Computational Vision

 Orientation selectivity
- Spatial frequency

» Color opponency

* Normalization




General announcement (from your TA)




Soundary annotation




Here’s the deal

 Annotate the boundaries
between things in 100
natural scenes

* $5 an hour (est. 10 hours
of work)

* You have to complete
within two weeks

» Speed bonus: $50 if you
complete within one week

* contact:
david_mely@brown.edu


mailto:david_mely@brown.edu
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The visual system

Adapted from Motter and Mountcastie 1981



Computing with LGN

- Basic anatomy and
physiology

« Center-surround
processing

Thalamic Relay Cell
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» Color opponency channels
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Image source: DiCarlo
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The visual system

Adapted from Motter and Mountcastie 1981




Seeing with brain maps

Orientation tuning

Source: Unknown



Visual analysis: Cortex vs. computers

SBrains: Full-replication .
P Computers: Convolution

« Image ongin
\‘ ’ he mechanics of
*>) lincar spatial

featu re mapS | X d ‘ shows a 3x 3 hilter
\ mask and the
| Mk centered corresponding
ot an arbitrary | mage
\ Py~ neighborhood
o { directly under
m C OnJunC ti On v . it. The image
neighborhood is
shown displaced
7 . \ out from under
\ the mask for case
ﬁ‘ ) T 1) w10 o I | of readability
|
Image f / ' {

-l Jd ol -
[ RS T - -
S R - -

wil, =1 w{1,0) w1, 1)
I [ I -
(x=1Ly=1) (x=Ly) =i yel Mask coelliomnns, showing

coundingt ¢ afrenpensen !
f Ly=1) . Lyel) kernel
tely=l) el
aape coording bes andet the mash

h

S NN
NN

A
YWY
F1 P

(RS R |




From feature detectors to population codes
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Computing neurons
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rectification

Spike trains / firing rates
coming from each
afferent neuron

f(u) = u if u>0
and O otherwise

f(u) = u? if u>0
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Spike generation
process introduces
non-linearity

ganglion cells =
retinal output /
LGN



Reverse-correlation / spike-triggered average

finding out the neuron selectivity = template

— WX
= |[w]l[|x]] cos(6) |
spike
triggered
average at
time t
spike #3_
t ms before

spike




Reverse-correlation / spike-triggered average

finding out the neuron selectivity = template

— W-*X
= [|w][|[x|] cos(0)
t ms before
spike




Reverse-correlation / spike-triggered average

finding out the neuron selectivity = template

Sum

= |[wl[[|x[| cos(0)

Receptive Eield Organization

[Reverse Correlation Analysis)




Gabor functions as models of simple cells

Space Domain Frequency Domain Gabor filters optimize the general
Q uncertainty relations for joint spatial-
\\\ spectral information resolution
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Jones & Palmer ‘87



Gabor functions as models of simple cells

Gabor filters optimize the general

t spatial-

spectral information resolution

join

uncertainty relations for

2D Receptive Field
2D Gabor Function

" Difference

Jones & Palmer 87
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Figure 2. Hierarchical feedforward models of the visual cortex.

Is there How big is

visual an animal? Where is this object?
. the boundary
DDl of the object?,

Computing with V1

Gabor filters
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Figure 23. The ice-cube model of the cortex. It illustrates how the cortex is divided, at the same time, .
into two kinds of slabs, one set of ocular dominance (left and right) and one set for orientation. v _» Complex units
The model should not be taken literally: Neither set is as regular as this, and the orientation O Simple units

slabs especially are far from parallel or straight.

Gabor filters at multiple phases (one phase shown), orientations and spatial
frequencies/scales (parameters derived from available experimental data)
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Computing with V1

Gist descriptor
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TRENDS in Cognitive Sciences

source: Torralba & Oliva 2006 2007



