
Journal of Neurology & Neurophysiology: Open Access 2025, 16, 02, 372. Commentary

EEG, AI, and Diverse Brain Wave Applications
Lucia Romano

Department of Neuroscience, University of Milan, Milan, Italy

Corresponding Authors*

Lucia Romano
Department of Neuroscience, University of Milan, Milan, Italy
E-mail: lucia.romano@unimi.it

Copyright: 2025 Lucia Romano. This is an open-access article
distributed under the terms of the Creative Commons Attribution License,
which permits unrestricted use, distribution, and reproduction in any
medium, provided the original author and source are credited.

Received: 01-Apr-2025; Accepted: 09-May-2025; Published:
09-May-2025

Introduction
This systematic review explores the application of deep learning techniques
for EEG-based emotion recognition. It highlights various deep learning
models, feature extraction methods, and their performance in classifying
emotional states from brainwave data, emphasizing the challenges and fu-
ture directions in creating robust emotion recognition systems[1].

This review delves into the methods for decoding brain activity to facil-
itate motor imagery-based Brain-Computer Interfaces (BCIs). It covers
various signal processing, feature extraction, and classification techniques
used to translate imagined movements into control commands, discussing
the progress and remaining hurdles in this field[2].

This comprehensive review examines EEG-based brain wave analysis and
machine learning algorithms for classifying sleep stages. It outlines vari-
ous methodologies for capturing, processing, and classifying EEG signals
to accurately determine sleep stages, which is crucial for diagnosing sleep
disorders[3].

This review focuses on the use of machine learning techniques for detecting
stress based on brain wave patterns. It explores different EEG features and
classification algorithms employed to identify stress levels, discussing the
effectiveness and limitations of current approaches in physiological moni-
toring[4].

This article reviews the diverse applications of brain wave technology
across various domains. It surveys how different brainwave types (al-
pha, beta, theta, delta) are utilized in areas such as neurofeedback, brain-
computer interfaces, medical diagnostics, and mental health interventions,
illustrating the technology’s broad impact[5].

This review analyzes the use of brain waves to detect Autism Spectrum
Disorder (ASD). It examines different EEG methodologies, features, and

machine learning models employed for early and objective diagnosis of
ASD, highlighting the potential of neurophysiological markers in improv-
ing diagnostic accuracy[6].

This comprehensive review focuses on EEG-based workload estimation,
detailing the methods for feature extraction, classification, and real-world
applications. It explores how brain wave patterns can objectively measure
cognitive load, providing insights for optimizing human-computer interac-
tion and task design[7].

This survey explores brain wave analysis for detecting mental fatigue. It re-
views various methodologies for identifying and quantifying fatigue states
from EEG signals, discussing the features and machine learning models
effective in monitoring cognitive decline and sustained attention issues[8].

This systematic review investigates brain wave activity analysis for the de-
tection of Alzheimer’s Disease (AD). It assesses different EEG biomarkers
and computational methods used to identify early signs of AD, highlight-
ing the potential for non-invasive neuroimaging to improve diagnostic ac-
curacy and early intervention strategies[9].

This review explores EEG-based brain wave analysis for detecting cogni-
tive load in human-Computer Interaction. It covers various techniques for
extracting features from EEG signals and using them to quantify mental
effort, which is essential for designing user-friendly interfaces and systems
that adapt to cognitive states[10].

Description
Brain wave technology offers diverse applications across numerous fields,
leveraging various brainwave types such as alpha, beta, theta, and delta
waves. These applications span neurofeedback, medical diagnostics, and
mental health interventions, illustrating a significant impact on health and
technology [5]. A key area involves decoding brain activity for motor
imagery-based Brain-Computer Interfaces (BCIs). Researchers have ex-
plored extensive signal processing, feature extraction, and classification
techniques to translate imagined movements into control commands, con-
tinually advancing this field despite ongoing hurdles [2]. These interfaces
promise innovative ways for individuals to interact with technology, en-
hancing assistive devices and rehabilitation methods. The continuous de-
velopment of robust BCI systems remains a priority for researchers, aiming
for greater precision and reliability in diverse real-world settings. The abil-
ity to control external devices through thought alone marks a significant
frontier in human-computer interaction, offering new possibilities for indi-
viduals with motor impairments.

