loader

Django Website

Template Files

Figure 7.1: Django Architecture seen as MVT. From [Pinkham, 2016].

7.3 C4 Model

The C4 model [C4 Model] presents a hierarchical series of diagrams that display
different levels of abstraction in a software system. These diagrams provide vari-
ous viewpoints and aid comprehension of the system’s architecture, allowing the
development team to view different levels of detail. The model comprises four
levels. Figure 7.2 presents examples of these different C4 model levels, highlight-
ing the increasing depth of information provided for each part of the system as
you move from top to bottom.

The Context diagram (Level 1) reveals the integration of the software system
with its environment, highlighting its interaction with users and external sys-

tems.

The Container diagram (Level 2) expands the system to display its constituent
containers, such as applications, microservices, and databases.

The Component diagram (Level 3) explores individual containers in detail,
exposing their components and interactions both internally and externally.

Finally, the Code diagram (Level 4) delves into the code level specifics. Exam-
ine the code implementation of each component in great detail, with a focus on
the finest level.
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The C4 model for visualising
] software architecture
B=

c4model.com

= =
=
— - — Zoomin
= = —
Level 1 Level 2 Level 3 Level 4
Context Containers Components Code

Figure 7.2: Enter Caption. From [C4 Model].

Subsequently, the EPIWEB architecture will be depicted using the various C4
model diagram levels.

Context Diagram

In figure 7.4, the context diagram illustrates EPIWEB’s interactions with several
external systems, all of which are libraries designed for specific technological
functions. Two frontend libraries, Plotly.js and Tailwind CSS, contribute to im-
proving the user experience by providing dynamic data visualisation and styling,
respectively. As explained in chapter 1 Introduction, EPIWEB functions as a web
platform for developing classification models that predict and detect epileptic
seizures. This requires connection to several Python libraries that play essen-
tial roles. Numpy permits algebraic calculations, whereas pandas enables effi-
cient dataset manipulation. For feature extraction like wavelet coefficients, the
pywavelets library is used. Moreover, sci-kit learn offers tools for constructing
machine learning models, and TensorFlow facilitates the creation of deep learn-
ing models.

EPIWEB's interactions extend beyond technological libraries to include two
primary actors. The first is an unauthenticated user primarily engaged in access-
ing platform presentations and information without contributing content. The
second actor is an authenticated user who has greater capabilities. This user can
not only analyze information, but also create, modify and delete content within
the system.
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General User

Researcher
[Person]

[Person]

Visualizes data available for non-authenticated users. Analyses patient data to build classification models.

Tailwind CSS
[Software System]

CSS framework.
Provides styles.

EPIWEB System
[Software System]

Platform for detecting and predicting seizures.

Plotly.js
[Software System]

JavaScript charting library.

Provides functions for linear algebra.  Provides functions to exploting and manipulating data. _ provides functions to wavelets transforms. Provides classification algorithms. Provides tools for training deep neural networks.

NumPy
[Software System]

pandas
[Software System]

PyWavelets scikit-learn TensorFlow
[Software System] [Software System] [Software System]

Python library used for working with arrays.

Python library used for working with data sets. Python library for wavelet transforms Python machine learning library. Python machine leamning library.

Figure 7.3: Context diagram.

Container Diagram

In figure 7.4, the container diagram presents a comprehensive breakdown of the
software system’s architecture.

Communication within the system centres around HTTP requests, facilitated
by request and response objects which propagate state throughout the architec-
ture. This exchange occurs between the frontend, responsible for the user inter-
face (HTML/CSS/JS), and the backend structured according to the Django MVT
architecture. In this construct, the backend acts as the core container, expertly
managing incoming requests from users. To successfully get this job done, the
backend container is fitted with a range of functionalities, detailed shown in fig-
ure 7.6. These functionalities manage the handling of data that is stored in a
PostgreSQL relational database, in order to obtain the necessary information.

Component Diagram

Figure 7.5 presents the component diagram, providing a comprehensive under-
standing of how the backend container operates, while figure 7.6 explores the
details of the components which make up the container’s features.

One more time, it is worth noting that the diagram highlights two distinct user
categories: the "Researcher” user, who has full access to the set array of platform
functionalities, and the end user, who is granted access to a web page to create
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General User

Researcher
[Person]

[Person]
tribu

Visualizes data available for non-authenticated users. Analyses patient data to build classification models.

—————————————————————————————————————————————————————————————————————————————

EPIWEB Frontend

[Container: HTML/CSS/JavaScript] Tailwind CSS

Provides styles. (B S

Client-side web application. Allows users to

CSS framework.
manage and visualize system information.

Plotly.js

Provides charts) [Software System]
EPIWEB Backend JavaScript charting library.
[Container: Django/Python]

EPIWEB Database

[Container: PostgreSQL]
Manages and processes all system data,
Stores all patient information, results, users and including reading and writing to the database.

other relevant data.

EPIWEB SYSTEM

[Software System]

Provides functions for linear algebra. Provides functions to exploring and manipulating data.  Provides functions to wavelets transforms.

Provides classification algorithms. Provides tools for training deep neural net

NumPy scikit-learn TensorFlow

[Software System]

pandas
[Software System]

PyWavelets
[Software System]

[Software System] [Software System]

Python library used for working with arrays. Python library used for working with data sets. Python library for wavelet transforms

Python machine learning library. Python machine learning library.

Figure 7.4: Containers diagram.

a personal account. Therefor, Authentication component is crucial for the proper
functioning of the system. It guarantees that requests are accepted and correctly
processed within the application. Using Django’s built-in features, a specific Au-
thentication component is created. This integral component effectively manages
user authentication by overseeing user accounts, groups, permissions, and user
sessions that are cookie-based. The Authentication component facilitates user au-
thentication and verification, utilizing tokens within each request. This process
ensures that authenticated users can proceed with their Hypertext Transfer Pro-
tocol (HTTP) requests. Upon successful authentication, user HTTP requests are
can be sent to Core component that comply with the requirements set out for the
project.

The Data Management component takes on a pivotal role, serving as an in-
termediary through which other components interact with the database. This in-
teraction includes both reading and writing operations. With Django’s database-
abstraction API, the Data Management component enables the creation, retrieval,
updating, and deletion of objects within the database, effectively encapsulating
the interaction with data storage.
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General User

Researcher
[Person] .

