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Imager le cerveau

\

Courtesy Pic-Gin

v Signaux chimiques (neuromeédiateurs)
v’ Signaux électriques et magnétiques
v Variations métaboliques et hémodynamiques

mmmmm))> Consommation O,, Glucose, emission Chaleur, H,O, CO,

Cerveau = 2% du poids , 25% de consommation totale de glucose

12-15% du débit cardiaque, 20 % de la consommation totale d’ O, !!!
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Des techniques variées ...
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PET imaging
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RESEARCH TOPICS AND EXPERIMENTAL APPROACHES

Ko

/" Fundamental neurosciences /' Pre-clinical and clinical research / {nnc;vativte technologies and
reatments

Multidisciplinary approaches

Cytoskeleton, Intracellular traffic, including human social sciences,

Synaptic plasticity, Mechanisms Developing tools and concepts and methodological developments
studied in normal and pathological Close links with networks such as (optogenetics, reconstruction of
conditions (neurobiological diseases, GREEN, Neuropsynov, NeuroCoG... neural networks,

neurodegenerative diseases, myopathies)

electrophysiology...)




Le 21éme siécle sera neuroscientifique ou ne sera pas ...

| HORS-SERIE | COLLECTION “A LA UNE™ |
EXCLUSIF &3

CATHERINE
LABORDE

«Au jour le jour,
je combats la fatalité »

Janvier 2020 ....

Avecie PrStoven Laureys
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Son message,
ses mystires

Exclusif : le palmarés Vin nature et biodynamie
des villes les mieux gérées | Lenquéte qui «pique»

ar Agl fier-Molinié

e Point

Qés astrologiques
.

Conscience
collective

SOMMES-NOUS TOUS RELIES ?
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Comment retrouver

I’attention

Les révélations des plus
grands neuroscientifiques
Leurs conseils pour rester
concentré a tout dge
(malgré les écrans)

+ GRAND ENTRETIEN : Confidences sur la voyance WS o FARE D
LTI
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Le 21eme siecle sera neuroscientifique ou ne sera pas ...

Il y a plus a comprendre dans un chapitre de I'idiot de Dostoievski que dans
les données cumulées de toutes les IRM du monde — car L'idiot de
Dostoievski résume des millénaires d’expérience mieux que tous les méta-
articles des chercheurs en neuroscience.

2019 France Culture
Aurélien Bellanger
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Un peu d’ordre ...

Spinning protons

“Bxcitation”

NP
) B
RF 20
NP
NP

NMV
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Un signal spécifique ...

Spinning protons
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Imager en 3D : Encoder la position par la fréquence

v0
sans gradient

Ww(x) = y[B, +xG, ]
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Un équipement tres technique

94T
petit animal

[Hornak 1996]
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D
es Images contrastées

pondérées |- 1"
I TE long
| |
| - |
I : Fat: 1
4 | 4 WM : 2
GM:3
T :
I ; ! CSF : 4

M !nserm
13



Des modalités non invasives ...

H !nserm



Des modalités non invasives ...

Anatomie ;: tissues & structures

S ‘TFonction
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Quantification automatique - Tissus & Structures

IH corrected and

Original data Filterad data CC sxtraction
0 MNI registered

PV estimation

Hemiphere Subcortical
and cerebellum structures
segmentation cegmentation

[Coupé HDR 2019]

H !nserm
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Quantification automatique — Tissus & Structures

IH corrected and

Original data Filterad data CC sxtraction
0 MNI registered

PV estimation

Hemiphere Subcortical
and cerebellum structures
segmentation cegmentation

[Coupé HDR 2019]

H !nserm
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Quantification automatique -ll

IH corrected and

Original data Filterad data CC sxtraction
0 MNI registered

PV estimation

Hemiphere Subcortical
and cerebellum structures
segmentation cegmentation

H !nserm
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Quantification automatique -ll

