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A slide about the FET Open framerwork
High level overview of Luminous
Science and technology
Some scenarios in the project

Overview
aim for the stars ….
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The Future and Emerging Technologies Open Scheme - FET-Open - is a roots-up 
approach for exploring promising visionary ideas that can contribute to challenges of 
long term importance for Europe.

The purpose of FET Open is to enable a range of ideas for future and emerging 
technologies to be explored and realised.

An open scheme: 
The widest possible spectrum of research opportunities
Bold ideas that would involve high risks
Longer term research with sound objectives

About EU FET Open 
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Studying consciousness	
in the electrical brain

Some history



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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2008-2012



h.p://hive-eu.org

http://hive-eu.org
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From projects to products!

tCS Stimulation+EEG

EEG Monitoring

NIC Home 

NUBE EEG

8, 20 & 32 channel versions

tCS research, clinic and 
home research versions 

stimweaver

8, 20 & 32 channel versions



Studying consciousness	
in the electrical brain

Luminous
overview
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Luminous project (2016-2020)

vision

our 
questions

Consciousness will someday be electromagnetically 
measured and altered. Likewise the associated needed 
insights will prove crucial to the development of 
cognitive sciences.

What is consciousness?
Can it be measured?
Can it be altered through electromagnetic brain stimulation?
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LUMINOUS project: consortium
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Coordinator
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The electric brain
We aim to measure and interact with 
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Targeted Breakthroughs
Luminous project

Breakthrough 1

The creation of a new class of consciousness-probing technologies 
that bypass or minimize the use of sensory, motor or executive 
functions 

Breakthrough 2

The electric alteration of consciousness 
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O1. Provide a scientific, theoretical framework 
of consciousness for modelling, definition of 
metrics, and planning of experiments.
 
O2.  Develop a physiologically validated 
computational neuroscience model to guide 
experimental plans, connecting NIBS and 
EEG with theoretical models of 
consciousness.

O3.  Guided by information theory and 
modelling, develop consciousness 
metrics from the measurement of brain 
activity combined with stimulation. 

O4.  Develop open and closed-loop 
non-invasive technology to monitor 
and alter consciousness in research 
and medical applications.   

O5.  Validate and refine the methodology 
in different clinical scenarios.

Science & Technology Objectives
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Consciousness landscape
Explore



LUMINOUS PROJECTLUMINOUS H2020 FET PROJECT  | STARLAB LIVING SCIENCE | BARCELONA 15



LUMINOUS PROJECTLUMINOUS H2020 FET PROJECT  | STARLAB LIVING SCIENCE | BARCELONA

1. In Utero (passive sensing using MEG)
2. Locked in Syndrome
3. Anesthesia
4. Sleep (lucidity enhancement)
5. Diseases of consciouness

6. In-silico

Experimental Scenarios
Develop, refine, validate
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Studying consciousness	
in the electrical brain

Information
(mathematics)
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Information
Luminous project

Information

The universe
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There are several approaches to consciosness that rely on information.
E.g., Information Integration Theory (IIT, Tononi et al) states that the level 
of consciousness of a physical system is related to the repertoire of causal 
states (information) available to the system as a whole (integration). 

Here we explore the idea that the level of consciousness of a physical 
system is related to its capability (and practice) to model its input/
output (complex) information streams in an efficient manner (RAS).  

We posit that conciousness is generated by brains (or other cognitive 
systems) running such compressive models.

Core mathematical concept: Kolmogorov (or Algorithmic) Complexity

Information and consciousness: “RAS”
Theoretical background: information theory and complexity
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Complexity was first successfully formalized by the notion of algorithmic 
complexity or Kolmogorov complexity (also known as `algorithmic 
information', `algorithmic entropy', `Kolmogorov-Chaitin complexity', 
`descriptional complexity', `shortest program length' and `algorithmic 
randomness'.) 

Co-discovered during the second half of the 20th century by Solomonoff, 
Kolmogorov and Chaitin . Provides a well-established albeit formal cornerstone 
to address the question of compression in brains---both natural or artificial. 

 We recall  its definition: loosely, the Kolmogorov complexity of a data set is 
the length of the shortest program capable of generating it.

Algorithmic complexity / simplicity
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• What we call “reality” is a mental construct, a (mathematical) model. 
Simplicity is a key aspect of the brain’s modeling strategy

• Consciouness emerges as a result of the brain constructing and then 
running such compressive, efficient models

• In practice, we propose to probe the brain using such an 
algorithmic complexity based framework, studying the role of 
compression and simplicity in memory, prediction, brain state and 
responses to perturbation in different states of consciousness, 
delivering novel methodological tools in the electrical brain.

About simplicity and conciousness (RAS*)
(in the oven)
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*Reality as Simplicity
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arXiV	papers:

“RAS”



Studying consciousness	
in the electrical brain

Technology
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Technology / Technique: tCS and TMS
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Transcranial	Magnetic	
Stimulation	

(TMS)



E-field’s	
mag	(V/m)E-field	distribution	-	MtDCS E-field	distribution	-	TMS

R. Salvador & P. Miranda, G. Ruffini 2015, in prep

Technology / Technique: tCS and TMS
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Targeting networks
Luminous project

the wonders of multichannel tCS

New technologies such as Starstim 
(multichannel tCS) can be used to target the 
cortex in old and new ways: going after 
cortical networks 

Consciousness will someday be electromagnetically measured.



NEUROELECTRICS

Fox et al 2014

28

Optimized solution: Stimweaver
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Probing the brain with NIBS
Luminous project

NIBS: tCS and TMS

TMS has already been used to probe brain 
connectivity by Massimini, Casali et al.

In fact, complexity measures have been 
used to quantify the response.

A similar approach can be explored with 
tCS: stimulate the brain and record 
responses (short term) or long term changes 
in electrical activity

Consciousness will someday be electromagnetically measured.



LUMINOUS PROJECTLUMINOUS H2020 FET PROJECT  | STARLAB LIVING SCIENCE | BARCELONA 30



LUMINOUS PROJECTLUMINOUS H2020 FET PROJECT  | STARLAB LIVING SCIENCE | BARCELONA 31

Modeling
Luminous project

Modeling EEG under NIBS

Based on existing models 
connecting population models.

Extend to include connectome, 
plasticity, thalamocortical loop, 
represent SRP and complex 
stimulation



Studying consciousness	
in the electrical brain

A bit about  
scenarios
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Diseases	of	Consciousness
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Diseases	of	Consciousness
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Anesthesia
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Lucid	dreaming
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Neuronal	processes	established	in	fetus

Fetal	consciousness
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• Our project has just started
• Very intersting team and technologies
• Will not solve the hard problem, but should 

provide new metrics and insights into 
consciousness useful for the field

• Open to collaborate!

Closing
aim for the stars ….
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Some of the faces in the project ….

39

Advisory board: G. Tononi (theory of consciousness, ITh, neurophilosophy), A. Pascual-Leone 
(neuroscience, brain stimulation), D. Wolpert (AI, mathematics), I. Aleksander (MC, robotics) 



Studying consciousness	
in the electrical brain

Thank you!

giulio.ruffini@starlab.es
http://luminous-project.eu


