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FET-Flagships: History and Concept

* In 2009, the EU ICT AdV|sory Group 2
recommended th af t the EC European Challenges and Flagships
implement a new funding scheme to
msze Europe a mzyor plgyer in big, -
high-risk, ocuse research Report of the ICT Advisory Group (STAG)
projects inl

* As the result of a two-stage process,
23Pr0f>osals were submitted in
11, six candidates were
selected to write a full pro?osal
EB%WO were finally selected in Jan
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Relief System

| start of the Project Passed review
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HBP at a glance
Future Emerging Technology (FET) Flagship

10-year, EUR 1 billion Research Roadmap
50% Core Project, 50% Partnering Projects G

Biggest EU ICT project: HBP uses ICT funding

Ramp-up Phase (2 % years)
FP7 (54 million EUR)

750+ scientists, .
114 institutions, "

24 countries, mainly Europe & Americas/Asia i i
Builds on pre-existing EU & national projects:
Blue Brain, BrainScaleS, JSC, SpiNNaker,

Myorobotics

Interfaces with EU & international efforts
PRACE, US BRAIN initiative, ...

T

Alois Saria Robert Legenstein Robert Trappl

Linking to Japan-EU Workshop on Neurorobotics 2015
Top Japanese
Researchers

- e Ichijyo Hall. Yayol Auditorium
and UnlverSItleS The University of Tokyo

April 18. 2015
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the WIITE HOUSS

PRESIDENT OBAMA IS CALLING ON THE SCIENCE COMMUNITY

RAIN RESEARCH
THROUGH ADVANCING
NNOVATIVE

INITIATIVE :curotechnoLosies

.

4

Y 29 - 30 NOVEMBER 2016
Human Brain Project SAVE THE DATE

-

Approximate investment to \ BNL
scientists the tools they ned N LT A
to get a dynamic picture of 4 e~ \
brain and

Science and Technology Options Assessment - STOA

A AAN

A new era of big neuroscience
DEFENSE ADVANCED
RESEARCH PROJECTS AGENCY

NATIONAL INSTITUTES KEY

FHAH INVESTMENTS

Integrated Understanding Across
Biological Levels

Whole brain

Brain Systems

Brain regions
microcircuits

neurons

synapses

proteins




Main Research Directions of Human Brain Project

Future Neuroscience
Integrate what we know about the brain into
computer models and simulations

Future Medicine
Contribute to understanding, diagnosing and
treating diseases of the brain

Future Computing
Learn from the brain how to build the
supercomputers and robots of tomorrow

> Virtualization of Brain and Robotics
Research
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Looking back — The first global data integration
project: Behaim’s Erdapfel (earth apple)
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Martin Behaim integrated all available
knowledge about the earth to produce the first
globe.

* Maps of different size and quality had to be
scaled, corrected and aligned and then
projected on a sphere to produce a consistent
map of the entire earth.

What can we expect from HBP?

A consistent view of our knowledge about the brain ...

... Where each piece of information fits into the global picture ...

... where the first version will be far from perfect ...

... but it will tell us how far our current knowledge goes

Subprojects and Collaboration in the
Human Brain Project

Subproject 1 @ Strategic Mouse Brain Data
Subproject 2 @ Strategic Human Brain Data
Subproject 3 @ Cognitive Architectures
Subproject 4 @ Theoretical Neuroscience
Subproject 5 @ Neuroinformatics

project & @ Brain Simulation

High Performance Computing

) Medical Informatics

Neuromorphic Computing
Subproject 10@ Neurorobotics
Subproject 11 @ Applications

Subproject 12@ Ethics and Scciety




WP3.3: EPISENSE

Goal: understanding the neural basis of episodic memory for spatial and
multisensory integration, encoding and reconstruction

Human brain imaging of memory Pyt

processing at 7T :
)

Recordings on hippocampal pattern
separation and completion

Multi-area ensemble recordings and
optogenetics in cortex & hippocampus

Computational modelling of multisensory and
spatial memory formation

Robotic implementation of multisensory
memory

Francesca Cyriel Martin
Cacucci Pennartz Pearson

Subprojects and Collaboration in the
Human Brain Project

Subproject 10@ Neurorobotics
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. 11111 BOREE .
Goals of Neurorobotic Research

Robotics Neuroscience Learning
* Apply findings * Use robots as a * Leverage robotic
from neuroscience tool for testing embodiment to
hypotheses study and develop

