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Speaking Is a hallmark of our species




Harvey Cushing 1906







Electrocorticography (ECoG)

Implanted subdural electrode arrays for localization of epileptogenic
focl, usually 7-10 days.
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vSMC electrodes (high gamma, z-score)
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‘Voiced’
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direct cortical recordings

dorsal laryngeal
motor cortex (dLMC)
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Pitch Control to determine larynx
encoding

| never said she stole my money

| never said she stole my money
| never said she stole my money
| never said she stole my money
| never said she stole my money
| never said she stole my money
| never said she stole my money
| never said she stole my money

Dichter, et al., Cell 2018



—also when singing melodies (‘do-re-mi’)

—playback shows auditory responses (delayed)

Dichter, et al., Cell 2018
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DLMC stimulation evokes larynx movement
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al larynx cortex stimulation evokes
zation




The middle precentral gyrus (mPrCG) Is an integrative
cortical area for phonological processing

Tranverse Sulcus

Hand Motor

Frontal Eye Fields
Area 55b

. / @ Evoked

Vocalization
® Auditory

@® Reading

midPrCG

Central

Sulcus —
( 3 Dual Laryngeal

1. Direct motor control of larynx/ /4 { Representation

2. Vocalization (dLMC) W
3. Auditory processing N
4. Phonological processing

- motor sequences

- silent and overt reading

5. Coordination of articulators

- pure apraxia of speech Silva, et al., Journal of Neuroscience 2022




MFG/MiIdPrCG Injury causes apraxia of speech

Apraxia: disorder of articulatory coordination and planning in speech sound production that does not

INvolve muscle weakness

\1

Diadochokinetic Rate

Say: "Microscopic”

Chang, et al. Neurosurgery 2020



Available online at www.sciencedirect.com

ScienceDirect

The laryngeal motor cortex: its organization and
connectivity
K“Stina Slmonyan1’2 @CrossMark

 Laryngeal motor cortex Is indispensable for human but not
monkey vocal motor control.

* A shift of laryngeal representation from the primary motor
to premotor cortex may be a result of hominid evolution.

Evolution of vocal learning and spoken language
Erich D. Jarvis'? (b)
Science:=
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Trajectory Encoding at Single Electrode

b
LL \\ I
0

back

L
@ Electrode location Y \[
X
=TT
—————
Speech primitives —25%meo(m§)so

» Coordinated, not single articulator
» ‘Out-and-back’ profile

Chartier*, Anumanchipalli*, et al. Neuron 2018



‘'d’ : ‘dad’

(coronal trajectory)

Chartier*, Anumanchipalli*, et al. Neuron 2018



Gp! : Epop!

(labial trajectory)
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Cortical encoding for all English sounds
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paralysis of communication




MIT
Technology
Review

Featured Topics Newsletters Events Podcasts

A Speech Synthesizer
Direct to the Brain

Recordings from the brain’'s surface are giving scientists
unprecedented views into how the brain controls speech.

by Courtney Humphries July 9,2014

Could a person who is paralyzed and unable to speak, like physicist Stephen
Hawking, use a brain implant to carry on a conversation?



Communication rates

Morse code

handwriting

I

texting

typing

speech

O 10 20 30 40 50 60 /70 80 90 100110120130 140150 160 +

words per minute

Chang & Anumanchipalli JAMA 2020



A speech synthesizer direct to the brain

b c d
Neural activity Kinematics Acoustics Synthesize Decoded speech waveform
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Anumanchipalli*, Chartier*, Chang Nature 2019



Speech synthesized from brain activity

Original

"The proof you are seeking is not available in books."

UGSk

Anumanchipalli*, Chartier*, Chang Nature 2019




BRAVO Trial (2019- )

BCIl Restoration of Arm and VOice

Goal: pathway to clinical device (safe, robust, high performance)
Investigator: Chang (neurosurgery) and Ganguly (neurology)

Device: chronically implanted subdural grid (128e, 253e)+ percutaneous port
Coverage: lateral motor cortex (arm and speech)

Indication: severe paralysis impairing communication and limb movement
FDA IDE



The NEW ENGLAND JOURNAL of MEDICINE

ORIGINAL ARTICLE

Neuroprosthesis for Decoding Speech
in a Paralyzed Person with Anarthria

David A. Moses, Ph.D., Sean L. Metzger, M.S., Jessie R. Liu, B.S,,
Gopala K. Anumanchipalli, Ph.D., Joseph G. Makin, Ph.D., Pengfei F. Sun, Ph.D.,
Josh Chartier, Ph.D., Maximilian E. Dougherty, B.A., Patricia M. Liu, M.A.,
Gary M. Abrams, M.D., Adelyn Tu-Chan, D.O., Karunesh Ganguly, M.D., Ph.D.,

and Edward F. Chang, M.D.

2021




“Pancho”










128-electrode array over
speech motor cortex

Moses, Metzger, Liu et al NEJM 2021



@l)c Nclli ﬁm'k Cimes https://www.nytimes.com/2021/07/14/health/speech-brain-implant-computer.html

Tapping Into the Brain to Help a Paralyzed Man Speak

In a once unimagined accomplishment, electrodes implanted in the man’s brain transmit signals to a computer that displays his words.

Digital connector

128-electrode array
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- Connector to :
Implanted device

Conversational prompt

I

-
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“Ann”



brainstem stroke
18 years ago




B3: Text decoding
NATO code word
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Goal Is to embody speech restoration

Multimodal speech
neuroprosthesis

Enhance feedback-learning
Restore personhood and identity
More naturalistic speech output
Facilitate virtual social interactions

Attempted
silent speech

(
Good to see you (_‘; >

decoding

synthe

o~

Speech
SIS
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Phone probabilities

Speech-sou*nd features

Articulatory gestures

Deep-learning models




Neural Bidirectional CTC Beam Search Phone-to?text Language
Activity RNN conversion Modeling
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Text copy




Speech synthesis

Neural activity Bidirectional Discrete speech Mel spectrogram Decoded waveforms
RNN units .
"| think you are wonderful" £
\ +0ds Vocoder s 2
Unit-to-mel s g g
— = — 313 3 ... 788 — 1024 lVoice-conversion
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Facial avatar

a Bidirectional RNN Articulatory-gesture Decoded articulatory gestures Avatar animation
dequantizer

"Great to see you again" s
Neural activity * you ag Yy N

=

Discrete articulatory Gesture-

gestures

animation
—+ 31 .l IS -.

I7\\ / ! system
0 0.5 1 Tongue \

Jaw Lip
Time (s) raise opening rounding

o

Gesture activation




Avatar: Audio-visual Synthesis




Avatar- Expressions |




Robotic arm

Ganguly lab collaboration
INn progress




Speech neuroprosthesis

The science

* The precentral gyrus encodes articulatory movements

» Dual laryngeal motor cortex

 Articulatory kinematic trajectories for all consonants and vowels

The translation

* High-performance text, synthesis, and facial avatar

 Embodied speech neuroprosthesis can enhance verbal and
nonverbal communication

* Increased channel count and Al optimization Increases
performance



Towards cellular basis of language
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Neuropixels

960 electrodes
(384 simultaneous recording)
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Recently translated into humans

Chung*, Sellers*, et al., 2022, Neuron
Paulk et al., 2022, Nature Neuroscience
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junior what on earth's thematter with you
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d "Have you got enough blankets?" "It had gone like clockwork." "He moistened his lips uneasily." "It was nobody's fault."
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Neuronal responses across the cortical depth:

heterogeneity and local clustering

it had gone like clockwork. He moistened his lips uneasily. Junior, what on earth’s the matter with you?
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