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General summary

Part 1 : Trend of R&D projects on Brain information-related technology in Europe

One of the major characteristics of R&D in Europe is that it's not only promoted in each country
but also actively supported by the European Union (EU), which is a transnational political
framework. Regarding brain research in particular, various researches on brain
information-related technologies such as Brain-inspired ICT and big data for the brain are

currently underway in the EU's Human Brain Project. However, it is noteworthy that the projects

on the Brain Machine Interface (BMI) and Brain Computer Interface (BCI) fields have not been

subsidized in the Human brain project so far. In addition, while numerous projects in the BMI

and BCI fields were aided in the 7th Framework Program (FP7 : 2007 - 2013), which was a
large-scale R&D support program of the EU, but only a small number of projects are supported
in Horizon 2020 (2014 - 2020 : equivalent to the 8th framework Program). As a result, the EU

research budget for the BMI and BCI fields has been reduced, and European researchers in this

field feel dissatisfied with this.

Human Brain Project

The Human Brain Project is a comprehensive large-scale research support program for brain

research funded by the EU and aims to promote R&D in the fields of neuroscience, computing

and brain medicine.

Project period : 2013 to 2023 (10 years), Budget : approx. 1 billion euros (500M euro from the
EU, and 500M euro from the EU member countries and the private sector), Project participating
organizations, including within and outside Europe : more than 100 (Currently 117
organizations).

The Human Brain Project is closely related to brain information related-technology and it will
greatly influence the R&D trend in Europe in the future.

In the US, the "Brain Initiative", the large-scale support program for brain research, have been
founded since 2013. The Human Brain Project is a similar effort in Europe.

Some European organizations, for example in_Switzerland, Germany, France, UK, Italy, Spain,

the Netherlands, Sweden, are leaders or sub-leaders in many Subprojects of the Human Brain

Project and leaders of working packages within the Subprojects (In particular, Swiss Federal

Institute of Technology in Lausanne, which leads the Human brain project entirely, Jurich

Research Center (Germany), Heidelberg University (Germany), the French National Science
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Research Center, the Karolinska Institute (Sweden), etc.). These organizations can be considered

as leading organizations in the European brain research field.

The Human Brain Project is basically composed of 12 Subprojects funded by the EU and
partnering projects not funded by the EU.

The origin of the Human Brain Project is the Blue Brain project which was conducted by the
Blue Mind Institute of the Swiss Federal Institute of Technology in Lausanne. In the Blue Brain
project, the development of "artificial brain" was regarded as the ultimate goal, which is

inherited to the Human Brain Project. Thus, developping a computer model of the brain and a

brain information database is particularly important in the Human brain project.

So, research on brain simulation model conducted by the Federal Institute of Technology in

Lausanne stands out as one of the important research themes in the overall project. And big data

research for the brain is proactively advanced throughout the project.

Regarding the Human Brain project, some researchers are also feeling dissatisfied with the

selection of research topics. In particular, the executives of the project did not approve of

cognitive science as a Subproject financed by the EU, so cognitive scientists in Europe

published a protest letter and caused a big controversy. Eventually, cognitive science was

recognized as a Subproject. Besides, since BMI and BCI studies are not being subsidized within

the Human Brain Project, researchers are voicing their dissatisfactions in this field.

However, according to other researchers, the Human Brain Project was selected as a FET

flagship project by the European commission, because it narrowed down its research topics for

the sake of consistency.

More Grasp Project

The Moregrap project is one of a few BCI fields projects subsidized by Horizon 2020.

The feature of the Moregrap project is that it develops all the elements (BCI, neural prosthesis,

EEG equipment, platform of subject data, smart watch, etc.) thqat are actually necessary for

operating the neural prosthesis with BCI, and that researchers do experimentations with end

users (those with disabilities in motor function).

The German-speaking research organization, namely Austria (Project Coordinator : Graz
University of Technology), Germany (Heidelberg University Hospital), and the UK (University
of Glasgow) leads the project .

Project period : March 2015 - February 2018 (36 months), Budget (EU contribution amount) :
3,471,452.5 euros (3,471,452.5 euros).
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Part 2 : Trend of R&D of brain information related-technology in European countries

There are many institutions engaged in R&D on brain information related-technologies in
Europe. We introduce European leading organizations in this field according to keywords such
as brain information decoding, brain machine interface (BMI), brain computer interface (BCI),
new artificial intelligence technology modeled by information processing in the brain, big data
for the brain, brain signal measurement technology, use of brain information as biomarkers,
neuro-economics, and neural electrodes.

Our organization choice was based on their participation in the project of the EU Human Brain
project, the 7th framework program (FP 7), Horizon 2020, and their excellent and unique points

of R&D.

Brain information decoding

Brain information decoding is a technique aiming to decode the state of mind from brain signals,
and this technique allows communication via BMI or BCI without using the body.

