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Abstract: Elon Musk founded Neuralink, a startup specializing in neurotechnology. The main objective of the
company is to create a brain-machine interface (BMI) that can be implanted and improve the quality of life for
individuals with serious brain and spinal cord injuries. This brain device, called a Brain Machine Interface,
includes lengthy and slender wires with electrodes. The technology utilizes the small electric fields produced
at synapses in the brain, translating this analog information into ones and zeros for use in the digital realm. The
company's goal is to create harmony between humans and artificial intelligence (Al) to enable individuals to
control robotic devices like exoskeletons using their thoughts. This technology could also facilitate
communication for patients with conditions like locked-in syndrome, restore lost neuronal connections in
diseases like Alzheimer’s, and help prevent and treat drug-resistant epilepsy. Despite the promising results seen
in early testing on small and large animals, there have been no clinical trials conducted up to now. More
research is required to determine the safety and effectiveness of the Neuralink device.

Index Terms - Artificial Intelligence, Brain-Chip-Interface(BCls), Brain Reading Device, Neuralink,
Neurology, Surgical Techniques.

I. INTRODUCTION

Neuralink Corp. is an American neurotechnology company that is developing implantable brain—computer
interfaces (BCIs). The company is based in Fremont, California. Neuralink was launched in 2016 and was
first publicly reported in March 2017. The company was founded by Elon Musk and a team of seven scientists
and engineers[1]. Elon Musk, the founder of Neuralink, is a renowned entrepreneur known for founding several
successful companies such as SpaceX and Tesla. With Neuralink, Musk aims to build a device that can be
surgically implanted into the brain to allow communication with machines and control over them, to create
devices that can help cure various medical problems and allow people to communicate with machines by
thought alone. The ultimate goal of Neuralink, as stated by its founder Elon Musk, is to achieve a symbiosis
between humans and artificial intelligence[2]. This means creating a harmonious relationship where humans
and Al can work together seamlessly. Musk envisions that Neuralink’s brain-machine interface will allow
humans to “merge” with Al, enhancing human intelligence and cognitive reasoning. This is not just about
creating a tool for communication between the human brain and machines, but also about enhancing human
capabilities. In the long term, Musk hopes that Neuralink could help humans keep up with Al by augmenting
human intelligence. This could potentially lead to a collective digital consciousness, allowing everyone with a
Neuralink to communicate with a kind of digital telepathy. However, it’s important to note that these goals are
part of a long-term vision and the technology is still in the early stages of development[3].
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Il. LITERATURE SURVEY

There has been a growing interest in BMI due to technological advancements and research from academic
and private institutions. The origins of modern electroencephalogram (EEG) can be linked back to research
done in the 1920s that paved the way for the historical development of BMI. Initial tests began with monkeys
and focused on capturing the activity of their brains. Currently, implanted brain devices have been proven to
allow individuals to manipulate robotic arms, check emails, and type messages solely through their thoughts.

2.1 Coexistance between Human and Al

explore recent and ongoing developments that leverage Artificial Intelligence to enhance our interaction
with devices as time passes. The unexpected surge in Al usage has heightened vulnerability in individuals,
potentially rendering us redundant. This heightened susceptibility led individuals to explore potential
connections between robotics and artificial intelligence to ensure the safety of our upcoming years. The
agreement was reached by integrating various opinions, resulting in a harmonious coexistence between
humans and Al. The utilization of "Neural Lace" technology and Brain-Machine Interface (BMI) is necessary
for achieving this goal. The article examined how the Brain-Machine Interface, Artificial Intelligence, and
Neural Network can be utilized to establish positive communication with Al through Neuralink, a company
founded by Elon Musk with a goal of addressing human vulnerabilities.

2.2 Potential uses in the field of Neurosurgery

The human brain is one of the most enigmatic biological formations in the natural world. Extensive
research, advancements in technology, and new discoveries in neuroscience have enhanced the abilities of
clinical assessments, diagnosis, and treatment. However, there is a lot that remains unknown about disorders
and abnormalities of the nervous system. Neuralink, a company specializing in neurotechnology, is pushing
the boundaries of neuroscience and neuroengineering. The primary goal of the company is to create a brain-
machine interface device that can be implanted to improve the quality of life for individuals with serious brain
and spinal cord injuries. In this article, we offer information on Neuralink's structure, initial trials, and
potential uses in the field of neurosurgery. Although initial testing on both small and large animals has shown
positive outcomes, there have been no clinical trials carried out yet. Furthermore, a search was conducted in
PubMed for the term "Neuralink." Out of the 28 references found in the literature search, most made indirect
references to the device rather than directly testing it. Additional research studies are necessary to confirm the
safety and effectiveness of the Neuralink device before progressing beyond speculation.

