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Response of a retinal ganglion cell to light

Transient response

Stimulus: on ; off :
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Why spatial and temporal edge detectors?



natural scene movie
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Attneave ‘54, Barlow ‘61
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Predictive coding in signal processing
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Discrete signal, discrete time example
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Optimal linear prediction
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Optimal prediction-error filter minimizes
prediction error for a given stimulus ensemble:
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Comparison of predictive coding

theory with experiment
{ light

photoreceptor

LMC

Optimal linear filter Impulse response of fly
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Combination of optimal de-noising
and prediction-error filters
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Human visual pathway
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Measuring receptive fields using reverse correlation

Temporal receptive field of cat LGN neuron
‘ Wolfe & Palmer, 1998
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Response of retinal ganglion cells to light
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Measuring spatio-temporal receptive
field (STRF) using reverse correlation

spike-triggered
stimulus ensemble

T —= Pillow



Optimal spatio-temporal prediction-error filter
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Optimal linear filter and spatio-
temporal receptive field (STRF)

Optimal linear filter Cat LGN (Lesica, et al., ‘07) Locust LMC (L1 or L2)
(James & Osorio, 96)
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No free parameters! Jsp,ﬁot,,,,m.
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Mind the gap!
]
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Spike generation filter
e.g. Kondgen et al, 08,

Dendritic low-pass filter 4 \L Mainen & Sejnowski, 95

e.g. Cooketal, 07 1
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Analog-Digital-Analog
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How can spike timing
encode current amplitude?

5ms

Spikes:
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Over-sampling and noise-shaping



Poisson encoder: over-sampling

analog digital
signal code
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A2 modulator: over-sampling & noise-shaping
a.k.a. Integrate-and-fire™ (Shin)
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Experimental evidence of noise-shaping?

|/\, injected

current

linear
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Datasets:
1. Ferret visual cortex neurons (Wang & McCormick)

2. Mouse olfactory mitral cells (Tripathy & Urban)
3. Fly olfactory receptor neurons (Nagel & Wilson)



Experimental evidence of noise-shaping

W Somatic current
W Poisson encoder error
= |ntegrate&Fire error
= Biological neuron error
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Linear decoding of spike trains
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Decoded spike train error
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Advanced noise-shaping

* higher-order prediction: ‘<error2> ~ (/S ‘
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View the zoo of ion channels as non-linear predictors and integrators



Why rectification?

* Energy efficiency (Laughlin, Levy, Lennie)
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* De-noising:
Threshold-linear function finds most

probable signal estimate for Laplacian
signal and Gaussian noise
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