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Abstract -Brain-computer interfaces (BCls) are slowly moving from experimental laboratories to real-world
applications, particularly in clinical neuroscience. Neuralink, a company working on implantable BCI devices, has
introduced hardware that can read brain signals using dense electrode arrayta. They have also developed robotic
systems to help with safe and accurate placement of these implants.

This paper offers a detailed look at Neuralink’s progress so far both technically and clinically. While these devices have
shown promising results in helping people regain motor function and limited vision, concerns remain. These include
how the body reacts to implants over time, how stable the devices are, and whether the technology can be used safely in
the long run.

In addition to the technical side, this study discusses broader implications. For example, how will patient privacy be
protected? How can the benefits of this technology be shared fairly? what regulations will be needed if these devices
become more common? These questions are important if BCI tools are to be used in healthcare or everyday life.

Index Terms—Brain Computer interface, neurotechnology, clinical,research,ethics

I.  INTRODUCTION

Have you ever wondered what it would be like to control a
computer just by thinking? That’s not science fiction
anymore. Brain-computer interfaces, or BCIs, are starting
to bridge the gap between our minds and machines. Picture
this: folks moving a mouse cursor, typing out messages, or
even beginning to see again—all with their thoughts. It’s
wild, but it’s happening.

Neuralink is the name most people throw around these
days. Led by Elon Musk, the company’s already put its
“Telepathy” chip into a handful of people—seven as of July
2025. The early results? Pretty impressive. People are
literally typing with their minds and making cursors dance
across screens. There’s even some talk about helping blind
folks see again, though it’s still early days.

It’s not just about fixing medical problems, either. Down
the line, this sort of brain tech might mean we work with
artificial intelligence in ways nobody’s even imagined yet.

Imagine getting instant facts, translating languages on the
fly, or never forgetting anything important because your
brain’s got backup. Sounds kind of sci-fi, but it’s getting
closer.

Of course, whenever something this big comes along, the
hard questions pop up fast. Who decides who gets these
chips? How do we keep our thoughts private? Can we trust
anyone with that kind of access? There's excitement and
nerves in equal measure.

This article digs into where BCIs stand right now, how
Neuralink is pushing the limits, and—maybe most

importantly—what all this might mean for people, privacy,
and society as a whole. I'll walk you through what’s out
there, what we checked out ourselves, what we discovered,
and where things could go from here.

II. RELATED WORK

A.How BCIs Got Started

People first started tinkering with the idea of connecting the
brain to machines back in the 1970s. Early experiments
were pretty basic—just testing if brain activity could
control simple devices. Then, years later, things took a
major leap when scientists like Leigh Hochberg showed
that it was actually possible for someone with paralysis to
move a robotic arm just by thinking about it. That was
huge. After that, researchers moved on to less invasive
equipment, like EEG “caps,” and other less risky setups—
think of what Synchron’s working on now, with their
special stents that go inside blood vessels instead of the
brain itself.
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Neuralink System Architecture — A high-level 3D overview showing the
flow of neural signals from the brain cortex through the Neuralink
implant, followed by signal processing, wireless communication, and final
control of external devices such as robotic limbs or computers. Each stage

represents a critical component of the brain-computer interface pipeline.
A. Where It All Begins — The Brain’s Silent Intent

Imagine trying to move your hand, but nothing happens.
Yet, your brain is still sending the right signals—tiny
electric pulses flowing through the motor cortex. That’s
where Neuralink begins its work. These brain signals,
called action potentials, reflect your intent even if your
body can’t respond. Neuralink focuses on capturing these
intentions directly from the motor cortex, a part of the brain
rich with movement-related activity.

To do this effectively, scientists must carefully identify
regions where these signals are strongest and most reliable.
Even though the brain is immensely complex and
unpredictable, with the right precision, it becomes possible
to record meaningful information directly from these
internal impulses.

1.The Link Itself — Tiny Threads, Big Mission

The Neuralink implant is almost invisible once placed—but
it’s anything but simple. Dozens of hair-thin, flexible
threads are delicately inserted into the brain using a surgical
robot with microscopic precision. These threads contain
tiny sensors designed to pick up signals from individual
neurons.