[Person]
er without contribution:
account

PIWEB Frontend

[Container: HTML/CSS/JavaScript]

Client-side web application. Allows users to
manage and visualize system information.

Authentication system
[Component: Django]

Allows users to perform authentication, by
creating a token to access application
functionalities.

Core Component
[Component: Django/Python]

Set of functionalities composing the system,
which guarantee the implementation of all
requirements.

Data Management
EPIWEB Database [Component: Django]

[Container: PostgreSQL]

'
Data reading/writting

responsible for reading and writing to the
Stores all patient information, results, users and database. Implements ORM.
other relevant dat

EPIWEB Backend
[Container]

NumPy [:ELLERS PyWavelets scikit-learn TensorFlow
[Software System] [Software System] [Software System] [Software System] [Software System]

Python library u d for working with df thon libr: vavelet transforms Python machine leamning library Python machine leaming library

Figure 7.5: Components diagram.
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[Component: Django] Manage Patient Data

[Component: Django] system
[Component: Diango/Python]
Allows users to perform authentication, by
creating a token to access application Allows users to create, edit and st studies. e L e B T AT
functonalites for a given study.

Scientific module
[Component: Python]

Manage processing queue.
[Comy

Manage notification s]ystem iponent: Python]

[Component: Django}

Responsible to execute all actions about pre-
processing, feature extraction, feature selection,
dimensionality reduction, classification and post-
processing.

Responsible for managing the study processing

Responsible to send nofifications o users. e R

Data
EPIWEB Database Data readinglwritting [Component: Django]
[Container: PostgreSQL]
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Stores all patient information, result, users and database. Implements ORM.
ofher relevant data.

EPIWEB Backend

[Container]

TensorFlow
[Software System]

NumPy pandas PyWavelets St -learn
[Software System] [Software System] [Software System] [Software System]

Python machine learning librar

Python libary used for working with arrays hon library used for working with data sets Python librar 2 fthon machine learing librar

Figure 7.6: Components diagram for Core component.
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7.4 Entity-Relationship Diagram

The Entity-Relationship (E-R) Diagram provides a visual representation of the
database structure that provides EPIWEB’s functionalities. This section offers an
overview of the key entities, their significant attributes, and the relationships that
link them together.

Developing an E-R diagram is extremely useful for gaining insights into the
different entities within the problem domain and their interconnections. Addi-
tionally, it provides a comprehensive view of each entity’s attributes, which clar-
ifies the data that should be stored in the system’s databases.

The E-R diagrams in this study were created using the ONDA tool (Online
Database Architect) [ONDA - Online Database Architect, 2022] from Department
of Informatics Engineering (DEI). This tool facilitates the creation of the database’s
conceptual model and automatically generates the physical diagram. The gener-
ated physical diagram offers insights into foreign keys and auxiliary tables re-
quired for a comprehensive database structure (see figure 7.8). The E-R model
from the figure 7.7 delineates distinct entities and clarifies their relationships
within the system, contributing to a deeper understanding of the system’s data
architecture.

With the E-R diagram we can distinguish the following entities and how they
relate to each other in the system:

* Patient: This entity represents a patient (raw data) uploaded by users into
the system. It relates to other entities such as:

— Information: responsible for storing information from each set of data
relating to a patient.

— Event: responsible for signaling in time the occurrence of a certain
event, such as epileptic seizures, for the given patient.

- Comment: responsible for saving notes/extra information on the pa-

tient entered by users.

* Client: This entity stores users who are registered on EPIWEB. It relates to
other entities such as:

— Comment: is the user who enters comments on studies or patients.

— Patient: the user is responsible for uploading the data set for a specific
patient to the system. Study: it is the user who creates a study.
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* Hasaccess: This entity intends to manage access to studies or patients for
users other than those who uploaded the data to the system or who created
the study. In this way; it relates to other entities as follows:

— Study: the study that wants to be shared.
— Client: identification of the user who will have access.
— Patient: the patient and their data that wish to be shared with other

users.

¢ Study: This entity represents a study created in EPIWEB and stores basic
information about it. It relates to other entities such as:
— Client: is the user responsible for creating the study.
- Patient: the study focuses on data from a single patient.

- Comment: responsible for saving notes/extra information in the study
introduced by users.

- Notification: responsible for saving study updates.
— Extraction: the study can be of the feature extraction type.

— Selection_Reduction: the study can be of the feature selection or di-
mensionality reduction type.

— Classification: the study can be a classification study.
¢ Selection_Reduction: intends to save feature selection or dimensionality

reduction studies carried out by EPIWEB users, with all parameters entered.
It relates to other entities such as:

— Extraction: feature selection is performed on the results obtained from
a feature extraction study.

¢ Classification: intends to save classification studies carried out by EPIWEB
users, with all parameters entered. It relates to other entities as follows:

— Extraction: classification can be based on features extracted from raw
data (patient).

— Selection_Reduction: classification can be based on a set of data with
previously selected features or with reduced dimensionality.

- Patient: classification can be based directly on raw data (e.g. Deep
Learning).

60



Architecture

‘werderp Ppow drysuoney-Amuy :/ / 9m3r]