) IH corrected and .
Original data Filterad data i CC sxtraction
MNI registered

PV estimation

Hemiphere Subcortical
and cerebellum structures
segmentation cegmentation

Tissus

mean=39 meari=163
std=15 std=17
w=l22 w=0.43 w=0.35

Intensité des voxels >=>

H !nserm
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Quantification automatique -ll

) IH correctad and .
Original data Filterad data ) CC extraction
MNI registered

Tissus

PV estimation

mean=33 mean=163
std=15 std=17
w=0.22 w=043 w=035

Intensité des voxels >>

8

Hemiphere Subcortical

and cerebellum structures
segmentation cegmentation

g

[——caudate Nucleus
Putamen
- Thalamus

Number of Voxels

8

o sl
Greylevel Intensi

50 100 150 200 250

Structures
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Quantification automatique -ll

IH corrected and

Original data Filterad data CC sxtraction
0 MNI registered

Hemiphere Subcortical
and cerebellum structures
segmentation cegmentation

Déformations
non-linéaires

H !nserm
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Détecter des formes atypiques

Sujets Sains : 2944

© White Matter " Gray Matter CSF

Normalized volumes
in % of TIV

0 40 60 80 100

a0 60 80
Globus Pallidus

20 a0 60 80

Putamen

0 03 0.4
0 0

[Coupé HDR 2019]
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Détecter des formes atypiques

Sujets Sains : 2944

Gray Matter CSF

White Matter
50 80

Thalamus

Normalized volumes
in % of TIV

a0 60 80
Globus Pallidus

o 03 0.4
0 0

[Coupé HDR 2019]

Patients Alz-MCI: 3262

White Matter Gray Matter . Lateral ventricles

7 5
4

3

2

\\,\ 1

40 60 \'\w 100 °zo 40 60 80 100
\ Thalamus

Normalized volumes
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0.45
0.4
» 40 60 80
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0.05
0.04

0.03

0.02

0.14
012

0.1
0.08

0.08 0.3 05
20 20
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Détecter des zones atypiques EEE P I ><Q )L

Winner of the Al data challenge - JFR 2019

pixyl.ai

SEP

AVC

Automatique

i Inserm 25



Comparer les solutions

7
6
Team 9
X
5
Team 10
X HKTeam 11
3
§ 4
% Team 13
= X
3
<3 Team 7
a X
Team 1
Challenge 5 vk o198 Jeom X
1 H X Team 8
Miccai 2016 Ko S
1 Team 2 ¢ Tea)n(w 12
Team 6 v
X
0 X XX
0 0,1 0,2 0,3 0,4 0,5 0,6 0,7 0,8 0,9
Dice score

Commowick, O. et al. Nature Scientific Reports, 2018
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Fiber T racking




Diffusion Tensor Imaging

Encombrée

D.. D D..
D- (D, D, D,
D

D.. D, D..

Restreinte

17VF = N2+ (A — A2+ (Mg — A)2 )
AT+ A3+ A3 T 2T ‘

At + A2+ Ag
3
A2+ Ag
2

AD =\,

MD =

RD =

e o ! 00-0-0.0.0‘@

I. Uszynski PhD 2018

H !nserm 28



Towards an Murin brain fiber bundle atlas

Connectome

Connectomist

Algorithme « intra-sujet » :

classification des fibres a
I’échelle individuelle

Etape 4
>

Etape 2
>

Clusters
individuels

-

-

Cd ~
( Atlas de %
. faisceaux J/

~~—-——"

= Définition de

régions permettant
d’extraire les

faisceaux de l'atlas

q, ’Uszynsﬁi PhD 2018

Clusters individuels
représentatifs de la population

.\?"’_ - L
P 2 '
4 \\ A

Espace _ v/ =

standard  ;

T< ﬂ:ﬂ

Recalage des résultats de la
classification individuelle
d’une population de sujets
dans un espace normalisé

