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ABSTRACT: Brain-Computer Interface (BCI) technology is changing the way humans interact with  
machines. It allows people to control computers, robotic arms, and even wheelchairs using just  

their brain signals—no physical movement needed. This is especially life-changing for individuals  
with paralysis, giving them the ability to type, move objects, or navigate their surroundings  

independently. But BCI isn’t just for medical use. It has the potential to make everyday tasks  
easier for everyone, offering hands-free control for electronic devices, gaming, virtual reality, and  
smart home systems. Despite its exciting possibilities, BCI still faces challenges. The technology  

needs to be more accurate, faster, and easier to use. There are also concerns about privacy,  
safety, and long-term effects. Thanks to advancements in artificial intelligence and neuroscience,  
BCI systems are improving. Researchers are working on making them more comfortable and  

accessible, using non-invasive methods to read brain signals. In the future, BCI could become a  
common part of daily life, making technology more intuitive and accessible for all. This paper will  
explain how BCI works, explore its benefits and challenges, look at recent research  developments, 

and discuss what the future of BCI might hold.  

KEYWORDS: Brain-Computer Interface (BCI), Brain Machine-Interface (BMI), Intention  
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INTRODUCTION:  

A Brain-Computer Interface (BCI), also known as a Brain-Machine Interface (BMI), is technology  
that enables direct communication between the brain and external devices like computers or  
robotic limbs. Unlike traditional methods that rely on physical movement, BCIs allow users to  
control devices using only their brain signals. This technology is primarily used to study, enhance,  
or restore cognitive and motor functions in people with disabilities. It also opens the possibility  
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of blurring the line between humans and machines. BCI systems can be categorized based on  how 
they interact with the brain. Non-invasive methods, such as EEG (electroencephalography),  MEG 

(magnetoencephalography), and MRI (magnetic resonance imaging), record brain activity  
without surgery. Partially invasive techniques, like electrocorticography (ECoG) and endovascular  
BCIs, involve placing electrodes under the skull but outside the brain tissue. Fully invasive  
methods use microelectrode arrays implanted directly into the brain for more precise signal  
detection.  

The concept of BCI dates back to the 1970s when researcher Jacques Vidal at UCLA first  
introduced the term in scientific literature. His work, funded by the National Science Foundation  
and DARPA, laid the foundation for modern BCIs. After years of experiments on animals, the first  

neuroprosthetic devices were implanted in humans in the 1990s. With advancements in artificial  
intelligence and machine learning, BCIs can now analyze brain signals to classify mental states  
such as relaxation, concentration, or emotional responses. This progress is making BCI technology  

more accurate and accessible, paving the way for future applications in medicine,  
communication, and everyday life.  

HISTORY OF BCI:   

The history of Brain-Computer Interfaces (BCIs) traces back to the discovery of the brain’s  

electrical activity by Hans Berger, a German psychiatrist. In 1924, Berger was the first to record  

human brain activity using a technology known as electroencephalography (EEG). Through his  
experiments, he identified different types of brain wave patterns, including the alpha wave,  which 

operates at a frequency of 8–13 Hz. Berger’s early recording equipment was quite basic.  Initially, 

he placed silver wires under the scalp of his patients to measure brain activity. Later, he  improved 

his method by using silver foils attached to the patient’s head with rubber bandages.  However, his 
first attempts to measure brain signals using a Lippmann capillary electrometer did  not produce 

satisfactory results. Over time, more advanced equipment, such as the Siemens double-coil 

recording galvanometer, allowed scientists to detect tiny electrical signals in the  brain, measuring 
voltages as small as 10⁻⁴ volts. This breakthrough opened new possibilities for  studying brain 

function and its relation to neurological diseases. Although BCIs as we know them  today did not 

exist at the time, one of the earliest demonstrations of a brain-machine interface  came in 1965. 

American composer Alvin Lucier created a performance piece called Music for Solo  Performer, in 
which EEG signals from the performer’s brain were used to control musical  instruments. By 

generating alpha waves, the performer could "play" percussion instruments  through loudspeakers 

placed near or on them.  

This experiment demonstrated that brain signals could be harnessed to control external devices,  
a fundamental concept in modern BCI technology. Over the following decades, advancements in  

neuroscience, engineering, and computing paved the way for the sophisticated BCIs we see  
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today, allowing direct communication between the brain and machines.  

