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Your background

Previous experience in
- Programmation?
- Computational geometry (Delaunay, Voronoi) ?
- Computer graphics (rendering, parametric curves) ?

Project involving programmation or theoretical study of research article?



General introduction to
Computer Graphics (CG)




Sub-fields of CG

Modeling
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Some applications related to CG









Scientific computing




Visualization
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HPC

Matrix d_A; !
d_A.width = d_A.stride®
d_A.height = A height;
size_t size = A.width * A heigiNj
cudaError_t err = cudaMalloc(&d_A"
printf("CUDA malloc A: ¥%s\n",cudaGet™M TrString(err));
cudaMemcpy(d_A.elements, A.elements, size, cudaMemcpyHostToDevice) ;

Matrix d_B;

d_B.width = d_B.stride = B.width;

d_B.height = B.height;

gize = B.width * B.height * sizeof(float);

err = cudaMalloc (kd_B.elements, size);

printf ("CUDA malloc B: ¥s\n",cudaGetErrorString(err));
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Design, CAD

e = LEFF AECEPE R EES
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Design: Architecture




Desi
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3D reconstruction
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Cultural heritage
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Virtual reality




Augmented reality
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What we are going to see in details in this module

The computational methods to model, animate and visualize 3D virtual contents.
- Basic concepts
- State of the art research methods

Note: CG is a recent topic
(started ~60 for CAD, rapid extension after 2000 with video games, animation cinema,

VFX, now 3D printing)

Some current challenges:
Expressive modeling, animation authoring, complex & uncertain data visualization.

21



Sequencing of the module

1st period
13/09: Introduction + Modeling with meshes (D. Rohmer)
20/09: Mesh representations (J. Tierny)
27/09: Scalar field visualization (J. Tierny)
04/10: Modeling with scalar fields (M.-P. Cani)
11/10: Procedural vs. Interactive modeling (M.-P. Cani)
18/10: Expressive design: Sculpting and sketching 3D shapes (M.-P. Cani)
08/11: Descriptive animation technique (D. Rohmer)
15/11: Research seminar (you present a research article)
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Sequencing of the module

2nd period
06/12 Physically based animation (D. Rohmer)
13/12 Layered models for natural phenomena (M.-P. Cani)
20/12 Vector field visualization (]J. Tierny)
10/01 Character animation 1: Motion synthesis and control (M.-P. Cani)
17/01 Character animation 2: Skin, clothes and hair (D. Rohmer)
24/01 Tensor field visualization (J. Tierny)
31/01 Advanced techniques in visualization (J. Tierny)
14/02 Project seminar (you present your work)

23



3D Content Representation & Modeling

Different representations of 3D virtual content
Their common use case

24



Modeling 3D objects for Graphics application

Volume modeling

Surface modeling

- Fast GPU rendering, low memory footprint
- Focus on visible part

Note: Objective of Graphics applications != CAD/medical simulation =>Jfocus on modeling surfaces in CG

Note: We will learn how to visualize acquired volume data o5



Two modeling approaches: Explicit / Implicit

Explicit representation Implicit representation
(2, y,2) = S(u,v) {(,y,2) | Flz,y,2) =0}
S(u,v)
S
d
A 1
—
u
+ Neighborhood information + Topological modification >k %88

Today: The explicit representation
(but 27/09+04/10: visualizing and modeling field functions)
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Problematic of surface representation

What is the function of this dragon ?
S(u,v) =7
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Explicit surface representation

I.Meshes



Mesh

Simplest possible representation: set of triangles

o [ DR R S={]JS
) (u.v) »—>S,-(u.v):uA_B)+v,ﬁ+5>4 i

Union of linear functions

D vel0 il 0<urvi<]

o Vertex
Y = (Ul, .
/ Edge
¢ = (61, “es
Face

i




Triangular meshes = Common base representation

Triangle is the only surface that GPU is able to render natively

DAY
=> Need to convert any representation to

Po
triangle meshes for final rendering

=

Xl

P

D2
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Mesh encoding

ex. Tetrahedron

1st solution: “Polygon soup”
[(0,0,0), (1,0,0), (0,0,1),
(0,0,0), (0,0,1), (0,1,0),
(0,0,0), (0,1,0), (1,0,0),
(0,1,0), (0,0,1), (1,0,0)]

2nd solution: geometry/connectivity
Geometry: [(0,0,0), (1,0,0), (0,1,0), (0,0,1)]
Connectivity: [(0,1,3), (0,3,2), (0,2,1), (1,2,3)]