Juda 2114E32D
JudA a114peal
Jyon sa1fgduzs
Jyon S3WRUISS
Jyon s1auLEyIU
JYDA 4030B1UDISI3ALOD 5 qo18 _u._wimum_u
4uon nv._mnzm.m welsL s ﬂuwm cadwmwnwww
JudA s310u=sy
BTy 53U011EIND S5302EsEY dueasy J0U338p
Juda 51do1s ny A uI joupl
FTa ) s331e3s
Bl aueua|Ly uo13e314130N
ny ¥d Ul ogupl
UO13BWIOIUT
a0y
Bl 11w Iﬁ
NN 4y pJomssed
NN NN dd  Juyda EN-ITNES 4 Jyon adiy
I|I._E|umpma..u. oA fio1da11p
s U1 o] 1008 pa321ducd
duelsy aujpecidn Jun ErET
ga (E2ERT duelsy fpnisagep
£ e 1edp1 Aq ny Hd wur fpnispy
Juat3ed \o./\ T
ue e
uo
JIJOA NN Jysn JUSIU0D
NN dueyst F}Epaull
ny ad I uoopL
JUBLLOY
Jyon 311451437
i s3101sh5807%3
Judn eipleafyzel
JUdA pipledfpelg
JUIA f1o3sfise noge
Jyoa sfesop wou
o JUSWE TP
i aouey1fin
JyIA U011ED111S5E1Y
YA uwiaiyed
JUI 2357335407011 due3lsy uolsi3n wouy SIS, due1sL uo1slan
dwe3st 13524070112 e = W.Q\ /O*. = e
JUI 335 3135440 D32 1074 ds a0 s
duelsy 3850 Baa 38014 55 JuoA dajsmopuis
Jul  23s 3IsU0TULLD 1014 ady due 1 Jwon e O
= 351 [ ENER puUL
due3sy 335U UL Juzn sue11dopaylau n suo13dopoygau Jun suo13dosazlid
d S = pmmcolwww A pouisu Juon poylau Juon 131114
We3SL 13su0” 633 3 sqeal A e cianaees
aa ELLES ELTaTY 5183 v L Y
ny ¥ U EUETELY UG13EILILSSEYD uo13oeI3xT
JuaAl

wouy

Kﬂﬂle

61



Chapter 7

from

mn_.unn‘..oslnon_y

extraction classification Mum<m:ﬁ AU
ype
channels vchr feats vehr feats vchr eeg_onset
Filter vchr i Chy method wenr eeg_onset_sec
filteroptions  vchr methodoptions  VChr methodoptions  VChr clin_onset
windowsize vchr version Tstamp fpr Float clin_onset_sec
windowstep vchr study_idstudy Int EEREE 55 Float eeg_offset
feats vechr extraction stud..Int [t sp Float eeg_offset_sec
featsoptions VChr f2 Float clin_offset
version Tstamp version Tstamp clin_offset_sec
study_idstudy Int PK FK study_idstudy Int PK FK pattern
‘/m\m\_mn-m patient_idpat Int FK classification
ﬂ_.o_._._\ extractien_stud..Int FK from vigilance
selection_reduc. _Int FE medicament
dosage
asystoly
bradycardia
tachycardia
extrasysteles_
evisfile
patient_idpat FE NN
comment
idcom Int PK Al
timedate Tstamp NN
content vChr NH
patient_idpat Int FK —
on——"| client_username vChr FK NN on
study study_idstudy Int FK patient
idstudy Int oK AU by idpat nt oK
datestudy Tstanp * idrecord nt
name vchr uploadtime Tstamp
completed Bool ——created_by client A:_u_omumn_\g.__ client_username VChr FK NN
directory vehr ..Irv
type vchr username VChr PE NN UN
patient_idpat Int FE NN password vchr NN
client_username vChr FE NN email vChr
“ information
_ idinfe Int PK AU
Z= = filename wehr
notification startts vchr
dnot wmt e AU SEiE ety
durationts wchr
datenot T5tamy
consured Bool ’ hiesaccess e 9L e”n:_.
description uchr since TStamp sanpfreq e.n:ﬂ
datatield gL08 patient_idpat nt BK FK conversionfactor e.D.__.
study idstudy  Int i study_idstudy  Int PKFK nchannels vehr
client_username VChr PK FK elecnanes vehr
sampbytes vchr
headfile WChr
datafile wehr
patient_1idpat Int FE NN

Figure 7.8: Physical model diagram.

62



Chapter 8
Development

The implementation phase of the EPIWEB project encompasses a range of steps,
activities and challenges. Firstly, section 8.1 will delve into an analysis of se-
lect implementations and practices, with a particular emphasis on the Django
framework’s role in ensuring robust security and privacy measures throughout
the development process. Section 8.2 will explore the challenges encountered
during the development journey, contextualizing them within the initial plan-
ning. Lastly, a presentation and demonstration of the fully developed platform,
EPIWEB, in its final state, in section 8.3. It provides an overview of the main
features, functionalities and user interface of the platform

8.1 Important Practices

To ensure secure access to the server and protect data privacy, certain effective
practices were employed using Python and Django. As discussed in section 7.2,
the system follows an Model-View-Template (MVT) model where Views mediate
between Templates and Models, responding to Template events and processing
requests by interacting with the Model component. Basically, the View handles
the system’s logic for processing server requests. To maintain data confidential-
ity and privacy within these views, specifically making sure that only authorized
users can access the server and its data, decorators were utilized [Django]. This
means that if an unauthenticated user attempts a request, they will be redirected
to the landing page for authentication. This approach effectively prevents non-
authenticated users from accessing information related to existing studies or reg-
istered patients in the database. An example where a decorator is used is shown
in the code block 8.1 line 1.
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@login_required (login_url=’landing’)
def index(request):
userstudies = Study.objects.filter (user=request.user)

patients = Patient.objects.filter (user=request.user)

userstudies’: userstudies,

1
2
3
4
5 return render (request, ’app/home.html’, {
6
7 ’patients’: patients,

8

b

Listing 8.1: A EPIWEB View portion with a login required decorator -
authentication verification.

Below is another example of a decorator, code block 8.2 line 1. This deco-
rator verifies whether there is an logedin user in the current session. Only in
this scenario the access to the login page be granted. Allowing a user who is
already logged in to access this page would be illogical. Similar decorators are
employed, often used to verify IDs when accessing specific information. This
approach ensures both security and reliability, while also avoiding unnecessary
code repetition.

QunauthenticatedUser
def loginUser (request):

form = CustomUserCreationForm ()

1

2

3

4 context = {’form’: form}

5 if request.method == ’POST’:
6
7

return render (request, ’app/login.html’, context)

Listing 8.2: A EPIWEB View with a unauthenticated user is required decorator -

nonauthentication verification.

In order to authenticate each request made to the server, Django employs ses-
sions and middleware to integrate the authentication system into request objects.
This enables the availability of a request.user attribute within every request, rep-
resenting the current user’s identity.