\

/ Algorithme « inter-sujet » :

classification des clusters de fibres
a I'échelle de la population

Etape 2

M !nserm
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C57B16 mouse brain

q, ‘Uszynsﬁi PhAD 2018

Anterior Commissure
I Corpus Callosum
[ Fimbria
Inferior Colliculus Commissure
Posterior Commissure
I Superior Colliculus Commissur
Tectospinal Pathway
[ Cerebellar Peduncle
Cingulum
Fasciculus Retroflexus
[ Fornix
Internal Capsule
I Inferior Cerebellar Peduncle
Lateral Lemniscus
B Mammillothalamic Tract
[0 Medial Forgbrain Bundle
[ Medial Longitudinal Fascicle
I Pyramidal Tract
I Stria Terminalis
I Stria Medularis
I Ventral Spinocerebellar Tract

I Uncinate Fasciculus
Arbor vitae

I Midile Cerebellar Peduncle

[ !nserm
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Pathological model: xxx KO
Master 2019 D. Alves Rodrigues de Souza
Anterior Commissure Global diminution

Wild Type 4 XxXxXKo xxxKo Wild Type 4 XxxKo XxxKo Wild Type 4 xxxKo xxxKo

-

>

cc: corpus calosum
f: fornix

3D projections

anterior commissures
(ac)

Fornix

Wild Type 4 Wild Type 4

>

(&)

-
cc: corpus calosum

3D projections

f: fornix

o

7

v Pf xo

pf: post commissural part of fornix pf
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Pathological model: VPS35 Kl WT Fornix
|

| |
384 381
355
l KO
A
le5 79 E |
- 31

Fornix

500

Anterior Commissure Global diminution

Sagittal

Wild Type 4 Emx1 VPS35 KO 1 Emx1 VPS35KO 4 Wild Type 4 Emx1 VPS

E

>

3D projections

NUMBER OF STREAMLINES

"
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?
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E
[*}
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©

Fornix

WidType 0K WidType oo | WiTped 00K

>

% ! 7l

3D projections

pf
pf: post commissural part of fornix
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DTI du systeme visuel chez ’lhomme - |

pulvinar
nucleus
optic chiasm
latera
optic nerve genicul:
nuclet

optic tract

lateral
geniculate
nucleus

optic radiations

Control

Coll A. Attye

i Inserm
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DTI du systeme visuel chez ’homme - |l

Passera et al HBM 2019

H !nserm

34






inciple

Pr

N O =ZOXWITOnW

e

nJ000 WLJOX
- =

o
o

CHANGE

o
w
-
a
-
=2
b =
L
[
w

RESTING

-

oo

N m-ZOZWTOW

-
-
s

.
N mZOwaow

=

CHANGE

[=]
w
-
e
-
-
e
[
)

RESTING

N O =ZOEWITunW

JM@

OEX OX>UwWwX

Fox and Raichle (1986), PNAS

36

" Inserm



Blood Oxygen Level Dependent Contrast- |

MRI signal

Without contrast agent 1 /T2*=R2*

With contras t

TE Time (ms)

[Beliveau et 991 science]

-Développement de la séquence EPI : Schmitt et all SMRM 1991

- Functional Brain Imaging bas¢ sur EPI Kwong et al. 1992 PNAS
Ogawa PNAS 1992
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Blood Oxygen Level Dependent Contrast - Il

H !nserm



Blood Oxygen Level Dependent Contrast - llI

Activation

H !nserm



Technique non-invasive & indirecte

Entrée synapse
Computation locale

Répercussions
-métabolique
-hémodynamique

Activité neuronale Imagerie par effet BOLD

i !nserm
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Technique non-invasive & indirecte

Entrée synapse
Computation locale

........................

