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The Electric Brain '\E

The brain appears to compute electrically. What do electric field
patterns have to do with mind?
Can we harness them for communication or therapy?



M/EEG and tES (electrical stimulation NE e

Realistic modeling of mesoscopic ephaptic coupling in the
human brain
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Brain to Brain Communication '\Eu

Brain-computer interfaces for

S Magnetic Stimulation of Visual Cortex: Factors
communication and control
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Article Open access Published: 21 January 2016

Synthetic tactile perception induced by transcranial
alternating-current stimulation can substitute for
natural sensory stimulus in behaving rabbits

Javier Marquez-Ruiz, Claudia Ammann, Rocio Leal-Campanario, Giulio Ruffini, Agnés Gruart & José M.

Delgado-Garcia
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Animals can be entirely
conditioned by using tACS
stimuli.

Once trained, they respond
in a conditioned manner
when peripheral sensory
stimulus is presented for

the first time.
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Induction of self awareness In
dreams through frontal low current
stimulation of gamma activity

Nature Neuroscience, May 2014

Ursula Voss, Romain Holzmann, Allan Hobson,
Walter Paulus, Judith Koppehele-Gossel, Ansgar Klimke &
Michael A Nitsche

e
o5 25-Hz tACS .
2.0 **  — Lucid — Lucid \ ¢
— Non lucid — Non lucid '
%Mﬁ?zﬂﬂlﬂi Figure 1 Brain stimulation in the gamma

frequency range during REM sleep enhances

O'SE 0.5 40-Hz tACS lucid dreaming. Voss et al.3 report that gamma
WP PR PR R PRI B BRI PR stimulation during REM sleep enhances the ability
O 20 40 60 8 0 20 40 60 80 to gain conscious awareness in dreams. Through

achieving such lucidity, the sleeper in this image
gains control over her dream and Is able to fly.



Thought to Speech

Article Open access Published: 22 March 2022

Spelling interface using intracortical signalsina
completely locked-in patient enabled via auditory
neurofeedback training
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NEWS 31 March 2025

Brain implant translates thoughts
to speechinaninstant

Improvements to brain-computer interfaces are bringing the technology closer to
natural conversational speed.

Thought2Text: Text Generation from EEG Signal using Large Language
Models (LLMs)

Abhijit Mishra*, Shreya Shukla*, Jose Torres, Jacek Gwizdka, Shounak Roychowdhury
School of Information, University of Texas at Austin
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EEGNet: A Compact Convolutional Neural Network
for EEG-based Brain-Computer Interfaces

Vernon J. Lawhern'”, Amelia J. Solon'?, Nicholas R. Waytowich!3, Stephen M. Gordon'+?,
Chou P. Hung'*, and Brent J. Lance!

Integrating Biological and Machine Intelligence: Attention Mechanisms

in Brain-Computer Interfaces
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EEG/tES as an affective interf NE

Multichannel tDCS with advanced targeting
for major depressive disorder: a tele-
supervised at-home pilot study
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ENAKD — Enobio-powered Affective Interface
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The Luminous Project
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Consciousness will someday be
electromagnetically measured and
altered, and that the associated
needed insights will prove crucial
to the development cognitive

sclences.
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Perturbational Complexity Index (TMS-EEG N e

A Theoretically Based Index of Consciousness
Independent of Sensory Processing and Behavior | »
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earlier than the recovery of behavioral responsiveness in subacute brain-
injured patients
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Complexity of M/EEG Signals ... oo ssorems I\Eu

Decreases during Propofol Induced General Anaesthesia
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Evaluating Complexity of Fetal MEG Magnetoencephalographic signatures of

Signals: A Comparison of Different Metrics conscious processing before birth
and Their Applicability
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Apparent complexity perspective

ECA Rule 51

Epilepsy, deep sleep, DOC

ECA Rule 110 (TC)
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Psychedelics




