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Inspiration

"E da natureza intima da Matematica
a busca do entendimento das coisas simples e fundamentais
naquela faixa de ideias onde, segundo os gregos antigos,
Verdade e Beleza se misturam de maneira indistinguivel.”

Manfredo do Carmo, 28 de Agosto de 1984 (%)

(*) Parte do discurso ao receber o Préemio Nacional de Ciencia e Tecnologia



The Big Picture

Mathematics Computing Art

function add (a)

2 7 local sum = 0 basic directions: 1, ®, ®?, ®°

a-x a.r .

= 7~——-ﬁ—&ﬁgn(h)‘7h.::() for i = 1, #a do sum = sum + a[i] end translation vectors:  [1,0,0,0], [0,0,1,1]
dt? dt return sum seeds:  [0,0,0,0], [1,0,0,1]

end



Three Pillars
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Images of Julia sets that you can trust

with Diego Nehab_Jorge Stolf,and Jogo Batista Oliveirs Rigorous Bounds for Polynomial Julia Sets, Journal of Computational Dynamics (2016)



The Beginnin
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Main Contributions
* Physically-Based Sampling for Implicit Objects

Gradient Field Dynamical Systems

Spanning Trees Computational Geometry

* New ldeas for Modeling Implicit Geometry

Tubular Neighborhood Differential Topology




Our First Joint Paper

* Graphics Interface'92

Physically-Based Methods
for Polygonization of Implicit Surfaces

Luiz Henrique de Figueiredo!
Jonas de Miranda Gomes'
Demetri Terzopoulos?
Luiz Velho'*

"' IMPA - Instituto de Matematica Pura e Aplicada
Estrada Dona Castorina, 110, Rio de Janeiro, Brazil, 22460
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Expanding the Collaboration

® Jexture, Implicit Objects and Particle Systems

Textura de superficies implicitas com sistemas de particulas
Proceedings of SIBGRAPI'95, 305-506 (with Ruben Zonenschein, Jonas Gomes, Luiz Velho)

Texturing implicit surfaces with particle systems
SIGGRAPH'97 Visual Proceedings 172 (with Ruben Zonenschein, Jonas Gomes, and Luiz Velho)

Controlling texture mapping onto implicit surfaces with particle systems
Proceedings of Implicit Surfaces'98,131-138 (with Ruben Zonenschein, Jonas Gomes, and Luiz Velho)

Texturing composite deformable implicit objects
Proceedings of SIBGRAPI'98, 346-353 (with Ruben Zonenschein, Jonas Gomes, Luiz Velho,
Mark Tigges, and Brian Wyvill)




Textura de superficies implicitas com sistemas de particulas

RUBEN ZONENSCHEIN' JonNAs GoMmes' Luiz VELno! Luiz HENRIQUE DE FIGUEIREDO?

'IMPA-Instituto de Matematica Pura e Aplicada
Estrada Dona Castorina 110, 22460-320 Rio de Janeiro, RJ, Brasil
ruben, jonas,lvelho@visgraf.impa.br

*Te(Gyaf — Grupo de Tecnologia em Computagio Grifica, Departamento de Informatica, PUC-Rio
Rua Marques de Sao Vicente 225, 22451-041 Rio de Janeiro, RJ, Brasil
lhfQ@icad.puc-rio.br

Abstract. We present a new method for applying texture onto implicit surfaces, The method

tracks particles associated with the gradient vector field of the implicit function. Unlike others
methods, this approach gives effective tools for controlling the placement of the applied texture.

1 Introdugao

O problema de se aplicar uma textura plana a uma
superficie ¢ essencialmente um problema de asso-
ciagao entre os pontos do objeto e os atributos de
um espaco de textura. Tal problema implica em uma
mudanga de sistemas de coordenadas.

Quando a superficie a ser texturizada ¢ descrita
parametricamente, essa correspondencia é dada pela
prépria fung¢ao de parametrizagio. Nesse caso, o ma-
peamento pode ser controlado manualmente. Em
geral, nao temos uma parametrizagao global do
objeto, mas sim um conjunto de parametrizagoes
definidas em uma parti¢iao do objeto. Portanto, o
controle das coordenadas de textura é extremamente
trabalhoso para o usuario. Seria desejavel um mecan-
ismo mais poderoso e interativo.

