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Architectures Cognitives Visuelles

+

Hallucinations et Vision entoptique
Evidence pour une architecture mésoscopique réguliere

Le Cortex « Cristallin » :
Colonnes (orientation), bandes (ocularité) et hypercolonne

Le Cortex « Liquide »
Architectures de Lien, Propagation et Théorie de la Gestalt

Le Cortex « Volatile »
Complexité des états dynamiques, Chaos déterministe
E Images ﬂature\les Typical observed binocular pressure phosphenes from Tyler




HALLUCINATIONS AND PLANFORMS IN THE VISUAL FIELD

PHOSPHENE
MESCALINE
MIGRAINE

Wilson
Cowan
Ermentrout..

Bressloff et al, (2002)
Neural Computation
J. Physiol. Paris

L'illusion perceptive ou
I'hallucination sont le résultat

du “Read-out” rétinien de I'activité
corticale (application inverse )

VISION Rerie Descartes 1644

IMBALANCE
BETWEEN
CORTICAL
EXCITATION
& INHIBITION

Perceiving
the inner architecture
of the visual brain

« We wish to stress merely one point, namely, that under diverse
conditions » (eye-ball pressure induced phosphenes, drug-induced
hallucinations, migraine) « the visual system responds in terms of a limited
number of forms constants » (Kluver, 1928)

« It remains to compute the actual patterns of V1 activity that develop when
the uniform state loses stability. These patterns will be linear combinations
of the eigenfunctions described above, which we call planforms » (Bressloff
et al, 2002)

« The characteristics of entoptic vision derive from the structure of the
visual system ». These entoptic « geometric patterns must be regarded as
indicators of some further selective process in the physiological pathway, a
kind of functional Golgi stain by which certain neural activities are elevated
into consciousness while the majority of possible discharges remain ignored ».
(Teyler, 1978)

Optic
Chiasm

Retino- o

Right
Visual S8 \.. . Visual
Field

Thalamo-

Cortical Primary 8
Visual Cortex
pathway

Primary
Visual Cortex

The two eyes provide slightly different views of the same scene.
Information from the left visual field goes to the right side of the
retina in both eyes. At the optic chiasm, half the nerve fibers from
the left eye cross over to the right hemisphere and the rest stay
uncrossed, so that all the information from the left visual field
ends up in the right hemisphere. In this way, a given hemisphere
gets information from the opposite half of the visual world—but
each hemisphere gets input from both eyes.
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IMAGING OF RAT V1 RETINOTOPY
USING INTRINSIC OPTICAL IMAGING

Feedforward
Retinotopic
Mapping

2-deoxyglucose

Visual Field

Controlateral
Hemi-field
Representation 0!
i
1
i
i
i
1
;
: ¥ Fig. 1. (A) One of the visual stimuli used. The
Visual cortex solid black rectangle encloses that portion of Log(r) - Polar(®)
the visual stimulus that stimulated the region .
of striate cortex shown in (B). (B) Pattern of Transformation

brain activation produced by the visual stimu-
lus shown in (A), as revealed by 2DG. This is
an autoradiograph from a single flat-mounted
tissue section (mostly from layers 4B and 4C)

About half of the total surface area of the Tootell. R. et al (1982)

macaque striate cortex can be seen

Stryker et al

RETINOTOPY IN HUMANS V1 RETINOTOPY IN HUMANS
USING fMRI USING fMRI

Eccentricity Map

Polar Map



Hallucinations are the read-out of
stationary 1D-periodic waves
of paroxysmic cortical activity

A simplified « Lego-Mécano » approach
of the electrical Brain

Elements

- neurones
- synapses

The « neuronal language »

— Action potential
— Membrane potential

The « neuronal orchestra »

— Coding by assemblies
— Temporal organisation
— Synaptic Bombardment during

viewing of a natural scene
UNIC

Architectures Cognitives Visuelles

+

Hallucinations et Vision entoptique
Evidence pour une architecture mésoscopique réguliere

Le Cortex « Cristallin » :
Colonnes (orientation), bandes (ocularité) et hypercolonne

Le Cortex « Liquide »
Architectures de Lien, Propagation et Théorie de la Gestalt

Le Cortex « Volatile »
Complexité des états dynamiques, Chaos déterministe
et Images naturelles

BLACK BOX or LINEAR SYSTEM IDENTIFICATION

Position
Phase
Contrast
Reverse-Correlation Spatial frequency
Sparse noise mapping entation
Direction
Ocular dominance

Receptive field concept
Minimal Discharge Field
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Read-out of network architecture:
BLACK BOX or LINEAR SYSTEM IDENTIFICATION gradient of orientation preference

= Position
Phase
Contrast
Spatial frequency
Orientation
Direction
Ocular dominance

Moving bar Electrode track 17
Hubel Wiesel
. Discharge field

g
[ Lt
1 1.5
Track distance (mm)

Orientation (degrees)
SN2 72=N\17¢"

Receptive field concept
Minimal Discharge Field

Adapted from Hubel, D. and Wiesel, T.N.

HUBEL & WIESEL HYPERCOLUMN VSD OPTICAL IMAGING

L

The functional hypercolumn

and Interwoven Maps

(Monier, Fournier, Yavuz and Fr#gnac. unpublished)
1

2-PHOTON and CALCIUM IM4 GING

Adapted from Hubel and Wiesel (1962, 1968, 1974) (Hubel and Wiesel, 1962; 1974) ((Kara.... Reid, 2006)




Multisecale Organization of the Early Visual Syssem

Receptive Fields Networks

{

Function)

VISION Rene Descartes 1644

Architectures Cognitives Visuelles

jL

Le Cortex « Liquide »
Architectures de Lien, Propagation et Théorie de la Gestalt

How Does the Brain Solve
Visual Object Recognition?

