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Relevant Advantages of Visual Attention 

Å Reduction of the processing demand in vision 

 

Å limit in processing estimated in the order of 
107 ς 108 bits per second at the optical nerve 

ά ¢ƘŜ Ǿƛǎǳŀƭ ŀǘǘŜƴǘƛƻƴ ƛǎ ŀ ƳŜŎƘŀƴƛǎƳ ǘƘŀǘ 
reduces the effect of processing bottleneck in 
visual cortex, limiting the computation to the 
smaller subregion highlighted by the 
attentional ŦƻŎǳǎ ά(Koch, The Quest for 
Consciousness, 2004).  

Å During the phylogenetic evolution, visual attention 
has been valid solution for fast reaction time 
despite the bottleneck in the visual processing 



Relevant Advantages of Visual Attention 

ÅDigression : Interaction with Foveated vision 
ïResult of the phylogenetic evolution 

ïModel: log-polar mapping 

 

 

 

 

 

R is the distance between the center of the receptive field (RF) and the center of 
the mapping. 
˖ ƛǎ ǘƘŜ ŎƻǳƴǘŜǊ-clockwise angular distance of the center of the RF from the 
horizontal axis. 
˂ ƛǎ ǘƘŜ Ǌŀǘƛƻ ōŜǘǿŜŜƴ ǘƘŜ ǿƛŘǘƘǎ ƻŦ ǘǿƻ ǎǳōǎŜǉǳŜƴǘ ǊƛƴƎǎΦ 
r0 ƛǎ ǘƘŜ ǊŀŘƛǳǎ ƻŦ ǘƘŜ ǊƛƴƎ ǿƛǘƘ ƛƴŘŜȄ ˊ Ґ лΦ 
ɸ ƛǎ ǘƘŜ ƴǳƳōŜǊ ƻŦ wCΩǎ ǇŜǊ ǊƛƴƎ 

 fovea: 

otherwise: 



Relevant Advantages of Visual Attention 

ÅDigression : Interaction with Foveated vision 
ïAdvantages: 

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

ÅBiological Plausibility 

ÅRotation and scale invariance 

 

 

 

 

 



Relevant Advantages of Visual Attention 

ÅBinding mechanism and association  through visual 
attention 



Relevant Advantages of Visual Attention 

ÅBinding mechanism and association  through visual 
attention 

FORM COLOR COLOR: red, FORM: circle 



Classification of visual attention models 

ÅRegion-based vs. 
Feature-based 

ïReference : Treisman 
1986 

 



Relevant Advantages of Visual Attention 

ÅApplications: 
ïObject Recognition: starting from redeployment of fixation 

point 
ÅZero disparity Filter : ZDF  

 

 

 

 

 

 

 
ïTracking: attention locus as prior  



Classification of visual attention models 

ÅRegion-based vs. Feature-based 
ï In literature also know as singleton search mode vs feature search 

mode 

ïReference : Teeuwes 1992, Bacon & Egeth 1994, Teeuwes 2004 , Leber 
& Egeth 2006 

 ï¢ƘŜŜǳǿŜǎΩǎ (2004) model, there exist 
two essential criteria for examining 
stimulus-driven capture. 

1. parallel search , display size 
independent 

2. salience of the irrelevant 
distractor must not be 
compromised by characteristics 
of the search display 



Classification of visual attention models 

ÅTop-down vs. bottom-up visual 
attention 

ïTheory and implementation 

ïExperiment : Where is Waldo? 



Complete Implementation of Visual Attention 



Classification of visual attention models 

ÅReference 
ÅBacon, W.F. and Egeth, H.E. (1994). Overriding stimulus-driven 

attentional capture. Percept. Psychophys. 55, 485-496. 
Å Burr, D. C., Morrone, M. C. & Ross, J. Selective suppression of the 
magnocellular visual pathway during saccadic eye movements.Nature 
371, 511-513 (1994). 
Å Theeuwes, J. (1992). Perceptual selectivity for color and form. Percept. 
Psychophys. 51, 599-606. 
Å Theeuwes, J. (2004). Top-down search strategies cannot override 
attentional capture. Psychon. Bull. Rev. 11, 65-70 