Graz University of Technology, Neural Engineering Institute, Graz BCl Laboratory

It has been participating into many EU projects and it currently conducts research on the
decoding of non-invasive electroencephalograms (EEG). It also serves as a coordinator of

EU's BCI research.

Albert-Ludwigs-University Freiburg, Translational Neurotechnology Laboratory

It conducts a comprehensive study of invasive brain information decoding research : research

to measure the cortical electroencephalogram of epilepsy patients in order to analyse nerve
activity in real life conversation, and study how to use deep learning for brain signal decoding.

Alto University, Computer science department, Probabilistic Machine Learning Group

For the first time, it has developed brain information interface, a BCI system to support

information retrieval over the Internet, and it obtained funds from the FP7 project for this

research.

Brain machine interface

The Brain Machine Interface (BMI) is a brain machine interfacing technology detecting brain
signals and conversely stimulating the brain.
Swiss Federal Institute of Technology in Lausanne, Center of Neuroprosthetics, Defitech

Foundation Chair in BMI (CNBI)

It mainly studies non-invasive BMI system to move robots or prosthetics. CNBI served as the

coordinator of FP7 's TOBI project, but recently it also collaborates with Nissan and develops
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the exoskeleton that can be moved by BMI, called MANO.

Sant'Ana School of Advanced Studies, Biorobotics Institute, Translational Neural

Engineering Group
In the NEBIAS project of FP7, it conducted research not only for grasping things with

artificial hands, but also for recovering_sensation through peripheral nerves.

The Italian Institute of Technology, Center for Neuroscience and Cognitive System, Neural

Computer Interaction Laboratory

Its research topics are the decoding of cortical electroencephalograms (ECoGs), and
bi-directional BMI. It was the coordinator of FP7's SICODE project and studied the

relationship between the internal state of the neural network and the response to external

stimuli of the nerve.

Newcastle University, Institute of Neuroscience, Neural system and Applied

neurophysiology group

Its goal is to conduct the world's first clinical trial of cortical implants for optogenetic neural

control on epilepsy patients.

Brain computer interface

Brain computer interface (BCI) is an interface technology for directely connecting a brain with a
computer.
Alternative Energies and Atomic Energy Commission (CEA), LETI, CLINATEC

It develops a low-invasive electrode for a cortical electroencephalogram called

"WIMAGINE". WIMAGINE is connected to an exoskeleton robot called "EMY (enhancing

mobility)" by wireless communication technology, that can thus support walking of
quadriplegic people.

GTEC
It has put BCI system to practical use and marketed it in the rest of the world since 1999, and
now sells its system to research institutions in over 60 countries.

Utrecht University, Hospital Rudolph Magnus Brain Center, BCI Group

For the purpose of restoring the communication ability of patients with locked-in syndrome
with invasive BCI, it develops a neural prosthesis inside the body, and extracorporeal

equipments, antennas, receivers, computers.

New artificial intelligence technology modeled by information processing in the brain

While fundamental research to understand the workings of the brain is progressing, research on

new artificial intelligence technologies, especially information processing technologies modeled
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by information processing in the brain is developing too. In Europe, it is often studied in the
field named Brain-inspired ICT.
This field, unlike BMI and BCI, has strong connection with the EU's Human brain project, and it

is developed particularly within the Subproject 9 / "neuromorphic computing platform" in the

Human brain project.

Heidelberg University, Kirchhoff-institute for Physics, Electronic Vision Group

It is one of the leading European research institutes in the brain-inspired computing system. It

was the coordinator of the EU's Facets Project (the 6th Framework Program / FP6),

BrainScales Project (the 7th Framework Program / FP7), and now it is the coordinator of the
Subproject 9 of the Human Brain Project (FET Flagship / Horizon 2020). It is famous for

developing a new type of computing system called BrainScales.

Manchester University, Institute of Computer Science, Advanced Processor Technologies

Research Group

It conducts research on a new computer architecture inspired by the human brain function

called SpinNaker. Spinnaker is currently being developed in the Subproject 9 of EU's human

brain project.

The French Scientific research center, Unit of Neuroscience, Information and Complexity,

Neuroinformatics group

One of the research goals is to understand how neural characteristics, synaptic properties and
network connectivity interaction generate cortical and subcortical network functions, with a

computational approach. It contributed to developing BrainScales with Heidelberg University,

and now participates into the Subproject 9 of the Human Brain project with Heidelberg

University and Manchester University.

Big Data for the brain

As brain research progresses, research on big data for the brain that analyzes and processes a
large amount of generated brain information has also developed.
Big data for the brain is very important in the EU's Human brain project. In particular, the

Subproject 5 / "Neuroinformatics plateform" aims to develop and provide tools and services for

organizing and managing brain data generated in other Subprojects.
Brain and Spinal Cord Institute (ICM), Aramis Group

ICM's Aramis Group develops new tools and software for human brain big data. It constructs

a mathematical model of the brain for treatment of neurodegenerative diseases. It participates

in the Subproject 8 / "Medical informatics platform" of the Human Brain project.
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Alternative Energies and Atomic Energy Commission (CEA), Frederick Joliot Research

Institute, Neurospin, Information Analysis and Processing Unit

Nao (NAO) group in Information Analysis and Processing Unit has developed a brain image
analysis tool to map brain and model its variability. It participates into the Subproject 2 /
"Human brain organization" of the Human Brain project.