Répercussions
-métabolique
-hémodynamique
Activité neuronale Imagerie par effet BOLD
Couplage neuro-vasculaire mal connu ®

1 voxel = 3x3x3mm? = 5.5 10° neurones, 101° synapses, 22 Km dendrites, 220 km d’ axones !!!
[Friston Science 2009]

Le signal est faible et dépend de nombreux facteurs &
(vascularisation, pathologie, conditions de mesure, instrumentation ...)

i !nserm 41



Une expérience en vision

head coil joystick

— mirror
«

magnet |
v

healthy volunteer

Fonctional

transverse sagittal
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Recherche les zones activées

Paradigm i ﬂ
N /\’_

o Signalm

Images acquisition

IIIIIIIIIIIIII"IIIIIIIII"""IIIIIIIII""I"II
Correlated voxels \ ' %
to the paradig , :
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N

| huma

eme visue

ALY

Le syst

Simultaneous and parallel computing

:
_

vi

[adapted from Cox & Dean curr bio 2014]

44
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Some examples

t =20s .

A

Localizers

t=20s

<

45
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Rétinotopie-l

[Tootell et al, J Neurosci 8:1531 1988]

M !nserm
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Rétinotopie-ll

[Tootell et al, J Neurosci 8:1531 1988]

M !nserm
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Rétinotopie-ll

[Tootell et al, J Neurosci 8:1531 1988]



Rétinotopie-ll

[Tootell et al, J Neurosci 8:1531 1988] [Schuett J Neurosci 22:6549 2002]



Retinotopie chez ’homme

V3d
vad
Vi1
»?,
Yo B o
u.a.". v +'0'$'
r
4 v
AV
V2v y‘; ; LA
V3v V4
[Bordier C Postdoc 2015]
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Water color effect

Pinna et al., 2001.
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Water color effect

Edge-dependent {:}

Contro/ \/

{
%Iw\?}
{"‘ 77§Surface -dependent

\J

Gérardin et al.,, Neuroimage 2018

i Inserm
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Method: Multi-Voxel Pattern Analysis (MVPA) from fMRI data.

Most activated voxels in Differential time course for the selected

A Activation for all
voxels in each ROI for each condition

Design Matrix visual conditions each delineated area

R M MY T Edge-Dependent

AN WOV onsets

-
w4 NIV, Control onsets
E /J}T“\'*Tw N 1;&" VT "
Surface-Dependent

1'Hl\ M \“ [ v ‘4'»"!'\/"
EI 4 “{&” ol 1# \JT 4V \ { onsets

p<0.05 uncor.

v ¥

B Classification c Dynamic Causal Modeling
+ Bayesian Model Selection
Six-fold [— Support e e m
cross Vector o > o S ey |
lidation Machine a7 el Y
vali
iMos ~ Lo iM11 S0
(’\1/ (I‘l.( '\/ V3a ,\/ V3a
E Mos ~ li moa S M[:\ u& Mo‘:l\ 10

Gérardin et al.,, Neuroimage 2018
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Results

Retinotopic areas
v1 V2

Mlﬂm t&m

0.4! 0.4
i

Ventral V|sual areas
V3v hV4

“mﬂm mﬂm

Prediction Accuracy

Prediction Accuracy

Dorsal V|sual areas
V3d

0.7!

:im : ﬂ

o
=

Prediction Accuracy

Gérardin et al.,, Neuroimage 2018

B |: Edge-dependent vs Control e vs ™=
O II: Surface-dependent vs Control __s=ys ==
O lIl: Surface-dependent vs Edge-dependent  _==vspm

V7 V3B/KO hMT+/V5
07 07 »;’cr 07
0.7 o ——— 0.7
0.6! ns 0.6! ns ns ns

iy @m jjﬁe,riw

i !nserm
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Conclusion

— Filling-in is best classified and best correlate with appearance by
dorsal areas V3A & V3B/KO

— Uniform chromaticity by ventral areas hV4 & LO
— Feedback modulation from V3A to V1 and LO for filling-in
— Feedback from LO modulating V1 and V3A for uniform chromaticity

Gérardin et al.,, Neuroimage 2018
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Recherche translationelle : Un bon exemple

