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RF organization in Summation at
the soma
_GN N

source: webvisiep Yy = f ( wzxz)
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Fig. 13. Tangential section through the human fovea.
Larger cones (arrows) are blue cones. From Ahnelt et al. 1987.
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Modified from http://thalamus.wustl.edu/course/eyeret.html
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Striate cortex

Lateral geniculate nucleus
(LGN)

.....

Visual area 2

Superior colliculus

Source:
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RF organization in V1

Simple cell

Hubel & Wiesel 59 '62 '68



- organization in V1

Stimulus: on off

Hubel & Wiesel '59 '62 '68



Orientation tuning in the visual cortex
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H&W hierarchical model of striate cortex
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H&W hierarchical model of striate cortex
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H&W hierarchical model of striate cortex
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H&W hierarchical model of striate cortex
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RF organization in V1

Complex cell

Hubel & Wiesel
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RF organization in V1

Complex cell

Hubel & Wiesel 569 '62 '68



H&W hierarchical model of striate cortex

Hubel & Wiesel



RF organization in V1

Ganglion

Complex
cell
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From feature detectors to population codes
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From feature detectors to population codes
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Seeing with brain maps
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Seeing with brain maps

Orientation tuning

Source: Unknown



Frequency channels

Spatial Frequency (c/deg)
0.26 0.43 0.70

Spatial
Frequency
(c/deg)

1.13

1.84

180

of T N

Orientation
(degrees)



Beyond edge detection: Multi-dimensional tuning

Motion direction tuning

Image source: Shmuel & Grinvald ‘96



BSeyond edge detection: Multi-dimensional tuning

Color tuning

Orientation
maps

Ocular
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column

Color ‘blobs’

Image source: Lu & Roe ‘08



Visual analysis: Cortex vs. computers

Brains: Full-replication
scheme
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Computers: Scanning




—arly vision

Retinal
processing

Early
vision

Motion

Higher-level

vision

Memory

Color

'

Retina

Orientation

/AN
\N

Binocular
disparity

More

processing

Etc...

v |

Still more
processing

source: Adelson & Bergen ’91



Motion, attention and eye movements

Dorsal visual stream J
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Ventral visual stream

Object, shape, color processing

Streams of processing



Parallel increase in invariance
properties (position and
scale) of neurons
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gradual increase in complexity
of preferred stimulus
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Hierarchical architecture:
Function




o

.yposmon(degj

—
N
1

-d
N
|

o
I

X position (deg.)
12 v 0 " 12 - 3 iz
< (O gradual increase in complexity
of preferred stimulus
. b o X¢

0D ©6

42 ' ' o ' _ b4 ‘ '
oS Translation 2% Spirals <=~ Deformation
V1 4
V2

IT

Hierarchical architecture: | source: Mineault et al 2011
Function




Electrical  Qil supply
/

contact
%
Juiéel
supply
~ .
Electrode | _ | - - Signal
assembly - vt b/ox ’\
Head 4| 8% 9
clamp N A i SN
Zr v )
i Vi |va

f ol ’/)
) V2
1§ /K IT

! } “? Invariant object category
/ information can be decoded from
small populations of cells in IT
Invariant image
representation in the |T

/




77 unique stimuli Decoding possible from around 100 ms
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