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Human Eye 
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Perception of Visual Information in Human Brain 
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Primary Visual Cortex V1 

4 
Replicated from Bosking, W.H., et al., Orientation selectivity and the arrangement of 
horizontal connections in tree shrew striate cortex. J. Neuroscience, 1997 



 A Model of the Primary Visual Cortex V1 

5 Replicated from R. Duits, U. Boscain, F. Rossi, Y. Sachkov, 
Association Fields via Cuspless Sub-Riemannian Geodesics in SE(2), JMIV, 2013. 



Cortical Based Model of Perceptual Completion 
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Motivation 

The retina is not flat 

Spherical extension of 
cortical based model of 

perceptual completion on 
retinal sphere 

Nonuniform distribution  
of photoreceptors 

=> Cortical magnification 



 Spherical Extension of Flat Model 
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Sub-Riemannian Structure in SO(3) 
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Mechanical Interpretation of Problem Pmec 
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Problem Pcurve(S2) and Pmec(SO(3)) 

Given 

 Find a smooth curve 

where 

   s. t.: 

Pcurve(S2) 

Pmec(SO(3)) 
 Find a trajectory                                         s.t.: 

Given 



Relation between Pmec and Pcurve 
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Pmec Pcurve 



Hamiltonian System of PMP for Pmec 
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Cusp  
Point 



Cortical Magnification 
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Retina 
Primary  
Visual Cortex 

  



Modelling of Cortical Magnification 
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Construction of the External Cost 
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Simulation of the Association Field 
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Simulation of the Association Field 
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Criteria of good continuation 
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Conclusion 
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• cortical based model accounting spherical nature of the retina  
 

• accounting nonuniform distributions of photoreceptors 
  

• realistic external cost based on model of cortical magnification 
  

• novel mathematical formulation of good continuation 
  

• close approximation of the association field 

Continuation 
• reconstruction of partially corrupted contours in images  

 

• automatic training of the parameters  
  

• Modelling of visual illusions 
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Thank you for your attention! 
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