A generalist intracortical
motor decoder

The Team

Joel Ye

Fabio Rizzoglio
Adam Smoulder
Hongwel Mao
Xuan Ma

Patrick Marino
Raeed Chowdhury
Dalton Moore

Gary Blumenthal
William Hockeimer
Nicolas G. Kunigk
J. Patrick Mayo
Adam Rouse
Aaron Batista
Steven Chase
Charles Greenspon
Lee E. Miller
Nicholas Hatsopoulos
Andrew Schwartz
Jennifer L. Collinger
Leila Wehbe
Robert A. Gaunt



, y §

' A ' A ' There are many datasets of ﬂ

A A A Neural Activity
l

+

Behavior

Kinematics

Karpowicz 25



Neural signal (spikes)

Neuron

Neural Activity

M_ Neural trajectory

N

+ m
) can be related to

/%/ Behavior

Vyas 20
Collinger 13




More data volume I

Session Subject Task
)l O &3
T N (F

More data relevance

D D Transfer
Data from other \ D morest

xperiments .
eXpe interest



More data volume I

Session Subject Task

O E) e
L \ Q @ Foundation model-

More data relevance

Gallego 18
Gallego 20
Safaie 23




More data volume I

Session Subject Task

L O %\ Neural Data
) Transformer 3
A (NDT3)

More data relevance

Gallego 18
Gallego 20
Safaie 23




Hours
1 10 100

30+ monkeys

20

Covariates Command

Kinematics
S 1s




- —— . — = commme m— was mme
mr om ommmw om omm omer e o ome B T e ———
B T e ——— — -
— — e o — e —— e m——— [
—— = — - —— ——
e e T
- B T T ——— e ——————
—— e — e = o mm m e ws o A
- —— e . L T e —
- ] R
B e e
- — e e — .
o s — —— e
- - o —— o omw ee— = cam o om mm
oo e ST— - — W — — p——
— —
podink oy o — - —— — - — o - —
e — . — - s mee cE—— e omw = o
5 A Memrmicin o e o — - ——— - m—
e cew e - B T I —
—— e - E r o m o mm e o omm o w memm om s S s e ST
- s s w ® mm— :o= o — —— O — m e — E—
. ——— — o — e —— e — o —— o —
— - — - o — i — o — ——— ——
P — - ——— e —— . — - — e —
i — . oo — e— —— o — = -
e fray ——— e — - ——— -— ——— e —
- — — ) | Sm—— — - J—
b el i . et o lnmmamouss e orte e Sy prva e
- —— -
P L L L T T e ———
o e el i o o —— — s —— - - -
A —— G S R e SEES S R S SEEE T N S S S S O S
e - —— o - — L oE m a——— T TR
e gy ———— — E——— —
s . — o s ome omo omerommms = e s ese——— s W mm meE
B e - — - ——— e — B T T
EEsssmmam s s sEmEs  ® - — — - — — - — ——— - —
i e - - - — o — = e o — i ——— —
e i B el o —— - — = - ——— -
bt oo o iR Lo ey e e e T ey L A
. . - —— - = c— T
s —
SR TR B, B —— = mme o — — —— — e = =
T ———— iy — e — = — - - ——— ———— —
FEEERS NN LE S 5 A - - — - - L s s oW
——— — — — e aEm e R W —— —
L T R— — —— - - —— D T -
e s - am— w w — - - e - W =
i — o am -
iy - — e —— — - R - — e — —
-

o
-
e e AR .o
-

Low-D Covariates
i
i
1L
I
:E
!I
|
!

Neural Tokens
inned Spikes

V7
\ Behavior Tokens

- = s = ”

1s

VI
0
I:i
gl

K

monkeys

E’! o
Neural Act
it
e
Col\lari fés

M%II-
; IIIIIIII .|||||I i !::.:.
inematics

O0T OL I
SINOH



BCI tokens:
Neural Tokens: Phase | |

Binned Spikes Reward [}

\ Behavior Tokens:
Low-D Covariates

Programmatically driven behavior



BCI tokens:
Li|1|11|H|l Tt *l “Tl ii‘ J|,I]|J|

Neural Tokens: Phase| |
Binned Spikes Reward []
Behavior 1
EHITITIREN *,[ H { 4 | ml i
@{ \Foken per E?i?iii;iis;?i:*1?ili'if ik “}I:"“% | Rt
AR
dimension o

s
lhti t'Hu“nll Hl“n |l“1|“$'1

\ Behavior Tokens:
Low-D Covariates

(Transformer backbone) —

TN A R RTY T T | "o l ! l | |
NI ol |""'I'- il ||,'-.|u|I I'|||- sl hi
HHHH,!H' Thuf III||.I||I|'||I||"|"I||'|| |'iil.i||I|| '”il|l|'|'l|"|| ||u|||||; i'|||||
1H !i,‘;ll!' et i || il | !.'. Il||'!| :IIII | HE I
IHHHEH il !.:l-: .|" " I =--|-'|-=I;=;::i.:!',u!'h! '"|'l i ik
'ilm i 1| !:! . i |.|

1s

20ms binned spikes




Downstream evaluation datasets
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Each downstream dataset is evaluated at
multiple task data scales.
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Pretraining provides a degree of generalized benefit.

Pretraining gains persist through changes in
neural firing patterns in reaching tasks.
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Pretraining provides a degree of generalized benefit.
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Pretraining provides a degree of generalized benefit.

Pretraining benefits decoding outside motor cortex
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NDT 3 provides a generally useful pretrained model
for use across intracortical motor decoding tasks.



