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Vision and Mission

Grand Vision: in the next 50 years we will witness the coming of
age of technologies for fluent brain-computer and computer-
mediated brain-to-brain interaction—which we call hyper-
interaction.

Our question: are non-invasive brain stimulation technologies a
viable option for hyper-interaction?

The overall mission of this project is to probe the limits of non-
invasive computer-to-brain interfaces by carrying out research
using improved brain stimulation paradigms to explore
fundamental neuroscience questions and applications, and by
designing and testing more powerful, controllable and safe non-
invasive brain stimulation technologies.
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Conscious Brain-to-Brain Communication in Humans Using Non-
Invasive Technologies

Romuald Ginhoux, Alejandro Riera, Thanh Lam Nguyen, Hubert Chauvat, Michel Berg, Julia L. Amengual,
Alvaro Pascual-Lecne, Giulio Ruffini [

Published: August 19, 2014 « DOL 10.1371/journal.pone.0105225
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From projects to products!
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NUBE EEG

EEG Monitoring

8, 20 & 32 channel versions

tCS Stimulation+EEG

NONINVASIVE
WIRELESS tCS
NEUROSTIMULATOR

tCS research, clinic and
home research versions

8, 20 & 32 channel versions
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LUMINOUS Technologies
for studying consciousness

Measure

Spontaneous

Auditory
Senses Somatosensory

Visual
Evoked

tCS
TMS
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Scenario/Methods
in-utero

Sleep/lucidity
Anaesthesia

LIS

DOC

healthy

in-silico / computer model

Passive probing

PNS probing (ERPs)

NIBS probing NIBS alteration

Consc. State Ground truth

fMEG

Auditory, somatosensory

none none

Nijuis criteria

EEG, connectivity

Somatosensory, auditory, visual

tCs, TMS tCS, CL-MtCS

Sleep stages

EEG, fMRI

Auditory, somatosensory

tCS tCS, CL-MtCS

Percp. Aware

ness metrics

EEG, MEG, NIRS, ECoG

Auditory, somatosensory

tCs, TMS tCS, CL-MtCS

BCl performance

EEG connectivity

somatosensory, auditory, visual

tCs, TMS tCs, CL-MtCS

Consc. Scales

(CRS/GRS)

EEG, source space, connectivity

3 visual perception conditions

tCs, TMS tCS, CL-MtCS, TMS

Expected perception

EEG, source space, connectivity

yes: MMN and P300 model

tCs, TMS tCS, CL-MtCS, TMS

EEG data
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arXiV papers:
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Cornell University @ Cornell University
Library Library

Search or Articld

g > physics > arXiv:0704.1147 arXiv.org > physics > arXiv:0903.1193

Physics > General Physics Physics > General Physics

Reality as Simplicity

Giulio Ruffini

(Submitted on 6 Mar 2009 (v1), last revised 19 Jun 2009 (this version, v3))

Information, complexity, brains and reality (Kolmogorov Manifesto)

Giulio Ruffini

ubmitted on 9 Apr 2007 . . . A . .
6 ed on 9 Apr 2007) The aim of this paper is to study the relevance of simplicity and its formal representation as Kolmogorov or

I discuss several aspects of information theory and its relationship to physics and neuroscience. The unifying thread algorithmic complexity in the cognitive sciences. The discussion is based on two premises: 1) all human experience
of this somewhat chaotic essay is the concept of Kolmogorov or algorithmic complexity (Kolmogorov Complexity, is generated in the brain, 2) the brain has only.access'lo mfor@auon. Taken together, these lw9 premlsgs lead us to
for short). | argue that it is natural to interpret cognition as the art of finding algorithms that apprach the conclude that all the elements of what we call “reality’ are derived mental constructs based on information and

} L X R o . . . compression, i.e., algorithmic models derived from the search for simplicity in data. Naturally, these premises apply
Sohlomonoﬂil-K:Imogorov-»(:hanfn (algonlt;mlbc) CorerIexuy limit vlvuh approprl;te l;adeof':s, Ir;)addlt;on. ': claim that to humans in real or virtual environments as well as robots or other cognitive systems. Based on this, it is further
what we call the universe is an interpreted abstraction--a mental construct--based on the observed coherence

hypothesized that there is a hierarchy of processing levels where simplicity and compression play a major role. As
between multiple sensory input streams and our own interactions. Hence, the notion of Universe is itself a model. applications, | illustrate first the relevance of compression and simplicity in fundamental neuroscience with an

analysis of the Mismatch Negativity paradigm. Then | discuss the applicability to Presence research, which studies
Comments: This is a live essay, kind of a mental log book on a series of topics under the theme of information and how to produce real-feeling experiences in mediated interaction, and use Bayesian modeling to define in a formal
compression way different aspects of the illusion of Presence. The idea is put forth that given alternative models (interpretations)
Subjects: General Physics (physics.gen-ph); Biological Physics (physics.bio-ph) for a given mediated interaction, a brain will select the simplest one it can construct weighted by prior models. In ‘
Report number: Starlab TNO0054 the final section the universality of these ideas and applications in robotics, machine learning, biology and »
Cite as: arXiv:0704.1147 [physics.gen-ph) education is discussed. | emphasize that there is a common conceptual thread based on the idea of simplicity, =
(or arXiv:0704.1147v1 [physics.gen-ph] for this version) which suggests a common study approach.

