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Introduction 
Brain-computer interface (BCI) is a technology that enables a direct communication 
pathway between the brain and an external device or machine. BCI systems allow 
individuals to control or interact with technology using only their brain activity, without 
requiring any muscle movements. BCI is a rapidly growing field with potential 
applications in various domains, including medicine, gaming, entertainment, and 
military. BCI systems use various techniques such as electroencephalography (EEG), 
magnetoencephalography (MEG), functional magnetic resonance imaging (fMRI), and 
invasive techniques such as implantable electrodes to record brain signals. These signals 
are then translated into actions, such as moving a cursor on a screen, controlling a 
prosthetic limb, or typing text using a virtual keyboard. BCI technology has the potential 
to transform the way we interact with technology and to improve the quality of life for 
people with disabilities. 

BCI Technology: State of the Art 
 

 
Currently, BCI technology is used 
primarily in medical and research 
settings, enabling individuals with 
disabilities to control prosthetic 
limbs or restore communication 
abilities. These devices use 
electrodes placed on the scalp or 
implanted directly in the brain to 
detect and interpret neural signals, 
which are then translated into 
commands for external devices. 

 
However, recent developments in 
BCI technology have made it more 
accessible, affordable, and versatile. 
Consumer-grade BCI devices are 
already available, such as the popular 

Figure 1. Brain Computer Interfaces (Image Generated by Stable 
Diffusion) 
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Muse and NeuroSky headsets. These devices use dry electrodes that do not require 
conductive gel and are wireless, allowing users to wear them comfortably for extended 
periods. 

Emerging Trends & Technologies 
 

1. Non-invasive BCI: Non-invasive BCI techniques, such as EEG and MEG, are 
becoming more sophisticated and accurate, making them more accessible to a 
wider range of people. These techniques can be used to control a variety of 
devices, from virtual keyboards to robotic arms, and have potential applications 
in medicine, gaming, and entertainment. 

 
2. Invasive BCI: Invasive BCI techniques, such as implantable electrodes, are 

becoming more precise and efficient, making them more suitable for clinical 
applications such as restoring movement in paralyzed patients or treating 
neurological disorders. However, the invasive nature of these techniques raises 
ethical and safety concerns, and further research is needed to fully understand 
the long-term effects. 

 
3. Hybrid BCI: Hybrid BCI systems that combine both invasive and non-invasive 

techniques are emerging as a promising approach. These systems allow for 
greater accuracy and efficiency while minimizing the risks associated with 
invasive techniques. 

 
4. Neuralink: The company Neuralink, founded by Elon Musk, is developing a new 

type of BCI technology that involves implanting tiny electrodes into the brain. 
This technology has the potential to enhance human cognition and revolutionize 
the way we interact with technology, but raises concerns about privacy and the 
long-term effects on the brain. 

Brain-Machine Interfaces 

The most promising application of BCI technology is in brain-machine interfaces (BMI). 
BMIs enable users to control devices directly with their thoughts, opening up a wide 
range of applications, from gaming to virtual reality to smart home control. 
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Advances in artificial intelligence (AI) and machine learning are making BMIs more 
accurate and responsive. By training algorithms to interpret neural signals, researchers 
are developing BMIs that can learn from the user's feedback and adapt to their individual 
needs and preferences. 
 

Types of Headsets 

There are several different types of headsets used for brain-computer interface (BCI) 
applications, each with its unique set of features and capabilities. Some of the most 
common types of BCI headsets include: 
 

 Electroencephalography (EEG) headsets - These headsets use electrodes to 
measure electrical activity in the brain, which is then used to control external 
devices. EEG headsets are non-invasive and relatively easy to use, making them 
popular for consumer-grade BCI applications. 

 

 Magnetoencephalography (MEG) headsets - MEG headsets use sensors to 
measure the magnetic fields generated by neural activity in the brain. MEG 
headsets are highly accurate but also very expensive and require specialized 
facilities to use. 

 

 Functional Near-Infrared Spectroscopy (fNIRS) headsets - fNIRS headsets use 
infrared light to measure changes in blood flow in the brain, which is then used to 
control external devices. fNIRS headsets are non-invasive and relatively 
inexpensive but less accurate than other types of BCI headsets. 