Retina

T .
geniculate
nucleus [
A

Moro et al. ANN 2020

Globus pallidus
internal

Subthalamic

Cortex
Vi Visual cortex
Frontal eye field
Parietal cortex
Reticular
s nucleus
Lateral |— B (ammrery Thalamus
A
Intralaminar
nuclei
Brainstem r
RN
Locus Superior
coeruleus A e a5
_______________ colliculus
Reticular *
formation
Raphe
nucleus
Parabrachial
nucleus

nucleus

Substantia nigra
compacta
Substantia nigra reticulata / Globus pallidus external

excitatory

Spinal cord

\/

——— inhibitory
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Recherche translationelle : Un bon exemple

Retina

T .
geniculate
nucleus  [*
'}

Globus pallidus
internal

Subthalamic

Cortex
Vi Visual cortex
Frontal eye field
Parietal cortex
Reticular
s nucleus
Lateral |— B (ammrery Thalamus
A
Intralaminar
nuclei
Brainstem [
RN
Locus Superior
coeruleus A e a5
_______________ colliculus
Reticular
formation *—
Raphe
nucleus
Parabrachial
nucleus

nucleus

Substantia nigra
compacta
Substantia nigra reticulata / Globus pallidus external
on

excitatory

Spinal cord

——— inhibitory

i Inserm
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Recherche translationelle: Un bon exemple

Cortex |

Vi Vivsal corfex
Frontal eye field
Parteral covtex

Revonlar

ﬁk""b Lateral |o ;_“'\:@"_“il

geniculate Globus y
< Tk pallidus
\l nwoled intermnal
»
Substantia nigra
compacta

Substantia nigra reticulata / Globus pallidus external

Branstem

Locus

S .
cocruleus o b
............... colliculus

Reticular
formation

_mocleus inhibition
Parabrachial A
nucleus > Spinal cord

CONTROL PARTIAL LESION TOTAL LESION

Electrophysiology on rats

Raster sweeps
o]
o

2000

1500

V. Coizet

Rolland M et al Neuroscience 2013

1000

SUPERIOR COLLICULUS

multi-unit (Hz)

500
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Translational research: a nice example, Parkinson Disease

pulvinar
nucleus

optic chiasm /"

latera
genicul:

optic nerve
nuclet

optic tract

lateral
geniculate
nucleus

optic radiations

b —=— Young I —n
) | —— Middle age | i
107« Elderly . I 0.8
I
P o]
-
) 8- //\ 5 0.6
2 4 7
Z /4‘ | Z sC
2 [-%
g 6 | g == LGN
0.4+
é’ I g - Vi
a4 | -
0.2
I
5
- |
I 0.0 T T T T
1% 3% 5% 9%
0- . | Luminance contrast

0.05 0.10 0.15 0.20 i !nserm 60s

Luminance contrast



To the patient bedside ...

Controls vs PD de novo
A. Superior colliculi B. Lateral geniculate nuclei C. Primary visual cortices
— * -
= 0.40 ": 035 3 045
< 035 7 | 030 7| 040
g g ) 035
‘2 0.30 et i 025 Py
4 — B
c 025 * ™ o L
e P 0.20 025
g o2 = 015 0.20
q o015 §” i 0.15
Qo 010 - 0.10
2 005 0.0 0.05
1% 3% 5% 9% 1% 3% 5% 9% 1% 3% 5% 9%
Luminance contrasts
—— PD de novo === Controls
Moro et al ANN 2020
Controls vs PD 2 and 6 months post treatment
A. Superior colliculi B. Lateral geniculate nuclei C. Primary visual cortices
=040 * 10 * lo4s
= : A
< 035 0.30 { 0.40
z s g 0.35
é 030 & x 025 . * ™ e
0.25 . »2” 3 : -
& L ~=a ) % 0.20 0.25
Z 020 ; :
2 ) 015 0.20
a 0.15 ¥ - 0.15
o 010 : 0.10
VA FONDATION 2 005 0.05 0.05
AN DE L'AVENIR
Accélérateur de progrés médical
1% 3% 5% 9% 1% 3% % 9%
Luminance contrasts
FRANCE i
PARKINSON ®-eeceee Controls  e————e PD 2 months post treatment e---~--e P 6 months post treatement

M !nserm
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INNOBIOPARK

2018-2022

Objectifs : détection au plus tét + personalisation de la thérapie

Extraction de biomarqueurs
d’imagerie

Identification de profiles de
patients pour une thérapie +
ciblée

(antibody anti- a synuclin,
early surgery, ...)