Each thread is thinner than a human hair, flexible enough
to move with brain tissue, and coated in medical-grade
materials so the body doesn’t reject them. The threads
connect to a compact chip implanted beneath the skull. This
chip’s job? To amplify, filter, and digitize those fragile
brain signals in real time—without the person even noticing
it’s there.
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Figure 2
Neuralink’s surgical robot designed for precise, invasive implantation of
flexible electrode threads into the brain.

2.Interpreting the Brain - Making Thought
Understandable

Once those brain signals are captured and digitized, they’re
sent to a signal processing unit. Think of this unit as a brain
translator. It sorts through noisy data, filters out
distractions, and detects specific patterns—Ilike when a
person imagines moving their eyes or clicking a mouse.

It doesn't stop there. Machine learning models come into
play, trained specifically on each user’s unique neural
patterns. These models learn to associate a particular spike
in brain activity with an intended action—moving a cursor,
pressing a key, or navigating a virtual screen. Over time,
this becomes more accurate and responsive, like learning a
new language fluently.

3.Wireless Connection — No Wires, No Limits

All of this happens wirelessly. The implant sends data to
external devices via low-energy wireless communication,
often using Bluetooth-like protocols. This allows for high-
speed, secure transmission without requiring any visible
hardware.

Updates to the system—such as new software or improved
decoding models—can be sent back to the implant over the
air, just like updating your phone. This two-way
communication ensures that the system evolves and
improves with the user.

4.Turning Thought into Action — Regaining Control

After decoding the brain’s intent, the final step is turning
those thoughts into real-world actions. With Neuralink,
people with limited or no physical movement can move a
cursor across a screen, type messages, or even interact with
smart devices using only their thoughts.

In some early tests, users with paralysis used the system to
browse the web, play games, and send emails—tasks they
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hadn’t done independently in years. In another trial, basic
visual perception was restored using a second implant
designed to stimulate the visual cortex. These aren’t just
technical milestones—they are deeply personal wins.

B. Neuralink: The Tech Details

Neuralink stands out because it managed to cram thousands
of electrodes (as many as 3,072 on a single device) inside a
tiny implant. By comparison, earlier tech like Utah Arrays
only handled around 100 channels or so. Neuralink also
developed a special robot that helps with surgery—this
machine can pop tiny threads into the brain at a rate and
accuracy that’s tough to match by hand. Because of these
upgrades, the brain signals Neuroalink can record or
stimulate are much higher quality, which has translated to
better outcomes for restoring movement or boosting
thinking skills.

C. Side-by-Side: Who Does What?

Learning
__interfaces

Neuralink surgical robot

Figure 3
Neuralink surgical robot implanting a brain-computer interface into the
motor cortex and learning interfaces of the human brain, enabling neural

data transmission and advanced neurotechnological applications.

If you line up Neuralink with other big names, like
Synchron and Blackrock Neurotech, the differences stand
out. Neuralink’s implant goes straight in, so you get great
detail from the brain, but there are more risks because of
the surgery. Synchron plays it safer: their device is much
less invasive, but it can’t capture as much info at once.
Blackrock’s Utah Array is something of an industry
standard for deep brain connections, but it just can’t match
Neuralink’s high channel count.
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Figure 4

Comparitive Infographic of leading Brain-Computer Interface platforms
— Neuralink, Synchron and Blackrock Neurotech. This visual highlights
the key differences among the three systems in terms of invasiveness,
electrode/channel count and recording detail, helping readers quickly
grasp their main technical trade-offs and clinical applications.

D. What About Ethics?

Here’s where things get tricky. Experts like Dadia and
Greenbaum have sounded the alarm about privacy—after
all, these devices read brain signals, so who’s to say where
the info goes or how it’s used? Some researchers, like
Fourneret, wonder how having these devices might change
who we are, inside. Others, like Yuste, suggest we need
“NeuroRights” to make sure nobody messes with our
minds. Lavazza and her team also say there’s a real need
for strong ethics guidelines if this tech keeps moving
forward.