 

 Transcranial Magnetic Stimulation (TMS) headsets - TMS headsets use 
magnetic fields to stimulate specific areas of the brain, allowing for precise 
control over the neural signals used to control external devices. TMS headsets are 
highly accurate but also very expensive and require specialized facilities to use. 
 

 Hybrid headsets - Some BCI headsets combine multiple types of sensors, such as 
EEG and fNIRS, to improve accuracy and provide more comprehensive data 
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about neural activity in the brain. Hybrid headsets are often used in research 
settings to study brain function and develop new BCI applications. 

 
Each type of BCI headset has its unique advantages and limitations, and the choice of 
headset will depend on the specific application and the user's needs and preferences. 
 

Brain Computer Interfaces SDKs 

There are several software development kits (SDKs) available for the development of 
brain-computer interface (BCI) applications. These SDKs provide developers with the 
tools and resources they need to create BCI applications, including libraries for signal 
processing, machine learning algorithms, and user interfaces. 
 

 
Figure 2. UltraCortex "Mark IV" EEG Headset (image taken from OpenBCI) 

 
Here are some examples of popular BCI SDKs: 
 

 OpenBCI - OpenBCI is an open-source platform for BCI development, offering a 
range of hardware and software tools for EEG signal acquisition and analysis. The 
OpenBCI SDK includes libraries for real-time data processing, machine learning, 
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and user interface design, making it a popular choice for developers working on 
BCI applications. 

 Emotiv SDK - Emotiv is a commercial BCI headset manufacturer, and the Emotiv 
SDK provides developers with a range of tools for developing BCI applications 
using Emotiv headsets. The SDK includes libraries for data acquisition, signal 
processing, and machine learning, as well as APIs for integration with third-party 
software. 

 Brain Products SDK - Brain Products is a manufacturer of research-grade BCI 
headsets, and their SDK provides developers with a range of tools for analyzing 
EEG and MEG data. The SDK includes libraries for signal processing, artifact 
removal, and feature extraction, as well as APIs for integration with third-party 
software. 

 Muse SDK - Muse is a consumer-grade BCI headset, and the Muse SDK provides 
developers with a range of tools for developing BCI applications using Muse 
headsets. The SDK includes libraries for data acquisition, signal processing, and 
machine learning, as well as APIs for integration with third-party software. 

 NeuroSky SDK - NeuroSky is a manufacturer of consumer-grade BCI headsets, 
and the NeuroSky SDK provides developers with a range of tools for developing 
BCI applications using NeuroSky headsets. The SDK includes libraries for data 
acquisition, signal processing, and machine learning, as well as APIs for 
integration with third-party software. 

 
There are many other BCI SDKs available, each with its unique set of features and 
capabilities. The choice of SDK will depend on the specific requirements of the BCI 
application being developed, as well as the preferences and expertise of the developer. 
 
BCI headsets can capture various types of brain activity and translate it into meaningful 
data. Some of the things that can be captured using BCI headsets include: 
 

 EEG signals: BCI headsets can capture electroencephalography (EEG) signals, 
which are electrical impulses produced by neurons in the brain. These signals can 
be used to detect changes in brain activity, such as those associated with 
attention, relaxation, and cognitive workload. 

 

 Brainwaves: BCI headsets can capture different types of brainwaves, including 
alpha, beta, gamma, delta, and theta waves. These brainwaves are associated 
with different states of consciousness, such as relaxation, focus, and deep sleep. 
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 Eye movement: Some BCI headsets can capture eye movement, which can be 
used to track eye gaze and detect changes in visual attention. 

 

 Facial expressions: BCI headsets can also capture facial expressions, such as 
smiles, frowns, and eyebrow raises, which can be used to detect emotional states. 

 
Overall, BCI headsets offer a non-invasive way to capture and analyze brain activity, 
which can be used in a variety of applications, including healthcare, gaming, and 
education. 
 
