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The HBP Flagship

Vision: To deepen understanding of human brain structure and function, by building
a European research infrastructure that harnesses multiple disciplines and computing,
and advances science, ICT and medicine, to the benefit of society

Research Focus: the Connectome with its variability, role for cognition & consciousness,
and as adaptive architectures of cognitive functions

Strategy: Co-design

Start from neuroscientific questions = develop, together with engineers and

informaticists EBRAINS s contribute high-quality data & tools=test it, use it, and

help others to use it

- EBRAINS is openly accessible to the international research community. As an
infrastructure on the ESFRI roadmap, EBRAINS will be available in the long term.

As a international collaborative infrastructure, it is building links to other initiatives
such as

{: HIBALL

EBRAINS: tools & services to address brain complexity

Data and Knowledge
Online solutions to facilitate sharing of and access to o
research data, computational models and software = EBRAINS

*X & Atlases

e Navigate, characterise and analyse information on the
- - basis of anatomical location

-

EBRAINS is powering a new era
in Brain Research

Simulation S
Solutions for brain researchers to conduct sustainable
simulation studies and share their results

Brain-Inspired Technologies
Understand and leverage the computational capabilities
of spiking neural networks

Medical Data Analytics

The Medical Data Analytics service will provide two
unique EBRAINS platforms, covering key areas in clinical
neuroscience research

N EBRAINS
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Challenge for human brain research: intersubject variability

* Areas vary
between brains in
size and position

* Sulci vary between
brains

* Sulcus-area
relationship varies
between brains and
regions

Amunts et al,, Neuroimage, 2000

5
Julich-Brain cytoarchitectonic maps
¢ Mapping is based on analysis of histological
sections in ten postmortem brains
¢ Spatial resolution: 1 mm isotropic
Amunts et al., Science 2020 369(6506):988-992 ° InterSUbjeCt variability integrated
6
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Most parcellations are based on gyri and sulci, but not microstructure

Deslkan-Kaliany Atfas (7h.aparc, snct)

Dustrieue Atas (7haparc.a2009s annot)

DKT Atlas {7haparc DKTatlas40 annot)

b

Anatomical landmarks are poor
indicators of microstructure

Multilevel human brain atlas: from micro to macro
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The BigBrain: template space and source of data @ micro-scale 6,)
B L
BigBrain data set
20 pum isotropic

Section series @ | um
integrated and available

EBRAINS &

Cortical | um patches with cell detection and layer annotation @)
released -> to inform modeling and simulation ‘

- 120 patches across 12 AR S e Broca 4

cortical regions

L s e ] B P e tneerd L e

- Precise cortical layer and ' B e : —

cell segmentations : 3 ‘ ’ “
- AtEBRAINS: & oo
https://search.kg.ebrains.eu !
/instances/Project/f06a2fd1

-a9ca-42a3-b754-
adaa025adb10

Motor roc
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First two regions reconstructed at | pum isotropic (”)

* Based on z-scanning
with 29 virtual
sections in each
physical section

* Uses pairs of bisected
cells of two

neighboring sections

* Released on EBRAINS:
https://doi.org/10.254
93/K8Q7-CG9

11

Atlas information available for other workflows at EBRAINS

r \ 7| €D €5 [T [
“ﬂ‘ﬂ[“ﬂlﬂﬂg

Intersubject variability of brain EBRAINS data EBRAINS atlas
regions and their connections services services
(“\(U[‘*Mr \("j —

Knowledge Graph
i ST

Regional variance of
multimodal features

Ib»-- e .

Software
interface

Cloud storage
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Showcase |:atlas data for simulation and analysis

Multimodal features

siibra

PYTHON

8 .
55 Programmatic access
2w via Python

e

A‘&(Jellularde(all L™ ' Nigabel matpl:tlib
- |:5| pandas ’bm
9.

Mic

. ————— -~ —

Scales
&’{: NumPy
Multilevel atlas framework
Compatibility with established

data science software stacks

Showecase | - Workflow

Data

collection )
SN \ﬂ.’&-‘
- siibra

fe
/

f <
Intersubject variability
C)’waf;r:;zctomc i of t?rain regio.ns and
functional their connections

connectivity
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Showcase | - Workflow

Data
collection

Cytoarchitectonic
Structural &

maps functional ﬂ’g s
connectivity (A 3
Silbra

A

Regional variance of
multimodal features

Celldensities  Receptor densities

Showecase | - Workflow

Data . Model construction
collection
[ /
Cytoarchitectonic Al ;
maps Structural &
functional

connectivity

Cell densities Receptor densities

THEVIRTUALERAIN,

Build the
network

Node
dynamics

B T

e e e

Functionaldata
features
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Showcase | - Workflow

Data

. Model constructic
collection

Cytoarchitectonic
maps

Structural &
functional
connectivity

TVB: Brain Network Model

Celldensities  Receptor densities

THEVIRTUALEHAIN,

Optimizer

Outer loop
Grid Search

Performance of
model M

Optimization &

Simulation
Inference parameters
i R !
i ~inner loop: - Tmane
Optimizee — 00p i
= ‘ |...-"..-.
“ e
OIS
, ——

Showecase | - Workflow

Data . Model constructic
collection
(3575 K
(1 ]
“\ =
Cytoarchitectonic S
maps Structural &
functional
connectivity

TVB: Brain Network Model

Cell densities Receptor densities

Optimization & Visualization &
Analysis

Inference
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Showcase | — a scaffold for interactive computing with EBRAINS
data and services

Data . Model constructic. Optimization & Visualization &
collection Inference Analysis

Jupyter
S’

Orchestration: Interactive computing on lab.ebrains.eu

siibra &
Knowledge Graph . \ QNIC RE

THEVIRTUALERAIN. High Performance Computing :'*?s FENIXRI

Storage ‘S FEMIXRI

Outlook: Big data used in brain models

on from B Research phase
1. Feature extraction from Big 2. Dynamical Connectivity + fMRI

parameter inference for cohort
3. Find link
& 3 |

S— T

Cells /0.1mm?

3 e.g. regional cell densities
A from cellular resolution

Clinical application 4. Estimate variables not measurable in patient ‘ Connectivity + fMRI
for patient
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NEURO-TECHNOLOGY: fMRI ssmodeling = simulation = virtual robotics

FRONTOPARIETAL Preparatory Decoding
HAND ACTION
NETWORK @ Hand actions only

+ REACH SUBNETWORK
@ Tool actions only
W = GRASP SUBNETWORK

&) Separate hand and tool actions

. Common hand and tool actions

—-—— MODEL OF THE
— - FRONTOPARIETAL
$ 1 NETWORK

+ 1 -

SUBSET OF i
PERCEPTION :
NETWORK

NEURO-TECHNOLOGY: fMR| = modeling =» simulation =» virtual robotics
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@@ Human Brain Project 3 EBRAINS

[ o= Ta=us]

}n~:ccw‘|rr; decade of digital brain research - A “;048 :?78‘
ViSion {or neuroscience at the intersection of
technology and computing
OpenAlRE
e g s e e e s Bt <:,o(
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X 9\0 S
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7
Please visit the Website, join the discussion é
A
and become an author or supporter "ri%
https://www.humanbrainproject.eu/en/follow-hbp/news/2022/03/17/your-contribution-shaping-course- '/5’4%
23

THANK YOUI!
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