Standard (exchange format, GPU compatible)

Note next week - More advanced mesh encoding data structure
(neighborhood query)

21 (0.0,1.0,0.0)

.0.0,1.0)

)
0: (0.0,0.0,0.0)

1: (1.0,0.0,0.0)
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Example of ASCII mesh file format

file.off file.obj 2+ (0.0,10,00)
OFF v00O0
446 v100
?88 v010
v0O01
0.0,1.0
010 £124 010
001 £143 |
8 é I; £139 0 (0.0,0.0,0.0)
f234 © (1.0,0.0,0.
091 1:(1.0,0.0,0.0)
123
OFF Vv vertex coords

Nvertex Nface Nedge(0)  ftriangle index (1-indexed)
all vertices coords
all triangle index



Vertex parameter

Each vertex can be associated with some parameters (normal, color, texture coordinates, etc)

The values are continuously spread over the surface of the triangle using barycentric/linear interpolation

A
A

vp =Qavy+ ﬂ vg +Yvo (c, B,7y) are barycentric coordinates
z




Use of mesh representations

Pros:
- The simplest representation
- The most general (can approximate any surface)
- The only one handled by GPU (fast rendering)
Cons:
- The worst approximation for smooth surface (C°
only)
=> High number of samples => complex modeling

Note: meshes can be made of polygons. Artists generated meshes are mostly quadrangle
meshes
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xample of mesh modeling
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Explicit surface representation

II.Parametric surfaces



Parametric representation

Goal: to allow higher order elements
=> Smoother representation, less samples (easier manipulation)

We know the equation for basic primitives (cylinder, sphere, ellipsoids/quadrics, torus, cones, ...)

ex. |z(u,v) = r cos(u) x(u,v) = r sin(u) cos(v) z(u,v) = (k4 rcos(v)) cos(u)
y(u,v) = r sin(u) e y(u,v) = r sin(u) sin(v) e y(u,v) = (k + rcos(v)) sin(w)
2(u,v) =wv 2(u,v) =r cos(u) z(u,v) = rsin(v)

ab N

What about more general surfaces? S(u,v) =7
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Parametric representation for curves

Straight segment

B
@

c(t)=A(1—1)+ Bt

Cubic curve

B c D
.\» d,
B
d0
A A
[Hermite] 2 extremities+tangent [Bezier] Other representation
c(t) = a £+ ﬁtQ +yt+0 using a control polygon (A,B,C,D)
c(0) = A ct)=(1—-t)A+31—t)’t B+3(1 —=t)f*C+1>D
c(l)=B
¢(0) = do .
J(1) = d, Note: Curve passes exactly by A, D. But only

approximates B, C.
19 a8



Parametric representation for curves

Create curves between multiples points
Rem: Settings all derivatives of Hermite

curves is possible but tedious (in 3D!).
D, c, Points are prefered for interactive purpose

Union of cubics between segments

Common parameterization: Catmull-Rom

P, splines
P, Py . => compute automatically the derivatives
2 C,(0) =P,
Py D Ci,(l) =P k: tension
Cs * | CO=k®-Pi) parameter
C.(1)=k(P,,-P)
Limitations:
- Overshoot beyond the sample points (outside the convex hull of the control
polygon)

- Only globally C! (C2 is prefered)
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Parametric representation for curves
B-spline (basis spline)  ¢(t) = Z bi(t) P,

» Basis functions: smooth polynomial, minimal support
Special case: Cubic Uniform B-spline

P,
(1) = (1= 0%/ /
bi(t) = (363 — 612+ 4)/6
bo(t) ( 33+ 3t2+3t+1)/6 ™

(t)

\bgt /

Ps

N\

- Globally C?

- Remains inside convex hull of control polygon
- Approximation only

40



Parametric representation for curves

Cubic uniform B-spline P,
[ by(t) = (1—1)*/6 /
bi(t) = (33 — 6t2 +4)/6 0.
(
| bl

) =
bo(t) = (=317 + 3t° + 3t +1)/6
b3(t) = t3/6

Ps

/\

Matrix formulation 1 3 -31 Py

36 30| P
3 0 30| p
‘ 14 10/ \p

M: fully defined by the basis function

ct)y= (32t 1)

|
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Parametric representation for surface

Curve -> Surface using tensor product

Curve
cft) = 3 bilt) P

c(t) = (32t 1)M (Py P, Py P3)!

Po

D) = (i

3.2

Surface

S(u,v) =Y Y bi(u)bi(v) P
i

U

Poo Po1 Fo2 Fos
Py P11 Pio Pr3
Poy Po1 Py Pos
s

\;j\ control polygon
g\ Pas

M3 v v1)?