Jurich Research Center, Institute of neuroscience and medicine, Structural and functional

organization of the Brain (INM - 1), Big data analytics group

It aims to develop a 3D model of the human brain in the Subproject 5 / "Neuroinformatics

platform" of the Human Brain project. For that, it analizes brain data with super computers.

Brain signal measurement technology

The Advancement of brain signal measurement technology is indispensable for the development
of brain research. Some projects are subsidized within the EU's human brain project.

Alternative Energies and Atomic Energy Commission (CEA), Frederick Joliot Research

Institute, Neurospin, MRI and Spectroscopy Unit and Cognitive Neuroscience Unit

Neurospin is famous in the world for its large-scale MRIs. The MRI and Spectroscopy unit is

developing the world's largest MRI, 11.7 T MRI, for clinical research (it will be used in 2019).

Besides, the Cognitive neuroscience unit develops photon imaging technology, the world's

first three-photon microscope.

Jurich Research Center, Institute of neuroscience and medicine, Structural and functional

organization of the Brain (INM-1) and Medical Imaging Physics (INM-4)

The development of three dimensional polarized imaging (3D-PLI) technology is underway

by the Fiber architecture group of INM-1in the Subproject 2 / "Human brain organization" of
the Human brain project.

The INM-4 is famous for developing an MR-PET hybrid that combines a large-sized 9T MRI
and a PET.

Florence University, Department of Physics, Biophysics Biophotonics Laboratory, Neuro

Imaging Group

In the Subproject 1 of the Human Brain Project 1 / "Mouse brain organization", it develops a

light sheet microscope.

Research for applying brain information as biomarker

Brain research is directly linked to the treatment of brain diseases. Research to apply brain
information as bio markers, especially for brain diseases such as Alzheimer's disease and

Parkinson's disease is conducted in Subproject 8 / "Medical informatics platform" of the EU's
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Human brain project.

Lausanne University, Biology and Medicine Department, Neuro Imaging Laboratory

One of the research themes is big data and biological signature of Alzheimer's disease. It is the

coordinator of Subproject 8 / "Medical informatics platform" of the Human brain project.

Brain and Spinal Cord Institute (ICM), Aramis Group

Aiming to construct a mathematical model of the brain based on brain information, it uses

brain information as a biomarker for treatment of Alzheimer's disease. It participates into

Subproject 8 / "Medical informatics platform" of the Human Brain project.

Charité / University Medicine Berlin

Coordinator in the BIOCOG project of FP7, it conducted research to identify brain

information for postoperative delirium and postoperative cognitive disorders.

Neuro-economics

Neuro-economics is an interdisciplinary study based on diverse scientific knowledge such as
biology, medicine, economics, psychology, engineering, that aims to understand the brain
process leading to decision making. In addition, neuro-economics produced a research that

applies neuroscience, neuro-science and neural engineering to marketing, Neuro-marketing.

University of Cambridge, Department of Physiology, Development and Neurosciences,

Schultz laboratory

It conducts research to identify the brain signals during reward and economic decision making.
Using the concept of animal learning theory, economic decision theory, it combines
behavioural theory, neurophysiology, neuroimaging (fMRI) methods.

University of Zurich, Social and Neurological Institute

It is a research institute specializing in neuro-economics. It studies a neural network that

mediates decision-making, namely the neurobiological basis of social and economic
behaviour, the type of various reward types (money compensation, social reward, etc.), and

the neural computation model that causally controls decision making.

Bit&Brain

It develops applications of neural engineering such as EEG equipment. It provides neuro

marketing platforms and products such as EEG equipment, biosensor, eye tracker, indoor
position measurement system, research management software, etc. necessary to develop neuro
marketing, and also consulting services. These products have been subsidized by EU Horizon

2020.

17



Neural electrodes

For the development of invasive BMI and BClI, it is prerequisite to record the electric activities
of the brain by neural electrodes.

Albert-Ludwigs-University Freiburg University, Institute of Microsystem Technology

(IMTEK), Biomedical Microtechnology Laboratory

Its Electroactive coating group develops_coating technology for neural electrodes that is less

susceptible to inflammation. IMTEK created several spin-off companies such as Coretec.

Coretec

It develops and commercializes an invasive flexible neural electrode for cortical

electroencephalogram, called Airplay.

The Federal Institute of Technology of Lausanne, Center of Neuroprosthetics, Laboratory

of Soft Bioelectronic Interfaces (LSBI)

It develops soft electronic interface, namely, electronic skin and soft neural electrodes.
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