Using EEG Signal for Smart Health: An Overview
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Abstract—This survey paper aims to provide an overview of
the current state of EEG (Electroencephalography) signal
technology as it relates to people with disabilities. It will highlight
the various methods and techniques employed, discussing their
advantages and disadvantages. The paper will also examine the
applications of EEG technology in assisting individuals with
disabilities, specifically focusing on Brain-Computer Interfaces
(BClIs) and assistive device control. By understanding the current
state of EEG signal technology, we can identify the opportunities
and challenges involved in utilizing this technology to improve the
lives of people with disabilities.

Keywords—EEG, assistive
interface, BCI

technologies, brain-computer

I. INTRODUCTION

People with disabilities (PWD) represent a significant
portion of the global population, and understanding the statistics
surrounding disabilities is crucial for addressing their needs and
promoting inclusivity. According to the World Health
Organization (WHO), 15% of the world's population, or over 1
billion people, are estimated to be living with some form of
disability [1]. Disabilities can result in physical limitations and
health challenges. This may include difficulties with mobility,
coordination, strength, endurance, and self-care tasks.
Individuals may require assistive devices such as wheelchairs,
crutches, or hearing aids to enhance their independence and
functionality.

Many individuals with disabilities face obstacles in
accessing physical environments, public transportation,
buildings, educational institutions, and other public facilities.
This lack of accessibility can limit their participation in various
activities and restrict their freedom of movement [1]. The cost
of disability-related services, assistive devices, and healthcare
can be a significant barrier. Additionally, individuals with
disabilities may face income disparities, lower employment
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rates, and financial challenges due to limited job opportunities
or discrimination. EEG signal technology can greatly improve
the lives of people with disabilities in various ways.

EEG-based assistive devices, such as brain-controlled
prosthetics and communication systems, enable people with
severe physical disabilities to regain independence. Elderly
people can be considered a major focus since more than 46% of
those ages 60 and above have some form of disability. This
population is expected to reach approximately 2 billion by the
year 2050 [2]. By interpreting EEG signals, these technologies
allow users to control external devices using their brain activity,
improving their quality of life and reducing inequalities.
Assistive technologies have emerged as powerful tools in
empowering PWD and enabling their full participation in
various aspects of life. Recognizing the potential of EEG signal
based assistive technologies and ensuring their availability,
affordability, and widespread implementation are crucial steps
toward building a more inclusive and equitable world, where the
well-being of all individuals, including those with disabilities,
are realized.

A. Background

The foundations for EEG technology began in the late 19th
century when scientists such as Richard Caton and Hans Berger
discovered that the human brain produces electrical activity. In
the 1920s, Berger recorded human brain waves using an early
EEG device [3]. From there, EEG found practical applications
as a diagnostic tool for epilepsy. The introduction of electrode
caps simplified electrode placement, and amplifiers were used
to enhance signal detection and analysis, making EEG
technology more practical for clinical and research purposes. In
the 1970s, researchers began exploring the potential of EEG-
based BCls, initially focusing on simple binary control tasks. In
1977, a study by Vidal demonstrated that individuals could
control a computer cursor by modulating their brain activity [3].
In the 1990s, communication aids and neuroprosthetic devices



started to emerge. Research into those devices has continued to
progress, leading to more sophisticated and accurate systems.
Signal processing techniques and machine learning algorithms
have greatly enhanced the capabilities of EEG technology,
allowing for more accurate and efficient detection,
classification, and interpretation of EEG signals [3].

Over time, EEG technology has expanded beyond epilepsy
to encompass a range of disabilities and conditions. It has been
applied in rehabilitation to assist individuals recovering from
stroke, traumatic brain injury, or cognitive impairments. Today,
EEG technology continues to evolve, with ongoing research
focused on improving signal quality, enhancing user experience,
developing more advanced algorithms, and exploring new
applications. The combination of EEG with other technologies,
such as virtual reality and robotics, holds further promise for
improving the lives of people with disabilities.
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Fig. 1. A standard diagram labelling positions on the scalp for the placement
of electrodes.