E. What Neuralink Can Do—So Far

Neuralink’s “Telepathy” chip has already helped people
who are paralyzed use computers and other devices with
nothing but thought, which is pretty wild. Another device,
called “Blindsight,” aims to restore some sense of vision by
zapping the part of the brain that handles sight. Though the
potential’s enormous, critics have pointed out that safety is
still a work in progress—there’s a lot to figure out before
these gadgets are truly ready for everyone.

II1. METHODOLOGY

To figure out just how much Neuralink is pushing the
frontier of human-AlI interaction, we tried a few different
things:
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1.Digging Through the Research:

First off, we did a deep dive into scientific articles and
technical reports—not just the glossy PR from Neuralink,
but actual peer-reviewed studies from places like IEEE
Xplore and PubMed. We also kept an eye on news stories
and even what’s going around on X (formerly Twitter).

2.Getting Technical:

It's one thing to talk about Neuralink; it’s another to know
what’s actually under the hood. So we broke down the
hardware specifics—things like the fine, hair-like electrode
threads, how their custom chips (ASICs) work, and what
the special surgical robot can really do, numbers-wise.

3.Looking at Real Patients:

We focused on clinical results from people who've gotten
Neuralink’s “Telepathy” and “Blindsight” implants. We
compared published outcomes—Ilike controlling a
computer with thoughts or early steps towards restoring
sight—to see what’s hype and what’s real.

4.Tallying the Ethical and Legal Hurdles:
Tech alone isn’t enough. We paid close attention to how
patient consent is handled, if Neuralink is upfront about
privacy, and what sort of social ripple effects this could
trigger. We brought in established ethical principles,
thinking about fairness and autonomy, and tried to see how
regulators are reacting.

5.Comparing With Other Players:

No company exists in a vacuum, so we matched up
Neuralink’s specs and results with what companies like
Synchron and Blackrock Neurotech are offering. We
looked for differences in invasiveness, channel number,
and—most importantly—what this means for the people
wearing these devices.

A.Where the Data Comes From, and What Counts

Nearly everything we used came straight from open-access
research libraries, Neuralink’s official updates, and threads
from experts online. The most important stats to us were
things like:

e How many electrode channels each device packs in

e Signal quality (like SNR)
e Power needs (how long a device lasts or charges)

e Actual outcomes in the clinic (for example: how
accurately someone can control a computer with
their mind) We didn’t skip over the big issues either:
were patients truly informed, was their data safe, and
is there any evidence these devices are shifting how
people interact day to day?

B. How We Made Sense of It All

Instead of picking everything apart solo, we looked at the
whole system—hardware, chips, software, and people—as
one unit, almost like engineers would. We checked how
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fast and precise the brain signals were being read and
turned into action, and ran the numbers on any
improvements over older tech.

Ethics models weren’t just hand-waving, either—we used
them to guide questions about long-term side effects or
privacy. When there was trial data, we broke it down
statistically and stacked Neuralink up against the current
gold standards.

IV. EXPERIMENTAL RESULTS
A. What Happened in the Human Trials

Neuralink kicked off its first human trials back in 2023, and
by July 2025, they’d put the “Telepathy” chip into seven
people. These volunteers either had spinal cord injuries or
conditions like ALS, making them a good fit for the tech.
With the chip on board, participants were able to control
computer cursors and type with just their thoughts.
e Moving a cursor: Folks in the study could steer

a computer pointer about as accurately (85%) as

you’d expect from an ordinary mouse or

trackpad.

e Typing: They managed between 10 and 15
words a minute, and their typos stayed pretty
low—under 5%.

e Side effects: No one had major complications,
though there was a minor hiccup when one
person’s wires shifted a little bit; nothing serious,
but worth noting.

Another implant, called “Blindsight,” was tested on just
one person so far. This chip’s goal is to help restore vision
by zapping the visual cortex. It hasn’t brought back normal
sight, but it’s managed to trigger visual perceptions with a
sharpness around 20/200—not perfect, but a huge leap for
early-stage brain tech.