2.3 Improve Human Cognitive abilities

Neuralink Corp, founded and headed by Elon Musk, is a neurotechnology company located in San Francisco.
Musk invested in a brain-computer interface (BCI) to supposedly address the threat posed by harmful artificial
intelligence technologies. BCI is a system that uses brain signals to convert them into commands for computers.
These instructions are subsequently sent to the output device, which performs the required task. Musk initially
aimed to treat diseases affecting the brain, then to improve humans' cognitive capacity. Nevertheless, he
encountered multiple obstacles. Carrying out a BCI required invasive surgical procedures, and specialists
thought that the general population may not be open to undergoing surgery in order to improve cognitive
functions like increased typing speed on a keyboard. Furthermore, there were non-invasive technologies
accessible, with competition on the rise. A few specialists thought that BCI was more like a fantasy, with
minimal market need. Some companies were also contemplating bypassing approval from the U.S. Food and
Drug Administration for neurotechnology by promoting it as a wellness product. Should Musk opt for a non-
invasive or invasive BCI technology? Is it advisable for businesses to promote neurotechnology as a health
product? Will Musk achieve success with invasive BCI technology?

2.4 Technological Advancements of Neuralink

The advancements and current state of Brain-Machine Interfaces (BMI), highlighting technological progress
and applications. There has been a growing interest in BMI due to technological advancements and research
from academic and private institutions. The origins of modern electroencephalogram (EEG) can be linked back
to research done in the 1920s that paved the way for the historical development of BMI. Initial tests began with
monkeys and focused on capturing the activity of their brains. Currently, implanted brain devices have been
proven to allow individuals to manipulate robotic arms, check emails, and type messages solely through their
thoughts. The brain's complex physiology includes 120 billion interconnected neurons. Using invasive methods
to insert probes into brain tissue has been established as more effective in gathering data. Neuralink stands out
in the realm of invasive probes due to their advanced robotic insertion techniques, flexible electrodes for high
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throughput, and custom integrated circuit. The Neuropixels probe is now considered a significant rival of
Neuralink probes. The Neuropixels probe meets important BMI needs like having densely packed recording
sites and a small cross-sectional area to reduce potential brain harm. Even though there are impressive proof-
of-concept demonstrations, the article recognizes difficulties in areas like power needs, biocompatibility, and
longevity. Yet, further efforts and research are essential in order to fully realize the potential of BMI in
enhancing healthcare and increasing quality of life.

1. RESEARCH METHODOLOGY

Neuralink seeks to augment human cognition and capabilities by enabling direct communication between the

brain and computers. The technology aims to provide solutions for neurological conditions such as paralysis,
epilepsy, and depression by restoring or enhancing neural functionality. It intends to create a seamless
interface between the human brain and Al systems, allowing for faster information processing and improved
problem-solving abilities. Through its research and development efforts, Neuralink aims to contribute to the
understanding of the brain and its functions, potentially leading to breakthroughs in neuroscience and
neurotechnology[5].

3.1 Electrode Array Implementation

Neuralink uses ultra-thin, flexible electrode arrays that are surgically implanted into the brain. These arrays
consist of multiple electrodes arranged in a grid-like pattern. The implantation process is designed to be
minimally invasive, with the goal of reducing trauma to brain tissue and improving long-term viability[15] [7].

3.1.1 Electrodes

Neuralink's electrodes are small, biocompatible devices designed to interface with the brain. They're
inserted into the brain’s tissue to record and stimulate neural activity. These electrodes are incredibly thin and
flexible, allowing them to be implanted with minimal damage to surrounding tissue. They serve as conduits
for both reading and sending electrical signals to and from the brain, enabling applications such as controlling
devices with thought or treating neurological conditions[8].

3.1.2 Neural Threads

Threads in Neuralink refer to the thin, flexible wires that contain multiple electrodes. These threads are
implanted into the brain to record and stimulate neural activity. They are designed to be less invasive than
traditional electrodes, allowing for more precise placement and reduced damage to brain tissue. The threads
are inserted by a surgical robot with high precision, and they enable high-resolution recording and stimulation
of neural signals. This technology holds promise for treating neurological disorders and potentially enhancing
cognitive functions in the future[11].

