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Five Important Trends

● Dependence of perceptual saliency of stimuli 
on the surrounding context

● Efficient and plausible bottom-up control 
strategy based on a unique saliency map 

● Inhibition of return: currently attended 
location is prevented from being attended 
again

● Attention and eye movement tightly interplay
● Scene understanding and object recognition 

pose constraints on selection of attended 
locations



Important Function of Selective 
Visual Attention

● Rapid control of gaze towards objects of 
interest in our visual environment

● Evolutionary significance 
● A two-component framework for attentional 

deployment:
○ Bottom-up, image-based saliency: involuntary 

attention attraction: flickering light in a static scene
○ Top-down, task dependant cues: required voluntary 

effort: look for the red horizontal target



What is the major advantage of 
Attention?

● Allowing only a small part of the incoming 
sensory information to reach short-term 
memory and visual awareness

● Instead of a parallel full process of massive 
sensory input, a serial near real-time 
performance is reached (despite the limited 
computational capacity) 



What is the major advantage of 
Attention?
● Breaking down the problem of understanding a 

visual scene, into rapid series of 
computationally less demanding localized visual 
analysis problems

● Feedback modulation of neural activity for the 
visual attributes at the location of desired or 
selected targets
○ Essential for binding the different visual 

attributes
○ Enhancing cortical representation of objects 

at a location
● Triggering behaviour: related to recognition, 

planning and motor control





Computational Models of Attention

● An important challenging task in 
computational neuroscience (!)

● Potential applications: artificial vision tasks 
like surveillance, automatic target detection, 
navigational aids and robotic control

● Here the focus is on biologically plausible 
modelling of a saliency-based form of focal 
bottom-up attention



Neural Mechanisms for the Control 
of Attention

● Where to attend next is controlled by "Dorsal 
Stream"

● Object Recognition in "Ventral Stream" can 
bias the next attentional shift through top-
down control

● From a computational viewpoint, the dorsal 
and ventral streams must interact as scene 
understanding involves both recognition and 
spatial deployment of attention



Neural Mechanisms for the Control of 
Attention



COMPUTATIONAL MODELLING



First Neurally Plausible 
Computational Architecture

● By Koch & Ullman (1985)
● Centered around saliency map
● Saliency map receives input from early 

visual processing
● Based on this input, focus of attention simply 

scans the saliency map in order of 
decreasing saliency



Flow Diagram of a Typical Model for 
the Control of Bottom-up Attention



Five Essential Components of Any 
Model of Bottom-up Attention

● Pre-attentive computation of early visual 
features across the entire visual scene

● Their integration to yield a single attentional 
control command

● The generation of attentional scanpaths
● The interaction between "covert" and "overt" 

attentional deployment
● The interplay between attention and scene 

understanding



Pre-attentive Computation of Visual 
Features

● The first processing stage in any model of 
bottom-up attention

● In biological vision: computed in the retina, 
superior colliculus, lateral geniculate 
nucleus, and early visual cortical areas

● Early stage neurons tuned to simple visual 
attributes such as intensity contrast, color 
opponency, orientation, direction and 
velocity of motion

● Neuronal tuning more specialized from low- 
to high-level visual areas



Pre-attentive Computation of Visual 
Features

● Comp. Models without explicit details about 
early visual feature extraction: restricted to 
images for which the responses of feature 
detectors can be guessed

● Comp. Models with such a feature extraction 
stage, have the widest applicability to any 
visual stimulus, including natural scenes

● Implementations motivated by an imitation of 
biological properties 
○ Gabor wavelet convolution to obtain responses like 

those of orientation-selective neurons



Saliency

How to control a single attentional focus based 
on multiple neuronal networks that encode the 
incoming sensory signal using multiple 
representations?
● In most bottom-up models: Various feature 

maps feed into a unique "saliency map" or 
"master map"

● Many successful model around saliency map
○ The difference between such models is the strategy 

used to prune the incoming sensory input and 
extract saliency 



Saliency

● The saliency map is a scalar two 
dimensional map, whose activity 
topographically represents visual saliency

● On the basis of such a map, biasing 
attention to focus onto the most salient 
location is reduced to drawing attention 
towards the locus of highest activity in the 
saliency map



Recording Saliency

Gottlieb, J. P., Kusunoki, M. & Goldberg, M. E. The representation of visual salience in monkey parietal cortex. Nature 391, 481–484 (1998). 



Attention Selection and Inhibition of 
Return

How can we prevent attention from 
permanently focusing onto the most active 
location in the saliency map?
● An efficient computational strategy

○ Transiently inhibiting neurons in the saliency map at 
the currently attended location

○ After suppression of the currently attended location, 
the winner-take-all network naturally converges 
towards the next most salient location

○ Repeating this procedure, generates attentional 
scanpaths



Attention Selection and Inhibition of 
Return

Computational importance of Inhibition of 
Return (IOR)
● It allows the model to rapidly shift the 

attentional focus over different locations with 
decreasing saliency, rather than being 
bound to attend only to the location of 
maximal saliency at any given time



ATTENTION AND RECOGNITION



Combined Model of Attentional 
Selection and Object Recognition

Schill, K., Umkehrer, E., Beinlich, S., Krieger, G. & Zetzsche, C. Scene analysis with saccadic eye movements: top-down and bottom-up modeling. J. Electronic Imaging



Attention and Recognition: 
Challenges

● Finding suitable neuronal correlates for the 
various components

● Despite the biological inspiration in many 
architectures, the proposed models do not 
relate in much detail to biological correlates 
of object recognition



SUMMARY



● Advances in the study of attention 
computational models

● Emphasis on biological plausibility

● Pre-attentive visual feature extraction

● Saliency

● Inhibition of Return

● Attention and Recognition


