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Background

• Master’s degree in Computer Science at Università degli Studi di Napoli 
“Federico II”

• Research group / laboratory
– Artificial Intelligence, Privacy & Applications (AIPA) Lab

– Augmented Reality for Health Monitoring Laboratory (ARHeMLab)

• PhD
– start date 1/11/2019
– end date 31/10/2022

• Scholarship type
– No scholarship

• Periods abroad
– 30/06/2021 - 30/09/2021, Istituto Superior Tècnico, University of Lisbon

2Salvatore Giugliano



Summary of study activities 1/2

3Salvatore Giugliano

• Attended Courses (relevant for the research field)
– Accelerated Computing With Cuda C/C++

(Luigi Troiano)

– Intelligenza Artificiale ed Etica 
(Roberto Prevete, Guglielmo Tamburrini)

– Deep Learning for Computer Vision 
(Luigi Troiano)

– Scientific Programming and Visualization with Python 
(Alessio Botta)

– Machine Learning 
(Marco Aiello, Anna Corazza, Diego Gragnaniello, Francesco Isgrò, Roberto Prevete, 
Francesco Raimondi, Carlo Sansone)

– Data science for patient records analysis 
(Marcello Cinque)



Summary of study activities 2/2 

4Salvatore Giugliano

• Attended Seminars (relevant for the research field)
– Large Scale Training of Deep Neural Networks 

(Giuseppe Fiameni)

– Bias from the wild 
(Nello Cristianini)

– Adversarial attacks on image classifiers 
(Andrea Cavallaro)

– Webinar series on Deep Learning for CINI AIIS Labs 
(Christian Hundt, Gunter Roeth, Niki Loppi, Giuseppe Fiameni

– Wearable Brain-Computer Interface for Augmented Reality-based Inspection in Industry 4.0 
(Pasquale Arpaia)

– Machine learning: Causality lost in translation 
(Edwin A. Valentijn)

– Visual Interaction and Communication in Data Science 
(Marco Quartulli)

– Picariello Lectures on Data Science
(Flora Amato, V.K. Gubani, Simon Pietro Romano, Roberto Maranca)

• Study activities for the research areas
– Machine Learning techniques
– Analysis and interpretation of EEG signals
– eXplainable Artificial Intelligence methods
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Analysis and interpretation of 
Electroencephalographic (EEG) signals for 
Brain-Computer Interface (BCI) systems

• EEG types
– Spontaneous (for passive BCI)

• emotional and cognitive engagement 
classification

– Steady-State Visually Evoked Potential (SSVEP) 
(for active BCI)
• different fixed-frequency flickering visual stimuli 

for specific commands

• Non-stationarity
– significant signal's differences both across 

different times and different subjects
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Machine Learning techniques
"Programming computers to optimise a 
performance criterion using example data or 
past experience"

– Deep (and shallow) Neural Networks

– Approaches to handle unbalanced data

– Methods to handle the ‘Dataset Shift 
problem’

eXplainable Artificial Intelligence (XAI)
Explanations of the model's output that can be 
easily interpreted by the human beings

– White-box or Black-box methods for 
Image Recognition

– Multiple explanations in terms of Middle-
Level input Features (MLF)

– Methods to handle the ‘Dataset Shift 
problem’
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Research results
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EEG-based BCI classification systems
– Engagement recognition

• Emotional and cognitive engagement 
classification system on highly non-
stationarity and unbalaced EEG dataset

– SSVEP classification
• in different feature spaces

Modern XAI
– a method for multiple Explanations in 

terms of Middle-Level input Features 
(MLF) (image classification task)

– preliminary experiments for 
Explanations on EEG data (emotion 
recognition task)
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Machine Learning point of view
Domain or Dataset Shift Problem

Training and test data can belong to different probability distributions 

Bio-signal point of view
Non-stationarity of EEG signals

EEG signals highly variable in subjects or time 
acquisitions

Poor generalisation performances

Problem statement 
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Objective
Improve generalisation across different subjects and different times

Methodology

Part 1
EEG classification problem

– unbalanced data

– non-stationarity

Part 2
XAI on Image Recognition task 

– using XAI methods presente in literature

– new XAI methods for explanations in terms of Middle-Level input Features (MLF)

Part 3
Apply methodologies and knowledge learnt in parts 1 and 2 on EEG classification problem

– XAI methods for Image Recognition on Emotion classification task (EEG dataset)
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To handle the ‘Dataset Shift’ / non-stationarity 
Problem

– Deep Neural Networks architectures
• Convolutional Neural Networks
• Depthwise and Separable Convolutions
• specific for Raw EEG datasets 

– Domain Adaptation methods
• different data normalisation schemes
• considering the similarity between subjects

– XAI methods
• usually used on image recognition datasets
• applied on emotion recognition dataset (EEG)
• locate the relevant characteristics of the input
• exploit the properties of relevant characteristics

Inter-subjective validation strategy
– Leave-One-Subject-Out Cross-Validation 

(LOSO CV)
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Machine Learning and XAI methods for improving EEG-based BCI classification systems

Results on Spontaneous EEG 
classification problem

Results on SSVEP EEG classification 
problem
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Machine Learning and XAI methods for improving EEG-based BCI classification systems

DATASET BENCHMARK RAW
STRATEGY 25-5-5 (10 RUN)

BASELINE Normalization (Domain Adaptation)

epoch NORM. ONLINE NORM. PER SET NORM. PER SUBJECT NORM. PER BLOCK 
AND PER SUBJECT

1.5 72.75±6.92 74.17±6.15 76.42±6.1 76.24±6.1

5 93.51±4.53 95.77±1.95 96.59±1.71 96.68±1.49

Results on SSVEP classification 
problem (Benchmark dataset)
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Machine Learning and XAI methods for improving EEG-based BCI classification systems

Explanations in terms of MLF



PhD thesis – Results, Part 3
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Experimental assessments on preliminary results:

• Better generalisation across different subjects / sessions
• Many components found by XAI methods are shared across 

the sessions / subjects
• Relevant components can be used to build a new Machine 

Learning system

Machine Learning and XAI methods for improving EEG-based BCI classification systems



Thanks for your attention
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