To enhance overall security, additional middleware components are config-
ured within the project. A noteworthy middleware, the CsrfViewMiddleware,
plays a pivotal role in protecting against Cross-Site Request Forgery (CSRF) at-
tacks. Such attacks occur when a malicious website attempts to carry out actions
on your website using the credentials of an authenticated user who visits the ma-
licious site. To prevent this, it is crucial to set up the X-CSRFToken header for
all forms in Django templates and AJAX requests. Examples of this practice are
illustrated in code blocks 8.3 (line 2) and 8.4 (line 7). By following this approach,
the project adheres to the principle of ensuring secure methods, such as GET re-
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quests, are protected against any side effects, while enhancing the protection of

‘unsafe’ methods, including POST, PUT, and DELETE requests, against potential

CSREF vulnerabilities.

1 <form method="post" name="register">

2 {% csrf_token %}

3 {/% for field in form %}

4 <label class="text-white text-sm font-bold mb-2" for="{{ field.
auto_id }}">{{ field.label }}</label>

5 <br />

6 {{ field }}

7 {/% if field.label == "Password" %}<p class="text-white text-5xl
">{{ field.help_text }}</p>{% endif %}

8 <br />

9 {% endfor %}

10 <button type="submit"

11 formmethod="post"

12 class="mt-6 bg-zinc-700 hover:bg-zinc-800 text-white font
-bold py-2 px-4 rounded focus:outline-none focus:shadow-outline"
>

13 Submit

14 </button>

15 </form>

Listing 8.3: A EPIWEB Template form using CSRF tag.

1 const url = "{{ request.path }}";

2 $.ajax ({

3 url: url,

4 type: "POST",

5 data:{

6 ’patid’: patient,

7 >csrfmiddlewaretoken’: $(’input[name=csrfmiddlewaretoken]’)
.val ()

8 i

9 datatype:’json’,

10 success: function(data) {

11

12 Fe

13 1)

Listing 8.4: A EPIWEB Template script calling an AJAX request using the CSRF

token cookie.

Incorporating Django forms is recommended. Within Django’s Form class,

one of its core function involves scrutinizing and validating user-submitted data.

This approach enhances code organization. Code block 8.2, line 3, showcases a

declaration of one Django form class that is passed to the template as context,
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employed to scrutinize user authentication. Code block 8.3 depicts in line 3 a
declaration on the template.

Furthermore, great care was taken during development to prevent potential
vulnerabilities caused by SQL injection attacks. This was accomplished mainly
through using Django’s Object Relational Mapping (ORM), instead of raw SQL
queries. By following this approach, the project gains from the natural protection
against SQL injection afforded by Django’s ORM.

8.2 Challenges

Some challenges were faced throughout the implementation phase of the project.
The initial work plan and any resultant delays are important to explore them.
The complexity and goals, as well as the risks identified earlier, led to several
challenges that required careful management and adaptation.

In the section 4.3 (Methodology chapter), dedicated to the risk analysis carried
out before the development of the EPIWEB platform, several risks associated with
its implementation were identified. The most prevalent risks are now reviewed
taking in the account the experience and challenges encountered during the ac-
tual implementation process.

* R1 - Insufficient Familiarity with Tools and Technologies: This risk mani-
fested as the developer needed to become proficient in various web devel-
opment tools and technologies, including web frameworks and libraries.
The learning curve associated with these technologies led to slower devel-
opment progress. Efforts were invested in training and self-study to address
this challenge.

* R2 - Changes in project requirements: As the project progressed, there
were instances where project requirements evolved due to feedback from
advisors, new insights into epilepsy prediction, or changing user needs,
as expected. These changes impacted the project’s timeline and required
adjustments in the development approach. Regular meetings with project
advisors allowed for ongoing discussions and adaptations to changing re-
quirements. Prioritization of requirements and maintaining a flexible de-
velopment plan helped accommodate these changes without causing sig-
nificant delays.

* R3 - Complexity of Electroencephalogram (EEG) Data Processing: The
processing of EEG data, a crucial aspect of the project, proved to be more in-
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tricate than initially envisioned. Developing accurate algorithms for seizure
prediction required extensive testing, optimization, and fine-tuning. This
complexity resulted in delays in achieving the desired level of accuracy, and
a lot of EPILAB scripts were not developed.

* R5 - Size of Work Too Ambitious: The ambitious scope of the project,
which aimed to transition from the EPILAB toolbox to a comprehensive
web platform, presented challenges. Balancing the size of the work with
the resources available, particularly as a solo developer, was a recurring
issue. The vastness of the project’s scope contributed to overall delays.

It is worth noting that the solo development aspect of this work a significant
role in the challenges encountered. As the sole developer, the responsibility for
researching, designing, developing, testing and maintaining the entire system
rested with a single individual. This meant a greater learning curve, increased
workload and a potential bottleneck in addressing challenges in a timely manner.

In addition, the lack of a team to share tasks and responsibilities could have
contributed to delays in certain areas, particularly in tackling complex tasks such
as EEG data processing and algorithm development, resulting in longer develop-

ment times.

8.3 QOutcomes

In this section, a concise overview of the EPIWEB platform’s development will
be provided. All features can be accessed via the web browser and require a lo-
gin. To authenticate, user must click the Sign In button on the landing page as
displayed in the figure 8.1. Additionally, this page outlines the platform’s pur-
pose and functionalities for non-authenticated users. The figure 8.2 illustrates the
login page, which allows users to access their account by inputting their email
and password, provided they have already registered. Those who wish to cre-
ate a new EPIWEB account can do so by completing the required fields in the
registration section depicted in the figure 8.3.
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EPIWEB Home  Overview  Howkworks  Abot  Support

Web-based platform for
detecting and predicting
epileptic seizures.

Figure 8.1: EPIWEB - Landing page.

EPIWEB

Create a new Account

Figure 8.2: EPIWEB - Login page.

create
a
new

account

Figure 8.3: EPIWEB - Create a new account page.

As shown in the figure 8.4, after the session authentication, the user can access
their homepage. Initially, they can observe the current status of their submitted
studies. This allows them to determine whether any are still awaiting processing,
being processed, or have already been completed. In the same figure is presented
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a table that is available to display the user’s recent activity related to studies cre-
ated for easier access to each one, if desired. On this page, the user can access
the pages containing the data loaded into the system through dedicated buttons.
These pages list both raw data, that is, patient data, and studies that have already
been conducted.

Web-based platform for

detecting and predicting
epileptic seizures.

