
Laplacian Basics
(Smoothing, Cotangent Laplacian)

Instructor: Hao Su



MESH SMOOTHING 
(AKA DENOISING, FILTERING, FAIRING)



Mesh Smoothing 
• Input: Noisy mesh (scanned or other) 
• Output: Smooth mesh
• How: Filter out high frequency noise 



Smoothing by Filtering

Fourier Transform



Smoothing by Filtering

Fourier Transform



Filtering on a Mesh



Laplacian Smoothing

• An easier problem: How to smooth a curve?



Laplacian Smoothing

• An easier problem: How to smooth a curve?



Laplacian Smoothing



Spectral Analysis

• Closed curve



The Eigenvectors of L



0 ≤ λ(L) ≤ 2

http://www.cs.yale.edu/homes/spielman/561/2012/lect05-12.pdf

http://www.cs.yale.edu/homes/spielman/561/2012/lect05-12.pdf


Spectral Analysis



Laplacian Smoothing on Meshes



Laplacian Smoothing on Meshes



Laplacian Smoothing



Laplace Operator Discretization

• Sanity check — what should happen if the mesh lies 
in the plane: ?pi = (xi, yi,0)



Laplace Operator Discretization



Laplace Operator Discretization



What Went Wrong?



The Solution (1D)



Solution (2D)



Smoothing with the Cotangent Laplacian



The Eigenvectors of L



Spectral Analysis

• Cotangent Laplacian



Smoothing using the Laplacian Eigen-
decomposition