B. Importance

EEG technology research has the potential to significantly
enhance the quality of life for people with disabilities. By
developing innovative applications and assistive devices,
researchers can provide individuals with disabilities with new
means of communication, mobility, and independence,
empowering them to actively participate in society and lead
more fulfilling lives [4]. EEG research contributes to the
development of assistive technologies that enable individuals
with disabilities to overcome limitations and engage with the
world. This includes devices such as BCIs, neuroprosthetics, and
communication aids, which harness EEG signals to interpret
intentions and enable control of external devices. Advancements
in EEG technology research will lead to more accurate, reliable,
and user-friendly assistive devices.

EEG-based research aids in neurorehabilitation, helping
individuals with disabilities recover lost motor or cognitive
functions [5]. By understanding the brain's plasticity and
employing techniques such as neurofeedback, researchers can

develop personalized rehabilitation protocols that optimize
recovery and promote neural reorganization [5]. This research
enables individuals to regain independence and improve their
functional abilities. This also contributes to the early detection
and intervention of neurological conditions and disabilities. By
studying EEG patterns and identifying abnormal brain activity,
researchers can develop diagnostic markers that facilitate early
identification of conditions such as epilepsy, sleep disorders, or
cognitive impairments. Early detection allows for timely
interventions, leading to better treatment outcomes and
improved management of disabilities.

EEG signal technology research enables personalized
approaches to healthcare for PWD. By analyzing individual
EEG profiles, researchers can create treatment plans and
therapies for specific needs, maximizing their effectiveness.
Personalized medicine ensures that interventions are
customized, efficient, and focused on addressing the unique
challenges faced by each person with a disability. EEG research
contributes to the broader scientific understanding of the brain
and its functions. By investigating EEG signals, brainwave
patterns, and neural correlates of disabilities, researchers gain
insights into the underlying mechanisms of various conditions
[4]. This knowledge helps refine diagnostic criteria, improve
treatment strategies, and inform the development of novel
therapeutic approaches for PWD.

This research plays a vital role in promoting societal
inclusion and equality for people with disabilities. By creating
innovative solutions and reducing barriers, researchers can help
bridge the gap between individuals with disabilities and their
non-disabled peers. Accessible and user-friendly EEG-based
technologies ensure that people with disabilities have equal
opportunities, empowering them to participate fully in
education, employment, and social activities. In summary, EEG
signal technology research is critically important for the world,
particularly for PWD, as it leads to advancements in assistive
technology, rehabilitation, early detection, personalized
medicine, scientific knowledge, and societal inclusion [6]. By
continuing and developing EEG research, we can continue to
improve the lives of individuals with disabilities and promote a
more inclusive and equitable society.

C. The Need and Statistics

Communication assistance is needed for individuals with
certain disabilities, such as severe motor impairments, where
people may lose their ability to communicate effectively. EEG-
based BCIs provide a means for these individuals to
communicate by translating their brain activity into commands.
This technology can be crucial for maintaining social interaction
and independence. Moreover, control of assistive devices by
people with disabilities often requires assistive devices like
prosthetics, wheelchairs, or environmental control systems.
EEG signals can be used to control these devices directly,
bypassing the need for physical interaction [5]. This enables
individuals with limited or no limb mobility to independently
perform daily tasks, enhancing their autonomy.

Additionally, EEG technology is employed in
neurorehabilitation to aid in the recovery of motor function after
stroke, spinal cord injury, or traumatic brain injury [5]. By
monitoring brain activity, therapists can tailor rehabilitation



protocols to everyone's needs, optimizing treatment outcomes.
Lastly, the need to monitor sleep disorders and epilepsy is a key
tool for EEG devices as it helps healthcare professionals assess
brain activity during sleep or detect abnormal electrical patterns
associated with seizures [7]. This data assists in the accurate
diagnosis and treatment of these conditions.

The Centers for Disease Control and Prevention (CDC)
report that 27 percent of American adults have some type of
disability. 12.1 percent of U.S. adults have a mobility disability,
12.8 percent have a cognition disability, 7.2 percent have
independent living disability, 6.1 percent are deaf or have some
form of hearing impairment, 4.8 percent have a vision disability,
and 3.6 percent have a self-care disability [8]. Due to these
statistics, EEG-based BCIs have gained significant research
attention. For example, studies on stroke rehabilitation using
EEG-based BCIs have shown promising results in improving
motor function and recovery outcomes [5][11][24]. Extensive
research continues to explore novel applications and improve
diagnostic accuracy [5].

