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            Abstract
A fundamental function of the visual system is to encode the building blocks of natural scenesâ€”edges, textures and shapesâ€”that subserve visual tasks such as object recognition and scene understanding. Essential to this process is the formation of abstract representations that generalize from specific instances of visual input. A common view holds that neurons in the early visual system signal conjunctions of image features1,2, but how these produce invariant representations is poorly understood. Here we propose that to generalize over similar images, higher-level visual neurons encode statistical variations that characterize local image regions. We present a model in which neural activity encodes the probability distribution most consistent with a given image. Trained on natural images, the model generalizes by learning a compact set of dictionary elements for image distributions typically encountered in natural scenes. Model neurons show a diverse range of properties observed in cortical cells. These results provide a new functional explanation for nonlinear effects in complex cells3,4,5,6 and offer insight into coding strategies in primary visual cortex (V1) and higher visual areas.
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                    Figure 1: 
                        Statistical patterns distinguish local regions of natural scenes.
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Figure 2: 
                        Distribution coding model.
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Figure 3: 
                        Model neurons exhibit properties of cortical visual neurons.
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Figure 4: 
                        Generalization across natural variability.
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        Editorial Summary
Building the picture
Complex visual scenes are made up of many component features such as edges and textures. Neurons in the early stages of the visual system are sensitive to individual features; it's implicitly believed that the nervous system must put them back together to signal conjunctions of different features, but how this is achieved is unknown. Yan Karklin and Michael Lewicki have developed a computational model of visual processing in which neural activity encodes statistical variations of features in images, establishing which ones are most likely to be associated with each other. Aspects of the model echo the nonlinear properties of some visual neurons, hinting at a possible functional interpretation for these properties.
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