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Object recognition generally implemented in a hierarchical bottom-up process leads to a strong overlapping of populations encoding 
features belonging to different objects. Although experiments indicate that some scenes allow the detection of categories during very 
brief presentations, ambiguities in cell populations encoding features within the same receptive field limits recognition in non-segmented 
scenes like natural images. We show how attention resolves these ambiguities over time and facilitates object recognition. 

According to our approach, object recognition is a 
dynamic, constructive process in which attention oc-
curs as an emergent result of feedback from later areas 
into earlier areas (Fig. 1). We have previously shown 
that this model can simulate the results of various 
attention experiments. The areas simulated in our 
model, their interactions and the temporal activity of 
the cells are grounded in neuroanatomy and neuro-
physiology. The model consists of the following key 
aspects. Features encoding the scene are modeled by a 
population code. Stimulus-driven saliency is imple-
mented by center-surround operations, as suggested by 
Itti and Koch (2000). However, instead of constructing 
an explicit saliency map, V4 cells are modulated ac-
cording to the saliency. Populations encoding features 
within the same receptive field compete with each 
other as suggested by the biased competition frame-
work (Desimone and Duncan, 1995). Feedback from 
higher areas implements an input gain control. Areas 
responsible for action preparation feed back into ex-
trastriate visual areas and implement a spatially organ-
ized gain control. 
The task the model is tested with, is to detect a previ-
ously shown object within a natural scene by selecting 
it for an eye movement. We predict that such a task is 
solved by the brain as follows. Cells in early stages 
(V1 – V4)  construct a set of features from the scene 
within spatially organized maps and encode the visual 
saliency by the strength of their firing rate. Due to 
inherent competition salient stimuli are given prefer-
ential processing. As soon as the signals enter IT,  the 
top-down knowledge about the object starts to modu-
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Fig. 1. Simulation: A spatially focused processing has emerged from the reentry of 
the movement cell activity of the FEF into V4 and IT. The target is detected in the 
scene (indicated by the red circle) by initiating an eye movement towards its loca-
tion. The populations in IT now primarily encode the features of the attended object. 
Each point in the V4, IT and PF maps represents the most active cell of the whole 
population by its color. The strength of the response is indicated by the intensity. 
The 55*32 V4 populations in each map show the activity in four different dimen-
sions (O: Orientation, I: Intensity, BY: Blue-Yellow color opponency, RG: Red-
Green opponency). Nine IT populations cover the whole scene, again for each di-
mension. Each of the 32 populations in the upper part of the figure show activity of 
20 V4 cells. The 16 populations on the left (four in each dimension) have there 
receptive fields on the aspirin bottle. The 16 populations on the right have their 
receptive field on the toothpaste in the lower right of the image. Our simulation can 
demonstrate the distribution of activity for each millisecond and the temporal course 
of activity is consistent with recent experimental findings. 
late the activity. If the target sufficiently discriminates 
om the background it can be reported without any specific selection. However, if the overlap of feature detectors in the same receptive 
eld is too strong, the second phase is essential. Feedback from IT to V4 emphasizes the features of interest by parallel feature-based 
tention. Areas responsible for eye-movement preparation like the FEF, which are first driven by the saliency of the stimuli, now receive 
formation about the task relevance of a stimulus. Pre-motor cells feed back into extrastriate areas and a focused processing known as 
atial attention emerges. Now the full detail of the object of interest is encoded by IT cells and can be reported. 



 

 

 


