EDGE DETECTION

Edge Detectors

First-Order Edge Operators
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;ﬁ Convolution & Feature Detection
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Edge Detectors

Finds the slope i Bl O
s First derivative
= Direction dependent Avericsl 8. Horaonal

= Need many: edge
detectors for all
orientation St

Second-Order Edge Operators

1] -1 -

Second order
derivatives

= Marr Hildreth Method
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Maximal off derivative

s Causes a zero at
second derivative

Symmetric about the
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Horizontal Position Horizontal Position

All direction; edges can TS S A L hs
be detected by this

ZEero crossing g ‘ ﬁ

Horizontal Position Horizontal Position

D. First Derivative E. Second Derivative
of Luminance Edge of Luminance Edge
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e Similarity withi Receptive Fields
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Jihe Image

Image after
convelution

Segmented
convelved image

Edge detected
iMage
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Neural Model

Three cells
s Convelution

s Maxima detection
s Zero detectors

n Aligned zero
detectors to form
edge detectors

B. ORIENTED ZERO CROSSING DETECTOR




Neural Model

Neural Responses

Three cells o s
s Conyolution _ Lo bl
| 'ateral Inhibition
s Maxima detection
Simple Cortical Cells
m ZEro detectors
Complex Cortical Cells
a Aligned zero

detectors to form
edge detectors
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Scaling Problem

Can eccur inr different scales; or sizes

s Some have the transition over al broader
region

= Some, over a smaller region

= Edges nevertheless and has to be detected

Edge; detection are done at several levels

= Image! is sub sampled
Reduces information content

= TThen edge is detected
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w 0oL

Scaling Problem

Edges inl coarser
level do; net
disappear: ini finer
levels

W55 | S _ New edges are

3 < added

b P o

AU Q) Jjel Coarser level edges
$rmp i o are most iImportant

Advances like'a
hierarchy.
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Scale; Integration

Different resplution images;in different
levels

How: doiwe knew: where the coarser level
edgesiarelin the finer edge detected
Mage

Seems very complex yet eye does, it easily

ICS 280: Visual Perception

Witkinfs Explanation

I 'we do a continuous, subsampling
s Not'possiblerin digital domain

Edges are retained, new: edges areadded
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HIGHER-LEVEL VISUAL
PROCESSING

Extrastriate Cortex

Hubel and\Weisliwon Noble; prize for their
discoveny: of the cortical cells

By 1970s, found that ether regions of the
brain are alsorinvelved in vision.

Cells that respond to far more complex
stimuli
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Stimulation; can be
changed! by:
changing their
context

Salience: Degree to
which things stand
out
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Notice 80ms
Initial guiet

= [ime
Tinlgofmilliseiggds] o reqUired to
Process
Salience
Related to
selective
adaptation

100 200 300
Time (milliseconds)
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Processing Streams

Dorsal Pathway

= Parietal Lobe N Parietal lobe
= ‘\Where’ patnuay
s [Location and Action
Ventral Pathway:

= [emporal Lobe

= ‘What’

= Object Discrimination

Ventra|
| Dalhway
Temporal Jope

Occipital lobe
(primary visua
receiving areg
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Supporting Experiments

Area removed

o N,

Object diserimination
(a)

Landmark discrimination
(b)
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Tihe Whole Pathway

Parallel Path [gE==.
Not P \'M_Tl o
independent (R
P-cells to @ o ve [« vt [ tie ] g
ventral ]
M-cells to e e il e il
parietal wl
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Modular Neurons

Neurens inf M1 and IT
Process very: specific information

EXperiment off motion correlation
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Experiment with: metion
correlation

I MIF present, canidetect as small as 1-
2% correlation

I M albsent, cannoet detectiless than 10-
200%0) correlation

correlatiol 50% correlat o correlatiol
No tio 100% elat
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Infotemporal cortex

Primanry: Cells

a Respond to simple stimuli
Slits, spots, ellipses, sguares

Elaboerate; Cells

» Responds to complex stimuli
Specific shapes, shapes with color and texture

Slide 24 ICS 280: Visual Perception




Hypercolumn Again
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Neurons respond to faces

I arboedy with face is presented as' stimuli,
they.fire

When the faceisi covered with paper;, they.
stop) firing

iMRI researchiwith humans

s Fusiform face area (FFA) or fusiform; gyrus
Preseopagnesia

= Due to damage to temporall lobe

= Fusiform gyrus
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The Sensory Code

Information encoded!in the firing of
NEUrONS
s Specificity’ Coding

Every' neuron respondsito a specific stimuli
= Distributed Coding

Difference in amounts of response iniseveral
different neuron creates a pattern| that causes
identification off specific stimulus

1o some; extend, like number system

More number of levels for each neuron, lesser the
number of neuronsi needed for coding
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The Sensory Code

Infermation encoded!in; the firing off REUKONS
= Specificity Coding
x| Distributed Coding

Samantha Grace Hillary

24c¢

Need more neurons to
code these faces

b [LL]
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D e

eni™ Neurons in I for Face Recognition

Size invarant
Location invariant
View invariant
Size specific
|Location| specific
View! Specific
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Role off Attention

Selectivity: of attention
= Directs our receptors to) stimuli
s Enhancesithe perception of stimuli
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Inattentional Blindness

Cannot recognize; shape of unattended
object when; attending terseme; other
visual job

EXperiments of shape presented while

Perfiorming the task off identifying shorter
length
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Attentional Blink

Attentional Blink

= Inability torattend to a diffierent stimulus
within a short period off 500ms

s Demonstrated' by rapid serial visual
presentation (RSVP)
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Change Blindness

Change

Blindness

= Inability to
detect
unattended
changes

s Even when
the stimulus
IS presented
slowly,
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Binding Problem

How dorwe know. itiis allifirom the same
object:

s Example of a car

Depends;on the synchrony of neuron firing

I 'same; object, all the different neurons
fire synchronously:

Cross correlogram plets of the brain
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Number of spikes

2 Number of spikes

Tima (ms) Time (ms)

(b) fe)
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Prejects in Mind

Quantification of salience

a For images
Parameters: color, edges, spatiall fiequency, motion

s For 3D (More complicated)
Parameters: Distance from the viewer, color, geometny,
texture, task at'hand

Image and Geometry compression
= Can we do better than JPEG?

Rendering

s Off line processing?

= Online reall time: processing?

= Hierarchical View dependent rendering?
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