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1. Introduction

With the astounding ability to capture a wealth of brain signals, Brain-Computer In-
terfaces (BClIs) have the potential to revolutionize humans’ quality of life [1] by processing
these brain signals for controlling external devices [2]. Being an emerging and innova-
tive field, BCI offers numerous applications in various fields of life, including robotics,
education, prosthetics, security and communication technologies [3]. Processing the neuro-
physiological signals, a major component of BCI, involves further procedures of (1) noise
removal, (2) feature extraction and (3) classification [4]. Pre-processed signals are subject to
various noises, including power line noises, physiological noises, motion artifacts and in-
terference noises. These noises can affect the efficiency of the entire BCI procedure. For this
reason, noise removal algorithms are utilized for noise removal or reduction [5]. Next, the
process of feature extraction starts where algorithms are used to acquire relevant task-based
features. This phase acquires data based on spectral and spatial and temporal domains [6].
The last step for signal processing is classification, whereby the acquired and processed
features are converted into viable commands, which ultimately control external devices [7].
This Special Issue of Sensors focused particularly on these three signal-processing tech-
niques. We invited scientists to share their work conducted on improving performance,
information transfer rate, reliability and accuracy of the BCI systems’ signal processing.
These works could be based on either non-invasive or invasive techniques, for instance,
functional near-infrared spectroscopy (fNIRS), electroencephalography (EEG) and other
hybrid brain-imaging techniques.

2. Overview of the Contributions

This issue’s first article uses mental tasks and binary classification tests by employing
features of power spectral density (PSD). The authors were able to enhance the classifier’s
performance through their peculiar feature set, which can be evidently used in the field
of neurophysiology. The second article of this issue applies the P300-BCI Paradigm for
controlling home appliances through the brain. The proposed system achieves a high
accuracy and shows potential for future application on smart homes. The third article
makes use of EEG modality for proposing the multi-kernel temporal and spatial convolution
network (MultiT-S ConvNet) based on deep learning and the end-to-end convolutional
neural network (ConvNet). The model uses temporal filtering and, thus, can be used
to enhance the learning capacity. The fourth article proposes a classification approach
using fNIRS-based biomarkers. The data were acquired from both neurotypical and
neurodivergent individuals. The four-class classification performances were promising
and offered potential for applicability in the field of neuropsychiatry. The fifth article of
this issue proposes the design of an unmanned vehicle, using a biomedical sensor, which
would be able to monitor health and aid physicians in medical emergencies.

Sensors 2024, 24, 1201. https://doi.org/10.3390/s24041201

https:/ /www.mdpi.com/journal /sensors


https://doi.org/10.3390/s24041201
https://doi.org/10.3390/s24041201
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/sensors
https://www.mdpi.com
https://orcid.org/0000-0002-2680-6403
https://orcid.org/0000-0001-8752-7224
https://orcid.org/0000-0003-0123-0169
https://doi.org/10.3390/s24041201
https://www.mdpi.com/journal/sensors
https://www.mdpi.com/article/10.3390/s24041201?type=check_update&version=2

Sensors 2024, 24, 1201

20f3

Furthermore, the sixth article of this issue uses fNIRS-based BCI to enhance clas-
sification accuracy through Least Absolute Shrinkage and Selection Operator (LASSO)
homotopy-based sparse representation classification. This methodology is helpful for
rehabilitation purposes in particular. The seventh article conducts brain signal classification
acquired through fNIRS signals based on motor execution tasks. The results show enhanced
improvement in classification accuracy through deep learning. This classification can be
helpful in the field of gait rehabilitation. The eighth article detects ErrPs through EEG in
participants with cerebral palsy, amputation or stroke. It also deciphers the discriminative
information which is held by different brain regions. This study can be beneficial in for-
mulating adaptive BCls. The ninth article of this issue utilizes the {NIRS-based approach
for upper limb motion detection. The results showed promising accuracy and can be
utilized for real-time control. The tenth article works on complicated dexterous task of
finger-tapping and acquires data using the fNIRS approach. The classification accuracies
appear promising and can be further enriched to generate control commands for BCI
application. The eleventh article analyzes the methodologies of 92 studies which utilize
fNIRS-EEG-based data and analyses. The review highlights gaps, future directions and
potential challenges.

All of the aforementioned studies accelerate foundational and practical knowledge and
application in the field of BCI signal processing. We, the editorial team, appreciate all of
these innovative research endeavors and would like to thank the authors for their diligent
incorporation of feedback, critical assessment of their work and attentiveness to following the
timeline, because of which we have been able to successfully publish this Special Issue. We
hope the readers feel inspired by and are able to learn more from the research articles.
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