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http://gifimage.net/brain-gif/



https://gfycat.com/gifs/detail/glossyshorttermankole



https://www.researchgate.net/figure/A-silicon-based-cortical-microelectrode-array-inset-implanted-for-
intracortical-neural_figl_51202997



AbOrdagem béSlca (tarefa comportamental)

https://giphy.com/gifs/monkeys-ez30ehligljEl http://wifflegif.com/tags/24578-baby-monkey-gifs

STARECAT.COM https://giphy.com/gifs/monkeys-ez30ehligJjEl



Registo intracortical por multielétrodos
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Trigeminal system

(epitome labeled lines )
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Discriminacao tatil de distancia

Krupa et al., 2004 Science



Discriminacao tatil
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A velocidade e a performance podem ser extraidas das
respostas da populacao de neurdnios
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Multiplas modulacdes complexas
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Por ultimo, V1 tem um papel
fundamental...no escuro!
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Kunicki et al., 2019 Sci Reports



Multiplas modulacdes nos lacos corticotalamicos antes,
durante e depois da discriminacao tatil.

Sugere codificacao distribuida e nao paralela.

i The Journal of Neuroscience

Pais-Vieira et al., 2013 Journal of Neuroscience, cover
Pais-Vieira et al., 2015 Journal of Neurophysiology
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Brain-Machine Interfaces
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Chapin et al., 1999 Nature Neurosc Wessberg et al., 2000 Nature
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Velliste et al., 2008 Nature
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Hochberg et al., 2006 Nature

https://www.ge.com/reports/post/117260917495/mind-controlled-robots-take-directions-from-tiny/



Brain-to-spine interface

Motor states decoding
e - 0 Motor cortex activity

Implantable
pulse generator

Y 4
| } y .
M " Epidural electrical
|
\ stimulation

Spinal cord

e5|on

\o/

96 channels

- | p-array
\ ! ‘ )

b4

BSI OFF

Capogrosso et al., 2016 Nature

Leg kinematics



Extrair outputs do cérebro e utilizar para
controlar dispositivos (atuadores)

http://physicsworld.com/cws/article/news/2016/feb/05/physics-of-brain-folding-recreated-in-the-lab

http://www.iflscience.com/technology/amputee-simultaneously-controls-two-robotic-prosthetic-limbs-his-thoughts



Brain-to-Machine-to-Brain

Movement
decoding

Active

Brain exploration task

control

Hand
control

b
IRLED
Water port

Visible LED

Artificial
tactile
encoding

O’Doherty et al., 2011 Nature Thomson et al., 2013 Nature Comm



Gerar inputs diretamente para o cérebro
para melhorar a performance

http://www.ceracycloan.co.uk/customer-feedback/



Por que razao é que os inputs e outputs
tém de ser do mesmo cérebro?
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http://psychlopedia.wikispaces.com/Biopsychology



Motor Brain-to-Brain set up

Video Monitor Neural Recording Video Monitor
Encoder Apparatus Decoder

Microstimulator

Behavioral Chamber

Behavioral Chamber
Encoder
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Brain-to-Brain Interface in Rats

Encoder Setup Decoder Setup



BRASIL USA
Encoder Decoder

Neural Data Acquisition
circle = correct lever

http://finalbossform.com/post/44243426391/brains-of-rats-connected-allowing-them-to-share



M1 neural ensemble
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Pais-Vieira et al., 2013 Scientific Reports
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A Brain-to-Brain Interface for Real-Time
Sharing of Sensorimotor Information

Miguel Pais-Vieira', Mikhail Lebedev'-#, Carolina Kunicki®, Jing Wang'* & Miguel A. L. Nicolelis

rsity, Durham, N ), USA, *Department of Biomedical Engineerin

artment of Psychol , Duke Uni Durham,
dmond and lily Safra International Institute for

A brain-to-brain interface (BT BI) enabled a real-time transfer of behaviorally meaningful sensorimotor
information between the brains of two rats. In this BT'BI, an “encoder’ rat performed sensorimotor tasks

Pais-Vieira et al., 2013b



Can we compute stuff?

) S .
bt ‘1“‘
. .
& »
o’ p
_~

s
7

tddd 111

\.

o @_

"

B o

l‘-l,‘

http://dailymedicalblog.com/2016/03/07/what-causes-technology-in-our-brain/

nd



Brainet: um Sistema para computacao organica que combina a
atividade de multiplos cerebroscomputations



A brainet with multiple interconnected
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Podemos sincronizar a atividade
neuronal em multiplos cérebros?




Esta rede pode ser usada como um
classificador?
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Processamento de imagem

Original




Armazenamento e recuperacao da
informacao
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Como sabemos que vai chover?
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Céu escuro?