Uma superficie implicita é o conjunto de pontos
que satisfazem uma equagao F(z,y,z) = c. Neste
caso, nao temos um sistema global de coordenadas
na superficie que possa ser associado ao sistema de
coordenadas da textura. Uma solugao é utilizar uma
textura tridimensional [1]. A correspondeéncia entre
os pontos da superficie e a textura é geralmente a
identidade e poucas formas de controle sao possiveis
no mapeamento. Um segundo método baseia-se em
uma projec¢ao (ortogonal, cilindrica, esférica, etc.) a
partir de uma textura bidimensional [2]. Como num
projetor de slides, os atributos de textura sao obti-
dos pela intersegio dos raios com a superficie. De-
pendendo da superficie e do tipo de projegio, este
mapeamento pode associar o mesmo atributo de tex-
tura a todos os pontos que interceptam um mesmo
raio, o que muitas vezes ¢ indesejavel. Vamos de-
screver um método eficaz para aplicar uma textura
bidimensional a uma superficie implicita, permitindo
ao usuario um bom grau de controle do mapeamento.

2 O Método

Em nosso método, estabelecemos a correspondencia
entre os pontos da superficie implicita e os atribu-
tos de textura com auxilio de um sistema dinamico
gerado a partir do modelo implicito.

Os pontos da superficie sao tratados como par-
ticulas que se movimentam em dire¢ao a um objeto
auxiliar, utilizado como suporte para a textura bidi-
mensional. Simulando este sistema fisico, obtemos
coordenadas de textura para um ponto da superficie
pela intersegiao da trajetéria da particula correspon-
dente com a superficie de suporte da textura,

O método é composto dos seguintes passos:

I. Um sistema dinamico de particulas ¢ gerado a
partir do modelo implicito.

2. Pontos da superficie implicita sio escolhidos
como posigio inicial de particulas introduzidas
no sistema dinamico.

3. O atributo de textura de cada ponto na su-
perficie é “lido” na intersegiao da trajetéria da
particula correspondente com a superficie de su-
porte da textura.

3  Modelo Implicito e Sistemas Fisicos

O campo gradiente da fungiao que define a superficie
. . e o o a a .

implicita, VF(z,y,z) = (ﬁé. Fﬁ‘ ;-f) pqdo ser inter-
pretado como um campo de for¢as que irda governar

o comportamento de um sistema fisico de particulas.
O movimento de uma particula é dado pela equagao
diferencial

d*z dx

—_— Ay — " = ()
dt? +2 dt +VF '

onde 4 ¢ uma constante de “viscosidade” [3].
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Texturing Composite Deformable Implicit Objects
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Abstract. In this paper we present a method for applying 2D textures onto composite and articulated =< - rla I I y V I
objects defined by implicit functions. The method generates a particle system associated with the gradient =~ o
vector field of an implicit function which acquires texture coordinates at a support surface. By extending this =< -
method to composite objects. an implicit surface may change its shape in time. while maintaining texture S <
consistency. This approach prevents the appearance of undesirable effects such as ghosting and artifacts at =<

the blending parts of an implicit object.

Keywords: texture mapping. particle systems. implicit surfaces.

1 Introduction

Texture mapping is a well-established technique in com-
puter graphics. It maps a texture source to a surface. im-
proving surface detail without changing the underlying
geometry.

Texture mappingis closely tied to surfaces described
parametrically. such as patches. since the mapping of two
parametric spaces is usually straightforward. Implicit
surfaces. i.e.. those defined by an iso-contour of an im-
plicit function [2. 14.7]. present a major difficulty in that
implicit surfaces do not have a natural coordinate system
defined on them.

Since an implicit surface cannot be easily parame-
terized. a common way to apply textures onto it is to use
solid textures [8. 9. 15]. Although 3D texture mapping is
a powerful technique. it is limited to materials that have
a 3D structure, such as wood and marble: it cannot deal
with textures that would wrap a surface. such as an image
label.

Composite objects are those created by combining
primitives via Boolean operators. This intuitive way to
model complex objects can be found in various model-
ing schemes. such as CSG (Constructive Solid Geometry)
and implicit blends. The problem of applying textures
onto composite objects reveals the close relationship be-
tween texture mapping and parametric surfaces. Texture
mapping a composite object based on parametrically de-
fined primitives is possible; however. it demands special
care at the intersections of the pnmitives. On the con-
trary. applying textures onto a composite implicit object

highlights how unsuitable texture mapping techniques are
to implicitly defined surfaces.

