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Analysis of non-rigid surfaces 236611 
 
The course deals with modern methods of analysis of non-rigid surfaces, an important 
emerging field bringing together different disciplines of mathematics and computer science 
such as differential and metric geometry, numerical analysis, optimization, computer 
graphics, machine learning, computer vision and computational geometry. The course 
objective is to give theoretical and numerical tools for the analysis and comparison of 
surfaces from the perspective of the recent advances in the field. The first part of the course 
will include a brief introduction into topology, metric and Riemannian geometry as well as 
numerical geometry, numerical analysis and state-of-the-art tools in numerical optimization. 
The second part is dedicated to the representation of intrinsic geometry of surfaces. We will 
discuss the notion of isometric embedding, discern between local and global isometries and 
study different numerical methods for analysis and comparison of non-rigid surfaces. Two 
major emphases are spectral embeddings and multidimensional scaling. The last part of the 
course is dedicated to applications. We will see how many important problems can be 
addressed within the framework of non-rigid surface matching. We will demonstrate the 3D 
face recognition system based on intrinsic geometric representation of faces.  

 
Teachers 
 
Prof. Ron Kimmel 439 Taub, tel. 4616, email: ron@cs.technion.ac.il 
Alex Bronstein  437 Taub, tel. 4895, email: bron@cs.technion.ac.il 
Michael Bronstein 437 Taub, tel. 4895, email: mbron@cs.technion.ac.il 

 
Approximate Weekly Schedule 
 
Week 1:   overview of applications, basics of topology and metric geometry. 
Week 2:  introduction to Riemannian geometry, intrinsic vs. extrinsic geometry, geodesics. 
Week 3:  basic terms in numerical geometry, surface representation, sampling, 

triangulation, polyhedral meshes, fast marching methods. 
Week 4:  basic terms in numerical optimization, gradient descent methods, Newton and 

quasi-Newton methods. 
Week 5:  local vs. global optimization, non-convex optimization, majorization, multi-

resolution and multi-grid methods. 
Week 6:  introduction to isometry invariant surface matching, iterative closest point 

algorithms. 
Week 7:   the Schwartz and Elad-Kimmel approach, partial surface matching. 
Week 8:   multidimensional scaling, LS-MDS, SMACOF, multi-grid MDS. 
Week 9: non-Euclidean embedding, spherical and hyperbolic MDS, generalized MDS. 
Week 10:  Gromov-Hausdorff distance, Memoli-Sapiro and Bronstein-Bronstein-Kimmel 

approaches. 
Week 11:  spectral embeddings, Isomap, locally linear embedding (LLE), Hessian LLE, 

SDP embedding, Elad-Kimmel canonical forms, Laplace-Beltrami operator and 
its spectrum, classical scaling. 

Week 12:  applications: the isometric model of facial expressions, expression-invariant face 
recognition, texture mapping, virtual makeup. 

Week 13:  applications: geometric-variational models, isometric priors in variational 
models. 

Week 14:  applications, as time permits. 
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Pre-requisites  
 
Good knowledge of math, including differential and integral calculus (104011, 
104004 or 104282) and linear algebra (104006 or 104167). Advantage for students 
who studied one or more of the following courses: 
• Numerical analysis (104283, 234107) 
• Multi-grid methods (236790) 
• Optimization (046197, 236330) 
• Numerical geometry of images (236861) 
• Computer graphics and computational geometry (234325, 046345, 236719) 
• Riemannian or differential geometry (106350, 104177, 106723) 
• Metric geometry or topology (104142, 104144) 

 
Grading Policy (tentative) 
 
25% Homework 
60% Course project 
15% Final presentation 
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