Intreduction

ICS 2805 Visual Perception
Aditi Majumder:

Perception is taken for
dranted!
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Perception is very complex

Perceive
Locate

Identify/Recognize
= Diffierent objects

s [heir relationship with each other
Qualitative and Quantitative

Act based on these infermation

It is a miracle that we do not cause
accidents/mistakes every now and then
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Environmental Stimulus

Anything in our environment that' we can
PErCEeIve

Can| be anything We: can: SEnse

s See, hear, touch, smell

IMary: @OEs Lo CireuUs

= [akes seats, observes animall in center stage,
trapeze on the ceiling, band on the right;
clowns/in the side

s Constitutes the environmental stimulus
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Attended Stimulus

A part off the environmental stimulus
Focuses attention) on this stimulus

Mary: focus her attention on the center
stage animal by looking at it directly:
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Stimulus on Receptors

Tihe attended! stimuli' excites the; receptors

[For example
= Visuall stimulus forms a imagde on the retina

s Sound changes pressure to affect the ear
drum

Note
= We do not " perceive’ the image on the retina
= It is just one of the initial steps of the process
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Recognition
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Transduction

Jiransformation of one form of energy. to
other

Envirenmentall eneragy: transfiormed to
electrical energy:

Tihelimage on the retina generates
electrical signals in the tens and
thousands receptors ofi the eye
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Perceptual Process

Knowledge Perceptlon
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Neurall Processing

Neurons) are elements of nervous system
Interconnected together

Processing ofi the! electrical energy: by the
neurons while they: travel through: them

= Thisichanges the; electrical energy ini various
Ways
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Perception

CoNSCIoUS| SeNsory. eExperience

Electric energy transfiorms; in brain| to
SOIME EXPErience

Is thisithe end! off perception?

a Recognition and action; are;important
outcomes of the perceptual process

Slide 16 ICS 280: Visual Perception




Perceptual Process

Knowledge Perception

N e

Action
Transduction
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Recognition

Identifying the experience; as something
s Known
= Similar to some experience before

I this fails, people; may: be inigrave
trouble

s Visuallfiorm| off agnosia
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Visual form off agnosia

Dr. P found he cannot recognize students but can tell
their name frrom, their voices
Started conversation with parking meters; or expected
fiurniture to talk to him
Wasihe blind?
s Eye examination showed ne; proablem
Inability te) recognize objects due tora tumor in: brain
\When show! a gloves, he told
8| & COntiRLOUSISUITECE), Unio/ded by Itsell) Withiive outpoucHings
u| NMaybe & contaifer: of d. pUrse tor Keep. Colfis: to) dliierent sizes;
He can perceive an object, identify parts of it, but
cannot assemble the parts perceptually to recognize it

Slide 19 ICS 280: Visual Perception

Perceptual Process

Knowledge Perception
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Recognition

Processing Q
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Action

Goall of perception is to create action

= Evolutionary: reason; fior development of
PErception

Motor activities
Response te) perception; and recognition
[.eads to

s New attended' stimulus
= \Whole cycle repeats
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Perceptual Process
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Knowledge

Affiects

u Processing, Perception, Recognition
Identification firomr memory.

= Old knowledge

= Recent knowledge

Mary's example

x Compare the image of tiger withithe
‘conception” of tiger inrher memory.

= Retrieve the name ‘tiger” that goes with it
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Cognitive Influences on
Perception
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Cognitive Influences on
Perception
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Visual Perception

\ision| plays preeminent role for humans

Evolutionary: histery,

= V/ision was developed to aidl survival and
successful reproduction

Used te get nourishing| food, safie shelter and
strong mates
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Why Vision is sor Important?

Visioniis preeminent
Only sense; that proevides accurate spatial
infermation; firom a  distance

s Smellland hearing provides information firom a
distance but not accurate

s [louch anditaste provide;very accurate information
but only on contact

Vision helpsius most tor keepr away: from danger

Viision is a veridicall perception
u WWhat you see/s what you get
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Studying Perceptual Process

LLevels off Analysis (At different scales)

Bottom Up
= Starting from the stimulus towards perception

Tiop Dewn
= Starting from knowledge

We willl study: bothiand croess refer
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Studying Perceptual Process

Psychiophysical

= Relationship between stimulusiand perception
= \What?

Physiological

s Relationship between the processes within a
PERSON and perception

s How?