Hello admin,

Welcome to EPIWEB

Your Recent Activity

mmmmmmmmmm

o 0 0 3

mmmmmmmmmm

Figure 8.4: EPIWEB - User authenticated home page.

On the listing page, it is also possible to upload new data to the system using
the dedicated button. A form will appear, allowing you to import files (see figure
8.6). To manage a patient, select one from the list. When selected, a brief overview
will be displayed, including the number of channels that collected the signals, the
duration of the recording, and the sampling frequency, amongst other details. By
clicking on the See Details button, the user will be directed to the specific page of
that patient.
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EPIWEB amnl O Logout

& RawDsta | patients @ studes [ Classiication Models Resules

Patient ID Number of Files Channels Start Time
8902 174 FP1 FP2 F3 F4 €3 4 P3 P4 O1 02 F7 F8 T3 T4 TS T6 2003-04-09 14:37:18

2z Pz TI T2 RS -EOGI -EOG2 -EMG -ECG -PHO

End Time Total Duration sample Rate Number of Samples

2003-04-16 14:34:47 6days, 235729 256 154636032

See Details

Upload new Raw Data

Figure 8.5: EPIWEB - Patient raw data management page.

EPIWEB smnl O togout

Upload new Raw Data

Figure 8.6: EPIWEB - Patient raw data management page.

On the patient’s page, depicted in the figure 8.7, further information is fea-

tured in addition to the former details, including information about the events

that could take place during the specified timeframe, e.g. epileptic seizures. Ad-

ditionally, situated at the bottom of the page, a table is presented highlighting the

studies that have been conducted using this dataset, for fast access. Still on this

page, the user has the option of publishing comments, serving as notes for the

user or sharing experiences with other users who also have access to this dataset.

Additionally, the user can opt to conduct a feature extraction study.
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Figure 8.7: EPIWEB - Patient raw data information page.

Clicking the button to display the patient’s raw data graphically leads to the
page depicted in the figure 8.8a. Numerous options are available on this page
that the user can utilize to analyze the signals in the most optimal manner. The
window size can be adjusted to seconds, hours, or days, and it is possible to
navigate to a specific date and time of the signals. In real-time, the user can
perform filtering by defining parameters such as the filter type, cutoff frequency,
and order of the filter. Real-time calculation of the average signal for the current
window and comparison with other channels allows for objective conclusions.
Shading in the graphs highlights significant events.
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Figure 8.8: EPIWEB - Patient raw data graphical visualization.
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As demonstrated in the figure 8.9, the list of conducted studies can be filtered
by either text contained in each table row or study type.

EPIWEB aminl O Logout
Home > Dato
& Rawbata | Paients B sudes [@ Classifcaton Models Resuts
Qd on  CEED G —CEHEED
STUDY NAME PATIENT & RESEARCHER USERNAME & DATE & TYPE &
2023:09:01_17-3027 8902 admin Sept. 1,2023, 5:30 pm. @ selection/Reduction more details
@ Create anew Study

Figure 8.9: EPIWEB - Studies management page.

By clicking the New Study button, the user can access the page displayed in
the figure 8.10. To generate a feature extraction study, the user must first select the
raw data required to produce the features. When selecting the data set, the user
will have access to studies that have already been conducted on it, relevant infor-
mation about it that may be crucial when selecting parameters, and a graphical
overview of it. From this point, the user may select options for extraction, such
as dataset channels, desired features, pre-processing techniques - such as filter-
ing - and the size and step of the windows used to calculate the feats. If the user
hovers the cursor over help icons or specific features, a help panel will appear,
providing explanations for the associated feature or procedure, as demonstrated
in the same figure 8.10.

Once the study parameters have been selected, the user should click on the
Create Study button. The parameter confirmation panel will appear, summaris-
ing the chosen parameters and allowing the user to name the study (see figure
8.11).

EPIWEB siminl O Logout

Classification Create Study

fit it
tH

it

foHt

Figure 8.10: EPIWEB - Extraction study creation page.
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EPIWEB wminl O Logout

Hom
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Enter a name for your feature dataset: = fp

Figure 8.11: EPIWEB - Study creation confirmation form.

On the study listing page (figure 8.9), if the user selects a feature extraction
study, they will be directed to its information page (shown in the following figure
8.12). Here, user can access various details about the study including its creation
date, author and selected parameters, as well as the results obtained. As seen
on the patient page, the information is presented objectively with a logical flow.
There is also a system for comments, details on the users that have access to it,
and a table of subsequent studies based on this research.

If the user clicks Edit, the figure 8.13 panel will be displayed with the current
parameters already selected. Then, through choices, the results of the study will
be updated or the study itself will be carried out again now with other parame-
ters.

E PINE B admin] L Logout

Studies

Aug. 4,2023,10:29 p.m.

True

Edit &
sharing with gnog

Extraction Options

Channels  FP1 | FP2 | F3 | Comments

Features  Statistic | WaveletCoefficient |

Filter  none
Window Size 5 seconds

Window Step 5 seconds

..........

Results
Number of Samples 3600 /" Create a Study using this Data
Number of Features 27
Selection| Reduction
Classification
Studies

Feature Selection/Reduction  Classification

STUDY NAME RESEARCHER USERNAME & OATE ¢

2023-09-01_17-30-27 adn Sept. 1,2023, 5:30 pun more details

Figure 8.12: EPIWEB - Extraction study information page.
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Figure 8.13: EPIWEB - Extraction study edit form.

To visually display the results of the study, as demonstrated in the figure 8.8a,
the user should click the designated button on the study page. The page functions
similarly to the visualization of raw data.
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Figure 8.14: EPIWEB - Extraction study graphical visualization.

For studies involving Feature Selection/Dimensionality Reduction and Clas-
sification, the creation and information pages exhibit similar dynamics to those
for feature extraction. The following figures demonstrate these functionalities.
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Figure 8.15
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Figure 8.16: EPIWEB - Selection/Reduction study information page.
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EPIWEB - Selection/Reduction study creation page.
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Figure 8.17: EPIWEB - Classification study creation page.
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Figure 8.18: EPIWEB - Classification study information page.