Complexity, Network Integration, Segregation leé@@cm@

Information Sharing in the Brain Robust EEG-based cross-site and cross-protocol

Indexes Consciousness classification of states of consciousness

1 - H 1 Denis A. Engemann,"“’* Federico Raimondo, %% Jean-Rémi King,z'."8
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Quarterly Medical Review - Disorders of consciousness

. The current and future contribution of
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disorders of consciousness

Naji Alnagger °?, Paolo Cardone @ °, Charlotte Martial @ °, Steven Laureys °° €,
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Article Open access Published: 24 October 2024

Measuring the dynamic balance of integration and
segregation underlying consciousness, anesthesia,
and sleep in humans

Hyunwoo Jang, George A. Mashour, Anthony G. Hudetz & Zirui Huang
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Computational Circuitry

Propofol Mediated Unconsciousness Disrupts Progression of Sensory
Signals through the Cortical Hierarchy

John M Tauber >3, Scott L Brincat *4, Emily P Stephen 4, Jacob A Donaghue >, Leo Kozachkov 2, Emery N

Brown 123>67# Ear| K Miller 1%%
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General Anesthesia Decouples Cortical
Pyramidal Neurons

aka Suzuki '+ < A B Matthew E. Larkum

Neural effects of propofol-induced
unconsciousness and its reversal using
thalamic stimulation

André M Bastos, Jacob A Donoghue, Scott L Brincat, Meredith Mahnke, Jorge Yanar, Josefina Correa, Ayan
S Waite, Mikael Lundqvist, Jefferson Roy ... Earl K Miller ® see all »

REBUS and the Anarchic Brain: Toward a Unified Model of the Brain Action

of Psychedelics
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RESEARCH ARTICLE NEUROSCIENCE ['*

LSD-induced increase of Ising temperature and algorithmic
complexity of brain dynamics

Giulio Ruffini [&@], Giada Damiani, Diego Lozano-Soldevilla, Nikolas Deco, Fernando E. Rosas, Narsis A. Kiani,
Adrian Ponce-Alvarez, Morten L. Kringelbach, Robin Carhart-Harris, Gustavo Deco

Human brain effects of DMT assessed via
EEG-fMRI

Christopher Timmermann and Robin L. Carhart-Harris Authors Info &

B, Leor Roseman, Sharad Haridas, +11 ,
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Criticality: prerequisite for healthy computation? mr:—oe@cms@

The spectral exponent of the resting EEG indexes the presence of
consciousness during unresponsiveness induced by propofol, xenon,
and ketamine

Michele Angelo Colombo %" Martino Napolitani b":, Melanie Boly d, Olivia Gosseries °,
Silvia Casarotto b, Mario Rosanova ™ f, Jean-Francois Brichant %, Pierre Boveroux?, Steffen Rex h,
Steven Laureys “, Marcello Massimini 51 Arturo Chieregato °, Simone Sarasso b,

* Neurosurgical Intensive Care, ASST Grande Ospedale Metropolitano Niguarda, Milan, 20162, Italy
® Dipartimento di Scienze Biomediche e Cliniche “L. Sacco”, Universita Degli Studi di Milano, 20157 Milan, Italy

LSD-induced increase of Ising temperature and algorithmic
complexity of brain dynamics

Giulio Ruffini [@], Giada Damiani, Diego Lozano-Soldevilla, Nikolas Deco, Fernando E. Rosas, Narsis A. Kiani,
Adrian Ponce-Alvarez, Morten L. Kringelbach, Robin Carhart-Harris, Gustavo Deco

The 2D Ising model, criticality and AIT

G. Ruffini®®*, G. Deco®
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The Challenge NE e

We are missing a principled, unifying
framework to define and operationalize
what we want to measure and understand
what its physiological signatures are — how
to measure It.
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Kolmogorov
Theory of
Consciousness

1. There is Experience — the KT

immediate, subjective sense of “what
it feels like” to be oneself at any given
moment.

