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Outline

* Visual information processing
in the Retina

e Anticipation and Surprise in
the Retina

* A computational model with
dynamic inhibitory coupling
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Information Processing in the Retina

Cornea

Optic nerve




e Transforms visual inputs
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Information Processing in the Retina

e Transforms visual inputs
into neuronal responses

e Multi-layered dynamical
system

e Complex Network of
excitatory and
inhibitory cells that
extracts relevant
information
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* The retina does not encode
the visual scene per se

* but forms predictions about
future stimuli

* and signalling surprise about
unpredicted inputs ( = error
signal)
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Response latency
shifts with
stimulus period
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Inhibition is
necessary for
latency scaling
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Dynamic Network Model of the Retina
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Dynamic Network Model of the Retina

@ excitatory 1. Convolution of stimulus and temporal kernel
O inhibitory
@ dynamic FX (ﬁ) _ Sr}{ [(.l'.’}{ % Sl(f)

2. Intermediate units integrate the signal

dV. V
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Dynamic Network Model of the Retina
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@ excitatory
O inhibitory
@ dynamic
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1. Convolution of stimulus and temporal kernel
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Dynamic Network Model of the Retina
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3. RGCs pool over network




Dynamic Network Model of the Retina
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1. Convolution of stimulus and temporal kernel
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2. Intermediate units integrate the signal

dVx V
— = = —— + Fx(t)
dt TX

3. RGCs pool over network

dVeg Vi

Ve
- 9
It o + E 11UX}3’ [’X( )7 X)

X — E()N IUN IUFF

Gly



Input-dependent Adaptive Coupling via Short-
term Depression
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Input-dependent Adaptive Coupling via Short-
term Depression
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Conclusion

* Retina forms predictions
about it future inputs and
signals surprise when they
are violated

36




Conclusion

* Retina forms predictions
about it future inputs and
signals surprise when they
are violated

* We show how this may be
implemented via dynamic
synaptic adaptation

@ excitatory
O inhibitory
@ dynamic

Postsynaptic Density

=
o
o

Relative

ON ON ON
EOV/\ 2N
O
©
v gzolez
" R(t)

response latency [ms]
wul
o o

time Is1

60 80 100 120
period [ms]

170

37




Conclusion

* Retina forms predictions
about it future inputs and
signals surprise when they
are violated

* We show how this may be
implemented via dynamic
synaptic adaptation

* How is surprise to more
complex stimulus motion
with sudden changes in
trajectories shaped
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