It's important to note that the field of EEG signal technology
is continually evolving, with ongoing research and technological
advancements. These statistics and insights provide a glimpse
into the need and potential of EEG technology for people with
disabilities, but further developments are expected to expand its
applications and impact in the future.

II. TECHNICAL CHALLENGES

A. Neural Rehabilitation

In this section we discuss an overview of some technical
challenges of developing EEG devices for smart health. When
developing advanced neural rehabilitation and intelligent
interaction technology to assist people with disabilities using
EEG, there are several technical challenges to overcome. One of
them being signal quality and calibration [9]. EEG signals can
be susceptible to noise and artifacts, particularly in individuals
with disabilities. Ensuring good signal quality is crucial [9].
Calibration procedures need to account for individual
differences, variations in electrode placement, and changes over
time. Another major technical challenge when developing this
type of technology can include individual variability and
adaptation. When creating adaptive systems, it is essential to
take account of individual variability, adapt to changes in neural
signals, and learn from user feedback. Machine learning
techniques can help in personalizing the rehabilitation and
interaction experience.

Additionally, the incorporation of user training and learning
is essential to understand this type of technology. Training
individuals with disabilities to use EEG-based assistive
technologies effectively requires careful consideration. People
with disabilities may face challenges in understanding and
executing the required mental tasks or motor imagery.
Developing user-friendly training protocols, providing
feedback, and ensuring user engagement is vital for successful
adoption and effective use. Overall, addressing these technical
challenges requires collaboration between researchers,
engineers, clinicians, and end-users to be able to effectively
assist people with disabilities using EEG [9].

B. Brain Activity Monitoring

There is a need for brain activity monitoring with EEG, one
reason being due to its non-invasiveness. EEG is a non-invasive
technique that allows for the measurement of electrical activity
in the brain through electrodes placed on the scalp, making it
useful and suitable for a wide range of applications, including
clinical, research, and personal use [10]. It provides a safe and
relatively low-cost method for monitoring brain activity
compared to invasive procedures, such as intracranial
electrodes. Furthermore, EEG-based brain activity monitoring is
widely used in clinical settings for diagnosing and monitoring
various neurological disorders. It aids in identifying abnormal
brain wave patterns associated with epilepsy, sleep disorders,
brain injuries, and other neurological conditions. EEG
monitoring can provide critical information for guiding
treatment decisions and assessing updates on neurological
disorders [11]. Using EEG allows clinicians to monitor real-time
results. This type of monitoring is valuable in situations where
quick assessment and intervention are necessary, such as during
epilepsy seizures, anesthesia monitoring, or intraoperative
monitoring. Moreover, EEG-based brain activity monitoring is
fundamental for developing and implementing BCls. BCIs
translate brain signals captured by EEG into control commands
for external devices, enabling individuals to interact with their
environment or control assistive technologies using their
thoughts and potentially enhancing the quality of life for people
with severe disabilities. EEG-based brain activity monitoring
can also be utilized in rehabilitation settings and neurofeedback
training, helping individuals with neurological conditions or
injuries such as stroke or traumatic brain injury to engage in
personalized rehabilitation programs [5]. Neurofeedback
training enables those in need to self-regulate and improve
specific brain patterns associated with motor control, attention,
or relaxation. By providing a non-invasive, real-time, and cost-
effective method for measuring brain activity, EEG-based brain
activity monitoring fulfills critical needs in medical diagnosis,
research, rehabilitation, and personal wellness.

Electroencephalogram (EEG) showing typical brain waves of sleep and wakefulness
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Fig. 2. Examples of human brain waves in various classes and states [31].

