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In V1, neuronal responses are sensitive to context: responses to stimuli presented within the 
classical receptive field (cRF) are modulated by stimuli in the surround. Recently, sparse coding 
models [1] have been successful in explaining part of these modulatory effects [2]: Their dynamics 
implements an inference process to seek an optimal (w.r.t. accuracy and sparseness) representation 
of a visual input in terms of fundamental features. This is achieved through a competition between 
similarly tuned neurons with overlapping input fields, which also mediates contextual modulation.

However, this connection scheme implies that neurons with non-overlapping input fields do not 
interact. Therefore, the proposed mechanism cannot explain the majority of contextual modulations 
since these are usually caused by surround stimuli positioned far from the cRF. To overcome this 
limitation, we propose an extension of the classical framework [2] by defining a new generative 
model for visual scenes that includes dependencies among different features in spatially well-
separated locations (Fig.1A,B). To perform inference in this model, we also derive a biologically 
inspired dynamics and a lateral connection scheme for optimally processing local and contextual 
information.

The result can be interpreted as a neural network where units are linked by short range horizontal 
connections within the same hypercolumn and by long range connections between different 
hypercolumns (Fig. 1C). Each hypercolumn contains units that receive input from a localized region
of the visual field and builds a sparse representation of its input as if it was presented in isolation. In
parallel, these local representations are combined by providing contextual information to each other.
In our simulations connections are learned from natural images. Long-range connections reflect the 
co-occurrence of features in different visual field locations: this predicts a connectivity structure 
linking neurons with similar orientation and spatial frequency preferences, which is similar to the 
typical patterns found for long-ranging (3-4mm) horizontal axons in visual cortex [4]. Subjected to 
contextual stimuli typically used in empirical studies, our model replicates several hallmark effects 
of contextual processing, part of which [3] were not explained by [2]. In summary, our model 
provides a novel framework for contextual processing in the visual system proposing a well-defined
functional role for horizontal axons.
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Caption

Figure 1: (A) Example of stimuli from a natural scene (top) and dictionary of fundamental features 
(bottom) (B) Scheme of the generative model (C) Network architecture to perform inference in the 
generative model 
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