The analysis of brain waves, particularly Electroencephalography (EEG)
signals, is pivotal in diagnosing and monitoring several neurological and
psychological conditions. For instance, comprehensive reviews examine
EEG-based brain wave analysis combined with machine learning algo-
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rithms for classifying sleep stages [3]. This methodology is critical for
accurately determining sleep stages, which directly aids in diagnosing var-
ious sleep disorders. Similarly, machine learning techniques are applied to
detect stress based on distinct brain wave patterns, investigating different
EEG features and classification algorithms to identify stress levels effec-
tively. This work discusses both the effectiveness and limitations of current
physiological monitoring approaches [4]. Moreover, brain wave analysis
proves instrumental in detecting Autism Spectrum Disorder (ASD). Stud-
ies examine various EEG methodologies, features, and machine learning
models for early and objective diagnosis, highlighting the potential of neu-
rophysiological markers to improve diagnostic accuracy and intervention
strategies [6]. Beyond ASD, systematic reviews investigate brain wave ac-
tivity analysis for the early detection of Alzheimer’s Disease (AD), assess-
ing various EEG biomarkers and computational methods to identify initial
signs and support non-invasive neuroimaging for improved diagnostics and
interventions [9].

EEG-based brain wave analysis is also extensively used for assessing var-
ious cognitive states, providing objective measures for improving human-
computer interaction and performance. One significant area is EEG-based
workload estimation, where comprehensive reviews detail methods for fea-
ture extraction, classification, and their applications. This research ex-
plores how brain wave patterns can objectively quantify cognitive load, of-
fering insights crucial for optimizing human-computer interaction and task
design in various environments [7]. Complementing this, other reviews
specifically explore EEG-based brain wave analysis for detecting cogni-
tive load within human-computer interaction contexts. These studies cover
various techniques for extracting features from EEG signals and using them
to quantify mental effort, which is essential for designing user-friendly in-
terfaces and systems that can adapt to a user’s cognitive state [10]. Fur-
thermore, brain wave analysis is applied to detect mental fatigue. Surveys
review methodologies for identifying and quantifying fatigue states from
EEG signals, discussing effective features and machine learning models
for monitoring cognitive decline and issues related to sustained attention
[8].

Underpinning many of these applications is the continuous advancement
in computational methodologies, particularly deep learning and machine
learning. A systematic review specifically explores the application of deep
learning techniques for EEG-based emotion recognition. This work high-
lights various deep learning models, feature extraction methods, and their
performance in classifying emotional states from brainwave data, address-
ing challenges and future directions for creating robust emotion recognition
systems [1]. These sophisticated algorithms enable more nuanced and ac-
curate interpretation of complex EEG signals, moving beyond traditional
signal processing to uncover subtle patterns indicative of specific states or
conditions. The integration of machine learning and deep learning models
has revolutionized how researchers approach brain wave data, allowing for
automated and highly accurate classification and prediction tasks. This in-
cludes improvements in areas such as feature selection, noise reduction, and
the ability to handle large datasets, all contributing to the development of
more reliable and practical brain-computer interfaces and diagnostic tools.
The evolution of these computational approaches is central to unlocking
the full potential of brain wave technology for both scientific understand-
ing and practical application.

Conclusion
The provided data extensively reviews the application of brain wave anal-
ysis, primarily using Electroencephalography (EEG), combined with ma-
chine learning and deep learning techniques across diverse fields. Re-
search highlights methods for emotion recognition, utilizing deep learning
models and feature extraction to classify emotional states from brainwave
data. There’s significant exploration into decoding brain activity for mo-
tor imagery-based Brain-Computer Interfaces, covering signal processing
and classification to translate imaginedmovements into control commands.
The analysis extends to medical diagnostics, including EEG-based brain
wave analysis and machine learning for classifying sleep stages, which is
vital for diagnosing sleep disorders, and detecting stress through brain wave
patterns.

Furthermore, brain wave technology finds applications in detecting Autism
Spectrum Disorder and Alzheimer’s Disease, employing EEG methodolo-
gies and computational methods to identify neurophysiological markers for
improved diagnostic accuracy and early intervention. Cognitive aspects are
also a major focus, with reviews detailing EEG-based workload estimation
and detecting cognitive load in human-computer interaction to optimize
system design. The literature also surveys brain wave analysis for identify-
ing and quantifying mental fatigue states, crucial for monitoring cognitive
decline. Overall, these reviews underscore the broad utility of brain wave
technology, examining various brainwave types in neurofeedback, medical
diagnostics, and mental health, demonstrating the continuous progress and
future directions in harnessing brain activity for practical applications.
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