Systems Neuroscience



The CNS
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Sensory Areas
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Senses

sight (vision)

hearing (audition)

touch (somatosensation)

smell (olfaction)

taste (gustation)

pain (nociception)

body configuration (proprioception)

acceleration and balance (vestibular sensation)



Processing

receptor discretization — sampling
— frequency-dependent hair cells

— retinal cone/rod sampling

— touch receptors

— olfactory receptors

combined to make receptive fields
sensitivity across decades:

— adaptation and Weber’s law
optimality:

— matching to natural statistics?

— matching to behavioural relevance?
— redundancy reduction



Neocortical Senses

* common pathways:
— receptors
— subcortical nuclei
— thalamus
— primary cortex
— secondary + higher cortex



Neocortical Connections




Other Common Properties

* thalamic loops between cortical areas
* cortical feedback (generative models)
* parallel sub-cortical pathways (tectum)

Cortical area 1 (FO) Cortical area 2 (HO) Cortical area 3 (HO)

first order
thalamic relay
(LGN, MGNy,
VP, etc.)

/

higher order
thalamic relay
(Pul, MGNd,
PO, etc.)




Zonue Y rod and cone
e receptors (R)
ICES
| |
‘ e horizontal (H)
Vitreous humor ? )y bipolar (B)
AL amacrine (A)
Rrai + L
o RO — 5%
B ) @ L@ ( retinal
2= : ganglion (G)
/' Optic nerve ) o Optic

’l A 'T\nght'T\ A nerve




Retinal RFs
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Centre-Surround Models

e difference of Gaussians model
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Leading to a Firing Rate

» firing rate as a dot product for stimulus s(x,y)
r(s(z,y)) = / dx dy D(x,y)s(z,y)

* if identical RFs are distributed over space with
centres (¢.,¢,), we can write the convolution

r(c., ¢, s(x,y)) = / drdy D(c, —x,c, — y)s(z,y)



Spatial Frequency

* by the convolution theorem, consider the
frequency response of the filter

' A A A 4
-t o " = 13

* formally: bandpass
* but —in low light levels (scotopic vision)...



Edge Detection

orginal image DoG responses thresholded



Colour Coding
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Thalamus

Striate cortex Acodenic Press inom end derived iveis
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A Inputs

from lateral geniculate nucleus

Cortical Layers

B Resident cells

C Local information flow and outputs
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Cortical Topography
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Ocularity
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Fig. 1. (a) Three-eyed Rana pipiens & months afier mutamorphosis, The central eye primordiam
was implantad at Shumway stage 17 from a similarly staped donot. The supernumerary eye has
externally normal dimensions, but lacks & pupillary response. (b) Autoradiographic distribu-
tions of grain densities in the oplic wetum of & 3-month posimetamorphic 1hree-eved frog after
injection of 10 xCi of ["Hjproline into the vitreous body of the normal eve. (nset) Dark-field
enlargment showing the pronounced segregation of labeled and unlabeled regions of the tectal
neurop:l.




Orientation Selectivity

s (orientation angle in degrees)



Cortical Arrangment

pinwheels linear zones  ocular dominance

/\v boundaries




Linear RFs

e extend retinal model to time

o
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Separable
response

* Gabor-like spatial tuning for simple cells:
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Linear RFs




Orientation Selectivity
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Drifting Gratings
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Space-Time (In)Separability




Complex Cells

e sensitive to orientation, but not spatial phase
Quadrature pair

X— X ——»

NIE

- <




Visual Hierarchy

hierarchical processing:
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