Formal models of visual perception based on cortical architec-
tures

The model of cortical connectivity obtained as fundamental solution of the Fokker Planck
equation [2,6] has been applied to the analysis of retinal images, to afford problems of grouping
during the tracking of blood vessels [4]. Adding the feature of curvature and combining spectral
analysis and spectral clustering algorithm, it has been possible to group different perceptual
units in these images [1].

Then we have compared the results obtained through these models with functional data
fMRI, in order to afford the problem of identification and reconstruction of images from fMRI
activity [3,5,8]. Encoding and decoding models have been analyzed.

The first problem can be divided in two parts, the first of “model estimation” in which
the model of receptive profile is estimated for every voxel; the second of “image identification”
in which the cerebral activity is estimated starting from the model previously defined and
selecting the image whose predicted activity is more correlated to the measured one. The
estimation of the model parameters has been afforded using regression methods. In particular
a modified version of the encoding model is presented, adding sparsity of the representation,
a nonlinearity of logaritmic type to consider the structure of the cortex and a regularization
in the Sub-Riemannian cortical structure. Through this decoding process, the identification
performance of images was almost 99% and most of the representative voxels were in V1 and
V2 zones.

In order to reproduce the reconstruction of the stimulus, the retino-cortical model has been
used [7], primarily considering simple and artificial images. In the inverse mapping the idea
consists of representing the fMRI response from the flattened cortex to the retinal coordinates.
In this method the fMRI activity, obtained with the encoding/decoding model previously esti-
mated, projected on the flattened V1 is interpreted as the image of the logarithmic function.
In order to obtain the inverse mapping and so the fMRI response in retinal coordinates, we
made a coordinate change using the exponential function. The results considering simple and
artificial images seem very promising. The purpose is to improve the retino-cortical model in
order to reproduce with this technique not only artificial images but also natural ones.

1 Bibliography

[1] Samaneh Abbasi-Sureshjani, Marta Favali, Giovanna Citti, Alessandro Sarti, and Bart
Haar Romeny.Cortically-inspired spectral clustering for connectivity analysis in retinal images:
Curvature integration. arXiv preprint arXiv:1608.08049, 2016a.

[2] Giovanna Citti and Alessandro Sarti. A cortical based model of perceptual completion
in the roto-translation space. Journal of Mathematical Imaging and Vision, 24(3):3077326,
2006.



[3] Kendrick N Kay, Thomas Naselaris, Ryan J Prenger, and Jack L Gallant. Identifying
natural images from human brain activity. Nature, 452(7185):3527355, 2008.

[4] Marta Favali, Samaneh Abbasi-Sureshjani, Bart Haar Romeny, and Alessandro Sarti.
Analysis of vessel connectivities in retinal images by cortically inspired spectral clustering.
Journal of Mathematical Imaging and Vision, 56(1):1587172, 2016a.

[5] Thomas Naselaris, Ryan J Prenger, Kendrick N Kay, Michael Oliver, and Jack L Gallant.
Bayesian reconstruction of natural images from human brain activity. Neuron, 63(6):9027915,
2009.

[6] Gonzalo Sanguinetti, Giovanna Citti, and Alessandro Sarti. Image completion using a
diffusion driven mean curvature flow in a sub-riemannian space. In Int. Conf. Comput. Vision
Theory and Appl.(VISAPP 08), pages 22725, 2008.

[7] Eric L Schwartz. Spatial mapping in the primate sensory projection: analytic structure
and relevance to perception. Biological cybernetics, 25(4):1817194, 1977.

[8] Bertrand Thirion, Edouard Duchesnay, Edward Hubbard, Jessica Dubois, Jean-Baptiste
Poline, Denis Lebihan, and Stanislas Dehaene. Inverse retinotopy: inferring the visual content
of images from brain activation patterns. Neuroimage, 33(4):110471116, 2006.



	Bibliography

