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The visual tflow
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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?
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The visual flow
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Which generic computational paradigms are at
work in the retina ?
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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 generic 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 (Berry et al, 1999, Chen et al. 2013)

Image input

Ganglion output Y




Building a 2D retina model for motion
anticipation
Gain control (Berry et al, 1999, Chen et al. 2013)

Image input

Bipolar voltage :
VB, (t) = Vigioe (1) -

Bipolar receptive field

L
iZ
o
=
—
5
a
=
ﬁ
=)
o
=
)
=

0. if Vg, < 0p:
Vg, — g, else.

No(Va,) ={

Activation function :

1A A o .
B OB p N (Vi (1)).
dt Ta
. + Gain Control function :
. 0. if A<
Gp(A) = { o
Gain control / / Gain control B l—-—l_-fl."’ 5 ElhE‘.
— — * Qutput :
L  J Ganglion output \J Rp, = NB (Ve ) U (AB, ).




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
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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
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Rp, =NB(VB,) Ge(AB,).
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results : smooth motion anticipation
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Maximum firing rate (Hz)

1D results : smooth motion anticipation

with gain control

Anticipation variability with stimulus

1.3

1.2}

1.1}

0.9

0.8

0.6

Maximum firing rate
Anticipation time

0.4

0.5 0.6
Contrast

0.7

0.8

Maximum firing rate
Anticipation time

74

L
[=2]
[==]

% - - T S |
-] o S = I=))
Anticipation time (ms)

L
u
=]

parameters
T 75 40
.
38
1 70
7 ¥
£ E 36
1652 E
= o
5 E34f
— 4=
T E
41 602 =]
= £
e x 32f
<< o
=
155
30
. 50 28
0.9 1 20

40 60 80 100 120 140
Size um

160

180

54
200

Maximum firing rate (Hz)

35

50+

45

40

35

30

25

20

15

10

Maximum firing rate
Anticipation time

1 200

41 180

-
3
(ms)

1 1402

'
=
[
(=]
Im

—

o

o
Anticipation t

.
[=2]
[=)

° . 1 40

5 6 7 8 9 10
Speed (mm/s)

45



Building a 2D retina model for motion
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Image input
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independent encoders
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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
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Building a 2D retina model for motion
anticipation

_Gap junctions connectivity
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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
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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

Diffusive wave of activity
Gap junction s ahead of the motion
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Smooth motion anticipation with gap
junctions
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Smooth motion anticipation with gap
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mooth motion anticipation with gap
junctions
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Maximum firing rate (Hz)

Smooth motion anticipation with gap
junctions

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

Amacrine cells connectivity
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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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Building a 2D retina model for motion
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Building a 2D retina model for motion
anticipation

Amacrine cells connectivity
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Building a 2D retina model for motion
anticipation

Amacrine cells connectivity

Image input

Bipolar receptive field

o /o
rJ ~
L 3

am="

n n
Y. > 2N
~ v

Bipolar output

. Ganglion receptive field 0

/ Gap junction f
Gain control Gain control

> T

Y Ganglion output Y

* Bipolar voltage :

dv, 1 .-

; . . _._4.: F 1 L

= —— Vg, + E Wg! Va, + i, ().
ot o j=1 )

* External drive :

|' :.'j,;,f/l:' f}":\‘l

Diffusive wave of activity
ahead of the"bar

rll:ll‘ - TE Ve, L.f_l Vi B; ‘.."1..' LBt

Ao, _ _L—” +h N(Vg, (1)),

dV 4 - . - = ;
S = =L VA () + T W R, (1),
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Building a 2D retina model for motion
anticipation
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Building a 2D retina model for motion
anticipation

U000
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Building a 2D retina model for motion
anticipation
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Building a 2D retina model for motion
anticipation
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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

1 . . - . . - - - 80 40 T T T T T T T T 86 a5 , : , . : : , , 220
Maximum firing rate Maximum firing rate * Maximum firing rate
0.95} Anticipation time = 28 Anticipation time t ¢ 184 a0} Anticipation time 1 200
. 4 75 B
. N { 180
0.9} H — : 182 35t
—_— N — »;‘- |
. H 1708 % 36} : [ 1605
0.85} . s = 80y g3} . 1 1409
g o b4 § = £
= = = o =
08l . {655 E34f 1788 £ a5 { 1205
= = = -
g E s E : | 1008
0.75} S E : 1762 220} S
: {1 608 X 32f g £ . =
<z < 5 180 <
0.7} 74 Z 151 .
L]
{55 30t A 1°°
0.65| 72 s
10 e ., 1 a0
L] - . . . .
0.6 . . I 1 1 . . 1 50 28 . . L L - - - - 70 5 i i i i i i i i 20
01 02 03 04 05 06 07 08 09 1 20 40 60 80 100 120 140 160 180 200 1 > 3 4 5 5 7 8 9 10
Contrast Size pm Speed (mm/s)