C. EEG Wheelchairs

Several factors can contribute to inaccuracies in EEG
wheelchairs. One of the main factors that can affect the accuracy
of EEG-based control systems for wheelchairs includes noise



and artifacts. EEG signals can be contaminated by various types
of noise and artifacts, such as muscle activity
(electromyography), eye blinks and eye movements
(electrooculography), or environmental interference. These
unwanted signals can interfere with the accurate detection and
classification of brain signals associated with the user's
intentions, leading to inaccuracies in wheelchair control [9].
Furthermore, the placement of EEG electrodes is critical for
obtaining reliable signals. If electrodes are misaligned or not in
direct contact with the scalp, it can affect the quality of recorded
EEG signals and therefore distort the underlying brain activity.
Individual variability is also another common factor considering
scalp morphology, skull thickness, and the distance between the
brain and the electrodes. These differences pose challenges in
developing generic EEG-based control systems that accurately
translate the user's intentions into wheelchair commands.
Moreover, extracting relevant information from EEG signals
and accurately classifying the user's intentions can be
challenging [9]. Different mental tasks or motor imagery used
for control commands may not produce distinct or consistent
patterns in EEG signals [12]. Complex signal processing
techniques and advanced machine learning algorithms are
required to overcome these challenges and improve accuracy.
Overall, advancements in signal processing algorithms,
electrode technologies, user-specific calibration methods, and
adaptive learning approaches are crucial to minimize
inaccuracies and improve the overall accuracy and reliability of
EEG wheelchairs.

ITII. OVERVIEW OF VARIOUS TECHNIQUES

A. EEG-Based BCI System

Some of the components of an EEG-based BCI system for
people with disabilities include the following: EEG signal
acquisition where the system detects and records the electrical
activity of the user's brain; signal processing and feature
extraction to enhance signal quality, including filtering, artifact
removal, and feature extraction algorithms; classification and
decoding where machine learning algorithms or pattern
recognition techniques are employed to classify and interpret the
extracted features from the EEG signals; and, accessibility and
user interfaces where the BCI system is designed to cater to
specific needs and abilities of individuals with disabilities [14].

An EEG-based BCI system for people with disabilities has
the potential to significantly enhance their quality of life by
providing alternative communication and control options.
Ongoing research and technological advancements in EEG-
based BCls are aimed at improving their accuracy, usability, and
practicality for individuals with diverse disabilities [14].

B. Smart Consumer EEG Devices

Smart consumer EEG devices are portable, user-friendly
devices that allow individuals to monitor and measure their brain
activity using an Analog to Digital Converter (ADC). These
devices typically consist of a headband or electrodes that are
placed on the scalp to capture electrical signals from the brain.
The analog signals generated by the electrodes are then
converted into a digital format using an ADC, which enables the
signals to be processed and analyzed by software applications or
mobile devices [15]. These smart consumer EEG devices often

come with accompanying smartphone or computer applications
that provide real-time feedback and visualizations of brain
activity. Users can monitor various aspects of their brain
function, such as relaxation, focus, or stress levels. Some
devices even offer meditation guidance or brain training
exercises based on recorded EEG data. The integration of ADC
technology in these devices is crucial as it allows for accurate
and reliable digitization of analog EEG signals. Smart consumer
EEG devices provide individuals with a convenient and
accessible way to gain insights into their brain activity without
the need for professional medical equipment or extensive
training.

C. EEG Devices for Detection and Diagnosis

EEG devices can be used to detect abnormal electrical
discharges in the brain, which can provide valuable information
for the diagnosis of various conditions, including cardiac arrest,
brain death, cerebral hypoxia, brain tumors, and epilepsy [16].
In a scenario such as a cardiac arrest, the human brain is
deprived of oxygen and blood flow, resulting in an abnormal
electrical activity pattern. EEG recordings can help identify the
absence of brain activity, indicating brain death, or the presence
of abnormal electrical discharges associated with ischemia or
anoxia. EEG monitoring can assist in determining the prognosis
and evaluating the effectiveness of resuscitative efforts. In a case
dealing with cerebral hypoxia, where the human brain receives
insufficient oxygen, EEG monitoring such as slowing of the
EEG rhythm, decreased amplitude, and the appearance of
specific patterns can aid in the assessment of the severity and
progression of cerebral hypoxia. Lastly, in a scenario with brain
tumors, EEG can provide useful information about their location
and characteristics. Tumors can cause abnormal electrical
discharges or disrupt the normal patterns of brain activity in the
surrounding areas. EEG recordings can help identify
epileptiform activity, focal slowing, or other abnormal patterns
that may indicate the presence of a brain tumor. Overall, EEG
devices are used to record and analyze the electrical activity of
the brain, providing valuable information for diagnosing and
monitoring various neurological conditions [16].