3.1.3 Neurosurgical Robot

Neurosurgical robots are advanced robotic systems designed to assist neurosurgeons during intricate
procedure, offering precision, stability and sometimes autonomous capabilities. These robots often
incorporate technologies like image guidance, virtual reality and haptic feedback to enhance surgical
outcomes and minimize risks during brain and spinal surgeries. They can aid in tasks such as tumor removal,
deep brain stimulations and minimally invasive procedures[9].
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3.2 Neural Recording

Once implanted, the electrodes detect and record electrical signals generated by groups of neurons in the
brain. These signals are called action potentials and represent neural activity. Neuralink's electrodes are capable
of recording from thousands of neurons simultaneously, providing a high-resolution view of brain activity[18].

3.3 Signal Processing

The recorded neural signals are processed using advanced signal processing algorithms. This processing
involves amplifying and filtering the signals to extract relevant information while minimizing noise[14].
Neuralink's system employs machine learning algorithms to decode and interpret the neural signals. These
algorithms learn to recognize patterns in the neural data, such as specific neural firing patterns associated with
different actions or thoughts[20].

3.4 Wireless Data Transmission

After processing, the neural data is wirelessly transmitted from the implanted electrodes to an external device,
such as a computer or smartphone[16]. Neuralink's system utilizes a high-bandwidth wireless link to ensure
fast and reliable data transfer. This allows real-time monitoring and analysis of brain activity outside the
body[13].

3.5 Feedback and Stimulation

In addition to recording neural activity, Neuralink's system can also provide feedback to the brain through
electrical stimulation. By sending precise electrical pulses to targeted areas of the brain, Neuralink can
modulate neural activity. This capability has potential therapeutic applications for treating neurological
disorders or enhancing brain functions[4].

3.6 Data Analysis and Applications

The transmitted neural data is analyzed further using specialized software. Researchers and clinicians can study
the neural patterns to gain insights into brain function, monitor changes over time, and develop personalized
treatments[16].

Neuralink's technology has a wide range of applications, including medical uses like restoring movement and
sensation in paralyzed individuals, treating neurological conditions such as epilepsy and Parkinson's disease,
and advancing our understanding of the brain's complex networks[19].

Iv. FUTURE SCOPE

Neuralink holds immense potential in revolutionizing the way we interact with technology and understand the
human brain. One significant aspect is its potential to treat neurological disorders and disabilities. Neuralink
aims to develop brain-computer interfaces (BCIs) that can restore lost sensory and motor functions, offering
hope to people with conditions like paralysis, blindness, or hearing loss. This technology could enable direct
communication between the brain and external devices, allowing individuals to control prosthetics, computers,
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or even vehicles with their thoughts[6].Another area of promise is cognitive enhancement. Neuralink's BCls
could enhance cognitive abilities by facilitating faster information processing, memory recall, and learning
capabilities. This could have profound implications in education, training, and professional fields, enhancing
human potential and productivity[3]. Furthermore, Neuralink's advancements could lead to new forms of
entertainment and communication. Imagine experiencing virtual realities directly through your brain or
communicating telepathically with others through a network of connected minds. Ethical and societal
considerations will also play a crucial role in shaping Neuralink's future. Issues such as privacy, data security,
and equitable access to these technologies will need to be addressed to ensure responsible and beneficial
integration into society[15].

V. CONCLUSION

The potential impact of Neuralink on the future of human-machine interaction is significant. Neuralink’s
brain-computer interface (BCI) technology could revolutionize the way humans interact with machines.
Neuralink’s technology could potentially assist individuals with paralysis in regaining control of their limbs,
thereby improving their quality of life. Moreover, it could unlock novel possibilities in neurobiology, enabling
scientists to gain a deeper understanding of brain functionality and potentially develop new treatments for
neurological disorders. Elon Musk envisions a future where Neuralink’s brain-computer interfaces help
humanity, including healthy individuals, keep pace with artificial intelligence. However, this ambitious
endeavor is not without its challenges. Critics have raised concerns over the lack of transparency regarding
clinical trials, potential conflicts of interest arising from its private equity model, and ethical considerations
around potential unintended consequences, privacy risks, and possible adverse effects of a completely
implanted device. As for the ongoing research and development, Neuralink has made significant gains and is
doing exactly what startups are good at, taking what has been learned through basic science and trying to make
a real, viable product. The first brain-computer interface was implanted into a human in the late 1990s, research
that was led by a pioneering neurologist named Phil Kennedy. The idea was that these devices could tap into
the brain circuitry that remains intact after injury to perform basic movements and functions. Despite the
challenges and concerns, the successful human implantation of a Neuralink brain chip marks a significant
milestone. The company, last valued at $3.5 billion in November 2023, is expected to make more advancements
in the future. The importance of research integrity and patient care cannot be overstated in the development of
brain-computer interface.
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