Muito calor? ..tempestade a caminho!
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SCIENTIFIC REPQRTS

Building an organic computing
device with multiple
interconnected brains

Miguel Pais-Vieira®, Gabriela Chiuffa*, Mikhail Lebedev®%, Amol Yadav® &
Miguel A. L. Micolelis®®3&s

Published: og July zo15

Pais-Vieira et al., 2015a



SHARED CONTROL TASK

Visual
feedback

Movements | Movements
decoded from | decoded from
brain 1 brain 2
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Ramakrishnam et al., 2015



Monkey Brainet
SCIENTIFIC REPQRTS

Computing Arm Movements with a

Monkey Brainet

Arjun Ramakrishnan**", Peter J. Ifft»3.", Miguel Pais-Vieira’?, Yoon Woo Byun33,
Katie Z. Zhuang*?, Mikhail A. Lebedev** & Miguel A.L. Nicolelis**3:%5

Traditionally, brain-machine interfaces (BMIs) extract motor commands from a single brain to control
the movements of artificial devices. Here, oduce a Brainet that utilizes very-large le brain

activity (VLSBA) from two (Bz) or three (B3) nonhuman primates to engage in a common motor



Mudando um pouco de assunto



Rubber hand illusion

https://imgur.com/r/gifs/McMDeEj



Recapitulando!

* Multiplos tipos de informacao podem ser
recuperados em areas primarias e outras

* Os Brain-machine interfaces (BTBIs, brainets)
permitem descodificar/codificar informacao e
transferi-la

* E possivel induzir neuroplasticidade de curto
prazo para gerar sensacoes fantasma dos
membros

...hote-se que ndo estou a incluir aqui todos os
avanc¢os tecnicos que foram gerados para se
conseguir atingir estes resultados



Brain Machine Interfaces for neurological recovery

nid=7glpAalPGETHCM:&docid=Ag| DalM&ei=fknZVsXaDYGpa6TGlaAF&tbms=isch&ved=0ahUKEwjFkanNOKbLAhWB1BoKHSRjBVQQMwgbKAAWAA Donati et al.’ 2016
Note: It’s not me in the photo! Shokur et al., 2016


https://www.google.pt/imgres?imgurl=http://heavyeditorial.files.wordpress.com/2014/06/exo-gif.gif?w=780&imgrefurl=http://heavy.com/tech/2014/06/exoskeleton-world-cup-what-is-duke-walk-again-p

Controlo de membros inferiores
roboticos (exosqueleto)



https://www.statnews.com/2016/08/11/paraplegics-exoskeleton-brain-training/

Increased senstnaty per patent o 10 months of trainir

oee i altered perieation nt in two ASIA A patients
nges in i SENSALO

‘,'. (;’. 9o
-G

2w " - ? ¢ “ "

Ao 1

epticn

R L

Donati et al., 2016



Entretanto em outros laboratorios...

Emitter = Receiver
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Terceiro braco para multitasking



https://spectrum.ieee.org/the-human-os/biomedical/bionics/mindcontrolled-robotic-third-arm-gives-new-meaning-to-multitasking

Controlo individual dos dedos



https://towardsdatascience.com/from-brain-waves-to-arm-movements-with-deep-learning-an-introduction-3c2a8b535ece
https://towardsdatascience.com/from-brain-waves-to-arm-movements-with-deep-learning-an-introduction-3c2a8b535ece

O que estamos a tentar fazer?

1 — Conseguimos importar e reproduzir a tecnologia®?
2 — Conseguimos melhorar o protocolo?
3 — Qual é o mecanismo fisiolégico?

 Se a combinacao de todos estes componentes € o que
faz com que se dé a neuroplasticidade, entao vamos
tentar melhorar esta abordagem:

— Realidade Virtual (visao e som)

— Avaliacao psicologica da representacao corporal
— Feedback termotatil

— Exosqueleto
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Pais-Vieira et al., 2022a



Pais-Vieira et al., 2022a
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Pais-Vieira et al., 2022d
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Habituation

Visual




Brain-computer interface

(visual + auditory + tactile + thermal)
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N=1 subject SCI P01 complete imjury (T4)
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}

Conclusions from the previous study:
Pain reduction
Non-spastic movements m the lower limbs

High embodiment levels

Hypothesis

Does the pain remain low?
Do the non-spastic movements continue?
Relation between brain activity and results?

Effects on the quality of life?

Result Validation (RV)

RV 1: More sessions with the same subject

Physiological Mechanisms (PM)
PMI: Neuroplasticity markers?
PM2: Pain / neurophysiological alterations?

PM3: Non-spastic movements in the lower
limbs

neurophysiological alterations?

Present study

Same subject (complete injury T4)
rool o

RV 1: 24 more sessions (BCH)
PM1: Neurophysiological/pain data

PM2: Neurophysiological/non-spastic
movements

PM3: Neuroplasticity markers

24 sessions with BCI
over 14 months

|

Behavior (pain, embodiment and comfort)
+ Newrophyswology (EEG correlates)
+ Video

+ Interview
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Relatos dos pacientes

E a primeira vez em trinta anos que estou a
sentir as minhas pernas.

Estou a sentir o frio a subir pelas pernas
acima.

Nao se verificou preferéncia por cenarios em
ambiente natural versus urbano

Ndo me canso destes cenarios porque todos os
dias encontro coisas novas das quais ainda
néo me tinha apercebido.
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Conclusoes e resumo dos resultados

Reducao dos niveis de dor
“estou a caminhar pela primeira vez em 30 anos!”

Desenvolvimento dos cenarios parece ser de
extrema relevancia

O paciente estava altamente envolvido e motivado.

Movimentos/relatos de sensacao térmica de origem
espinhal?cortical?

A combinacao de multiplas tecnologias parece ser
relvante, mas nao é claro qual o mecanismo
envolvido
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