Brain Computing Interface:  

A Brain-Computer Interface (BCI), also known as a Brain-Machine Interface (BMI), is a technology  
that allows direct communication between the brain and an external device, such as a computer  
or robotic limb. This means a person can control a device using only their brain signals, without  

needing to move their hands or other body parts. BCIs are primarily used for research, medical  
assistance, and rehabilitation, helping people with disabilities regain lost functions. They also  
open up the possibility of merging human thought with machines, blurring the line between  

biological and artificial intelligence.  

There are three main types of BCIs, classified based on how they interact with the brain:  

1. Non-invasive BCIs – These use sensors placed on the scalp to record brain activity without  
surgery. Examples include EEG (electroencephalography), MEG  

(magnetoencephalography), and MRI (magnetic resonance imaging).  

2. Partially invasive BCIs – These involve placing electrodes inside the skull but not directly  in 
the brain. Methods like electrocorticography (ECoG) and endovascular BCIs fall into this  

category.  

3. Invasive BCIs – These require electrodes to be implanted directly into the brain, such as  

microelectrode arrays, allowing for precise signal recording.  
Research on BCIs began in the 1970s when scientist Jacques Vidal at UCLA introduced the concept  
in his 1973 paper. Funded by the National Science Foundation and DARPA, his work laid the  
foundation for modern BCIs. After years of testing on animals, the first brain-controlled  prosthetic 

devices were implanted in humans in the mid-1990s. One of the key advancements in  BCI 
research is the use of machine learning to interpret brain signals. By analyzing EEG data from  the 
frontal lobe, scientists have successfully classified different mental states, such as relaxation,  
focus, and emotional responses (positive, neutral, or negative). This technology is helping  
develop better ways for people to interact with computers, assistive devices, and even smart  

environments using only their thoughts.  
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BCI Chip 

  Working Of BCI:  

A Brain-Computer Interface (BCI) allows direct communication between the brain and external  
devices, enabling people to control technology using only their thoughts. This process involves  
several steps, from generating brain signals to executing commands on a computer or robotic  
system. The first step in the BCI process begins with the brain generating electrical signals. Every  
time you think, move, or even imagine an action, your brain produces tiny electrical impulses.  For 

example, if you imagine moving your hand, specific regions of your brain become active,  sending 
out signals that can be detected and interpreted by a BCI system. Next, these brain  signals need 
to be captured by sensors. BCIs use different types of sensors depending on the  level of accuracy 
required and how invasive the system is.  

∙  Non-invasive BCIs use electrodes placed on the scalp, often in the form of an EEG  

(electroencephalography) cap. This method is safe and does not require surgery, making  
it the most widely used approach. However, because the sensors are placed outside the  
skull, the signals they pick up can be weaker and less precise.  

∙  Invasive BCIs involve surgically implanting small sensors directly into the brain. These  

sensors provide much clearer and more detailed brain signals, which improve accuracy 

and control. However, this approach comes with medical risks, such as infections and  
complications from surgery.  

Once the sensors capture brain signals, they are sent to a computer for processing. The  
computer’s job is to make sense of these signals by filtering and analyzing them. The brain 
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produces a large amount of electrical activity, much of which is unrelated to the task the user  

wants to perform. To make sense of the signals, the computer performs two important tasks:  

∙  Signal Filtering: The system removes unnecessary signals or "noise" to focus only on the  

relevant brain activity.  

∙  Pattern Recognition: The computer identifies specific patterns in the brain signals and  

associates them with particular actions, such as moving a robotic arm or selecting a letter  
on a screen.  

After processing the brain signals, the computer translates them into commands for an external  
device. These commands allow users to interact with the world in various ways. For example:  

∙  A person with paralysis can use a BCI-controlled robotic arm to pick up a cup or shake 

hands.  

∙  Someone unable to speak can use a BCI-powered communication device to select letters  

or words on a screen just by thinking, allowing them to express themselves.  

A key feature of modern BCIs is feedback and adaptation. The system provides real-time  
feedback to the user, showing them how their thoughts are being interpreted. Over time, BCIs  
can learn from the user’s brain activity, improving accuracy and making the system easier to use.  