B. Key Tech Specs
Here’s the lowdown on what makes Neuralink’s implant
tick:
e 3072 total electrodes are packed into 96 thin
threads, each with 32 contacts.

e Those threads are carefully planted using a robot
that can insert around 192 electrodes every
minute, which keeps damage to a minimum and
helps with precision.

e About 70% of recorded brain cells ‘“spike”
reliably, which is better than the old Utah Arrays,
which topped out at 50%.

e The system runs wirelessly, using 6mW of power,
and can keep going for a full 24 hours between
charges.
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C. How Does It Stack Up?

Compared to rivals, Neuralink’s implant is far ahead in
terms of detail, but it does come with trade-offs:

e Synchron uses a much less invasive stent packed

with 16-64 channels. You don’t get nearly as

much detail, but the surgery’s a lot less involved.

e Blackrock Neurotech’s Utah Array has been
around a while, offering 96-128 channels.
However, its electrodes are spaced farther apart,
which means the signal quality isn’t as high.

o Neuralink’s latest chip leads the field with
decoding accuracy reportedly 20% better than
what others have managed so far.

D. The Roadblocks

Of course, it’s not all smooth sailing. Here are a few things
that still need work:

e Biocompatibility: Nobody knows yet how these
tiny wires will hold up over the long haul, or how
people’s bodies might react after years.

e Scalability: As they try to add more channels
(recording more data at once), running fast,
powerful AI to process all that information
becomes a real technical challenge.

e Transparency: Critics have pointed out that not all
trial details are easy to access—some say the
process should be a lot more open for outside
review.

V. DISCUSSION
A.Where the Tech Stands and What’s Hard

Neuralink really stands out because its implant packs in a
ton of electrodes—way more than what’s been typical up
to now. This high density makes the brain signals much
clearer, opening the door to things like regaining movement
or even giving people a mental “boost”. The robotics
they’ve developed for the operation ate impressive, too—
they can place wires with pinpoint accuracy, down to about
10 micrometers.

But this isn’t magic bullet. As the number of electrodes
goes up, the risk of “signal noise” increases, making it
tough to keep the data clean. Stability is another issue:
animal studies and some early human work suggest those
polymer wires might not last more than five to ten years in
the brain. If they start to break down, patients could face
repeat procedures—nobody’s ideal scenario.
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B. What this Means in Real Life

On the medical front, Neuralink’s “Telepathy” implant is
showing that it’s now actually possible for paralyzed
volunteers to move cursors and type—not science fiction
anymore, but early reality. The “Blindsight” experiment
hints that blind people could one day pick up raw visual
sensations, though true sight is still a ways off. However,
problems like wire shifting and body reactions still crop up
sometimes—these need ironing out before the devices are
ready for widespread use, especially for long-term patients.

C. Ethics and Society: More than Just Tech

Let’s be real: as cool as this technology is, it brings some
unnerving questions. Several researchers have warned
about what happens when you start blending the human
mind with machines. Could this change what it means to be
authentically human? People like Yuste have called for new
“NeuroRights” so nobody can snoop on or hijack brain data
without totally clear consent. The question of who gives
that consent—especially for vulnerable users—keeps
coming up. There’s also a risk of these breakthroughs
mostly helping the wealthy, who can pay for
“enhancements,” leading to even wider gaps in society.
Regulators really need to step in so this doesn’t become just
another tool for the privileged.

D. How Neuralink Stacks Up

If you compare Neuralink’s approach to other players,
there’s a clear trade-off. Synchron’s stent device isn’t
anywhere near as invasive as Neuralink’s, but you sacrifice
image clarity and detail. Blackrock Neurotech’s familiar
Utah Arrays have been relied upon for years and are
dependable but just can’t keep up with Neuralink for pure
channel number or future scalability. (For those interested
in the numbers, recent tests say Neuralink’s device gets
around 85% accuracy in decoding, with high signal-to-
noise and low lag; Synchron and Blackrock trial a bit
behind on all three metrics).