James J. DiCarlo,'* Davide Zoccolan,? and Nicole C. Rust®

Global scale
Ventral visual stream
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Inputs dim:
Elements:
Output dim:

Goal:

Algorithmic
strategy:

Transfer
math:

Vi
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~1M
~4 cortical areds
~10M

untangle object
manifolds

serial chain of
partial untanglers

(Not interpretabie)

Mesoscale
Cortical area

St

S

~20M
~1500 subspace untanglers
~20M

partial untangling of
high dimensional input

lateral replication of
subspace untanglers

Local scale (~1 mm?)
Canonical “module”  Subspace untangler

1

Neuronal scale
Layer 2/3 neuron

]

Nomiz ]

~10K
~40 K neurons
~10 K layer 2/3 neurons

subspace untangling

competitive unsupervised
learning

normalization

static non-linearities
weighted sums of inputs

Computational Principles

of neural-based perception

Perception

Bayesian priors

Convolution operator
Mean Field approximation

Spike, Vm

Singularity and Diver:
Neural Code

(111

1 or more
1

(Not interesting)

N model
with all parameters

J Perceptual bias

Single Neuron

Synaptic Integration and Plasticity
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Retrieving multiscale network dynamics
Mesoscopic Phenomenological Models from single celll subthreshold activity

Mean Field Theory

CORTICAL SPACE
+ Simultaneous
i A . multiple
Neural masses in the column Neural field Optl(i?;;u?rftlonal recordings
9ing blind connectivity
Mesoscopic modelling
of VSDI maps
N coumn nneuronype ¢
I':_tef;'i:il:lgar o ° Dissection of
of the synaptic rumour &B °* °\2L Jo ¢ Cg;;i‘(éil/:i
(subthreshold Vm) O\—AJ\:’J = ) 4
. . . .
Wilson-Cowan equation o 0 ¢ °
Dynarmics . ) e o INPUT SPACE
W : Kernel of lateral connectivity of column r: horizontal connections Demultiplexing of
( space ) y Output o input signals based on

space, time and
feature coding

Complexity in V1 Receptive Fields : Psychophysics : The Perceptual Association Field
Multiple Connectivity Kernels

he Feedforward Kernel :

the Ice-cube model of Hubel and Wiesel

+

Pop-out : contour integration

The local Association Field - Binding rules

The Intracortical Re-entry Kernel :
Hidden impact of network recurrency
in the synaptic integration field

Flanker Facilitation

The Lateral kernel :
Horizontal and Feedback connectivity
and spatio-temporal diffusion

Polat and Sagi , Vision Research, 1993 Field, Hayes and Hess, Vision Research, 1993




This perceptual bias may reflect a fit
between the visual brain and the natural sensory statistics

+

Edge co-occurrence probability Thresholded Grouping Function

Relative Probability
1
[ ]

.01 I Geisler et al, 2001
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Field, Hayes and Hess, 1993

Synaptic correlates of perception AT
and intra-V1 Horizontal Connectivity

+

» | Intracellular Recordings of synaptic echoes
Neuronal singularity and Diversity
Population averaging / Mean field approximation

= The Configurational Association Field (Space)

z
)
e
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z
w
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1SO vs. CROSS

m  The Dynamic Association Field (Space x Time)

MOTION

Gérard-Mercier, Pananceau, Carelli, Troncoso and Frégnac, 2016

Electrophysiology : The Neural Facilitation Field

CD Gilbert and Wu Li, Neuron, 2012
Behaving Fixating Monkey

Top-Down control
Task-dependent

l-SOO‘,"o

Spikes/sec.

85300%

THE CORTICAL CELL SEEN AS A « WAVE RECEIVER »

Cortex
AREA 17

C

Bringuier, Chavane, Glaeser and Frégnac, Science, 1999
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THE CORTICAL CELL SEEN AS A « WAVE EMITTER »
BY REVERSING THE TIME AXIS

measured :
At (ms)
Ax (° visual)

inferred :

Ax, (mm cortex)
ASHP = Ax /At

0.05-0.30 m/s

Analog to Acoustic
Time Reversal Mirrors

RETINA

Gerard-Mercier, Pananceau, Carelli, Troncoso and Frégnac, 2016

(Mathias Fink)
Y. Frégnac
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Gerard-Mercier, Pananceau, Carelli, Troncoso and Frégnac, 2016

Intracellular Electrophysiology Psychophysics
Functional synaptic imaging Contextual threshold

Mean Synaptic Echoes Perceptual Association Field

Gerard-Mercier, Pananceau, Carellj, Troncoso and Frégnac, 2016 Field, Hayes and Hess, Vision Research, 1993
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Gerard-Mercier, Pananceau, Carelli, Troncoso and Frégnac, 2016

Change of reference coordinates
Cellulo-centric

Axial Motion Flow
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Global Motion

Intracellular Electrophysiology
Functional synaptic imaging

Mean synaptic echoes

ISO vs. CROSS
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Gerard-Mercier; Pananceau, Carelli, Troncoso
and Frégnac, 2016

Psychophysics
Collinear vs Parallel

Dynamic Association Field

A PERCEPTUAL BIAS IN HUMANS:
COLLINEAR FASTER THAN PARALLEL

Apparent motion sequences
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Georges, Series, Frégnac and Lorenceau, Vision Research, 2002
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THE DYNAMIC ASSOCIATION FIELD HYPOTHESIS

Propagation

along an
iso-oriented contour
when the horizontal
propagation predicts
the arrival of the next
feedforward drive

Y. Frégnac

Facilitation
occurs for
apparent motion
along a collinear
axis at saccadic
Speed

Continuity in space

Common fate
in time
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