* Overcome the . -
neurobiological

limitations of * Full observability .

standard control of brain models models of learning

architectures during interaction * Endow virtual
with the realistic brains with the

* Use neuromorphic

environments desired behavior
hardware for robot

control tasks

Neurorobotics in a Nutshell

(Large-Scale) Brain Simulation

Biologically realistic
large-scale models with
millions of neurons




Neurorobotics in a Nutshell

(Large-Scale) Brain Simulation

Robots with biomimetic
muscle-like actuators

Neurorobotics in a Nutshell

Large-Scale Brain Simulation

Neural Output

Sensory Input

Environment
Enable closed-loop

interaction of simulated
brain models and the
environment using robotic
embodiments




Neurorobotics: An emerging field

Keywords: neurorobotics; brain-based robots

1950 700

Il neurorobotics
oo/ HIE brain-based robots _

500

400

Number

300
Today 200

100

0
2090500000800 0 080,081 00%, 0% 30 Py Py
Time Range
The Human Brain Project 2016 TI_ITI “ E:j ;;t;z”ﬂ?e:"gys‘ems January 19, 2017 19
| @ Robotics and
m Q Embedded Systems
Our Journal:
frontiers in Neurorobotics
&Qmwmmvmnw-q Logn  Regater
=
IOIOJ
’g‘ frontiers Bt

in Neurorobotics

Mission Statement | Editorial Board oo 199 ‘

— Cortical Spiking

" % Network Interfaced

“ with Virtual ’
Musculoskeletal Arm b
and Robotic Arm

Setvador Dura-Bemal, Xanlen
Zhou, Samuel A Neymotin, Andrze; Przekwas,
Joseph T Francis and Willam W. Lytton

Research Topics
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11111 BOREE .
Our Journal:
frontiers in Neurorobotics

@mwmmvm»kvﬂq

? frontiers
in Neurorobotics

* The only journal which is dedicated exclusively to
neurorobotics

* High-quality peer-reviewed articles
* Strategic alliance with Nature Publishing Group
* Open Access

http://www.frontiersin.org/neurorobotics

Motivation: Why is the brain interesting for us, anyway?

= Algorithms are embedded in hardware
= Sensors and effectors operate in real-time

AT

= = The brain is massively parallel, but does not
10,000 neurons 850,000 neurons .
& —————— suffer from the problems of parallel computing:
- dead-locks, non-determinism, race-conditions, ...

= ... and decomposition into parallel tasks is
self-organized/evolved

(_\g C_ “ = Architecture is scalable from thousands to

billions of “processors”
75,000,000 neurons 200,000,000 neurons

1,000,000 neurons

= Performance is robust — with graceful
degradation

= Brains are extremely power and space efficient
(“peta-flop computer on 20 Watt”)

i/ = Calls for a “neurorobotics approach”
~85,000,0bd,000 neurons, 10'5 synapses

=

. 1§ Human Brain Project

11



Many-Core Machine Physical Model Machine
500.000 Cores 20 Wafer Modules
Real Time Simulator X10.000 accelerated System
Manchester (UK) Heidelberg (GE)

B -

Both machines publicly available since March 30t 2016

6D
¢y

Human Brain Project

Contents lists available st Scic

Neural Networks

joumal homepage: www nlsev at

¥

2015 Special Issue
Neuromorphic implementations of neurobiological learning ()
algorithms for spiking neural networks

Florian Walter *, Florian Réhrbein, Alois Knoll

sssrafie ) 85748 Garching bev Midschen, Germany

Lestitat fir nforeseesk VL Techsische Unverutie Manches, Boler

ARTICLE INFO ABSTRACT

ly at .vp;'k{hﬂe timescales
um :m.-n.mun an interesting per
o Bt o s e, we s

. st Mo content ms highlights how neuromos v'-‘v Dardware can

https://lwww.researchgate.net.: e e s s 1 0 o
© 2015 Bisevier Ltd. All rights reserved.

te cnlne 18 August 2015

ing Language. Like real brains, their functia
and symapeic efficacies. Enabling hegher o




The Basic Computational Unit

[ 1]

seec Y 1see. V
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Layered cortex

A. Different staining techniques

Golgi

WVTOIEEN,
VA

Nissl ~ Weigert

B. Variation in cortex
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State of Simulation: Column of the Blue Brain Project

* Clearly, the simulation of even
the smallest network in full
detail will take today's
supercomputers to their limits