ICS 280: Visual Perception

Psychophysicall Approach

[Description
Recognition
Detection
Magnitude
Search
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Psychophysicall Approach

Description
Recognition
» Qualitative
s Used by doctors

Detection
Magnitude

Search
s Quantitative
= More important for study and research
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Detection

Abselute threshold

= Smallest amount; of stimulus required! to
denerate detectable perception

Difference threshold

s Shallest difference between two stimulus that
al PErsen| can detect

Sensitivity: = 1/threshoeld
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Absolute threshold

Is absolute threshold possible?
s Probably’ not

Measured! oy,

= VMethod! of limits

= Method! of adjustment

= Method off constant stimuli
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Absolute threshold

Measured! oy,

= Method! of limits
Presents stimuli‘iniascending or descending order

» Method of adjustment
= Method of constant stimuli
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Method! off Limits

Intensity | 1

Results of using
method of limits

Z = = = < = =< =

= < = =« =< < < <

B E EE g

N N
—=08.5 895 975 995 985085 985 975
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3

Absolute threshold

Measured! oy,

= Method! of limits
Presents stimuli‘iniascending or descending order

» Method of adjustment
Subject controlsi the strength of stimulus

s Method of constant stimuli
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Absolute threshold

Measured! oy,
= Method of imits
Presents stimuli'iniascending or descending order
s Method! of adjustment
Subject controls the strength of stimulus
= Method of constant: stimul

Presents stimuli of random) strengthiin randem
order
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Method! off Constant Stimuli

Percentage stimuli detected

1 1 |
170 180 190

Light intensity
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Measuring Abselute Threshoeld

Methoed of limits and adjustment
s Errors due toranticipation

= Fast

Methods off constant: stimuli

s Most reliable

n Slow

Is it bias free?

= How do'we eliminate it?

Slide 39 ICS 280: Visual Perception

Difference Threshold

‘Standard weight” compared with
comparison weight’

The comparison wWeight”is increased from
‘standard weight* unless,the change Is
detected

Tihe detectable changeisia function of the
“standard weight”
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Weber Law.

Difference Threshold
A VU AT 20 e T AN Mt T
Standard Weight \
Weber fraction
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Psychophysicall Approach

Description
Recognition
s Qualitative
s Used by doctors

Detection
Magnitude

Search
a Quantitative
s More important for study and' research
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Magnitude

Jihresholdl measures detectable; changes

[How to measure Whiat happens GRce wWe
are past the threshoeld?

Magnitude Estimation

s Present subjects with different strength of
stimuliiat ramdom

s Ask them to number the strength of
PErception

= Plot these to estimate the magnitude
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Response

Response
Expansion

o
o

Magnitude estimate

Response
Compression

N
o

30 40 ‘JD bD 10 80 90 100
Stimulus intensity
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n

P=KS

P = Perception
S = Stimulus
Strength

w &
& ©

N
o

Magnitude estimate

n>1.0 (Expansion)

(=]

n<1.0 (Compression)

(=]

10 20 80 40 50 60 70 B0 90 100
Stimulus intensity
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Steven's Power Law

P

P = Perception
i S = Stimulus
- Strength

Log magnitude estimate

Electric n>1.0 (EXpanSion)

y ~ shock
7 Apparent i
£ linelength n<1.0 (Compression)
| B |
1.0
Log stimulus intensity
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Adapted to Functions' of
Organisms

Bright sunlight wouldl not appear Very.
bright since n=0.6
Iffn>1.0

= Brightness off outdoor scenes would not allow
us to see anything inside

= May even| impair our ability to see
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Adapted to Functions of
Organisms

[For electric shock, smalll ehanges cause
large; perception| off pain
Acts as a Warning mechanism

S0 that we can| react befere much; damage
is dene
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Physiolegical Approach

SENnsors have receptors that transduce
environmentall eneragy: terelectrical enery.

Nerves carry these signals to the brain

Precessing In brain leads to the experience
Of perception
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Intrigued people for ailong
time ....

Anatemical structures used for eperation
of mind

m 384-322 B.C. — Aristotle told that the heart
and not the brain is the seat off mind and soul

= Not many: repeated hisi mistake
Brain isi the seat off mind and soul

Tiheories proposed were limited! by: the
technology: of the day
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Intrigued people for a long
tme ....

130-200rA. D% i By Greek physician Galen
s Like agueducts and sewer system of brain

» Human health, emotions and thoughtsiare
determined! by four fluids; flowing firom the
center off the brain

= Thisitheory was popular fer next 1500 years
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Intrigued people for ailong
e .

Inrearly: 1600s

a By Rene Descartes
Human body operated likea machine pepular in
that era

s By Johannes Kepler

Eye operated like an optical instrument projecting
light on to the retina

Partially truerbut did not explaini the physiological
processes that followed
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Intrigued people for a long
tme ....