74



Anticipation time (ms)

Max firing rate (Hz)

Comparing the performance of the three layers

Anticipation contrast-wise

75 . . . . -
A
Adding gap junctions @ A °
Adding amacrine connectivity & A ®
70+ y=X L 1
A&
A
L ]
65| A ® 1
]
A
60 ] 1
]
551 1
50 F 1
L
45 1 1 1 1
50 55 60 65 70 75
Gain control anticipation time (ms)
Maximum firing rate contrast-wise
Adding gap junctions @
8r Adding amacrine connectivity & ° PY .... 1
y=x ®
7L ] ]
®
6| 4
L
5 - .
a4t ]
3t 4
2 - -
X A AAAAM
0 1 1 1 1 1 1 1
0.5 0.6 0.7 0.8 0.9 1 1.1 1.2 1.3

Gain control max firing rate (Hz)

Max firing rate (Hz)

Anticipation size-wise

Anticipation speed-wise

80 T T T T T T T T A 240 . - - - - - - . —
Adding gap junctions @ 4 4 ® 220 |- Adding gap junctions @ .|
. . P A . . . o
Adding amacrine connectivity A ® Adding amacrine connectivity A
75} L A 00 ] 200} y=x ]
[
- : _180f .
wn
£ E160} A 1
@ 70 - ] v [
E (] £
pt S 140} |
5 5
© =120+ ® |
265t A 1 a
= 2100} 1
< _E ]
80| g 1
60 | 1
60 | z 2 :
o2
a0} A ]
55 L 1 L L L - - - - 20 1 1 1 1 1 ! 1 1 1
54 56 58 60 62 64 66 68 70 72 74 20 40 60 80 100 120 140 160 180 200 220
Gain control anticipation time (ms) Gain control anticipation time (ms)
Maximum firing rate size-wise Maximum firing rate speed-wise
50 T T T T T P 70 . . . E . T T T T
Adding gap junctions @ LR Adding gap junctions @ e®®
Adding amacrine connectivity & ° 60 Adding amacrine connectivity & o® o®
=X - _ .
ash Y ® J y—X ® o
@
® 50 T
o
a0t =
& a0} 1
e
o
£
35} <30T 1
(]
=
20 | 1
30}
10| 1
25 L L L L 1 0 1 1 1 1 1 1 1 1 1
28 30 32 34 36 38 40 5 10 15 20 25 30 35 40 45 50 55

Gain control max firing rate (Hz)

Gain control max firing rate (Hz)



Suggesting new experiments : 2D results

1) Angular anticipation
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Suggesting new experiments : 2D results

1) Angular anticipation
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Conclusions

* The retina 1s able to encode complex visual scene features, fast and reliably, with a
very low energy consumption, without spikes, except at the ganglion cells level.

e A large part of the « computation » is made by synapses.

 Starting from the retina architecture one can extract circuits solving « tasks » such as
motion anticipation.

» The role of gain control and local synaptic balance between excitation-inhibition has
been experimentally shown to play a central role in anticipation (Berry et al, 1999 ; Chen
at al, 2013 ; Johnston-Lagando, 2015).

« Here we propose that lateral connectivity also plays a role in motion anticipation
where a wave of activity propagates ahead of the motion.

e Useful paradigms for :
1) Computer vision ?
2) Retinal prostheses ?
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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 :

[ Ov | 1 O*F,
T E =(F, — —Cap 5
or et S om G o,
dcx, | |
J T ;i’ =Axn + (Fa —va) (Fy —vp)+ 5
ey,
NGy T NGy, T T

Fa (1/T = Fx)
AA,?Z N}.

itA=n

] otherwise



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

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,)
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Yodt * L p
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The conductance-based exponential synapse
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Semi analytical transfer function :
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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] -
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v K
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Finally, the transfer function reads :

1 Vel — oy
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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
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Anticipation in the cortex : VSDI data
analysis

VSDI activity

C)

decrease,

20 F

—— Ousterl

— Chusaer 2

Chuier 3
F— tuster a
E— Duster s

I
50

Time (ms)

100

Fitting the decay of the activity

150

15 |

10 +

T

a.exp(-x/b)

20

40

60

Time (ms)

B)

D)

Time (ms)

Time (ms)

35

30

Fhi]

I I Decay time constant
‘ 1 r 1 4 5

(Data courtesy of F.
Chavane et S. Chemla)

Width at 2/3 height

3

Clusters

-~ — —

Clusters



Comparing simulation results to VSDI
recordings

Cortex experimental
recordings
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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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