Even if we were able to texture map an implicit ob-
ject. either via parameterization techniques or using solid
textures, it is not obvious how the texture should be-
have as primitives blend with each other or as the object
changes its shape in time. This is a result of computing
texture coordinates (2D or 3D) from functions of the field
value at some point in space. Problems also occur when
combining primitives with different textures. Using the
field to produce a weighted sum of texture values gives
undesirable effects where objects blend (we refer to these
as ghosting effects).

A new method of applying 2D textures onto implicit
surfaces was introduced in [18]. It uses a force field de-
rived from the gradient vector field of the implicit func-
tion to simulate a particle system that associates the im-
plicitly defined model to a support surface for the texture.
In this paper. we extend this method to cover compos-
ite implicit objects with moving parts. i.e.. objects whose
shape may change in time, as well as address the problem
of combining primitives with different textures.

2 Previous Work

Perlin [9] and Peachey [8] introduced the idea of solid
textures: a 3D texture space is embedded in the object
space. and texture coordinates values are defined with no
additional cost at any point on a surface. Although lim-
ited to materials that have a 3D structure. this technique
is very useful for texturing implicit surfaces.

Anais do XISIBGRAPI (1998) 1-?

SIBGRAPI 1998
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Dr. Brian "Blob" Wyvill is a Canadian computer scientist and author
who is currently a professor emeritus at the University of Victoria.
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1. Projection Step

a(t)VF — (1 —a(t))VG = 0.

particle advection by gradient flow
2. Mapping Step
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Extensions

e Blob Trees

- Composite Implicit Objects
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1. Color Blending
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A Unified Approach for
Hierarchical Adaptive Tesselation of Surfaces

Luiz Velho, Luiz Henrique de Figueiredo, and Jonas Gomes
Visgraf Laboratory, IMPA-Instituto de Matematica Pura e Aplicada

This paper introduces a unified and general tesselation algorithm for parametric and implicit
surfaces. The algorithm produces a hierarchical mesh that is adapted to the surface geometry
and has a multiresolution and progressive structure. This representation can be exploited with
advantages in several applications.

Categories and Subject Descriptors: 1.3.5 [Computer Graphics|: Computational Geometry and
Object Modeling; 1.3.6 [Computer Graphics|: Methodology and Techniques.; J.6 [Computer-
Aided Engineering]: Computer-Aided Design (CAD)

Additional Key Words and Phrases: Geometric modeling, surface approximation, polygonization,
parametric surfaces, implicit surfaces, multiresolution representations, adapted meshes.

1. INTRODUCTION

The polygonization, or tesselation, of surfaces is a classical problem that has many
practical applications in computer graphics and geometric modeling. The prob-
lem consists in computing a piecewise linear approximation for a smooth surface
described either by parametric or implicit functions.

A polygonal mesh is the one of the simplest forms of surface description and
therefore is the representation of choice in the implementation of a large number
of algorithms. Moreover, existing graphics systems (e.g., OpenGL) have special
support for polygonal primitives, specially for triangular meshes. Thus, despite the
existence of more sophisticated forms for surface description (e.g., Bézier, B-splines,
NURBS, etc.), there is always a need to represent surfaces in polygonal form.

1.1 Motivation

The main drawback of the polygonal representation is that it generally requires
a large number of polygons to faithfully describe the geometry of complex curved
surfaces. In part, this is due to the piecewise linear nature of the polygonal mesh,

Address: Estrada Dona Castorina 110, 22460-320 Rio de Janeiro, RJ, Brazil.
lvelho,lhf, jonas@visgraf.impa.br.

Permission to make digital or hard copies of part or all of this work for personal or classroom use is
granted without fee provided that copies are not made or distributed for profit or direct commercial
advantage and that copies show this notice on the first page or initial screen of a display along
with the full citation. Copyrights for components of this work owned by others than ACM must
be honored. Abstracting with credit is permitted. To copy otherwise, to republish, to post on
servers, to redistribute to lists, or to use any component of this work in other works, requires prior
specific permission and/or a fee. Permissions may be requested from Publications Dept, ACM
Inc., 1515 Broadway, New York, NY 10036 USA, fax +1 (212) 869-0481, or permissions@acm.org.