End of 19t century

= Showed that electrical energy: flows down the
NErve

s Can measure: electricall signals;in’brain to
assure brain activity.
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Neurons

Nervesi are made off NEUrons

Jihree parts of a neuren
n Cell' Body: Has the elements to keep it alive

» Dendritess Branches out: firom cell body: to
recejye signals firem| other neurons

s Axone Tubefilled withi fluid that conalcts the
electrical signals
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Tihe nerve is fiormed by’ a bunchr off axons
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Perception

Recording off electrical signallin: receptors

Jiransmission of signals! ter the brain
= Some low! level processing occurs at this time

Processing in brain
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Receptor Neuron

Tihis}isi al special type off a neuron present
I SEMSOrS

Hayve a receptor (transducer) ini place; of a
cell boedy,
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Recording the Electrical Signal

At the receptor

Electricity isinot carried in thernerves as
electricity Isi carried to our home

Neurons are immersed: in solutions; Fich in
J/ors (molecules; carrying| electricall charge)
ihe solution outside the axon! s rich: is
VEE

The solution outside the axoniis rich is K
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Resting| Petential

Recording electrode
(inside axon)

Meter

Null electrode
_O_:B (outside
axon)

Pressure-sensitive receptor

At normal state, the difference of charge is -70 mV
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D e

weny Action Potentiall (Nerve Impulse)

+H Sodium

-—flows
into axon

Potassium
—flows out
of axon

Charge inside fiber relative to outside (mV)
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Back to Resting Potential

Back at
resting

ievelp

Sodium and potassium ion concentration
goes back to normal by a process called
sodium-potassium pump

Slide 61 ICS 280: Visual Perception

How! IS it caused?

Change in the permeability ofi the axon
membrane

Before stimulus, the, permeability to sedium and
potassium is low,

Tihe receptor when excited triggers a process
whichi increases this permeability.

Everything happens'in 175

Propadated response: This action petential
travels through the axon
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Strength of Signal

Action potential
Magnitude is

always same

How, s strength off I il ||'| |
stimulus denoted? | !

Rate of fifi o
= RdLE€ O IFng . ||T|J1‘|.U|‘|||||% | |

?

Pressure on Pressure off
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Rate, of Firing

After every firing| there is a refractory/
PEod Ol 11715

Tihis limits the maximumyfiringl rate; tera
maximum off 800 pulses per second

Inrthe; normall state, thereris some firng
called! sportaneous activity,
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Transmission of Electrical
Signals

Erom one neuron to another
s End of axon of one neuron to dendrite off another
NG physicall contact between| neurens

Synapse: Small space between neurons

s Discovered by Spanish anatemist Santiago
Ramon; Cajal

s \Won Noble Prize for this inf 1906
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Synapse

Electrical signall triggers a chemical
Processtinithe synapse that is instrumental
In transmituingl the signals

Presynaptic Neuron: Fromiwhom the
signal is transmitted

Pestsynaptic Neuron: The one who is
receiving the signal
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Synapse

AXOnS off NEUKENS NaVe; Syriaplic VEs|cles

that cani release; nelrotaisiiers

= Neurotransmitters can be off different shapes
[Dendrites; off NEUrORS Nave recepior: Sites
m Receptor sites can be of different shapes too
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Synapse

When' electrical energy: reaches) the end
of presynaptic neuren

s Releases the neurotiansmitiers

I the shape; matehes the receptor site
in postsynaptic neuron

» Generates| electric energy again

Tiransmission isi controlled by the type of:
neurotransmitters generated
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Postsynaptic
nauron

Receptar
Stimulus "{" = Axon
X

*
Nerve
Impulse
—

Neurotrans
olransmitter . \\ Postsynaptic
¥ N neuron

molecules

Synaptic vesicles .‘:

Axon of
presynaptic
newuron

Postsynaptic
neuron

Neurotransmitter
molecules
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Synapse

Electrical signals transmitted may not be
identical tor the presynapticineuron

Can be exatation or /biton
[low level processing while transmission
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Cerebral Cortex

= 2mm thick layer that covers the surface of the
brain

= Used for perception, language, memory and
thinking

Modular erdanization
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Primany: Receving Areas

» Eirst areas in Cerebral Cortex to receive the
signals

s Occipetal lobe: FFor eye

= llemporal lobe: For ear

s Parietall lobe:For skin

Advanced processing

= Involves other areas of the brain too
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Studying Brain Activity

Neurepsychology.

a Studying| the effects; of brain damage on
behaviory

Microelectrodes om cats and monkeys
n Intrusive
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Studying Brain Activity.

Now: can| study: on humans by less
intrusive disk electrodes

u Canl study: evoked. potentials
» Record activity of thousands of neurens
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Neuroimaging

Using positren;emission; tomography: (PEI)

Personiisiinjected withrlow: activity
radieactive tracer (not harmiiul)

This tracer indicates) volume of blood flow

BasIC concept:

= Activity/ in brain is accompaniesiwith changes
In’ the volume of blood flew

= Monitoring| blood flow
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Subtraction technique

Eind state before stimulus
Eind state; aftér stimulus
Difference gives What Was cause by stimulus

(a) Control (b) Stimulation (c) Activity due to stimulation
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% Functional Magnetic Resonance
Imaging (MRT)

[Hemoglobin hasiron

I presented withr magnetic field, they line
up like tiny: magnets torindicate; volume of
bloed flow

Especially, withractivity hemoglobin: loses
Some off It oxygen making it more magnetic

Popularly: called Brain Scarn
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