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Stating the problem : Visual Anticipation

Anticipation is carried out by the primary visual cortex (V1) through an activation wave
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But the retina is not a mere transmitter, it is able to perform many computations such as :
* Orientation sensitivity
* Contrast gain control
 Sensitivity to differential motion
e .... and « Motion Anticipation »

» What does retinal anticipation add to the cortical one ? 4



I ) Anticipation 1n the
retina



The Hubel-Wiesel view of vision

Nobel prize 1981

Ganglion cells response is the convolution of the stimulus with a spatio-temporal receptive
field followed by a non linearity
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The Hubel-Wiesel view of vision

Nobel prize 1981
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The Hubel-Wiesel view of vision

Nobel prize 1981

||||I
-,

I||I|
Ll

04 02 00 02 04
Time relative to flash (s)

it u:,,'
'f
1
’
’
’
]
i /4
’
’
’
' ’
: )
|‘ B
’
Vi@ @ @
] (] ! ’
1 ] ] ' 1 'l
v l,' :, L |
v 3 1,

T - ‘\k L
-04 02 00 02 04
Time relative to flash (s)

Source : Berry et
al. 1999

» Which mechanism can account for motion anticipation

in the retina ?



Building a 2D retina model for motion
anticipation

1) Gain control

How does it work ?

0.8

G(x)

0. if A<0:
Gp(A) = { 1 -

1L A5 E]SE.



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

Bipolar voltage :

V. (t) = Vig,....(t) + Pp,(t).

Non-linear function :

0, if Vg, <0p:
Ve, — 0p. else.

Na(Vi) = {

Activation function :

dA A :
o= — 2 L AN (V,(1).
dt Ta

Gain Control function :

0. if A<0:

ﬁ else.

Gp(A) = {

Output :

RB; :J\‘B{]ﬁ, ) gB(ABz }

10



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

* Ganglion voltage
Vo, =Y W& Rg,

* Non-linear function :

0, it V <0:
Nee (V) =X ag,.(V—-6g,), if g, <V <N&?/ag, +0g,
) Ngax, else.
Gain control T
< ' e Activation function :
[ ™ ) {f,‘f‘l.(;,,— kg —"1{'.;1-‘;‘-1__ n ! \.- ( .[, )
= — g NG G
dt TGr GrFYVGF (:_ka
L} N .
*. * Gain Control function :
s
Y _ 0. it A<0:
gGF (:1) N { 1_}_,1- else.

1
1

Gain control ! ° OUtput :
|

<' " R(;FA-F ( IFGFA-F ) ‘4(;FkF ) - -"\"}31- (I'.I};ij;- } gG.F‘ (AGF:.-F )
¢ 11




vi(t)
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Ri(t)

D results : smooth motion anticipation wi

gain control
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Maximum firing rate (Hz)

1D results : smooth motion anticipation with

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

2) Gap junctions connectivity

* 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, in the direction of
motion

A A A AL A A

. Ganglion receptive field ‘ 1 2 3 4 5 6

Rf;mD = I»f;m.D + -jRGmD 1

. i 4
v ~Ganglmn outpu} Y

Sams”



results : smoot
a

h motion anticipation with

junctions
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1D results : smooth motion anticipation with

gap junctions
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Maximum firing rate (Hz)

1D results : smooth motion anticipation with
gap junctions

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

3) Amacrine cells connectivity

e A class of RGCs are selective to differential motion

18



Building a 2D retina model for motion
anticipation

3) Amacrine cells connectivity

e A class of RGCs are selective to differential motion

* The circuitry involves amacrine cells connectivity upstream of ganglion cells

19



Connectivity pathways

2)_Amacrine cells connectivity

Image input d BipOlar VOltage .

dVe, )
7 ——;13 +;HB Va, + Fa,(t).

e External drive :

st (S dS

Gain control

'> < e Amacrine voltage :
( ) hm=m” A% 1 A
N . ava,; - - B,
Bipolar output - L = —— V4 (t)+ WiiRp (t).
dt TA 45 Z a5 )
. Ganglion receptive field ‘ ° Coupled dynamics :
¢ dVp, 1 1- N A1, _
dt = _ELB?; + Zj:Al W/ Va, + Fp,(t)
Gain control / Cep unction f Gain control dAp