Here are some code samples for brain-computer interface (BCI) using Python: 
 
OpenBCI - This code sample demonstrates how to acquire EEG data from an OpenBCI 
headset and plot the data in real-time using the Matplotlib library: 
 
import numpy as np 

import matplotlib.pyplot as plt 

from pyOpenBCI import OpenBCICyton 

 

def handle_sample(sample): 

    channel_data = np.array(sample.channels_data) 

    plt.clf() 

    plt.plot(channel_data) 

    plt.pause(0.001) 

 

board = OpenBCICyton() 

board.start_streaming(handle_sample) 

 
 

 
 
Emotiv SDK - This code sample demonstrates how to acquire EEG data from an Emotiv 
headset and use the built-in machine learning algorithms to classify the data: 
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from emokit import emotiv 

from sklearn.linear_model import LogisticRegression 

 

clf = LogisticRegression() 

device = emotiv.Emotiv() 

 

samples = [] 

labels = [] 

 

while True: 

    packet = device.dequeue() 

    if packet is not None: 

        sample = packet.sensors 

        label = packet.gyro_x 

        samples.append(sample) 

        labels.append(label) 

        if len(samples) > 100: 

            clf.fit(samples, labels) 

            samples = [] 

            labels = [] 

 
 

 
 
Brain Products SDK - This code sample demonstrates how to acquire EEG data from a 
Brain Products headset and use the MNE library to process the data: 
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import numpy as np 

import mne 

from brainproducts import ActiCHamp 

 

montage = mne.channels.read_montage('actiCAP') 

raw = ActiCHamp(port='COM3', montage=montage) 

 

raw.start() 

while True: 

    data, _ = raw.read(n_samples=1000) 

    # process data here 

Muse SDK - This code sample demonstrates how to acquire EEG data from a Muse 

headset and use the MuseIO library to stream the data: 

 

import numpy as np 

from muselsl import stream, list_muses 

 

def handle_sample(sample): 

    print(sample) 

 

muselist = list_muses() 

if len(muselist) > 0: 

    muse = muselist[0] 

    stream(muse['address'], handle_sample) 

 
 

 
 
NeuroSky SDK - This code sample demonstrates how to acquire EEG data from a 
NeuroSky headset and use the ThinkGear library to process the data: 
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import time 

from thinkgear import ThinkGearProtocol 

 

def handle_sample(sample): 

    print(sample) 

 

protocol = ThinkGearProtocol() 

protocol.connect() 

while True: 

    data = protocol.receive_data() 

    if data is not None: 

        handle_sample(data) 

    time.sleep(0.1) 

 
 

 
 
These are just a few examples of the many code samples available for BCI development 
using various SDKs and programming languages. The specific code samples used will 
depend on the requirements of the developed BCI application and the programming 
language and tools preferred by the developer. 

Benefits 
 

 Communication: BCI technology has the potential to restore communication 
abilities to people who have lost them due to paralysis, speech disorders, or other 
medical conditions. For example, BCI technology can help people with 
amyotrophic lateral sclerosis (ALS) communicate through a computer or other 
device. 

 

 Control Devices: BCI technology can also help people control devices such as 
prosthetic limbs or robotic exoskeletons. This can give people who have lost limbs 
or have mobility issues greater independence and a better quality of life. 

 

 Gaming: BCI technology can be used for gaming purposes as well. It can create 
immersive virtual reality environments where users can use their thoughts to 
control characters or interact with the environment. 
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 Education and Training: BCI technology can also be used for educational and 
training purposes. For example, it can help people learn to control their 
brainwaves for meditation or relaxation techniques. 

 
 Health Monitoring: BCI technology can also be used for monitoring health 

conditions. For example, it can help monitor the brainwaves of people with 
epilepsy to detect seizures before they occur. 

End Users 
 

 People with Disabilities: BCI technology has the potential to greatly improve the 
quality of life for people with disabilities. It can help them communicate, control 
devices, and improve their mobility. 

 

 
Figure 3. A person with disabilities wearing BCI headset (Image generated using Stable Diffusion) 

 

 Gamers: BCI technology can provide a new level of immersion in gaming 
environments, allowing users to control the game using their thoughts. 
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 Researchers and Scientists: BCI technology can help researchers and scientists 
better understand the brain and how it works. It can also be used to develop new 
therapies and treatments for medical conditions. 
 

 Athletes: BCI technology can help athletes train and improve their performance. 
For example, it can be used to monitor brainwaves during training sessions to 
optimize performance and prevent injuries. 
 

 Consumers: BCI technology can be used to improve everyday life, such as 
improving focus and concentration, or reducing stress and anxiety. 

