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Shape Analysis Course Chapter 9

I The textbook Chapter 9, and the course slides (mostly
8-10) (Could be found from Geometric Data Processing
Group)

I Shape Analysis (Lectures 12-13): The Laplacian operator
on intervals, regions, graphs, and manifolds — On YouTube

I Shape Analysis (Lectures 13, extra content): Divergence of
tangent vector fields — On YouTube

I Shape Analysis (Lectures 14): Laplacian operators via
first-order Galerkin finite elements (FEM) — On YouTube

I Shape Analysis (Lectures 14, extra content): A simple
Laplacian on point clouds — On YouTube

I Shape Analysis (Lecture 15): Applications of the Laplacian
in graphics, vision, and learning — On YouTube

http://groups.csail.mit.edu/gdpgroup/assets/6838_spring_2021/chapter9.pdf
http://groups.csail.mit.edu/gdpgroup/assets/6838_spring_2021/
http://groups.csail.mit.edu/gdpgroup/assets/6838_spring_2021/
http://groups.csail.mit.edu/gdpgroup/courses.html
http://groups.csail.mit.edu/gdpgroup/courses.html
https://www.youtube.com/watch?v=VZMZUeIVUuA&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=16
https://www.youtube.com/watch?v=VZMZUeIVUuA&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=16
https://www.youtube.com/watch?v=7hTd6aVfAvQ&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=18
https://www.youtube.com/watch?v=7hTd6aVfAvQ&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=18
https://www.youtube.com/watch?v=ZtNr184BFlc&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=19
https://www.youtube.com/watch?v=ZtNr184BFlc&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=19
https://www.youtube.com/watch?v=HAPTxiRIZMg&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=20
https://www.youtube.com/watch?v=HAPTxiRIZMg&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=20
https://www.youtube.com/watch?v=agshrU5fE_0&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=21
https://www.youtube.com/watch?v=agshrU5fE_0&list=PLQ3UicqQtfNtUcdTMLgKSTTOiEsCw2VBW&index=21


The Idea 5

Basic Approach of Shape Analysis: Operator Base.

I Understanding the structure of operators on functions.

The main operator we focus on: Laplacian

I Input: function on a manifold

I Output: the function which is the second derivative of the
input at every point

I Eigenvalues and Eigenvectors of Laplacian infer a lot of
information about the shape / manifold

I Discrete Laplacian Operators enables a lot of applications,
following the outline: find some matrix approximating
Laplacian, do linear algebra calculation, find something...

I Same calculation from low to high dimensional space, a
“sledgehammer”



Warning 6

No clear convention on the sign of Laplacian among
mathematicians, physics, computer scientists.

Here we try to stick to the convention:

I Non-negative Eigenvalues

I It is minus the sum of the second derivatives

I Discretize it to be a positive semidefinite matrix

Not gonna have time to build up the theory of Laplacian
Operator from the ground up (i.e. function, spaces,
differentiable manifolds, etc.).
Instead: feel of how it behaves, how it is constructed, etc.



A Famous Example 7

Can One Hear the Shape of a Drum?

Around 1960s, not the �rst one on the topic, but the most
memorable one.



A Famous Example 8

What is it asking?
I From the sound you hear from a drum, can you reconstruct

the shape of that drum?
I Can I reconstruct a piece of geometry from an audio signal?
I From the 1-D frequency signal, can we reconstruct the high

dimensional shape?

Sounds impossible at �rst but...

A 1-D version of the question:
I Can we reconstruct the length of string (of a guitar) from

the sound it makes?

There is a relationship between the length of the string (the
shape) and the frequency of vibration you hear.
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A Famous Example 9

The answer in the 1-D space is YES, but for the drum is NO.

Reason: There are drums that are either spectral (but very
rare ). There are two drums in the universe that makes exactly
the same vibrations but have di�erent shape.
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