The Methodo

e Base Mesh Generation
- |Input: Surface Description

- Output: Triangular Mesh

 Edge Sampling

- Input: Edge Endpoints

- QOutput: Multiresolution Curve

* Cell Structuring

- |Input: Triangular Cell
- Output: List of Sub-Cells p”\ z &

Case 1 Case 2

()2



1

Algorithm

[ INITIALIZATION] . .

Start with a coarse decomposition of the surface: ‘5 PN
1.1 Generate the base mesh: ‘s

1.2 |[Sample the edges|of all cells in the base mesh.

edge sampling
[REFINEMENT]
For each cell,|test the corresponding surface patch for flatness.
If the patch is not flat, then recursively subdivide the cell:
2.1 Structure new cells by constructing internal edges:
2.2 Sample all internal edges.

flatness test



Agnostic to Representation

 Parametric and Implicit Surfaces
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Adaptation

 Boundary, Curvature, etc...

trimmed Bezier patch parametric torus



Multi-Resolution

e |evel-of-Detail and Visualization
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Figure 1: (a) CS1000, a cylinder subtracied of 1000 spheres (b) CCI000, a cylinder subtracted of 1000 cones, (c) RY, 9 primitives,

(d)1 11022, 102 primitives

Abstract

Current methods that interactively render masonably com
plex (3G objects are image based and are severely band:
width limited This sents a new approach b ray
iracing CSC dbject chmposcd of conves prisilivestha! couw
bines spatial subdivision and ray-tracing methods Dy per-
forming spatial subdivision on the CSG object until kocally #
s simphe enough to be rendered effectively and e ficiently on
2GPU, we are able 10 share the boad mom evenly between the
€I and the GI'U and depend less on bandwidth and more
on GI'U instruction throu ghput than curment methods, hence
obtaining betier scalability with newer hardware

Keywords: CSG, Graphics Hardware, GPU, ray tracing

1 Introduction
One of the most intuitive ways to model solid objects is by
them h chically, through of

simpler objects, creating more and more cmplex ones. Sev
eral that incorporate this nd
CSG {11] s the most popular

In the CSG representation, solid objects are obsined by sux-
cessive bookan combinations of primitives, and are wpre
sented by the ((SG) exprossion corresponding 1o the se
quence of bookan operations of primitives that led to
them. These CSG expressions are stored an trees called CSG
trees, whose leaves fep resent primitives and nodes rep resent

bodlean operations

With each node i also assaciated 3 transformation to allow
translation, rotation and scaling of each part of the molid ob-
ject while it is beig modeled Allematively these transfor-
mations can be applied directly to each leaf node of the sub-
tree moted at the niode the transformation i to be assocksted
with (in this Gise, no toring of transformations is needed)

-

GO

1.1 Prior work and Interactivity

The (3G paradigm & highly advantageow and well suited
for modehing. but much more useful if interactivity can be
achieved as then mode ks can be modified in realtime, greatly
facilitating the design process. Scalability is a seriowus con-
cem since rendering even remonably complex CSG objects at
interadtive rates is difficult. Since the introduction of CSG,
several appmaches have been devined towards that goal (in-
teractivity on ever more complex modeh). Some methods
volve converting the CSG fepresentation mo a boundary
representation and rendering that boundary, but these are
not really suitable for interactive performance. Other meth
ods are image-baved, and some wse special
ware to render CSG obpects. Goldfeather [4] presented an al
gorithin for rendering CSG models with convex objects (and
Later with non convex objects [5]) wing adepth ayering ap-
proach on the Iixel Manes
Wiegand [17] proposed an implementation of GoMfeather’s
algorithm on standard graphas hardware Rappoport [10]
converts the C5G representation fo 8 CDA representaton
and then uses the stencil buffer to render at interactive rates
Stewart ef al. [13] improved upon Gold feather’s algorithm
and then introduced the SCS algorithm [14] an improvement
wpon [13] and later refined # [15] Erhart and Tobbler [3],
Cuuha et al. [6] and Kimch and Dolkner 9] implemented opti-
mizathons over either the SCS, the Coldfeather or the layered
CGoldfeather algorithms 1o betier use newer graphics hard
ware. Adams and Dutre (1] prosented an algorithm that
perform interactive boolean operations on free-form solids
bounded by surfels. More recently, Hable and Romignac (7]
approach that combines depth-pecling with the Bt
formulation [12]
So far, the subset of fiene algonithms that have reached in-
teractivity on decendly sized models are image-based and
wse cither depth layering or depth peeling approaches. For
this reamn they are bandwidih kmited, and bandwidth of
standard graphics hardware has historically improved at a
rate that in at Jeast an order of magnitude lower than the in-
strixction throughput increase rate. They alwo impose limi-
tations on the number of primitives (due o the number of
planes available in the stencil buffer), unless they use mul