* Example: the cortex-column of
the blue-brain project

* ~70,000 neurons

* computation of voltage levels at
every point in space

*  Modeling of electrical/chemical
processes at synapses,
dendrites, axons, and in the
neuron

* Simulation takes several days to
complete on IBM Blue Gene
HPC

£ . .
Q‘. HyHuman Brain Project

Concepts for Reconstruction and

\ Simulation

Henry Markram,'.2:1%:* Eilif Muller,-'® Srikanth Ramaswamy,
1,19 Michael W. Reimann, ' Marwan Abdellah, Carlos
Aguado Sanchez,! Anastasia Ailamaki, ¢ Lidia Alonso-
Nanclares,®7 Nicolas Antille,’ Selim Arsever,' Guy Antoine
Atenekeng Kahou,' Thomas K. Berger,' Ahmet Bilgili,’
Nenad Buncic,! Athanassia Chalimourda,’ Giuseppe
! Chindemi," Jean-Denis Courcol,! Fabien Delalondre,’
{ Vincent Delattre,? Shaul Druckmann,5 Raphael Dumusc, '
James Dynes, Stefan Eilemann, Eyal Gal,* Michael Emiel
Gevaert,' Jean-Pierre Ghobril,2 Albert Gidon,3 Joe W.
Graham,' Anirudh Gupta,? Valentin Haenel,! Etay Hay,34
Thomas Heinis,'-1¢:17 Juan B. Hernando,® Michael Hines, 12
A &= Lida Kanari,! Daniel Keller," John Kenyon,' Georges
structions,de fiot Khazen,! Yihwa Kim,! James G. King, Zoltan Kisvarday, '3
Pramod Kumbhar,! Sébastien Lasserre,'-'5 Jean-Vincent Le
Bé,2 Bruno R.C. Magalhaes,! Angel Merchan-Pérez,57 Julie
4 B "_,«af*"’f/ Meystre,2 Benjamin Roy Morrice,! Jeffrey Muller,’ Alberto
4. Spectrum of Festable predictions Mufioz-Céspedes, 57 Shruti Muralidhar,? Keerthan
.-become.possible’— Muthurasa,! Daniel Nachbaur,' Taylor H. Newton,! Max
) o ; Nolte," Aleksandr Ovcharenko,' Juan Palacios, Luis Pastor,?
New insights that would‘normally Rodrigo Perin,? Rajnish Ranjan, -2 Imad Riachi, José-
be difficult to obta‘m Rodrigo Rodriguez,®7 Juan Luis Riquelme,' Christian
Rossert,! Konstantinos Sfyrakis,! Ying Shi,2 Julian C.
Shillcock,' Gilad Silberberg,'® Ricardo Silva,' Farhan
Tauheed,''¢ Martin Telefont,' Maria Toledo-Rodriguez, 4

3¢ <L Bottom-up recon
_ have tobe tuned to replicate
% diverse-experimental observations-

ey X ) ) Thom rankler,! Werner Geit,! Jafetyillafranc ,1
Ql!?llmn:m Brain Project SP6 Brain Simulation Pla fg(r: an glaaplnneofw? I?Ycl\gwﬁwwr};ﬂcg\,{%%1 Sté d;;%?) Mt!mf;wgﬁg;-
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Simplifying the BBP Column

Blue Brai
Column cell
positions;

Blue Brain
Column with all
morphologies;
colored by cell
type

L2/3: Relations with the other cortical columns
L4: Perceptive input (from Thalamus)
L5: Output to extra-cortical structures

9310] 36U

The BBP Column with

point neurons; this model runs
on a PC or very fast on a super-
computer (NEST simulation)

Simulated robot arm

S
{4

Physical robot arm

Towards physical roboties

Cerebellar model

15



Implementation in the first \o @)
HBP phase: hardware base

e

Anthrob
(2011)

ECCEROBOT
(2009 - 2011)

CRONOS
(2006)

An Anthropomimetic Myorobotics Arm

Source: Der, Martius (2015)

16



Embedded Systems

Deep Learning vs. Brain

Deep neural networks are assumed to process information similarly to the
brain. However, there are still some important aspects missing:

* Most deep neural networks are simple feedforward networks with
unidirectional bottom-up processing logic. The brain contains lots of
top-down and lateral connections.

* Deep neural networks are mostly trained offline on large datasets with
supervised learning. The brain continuously learns online using
unsupervised learning, supervised learning and reinforcement learning
at the same time.

