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Abstract – For centuries, scientists, academics, and 

engineers have been fascinated by the human brain, which is 

considered the most advanced organ. Exploration of the 

human brain's capacities and complexities is intriguing and 

exciting, stretching the limits of neuroscience and technology. 

Among the most noteworthy developments in this field is the 

creation of the Brain-Computer Interface (BCI) technology, 

which creates an amazing link between the human brain and 

machines or computers. The BCI system offers the possibility 

to connect with the human brain or thinking through 

technology, representing a sophisticated fusion of computer 

science, neurology, and engineering. This method empowers 

people with a variety of infirmities, including paralysis and 

lost motor functions. Fundamentally, brain-computer interface 

(BCI) technology is intricately linked to the recording and 

interpretation of psychological signals, including 

electrocardiograms (ECG) and electroencephalograms (EEG). 

The amazing possibility of creating a direct connection 

between the human mind and outside technologies is unlocked 

by these signals. In order to decode emotions, thoughts, and 

intentions and convert the signals into useful instructions for 

machines, computers, and prosthetic equipment, BCI makes 

use of the electrical activity produced by the heart (ECG) or 

brain (EEG). To comprehend the remarkable potential of the 

development of BCI systems, it is essential to investigate the 

connection between physiological signals and technological 

interfaces.  
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1.INTRODUCTION  
The majority of people have heard of or know someone who is 

paralyzed. The majority of paralysis instances are caused by 

illnesses or accidents that impair a person's muscles and 

nerves, either completely or partially. Because caring for 

people with disabilities can be quite costly, they typically do 

not receive the help they require. In order to treat individuals 

with physical disabilities, brain–computer interface (BCI) 

technology is increasingly used. This device has the potential 

to greatly improve the autonomy and mobility of these 

individuals, hence enhancing their quality of life [1]. 

Furthermore, people have long been fascinated by the concept 

of connecting technology to brains. Because they lose fine 

motor control or lack total control of their voluntary muscles, 

paralyzed people with neurological diseases (such as locked-in 

syndrome, muscular dystrophy, amyotrophic lateral sclerosis, 

brainstem stroke, and spinal cord injury) have trouble walking, 

speaking, and writing. Nonetheless, they typically possess 

cognitive capacities comparable to those of those without 

disabilities. These individuals typically have normal mental 

capacities and are conscious [2]. 

The monitoring of brain activity and the integration of the 

collected data into BCIs are therefore the main areas of 

neurology research. For example, patients can utilize brain data 

to send a message, write an email, or manage household 

appliances or a wheelchair's four-way movement. Terminals 

placed on the surface of the brain or inside the cerebrum can be 

used to invasively record brain activity, while sensors on the 

scalp can be used for non-invasive recording. Because these 

technologies can assist those with severe motor limitations in 

their daily tasks, their popularity is growing [3]. The primary 

goal of BCI applications is to assist those with significant 

motor disabilities in leading as normal a life as possible. 

Numerous BCI-enabled gadgets have been created to support 

human activities. Moreover, a number of research have 

suggested strategies for facilitating communication between 

devices and brains in individuals with severe disabilities, 

including paralysis and brain strokes [4,15,16]. Restoring 

usable abilities in people with neuromuscular diseases is the 

primary goal of a BCI device. Signal characteristics from the 

brain must be extracted for BCI techniques. These 

characteristics are then examined and converted into 

instructions. Fig. 1 shows a general overview of a typical BCI 

system. Techniques for monitoring brain activity can be 

divided into two categories: non-invasive and invasive. The 

distinction between the two is depending on where the 

electrodes are placed. Neurosurgery is required for invasive 

procedures, in which one or more BCI units are used to 

implant an electrode directly into the brain. The BCI unit can 

be used to monitor the brain region. Although the signals 

generated here are of excellent quality, the method's drawbacks 

are substantial since it increases the amount of scar tissue in 

the brain. Electrocorticography (ECoG) is an example of an 

invasive technique in which brain activity is directly monitored 

from the surface of the brain [4].  
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In comparison to the intrusive method, the non-invasive 

approach is less expensive, produces less discomfort, and is 

very effective. For example, electrodes are applied to the scalp 

during an EEG to track and record the patterns of brain waves. 

After the wave patterns are obtained, the signals are sent to a 

computer. A few commercial non-invasive EEG devices. The 

EEG primary paradigm comprises three distinct signal-

capturing methods: steady-state visual evoked potential 

(SSVEP), P300, and motor imagery (MI). The methods and 

possibilities of these three paradigms vary. After 300 ms of a 

stimulus in a human-event-related potential, the EEG wave in 

P300 has a high positive peak if the individual is deeply 

involved in the task. MI, on the other hand, focuses on the 

mental process of a movement that does not include the 

activation of muscles. One form of treatment and training used 

to repair damage to the muscles and motor systems is 

rehabilitation. Using imagery cues to convert activity practices 

into everyday routines appropriate for therapy is one example, 

as is robot-aided therapy. A patient might, for example, just 

visualize the action—like holding a bottle. The device then 

receives a command from the brain signal to control the 

movement. Training patients to send more motor brain signals 

is the first technique; training patients to engage devices that 

enhance motor function is the second [5]. Although individuals 

who have acquired motor deficits sometimes exhibit damaged 

cortices or issues with motor connections, the EEG approach is 

showing the astonishing gains and ongoing alterations.  With 

the use of assistive technology, individuals with physical 

disabilities can move, play, interact with others, and 

communicate just like anyone else. When it comes to thinking 

about individuals with disabilities, this technology can help 

caretakers feel less stressed.  In order to assist people in 

completing particular tasks, such those in education, adaptive 

technology refers to improved versions of the current tools that 

include additional features and chances for engagement. Thus, 

this review's primary goal is to find relevant literature that uses 

BCI tools to support different research areas. Additionally, a 

study is conducted of the current brands and varieties of 

commercial EEG equipment utilized for assistive, adaptive, 

and rehabilitative BCI technologies. Using online search 

databases (IEEEXplore, Scopus, PubMed, and ScienceDirect), 

a research approach was first employed to obtain all of the 

relevant publications. The analysis findings from the 

systematic review are then compiled according to the device 

type and company. Lastly, a discussion was held, inferences 

were made using the data, and suggestions for more research 

were made in order to increase the significance of the outcome. 