The more a person interacts with a BCI, the better it gets at recognizing their unique brain  
patterns. BCI technology is constantly evolving, with researchers working on making systems  
more user-friendly, accurate, and accessible. In the future, BCIs could be used not only for  

medical purposes but also for gaming, smart home control, and even enhancing human abilities  
beyond their natural limits.  
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Block of BCI  
Type of Brain Computing Interface:  

Invasive BCI: Invasive Brain-Computer Interfaces (BCIs) involve implanting tiny electrodes directly  
into the brain to read and transmit neural activity. These BCIs create a high-precision link  
between the brain and external devices like computers, robotic arms, or communication systems.  
Because they interact directly with brain cells, invasive BCIs can provide highly accurate control,  
making them especially useful for medical applications. For example, they help paralyzed  

individuals regain movement by allowing them to control prosthetic limbs with their thoughts.  
They also enable people with severe neurological conditions, such as ALS, to communicate by  
selecting letters or words using brain activity. Despite their potential, invasive BCIs come with  
risks. Since the electrodes are placed inside the brain, there is a possibility of infection, tissue  
damage, and long-term complications, such as scarring that may affect the device’s performance.  

Additionally, brain tissue is delicate, and long-term stability of implanted devices remains a  
challenge. However, advancements in neurosurgery and materials science are making invasive  
BCIs safer and more effective. Scientists are developing smaller, more durable implants that can  
stay in the brain for longer periods without causing harm. As technology continues to improve,  
invasive BCIs may revolutionize medicine and human-computer interaction, helping people  

regain lost abilities and enhancing brain-machine communication. 

Non-Invasive BCI: Non-invasive Brain-Computer Interfaces (BCIs) allow people to control  
external devices using brain activity without requiring surgery. Instead of implanting electrodes  
inside the brain, these systems use sensors placed on the scalp or other external devices to detect  
brain signals. The most common methods include electroencephalography (EEG), which  

measures electrical activity in the brain, functional magnetic resonance imaging (fMRI), which  
tracks blood flow, and near-infrared spectroscopy (NIRS), which detects changes in oxygen levels  
in the brain. Because non-invasive BCIs do not require surgery, they are much safer than invasive  
BCIs. However, they also come with limitations. Since the signals must pass through the skull and  
scalp, they are weaker and less precise. This can result in slower response times and less accuracy  

compared to invasive BCIs. Despite these challenges, non-invasive BCIs are widely used in various  
fields. They help individuals with disabilities control assistive devices, such as wheelchairs or  
speech-generating systems. They are also used in cognitive training, neurofeedback therapy, and  
even entertainment industries like gaming and virtual reality. In rehabilitation, non-invasive BCIs  
help stroke patients regain motor functions by training their brains to reconnect with muscles.  

As technology advances, non-invasive BCIs are becoming more reliable and accessible, offering a  
promising future for improving human-computer interaction without the risks associated with  
brain surgery.  

Partial Invasive BCI: Partial invasive Brain-Computer Interfaces (BCIs) are a middle-ground  
technology between fully invasive and non-invasive BCIs. Unlike invasive BCIs, which require  
electrodes to be implanted deep into brain tissue, partial invasive BCIs place electrodes on the  
surface of the brain, just beneath the skull. These are often referred to as epidural or subdural BCIs,  
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depending on how close they are positioned to the brain’s outer layer. This approach provides a  
balance between accuracy and safety. Because the electrodes are placed closer to the brain, they  
can capture brain signals more clearly than non-invasive BCIs, which have to pick up signals  
through the skull and scalp. This means they offer better signal quality and faster response times 
compared to non-invasive BCIs. At the same time, since they do not penetrate deep into brain  tissue 
like fully invasive BCIs, they carry fewer risks, such as infection or tissue damage. Partial  invasive 
BCIs have important medical applications. They are used to detect seizures in epilepsy  patients, 
helping doctors monitor and predict seizure activity more accurately. They are also useful  in motor 
control for prosthetic limbs, allowing individuals with disabilities to move robotic arms  or other 
assistive devices using their brain signals. Additionally, people with locked-in syndrome,  a 
condition where they are fully conscious but unable to move or speak, can use these BCIs for  
communication. However, these BCIs still require surgery, which comes with risks. Over time,  

maintaining device stability and preventing tissue scarring remain challenges that researchers are  
working to overcome. Despite these difficulties, advancements in technology and neurosurgery  are 
making partial invasive BCIs safer and more effective, bringing new possibilities for medical  
treatments and brain-controlled devices.  

