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Too slow !
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Visual Anticipation

Source : Benvenutti et al. 2015 
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Visual Anticipation

Source : Benvenutti et al. 2015 

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

Source :
Berry et al.
1999

Anticipation also takes place in the retina 
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Visual Anticipation

What are the respective mechanisms underlying retinal
and cortical anticipation?

TrajectoryTrajectory
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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

Which animal ?
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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 in the retina
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The Hubel-Wiesel view of vision

Ganglion cells

Nobel prize 1981

Ganglion cells response is the convolution of the stimulus with a spatio-temporal
receptive field followed by a non linearity 

Ganglion cells are
 independent encoders
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The Hubel-Wiesel view of vision

Source : Berry et al. 1999

Ganglion cells

Nobel prize 1981
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Gain control (Berry et al, 1999, Chen et al. 2013)

Building a 2D retina model for motion
anticipation



 41

Building a 2D retina model for motion
anticipation

Gain control (Berry et al, 1999, Chen et al. 2013)



 42
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Gain control (Chen et al. 2013)
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Building a 2D retina model for motion
anticipation
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1D results : smooth motion anticipation
with gain control

Bipolar layer Ganglion
layer
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1D results : smooth motion anticipation
with gain control

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

Diffusive wave of activity 
ahead of the motion

 Gap junctions connectivity
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Smooth motion anticipation with gap
junctions
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Low gap junction conductance

Smooth motion anticipation with gap
junctions
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Smooth motion anticipation with gap
junctions
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Smooth motion anticipation with gap
junctions
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Anticipation variability with stimulus
parameters 

Smooth motion anticipation with gap
junctions
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Building a 2D retina model for motion
anticipation
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Building a 2D retina model for motion
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Ganglion cells are not
 independent encoders

 Amacrine cells connectivity
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 Amacrine cells connectivity

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

  

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

● The circuitry involves amacrine cells connectivity upstream of ganglion cells  

Building a 2D retina model for motion
anticipation

● A class of RGCs are selective to differential motion 
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 Amacrine cells connectivity

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

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

Diffusive wave of activity
ahead of the bar  

Building a 2D retina model for motion
anticipation
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anticipation



 69

Building a 2D retina model for motion
anticipation

Spatial profiles w=1

x



 70

Building a 2D retina model for motion
anticipation

Spatial profiles w=3

x



 71

Building a 2D retina model for motion
anticipation

Spatial profiles w=5

x
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Building a 2D retina model for motion
anticipation

Temporal profile of the middle cell
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1D results : smooth motion anticipation
with amacrine connectivity

Bipolar layer Ganglion layer
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1D results : smooth motion anticipation
with amacrine connectivity

Anticipation variability with stimulus
parameters 
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Comparing the performance of the three layers
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Suggesting new experiments : 2D results

1) Angular anticipation

Stimulus

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

Bipolar linear
response

Bipolar gain
response

Ganglion linear
response

Ganglion gain
response

A)

B) C)
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Suggesting new experiments : 2D results

1) Angular anticipation
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● The retina is able to encode complex visual scene features, fast and reliably, with a
very low energy consumption, without spikes, except at the ganglion cells level.
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Conclusions

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

● 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 rôle 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.

● Useful paradigms for :
1) Computer vision ?
2) Retinal prostheses ?  
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Anticipation in V1
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A mean field model to reproduce VSDI
recordings Zerlaut et al 2016

Chemla et al 2018
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A mean field model to reproduce VSDI
recordings Zerlaut et al 2016

Chemla et al 2018

Affords a retino thalamic input
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Response of the cortical model to a LN
retina drive



  

Response of the cortical model to a retina
drive with gain control



  

Anticipation in the cortex : VSDI data
analysis (Data courtesy of F.

Chavane et S. Chemla)



  

Comparing simulation results to VSDI
recordings

Cortex experimental
recordings 

Simulation results
Response to an LN
model of the retina

Simulation results
Response to a gain
control model of the
retina



  

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



  

Conclusions

● 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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