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Visual Attention:

From Theory to Efficient
Implementation
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A 1. Evolutionary Reasons of Visual Attention Development
I 1.1 Reduction in of processing demand in vision
I 1.2 Binding mechanism and association through visual attention
i 1.3 Digression : Interaction with spatial variant vision
i 1.4 Applications

A 2. Classification of visual attention
I 2.1 regionbased and featurdased
I 2.2 topdown and bottomup
I 2.3 objectbased visual attention

A 3. Biological processes of visual attention
I 3.1 Retina and Ganglion Cells
I 3.2 Lateral Geniculate Nucleus
I 3.3 Magnocellular and Parvocellular Pathways
I 3.4 Simple Cells and Complex Cells in primary visual cortex
I 3.5Visual cortex: color and orientation
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4. Preattentive System
4.11tti & Koch Model
4.2 Digression : Convolution
4.3 Digression : Difference of Gaussian
4.4 Digression : Pyramids of Convolutions
4.4 Feature Extraction in the Preattentive System
5. Complete Model Of Attention
5.1 Proto objects
5.2 Saliency Map
5.2 Inhibition of Return and Habituation
5.3 Topdown visual attention

Robotics, Brain & Cognitive Sciences



Relevant Advantages of Visual Attentiol

A Reduction of the processing demand in vision

A Binding mechanism and association through visual
attention

A Digression : Interaction with spatial variant vision
A Applications




Relevant Advantages of Visual Attentiol

ADuring thephylogeneticevolution, visual attention
has been valid solution fdast reaction time
despite the bottleneck in the visual processing

Alimit in processing estimated in the order of
107 ¢ 1@ bits per second at the optical nerve
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Primary Visual Cortex
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reduces the effect of processing bottleneck i
visual cortex, limiting the computation to the
smallersubregionhighlighted by the
attentional ¥ 2 O(#asch, dihe Quest for
Consciousness, 2004)
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Relevant Advantages of Visual Attentiol

A Digression : Interaction witRoveatedvision
I Result of thephylogenetiaevolution

I Model: Iogpolar mapping R is the distance between the center of the receptive field (RF) ar
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{R =\ 7
o, __ 2m8
w=12g
r=R-cos(w) r= A
y = R -sin(w)
{R:p+£
fovea: _ 278
w=g
_ R=MA-rg
otherwise: 970
Y=g
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the mapping.
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Relevant Advantages of Visual Attentiol

A Digression : Interaction witRoveatedvision

I Advantages:

A Elegant trade of between wide field of view, high resolution and little data
process

A Biological Plausibility
A Rotation and scale invariance
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Relevant Advantages of Visual Attentiol

A Binding mechanism and association through visual
attention




Relevant Advantages of Visual Attentiol

A Binding mechanism and association through visual
attention
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Classification of visual attention model:

A Regionbased vs. st st o
Featurebased

I Reference Treisman
1986




Relevant Advantages of Visual Attentiol

A Applications:
I Object Recognition: starting from redeployment of fixation
point
A Zero disparity Filter : ZDF

L. ZDF

I Tracking: attention locus as prior




Classification of visual attention model:

A Regionbased vs. Featurbased
I In literature also know asingleton search modesfeature search

mode
I Reference Teeuwed 992, Bacon &geth1994,Teeuwex2004 ,Leber
& Egeth2006 form color
i ¢ KS S dze@a) madel, there exist | S o i S
two essential criteria for examining S 0 ]
stimulusdriven capture. RO o '
1 lel h, display si < DR
. parallel search , display size 0 S O -
independent
2. salience of the irrelevant A . 2
distractormust not be & O L
compromised by characteristics - O Lo
of the search display O ()
o < o -

—green
- -red

Robotics, Brain & Cognitive Sciences




Classification of visual attention model:

A Top-down vs.bottom-up visual
attention
I Theoryand implementation
I Experiment Where is Waldo?







Classification of visual attention model:

A Reference
ABacon, W.F. anBgeth H.E. (1994). Overriding stimwdgven
attentional capture. PercepPsychophy$5, 485496.
ABurr, D. CMorrone, M. C. & Ross, J. Selective suppression of the
magnocellulavisual pathway during saccadic ap@vementsNature
371, 511513 (1994).
ATheeuwesJ. (1992). Perceptual selectivity for color and form. Percept.
Psychophys1, 599606.
ATheeuwesJ. (2004). Todown search strategies cannot override
attentional capture PsychonBull.Rev1l, 6570
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11¥ Biological process in visual attention

A Evidences in biology :
i Retina and Ganglion Cells 09 Motion
i Lateral Geniculate Nucleus s @ Depth

i Magnocellularand Parvocellular NN, :
Pathways /. Dorsal N
i SimpleCells in primary visual {parietal) -
cortex

