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Structure of the Talk 
• Historical Remarks
• Physiology of Human Vision
• Functional Architecture of Primary Visual Cortex V1

- Mathematical Model of Contour Completion
• Color Space Metrics
• Color Vision Metrics
• Applications

Conclusion
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Historical Remarks 
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Historical Remarks 
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Brief Tour in Physiology of Human Vision 
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Perception of Visual Information by Human Brain 
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Primary visual cortex 
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Physiology of Human Eye 
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Primary Visual Cortex V1 of Mammals 



Primary Visual Cortex V1 
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Replicated from Bosking, W.H., et al., Orientation selectivity and the arrangement of 
horizontal connections in tree shrew striate cortex. J. Neuroscience, 1997 



Cortical Magnification 
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Mathematical Modelling of 
Functional Architecture of the 

Primary Visual Cortex V1 
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 A Model of the Primary Visual Cortex V1 

12 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 

13 



14 

Association fields: conditions for hidden contour completion 
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Association fields: conditions for hidden contour completion 



 
Geometrical Optical Illusions 



 Adaptive Model of Vision via  
Data-driven Sub-Riemannian Geodesics 
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Color Space Metrics 

18 



Photoreceptor Responses  
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Noticeable Difference Ellipses in Chromaticity Diagram   
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Color Vision Metrics 
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Association Fields in Color Images   



Association Fields in Monochromatic Images 



Association Fields in Monochromatic Images 



Adaptive Color Vision Metric 
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Applications 
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Anthropomorphic Image Reconstruction 
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Diabetic retinopathy  ---  one of the main causes of blindness. 
Patients are found early -->  treatment is well possible.  

Early warning  ---  leakage and malformation of blood vessels.  
The retina  --- excellent view on the microvasculature of the brain. 

Analysis of Images of the Retina 

Diabetes Retinopathy with 
 tortuous vessels 

Healthy retina 



Geodesic Methods in Computer Vision 
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Tracking of salient lines via data-
driven minimal paths (or geodesics). 

Data-driven Geodesic – curve that 
minimizes length functional weighted 
by external cost (function with high 
values at image locations with high 

curve saliency). 

Source Point 

Sink Point 

Geodesic 

Source Point 

Sink Point 

Geodesic 

Image Distance from source point 

Fast Marching method to compute 
geodesics: 

1) Computation of distance map
from source point, 

2) Geodesic via steepest decent
on distance map. 



Tracking of Lines in Flat Images via 
Sub-Riemannian Geodesics in SE(2) 
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Contrast enhancement of color images 
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Colorless 

image 

Initial image Resulting 

image 



Conclusion 
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• Hyperbolicity naturally appears in modelling of perceptual color space.

• Combination of hyperbolic color space model with sub-Riemannian model of
contour completion provides an interesting  novel model of color vision.

• The model has applications in color image processing.

• Computation of the distance map is a nontrivial problem.
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Thank you for your attention! 
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