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Vision I
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TheVisual System

� Thevisual system consistsof two parts.

– Theeyes act as image receptors.

– Thebrain actsasan imageprocessing and
interpretation unit.

� Understanding how wesee requires that weunderstand
both components.
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TheHuman Eye
(TheRight EyeViewed From Above)
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Packaging

� Thesclera is commonly known as “ thewhiteof the
eye.” It is the tough, opaque tissue that servesas the
eye'sprotectiveouter coat.

� Thecornea is the transparent, dome-shaped window
covering the front of theeye. It isapowerful refracting
surface, providing 2/3 of theeye's focusing power.

� Theconjunctiva is the thin, transparent tissue that
covers theouter surfaceof theeye. It beginsat theouter
edgeof thecornea, covering thevisiblepart of the
sclera, and lining the insideof theeyelids.
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FocusControl

� Thecornea and aqueoushumour act asaprimary lens
which performscrude focusing of the incoming light.

� The lens ismadeof asoft transparent substance. It
providescontrol over theeye's focusing.

� Thezonula isamusclewhich controls theshapeand
position of theeye's lens.

� With age, the lensgradually hardensmaking it harder
for theeye to focuson nearby objects.
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The Ir isand Pupil

� The iris isacoloured musclewhich coversall but a
small opening in the font of theeye.

� The iris controls theamount of light entering theeye.

� Theopening at thecentreof the iris is called thepupil.

� In low-light thepupil dilates to let in more light.

� Thesizeof thepupil isalso subject to mood. Thepupil
dilateswhen wearehappy or experiencing pleasure–
this iswhy such timesseem “brighter.”
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Constricted and Dilated Pupils

Constricted Dilated
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The Inter ior of theEye

� Thevitreoushumour � lls the interior cavity of theeye,
providing support.

� The retina providesaphotosensitive layer on the inside
of theeye.
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TheRetina

The retina isa layer of specialised nervecellswhich line the
eyeand convert light into electrical signals.

� Many millionsof individual photo receptorsgenerate
theelectrical signals.

� Interconnecting horizontal cells combineand modify
thesignals.

� Ganglion cells conduct thesignals to thebrain.
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Retinal Structure

� Receptor cellsareat theback of the retina.

� Light passes “ through thewiring” .

� Horizontal cellsdo some initial signal processing.

Light
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bipolar cell cone
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Photo Receptor Cells

� Theeyecontains two different classesof light sensitive
cells (or photo receptors).

� Rod cells providesensitive low-light vision.

� Conecells providenormal vision.
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Rod Cells

� Rod cellsprovide low-light vision.

� There isonly one typeof rod cell.

� Rod cellsprovideno colour discrimination.
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ConeCells

� Conecellsoperateat medium and high light levels.

� Thereare threedifferent kindsof conecells, each
sensitive to different light wavelengths.

� Thesensitivity to different wavelengths iswhat
providesuswith colour vision.
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Rod And ConeDistr ibution

� Thedistribution of rod and conecells isnot uniform
across the retina.

� Theconesareconcentrated at thecentre rear of the
retinaand the rodsaremoreevenly distributed away
from that area.
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TheMacula And Fovea

� Thecentre-rear of the retinahasasmall yellow spot
known as themacula.

� At thecentreof themacula is the fovea.

� The foveahasa largeconcentration of conecells, and
no rod cellsat all.
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High Resolution Vision

� In normal light, the fovea is thepart of theeyewhich
yields thehighest resolution.

� The foveaoccupiesabout 15� of our visual � eld
(slightly larger than themoon).

� Thehighest resolution of all isgiven by the fovea
centralis which givesoccupiesabout one tenth of this.
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TheResolution Of TheVisual Field

Thepictureon theright showstheresolution with
we would expect to see the face of the child if we
were to stare � xedly at thechild's right eye.
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Night Vision

� In very low light or at night weseeusing only our rod
cells.

� The rod cellsareconcentrated away from thecentreof
our visual � eld.

� At night wehavea “blind spot” at thecentreof our
visual � eld.
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Neural Connections

� A network of nervesgatherssignals from the
photo-sensitivecellsof the retinaand conducts them to
theoptic nerve, which isattached to thescleraat the
rear of theeye.

� Theoptic nerveconveys the information from the retina
to thevisual processing centresof thebrain.
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TheBlind Spot

� Thereareno photo receptorswhere theoptic nerve
reaches the retina.

� Thiscreatesa “blind spot” in thevisual � eld of each
eye.

� Weareusually unawareof our blind spotsbecause
information from theother eye isused to � ll in the
missing part of thevisual � eld.
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Finding Your Blind Spot

� Draw acrossand adot about 8cm apart asshown below.

� Closeyour right eye.

� Look directly at thecross

� Move thepagebackward and forward until you see the
dot disappear.
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Retinal Circuitry

� In the retina, horizontal cells connect photo receptors
together.

� Theseconnectionsmean that somesimple image
processing can takeplace in theeye.

� Someof themost important operationsarebased on
lateral inhibition.
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Lateral Inhibition

� A network exhibits lateral inhibition if apositive
outcome in oneelement of thenetwork, inducesa
negativeoutcome in itsneighbours.

� Lateral inhibition can beused to produceasimple form
of edgeenhancement.

� It can also beused to help providehueand tone
discrimination.

� Thephenomenon of Mach Banding shows theeffect of
lateral inhibition in thevision system.
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Mach Banding
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Neural Processing

� After thevisual signal leaves theeye, further processing
takesplace in stagesdown thevisual pathway.

� Many of thesteps in theprocessing of thevisual signal
are incompletely understood, but someprogresshas
been made in understanding theprocess.
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TheEye-Brain System
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Transmission To TheCortex

� Thevisual signal from the retina is transmitted down
theoptic nerve.

� Thereare roughly 1,000,000 nerve � bres in theoptic
nerveand some125,000,000 receptors in the retina.
Thesignal is thusnot transmitted in aone-� breper
receptor fashion.

� Thegreatest convergenceoccurs for the rod cells— the
signals from 1000 or more rodsmay becarried by the
samenerve � bre.

� There isevidence that each receptor in thecentral fovea
isconnected to two nervecells.
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TheOptic Chiasm

� Theoptic nerves from the two eyesconvergeand cross
at structurecall theoptic chiasm.

� Signals from each eyearemixed at thispoint. Such
combination isclearly necessary for � lling in the
blind-spot and for comparison leading to theextraction
of depth information.
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TheLateral GeniculateNucleus

� Thesignalsa transmitted back through thebrain to the
lateral geniculatenucleus. TheLGN actsasakind of
relay station which dispatches thesignal to thevisual
cortex.

� The true function of theLGN ismorecomplex than just
acting asa relay, because it also receivesagood deal of
input from thecortex in addition to theoptic nerve.
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TheVisual Cor tex

� Thevisual cortex containsanumber of neural structures
which extract basic information from thevisual signal.

� Therearegroupsof neuronswhich arededicated to
detecting lineswith particular orientation.

� Other groups take this information and use it to detect
shapes.

� Thesignal isprocessed at higher and higher levelsand
eventually passed forward to thehigher brain centres.