 

 

 

 

 

 

Fig. 1. Overall architecture of the brain computer 

interface system 
 

 

2. METHODOLOGY 

This section focuses on the systematic approach to 

investigating the efficacy of BCI-assisted brainwave 

modulation for managing insomnia. 

 Data Collection and Preprocessing 

The study utilizes non-invasive EEG devices to record 

brainwave activity during sleep or wake cycles. The different 

brain wave collecting devices are shown in Fig.2. Participants 

include individuals with diagnosed insomnia and a control 

group with healthy sleep patterns. Signal acquisition methods 

such as steady-state visual evoked potential (SSVEP) and 

motor imagery (MI) paradigms are employed to ensure high-

quality data. 

Signal Processing and Feature Extraction 

Preprocessing steps include filtering noise and artifacts from 

EEG data. Key features such as alpha, theta, and delta wave 

activities are extracted using Fast Fourier Transform (FFT) and 

wavelet decomposition techniques. 

BCI System Design 

A non-invasive BCI interface translates EEG signals into 

actionable insights. Participants interact with the system via 

visual feedback or auditory cues, aiming to regulate brainwave 

patterns through neurofeedback training. 

Intervention Protocol 

The protocol involves nightly 30-minute sessions where 

participants use the BCI system to modulate brainwave 

activities. Techniques such as guided relaxation and cognitive 

tasks are integrated to stimulate specific brainwave patterns 

associated with sleep regulation. 

Evaluation Metrics 
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Outcomes are measured using this devices, subjective sleep 

quality questionnaires, and longitudinal changes in insomnia 

severity as assessed by clinical tools like the Insomnia Severity 

Index (ISI). 

 

Fig. 2. Different Brain wave collecting devices 

3. DISCUSSION 

The systematic review highlights the potential of Brain-

Computer Interface (BCI) systems in addressing a wide 

range of neurological and psychological conditions, 

including insomnia. By bridging the gap between 

neuroscience and assistive technology, BCI systems 

offer a promising avenue for managing sleep disorders 

by modulating brainwave activity. 

Role of EEG in Brainwave Modulation 

Electroencephalograms (EEGs) have been extensively 

studied for their capability to monitor brainwave activity 

in real-time. The primary brainwave patterns involved in 

sleep regulation—alpha, beta, theta, and delta—can be 

targeted using neurofeedback systems integrated with 

BCI technology [6]. Neurofeedback sessions guided by 

EEG data allow users to consciously influence their 

brainwave states, facilitating transitions from 

wakefulness to sleep. 

Advancements in Non-Invasive BCI Technology 

Non-invasive BCIs, employing electrodes on the scalp, 

provide a less intrusive and more accessible option for 

insomnia management. Devices such as the ones 

referenced by Pineda et al. are designed to collect high-

resolution  

Comparison with Traditional Therapies 

Pharmacological approaches to insomnia, such as 

sedatives, often come with adverse effects and 

dependency risks. In contrast, BCI systems provide a 

drug-free solution that not only addresses the symptoms 

but also targets the underlying neural dysfunctions. 

Emerging Trends and Challenges 

The development of hybrid BCI systems that integrate 

EEG with additional physiological data, such as heart 

rate and respiratory patterns, is an emerging trend. These 

multimodal systems promise to provide a more 

comprehensive understanding of sleep disorders and 

enhance intervention accuracy [7]. 

Broader Implications 

Beyond insomnia, BCI technologies have applications in 

treating related conditions such as anxiety, depression, 

and chronic pain, which often co-occur with sleep 

disorders. The integration of BCIs into wearable devices 

further expands their accessibility, enabling users to 

engage with therapeutic interventions in everyday 

settings. 

Comparative Insights from Literature 

The parallels in these applications suggest that advances 

in signal processing and interface design could readily 

translate to insomnia management. 

Future Prospects 

The potential of BCI systems to redefine insomnia 

treatment lies in their adaptability and precision. As 

these technologies mature, incorporating advanced 

algorithms for machine learning-based signal analysis 

and user-centered design will further enhance their 

impact on sleep health and beyond. 
 

4. CONCLUSION 

The application of BCI technology for brainwave 

modulation in insomnia treatment represents a 

significant leap forward in addressing this pervasive 

sleep disorder. By enabling direct interaction with brain 

activity, BCIs offer a non-invasive, personalized, and 

adaptive solution that aligns with the principles of 

precision medicine. The integration of BCIs into sleep 

therapy has the potential to, revolutionize treatment 

modalities by offering real-time insights and feedback. 

Reduce the burden on healthcare systems by enabling 

effective home-based interventions. Enhance patient 

autonomy in managing their condition. BCI-assisted 

brainwave modulation is not just a treatment; it is a 

paradigm shift in how we understand and manage sleep 

disorders. As advancements in neurotechnology 

continue to unfold, the boundaries of what is possible in 

insomnia therapy and beyond will expand, paving the 
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way for a future where the mind itself becomes a tool for 

healing. 
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