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In recent years, there has been rapid development of Brain-Computer Interface (BCI) 

technologies that allow humans to interact with computers using brain signals. BCI creates 
new opportunities for people with physical disabilities in the fields of medicine, play, learning 
and communication. A Brain-Computer Interface (BCI) allows people to interact with 
computers directly using brain signals. Using sensors implanted in the brain or in the head, 
BCI reads the electrical activity of the brain and converts these signals into commands that 
can control external devices such as computers, prostheses or robotic systems [1-2]. 

Sensors that directly measure the electrical activity of the brain are the first 
component, non-invasive sensors that are attached to the scalp or invasive sensors that are 
implanted directly into the brain. Electroencephalography (EEG) electrodes, noninvasive 
sensors, measure electrical potentials generated by neural activity in the cerebral cortex 
through the scalp. However, invasive sensors such as microelectrode arrays or 
electrocorticographic (ECoG) electrodes directly measure electrical activity on the surface of 
the brain or in specific brain regions. Modern BCI signal amplifiers are extremely sensitive 
and have low intrinsic noise. They can also amplify brain signals thousands of times while 
preserving their basic functions. The third element is the signal processor, which can be a 
computer or other computing device that filters and analyzes the amplified brain signals to 
detect certain patterns of activity, a process known as feature extraction and uses various 
digital signal processing techniques and machine learning to identify unique characteristics 
signals that meet specific goals or user instructions. 

Together, these four parts—sensors, signal amplifiers, a signal processor, and an 
output device—form a complete BCI system that enables direct communication between the 
brain and the world around it. BCI developers continue to improve these parts through 
cutting-edge research in engineering, neuroscience, and machine learning. They aim to create 
more powerful, reliable, and easy-to-understand brain-computer interfaces that could 
transform many aspects of human activity. BCI can record brain signals using various 
methods, such as electroencephalography (EEG), electrocorticography (ECoG), 
magnetoencephalography (MEG), and functional magnetic resonance imaging (fMRI). EEG, 
which measures electrical activity on the surface of the head using electrodes attached to the 
skin, is the most common method. 

Secure data storage and management practices are also required to protect collected 
BCI data from unauthorized access or manipulation. For storing sensitive BCI data, it is best 
to use modern encryption algorithms such as AES or RSA. Role-based or permission-based 
access delimitation mechanisms must strictly control access to this data to allow only 
authorized individuals to view or modify the information. In addition, anonymization and data 
restriction techniques may be used to protect the privacy of BCI users. Anonymization means 
removing any personally identifiable information from a data set.  

Establishing a strong ethical and regulatory framework to guide the development and 
use of these technologies is another important element of BCI security and privacy. As BCIs 
become increasingly sophisticated, clear standards and guidelines need to be established to 
ensure that they are used responsibly and ethically. Institutional ethics committees, 
government standards for monitoring research and BCI use, and professional codes of conduct 
can be established for this purpose [3-4]. 

Measures to ensure the security and privacy of BCI are already being implemented 
internationally. For example, the IEEE P2731 standard was developed by the Institute of 
Electrical and Electronics Engineers (IEEE) to ensure the secure and confidential collection, 
transmission, storage, and use of neurotechnology data. The goal of this standard is to create 
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uniform rules for BCI manufacturers, researchers, and healthcare professionals to protect user 
data and adhere to ethical principles. 

The development of universal standards that can effectively address all security and 
privacy concerns is complicated by the rapid development of technology and the variety of 
potential applications of BCI. In addition, achieving international consensus on the effective 
management of BCI can be difficult as a result of differences in cultural values, ethical norms 
and legal systems of different countries [1,5-6]. 

Although Brain-Computer Interface (BCI) technology has many opportunities to 
improve people's lives and poses many risks and safety concerns, it also needs to be carefully 
studied. A BCI uses sophisticated software to process and interpret brain signals, so any flaws 
or errors in it can be used by hackers to gain unauthorized access, manipulate data, or seize 
control of the system. For example, attackers can install hidden backdoors or "parasites" of 
the BCI software so that they can secretly control the BCI system. 

Physical attacks and tampering can also affect BCI hardware parts such as processors, 
signal amplifiers, and sensors. Adversaries may attempt to compromise or physically interfere 
with the BCI hardware to steal sensitive data or alter system functionality. For example, 
commercially available BCI devices may be vulnerable to third-party attacks that use 
electromagnetic leakage or power consumption to collect personal user data. 

CONCLUSION 
Development of more advanced methods of encoding and obfuscating BCI data to 

protect user privacy is another promising area of research. Although traditional encryption 
methods such as AES or RSA are extremely secure in transit and storage, they can also be 
vulnerable to attack if there is sufficient computing power or access to encryption keys. 
Processing and analysis of BCI data is possible using more advanced cryptographic 
techniques, such as homomorphic encryption or secure multiparty computation, storing it in 
encrypted form, reducing the risk of compromising privacy. 
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