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Modeling	 Compu.ng	



Shape Correspondence 



Shape Correspondence 



General overview 
In the discrete setting, a (bijective) correspondence 
can be represented as a permutation matrix



General overview 

Birkhoff Von-Neumann Theorem:

	



General overview 

Data term. 
Pointwise descriptors. 

“Embeddings”. 

Regularization term. 
Pairwise descriptors. 

Bijectivity. 

LAP	 QAP	



• Projection on        : 

A general framework 

• Relaxation: 

Relaxation and projection can be really 
simple if you choose        wisely! 

QAP	



Laplace-Beltrami Eigenbasis 

…	 …	



Distance Matching 
•  A common choice for pairwise descriptors are geodesic distances 

     

Isometric	deforma.ons	ó	invariant	geodesic	distances	

Cons:	
•  Emphasize	global	similarity.	

•  Result	in	hard	op.miza.on	
problems	(convex,	smooth)	

BBK	(2006),	Chen,	Q.,	Koltun	(2015),	Solomon,	J.,	Peyré,	G.,	Kim,	V.	G.,	&	Sra,	S.	(2016).			



Kernel Matching 
•  A good choice for pairwise descriptors are positive definite kernels

       

Shtern, Kimmel (2014)	.	Lähner,	Z.,	Vestner,	M.,	Boyarski,	et.	al	(2017).		Vestner, M., Litman, R., Rodolà, E., Bronstein, A., & Cremers, D. (2017). 

e.g.  Heat Kernels 



Kernel Matching 

Heat kernel 
on product 
manifold 

A kind of “Dirichlet energy” 
  in product space. 

i.e.,      is a “smooth” sub-
manifold in the product space. 





Kernel Matching - Algorithm 

(Strictly) convex objective 

(Optional : Include data term.) 

Exact	relaxa.on!	



KM interpretations 

Lederman, R. R., & Talmon, R. (2014).	



KM interpretations 

Spectral interpretation 

Spectral rep. of 
correspondence 

Low-pass filtering 



KM interpretations 

Spectral interpretation 

Linear 
filtering 

Euclidean 
Projection 



Partiality 



Multiscale 



Multiscale 



Multiscale 



Multiscale 



KM Results 

FAUST	(Bogo	et	al.	2015)	

SCAPE	(Anguelov	et	al.	2005)	
SHREC16	(Cosmo	et	al.	2016)	











KM Results 

FAUST	(Bogo	et	al.	2015).		EvaluaTon:	Kim	et	al.	2011.	



KM Timings 



Kernel Matching vs Distance Matching 

Exact	relaxa.on!	

Exact	relaxa.on!	

Distance matrices  are 
Symmetric + zero trace. 

 
 

Never PD!  
 



Kernel Matching ó Distance Matching 

Centering matrix Centroid of  

Double centered kernel: 



Kernel Matching ó Distance Matching 

Is	a	double	centered	PD	kernel!	

Matrix of squared 
Euclidean 
distances 



Upcoming: learnable kernels 

Learnable	
Embeddings	

Kernel	
Matching	

Learnable	
Kernels	

Loss	funcTon	

LAP	solvers	
•  Slow		
•  Non-differen.able	



Joint work with … 
MaLhias	Vestner,	Zorah	Lähner,	Daniel	Cremers	
	
Or	Litany,		Tal	Remez	
	
Ron	Slossberg,		Ron	Kimmel,	Alex	Bronstein	
	
Michael	Bronstein	
	
	Emanuele	Rodolà	

Code	:		h]ps://github.com/zorah/KernelMatching	