Research of BCI:  

Animal BCI: Scientists have been studying Brain-Computer Interfaces (BCIs) in animals for  

decades, using them to understand how the brain controls movement. Research has focused  

primarily on monkeys, rats, and even sheep to develop technology that allows animals to control  

devices using only their thoughts. Monkeys have been trained to move computer cursors and  

control robotic arms simply by thinking about the movement and seeing the results on a screen.  

In 2008, researchers at the University of Pittsburgh Medical Center captured images of a monkey  

using a robotic arm through BCI technology. More recently, Elon Musk’s company Neuralink 

successfully implanted its device in a pig in 2020. By 2021, Musk announced that Neuralink had  

enabled a monkey to play video games using only its brain signals. BCI experiments on animals 

date back to 1969, when scientists at the University of Washington trained monkeys to control a  

biofeedback arm through brain activity. Later, in the 1970s, researchers discovered that monkeys  

could learn to control individual and multiple neurons in their motor cortex if given rewards. This  

research provided key insights into how the brain sends movement signals. In the 1980s , 

neuroscientist Georgopoulos at Johns Hopkins University found a mathematical connection  

between brain signals and movement direction in rhesus macaque monkeys. He discovered that  

multiple areas of the brain work together to control movement, although early technology could  

only record signals from one area at a time. These animal studies have played a crucial role in  

developing modern BCIs. They have helped scientists improve brain-controlled prosthetics,  

robotic limbs, and even communication devices, paving the way for human applications that can  

restore lost abilities in people with disabilities.  

Human BCI: Research on Brain-Computer Interfaces (BCIs) in humans aims to develop systems  
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that allow people to control devices using only their brain activity. This technology has the  
potential to improve the lives of individuals with neurological conditions , such as spinal cord 

injuries, ALS (amyotrophic lateral sclerosis), and stroke survivors, by helping them regain  
movement or communicate more effectively. Scientists from various fields, including  
neuroscience, engineering, computer science, and psychology, work together to make BCIs more  
advanced and accessible. In human BCI research, participants take part in studies where they use  
their brain signals to control external devices like robotic arms, prosthetic limbs, or computers. 

Some BCIs are non-invasive, using EEG-based sensors placed on the scalp, while others are  
invasive, requiring electrodes to be implanted inside the brain. Invasive BCIs offer more precise  

control and have been successful in helping paralyzed patients regain movement. However,  
because they require surgery, they come with risks such as infections and long-term health  

concerns. Non-invasive BCIs are much safer but struggle with lower accuracy and slower response  
times due to the difficulty of reading signals through the skull. Since BCIs directly interact with  
the human brain, ethical considerations are extremely important. Researchers must ensure that  
participants fully understand the risks, carefully study the long-term effects of the technology,  
and consider the psychological impact on users. Some individuals may become emotionally  

dependent on BCIs, and privacy concerns also arise, as these systems collect highly personal  
neural data that must be securely stored and protected. Beyond medical applications, BCIs are  
being explored for general human-computer interaction. They could be used for controlling  
virtual reality environments, improving gaming experiences, or even enabling brain-to-brain  
communication, where information is transmitted directly between two people's brains. While 

these ideas sound futuristic, human BCI research is still in its early stages, and many technical,  

ethical, and medical challenges remain before it becomes widely available for everyday use.  

Advantage of BCI:  

The advantages of Brain-Computer Interfaces (BCIs) are substantial, particularly in the fields 
of  healthcare, communication, and human-computer interaction.  

Restoration of Motor Function: BCIs can help individuals with paralysis or neurological  
disorders regain control over their environment. By bypassing damaged neural pathways, BCIs  
enable direct control of prosthetic limbs, wheelchairs, or other assistive devices using only 
brain  signals.  

Communication for Disabled Individuals: BCIs offer a communication method for individuals  
who are unable to speak or move due to conditions like ALS or locked-in syndrome. These  
systems can translate brain signals into text, speech, or control of external devices, allowing for  
better interaction with their surroundings.  

Neurorehabilitation: BCIs are being used to help stroke patients retrain their brains and restore  
lost motor functions. By detecting neural activity associated with movement, BCIs can provide  
feedback that accelerates recovery in combination with physical therapy.  

Direct Brain Control of Technology: For healthy users, BCIs could revolutionize human 
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computer interaction by providing hands-free control over computers, smartphones, or 
virtual  reality environments. This could open new possibilities for gaming, work productivity, 
and  immersive experiences.  