* Deep neural networks learn from artificial datasets. The brain learns
through multimodal real-time interaction with the environment through
a physical body.

Embedded Systems

Deep Learning

2014, 2015
Human-like visual processing in deep neural networks?

Not Recognized Samples Recognized Samples

centipede peacock ‘

(Szegedy, Zaremba et al., 2014) (Nguyen, Yosinski et al., 2015)

17



11111 ROREET.
The Contribution of Neurorobotics to Future
Machine Learning

Neurorobotics connects physical bodies to highly realistic simulations of
biological brains. It extends current deep learning approaches in several
ways:

* The use of biologically more realistic neural network models (e.g.
spiking neural networks) with complex connectivity yields rich neural
dynamics which can perform meaningful computation.

* Closed-loop interaction through physical bodies in real-time naturally
structures sensory data.

* The embodiment enabled by appropriate physical bodies can ease the
learning task by outsourcing computation to the physical structure of
the robot.

Neurorobotics has a huge potential to play a key rule in
future machine learning!

HBP Platforms

Collaborative research tools
for brain research and brain-
inspired computing
technologies.

Prototype hardware, software,
databases, brain atlases, and
programming interfaces

Embody the key objectives of
the HBP

Continuous refinement in
close collaboration with end
users

Access as of today via the HBP
Collaboratory

Photo: © John L Downes




@ Objectives of the Neurorobotics Platform

With the Neurorobotics Platform, researchers can collaboratively design and run
virtual experiments in cognitive neuroscience using brain models developed within
and outside the Human Brain Project.

The Neurorobotics platform provides software and hardware tools for researchers to
demonstrate how brain models can control robots in complex environments.

@@Ihun:m Brain Project SP10 Neurorobotics Platform - HBP 2" Periodic Review - June 2016 Slide ‘ -

Sensors: Retina Model

® 0

AN Tmr
m O (& zeen... Ociober 21,2016 38
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NRP Experiments

m- | 3- Mouse Experiment -

Soft body simulation
Mouse has deformable

1- Braitenberg
Experiment v1 -
Closed-loop

simulation skin
2- Braitenberg -
Experiment v2 -
Events Control Simulation NRP
PR Closed Loop Engine
It Jgi

4- Visual Tracking
Experiment
Integrating a retina
model

Design
5- Sensory-Motor Robot Designer__
Learning
Experiment

Based on Robot to
Robot Transfer
Functions

Q@Ihun:m Brain Project SP10 Neurorobotics Platform - HBP 2" Periodic Review - June 2016 Slide 39 l e S ndedty -
the European Urion

Mouse Experiment

SRy S—— ]

) .

120 interconnected bones

* A mouse model
featuring skinning,
i.e. deformation of
the surface triangles,
based on bone
movements

* The skin deforms
when the mouse turns
the head.

Detailed surface model with 135588 triangles

(l@n.....;.., Brain Project Sidedo (W Mc:m:z-




SGA1 experiment proposals

= Science drives the
development of the
neurorobotics platform

= SP10 participates in three
cross-SP co-design projects

= 40 experiment proposals
from all SP10 partners

Managed process to
integrate research and
software development

2 [TuM)] Simutation of Basic Muscuioskeletal Reflexes
3 [BioRob] Forelmb Neuroprosthetic Setup

(®) MOUSE 4 [Mouse] Mouse walking in hamster wheeltreadmil
[® MOUSE 5: [Mouse] Freewalking

[BMOUSE_ 6: [UGent] E
[ rROBOTIC-
(® ROBOTIC 1. (FZI manipulation) Grasping: hand movements for different grasping types
([® ROBOTIC 2 (FZI vision) Visual object recogniion

[® ROBOTIC 3. (F21) Serial working memory and recall

iving mouse and brain model

) Gaze-guided locomotion for a biped robot

(® ROBOTIC 4. (F2I vision) DVS: Object motion prediction

(9 ROBOTIC 5 (Japan) Parkinson disease simulation

[ (Cross-SP) integrating MiRo from Consequential Robotics (Sheffield)

® (F21) DVS: Prediction of affordances

® (F21) Manipulason

[® (FZ3 manipulation) Grasping: benchmark scenario

(3 (FZi manipulation) Model learning of robotics arm

[ (FZ1 manipulation) Reinforcement leaming: Target reaching task for robatic manipulator
[ (F21) Reinforcament learning: Mousa leaming 1o sunive

