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The PERCEPTION team at INRIA investigates stereoscopic vision. Over years we have 
studied the geometry of binocular vision, e.g., [1] and developed several stereo matching 
algorithms based on seed-growing [2,3,4]: The seed-growing principle is very simple: the 
matching that starts from a small number of control points which are then propagated to 
yield a dense disparity map. This yields a maximum a posteriori (MAP) formulation that  
leads to a series of local minimization problems that are solved hierarchically by a range 
growing process. While this method is sub-optimal, it allowed us to devise an intrinsically 
efficient methodology that bridges the gap between MRF-based global optimizers and 
locally optimal winner-take-all strategies. These developments formed the basis of a fast 
stereo implementation that runs on the NAO humanoid at 10 frames/second.  
 
In this master project we propose to study the seed-growing stereo matching algorithm 
from the perspective of human stereopsis: Recently, it has been postulated that the visual 
cortex implements Bayesian inference [8] and that MRF could form the basis of a biological 
model of stereopsis [9]. We propose to investigate the biological plausibility of seed 
growing, the link between stereopsis and the perception of texture [10], the role played by 
the complex cells for representing local image structure [11,12], and the importance of the 
top-down data that is fed into visual areas V1 and V2 from other "higher-level" cortical 
areas. 
 

References 

[1] M. Hansard and R. Horaud. Cyclopean geometry of binocular vision. Journal of the 
Optical Society of America A, Volume 25, Number 9, Pages 2357–2369 - September 2008. 

[2] J. Cech, J. Sanchez-Rieira, and R. Horaud. Scene Flow Estimation by Growing 
Correspondence Seeds. Proceedings of the IEEE Conference on Computer Vision and 
Pattern Recognition - 2011. 

[3] J. Cech, J. Sanchez-Rieira, and R. Horaud. Robust Spatiotemporal Stereo for Dynamic 
Scenes. 21st International Conference on Pattern Recognition - November 2012. 

[4] V. Gandhi, J. Cech, and R. Horaud. High Resolution Depth Maps from TOF-stereo Fusion. 
Proceedings of the IEEE International Conference on Robotics and Automation, pages 4742 
--4749 - May 2012. 

[5] Q. Yang. Stereo matching with color-weighted correlation, hierarchical bielef 
propagation, and occlusion handling. IEEE Transactions on Pattern Analysis and Machine 
Intelligence, volume 31, number 3, March 2009. 

[6] C. M. Bishop. Pattern recognition and machine Learning, Springer-Verlag, New York, NJ, 
2006.  

[7] M. J. Wainwright and M. I. Jordan. Graphical models, exponential families, and 



variational inference. Foundations and Trends in Machine Learning, volume 1, number 1-2, 
pages 1-305, 2008. 

[8] T. S. Lee and D. Mumford. Hierarchical Bayesian inference in the visual cortex. Journal of 
the Optical Society of America A, Volume 20, number 7, July 2003. 

[9] Y. Ming and Z. Hu. Modeling Stereopsis via Markov Random Field. Neural Computation, 
volume 22, pages 2161-2191, 2010. 

[10] P. Chossat and O. Faugeras. Hyperbolic Planforms in Relation to Visual Edges and 
Textures Perception. PLOS Computational Biology, volume 5, issue 12, December 2009. 

[11] J. Petitot. Neurogéométrie de la vision. Les Editions de l'Ecole Polytechnique, 2008. 

[12] M. Hansard and R. Horaud. A Differential Model of the Complex Cell. Neural 
Computation, Volume 23, Number 9, Pages 2324--2357 - September 2011. 

 

 


