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INTRODUCTION

http://tiny.cc/6113

Mikhail Bessmeltsev



INSTRUCTOR

Mikhail Bessmeltsev

Email : bmpix@iro.umontreal.ca

Office : AA 6191

Office hour : Fri, -2 pm

Web: http:/mww  -labs.iro.umontreal.ca/~bmpix/



FORMALITIES

Lectures: Tue 9.30-11.30
Thu 16.30-18.30

Web: http://tiny.cc/6113

Use Piazza!
http://piazza.com/umontreal.ca/fall2019/ift6113



TEXTBOOK (OPTIONAL)

Polygon Mesh Processing by Botsch et al.
Free online at UdeM library

Polygon Mesh
Processing

o 4
e Mario Botsch
. Leif Kobbelt
\;‘- 4 Mark Pauly

Pierre Alliez

Bruno Lévy




PREREQS

A For sure:
I Calculus
I Linear algebra

A Bonus (but not required):
I Differential Geometry
I Partial Differential Equations



THIS IS NOT AN EASY COURSE
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Heavy math
Heavy programming
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BUT INTERESTING

| will help
and be generous with grading



GRADING

Assignments (33%)
Paper Presentation (25%)
Participation (2%)
Final Project (40%)

100%



ASSIGNMENTS (33%)

A Mostly coding, but math also
A ~ 2 weeks long
A Recommended framework: libigl (C++)

http://libigl.github.io/libigl/



http://libigl.github.io/libigl/

FACE TO FACE GRADING

A Understand each line of your code

A Plagiarism policy



PAPER PRESENTATION (25%)

A Choose a SIGGRAPHpaper on a related topic
A Give a talk!
A Others : ask questions

A Choose a paper (and post about it in Piazza)
by Oct 29th



PARTICIPATION (2%)

A Classroom

A Questions/discussion at paper and
project presentations



FINAL PROJECT (40%)

1. Choose arecent SIGGRAPHpaper

2. Propose an improvement /modification
3. Implement

4. Present!

Important aates:
Project proposal: Oct 15 t, by midnight
Final Presentation: Dec 5 ™, in class




NO EXAMS



WHAT YOU WILL LEARN

Fundamentals:

Mesh data structures
Discrete Differential Geometry
Discrete Laplacians
Vector Fields

Applications:
Shape Deformations
Surface Reconstruction
Mesh Parameterization
Remeshing
Animation/Sketch -CéUed NEIenijni i1~
Learning geometry



TODAY

1. Geometric modeling?

2. Shape analysis?

3. Studying shapes: what we need
4. Applications




TODAY

1. Geometric modeling?
2. Shape analysis?



WHAT IS
GEOMETRIC MODELING?
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Mechanical Architecture
Engineering and civil
engineering

Computer
Geometric Graphics
Modeling

_‘.’

Machine

s.l. Eg:g - Learning Augmented/Virtual Reality ,,
Ty ™ &@-

Numerical Optimization Human - Computer Interaction (HCI)



THIS.









THIS TOO.
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MODELING SESSION

Modeling E=E>Sc

Polygans

SRGB gamma

[xoq puueyy

1031p3 Jakey

Display
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SHAPE ANALYSIS

Which parts of 3D shape are interesting ?
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SHAPE ANALYSIS

How can we compare shapes?
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Sketch-Based 3D Shape Retrieval: Mathias Eitz, Kristian Hildebrand, Tamy Boubekeur, and Marc Alexa, ACM SIGGRAPH 2010



SHAPE ANALYSIS

A How can we compare shapes?
A How to map them onto each other?

%00




SHAPE ANALYSIS

Segment shapes?
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https://arxiv.org/pdf/1705.11050.pdf

ROADMAP

A Data Structures _ Q®

A Recap of differential geometry a Qo Qo Qa
A Mesh Simplification & Saliency A Q@ Q w

Pa L] L d N

A Mesh Parameterization A Q@ Qo
A Shape Deformation A QwQ®
A2s1 1T AAl ED@

ARAT AOERIMH Qw
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TODAY

3. Studying shapes: what we need



WE WANT TO STUDY SHAPES

What (pure) mathematicians think:




EUCLIDEAN GEOMETRY
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EUCLIDEAN GEOMETRY
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EUCLIDEAN GEOMETRY
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DIFFERENTIAL GEOMETRY

Easy intro:

MANFREDO P. DO CARMO

Differential Geometry
of

Curves and Surfaces

Harder intro (5 volumes):

Spivak: A Comprehensive Introduction to Differential Geometry



DIFFERENTIAL GEOMETRY

Study of smooth manifolds



MANIFOLD




MANIFOLD?




MANIFOLD?




MANIFOLD?

Oﬂ@ua}m&l by the Seanford Computes Geaphics Laboratory




MANIFOLD?




DIFFERENTIAL GEOMETRY TOOLBOX

K = RKi1RkRo = det I

Curvature and shape propertles



WE WANT TO STUDY SHAPES

What graphics people think:




WE WANT TO STUDY SHAPES

ACollection of flat triangles/quads
AApproximates a smooth surface




WE WANT TO STUDY SHAPES

A Can such a mesh have curvature?




MANIFOLD?




DISCRETE DIFFERENTIAL GEOMETRY

Structure preservation:

I Keeping properties from the continuous
abstraction exactly true in a discretization.



EXAMPLE: TURNING
NUMBERS
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DISCRETE DIFFERENTIAL
GEOMETRY

Eurographics Symposium on Geometry Processing (2007)
Alexander Belyaev, Michael Garland (Editors)

Discrete Laplace operators: No free lunch

Max Wa:detzk)'] Saurabh Mathur” Felix Kiilberer' Eitan Grinspurlg' t

Freie Universitit Berlin, Germany 2Columbia University, USA

the continuous setting. Building on the smooth setting, we present a set of natural properties for discrete Laplace

operators for triangular surface meshes. We prove an important theoretical limitation: discrete Laplacians can-

not satisfy all natural properties; retroactively, this explains the diversity of existing discrete Laplace operators.

no safisfy all natural properties; retroactively, this explaing the diversity of existing discrete Laplace operators.
Finally, we present a family of operators that includes and extends well-known and widely-used operators.

1. Introduction 1.1. Properties of smooth Laplacians

Discrete Laplace operators on (rangular surface meshes Consider a smooth surface S, possibly with boundary,
span the entire spectrum of geometry processing appli- equipped with a Riemannian metric, i.e., an intrinsic no-
cations, including mesh filtering, parameterization, pose tion of distance. Let the intrinsic L7 inner product of func-
transfer, scgmentation, reconstruction, re-meshing, com- tions u and v on § be denoted by (u,v);2 = [guv dA, and let
pression, simulation, and interpolation via barycentric coor- A= —divgrad denote the intrinsic smooth Laplace-Beltrami
dinates | Tau({), Zha(4, FHO3, Sor()5]. operator [Ros97]. We list salient properties of this operator:

In applications onc often reguires certain structural prop- (NULL) Au = 0 whenever u is constant.



THEORY: GRAD




THEORY: LAPLACIAN
3

Vallet and Lévy.
Spectral Geometry Processing with Manifold Harmonics .
EG 2008