SIGNAPARK
Structural & Brain Perfusion

Cohorts
2 x 60 patients
& Controls . EMOP_ARK -
4y <—— Emotion, cognition, vision &
' action
EXCIPARK

Cortical excitability

DATscan — TMS/EEG

Outils : Neuropsychologie — Neurologie — Ophtalmologie - IRM - EyeTracking —

i !nserm 62



INNOBIOPARK 2

018-2022

Objectifs : détection au plus tét + personalisation de la thérapie

Extraction de biomarqueurs
d’imagerie

Identification de profiles de
patients pour une thérapie + (

ciblée O“

(antibody anti- a syr%’m . 0“
early surgery, ... (0

Coh
2x6

% 2 @
60\

SIGNAPARK
‘\‘e%ctu?l & Brain Perfusion

EMOPARK
Emotion, cognition, vision &
action

EXCIPARK
Cortical excitability

DATscan — TMS/EEG

Outils : Neuropsychologie — Neurologie — Ophtalmologie - IRM - EyeTracking —

i Inserm
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Challenges




Des difficultés

CLINICAL REVIEW

Desperately seeking grey matter volume changes in sleep apnea: A
methodological review of magnetic resonance brain voxel-based

Sébastien Celle * ™ ~, Chantal Delon-Martin © ¢, Frédéric Roche *°,

mo rphomEtry StUd ies Jean-Claude Barthélémy *°, Jean-Louis Pépin % ¢, Michel Dojat < ¢

RESEARCH ARTICLE

Magnetic resonance imaging does not reveal

structural alterations in the brain of 23 50789 0 2 3¢
grapheme_color Syn esthetes Lundi Jeudi Vendredi Samedi Dimanche

DEGJLNPQ Z
Michel Dojat *, Fabrizio Pizzagalli**, Jean-Michel Hupé

Multivariate pattern analysis of fMRI data for

imaginary and real colours in grapheme-colour we have not found any evidence
synaesthesia of the involvement of the cortical colour
network in the subjective experience of

Mathieu J. Ruiz, ©2 Michel Dojat, & Jean-Michel Hupé .
synaesthetic colours.

doi: https://doi.org/10.1101/214809
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Des difficultés

CLINICAL REVIEW

Desperately seeking grey matter volume changes in sleep apnea: A
methodological review of magnetic resonance brain voxel-based

Sébastien Celle * ™", Chantal Delon-Martin © ¢, FN¢ Roche *°,

nlorphomEtry StUdieS Jean-Claude Barthélémy *°, Jean-Louis Pé le Dojat <94

> W
RESEARCH ARTICLE K

Magnetic resonance ima ' s not &e&ﬁ@

structural alteratio \1 bramo
grapheme-colog 4yi¥ésthetes (\O

Michel Dojat’*, Fabri 1", Jean-Michel g%

%)

Multivariate pattern analysis o | data for

imaginary and real coIoug@grapheme-colour we have not found any evidence
synaesthesia (\ of the involvement of the cortical colour
Mathieu ). Ruiz mkl oiat, ® Jean-Michel Hup network in the subjective experience of

doi: htps://doi.org/10.1101/214809 synaesthetic colours.
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Toujours plus ...

tSNR maps t-value maps for Audio>Video contrast

=

Neurospin / CEA

0.3 mm inplane
1 mm slices
(0.09 mm?)