 

 



Biological process in visual attention 

Å Evidences in biology 
ï Retina and Ganglion Cells 
ï Lateral Geniculate Nucleus 
ï Magnocellular and Parvocellular 

Pathways 
ï Simple Cells in primary visual 

cortex 
ï Complex Cells in primary visual 

cortex 
ï Visual cortex: color and 

orientation 
ï Visual cortex: depth, motion and 

form 



Biological process in visual attention 

ÅRetina 



Biological process in visual attention 

Å Ganglion Cells 

 

Å Types of cell 

Å M cells (magno), motion 

Å P cells (parvo), color 

 

Å On center and Off center paradigm 



Biological process in visual attention 
Å M cells 

Å Large receptive field  

Å Respond to big objects 
and movement 

Å P cells 

Å Numerous and small 
receptive fields 

Å Involved in forms and 
colors 



Biological process in visual attention 

ÅLateral Geniculate Nucleus LGN 
Å 6 layers 

Å Single Eye receptivity of layers  

Å D.Huber & T.Wiesel 1960 found 
organization similar to retina  

 

Stimulus Feature 

Sensitivity 

M Cells P Cells 

Color Contrast No Yes 

Luminance Contrast Higher Lower 

Spatial Frequency Lower Higher 

Temporal Frequency Higher Lower 



Biological process in visual attention 

ÅSimple cells and Complex cells in primary visual cortex 

 



Biological process in visual attention 

ÅVisual cortex: color and orientation 

ÅHypercolumns 

ÅOrientation Columns 

ÅBlobs 

ÅOcular Dominance  

ÅOrientation column 1 x 1 x 2 (Hubel & 
Wiesel 1978) 

ÅComparing local changes in reflectance, 
indicating activity 

ÅBlobs : color response 
 

Courtesy of Gary Blasdel. 



Biological process in visual attention 

ÅReference 
Å Hubel D. & Wiesel T. 1965 Binocular interaction in striate cortex of 

kittens reared with artificial squint. J Neuropshysiol 28 : 1041-1059  

Å Hubel D., Wiesel T., Stryker MP. 1978 Anatomical Demonstration of 
orientation columns in macaque monkey. J Comp Neurol 177:361-379 

  

 



Preattentive System 
4.1 Itti  & 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  



Preattentive System 

Å Itti  & Koch Model 
 



Preattentive System 

Å Itti  & Koch Model 
Å Koch & Ullman 1985 
Å Itti  & Koch 1998, 1999, 2001 
 

ÅMultiple Multiscale Feature Maps 
from cartesian image 
ÅSaliency Map 
 
ÅWTA Winner Take All 
ÅIOR Inhibition of Return 
 
ÅCovert attention 



Preattentive  
System 

Å Digression :  
Convolution 1D 

 

Commutative property 

//upload.wikimedia.org/wikipedia/commons/9/97/Convolution3.PNG


Preattentive System 

Å Digression : Convolution 2D 
Å Windowing filter 
Å Separable Kernels 
Å Approach with log-polar image   



Preattentive System 

Å Digression: Difference of Gaussian 
ÅάaŜȄƛŎŀƴ IŀǘέΣ simmetrical  
Å  On-Center Cell 
 

ÅApproach 1 
Å Center: Gaussian variance 1 and 
Kernel 3x3 
Å Surround: Gaussian variance 3 and  
Kernel 5x5 
Å¦ƴōŀƭŀƴŎŜŘΥ ǘƘŜ Ǌŀǘƛƻ ʲ κʰ ƛǎ ŎƘƻǎŜƴ 
equal to 1.5 (Smirnakis et al. 1997) 

e.g:  
 
ÅReference:  Hurvich & Jameson 1957 
An opponent-process theory of color 
vision 
 

Reference: S. M. Smirnakis et al 1997, 
"Adaptation of retinal processing to 
image contrast and spatial scale  

 
 



Preattentive System 

Å Approach 2: Pyramids of Convolutions 

Reference : A. Ude et al, 2005 