Submission history Corvmenls: Submitted to Brain Research Bulletin (special edition on VR, brain research and robotics). 42 pages and 3 figures
Subjects: General Physics (physics.gen-ph)
Report number: Starlab TN00177 (June 2009)
Cite as: arXiv:0903.1193 [physics.gen-ph]
(or arXiv:0903.1193v3 [physics.gen-ph] for this version)

From: Giulio Ruffini [view email]
[v1] Mon, 9 Apr 2007 20:17:39 GMT (308kb,D)
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Transcranial Magnetic
Stimulation
(TMS)
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R. Salvador & P. Miranda, G. Ruffini 2015, in prep



Optimization of multifocal transcranial current stimulation for weighted @ oMtk
cortical pattern targeting from realistic modeling of electric fields

Giulio Ruffini ***, Michael D. Fox “, Oscar Ripolles °, Pedro Cavaleiro Miranda "¢, Alvaro Pascual-Leone %!
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Fox et al 201 4 Addiction Alzheimer’s Anorexia

Resting-state networks link invasive and noninvasive
brain stimulation across diverse psychiatric and
neurological diseases

Michael D. Fox>™<", Randy L. Buckner“®, Hesheng Liu‘, M. Mallar Chakravarty®?, Andres M. Lozano",
and Alvaro Pascual-Leone®

Gait Dysfunction Huntington’s

Optimized solution: Stimweaver
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Minimally Conscious

Parkinson’s Tourette's
& €« —>
- . Negative Positive
= S Q Excitatory Target
) Inhibitory Target

Fig. 2. Sites for invasive and noninvasive brain stimulation with the best
evidence of therapeutic efficacy in each disease are functionally connected.
- For each disease, the site at which DBS is most effective is shown in red.
S Resting-state functional connectivity with this site is shown along with the
correspondence to the site at which noninvasive stimulation is most effective
in each disease (circles). Black circles indicate sites at which noninvasive ex-
citatory stimulation (>5 Hz TMS or anodal tDCS) has been reported to be
efficacious. White circles indicate sites where inhibitory stimulation (<1 Hz
TMS or cathodal tDCS) has been reported to be efficacious.
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A Theoretically Based Index of Consciousness
Independent of Sensory Processing and Behavior

Adenauer G. Casali,’*'r Olivia Gosseries,?* Mario Rosanova,1 Mélanie Boly,z*
Simone Sarasso, Karina R. Casali,’ Silvia Casarotto,” Marie-Aurélie Bruno,?
Steven Laureys,? Giulio Tononi,* Marcello Massimini'>S

Can Machines
Be Conscious?

YES—AND A NEW TURING TEST MIGHT PROVE IT
BY CHRISTOF KOCH AND GIULIO TONON
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* Structural level: neocortex anatomy, main areas and
interconnections

* Fonctional level: network of coupled neuronal populations

- Local Field Potentials
Scalp EEG

Forward problem
(dipole theory)
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Diseases of Consciousness

tDCS single session

« Randomized, double blind, sham controlled, cross-

over study =,
YO

* Direct current; 2 mA; 20 min Py : :3,
o/ r,\"f

« 55 patients included >, |

(25 VS/UWS; 30 MCS; Right ye
35 chronic; 25 TBI; 43+18y) supraorbicular

oV/m

session 1 session 2
CRS-R CRS-R CRS-R CRS-R

l tDCS l l tDCS l 5

20 200
Thibaut et al., Neurology, 2014 ]

www.comascience.org_
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Diseases of Consciousness

tDCS single session

Treatment effect: delta CRS-R total scores
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real sham real sham

MCS (n=30) VS/UWS (n=25)
Thibaut et al., Neurology, 2014 ]

www.comascience.org
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Anesthesia

EEG time-frequency analysis: bench data
for all channels and volunteers
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Power in Slow Wave Activity (0.5-1.5Hz) and alpha (8-14Hz) frequency bands increase
with increasing propofol dose :
AVAAAS

Slow-Wave Activity Saturation and Thalamocortical
Isolation During Propofol Anesthesia in Humans

Réisin Ni Mhuircheartaigh,* Catherine Warnaby,*' Richard Rogers, Saad Jbabdi, Irene Tracey
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Lucid dreaming

Pilot studies: Oscillatory activity in dreams
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Fetal consciousness

Neuronal processes established in fetus

auditory evoked fields can be recorded after 20th week of

gestation and the latency decreases over gestation
Schleussner et al. 2001, Lengle et al. 2001, Holst et al. 2005

fetuses show mismatch-like responses to auditory

stimulation in the last trimester of gestation
Huotilainen et al. 2005, Draganova et al. 2005, 2007

visual evoked responses can be recorded in the last
trimester of gestation and the response latency decreases
over gestation Eswaran et al. 2002, McCubbin et al. 2007
fetuses show habituation and dishabituation to auditory
and visual stimuli Matuz et al. 2012, Muenssinger et al. 2013 a,b

fetuses show numerosity related mismatch responses
Schleger et al. 2014

the fetal behavioral state influences the evoked response

Iatency Kiefer-Schmidt et al. 2013
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Advisory board: G. Tononi (theory of consciousness, ITh, neurophilosophy), A. Pascual-Leone
neuroscience, brain stimulation), D. Wolpert (Al, mathematics), I. Aleksander (MC, robotics)
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