Potential for Enhancing Cognitive Abilities: BCIs may one day enhance human cognition by  
improving memory, attention, or problem-solving abilities. In research, there are efforts to  
develop systems that provide cognitive feedback, helping users optimize their mental  
performance.  

Assistive Technology: BCIs offer personalized solutions for individuals with disabilities, such as  
controlling home appliances, music, or environmental settings through neural commands,  
improving independence and quality of life.  

Mental Health Applications: Some BCIs are being explored for their potential in treating 
mental  health disorders like depression or anxiety by modulating brain activity through 
neurofeedback  or other brain stimulation techniques.  

 
Disadvantage BCI:  

Despite the promising potential of Brain-Computer Interfaces (BCIs), they come with 
several disadvantages and challenges, especially as the technology is still in  
development.  

Lower Accuracy inNon-Invasive BCIs: Non-invasive BCIs, while safer, suffer from lower  
accuracy and slower response times due to the difficulty in detecting brain signals  
through the skull and scalp. The signals can be weak or mixed with noise, limiting the 
precision and effectiveness of the system.  

High Cost: The development and deployment of BCIs, especially invasive ones, are  
expensive. Costs include the initial surgical procedures, the BCI hardware, ongoing  
maintenance, and any necessary software or upgrades, which can make them  
inaccessible to many people.  

Limited Control and Functionality: Current BCIs often have limited functionality,  
offering control over basic tasks like moving a cursor or controlling a robotic arm, but  
more complex actions are still challenging. This limitation may restrict the everyday  
utility of BCIs for many users.  

Device Longevity and Stability: Particularly for invasive BCIs, maintaining long-term  
device stability inside the brain is challenging. Electrodes can degrade over time, and  
the body’s immune response may cause scarring, which reduces signal quality and may  
necessitate additional surgeries or maintenance.  

Learning Curve and Cognitive Fatigue: Using a BCI can require significant training, as  
users must learn how to generate the right brain signals to control the system. This  
process can be mentally taxing, leading to cognitive fatigue, especially during 
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extended  use.  

Privacy and Security Concerns: BCIs involve capturing and interpreting brain signals,  
which raises ethical concerns around data privacy. Sensitive neural data could  
potentially be misused if not properly protected, and there are concerns about hacking  
or unauthorized access to the BCI system.  

Ethical and Psychological Impacts: Interfacing directly with the brain poses ethical  
challenges, particularly in terms of autonomy and the potential for manipulating  
thoughts or behavior. Users might also face psychological impacts, including  
dependency on the technology or changes in self- perception. 
Regulatory and Ethical Barriers: The use of BCIs in medical and commercial settings 
is  subject to strict regulatory oversight, which can slow the adoption of new 
technologies. Ethical issues related to consent, long-term effects, and data usage also  
require careful consideration.  

   

Application of BCI:  

Various forms of brain-computer interfaces have proven to be widely used in almost all  
research areas. The technology was originally introduced to help people with physical  
disabilities is now used in medical, neuroergonomics and smart environment,  neuromarketing 
and advertisement, educational and self-regulation, games and entertainment  and security 
and authentication fields  

Educational and Self-Regulation  

Neurofeedback is a promising way to strengthen the brain performance by adjusting to  
human brain activity. It invades the education system, which uses EEG signals to determine the  
clarity of the studied information. Individualised interaction to each learner is entrenched  
according to the resultant response experienced . In EEG based emotional intelligence has been  
applied in sports competitions to control the stress associated with it. BCI technology has been  
explained in self-regulation and skill learning via functional Magnetic Resonance Imaging (fMRI)  
neurofeedback.  

Games and Entertainment  

Nonmedical brain computer interfaces are used extensively in entertainment and gaming  
applications. Player’s physiological functions like brain’s signals, heartbeat and facial expression  
are used in this kind of neuro gaming. In several games are discussed where helicopters are  
made to fly to any point in either a 2D or 3D virtual world. In [6], Tan and Nijholt described a  
brain game designed to reduce stress levels of the players. The players can only move the ball  
by relaxing, therefore calm players are more likely to win, so they would learn to control their  
stress while being entertained.  

