
Brain Computer Interfaces for Communication

Erin M. Kunz, MS


Department of Electrical Engineering

Stanford University



About me 

B.S. MechE,

Minor: EECS 

Hayward, CA 

Software/Controls Engineering

Autonomous Vehicle Development

2018

Admitted to MS in EE 


2020

Admitted to PhD in EE 


Joined NPTL w/ advisors:

Krishna Shenoy,


Jaimie Henderson,

Shaul Druckmann


2024:

PhD Defense(!)


& 

Start PostDoc 




Christopher Reeve at MIT, 2003

The need to restore movement and communication 



Stephen Hawking at Imperial College London, 2016

ALS: ~15,000 individuals in the U.S. (CDC, 2016)

Hundreds of thousands of individuals with tetraplegia (NSCISC, 2018)

Today: essentially no treatments

The need to restore movement and communication 





?









Georgopoulos et al. (1986) Science





Translating Communication BCI
Design of signal conditioning, decoders and real-time systems 

Gilja*, Pandarinath*, …, Hochberg, Shenoy**, Henderson** (2015) Nature Medicine

Jarosiewicz, …, Henderson, Shenoy, Donoghue, Hochberg (2015) Science Translational Medicine 


BrainGate2 pilot clinical trial. CAUTION: Investigational device. Limited by federal law to investigational use.
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Pandarinath*, Nuyujukian*, et al. (2017) eLife
BrainGate2 Neural Interface System. CAUTION: Investigational Device. Limited by US Federal Law to Investigational Use
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BrainGate2 Neural Interface System. CAUTION: Investigational Device. Limited by US Federal Law to Investigational Use

Pandarinath*, Nuyujukian*, et al. (2017) eLife
Nuyujukian*, Sanabria* Saab* et al. (2018) PLoS One 



Chang & Anumanchipalli (2019) JAMA

Increasing the performance of iBCIs with rapid and dexterous behaviors

2D cursor iBCI

Pandarinath*, Nuyujukian*, …, Hochberg, Shenoy**, Henderson** (2017) eLife

Brain-to-text iBCI

Willett, Avansino, Hochberg, Henderson**, Shenoy** (12 May 2021) Nature



System Overview

Willett, Avansino, Hochberg, Henderson**, Shenoy** (2021) High-performance brain-to-text communication via imagined handwriting. Nature.



Neural Representation of Handwriting

Does the neural representation of handwriting remain intact years after paralysis?



𝑣𝑡 = 𝐷𝑓𝑡

Pen tip 

velocity

Vector

2 x 1

Linear 
decoding


Matrix

2 x 192

Firing rate 
vector

192 x 1

Can we reconstruct the imagined pen tip 
trajectory from the neural activity?

Neural Representation of Handwriting



Handwriting iBCI System Diagram



Copy Typing Performance

Willett, Avansino, Hochberg, Henderson**, Shenoy** (2021) High-performance brain-to-text communication via imagined handwriting. Nature.
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RNN Architecture

h1
𝑡+1h1

𝑡 h1
𝑡+2 h1

𝑡+3 h1
𝑡+4 h1

𝑡+5

h2
𝑡 h2

𝑡+5

𝑥𝑡 𝑥𝑡+1

𝑝𝑡−𝑑 𝑝𝑡+5−𝑑

𝑥𝑡+2 𝑥𝑡+3 𝑥𝑡+4 𝑥𝑡+5

…

…

Gated Recurrent Unit:

!" : binned firing rate vector (20 ms)
ℎ" : hidden unit vector (512 units)
$"%& : delayed character probabilities (1 s 
delay)









1. Fundamental neuroscience of 
an exquisite motor control problem.

“Hi”

“Hi”

“Hi”

attempted speech neural signals speech output

2. Translational need for speech BMIs for patients 
who cannot speak.

Studying the Neural Bases of Speech in People

Uecker et al. (2010) NMR in Biomed.



Bouchard et al. (2013) Nature



Bouchard et al. (2013) Nature





Dense Spatial Intermixing



Preserved Articulatory Representation

Similarity (cosine angle)





Decoding Methods









A New Record for Speech Decoding



Chang & Anumanchipalli (2019) JAMA

Increasing the performance of iBCIs with rapid and dexterous behaviors

2D cursor iBCI

Pandarinath*, Nuyujukian*, …, Hochberg, Shenoy**, Henderson** (2017) eLife

Handwriting-to-text iBCI

Willett, Avansino, Hochberg, Henderson**, Shenoy** (12 May 2021) Nature

Speech-to-text iBCI

Willett*, Kunz*, Fan*,… Hochberg, Druckmann, Henderson**, Shenoy**, 2022

(including speech)



Toward Full Clinical Implementation

• Improving ease of use


• Elimination of patient cable and pedestal


• Fully-implantable wireless system

• Improving performance

• Higher channel count - more neurons

• Improved decoders

• “Always on” capability
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Brain-to-Text ’24 
• Neural recordings of 12,100 Sentences 



Conclusions

• Brain-computer interfaces are moving closer to 
clinical reality


• BCI research enables insights in fundamental human 
neuroscience


• We will soon have systems that can provide real 
assistance to people with communication disorders 
and paralysis


• The future is very exciting!



Positions at NPTL as well as our collaborators UC Davis Neuroprosthetics Lab!
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