I ComplexCells in primary visual
cortex

I Visualcortex: color and
orientation

I Visualcortex: depth, motion and / f
form LN
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Biological process In visual attention

A On-center ganglion cells

A Ganglion Cells

A Types of cell
A M cells(magng, motion
A P cellsggarvo), color

A On center and Off center paradigm
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Biological process In visual attention

A M cells A Mcells
A Largereceptive field

A Respond to big objects
and movement

On-center Cff-center

B Pcells
On-center

A P cells

A Numerous and small
receptive fields

A Involved in forms and
colors
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Biological process in visual attention

A Lateral Geniculate Nucleus LGN™ "=

A 6 layers

A Single Eye receptivityf layers

A D.Huber& T.Wiesell 960 found
organization similar to retina

Binocular zone of

Monocular
zone

Sensitivity
Stimulus Feature M Cells B Colls
Color Contrast No Yes
Luminance Contrast Higher Lower
Spatial Frequency Lower Higher
Temporal Frequency Higher Lower
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11l Biological process in visual attention

A Simple cells and Complex cells in primary visual corte
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B Receptive fislds of simple cells of primary visual cortex A, Response 1o orientation of stimulus A, Response to position of stimulus |
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11¥ Biological process in visual attention

A Visual cortex: color and orientation
A Hypercolumns I
A OrientationColumns
A Blobs
A Ocular Dominance

A Orientationcolumn 1 x 1 x 2 (Hubel &
Wiesel 1978)

A Comparindocal changes in reflectance,
Indicating activity
A Blobs : coloresponse
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Biological process In visual attention

A Reference
A Hubel D& Wiesel T. 1965 Binocular interaction in striate cortex of
kittens reared with artificial squint.Neuropshysio28 : 10411059

A Hubel D.Wiesel T., Stryker MP. 1978 Anatomical Demonstration of
orientation columns in macaque monkey. J Cadgurol177:361379
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RBCS

Preattentive System

4.11tti & Koch Model

4.2 Digression : Convolution

4.3 Digression : Difference of Gaussian

4.4 Digression : Pyramids of Convolutions

4.4 Feature Extraction in the Preattentive System

—= ___— orientations__—
« \und differences and normalization
o \
b maps —
; . (24 maps) —,
\ Two Dimensional 7 \
\ ____eews=scale combinations and normalization !
\ P Conspicuity __- | —— maps —— \ ——
\ e
( Linear combinations |
Saliency map __— o ——
[ Winner-take-all ] Inhibition
of returmn

Attended location

Robotics, Brain & Cognitive Sciences




Input image

= T Colours
uiuscale
Red, green, blue, yellow,
- | Ow-level feature | — o

extraction

~

Intensity
On, off, etc.

Orientations
0°, 45°, 90°,
135°, etc.

Other
Motion, junctions
and terminators,

stereo disparity,

Attended
location

Inhibition of return

@ J¥nnortake o4

Centre—surround

1 differences and | <dem—

Saliency map spatial competition >

Feature
combinations

J Top-down
attentional bias
<= and training
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Preattentive System

Altti & Koch Model
AKoch &UIlman1985
Altti & Koch 1998, 1999, 2001

AVultiple MultiscaleFeature Maps
from cartesianimage
ASaliency Map

saliency map

ANTA Winner Take All &
AOR Inhibition of Retur|

KCovert attention

Robotics, Brain & Cognitive Sciences




Preattentive

‘oo -
= mm fit) ‘ M
ADigression - T
Convolution 1D k J ‘
r_’M fi)
Commutative property
+ o3 + oo
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//upload.wikimedia.org/wikipedia/commons/9/97/Convolution3.PNG

Preattentive System

RBCS

output kernel (flipped) input
ADigression : Convolution 2D L i [0 ] 9|[oofeofec
Awindowing filter )
fle]|d onfanfen
ASeparable Kernels ' ) A
- . a
AApproach with logpolar image <1 @(w 22’L,
= | —
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Preattentive System

A

ADigression; Difference of Gaussian
At a S EA Olsiyhmdtricall ¢ =
AOn-Center Cell

Adpproach 1 \/
ACenter: Gaussian variance 1 and
Kernel 3x3 8
ASurround: Gaussian variance 3 and
Kernel 5x5 L L

yoltl yOSRY UKS N

equal to 1.5 $mirnakiset al. 1997)

R G (x.v)=a-R*g —f-G*g_

MReference:Hurvich& Jameson 1957

An opponentprocess theory of color
vision

e.g

Reference: S. Mbmirnakiset al 1997,
"Adaptation of retinal processing to
Image contrast and spatial scale
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Preattentive Syster

AApproach 2: Pyramids of Convoluti

P+
» g+
P P2+ csP
—| float > 2 » 9t > >
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downsample convolution upsample

Reference : AJdeet al, 2005
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