[ (F2) vision) DVS: Drone with automatic neuronal stablization

 (F21) Vision

[® (Japan) Mosion recognition and generation with text

[ (Japan) Neural maze solving

B (Japan) Parkinson simulation

[ (Mouse) Mouse Whiskers Detect Collision

[ (Mouse) Real mouse vs. virtual mouse

[® (Mouse) Suspended mouse walking on moving walkway

[® (Mouse) Tuming Mouse Head Using Muscles with Visual Representation

(® (Mouse) Tuming Mouse Head Using Tendan-driven Concepts with Visual Representation
@ (Mouse) Walking mouse in glass box

B¢

SA) Emotion-based emergent decision-making on a humanoid robot
SA) Emplementing visual attention models on virtual humanoxd robots

A) Invariant object recognition for motor sequence generation on a humanoid robot
SA) Learning motor coordination for visually guided bimanual maniputation

Steo by steo desion of a walkina mouse) (feature)

@iu.....;... Brain Project

Slide 41 ‘ Co-funded by -
= he European Union

Getting Involved: Request an Account and Participate!

@ Appicacom Focm

e
e "
-

@¥ + @t W e o

platform

The platform Latest News

Upcoming Events

Helpful links

zTewse

Overview

AP Globaly ’ Fully
Frsomizatio
’ s

* High From any
pacioananca .
seumT e s von A~ Y o - mmemma

www.neurorobotics.net, www.humanbrainproject.eu,
www.humanbrainproject.eu/platform-access
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HBP Neurorobotics video tutorial

Feel free to select any of the videos below to get yourself familiarized with specific features of the platform. Choose
from easier, basic ones if you are new to the platform or more advanced ones if you are experienced user and want to

learn about specific use case scenario.
—| Basics I

NRP Introduction Discover platform

Veur ics in silico experil

| ol q :

.

! v .

| .

i .
o ey e

Run experiments

The Human Brain Project 2016 January 19, 2017 43

@ User community building

= Performance shows with v
open days Newroroho! ics platform

= Workshops and symposia
= Talks and demonstrations

= Platform homepage

* WWW.neurorobotics.net
= Tutorial and demo videos
= Social Media

» facebook.com/neurorobotics

* twitter.com/HBPNeurorobotics
+ youtube.com/c/HBPNeurorobotics

@@“mn:m Brain Project

22



The Neurorobotics Platform within
the Human Brain Project:

NEUROINFORMATICS THEORY .0 COGNITIVE
= ARCHITECTURES

STRATEGIC DATA
R =2

January 19, 2017 (D [a s
uary M O [# ...

The HBP research areas and long-term goals

Goal: to develop technology to unify our understanding of the
human brain and to transfer this knowledge into products

Future Future
q-

Neuroscience o . wMedicine \
- .
R 4 Classify
f % - .
@ ars Contribute to
Unif l Future understanding,
niry i '? . di i d
) com utln lagnosing an
2 ” P e treating diseases
\ of the brain

Integrate everything we
Produce

know about the brain
into computer models
and simulations
Learn from the brain to
build the supercomputers
and robots of tomorrow

23



Sub-Project Leaders

@ Team building: SP10 “Performance Shows”

Quarterly meeting of the HBP
Neurorobotics team

Rotating locations (Munich,
Geneva, Pisa, Karlsruhe...)
Presentation and discussion of ] Ll
the latest achievements Next meeting:
Setting goals for future rese9-11.1.2017
and development at TUM in Munich
Talks by invited experts and | 1 1Sy
collaborators

5 performance shows between
M13 and M30

@)1 i i
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L
( | Robotics and
Embedded Systems

1t HBP STUDENT CONFERENCE

B

8-10 February 2017
Campus of the University of Vienna, Austria

Abstract Submission Deadline:
Registration Deadline:

4™ HBP SCHOOL

I l BRAIN SCIENCE AND ARTIFICIAL INTELLIGENCE

Obergurgl University Center, Austria

22 March 2017

FIRST HBP CURRICULUM WORKSHOP SERIES

3-5 July 2017

L
( | Robotics and
Embedded Systems

Thank your for your attention!

For more information visit us on
www.neurorobotics.net

and follow us on Twitter!

/HBPNeurorobotics

@HBPNeurorobotic 4 © )
1
- \S\"J- s W = S el

P E % ~FE
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