E. Looking Ahead

The picture is both exciting and complicated. Medical use
is only part of what Neuralink’s working toward. You can
imagine a world where people could chat with Al or
translate languages just by thinking, or never forget a detail.
But, and it’s a big but, this opens the door to some tough
risks—not just medical hiccups, but dependency on the
implants, hacking, or even companies snooping on private
thoughts. That’s a lot to think about before society dives in
headfirst.

VL FUTURE WORK

Honestly, there’s still a lot left to sort out with Neuralink,
even though some of what they’ve done already seems
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straight out of science fiction. The first thing that pops into
my head is those super-tiny threads they’re putting in
people’s brains—how long are they really going to last? I
mean, bodies are messy, and it’s not like anyone wants stuff
inside their head wearing out or causing issues down the
line. If it were me, I’d feel way better knowing there’s some
tough, safe material in there, not something that falls apart
after a while.

The surgery’s another thing that makes me squirm. I can’t
be the only one who thinks the less cutting and poking
around, the better. If they can get this done safely and
quickly—like, in and out—that’d be a huge relief for
anyone considering it.

And the brain-reading part? That’s honestly wild, but I
heard each setup needs a bunch of custom tweaking for
every user. Imagine if your phone needed a whole day to
learn your thumbprint—yeah, that would get old fast. If
they can make the thing work “out of the box” for anyone,
people would probably trust it more and hop on board
faster.

Let’s not gloss over the security thing, either. All this info
zipping through the air from someone’s head? Talk about
sci-fi nightmares! Last thing anyone wants is a hacker
picking up what’s going on in their brain. They need to lock
it down tight—non-negotiable, if you ask me.

And then there’s the big question mark: nobody really
knows what messing with your brain like this could do after
months or years. Could it make somebody think or act
differently? Would you even notice if it did? I kind of wish
someone would answer that before it gets popular. At the
end of the day, scientists, doctors, and regular folks all need
to keep talking, so there’s real progress but no one ends up
worse off.

VII. CONCLUSION

So, after digging through everything Neuralink’s done
recently, a few things jump out at me. For starters, those
new high-tech implants? Genuinely impressive. You read
stories about people moving a cursor just by thinking, or
catching flashes of sight for the first time in years, and it’s
hard not to feel a little amazed. The company’s fancy
surgery robots and the crazy number of electrodes they
pack into those chips—well, nobody else is really close.

But here’s the truth—it’s not all sunshine. The stuff they’re
using inside the brain probably won’t last forever; in fact,
from what I’ve read, there’s a good chance those tiny wires
could wear out after a decade, maybe even sooner. That
means people might need another surgery down the line.
Plus, as these chips get smarter and handle more data,
they’ll need new algorithms or Al to keep up (and not lag
out). Not to mention, if you start thinking about privacy or
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who actually gets their hands on these devices... Well,
that’s an ethical minefield.

Honestly, the future’s both exciting and a little worrying.
For the tech to really matter, it can’t just be limited to folks
with deep pockets. Regulators and lawmakers need to step
in, set up fair rules, and make sure people’s brains—and
data!—are safe. If there’s one thing that seems clear, it’s
that science is rushing ahead, but questions about who
benefits and how it’s used are still wide open.

Looking at what comes next, I would say—
e  First, scientists should focus on making these
implants last way longer, so nobody’s stuck
going back in for repairs every few years.

e We’ll also need faster, smarter Al to process all
that brain data, so everything works smoothly in
real-time.

e There’s going to have to be clear rules written up
to protect users—maybe even new human rights,
just for your neural data.

e It’d also be smart to explore ways of making
these systems less invasive, maybe even a mix of
inside-the-brain and on-the-skin tech.

e Most importantly, someone needs to make sure
people with actual medical needs aren’t priced
out.

If anything, all of this needs folks from all over—engineers,
doctors, ethicists, even lawmakers—figuring things out
together. If Neuralink and others keep that in mind, this
crazy “science fiction” future might actually work out for
everyone, not just a lucky few.
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