VWY e —‘1‘? +hN (Vi (#)).
() - T = LV () + DA WERR (). 20
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Virive(t)

A(t)

G(t)

1D results : smooth motion anticipation with
amacrine connectivity
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Maximum firing rate (Hz)

1D results : smooth motion anticipation with
amacrine connectivity

Anticipation variability with stimulus parameters
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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

A) t=0ms 100 200ms 300ms 400ms 500ms 600ms 700 ms

Stimulus

Bipolar linear
response

Bipolar gain
response

Ganglion linear
response

Ganglion gain
response



Suggesting new experiments : 2D results

1) Angular anticipation

100 I T T I

Bipolar gain response
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Suggesting new experiments : 2D results

2) Anticipation and shape

Stimulus

Bipolar linear
activity

Ganglion gain
control activity
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Suggesting new experiments

2) Anticipation on a noisy background

: 2D results

27



II ) Anticipation in V1



Anticipation in V1
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Anticipation 1n the cortex : VSDI data
analysis

A)

VSDI activity
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A mean field model to reproduce VSDI
recordings Cremia st 201
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Response of the cortical model to a LN
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Response of the cortical model to a retina
drive with gain control

Stimulus Retina response (Hz) \L
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Comparing stmulation results to VSDI
recordings

Cortex experimental
recordings
b "
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Conclusions

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

* 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

Questions :

* How to improve object identification 1) exploring the model's
parameters and 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 in visual anticipation ?



Thank you for your attention !
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Stimulus 1ntegration
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Stimulus integration : anisotropy
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Connectivity graph

> Variables of the model :

e Number of branches N
Neuron 1 ; d BI' anCh length X
""""""""""""" ’ e Branch angle a

X = 3 branches

Neuron 2

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

P

I
1 )
Fy(z) =
x() Aﬁmx—i—éc

arcsin | y; — v |
Vi —ui)? + (y; — x;)°

sin (3 +

)

40



Cortex mean field model . . . ..o

Chemla et al 2018

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

2005 )
( dV V—Vihre
Crm = = g1 (B = V) + Lyn(Vit) 4 kae™ 7 =1,
< dl .,
Tyt = —ly +a- (V- Ep)+ Y bat—t)
\ tse{tspike}

The conductance-based exponential synapse

LinVit)= > 3 QB —V)e = Mt~ ta)

sE{e z} ts E{t }

Semi analytical transfer function :

0

1 Ve-ff 1 r—
Vout = F(Vea V’*‘l) = ETfC(M) with mh{:e(p‘Vao'VaTV) Py + Z Py - ( 520 ) + P, log(#—c)
QTV \/QO'V s luy oy} T gL

0 0
DS P“"y'(amo)(ayo )
w,yE{pv,av 375}2



Cortex mean field model . . . ..o

Chemla et al 2018

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

pge(Ve, Vi) = Ve Ke Te Qe pe(Ve, Vi) = pige + pai + gr
C
ve Ke7e T (Vey Vi) = ——
OGe(Ve, Vi) = 5 Qe H“a
pci(Ve,vi) = vi K; 7 Qs *

[v; K Ti pce Ee + pei Ei + gr EL
UGi(Ve;Vi) = S Q’a pv (ve,vi) = G
(Us - 75)2
e Vi) — E K, s,—
V V \/ 17 p _|_TS)

(o el @en?)
ZS (Ks Vs (US ‘TS)Q/ Tm +Ts))

TV (Ve, Vi) =

Finally, the transfer function reads :
Vﬁf F_
— 1 . ETfC( thre ,U'V)
21v \/i ov




Cortex mean field model . . . ..o

Chemla et al 2018

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

( ov | 9*F
7 (o _ L 9
gt e g e g
8-.
{ T =Ang + (Fx — ) (Fy — vg)+
ot - T@vp _r
OF, OF. TR
\ cmmﬂL%naﬁ%——-ckﬂ
Fa (1/T — Fy) £ 2= n
A,\n: N)\

0 otherwise
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