When creating a new study, the status of the processing queue’s live update
panels is updated every few seconds on both the homepage and in the notification
system, as illustrated in the figures 8.19 and 8.20 below. Clicking on a notification

will redirect the user to the study that it is about to.
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Your Studies

Current Situation Your Recent Activity
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Figure 8.19: EPIWEB - Real time study queue update system on home page.

Notifications mark all as read
01/08/2023,17:32  Classification Study completed

01/09/2023, 17:31 Classification Study completed

Your Studies

Figure 8.20: EPIWEB - Real time study queue update system on notifications ele-
ment.

The user can access a page via the list of registered data, where the developed
classification models are organized by patient. Upon selecting a particular model,
users can view details such as the features utilized and the studies employed to
construct the model. The following figure 8.21 illustrates that.
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Figure 8.21: EPIWEB - Classification models page.

As previously mentioned, patients or studies registered by a particular user
can be shared with others via the Share button present on all relevant pages. The
tigure 8.22 illustrates the panel where the user will need to enter the username
of the user with whom they wish to share the study or patient. Following confir-
mation of the sharing request, the user is provided with details of the individual
they are sharing with and the duration of time since sharing commenced.

EPIWEB admin| £ Logout

Home > Studies > Extr

.......

Share your study
canaliow

Figure 8.22: EPIWEB - Sharing raw data/studies system.
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Chapter 9
Validation and Verification

The validation process played a crucial role in guiding the development of EPI-
WEB. The weekly meetings were conducted to review progress and ensure that
the project was on track. These meetings served as checkpoints to assess whether
the development efforts were aligning with the goals and objectives.

This chapter also explains the verification process the application showing
how EPIWEB meets the defined functional and non-functional requirements, tak-
ing in account the objectives outlined in previous chapters (chapter 5).

To contribute to the evaluation of the product, it is crucial to verify and com-
prehend its alignment with the functional requirements. In this regard, a table is
presented below that outlines the functional requirements and their implementa-
tion status during the work period.

For the authentication requirements, all aspects were successfully implemented,
with the exception of the password recovery feature. The omission of this fea-
ture is attributed to the need for integration with an external API, which was not
within the scope of this project.

In the domain of raw data management, including patient data, all functional
requirements were not only met but also executed. The ability to visualize pri-
mary data emerges as a fundamental feature for future studies, enhancing the
platform’s utility and user experience.

The necessary functions, such as generating and modifying studies, and some
graphical display requirements, have been integrated on the platform. However,
the scientific module of feature selection/dimensionality reduction or classifica-
tion studies has not been developed. The platform’s prioritisation was discussed
with the advisors, with the replication of EPILAB scripts only being considered
if time permitted. As time was limited, certain functionalities that depend on the
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replicated algorithms were suspended, including graph visualisation for selec-
tion or classification studies.

In contrast, feature extraction studies, comprising all "Must’ priority require-
ments, were thoroughly implemented and integrated into the platform, provid-
ing a robust foundation for future enhancements.

ID Name Priority Dependencies Developed
RF-01 Landing Page Must T
RF-02 User Authentication Must T
RF-03 Password Recovery Won't  RF-02 F
RF-04 User Registration Must T
RF-05 User Sign Out Must RF-02 T
RF-06 User Personal Home Page Must T
RF-07 Studies Processing Queue Must T
RF-08 Notification System Must T
RF-09 Recent Studies Table Could T
RF-10 Load Raw Data Must T
RF-11 Access Raw Data Must RF-10 T
RF-12 Manage a Specific Raw Data Must RF-11 T
RF-13 Visualize Graphically Raw Data Must RF-11 T
RF-14 Filter Channels on Graphic Visualization Must RF-13 T
RF-15 Analyze Average Plot Must RF-13 T
RF-16 Analyze Subtraction Plots Must RF-13 T
RF-17 Change Window Size of Visualization Must RF-13 T
RF-18 Jump to Specific Time Must RF-13 T
RF-19 Jump to Specific Event Must RF-13 T
RF-20 Real-Time Filtering Must RF-13 T
RF-21 Share Raw Data Must RF-11 T
RF-22 Comment on Raw Data Must RF-11 T
RF-23 Access to Studies Must T
RF-24 Manage a Specific Study Must RF-23 T
RF-25 Comment on a Study Must RF-23 T
RF-26 Share a Study Must RF-23 T
RF-27 Create a Feat. Extract. Study Must T
RF-28 Visualize Graphically in a Feat. Extract. Must RF-23 T
RF-29 Filter Graphs by Features in a Feat. Extract. Could  RF-28 T
RF-30 Change Window Size in a Feat. Extract. Study = Should RF-28 T
RF-31 Jump to Specific Time in a Feat. Extract. Study = Should RF-28 F
RF-32 Jump to Specific Event in a Feat. Extract. Study Should RF-28 F
RF-33 Edit a Feat. Extract. Study Should RF-27 T
RF-34 Create a Sel. Red. Study Must T
RF-35 Visualize Graphically in a Sel. Red. Study Must RF-23 F
RF-36 Filter Graphs by Features in a Sel. Red. Study =~ Should RF-35 F
RF-37 Change Window Size in a Sel. Red. Study Won't  RF-35 F
RF-38 Jump to Specific Time in a Sel. Red. Study Won't  RF-35 F
RF-39 Jump to Specific Event in a Sel. Red. Study Won't  RF-35 F
RF-40 Edit Sel. Red. Study Should RF-34 T
RF-41 Create a Classification Study Must T
RF-42 Visualize Classification Study Graphs Must RF-23 F
RF-43 Change Window Size in a Classification Study = Won't =~ RF-42 F
RF-44 Jump to Specific Time in a Classification Study =~ Won’t =~ RF-42 F

Table 9.1: List of functional requirements with the indication if they were devel-
oped.
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In this section, the alignment with non-functional requirements outlined in
chapter 5.1, encompassing usability, security, privacy, and performance is ex-
plained. While the platform is currently in the developmental phase, preliminary
assessments have been conducted to ensure these aspects are being effectively
addressed.

Usability testing aims to evaluate the user-friendliness and intuitiveness of
the platform. Despite being in the development phase, initial usability tests were
carried out by soliciting feedback from project advisors, yielding positive results.