Fig. 3. A comparison of human brain waves showing a healthy individual (a)
and an epilepsy patient (b). This shows how EEG can be used for diagnosis and
monitoring in epilepsy patients.



D. Portable BClIs

Low-cost portable Brain-Computer Interfaces (BCIs) with
performance comparable to or even better than conventional
BCIs offer several advantages that make them desirable in
various applications. One of the many reasons why low-cost
portable BCIs with improved performance can serve
advantageous includes their accessibility and affordability [17].
Low-cost BCIs make the technology more accessible to a
broader range of users. Another reason can include its mobility
and flexibility. Users can use them in various settings, including
their homes, hospitals, or rehabilitation centers, without being
limited by stationary equipment. Moreover, low-cost portable
BCls are often designed with user comfort in mind. The use of
lightweight materials, flexible electrodes, and ergonomic
designs ensures that the BCI is comfortable to wear for extended
periods. This enhances the user experience and promotes long-
term usage without discomfort or fatigue. Furthermore, through
improved signal quality and processing, technological
advancements have led to improved signal quality and noise
reduction in low-cost BCIs. This enhances the accuracy and
reliability of detecting and interpreting brain signals, resulting in
better performance. It's important to note that while low-cost
portable BCIs offer many advantages, they may have certain
limitations compared to high-end, research-grade BCls. Factors
such as the number of channels, spatial resolution, and
specialized functionalities may differ between low-cost and
conventional BCIs [17].

E. EEG and Eye-Tracking for Smart Wheelchair Control

The control of a smart wheelchair using EEG signals and eye
tracking as input modalities allow individuals with limited
mobility to operate the wheelchair through their brain activity
and eye movements [18]. By processing and analyzing these
signals, machine learning algorithms can recognize patterns
related to the user's intentions and generate control commands
for the wheelchair. The integration of EEG and eye tracking
provides a more intuitive and efficient control interface,
enhancing user independence and mobility. Ongoing research
focuses on improving the accuracy, responsiveness, and
usability of this combined modality control system [18].

Eye tracking technology is utilized to monitor the user's eye
movements and determine the direction of their gaze. By
tracking the position and movement of the eyes, the system can
identify the user's intended direction or target location, allowing
for intuitive control of the wheelchair based on the user's gaze
[20]. Moreover, specific brain patterns or signals associated with
motor intention, such as imagining moving forward or turning,
can be extracted from the EEG data [15]. Machine learning
algorithms are applied to analyze these signals and map them to
corresponding wheelchair commands. These systems also
require an initial calibration phase where the user's eye gaze and
EEG signals are recorded to establish personalized models for
intention detection and eye gaze control. This process allows the
system to adapt to the user's specific brain activity and eye
movement patterns, enhancing control accuracy over time.
Furthermore, the integrated system continuously monitors the
user's eye gaze and EEG signals in real time. It processes the
data, recognizes the user's intentions, and generates appropriate
control commands to drive the wheelchair accordingly. The
wheelchair can be controlled by the user's gaze direction and

motor intentions without the need for physical interaction. The
eye gaze approach combined with EEG for wheelchair control
offers a promising solution for individuals with disabilities,
enabling them to operate the wheelchair using their eye
movements and brain signals [21].

