What are BCIs?

Brain-Computer Interfaces (BCls) enable direct communication between the brain
and external devices. They bypass traditional motor pathways, allowing neural
activity to control digital systems without physical movement. This technology sits at
the intersection of neuroscience, engineering, and artificial intelligence.

How BCIs Work

BCls function by capturing neural signals using electrodes, either non-invasive (EEG)
or invasive implants placed directly in the brain. These signals are then filtered to
remove noise and processed to extract meaningful patterns, such as motor intentions
or speech planning.

Machine learning algorithms decode these patterns and translate them into digital
commands, which can control devices like computers, prosthetics, or communication
systems in real time.

Current Technology

Companies like Neuralink are developing implantable chips with microelectrodes that
record high-resolution neural activity and transmit it wirelessly. Early human trials
show patients controlling cursors and interfaces using only thought.

In contrast, Synchron uses a minimally invasive approach by inserting devices
through blood vessels, reducing surgical risk while still enabling patients to send
messages and interact with digital systems.

Medical Applications

One of the most impactful uses of BClIs is their ability to restore lost function in
patients with neurological conditions.

By interpreting signals from the motor cortex, BCIs can allow paralyzed individuals
to control prosthetic limbs or assistive devices using only their thoughts.

They can also convert brain activity related to speech into text, giving people with
conditions like ALS a way to communicate even when they can no longer speak.

Challenges and Future Potential

Although BCIs have made major progress, there are still important challenges to
address.

Neural signals can be unstable over time, and implanted devices must remain safe and
reliable for long-term use.

In addition, decoding brain activity accurately often requires large amounts of
personalized data and training. Despite these limitations, advances in Al and neural
engineering are rapidly improving performance, and BCIs are becoming more
practical.

In the future, they could move beyond medical use and enable more seamless
interaction between humans and technology.
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