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Visual Anticipation
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Visual Anticipation

Anticipation is carried out by the primary visual cortex (V1) through an activation wave
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Visual Anticipation

Anticipation also takes place in the retina
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Visual Anticipation

R Trajectory

What are the respective :

»Mechanisms underlying retinal and cortical
anticipation?

»Role of each part ?
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Visual Anticipation
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Visual Anticipation
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Visual Anticipation
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Visual Anticipation
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Visual Anticipation

*—— Sphere of the eye

<+——— Retina

No thalamus

Nucleus of oculomot

\\ Nucleus of trochlar n

Nucleus of abducent

22

Cortex of occipital lobes



Visual Anticipation
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Visual Anticipation
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Visual Anticipation

Developping a retino-cortical model of anticipation so
as to

understand / propose

possible mechanisms for anticipation in the retina and
In the cortex.
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Anticipation 1n the retina



The Hubel-Wiesel view of vision
Nobel prize 1981

Ganglion cells response 1s the convolution of the stimulus with a spatio-temporal

receptive field followed by a non linearity
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Building a 2D retina model for motion
anticipation
Gain control (Chen et al. 2013)

Image input

Ganglion output Y




Building a 2D retina model for motion
anticipation

1) Gain control

How does it work ?

1r Vi, (t)
— 06 5 /\/<
= H ] H
Q 1
0.2 - /\
500 ' 1000
. Time {ms)
-2 3

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

Rp, =NB(VB,) Ge(AB,).
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Building a 2D retina model for motion
anticipation
Gain control (Chen et al. 2013)

Gain control

Image input

Bipolar receptive field

Ganglion output

/ Gain control
~ v

Bipolar voltage :
Ve, (t) =Vi,,...[t)

No(Va,) ={

0. if II'H, ﬂ HRI
Vg, — g, else.

Activation function :

dAp,
dt

A 3 |
—T—“‘ + hN(Va.(t)).

Gain Control function :

Gr(A) = { 1

Output :

0. if A<0:
else.

1+ A%



Building a 2D retina model for motion
anticipation
Gain control (Chen et al. 2013)

Gain control

Image input

Bipolar receptive field

Ganglion output

/ Gain control

* Ganglion voltage

Ve p Z nf_’i?;: Rf—‘:r

* Non-linear function :

e e R e e e

0, if V<0
."\-'I'{-'F (1' :I = “ﬂr{r - EJII1'-'-:41-‘ } if ﬂ(;r E 4 :: ‘\';}J;'T "Ia“r:"‘l" T H{JF

NeeT, else.

 Activation function :
d*{(:'FLF - ‘_1E;FJ.F } "'\'F V
i TGp +hGr Nor ( “”F)
* Gain Control function :

. 0. if A<
Ger(A) = { 1 -

e else.
* Qutput :

14 2
Rey,. (1;;,,_L_;_.A45;,,.L_{__)_ N (Vo) Gar (Ace,, )




vi(t)

Ni(t)

Al(t)

Gi(t)

Ri(t)

results : smooth motion anticipation
with gain control
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Maximum firing rate (Hz)

1D results : smooth motion anticipation

with gain control

Anticipation variability with stimulus
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Building a 2D retina model for motion
anticipation

Image input

Ganglion cells are
independent encoders

Ganglion output v




Building a 2D retina model for motion

anticipation

Gap junctions connectivity

Image input

Ganglion output

Ganglion cells are not
independent encoders
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Building a 2D retina model for motion
anticipation

_Gap junctions connectivity

b,
Gain control _/ _/ Gain control |
TN TN
(R ()
L\_ : / — )
v > <\:,;’
|/"\, h ()
N S/

Image input

w T 0 I
(]

—

AN 8
[« )¢
\\i_/ '\(_:_,/' E‘

Ganglion output Y
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Building a 2D retina model for motion
anticipation

_Gap junctions connectivity

Image input
0 Bipolar receptive field &
{0 4
Gain control Gain control
N e
( _ \
Y »
|/;-\\-\ ! D
\"-,._ _:.._ —/’J

Gain control Oap unction Gain control
) [VYYYT (O
N L/
N4 Y anglion output v \_ /)
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Building a 2D retina model for motion
anticipation

Gap junctions connectivity

Image input

Bipolar receptive field

» A class of direction selective RGCs are
connected through gap junctions

* Their activity comprises the activity pooled
from bipolar cells and the activity coming from
the downstream RGCs, 1n the direction of
motion

A A A A A A

Gap junction /
Gain control

|V VVV | N .R(;Ul_” — 1(;),_“\11 -+ .J’R{’;L,kﬁ 1

Y Ganglion output Y

Gain control




Building a 2D retina model for motion
anticipation

Gap junctions connectivity

Image input

Bipolar receptive field

» A class of direction selective RGCs are
connected through gap junctions

* Their activity comprises the activity pooled
from bipolar cells and the activity coming from
the downstream RGCs, 1n the direction of
motion

Diffusive wave of activity
Gap junction s ahead of the motion

Gain control

Gain control

Y Ganglion output Y




results : smooth motion anticipation
with gap junctions

Firing rate (Hz)

Firing rate (Hz)
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Maximum firing rate (Hz)

1D results : smooth motion anticipation
with gap junctions

Anticipation variability with stimulus
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Building a 2D retina model for motion
anticipation