RSB o B0.V.Nacc 2. Te V2

3T 1mm3

Schluppeck et al.
Neurolm 2018
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Data Transfer
Module (DTM)

CARMIN Client

]
Database Clients

|
Standalone
Comput;/Display

API-CARMIN

Pipeline
list &
execute

CARMIN Client DTM Client

FLIAM image
processing clients

ado

ju
=) |

>|eop?

Submission

e°

H2020 OpenAlRE ¥ RENATER

J9AJRS

L
CATI-
DB

Dojat et al., Biofutur 2017

C(omm%n Cat_alo)g [en—

search engine .

Based ogn Feeds Archi
Apache Solr Med

Powered by Liferay

199UU0)
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NN in Radiology

* PubMed 2013-18 ("DL” or “CNN”) and (“image” or “imaging” or “radiology”)
« 744 art. 180 relevant

s A
3 35
..'§ 30
e 25
5 20
5 15
= 10
E s
Z 0
D
@“o‘(&c‘&é > & 80 ,o‘o"é\ S t\z'&‘c“‘@%
& Ut T ¢ o Py
-9 ?:060 “Q) Q@‘
£ g0
(=]
2 70 B
260
S 50
o 40
° 30
_g 20
10
Z 0
S G EE S P
S FTFFFELF L EFE
F P S &F & @
K && G ¥ &
& O LS 30\0% &
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Multi-layer network

6 neurons 4 neurons 3 neurons 2 neurons

Hidden layer

8.
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X.2 \t N 0% ,.' ,/ P The outputs are
2 L\ e | mixed with varying
\ i
A\ !

weights, shown

\ /]
3 4 by the thickness
TARY 4 Y
XX, | ‘\s‘ " / of the lines.
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https://www.tensorflow.org/

Lillicrap Nat Comm 2016 Feedback e
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Convolutional NN

L0 OO 7P 7T
it:::\\\\\\\\ Filter Bank +non-linearity

.rﬂ P - £27 7L
Poohng
e Ll = 4 eV

Filter Bank +non-linearity
Jggq/
Qg y— 4

‘\\\\ /////////////" Filter Bank +non-linearity
il
-] 4 P

=

Pooling

@ [LeCun et al. NIPS 1989]
Fukushima K « Neocognitron » 1980 Bio Cyber
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CNN: a framework for modelling human vision?

Bold

Model :
A responses

. hidden layer 1
input layer
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Natural “CNN”

- Gabor filter
- Local features
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Hierarchical model
Several areas (layers)
Receptive field sizes increasing

Feature Map

Max pooling

i

Feature maps

i

Spatial pooling

{}

Non-linearity

{}

Input Image ]
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CNN as a model of the visual system ...

oty Decoting v" Receptive field

a Stimulus > Neurons > Behavior

I v Hierarchical model

b e B v" Max pooling
V4 PIT CIT AIT
oo PP
<--- <--—- - -
~

A

Spatial convolution
over image input

, =

C2 feature
maps

Cl feature
maps

S2 feature
maps

S| feature
maps

ull
Connection

AN
\ \ N i COmoltions [Dojat Lavoisier ed. 2017]

Subsampling Subsampling

Convolutions

Convolutions

[Lecun et al ISCAS 2010]
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CNN as a model of the visual system ...

CI feature C2 feature
maps maps

S2 feature
S| feature maps
maps

Full |
Connection

Convolutions Convolutions

Subsampling Subsampling

Convolutions

[Lecun et al 2010]
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N = IR

)

Guitar Penguin s )\‘;{ﬁ‘kf‘f{/t Guitar Penguin
8 RN h

98.90% 99.99% e 99.99% 99.99%
Output

AN NN U N N U NN Y N N NN

Receptive field
Hierarchical model
Max pooling
Layer2layer conn.
Magnitude factor
Color

Metamer

Attention

Local vs Global
Perspective effects
Learning

lllusion

Eye mvt
Adversarial example

[Nguyen et al CVPR 2015]
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Hallucinations

Multimodality

[Ffytche 2007 Dial Clin Neurosc] DeepDream.com
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