F. EEG Only Wheelchair Control

Using computer-brain or human-computer interaction
methods to develop a neurophysiological protocol and brain-
actuated switch for wheelchair control using EEG involves
integrating neuroscience, computer science, and human-
computer interaction principles [22]. Before anything, a
neurophysiological protocol is developed to establish the
relationship between specific brain activity patterns and
intended wheelchair commands. This involves conducting
experiments and collecting EEG data while participants perform
motor imagery tasks related to wheelchair movements. The
collected data is then analyzed to identify relevant brain signals
or patterns that correlate with different commands. Signal
processing techniques are then applied to preprocess the EEG
data and extract relevant features to the identified brain signals.
Machine learning algorithms are then trained on the extracted
EEG features and corresponding wheelchair commands to build
a classification model. This model learns to recognize patterns
in the EEG data and classify them into different wheelchair
control commands. Furthermore, the brain interface is designed
to facilitate the interaction between the user and the wheelchair
control system including visual feedback, virtual environments,
or auditory cues to provide feedback and aid in the user's control
and navigation. The developed neurophysiological protocol and
brain-actuated switch are then evaluated through user studies
and usability testing [23]. Feedback from participants is
gathered to identify areas for improvement and refine the system
iteratively. Once the system is developed and validated, it can
be integrated with the wheelchair hardware and control system.
The real-time EEG signals are processed using the trained
classification model to generate control commands for the
wheelchair. The wheelchair responds accordingly to the user's
intended commands derived from their brain activity. Overall,
developing a neurophysiological protocol and brain-actuated
switch for wheelchair control using EEG is a complex and
interdisciplinary task. It requires expertise in neuroscience,
signal processing, machine learning, human-computer
interaction, and wheelchair engineering [23].

G. Stroke Rehabilitation

The plasticity of the central nervous system refers to its
ability to reorganize and form new connections in response to
changes in inputs or experiences. In the context of stroke
rehabilitation, repetitive rehabilitation training based on brain
signals can harness the plasticity of the central nervous system
to promote recovery and functional improvement in stroke
patients [11]. To add some background information, a stroke
occurs when there is a disruption of blood supply to the brain,
leading to brain damage. This damage often results in functional
impairments, such as paralysis or loss of coordination. Through
repetitive rehabilitation training, specific motor tasks and
exercises are repeatedly performed to encourage the brain to
rewire and establish new connections related to the
dysfunctional limb. This training can include various techniques
such as physical therapy, occupational therapy, and task-specific



training tailored to the individual's needs. In recent years, brain
signal-based approaches, such as BCIs or neurofeedback, have
emerged as promising tools for stroke rehabilitation. These
techniques involve recording and analyzing brain signals,
typically using EEG, and providing real-time feedback to the
patient. Through repetitive rehabilitation training and brain
signal-based interventions, the brain can establish new
connections with the dysfunctional limb and the central nervous
system. This process involves recruiting alternative neural
pathways, activating dormant connections, and promoting
functional reorganization in the brain. Additionally, through the
use of EEG-based rehabilitation, such training can focus on
activating the motor cortex of the brain, which is responsible for
motor planning and execution. By engaging in motor imagery
tasks, the patient generates specific brain signals associated with
motor intention. This helps stimulate the activation of the motor
cortex and facilitates the establishment of new connections
related to the dysfunctional limb [24]. Over time, these new
connections can contribute to the restoration of motor function
and recovery of the affected limb. Overall, it's important to note
that stroke rehabilitation is a complex and multifaceted process
that often involves a combination of approaches, including
physical therapy, pharmacotherapy, and psychological support
[11]. The plasticity of the central nervous system provides a
foundation for rehabilitation efforts to stimulate recovery and
functional gains.

IV. COMPARISON AND CLASSIFICATION OF EEG METHODS

A. Limitations

EEG signals have shown promise in various applications
within smart health. However, there have been certain
limitations to consider. One is the low signal-to-noise ratio.
Moreover, EEG provides limited spatial resolution compared to
other neuroimaging techniques like fMRI or PET scans. It
measures electrical activity from the surface of the scalp, which
can make it challenging to precisely localize the source of neural
activity within the brain. With this in mind, EEG signals may
not provide comprehensive information about subcortical
structures or deep brain regions. Additionally, EEG signals are
complex and require expertise in signal processing and
neurophysiology for accurate interpretation [25]. Analyzing
EEG data involves challenges such as distinguishing between
different brain states, identifying specific cognitive processes,
and extracting meaningful features for analysis. Considering
that EEG signals can vary significantly across individuals due to
anatomical characteristics, it can be challenging to develop
generalized models or algorithms that apply to a diverse
population. Lastly, wearing EEG electrodes and equipment can
be burdensome for users, potentially affecting user acceptance
and compliance [26]. Improving the comfort, ease of use, and
wearability of EEG devices is crucial for their successful
integration into smart health applications. Despite these
limitations, ongoing research and technological advancements
aim to address these challenges and improve the reliability,
accuracy, and practicality of using EEG signals in smart health
applications.

