SPATIAL VISION

ICS 2805 Visual Perception

ME Spatiall Frequency: Theory.

So far, we have considered, feature detection
theory

Recent development
s Spatiall Frequency Theory.

= [he fundamental elements are spatial frequency,
elements

= Does not preclude having feature detectors

Spatial vision

= No good! convergence in physiology and
psychophysics: yet

Unlike: color vision
ICS 280: Visual Perception




Gratings

Images representing
SINE WaVes

= Freguency.

s Orientation
= Amplitude

| Ph ase B. Ditferent Frequency C. Different Orientation

gl

D. Different Amplitude E. Different Phase

A, Sinusoidal Grating
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Fourier Transform

Any image cani be IIIII NN
expressed asiallinear

combination of a Paamanmnze »
bunch of sine gratings & et
of different freguency, B l| A
andl orentation iz

= Amplitude 13 ’I%lmlml\ s
=Phase R
i [ S
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" Horizontal Posaion




Fourier Synthesis

Tihese compoenent gratings can thenibe
added together'to) create the original
iImage back
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Spatial Frequency Content

[lower: frequencies

sl Global pattern of light
Higher firequencies

x| fFeature details like edges

ICS 280: Visual Perception




Spatial Freguency: Theory

Eachi chiannel sensitive to particular range
of frequencies and orientations

Can overlap withreach' other
Similar te) the; color primaries
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Contrast Sensitivity Function
(CSF)

Present: a sine; wave of particular
freguency,

Start from! 0'contrast and keepi increasing
contrast

Note the contrast at which it becomes
barely visible firom an uniform gray. field
Definesithe contrast threshold for that
freguency

Performed for a range of freguencies
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N4 Contrast Sensitivity Function
Ui (CSF)

Minimum contrast required ter detect a
particular freguency,

Maximumi sensitiverat 4-5' cycles per

Stripes
Invisible
Stripes
Visible
Stri

Vtsi‘t):lleas

Contrast Threshold
Contrast Sensitivity

g

Stripes
Invisible

lowl

1 10 100 1 10 100

Spatial Frequency
g e il feydles/degree)

A. THRESHOLD B. SENSITIVITY

Tlesting Contrast Sensitivity

AL



ME Clvine CaIcuIating Cycles per Degree

Distance; of the; subject from the screen in
inch = d

Resoelution: off the'screen! inl pixels/inchi = r
Noe. of pixelsiper degree = 180/i7d 1

NG of sine cycles!ini 180/ dr pixels tells
the number of cyclesiper degree
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Changes with Illuminantion

Sensitivity’ decreases
with dark |
u| ESpecially/in high
fireguency: regions
= Lower visual acuity in’ &
dark
The peak sensitivity
occurs) at lower
frequencies |
= 5 to 2 cycles/degree Spatial Frequency (c/deg)
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Development with Age

Not great for

DabIes g

s Infantsicannot Human Infant
recognize people

Monkeys and

macadue have

Similar CSE as 1 10 100

Spatial Frequency (cycles/degree)
h RIS C. COMPARATIVE SENSITIVITY

Contrast Sensitivity
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3 Development with) Evelution

Controst Sensitivity

e

Relative

Spatlal Frequency (c/deg)
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Uﬁqﬁm Temporal Contrast Sensitivity.

g

Present image of
flat fields
temporally.
Varying'in
intensity: like a
SINE WaVve

If the flicker is
detectable

Cycles per second

g

E

3

Amplification, M= ———

]
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Filters

llow: pass filters

s Blocks! high' freguencies
s [age blurrng

Band! pass filters

s Blocks' both high and low! frequencies: allowing
only: medium ones

High' Passifilter
x| Blocks low freguencies
= Edge detection
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CSF and filters

Both spatial and
temporal CSE act
as) band/ pass
filters 7\ .
Ao ey y&e
interact? » A
= At higher temporal

freguency, acts as
low! passi filter

A\ _:'ll‘.l'\\ "\\ \ |

SPATIAL FREQUENCY
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IHow: does this help us?

Detecting objects versus illumination
s [llumination changes are low: freguency.
Both in space and time
s Morning to day: to might
= Changes over regions; slowly:

= Can phase out illumination and be more
sensitive, to reflectance

Insensitive; to afterimages
= Usually blurred' low freguency ones
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ﬁ[ﬁ Sl Selective Adaptation, oft Channels

Adaptation to
Certain
ranges of
freguencies

Selective

=

I

ICS 280: Visual Perception

CSE changes before
and' aiter
adaptation
Subtraction firom FOREILTY S
the originall CSE
gIVES tihe response
of the cells that are
adapting

high

Threshold Elevation

g

100
Spatial Frequency (cycles/degree)
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M Selective Adaptation ofi Channels

Multiple channels
that adapt to
different ranges of
freguencies T 100

Spatial Frequency (cycles/degree)

Contrast Sensitivity

g

After
Adaptation
high b

Contrast Sensitivity

low
1 10 100

Spatial Frequency (cycles/degree)
Slide 21 ICS 280: Visual Perception

Selective Adaptation to
Orientations

Similarly, for erientation
Orientation| adaptation

I
afitereffects | I I I | |
W
P’ Aﬂer | | I | | |
Adaptation
» T //;/ ||If|

Adaptation

CONTRAST SENSITIVITY

GRATING ORIENTATION
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Further Support

Checking the, threshold for square and
sine grating| off same. freguency. (above;4-5
cycles per degree)

Should be same
s Square wave: made of many Sine Waves

a Will be visible as soon as one of the sine
Waves are visible

= [he threshold for the higher sine waves are
lower
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Physiologicall Support

Infinite sine waves

Eye has finite
receptive; fields

|local piecewise

freguency analysis

= Small patches of sine
Waves that fade out

s Garbor Functions

Multiplying sineiwaves
with' a gaussian
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>

y;g

Light Intensity Conltrast  Light Intensity
g3 81

g




Physiolegical Support

Garbor Eunctions

s Cells with such
response found in the

simple cells off visual
COrtex

Relative Sensitivity  Relative Sensitivity Relative Sensitivity

Degrees of Visual Angle
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