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The need to restore movement and communication
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Christopher Reeve at MIT, 2003
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The need to restore movement and communication

ALS: “30,000 individuals in the U.S. (CDC, 2013)

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

Today: essentially no treatments

Stephen Hawking at Imperial College London, 2016
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Delayed Reach [ask

Georgopoulos et al. (1986) Science

2 May 2004
Stanford University
Santhanam, Ryu, Yu & Shenoy
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Correct characters I

per minute

3 Time (min) 6

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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Android Interface
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Nuyujukian®, Sanabria® Saab* et al. (2018) PLoS One
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Google+ Search Images More ~ T6 BrainGate

Google®  orchid care o a

Web

How Do You Care For A Orchid - Smarter.com
www.smarter.com/Answers
How Do You Care For A Orchid. Browse & Discover Useful Results!

Care For Orchids Indoors - BHG.com
www.bhg.com/Indoors

Care for Your House Plants Grow Orchids with ease
How to Grow Orchids Indoors: Better Homes and Gardens

Basic Orchid Care Info - AboutOrchids.com
www.aboutorchids.com/
Orchid Care Info for Beginners Blog, Photos, FAQ

Orchid Care Tips - Beautiful Orchids
www.beautifulorchids.com/orchids/orchid_care.../frequently_asked_questio...

B. When watering your orchids, take care to avoid wetting the leaves. If water gets trapped in
between the leaves, dry them quickly by using a piece of tissue or a ..

Phalaenopsis - Miltonia - Paphiopedilum - Cymbidium

Orchid Care Basics - American Orchid Society
https://www.aos.org/Default.aspx?id=72

Orchid care tips and strategies that are easy to understand and put to use.
Where do | cut the flower spike? - Orchids 101 - How do | water my orchid?

Orchid Care Tips and FAQ

https:/ "weient renatme.com/evehid-care/

BrainGate2 Meural Interfacd_Bystem. CAUTION: Investigational Device. Limited by




Increasing the performance of iBCls with rapid and dexterous behaviors

Sip and puff
interface
BCl-driven
cursor control
Handwriting
QWERTY touch Touch screen and
screen predictive text
Eye tracking and Professional Presentation-style Conversational
predictive text typewriting speech speech
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Words per Minute

—_—>

Brain-to-text iBCl
Willett, Avansino, Hochberg, Henderson®*, Shenoy™* (12 May 2021) Nature

2D cursor iBCl
Pandarinath®, Nuyujukian®, ..., Hochberg, Shenoy**, Henderson** (2017) eLife

Chang & Anumanchipalli (2019) JAMA



System Overview

Fg

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

Threshold Crossing Features RNN/\ Probabilities
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wvhat do you like to watch on television?
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Studying the Neural Bases of Speech in People

1. Fundamental neuroscience of 2. Translational need for speech BMIs for patients
an exguisite motor control problem. who cannot speak.

attempted speech neural signals speech output

— e\
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Uecker et al. (2010) NMR in Biomed.
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Orofacial and Speech Tuning
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Decoding Methods

Threshold crossings &
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I don't want to call her a baby sitter.










A New Record for Speech Decoding

Vocalizing  Silent
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Increasing the performance of iBCls with rapid and dexterous behaviors

(including speech)

Sip and puff
interface
BCl-driven
cursor control
Handwriting
QWERTY touch Touch screen and
screen predictive text
Eye tracking and Professional Presentation-style Conversational
predictive text typewriting speech speech
0 10 20 30 40 50 60 70 80 90 100 110 120 130 140 150

Words per Minute

—_————

Speech-to-text iBCI
Willett*, Kunz*, Fan*,... Hochberg, Druckmann, Henderson™*, Shenoy**, 2022

Handwriting-to-text iBCl
Willett, Avansino, Hochberg, Henderson®*, Shenoy™* (12 May 2021) Nature

Pandarinath®, Nuyujukian®, ..., Hochberg, Shenoy**, Henderson** (2017) eLife

2D cursor iBCI

Chang & Anumanchipalli (2019) JAMA



Performance Increases with More
Electrodes
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Willett FR*, Kunz E*, Fan C* et al. A high-performance speech neuroprosthesis. Nature. 2023.



Language Model Improvements Still
Possible

Original architecture

Phoneme

- —| 3-gram [— Words
Probabilities
Offline word error rates improved
Improved architecture from 23.8% to 17.4%
Phoneme ___, 5-gram —{ LLM —— Words
Probabilities

Willett FR*, Kunz E*, Fan C* et al. A high-
performance speech neuroprosthesis. Nature. 2023.




New Results from UC Davis Team

1) Doubled electrode count (&
4 | Prlmarymotor
130 /. oortex(4)

A
2) Improved real-time language modek

Card N, ..., Brandman D**, Stavisky SD**. An accurate and
rapidly calibrating speech neuroprosthesis. medRxiv. 2023.



New Results from UC Davis Team

30

20l Willett et al. 2023 (125K words) —-50 words
—4— 125k words

—
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Worad
error rate (%)

0.99%

ol i—_.0%

Session number: 1 2 4 7 8 1'0 1'1 1'2 1'3 1'4 1'5 1'6 1'7_
Dayssince implant: 25 27 34 46 48 69 74 76 81 83 88 90 95
Hours: 05 19 40 66 80 89 101 115 122 134 159 176 18.8

Card N, ..., Brandman D**, Stavisky SD**. An accurate and
rapidly calibrating speech neuroprosthesis. NEJM. 2024.
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Toward Full Clinical Implementation

® Improving ease of use
e Elimination of patient cable and pedestal

e Fully-implantable wireless system

® Engineering Improvements
e Calibration & Stability
® Array largeting

® Accuracy

\ STANFORD UNIVERSITY

L Neural Prosthetics Translational Laboratory



Minimizing Calibration Time via Transfer
Leanring

Source User Target User
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Stabilization via Continual Self-Training

Signhals change slowly enough and decoding is accurate enough to
enable self-recalibration: retraining on error-corrected outputs.

-== NO Recalibration - Recalibration with CORP
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Fan, C. et al. Plug-and-Play Stability for Intracortical Brain-Computer
Interfaces: A One-Year Demonstration of Seamless Brain-to-Text
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Speech Area Targeting: Two Speech Areas
|n MOtOr COrteX? Stanford Participant
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Glasser MF et al. A multi-modal parcellation of
human cerebral cortex. Nature. 2016.




Human Connectome Project Targeting

Cortical Thickness
MRI Myelination \
Folding

Resting State

TMAI Networks

Glasser MF et al. A multi-modal parcellation of
human cerebral cortex. Nature. 2016.
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Future Directions in Science

® EXxploring representations in the brain

® \Where is language and speech motor production
represented?

e \What else Is represented in these areas?

e Could similar principles be applied to develop
neurprostheses for other types of communication
disorders (aphasias from stroke, nonverbal
autism?...)

N\ STANFORD UNIVERSITY

L Neural Prosthetics Translational Laboratory



\\\ £V 17/ /, /

N\
- ¥

V/j
7 bl

Conclusions

® Brain-computer interfaces are moving closer than
ever to clinical reality

e BCI research enables insights in fundamental human
neuroscience

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

® The future is very exciting!

\ STANFORD UNIVERSITY

L Neural Prosthetics Translational Laboratory
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