THE VISUAL SYSTEM

ICS 2805 Visual Perception
Aditi Majumder:

What do we perceive?

Example: Switch ofifi the light:in room

What We perceive

= Not only the property: of the scene

= But also that off the visual system

Our perception is filtered by the human
visual system
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Visual System

EVe - Sensor

[ ateraligeniculate nucleus
Striatercortex

s Striped Appearance
Extral striate cortex
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Visual System

Optic nerve

Optic chiasm

Lateral geniculate nucleus

Superior colliculus

Visual cortex
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Visual System

Parietal lobe
Frontal lobe Extrastriate
cortex

Striate
cortex

Occipital
lobe

Temporal lobe
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Eye : The Sensor




Eye : Structure

Receptor cells
Optic nerve fibers (rods and cones)

Fovea (point of

Rod
. central focus) =i Cone

. Optic nerve
Pigment epi

Retina
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Eye : Accommodation

Accommodation : Elexible focusing ability:
= Cornea — 80% of fiocusing ability,

n L.ens — 20% adaplab/efocusing ability
[Focusi at one depthiat a time

Limitation

= Depth of field

= Near and far point

ICS 280: Visual Perception




Myopia/Presbyepia

Far'andi near point is different for different
individuals

= [ near point isi far: presbyopia

a If fiar' point is near: myopia
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RECEPLONS! N EYE




Receptor Organization
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Receptors

-7 Outer segments
Rods |

a 120 million

= Only in periphery.

Cones

= 5 million

a 1% in fovea

s Rest in periphery.

Ini periphery: 20:1 ratio

for rods and cones
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Receptor Distribution

Blind spot \‘
]

MNumber of receptors
per square millimeter

Cones A | Cones
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Receptor Distribution

Jiurned away: from light

Jjo) get nutrition from opadue pigment
epithelitm

Tihe other cellsiare transparent not to
block light reaching the retina

Block the axons| of the;ganglion; cells from
leaving| the eye
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Blind Spot

Ganglion nerve
fibers) feldiand
leave by’ crossing
al part of retina

Tihis part does
Not have any
[FECEPLOrs

Filled out by the
brain
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Receptor Functions

Cones — for vision in photopic conditions
Rods — for vision' in scotopic conditions
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Receptor Functions

Conversioni of light to electrical energy

a Light sensitive chemical pigment in the
FECEepLors

s Abserbs phoetons andichanges the shape to
create a graded potential across the
membrane of the outer segment

= Logarithmic response supports Stevens Law,

s Potentiallis transmitted down the outer
membrane to other cells
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Receptor Functions

Pigment Bleaching

Pigment Regeneration
= 30 minutes for rods and' 6 minutes for cone
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Effiects  off Visual Pigments on
Perception

Dark Adaptation Curve

}
$~—4——— Light adapted sensitivity
4

Logarithm of sensitivity

Dark adapted
S, SENSitivity

I{maxiurn s.anslﬂvlly}
20
Time in dark (min)
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Dark Adaptation

Initial rapidiincrease

= 6 minutes

Slewer: flrther increase

m 25-30 minutes

Rods have higher sensitivity.
than cones

= Rods responsible;for dark vision
Pigment Regeneration

= 6 minutes for cones

= 30 minutes for rods
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Spectral Sensitivity
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Relative threshold of light required to detect
monochromatic light of each wavelength
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Rods have; sensitivity: to
shorter Wavelengths

Peak near 500 being
maximum sensitive to) the
blue  ageenregion

Shift of wavelengths in dark
= Purkinje shift

= Thingsiappear bluishiin gl RS e
dark Gsrggn Ygﬁn?w

m| Green foliage seems, to
stand out in the dusk
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Cone Sensitivity.
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Cone curve is the combined sensitivity of three cones
QShort wavelength

UMedium wavelength

ULong wavelength
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Cone Sensitivity

S BT T e, e L L T L T | ISESI=T
Rod vision Cone vision
-~

of light absorbed

Relative sensitivity
Relative proportion

|
500
Wavelength (nm)

Green Yellow

» Why does the sum look different near the shorter wavelengths?
-Depends on the relative proportions of each kinds of cones.

*Three types of cone responsible for color vision.

*Rods does not help in color vision. No color perception in dark.
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Effiects off Neural Processing on
PEerception




Convergence

Measured number off REUKON: SyNapse; on
another neuren

s Eye : Number oft receptor neuren synapses
oniarganglion cell

Each ganglion: cell receives many.
SYNAPSEs
= Rods tor cones convergence ratioiis 20:1

x 1 million ganglion: cells, 120 million rods and
6 million cones

= Rods have higher convergence than cones
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Rods are more sensitive in dark

Threshold for ganglion triggering = 10

Not triggered
@)
Triggered

Rods have greater spatial summation than cones
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Coenes give visual acuity.




Neural Circuits and their Effects
On Perception

Neural Circuits

Many neurens; connected threugh
COnVErgence

s Small —a few: neurons

s [arge — a few hundred thousand neurons
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Neural Processing by
Excitation and Inhibition

Firing rate of “B"

2-6
Receptors stimulated
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Neural Processing by
Excitation and Inhibition

Firing rate of "B"

1 1 L 1
4 3-5 2-6 1-7
Receptors stimulated
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Neural Processing by
Excitation and Inhibition

Firing rate of "B"

2-6 1-7
Receptors stimulated
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Receptive Fields

Jihe area of the retina that wheni stimulated
influences the firing| rate of the ganglion cells
EXcitatory center

Inhibitery: surround

Laterall Inhibition
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Hermann Grid
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Explanation : Lateral Inhibition

UClIrvine

1
" Response of 8" (larger)
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Mach Bands

Actual Intensity

Percieved Intensity
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Explanation : Lateral Inhibition

High intensity Low intensity
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D e

RPN Explanation : Lateral Inhibition

Final response
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Simultaneous Contrast
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D e

R Explanation : Lateral Inhibition
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