Applications of BCI 
 

Medical 

BCI technology has the potential to transform the way we treat neurological disorders, 
such as Parkinson's disease, epilepsy, and spinal cord injuries. BCI systems can be used 
to restore movement and communication in paralyzed patients, monitor brain activity in 
real-time, and provide neurofeedback to treat mental health conditions. 
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Figure 4. Person wearing OpenBCI headset and capturing data (Source: OpenBCI) 

BCIs are already used in medical applications, such as restoring communication abilities 
for individuals with severe disabilities. However, new applications are emerging, such as 
the use of BCIs for treating mental health disorders, including depression, anxiety, and 
post-traumatic stress disorder (PTSD). 

 
Research shows that BCIs can be effective in improving symptoms and quality of life for 
individuals with these disorders. Moreover, advances in machine learning are making it 
possible to personalize BCI treatments to each patient's specific needs and conditions. 
 

Gaming and Entertainment 
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Figure 5. Varjo Aero High End VR Headset with BCI (Source: OpenBCI) 

BCI technology can be used to enhance the gaming and entertainment experience, 
allowing players to control games and devices using their brain activity. This technology 
has the potential to create more immersive and engaging experiences for users. 
 

Education  

BCI technology can be used to monitor brain activity and provide feedback to students 
in real-time, allowing for more personalized and effective learning experiences. 

BCI Challenges  
 

 Ethical concerns: BCI technology raises ethical concerns related to privacy, 
consent, and the potential for misuse. There are also concerns related to the long-
term effects of invasive techniques on the brain. 

 

 Accessibility: BCI technology is still relatively expensive and complex, making it 
inaccessible to many people who could benefit from it. Further research is needed 
to develop more affordable and user-friendly BCI systems. 
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 Reliability: BCI systems are still relatively unreliable and can be affected by a 
variety of factors, such as fatigue, distraction, and emotional state. More research 
is needed to improve the accuracy and reliability of BCI systems. 

Future Trends 
 

The future of brain-computer interfaces (BCIs) is full of exciting possibilities. Here are 
some of the most promising future trends in BCI technology: 
 

 Improved Performance: Future BCIs will provide more accurate and reliable 
performance, with faster and more efficient data processing, reducing the delay 
between input and output. 
 

 Wider Applications: BCIs will be used in a range of fields, such as gaming, 
entertainment, education, and sports. With the growth of virtual and augmented 
reality, BCIs will play a crucial role in enhancing the experience of these 
environments. 
 

 Minimally Invasive Implants: The use of implanted devices will become less 
invasive and more natural. BCIs may be implanted in the brain, offering more 
direct and accurate feedback than non-invasive methods. 
 

 Increased Sensory Feedback: BCIs will provide more sensory feedback, such as 
tactile feedback, in addition to visual and auditory feedback. This will enable 
users to interact with the world in more natural and intuitive ways. 
 

 Augmentation of Human Capabilities: BCIs will be used to enhance the 
cognitive and physical capabilities of individuals, such as memory, learning, and 
attention. 
 

 Advanced Robotics: BCIs will be used to control advanced robotic systems, 
allowing individuals to interact with the world remotely, such as performing tasks 
in hazardous environments or exploring other planets. 
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 Medical Applications: BCIs will be used for medical applications, such as helping 
people with paralysis to control prosthetic limbs or restoring sight to the blind. 
 

Overall, the future of BCIs is exciting, with vast potential to enhance our daily lives and 
solve some of the most significant challenges we face as a society. As research and 
development continue to evolve, the possibilities of BCIs will only continue to grow. 

Conclusion 
 

In conclusion, the field of Brain-Computer Interface (BCI) is rapidly advancing, and 
emerging trends and technologies are paving the way for a future in which our thoughts 
can control our environment. The possibilities for BCI are vast, ranging from healthcare 
and rehabilitation to entertainment and communicati
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on. The 
technology has the potential to revolutionize the way we live our lives and improve the 
quality of life for millions of people around the world. However, there are still many 
challenges that need to be overcome, such as ensuring the technology is safe, reliable, 
and accessible to all. It is important for researchers, developers, and policymakers to 
work together to address these challenges and ensure that BCI is developed in a way 
that benefits all of society. As we look to the future, it is clear that BCI will continue to 
be a major area of research and development, and we can only imagine the many 
incredible applications that this technology will bring.  
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