Security and privacy measures are paramount for safeguarding user data and
preventing unauthorized access. Throughout the development phase, a range of
security best practices were implemented, as detailed in chapter 8, including the
integration of Cross-Site Request Forgery (CSRF) tokens and the secure utilization
of Django Object-Relational Mapping (ORM).

Preliminary performance tests have been undertaken to evaluate platform re-
sponsiveness and efficiency. While the platform has yet to be deployed in its final
environment, assessments were made to measure the duration of key functions

(e.g., data loading, graphical processing) to completion.
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Conclusion

In this dissertation, it is explained the planning and development of EPIWEB, a
web-based tool designed to aid in the development and evaluation of classifica-
tion models for predicting and detecting epileptic seizures. The project was initi-
ated to replace the current MATLAB-based EPILAB toolbox with a more widely
accessible and adaptable web platform.

The development process followed an agile-based approach, providing room
for iterative and continuous improvement based on feedback. Weekly meetings
with advisers provided useful insights and ensured alignment with project objec-
tives. The selected technologies, such as Django for the backend and plain HTM-
L/CSS/JavaScript for the frontend, were carefully chosen to fulfil the project’s
specific needs.

The validation of EPIWEB comprised a comprehensive evaluation of func-
tional and non-functional requirements. Usability testing offered useful feedback
on the user interface. Security measures, such as the implementation of CSRF
tokens and the use of secure ORMs, were implemented to safeguard user data.
Preliminary performance testing provided insights into the platform’s respon-
siveness and efficiency, assisting future optimizations. About the functional re-
quirements, the most important were executed.

Despite the achievements, certain challenges were encountered during imple-
mentation, comprising delays in project milestones and the ambitious nature of
the project scope. Risk analysis and mitigation strategies were employed to ad-
dress these challenges.

In summary, EPIWEB represents a significant development in the field of
epilepsy research, offering a user-friendly and accessible platform for creating
and evaluating classification models. While the platform is currently in the de-
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velopment phase, it has established the basis for a robust, secure and efficient
system. Future work will focus on replicating EPILAB algorithms and improving
the platform based on user feedback and further testing in a production environ-
ment.

Finally, the development of EPIWEB was driven by a dedication and a com-
prehension of both Biomedical Engineering and Software development, during
the course of this project. As the platform’s developer, I, a Biomedical Engineer-
ing student, aimed to bridge the gap between advanced EEG analysis and acces-
sible web-based tools. This project has not only enhanced my technical skills but
has also strengthened my dedication to progress healthcare solutions through
innovative technology. EPIWEB is evidence of the potential achieved through
interdisciplinary collaborations and the influence that technology can have on
altering the field of epilepsy research and diagnosis.

10.1 Future Work

The development of EPIWEB has provided a robust basis for future enhance-
ments and research in the area of epilepsy prediction. The development of the
remaining functional requirements outlined could be the first thing to do in the
future.

One of the key aims for the future development of EPIWEB is the replica-
tion of EPILAB algorithms. This involves modifying existing MATLAB-based
algorithms for Python implementation, and aligning them with the platform’s ar-
chitecture. Integration of these algorithms will considerably improve EPIWEB’s
functionality and analytical capabilities.

To transform EPIWEB from the development environment to a production
one, will require careful consideration of scalability and deployment strategies.
This involves choosing suitable cloud infrastructure, enhancing database effi-

ciency, and introducing load balancing to ensure seamless user experiences.

Expanding EPIWEB's capabilities to integrate with external data sources, like
EPILEPSIAE database, presents a promising opportunity to enrich the platform’s
data set and provide a more inclusive perspective of patient health.

Automating the entire machine learning pipeline, from data pre-processing
to model deployment, could simplify the process for researchers and healthcare
professionals. This includes implementing robust data management, automated
feature selection, and model hyperparameter tuning.
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List of User Stories

A.1 User Stories

A.1.1 Epic Story 1: Authentication

As a user, i want to sign in to EPIWEB, to have access to its functionalities.

US-01: Landing Page

As an non-authenticated user, I want to see a welcoming and informative home
page to provide me an overview of the platform’s capabilities and features and
the possibility to sign in.

US-02: Login

As an non-authenticated user of EPIWEB, I want to be able to log in to the plat-
form securely so that I can access and use the platform’s features. I want to enter
the fields like username and password so that my identity is validated when ac-
cessing the platform.

US-03: Register

As an non-authenticated user, I want to recover my password by providing my
registered email address. Upon submitting the email, I should receive a password
reset email containing a secure link. Clicking the link will allow me to set a new
password, ensuring that I can access my account. For that i need to introduce
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personal information like my email.

US-04: Create an Account

As an non-authenticated user, I want to create an EPIWEB account by providing
my personal information and selecting a username and password. This will en-
able me to access the platform’s features and contribute to epilepsy research. For
that i need to introduce personal information like email, username and password.

US-05: Log out

As an authenticated user, I want the ability to log out of my EPIWEB account
when I'm done using the platform to ensure the security of my account and data.

A.1.2 Epic Story 2: Enhacing User Management

As an authenticated user, I want to stay engaged and informed while using
the platform. I want to receive notifications about updates, track recent
activity, and have an interactive user experience to enhance my overall

engagement and satisfaction.

US-06: User Personal Home Page

As an authenticated user, I want to have a personal home page where I can access
important information, view my saved EEG data, and access tools for analysis
and prediction.

US-07: Studies Processing Queue Information

As an authenticated user, I want to have access to information about my studies
processing queue to monitor the progress of EEG signal processing and ensure
efficient usage of the system.

US-08: Receive Notifications for Study Updates

As a registered user of Epiweb, I want to receive notifications whenever there
are updates or changes related to the studies I am following or contributing to be
always informed and can stay engaged with the platform.
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US-09: Recent Studies Table

As an authenticated user, I want to view a table displaying information about my
recent studies to access and review the results of my EEG signal processing.
A.1.3 Epic Story 3: Raw Data Management

As an authenticated user, I want efficient tools to manage and work with raw

EEG data. I want to be able to upload, store, view, and analyze EEG data so
that I can perform research effectively.

US-10: Access to Raw Data
As an authenticated user, I want the ability to access and view the raw EEG data

from my patients’ studies to perform in-depth analysis or further processing if
needed.