B. Advantages

Despite its limitations, using EEG signals in smart health can
offer several advantages. It is noninvasive and can be used in

various settings, including hospitals, clinics, or even at home,
enabling long-term monitoring and data collection [26]. Also,
EEG signals provide real-time measurements of brain activity,
allowing for immediate analysis and interpretation. This enables
prompt detection of abnormalities or changes in brain function,
making it valuable for monitoring patients with neurological
conditions or assessing cognitive states [26]. One advantage
could include how EEG equipment is generally more affordable
compared to other neuroimaging techniques. This makes EEG a
cost-effective option for large-scale studies, long-term
monitoring, or resource-limited healthcare settings. Not to
mention, EEG signals can be used in neurofeedback training,
where individuals can learn to self-regulate their brain activity
for therapeutic purposes [25]. Additionally, EEG-based BCls
enable direct communication between the brain and external
devices, allowing individuals to control external systems using
their brain signals. Lastly, EEG data can be combined with other
health information, such as medical records or wearable sensor
data, to provide a more comprehensive understanding of an
individual's health status. This can contribute to personalized
healthcare approaches and targeted interventions tailored to an
individual's specific needs. By leveraging the advantages of
EEG signals in smart health, healthcare professionals and
researchers can gain valuable insights into brain function,
monitor neurological conditions, facilitate neurorehabilitation,
and improve overall patient care.

V. UNSOLVED RESEARCH PROBLEMS

While EEG signal-based assistive technologies have made
significant advancements, several research opportunities remain
to further enhance their capabilities.

Signal processing and noise reduction in EEG recording, for
example, are crucial for accurate interpretation and reliable
performance of assistive technologies. Research can focus on
developing advanced signal processing techniques to reduce
artifacts, noise interference, and improve the signal-to-noise
ratio [27].

Moreover, when it comes to adaptability and
individualization, EEG signals may vary across individuals due
to anatomical and physiological differences. Exploring methods
to adapt EEG-based systems to individual users, including
personalized calibration, user-specific feature extraction, and
new machine learning algorithms, can enhance system
performance and user experience [28].

In addition, multimodal integration can be considered a main
unsolved research opportunity. Examples would be integrating
other methods such as eye-tracking, electromyography (EMG),
or other brain imaging techniques like functional near-infrared
spectroscopy (fNIRS), which can provide complementary
information for improved system performance [29].
Investigating the integration of multiple modalities can enhance
the robustness and reliability of assistive technologies [30].

Furthermore, performance and usability with EEG-based
assistive technologies need to be validated and tested in real-
world environments to assess their usability, practicality, and
user acceptance. Research can focus on conducting long-term
studies, user feedback, and iterative design processes to improve
the integration of these technologies into everyday life.



By addressing these research opportunities, the field of EEG
signal-based assistive technologies can advance further, leading
to improved performance, usability, and integration into the
lives of individuals with disabilities [29].

VI. CONCLUSION

In conclusion, EEG signal technology holds great promise in
the field of assistive technologies, offering several advantages
and disadvantages. The current state of EEG signal technology
showcases its potential for improving the lives of individuals
with disabilities. However, it is important to consider both the
benefits and limitations of this technology in order to fully
understand its scope and impact. EEG signal technology has
significant advantages in terms of non-invasiveness,
communication assistance, device control, rehabilitation, and
diagnostic applications. While EEG signal technology has been
helpful for people with disabilities, challenges and limitations
related to signal interpretation, electrode placement, spatial
resolution, standardization, and capturing deep brain activity
need to be addressed to fully utilize and improve its potential in
improving the lives of individuals with disabilities.
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