Image input

Ganglion output v




Building a 2D retina model for motion

anticipation

Amacrine cells connectivity

Image input

Bipolar output

Ganglion output

Ganglion cells are not
independent encoders
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Building a 2D retina model for motion
anticipation

Amacrine cells connectivity

* A class of RGCs are selective to differential motion
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Building a 2D retina model for motion
anticipation

Amacrine cells connectivity

* A class of RGCs are selective to differential motion

e The circuitry involves amacrine cells connectivity upstream of ganglion cells
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Connectivity pathways

Amacrine cells connectivity

Gain control

Gain control

N
! )

° Ganglion receptive field °

f

Image input

1 Gain control
f i /]
\' /
“mm=" s /~ \
Bipolar output N --7’

Gap junction f
Gain control

N
[ )
D,
Ganglion output Y N "'-\._},'
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Connectivity pathways

Amacrine cells connectivity

Image input * Bipolar voltage :
- N a
dVp . A .
L= Wa'V Fi, (1),
ey —_— +Z B, Va, + Fi(t)
j=1
L]

External drive :

Fi (1) = {H; ¥ ( S, E) ] (t)
TR dt

* Amacrine Vﬂltﬂge ‘
'y

— ) + Z e

Coupled dynamics :

Bipolar output
VR
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i — 1 I | E "y 1. 'i'i .-' 1' i E , {f"u
at TR B -'1_,- Bl

/ Gap junction f I
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{ LE = —ZE L RNV (1),
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Connectivity pathways

Amacrine cells connectivity

Vi

Gain control

\

Image input

dVp,

r

. mmdriv&:

Bipolar voltage :

-I-Z” BJ Vi, + Fu,(t).
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Coupled dynamics :
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1D results : smooth motion anticipation
with amacrine connectivity

Bipolar layer
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Maximum firing rate (Hz)

1D results : smooth motion anticipation
with amacrine connectivity

Anticipation variability with stimulus
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Anticipation time (ms)

Max firing rate (Hz)

Comparing the performance of the three layers

Anticipation contrast-wise
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Suggesting new experiments : 2D results

1) Angular anticipation
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Suggesting new experiments : 2D results

1) Angular anticipation
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Anticipation 1n V1



Anticipation in V1
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A mean field model to reproduce VSDI
recordings
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A mean field model to reproduce VSDI
recordings

Master equation for first and second moments local population dynamics (El Boustani and
Destexhe, 2009) read :
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A mean field model to reproduce VSDI
recordings

Master equation for first and second moments local population dynamics (El Boustani and
Destexhe, 2009) read :

(. Ov, | 52 7,
j e B 2 o 0wy Ovy,
. e A1
Affcrds a retino thalamic; input
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L I Fal I\:f\ F) S
| l 0 otherwise

59



A mean field model to reproduce VSDI

Zerlaut et al 2016

reCOrdlngS Chemla et al 2018

Single neuron model (The adaptative exponential integrate and fire model Brette and Gerstner,

2005 )
¢ dV R . Vv, .
C:'”i E — gL {EL -V J' + Isyu(v‘ t) + ku,ﬁ ka - J:'r.a.:
\ . dL [w+a-(V—EL)+ Y  bo(t—t,)
, = —lpt+a-(V — L F— 1,
Yodt * L p
ts€E{tspike}

The conductance-based exponential synapse

Isyn(V,t) = Z Z Qs (E; -V %’H[t—ts}

sefe,it tae{ts}

Semi analytical transfer function :

]_ VEII - : e i’ i TD
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A mean field model to reproduce VSDI
recordings

The mean, standard deviation and auto-correlation time of the excitatory and inhibitory
conductance read :

pGe(Ve,vi) = Ve Ke Te Qe pa(Ve, Vi) = pee + pei + gL
_....
| - ; Cﬂl
ll'l I—’rg hf Te Tm[ue- ul] -
age(Ve,vi) = V2 Qe e
pail Ve, vi ) = v K 13 Q; *
v K
_ [ KT . - pae Be + pai Ei + g1 ErL
) Yy — . i le, U ) =
ac |:, Ve, I ) \Ifll B Qq, pv | Ve, Vi e

5:_1 {F{H g fr-"rﬁ* *Ta J_]J )

TV Ve, Vi) = ( = T
Zs {f‘;af-"s (Us "rs]_,-"rl.T:ﬁﬁ i Ta]j

Finally, the transfer function reads :

1 Vel — oy
Vout = F (Ve,vi) = —— - Erfe( th""f )
21v L 61




A mean field model to reproduce VSDI
recordings
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Response of the cortical model to a LN
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Response of the cortical model to a retina

Retinal distance (2.5 mm)

drive with gain control
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Anticipation in the cortex : VSDI data
analysis

VSDI activity
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Comparing simulation results to VSDI
recordings

Cortex experimental
recordings

Activity
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Conclusions

* We developped a 2D retina with three ganglion cell layers,
implementing gain control and connectivity.

e We use the output of our model as an input to a mean field model of
V1, and were able to reproduce anticipation as observed in VSDI



Conclusions

 How to improve object identification
* 1) exploring the model's parameters and
e 2) using connectivity ?

* Is our model able to anticipate more complex trajectories, with
accelerations for instance ?

 How to calibrate connectivity using biology ?
 How does anticipation affect higher order correlations ?

* Would it be possible to design psycho-physical tests clearly showing
the role of the retina 1n visual anticipation ?



Thank you for your attention !
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