US-11: Load Raw Data

As an authenticated user, I want to be able to upload and load raw EEG data files
into the system for further processing and analysis.

US-12: Manage a Specific Raw Data

As an authenticated user, I want to be able to manage and perform actions on a
specific raw EEG data file that I have uploaded into the system.

US-13: Visualize Graphically Raw Data

As an authenticated user, I want to be able to visualize the raw EEG data graphi-
cally to gain insights into the patient’s brain activity.

US-14: Filter Channels on Graphic Visualization

As an authenticated user, I want to have the ability to filter and display specific
EEG channels on the graphical visualization of raw EEG data to focus on relevant
data for analysis.
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US-15: Analyze Average Plot

As an authenticated user, I want the ability to generate and analyze average plots
from EEG data to identify patterns and trends.

US-16: Analyze Subtraction Plots

As an authenticated user, I want the ability to create subtraction plots by sub-
tracting one EEG channel from another for comparative analysis.

US-17: Change Window Size of Visualization

As an authenticated user, I want the flexibility to adjust the window size of graph-
ical EEG data visualization to focus on specific time intervals.

US-18: Jump to Specific Time

As an authenticated user, I want the ability to quickly jump to a specific time
point within the EEG data for detailed analysis.

US-19: Jump to Specific Event

As an authenticated user, I want to easily navigate to specific events, such as
seizures, within the EEG data for in-depth analysis.

US-20: Real-Time Filtering

As an authenticated user, I want the ability to apply real-time filtering to EEG
data to enhance data visualization and analysis.

US-21: Share Raw Data

As an authenticated user, I want to be able to share specific raw EEG data files
with other users or collaborators for discussion and analysis.
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US-22: Comment on Raw Data

As an authenticated user, I want to be able to add comments and annotations to

specific points within raw EEG data files for collaborative analysis and discus-

sion.

A.1.4 Epic Story 4: Studies Management

As an authenticated user, I want a system for managing my studies. I want to
create, edit, view, filter, and analyze different types of studies (feature

extraction, feature selection/dimensionality reduction, classification) to
advance my research goals efficiently.

US-23: Access to Studies

As an authenticated user, I want to have easy access to my studies and associated
EEG data for analysis and review.

US-24: Manage a Specific Study

As an authenticated user, I want to have the ability to manage and edit the details
of a specific study that I have created.

US-25: Comment on a Study

As an authenticated user, I want to be able to leave comments on specific studies
to provide feedback, notes, or collaborate with other users.

US-26: Share a Study

As an authenticated user, I want to be able to share a specific study with other
registered users, allowing for collaboration and information sharing.

US-27: Create a Feature Extraction Study

As an authenticated user, I want to create a Feature Extraction study to analyze
EEG data and extract relevant features for further analysis.
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US-28: Visualize Graphically in a Feature Extraction

As an authenticated user working on a Feature Extraction study, I want to visu-
alize EEG data graphically to understand the raw signals and extracted features.

US-29: Filter Graphs by Features in a Feature Extraction

As an authenticated user conducting a Feature Extraction study, I want to filter
the displayed graphs based on specific extracted features.

US-30: Change Window Size in a Feature Extraction Study

As an authenticated user working on a Feature Extraction study, I want to adjust
the window size for data visualization to focus on specific time intervals.

US-31: Jump to Specific Time in a Feature Extraction Study

As an authenticated user conducting a Feature Extraction study, I want the ability
to quickly jump to a specific time point in the EEG data for detailed analysis.

US-32: Jump to Specific Event in a Feature Extraction Study

As an authenticated user conducting a Feature Extraction study, I want the ca-
pability to jump to specific events, such as seizures, in the EEG data for detailed
analysis.

US-33: Edit a Feature Extraction Study

As an authenticated user, I want to have the ability to edit the details and settings
of a Feature Extraction study after its initial creation.

US-34: Create a Feature Selection/Dimensionality Reduction Study

As an authenticated user, I want to create a Feature Selection/Dimensionality
Reduction study to analyze and reduce the dimensionality of EEG data for more
efficient processing and analysis.
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US-35: Visualize Graphically in a Feature Selection/Dimensionality Reduction
Study

As an authenticated user working on a Feature Selection/Dimensionality Reduc-
tion study, I want to visualize EEG data graphically to understand the raw signals
and analyze dimensionality-reduced data.

US-36: Filter Graphs by Features in a Feature Selection/Dimensionality Reduc-
tion Study

As an authenticated user conducting a Feature Selection/Dimensionality Reduc-
tion study, I want to filter the displayed graphs based on specific features after
dimensionality reduction.

US-37: Change Window Size in a Feature Selection/Dimensionality Reduction
Study

As an authenticated user working on a Feature Selection/Dimensionality Reduc-
tion study, I want to adjust the window size for data visualization to focus on
specific time intervals in dimensionality-reduced data.

US-38: Jump to Specific Time in a Feature Selection/Dimensionality Reduction
Study

As an authenticated user working on a Feature Selection/Dimensionality Re-
duction study, I want the ability to jump to a specific time point within the
dimensionality-reduced data for more precise analysis.

US-39: Jump to Specific Event (Seizures) in a Feature Selection/Dimensionality
Reduction Study

As an authenticated user conducting a Feature Selection/Dimensionality Reduc-
tion study, I want to quickly navigate to specific events, such as seizures, within
the dimensionality-reduced data to analyze their impact.

US-40: Edit Feature Selection/Dimensionality Reduction Study

As an authenticated user, I want the ability to edit the details and configuration
of an existing Feature Selection/Dimensionality Reduction study.

101



Chapter 10

US-41: Create a Classification Study

As an authenticated user, I want the capability to create a Classification study
to train machine learning models for predicting epileptic seizures based on EEG
data.

US-42: Visualize Classification Study Graphs

As an authenticated user working on a Classification study, I want the ability to
visualize classification-related graphs and metrics to assess the performance of

my machine learning models.

US-43: Change Window Size in a Classification Study

As an authenticated user working with a Classification study, I want the ability
to change the window size for data analysis to explore different temporal aspects
of the EEG data.

US-44: Jump to Specific Time in a Classification Study
As an authenticated user conducting a Classification study, I want the ability to

navigate to a specific time point within the EEG data to analyze model predictions

and performance.
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