2. Focus on Structured
Experience



What is structured
experience?

The spatial,
temporal, and
conceptual
organization of our
first-person

experience of the
world and of
ourselves as agents
In It.

An algorithmic information theory of
consciousness

Giulio Ruffini

Neuroscience of Consciousness, Volume 2017, Issue 1, 2017, nix019,
https://doi.org/10.1093/nc/nix019
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% KT in a Nutshell

Ask what creates structured
experience in an algorithmic context

Evolution gives rise to agents
(and we are agents)

Agents run models of the world
and enjoy structured experience!

Agents have goals. This gives
origin to valence & emotions
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What is an algorithmic
agent?

A computational system
that interacts effectively
with its environment by
planning actions using
compressive predictive
models to maximize an
objective function.

Using a model entails
computation and dynamics.
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AGENT
Modeling Engine

Compression

Structure, symme Function

Model Model Objective
try |

[Simulator] [ Updater }

| Valence
prediction error l
Plan I
Comparator %l _Pen , Planning
Engine
World Tracking

constraints

Coarse Compositional
graining Actions

WORLD

Structured, compositional
data, symmetry

Input Output

The Algorithmic Agent Perspective and Computational Neuropsychiatry: From
Etiology to Advanced Therapy in Major Depressive Disorder

by Giulio Ruffini 1" &8 ©, Francesca Castaldo 1" &8 &, Edmundo Lopez-Sola .2 &8 & Roser Sanchez-Todo 1.2 & and
Jakub Vohryzek 2.3 &



The central hypothesis in KT NE e

An agent has structured experience (S) to @

the extent it has access to encompassing
and compressive models to interact with the |
Compositionality AlgOl‘lthm
world.

More specifically, the event of structured

experience arises in the act of running

models. Structure

Symmetry

Model structure determines the structure of

Experience Dynamics
experience. Phenomenology J @
Successful comparison with data leads to O
Al Geometry
wakeful presence.




How do we define model structure? NE e

Formalize model using group theory, capturing the idea of simplicity as

symmetry. Then, we can show that

1) Tracking the world forces the agent as a dynamical system to mirror the
symmetry in the data. Dynamics collapses to reduced manifolds.
2) The hierarchical nature of world data leads to coarse-graining and the

notion of hierarchical constraints and manifolds

Structured Dynamics in the Algorithmic Agent

by Giulio Ruffini 1." 8% Francesca Castaldo ' & and Jakub Vohryzek 2.3 &



Structured Experience




Tool 1: Topology, Group Theory

MANIFOLD HYPOTHESIS

Neural Geometrodynamics, Complexity, and Plasticity: A Psychedelics Perspective

by Giulio Ruffini 1." &

| Psychedelics After-effect

e

Y

» Netw Neurosci. 2019 Jul 1;3(3):725-743. doi: 10.1162/netn_a_00080

Psychedelic
wormhole

Topological exploration of artificial neuronal network dynamics

Jean-Baptiste Bardin *, Gard Spreemann *, Kathryn Hess *
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Structured Dynamics in the Algorithmic Agent

by Giulio Ruffini 1.* 8 Francesca Castaldo 1 & ¥ and Jakub Vohryzek 2.3 &




Tool 2: Computational Modeling, Criticality N e

Compartment F ) . e e . .
Vodel e ) Aim: Mechanistic interpretation of
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1) We focused on the requirements for structured experience

2) EEG/MEG/tES/TMS can all be used, in principle, to measure and alter
structured experience in the electrical brain.

3) Tracking the world requires computation to run models

4) This constrains brain structure and also collapses dynamics to reduced
manifolds, the characteristics of which are good candidates for “neural

correlates of structured experience (NCSE)”
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Thank You
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Dr. Giulio Ruffini

Co-founder & CTO

Starlab/Neuroelectrics
giulio.ruffini@neuroelectrics.com Follow us @neuroelectrics
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