U?Vﬁjﬁ/\
ApnIZOZO

Brain-Computer lnterface (c_ D
MEAIDA VTSI

BIEZKSE
CRUARZERE/ RotfR i At

KERKE SFH
@ APRAF
OSAKA UNIVERSITY



BERBAXREXRZER PEZEL
HEFITSEAE. FERCIEEERRETNFE
KxKZE EFE EAD - AREI—X
EARBRLAE. MREEBEHE
KERKFRFR RHEEAR FL
R &K Brain-Computer Interface D Fa %

AR ¥R DR S - il

1% 1y D EE BRIt




1. 2ENBCIOEEILAIZE & £ TEERD

2.BCIZNUIEiEAIEDA VTSI 7 Y



EEG

ECOG

Signal acquisition evice

Aot aon

Single Unit_ 1y 1y g 1111

Raw signal

mmands

Simple
communication

Control
of external
devices
Ve W\
l Feeback
Neuroprosthetic

limbs

Legs controlled
by electrodes

Modified from Leuthardt, Neurosurg, 2006

,::/ELE,I\ DIE $

Cortical Control of a Tablet Computer by People with Paralysis

Nuyujukian®, Albites Sanabria*, Saab*, Pandarinath, Jarosiewicz, Blabe,
Franco, Mernoff, Eskandar, Simeral, Hochberg**, Shenoy**, Henderson**

Web Browsing and Email

Participant T6: Trial Days 1018 and 1001
BrainGate2 Pilot Clinical Trial
Caution: Investigational Device. Limited
by Federal Law to Investigational Use.

P. Nuyujukian et al, PLoS One, 2018
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BrainGate Pilot Clinical Trial
Drinking From a Bottle Using a Robotic Arm
Participant S3
Trial Day 1959 / 12 April 2011

Hochberg et al., 2012
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Caution: Investigational Device. Limited by Federal Law to Investigational Use.

Hochberg et al., Nature, 2012



A. Bernabid et al., Lancet
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High performance communication by people with tetraplegia
using an intracortical brain-computer interface

Pandarinath*, Nuyujukian*, Blabe, Sorice, Saab, Willett
Hochberg, Shenoy**, Henderson**

Free-paced typing using the OPTI-Il keyboard

“How did you encourage your sons

to practice music?”
Participant T6 / Trial Day 621 - Block 17

BrainGate?2 Pilot Clinical Trial MGH
Caution: Investigational Device. Limited by T @ S

Federal Law to Investigational Use. s e ) )
Stanford University Brown University Massachusetts Providence VA
General Hospital Medical Center

ALSICX1 9 2 EFBMI TR DEIR(L31.6ccpm

C. Pandarinath et al, eLife, 2017
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Gopala et al., Nature, 2019
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Sani et al., Nat. Biotech., 2018
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Table 1| Select companies developing BCls and related technologies

Company Device Type Status

CorTec AirRay ECoG implant FDA approved

Blackrock Microsystems Utah Array Intracortical implant FDA approved

NeurolLutions IpsiHand EEG Clinical

Synchron Stentrode Intravascular implant Early clinical feasibility study
NeuroNexus Technologies Matrix Array Intracortical implant Preclinical

lota Biosciences Neural dust Wireless microimplants Preclinical

Ad-Tech Medical Epilepsy/LTM ECoG implant FDA approved

ssssssssss

Implantable
telemetry unit

Personal advisory

M. Cook et al.,

Lancet Neurol 2013 Mariska et al., NEJM, 2016

E. Smalley, Nat. Biotech., 2019

A. Bernabid et al.,
Lancet neurol., 2019
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Flesher et al., Sci. Transl. Med., 2016

“It's as if I'm eating pineapple, but
there’s no taste”

Kirin et al., Front. Neurosci., 2019



Closed-loopHlfE DRI E=E

_ IN—F Y IRICT T B
TADARIEICT T BRNS AR R Y

X/Ro

A

F. T. Sun and M. J. Morrel, Expert N.C. Swann al., J Neurosurg. 2018
review of medical devices, 2014
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Shanechi et al., Nat. Neurosci. 2019
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Movies were labeled
with 1705 nouns
and verbs
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category was found
using regularized
linear regression

BOLD responses were
recorded from the whole
brain using fMRI
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Brain-Score
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Neural decoding (Kamitani & Tong, Nature Neuroscience 2005)
Visual image reconstruction (Miyawaki et al., Neuron 2008)
Decoding dream contents (Horikawa et al., Science 2013)

A Yes, well, | saw a person. Yes. What it was... It was something like a scene that e
I hid a key in a place between a chair and a bed and someone took it.

Awakenmg
Wake E ﬂ Presented image
_\_ l - > (10 x 10 patches) Multi-voxel
Sleep §.8 ‘_UT \-\~ d;;acg:r
stages &) g
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Machme Iearmng decoder
fMRI activity pattern assisted by Reconstructed
before awakening lexical and image databases contrast pattern
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ETH zurich Cybathlon

https://ethz.ch/en/news-and-events/eth-
news/news/2015/08/cybathlon-practice-session-success.html
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Manoel et al, BMC Neurol. 2015

G. D. Schott, Brain 2014: 137; 960-969
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Alviar et al, Cochrane Database Syst Rev., 2016
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H. Flor et al, Nat Rev Neurosci, 2006

H.Flor et. al, Nat. Rev. Neurosci., 2006
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B Lip centre of gravity - surface-based
@ amputees (n=17) Q) controls (n=21)
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T. Makin et al, Brain, 2015
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T. Makin et al., Nature communications 2012
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T. Yanagisawa et al., Nature
Communications., 2016

n=10, *p<0.05, **p<0.01, two-tailed Student’s t-test
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