42



Practical generation of parametric surtace

set 3D coordinates of
control polygon
(manual/function based step)

resulting smooth surface

N

for each 4x4 patches
compute Nu x Nv sample points S(u,v)
build a quadrangular grid mesh

43



Parametric surfaces: NURBS

NURBS (Non Uniform Rational BSpline)

> Varying “parametric distance” between points

—> Allow to represent exactly circles (2D), spheres/cylinders (3D)

=> NURBS = Base of freeform CAD modeling surfaces

weight9=1 5 _————4  Weight9=5 4 — 1 weighto=20 , 4

S(u,v) = ZZRi’j(u,v)PM
L wij bi(u) bj(v)

44



Parametric surfaces

Pros:

Highly used in CAD manufacturing

Smooth (C2 for approximation, C1 for interpolation), local control.
Derivative computation (curvature)

Cons:
- 4x4 grid based patch topology

Extensions Several shapes will not smoothly

Hierarchical spline
[Forsey, Bartels, SSIGGRAPH 88]

T-splines
[Sederberg, Zheng, SIGGRAPH 03]



Explicit surface representation

III.Subdivision surfaces



Subdivision surfaces

Idea - Consider arbitrary mesh as a control polygon. Compute a smooth surface interpolating /approximating it.

Objectives - Smooth, local control, arbitrary topology

e s ka 31 pk
Subdivision for curves | n
N
2k+1 13 p§+1

DPpy1

Converge toward a C? curve

(Corner cutting)
Subdivision for surfaces P i
LSRN
2D subdivision mask
NS
&’ % 5 :
RO
IS BRIk
AN S
HONNZ QY
%"{"‘A%t;&!& 7
[Zorin, Schroeder, SIGGRAPH Course Notes 99] 47
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Example of subdivision surface: Doo-Sabin

Given a face (p;)i—[o,n—1]
Compute middle vertex m; = (p; + Pi+1)/2

N
1
Compute the barycenter of the face b = N ZO pi

The new vertices are n; = (p; + m; + m;_; + b)/4

48



Subdivision surfaces applications

- Low resolution modeling.
- Iterative subdivision + addition of details (multiresolution)

Iy HH

[Geri’s Game, Pixar]

[Modeling with ZBrush]
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faces schemes
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see http://graphics.stanford.edu/courses/cs468-10-fall

tic, etc

iquar

Kobbelt, mid-edge, b

Several more schemes
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Subdivision surfaces: analysis

Pros
- Arbitrary input mesh topology
- Guaranteed convergence to C! / C? (excepted singular points).
Cons
- Hard to predict final shape (depends on scheme, connectivity)
- Nodirect access to differential parameters
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Wrap-up: Common manual modeling approaches

Mesh based modeling Parametric surface modeling
1- Manual mesh modeling (coarse to fine): 1- Choose a basis function (smoothness,
extrusion, deformation locality, weights, etc).
“Low polygon”

2- Manually define the control polygon

2- Subdivision surface (smoothing+details)
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CG: digital artists CAD modeling
End of the 1* class on the 13/09 52



Softwares, tools, libraries for meshes & surtaces

Main 3D modelers

General mesh modeling Specialized modeling
Commercials Sculpting details over meshes
Maya (Autodesk) ZBrush (Pixologic)
3DS Max (Autodesk) 3DCoat (Pilgway)
Cinema 4D (Maxon) Design
Modo (The Foundry) Sketchup

Free software

Blender Parametric modelers
Catia (Dassault Systémes)
AutoCAD (Autodesk)

Rhino 3D (McNeel)




Softwares, tools, libraries for meshes & surfaces

.*“!i;(; ;T\m,:"r“,:émmi e iENol LI #d BRI SELLIOBE &3

Helping 3D tools (free open-source softwares)

- Meshlab (mesh viewer & processing)

- Graphite (mesh viewer based on GEOGRAM & processing, API for geometry processing)

L Widow Scene Devel Compomenis Mesh  Shape Atas Opsmizes QuickSt Anisomopy Geometyimage  Vecuizer

geomview (basic off viewer), wings 3D (subdivision modeler)
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Softwares, tools, libraries for meshes & surtaces

CGAL: Advanced mesh data structure & processing (only for used C++ programmers)

OpenMesh: Mesh data structure (simpler than CGAL)
LibIGL: Library for geometry processing