Security and Authentication  
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BCI system consist of the following components: signal acquisition, preprocessing, feature  
extraction, classification and application inter face. The signal acquisition component is  responsible for 
recording the electrophysiological signals and transmitting it for signal  enhancement. Two techniques 
of brain acquisition methods are invasive and non-invasive method . Preprocessing component is 
responsible for enhancing the signal-to-noise ratio. The  goal of feature extraction is to find 
discriminative characteristics for the improved signal,  reducing the size of the data applied to the 
classification component.  

Challenges and limitation of BCI:  

Brain-Computer Interfaces (BCIs) face numerous challenges and limitations that hinder their  
widespread use and development. One ofthe major challengesisthe difficulty in acquiring high 
quality brain signals, especially in non- invasive BCIs, where the skull and scalp interfere with  
signal detection, resulting in lower accuracy and slower responses. On the other hand, invasive  
BCIs, which provide more precise data, carry significant risks such as infections, inflammation,  
and long-term stability issues due to tissue damage or electrode degradation. Another  
limitation is the restricted functionality of current BCIs, which are mostly capable of simple 
tasks  like moving a cursor or controlling basic prosthetics. More complex tasks, such as 
nuanced  motor movements or natural communication, remain difficult to achieve. 
Furthermore, the  systems often require significant training, and users may experience 
cognitive fatigue from  prolonged use. The long-term durability of BCI devices is also a 
challenge, particularly for  implanted systems, which may require additional surgeries to 
maintain functionality. BCIs are  also expensive to develop, implement, and maintain, making 
them inaccessible to many  potential users. Ethical concerns further complicate BCI 
development. Issues related to data  privacy, the potential for misuse, and the psychological 
effects of interfacing directly with the  brain raise important questions about how these 
technologies should be regulated and used.  Additionally, regulatory and legal barriers slow 
down the approval process for new devices,  making it difficult to bring innovations to market 
quickly. Lastly, BCIs face limitations in  scalability and adaptability, as each user’s brain is 
unique, requiring systems to be personalized  and adaptable to changes in brain activity over 
time. These challenges, alongside technical and  ethical considerations, must be addressed to 
fully realize the potential of BCIs in healthcare and  other fields.  

Future of BCI:  

The future of Brain-Computer Interfaces (BCIs) holds significant promise across  
various fields, particularly in healthcare, communication, and human enhancement. In  
the medical domain, BCIs are expected to evolve into more refined tools for restoring  
motor functions, allowing individuals with paralysis or neurological disorders to regain  
mobility or control prosthetic limbs with greater precision and ease. Advances in signal  
processing, artificial intelligence, and materials science will likely lead to more efficient  
and user-friendly systems, reducing the need for invasive procedures while improving  
the accuracy of non- invasive BCIs. Beyond healthcare, BCIs could revolutionize 
human-computer interaction by enabling hands-free control over digital 
environments,  including virtual reality, smart devices, and gaming. This technology 
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may one day allow  users to communicate directly with machines or even other 
individuals through brain  signals, opening the door to brain- to-brain communication. 
There is also growing  interest in the potential of BCIs for cognitive enhancement, 
helping to boost memory,  attention, or learning capabilities. In fields like education 
and mental health, BCIs could  provide personalized cognitive training or 
neurofeedback to improve mental well being and performance. However, the future 
of BCIs will also depend on overcoming  existing challenges, such as improving signal 
fidelity, addressing ethical concerns, and  ensuring data privacy. As the technology 
progresses, regulatory frameworks will need  to evolve to ensure that BCIs are safe, 
accessible, and used responsibly. Ultimately,  BCIs could transform how humans 
interact with technology, offering  

Conclusion:  

Brain-Computer Interfaces (BCIs) represent a groundbreaking advancement in technology, with  

the potential to revolutionize healthcare, human-computer interaction, and even cognitive  

enhancement. BCIs offer life-changing opportunities for individuals with disabilities, providing  

them with new ways to communicate, move, and interact with their environment. Despite their  

promising future, BCIs face significant challenges, including issues of safety, signal accuracy,  

ethical concerns, and accessibility. Invasive BCIs pose surgical risks, while non-invasive options  

struggle with lower precision. As research progresses, overcoming these obstacles will be  

essential for making BCIs more effective, safe, and widely available. The integration of AI,  

neuroscience, and machine learning will likely lead to more sophisticated and user-friendly  

systems in the coming years. With continued innovation and responsible development, BCIs have  

the potential to transform lives, enhance human capabilities, and change the way we interact  

with technology, paving the way for a new era of human-machine collaboration. 
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