Assimp: library for mesh loading

Three.js: javascript framework for 3D sceni g 'E

ion inithater
#include < rm.l/Fm( redicates inexact constructions kernel.h> 0
Hnclude SCCAL/Tr angutation 3.h>

var materialColor = 6x9040C0;

var geonetry = new THREE.PlaneBufferGeonetry( BOUNDS, BOUNDS, WIDTH - 1, WIDTH -1 );

typedef CGAL: :Exact predicates inexact_constructions_kernel K;

e Yoo niform: THEE intfornstils nerge( [
i ;;i;:g::::::x S et T taserin “prg: 1 stars,
o ooty esgnene: { vale: i }
// construction from a list of points |
Cpian frontroint o 1),

fragnentShader : THREE. ShaderChunk[ *meshphong_frag* ]
Trisngulation T(L.begin(), L.end(1);

Triangulation: :size type n = T.nusber_of vertices(); 1
7/ insertion from a vector

Srbvectorseaints (3}

Vio] = Point(0,8,1); material. lights = true;
Vi1l = Point(1/1'1)

vi2l = point(2/2,2)}

= n o+ T.insert(V.begin(), V.end();

Material attributes from MeshPhonghater

lor( materialColor );

material.colo

SEER 5 Valiao ), 7/ Sabeidng VatEaREy ot r material. specular = new THREE.Color( Gx111211 );
ot e mater1al. shininess = 50;

Foint p(08,00; I - :

Catl ninate’e 2 1. tocatep, 1t, i, s /7 Sets the uniforns with the material values

77 p 15 the vertex of < of indéx Ui

4%sbrt{ 1t == Triangulstion: iERrec s material.uniforms. diffuse.value = material.color;

353ertl covartex(h) Sposni() - tersal Lar.value = material.specular;

Vertox handle v =+ covertex( (111163 ); material.uniforms. shininess.value = Hath.max( material.shininess,
L hangte ne = ¢ sneighbor(1i); natertal .uniforns.opacity.value = material.opacity;

77°1E = neighbor of ¢ opposite to the vertex associated with p

77 ne ave verte

he"mis /1 befines

a5aelt(nc.shas vertex( v nli ) );

7R 15 the natertal.defines.WIDTH = WIDTH. toFtxed( 1 );

Std: sofstrean oFileT(*output*,std: :i0s: sout) material.defines.BOUNDS = BOUNDS. toFixed( 1 );

7/ writing file output;
AT 2

Triangulated Surface Mesh Simplification

Fernando Cacciola

This package provides an algerithm to simplify a triangulated surface
mesh by edge i Itis an il ion of the Turk/Lindstrom
memoryless surface mesh simplification algorithm.

User Manual ~ Reference Manual

Triangulated Surface Mesh Deformation

Sébastien Loriot, Olga Sorkine-Hornung, Yin Xu and llker O. Yaz

This package offers surface mesh deformation algorithms which pmvlde
new positions to the vertices of a surface mesh under positional
constraints of some of its vertices, without requiring any additional
structure other than the surface mesh itself.

User Manual Reference Manual

Triangulated Surface Mesh Parameterization

Laurent Saboret, Pierre Alliez and Bruno Lévy

Parameterizing a surface amounts to finding a one-to-one mapping from
a suitable domain to the surface. In this package, we focus on
triangulated surfaces that are homeomorphic to a disk and on piecewise
linear mappings into a planar domain. This package implements several
surface mesh parameterization methods, such as least squares conformal
maps, discrete conformal map, discrete authalic parameterization,
Floater mean value coordinates or Tutte barycentric mapping.

User Manual  Reference Manual
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Explicit surface representation

IV.Point cloud



Point cloud

3D Scanner is developing: acquire raw 3D point cloud
- No explicit connectivity
- Huge amount of points (~107-1°)




Point cloud manipulation

2 Choices:

1- Reconstruct a mesh: problem of noise/size of data
2- Work directly with the points: assume a dense sampling

Local analysis
(normals, curvature)

ex. Compute local covariance matrix

> (i —D)pi—D)"

]

Normal oriented along eigenvector
associated to the smallest eigenvalue

Interaction through space deformation
(Moving Least Squares)

- > wp - 2 wn,
()= n(xX)=———7
Blx)=S, ST wal
b
4 v
4 P
-0 L ]
. w,=0(|lx—p,|)
» x

Rendering
(surface splatting)
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Point cloud example
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Next week:
Mesh representations

AN
\ b,
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Incident

vertex
next previous
halfedge halfedge

Incident face

And after: Volumes
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