ple passes

Abstract

This paper inkodaces 3 ew refinement methad for computing tri-
angle sequences of 2 mesh. We apply e method © comwact 3
simgh gencralized triangle strip $iat completely covers 3 puramet
ric or imphicit surface. A semarkable feature of this apphcation is
that our method pene rates the triangulation and e ¥ngle s¥ip s
multmcomly, usng 2 moh refincment scheme. As a comsoquence.
we ase able to produce a hicrarchy of triangle strips defined steach
refinement kewel This data structure hus muay spplicaions i g

ometry compression and readering

CRCategaries and Subject Descriptors: 1.3.5 [Computer Graph
ics): Computasionsl Geametry and Object Madeling: 1356 [Com

puter Graghics]: Methodology aad Techmgues. 16 |Computer.

Aided Engincering) : Computer-Aided Desiga (CAD).

Additianal Keywords: o cmctric madehag. mesh rerescatation.
sequeatial wimplatons: HamilSonian paths: wisngle srips: acceh
crated rendermg: grometry compresoa

1 Introduction

Trimgle meshes, of triamguations, are ane of e most widely
used sepresentaions for geametric models. A trangulation is 2 2

dimemsional simplicial complex, 3 simple stuctre with moe com-

binatarial propestics. Moseover, surfaces of arbitrary topobgy can
be tessellated iso 3 mesh of trimgular patches. Also, triangles can
be readered very efficiently in both softwase and hurdwase. For
this reason, they are the basic grametric primitive of e graphics

poeime
On: of the main disadvantages of wisngle meshes is tht, in

gsencral, ey do mot provide 3 compact surface represcatation, be
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Ben joining the two endpaings of P,
Ressarily the smallest rectangle con

Ouéziee! recently propased an efticknt algorithm for
comguting the distance of points in the plane 1 & poly gonal
curve. In Section 6 we show that his algarithm can be ex.
tended touse the strip trees computed in Section 4 and alw

cause a large mumber of wiangles is required © faxhfully describe
the geametry of a complex surface
This roblem mativated the scarch for encoding schemes it
could be wed to represent wimgle meshes i 3 mare compuct and
efficicnt way. One such scheme is the yiangle wrip (and s gener
alizaticns). The mesh encading wing wisngle swips exploits spaial
coherence of the smplicial complex structuse. It caumerates mesh
elements in 2 sequence of adjacent triangles © avoid repeating the
verkex coordinates of shared edpes
In the traditiom] setting. the triangle s¥ip encading is posed
a5 e problem of comverting 2 given triangh mesh mto the mini
mal st of wisngle swips covering the mesh. This problem i NP.
complete [6] and, thus, cxisting alparithms mest rely on hewistics
to ind suboptmal solusans
Trismgle meshe s anc ofien wied © approximate smooth surfaces,
or to interpolate data points. In Shese cases, e mesh is generated,
sespectively, from 2 surface description (in parametric o mplicit
form). of from parse sumples. Based on this obsrvation. we no-
ticed ®hat tringk soquences can be comstructed durmg the racess.
of gencrating the mesh. In that way, the complexity of the problem
1s seduced and 2 betier solution can be found.

In this puper we describe 2 method for comstructing 2 Beraschy
of gemcralized wisngle swips. The method can be istegrated with
the mesh creation process. In fact, with small computional ef
fort, we are abk: to build triamgh sequences ®iat have mumy good
propertics.

The remainder of the paper & arganized a5 follows: Secsion
gives defimioms and some back ground on triangle sequences; Sec
toa 3dscusics previous wark: Section 4 prescats the husic method

for gencrating Meraschical triangle sequences wing refinement;
Section S amalyzes wnifarmly refimble sequestial trangulaSons
Section 6 investigates the case of adaptive refinement; Section 7
shows an apphcation of e mcthod to obtain trangular srips at
completely covers implici and parametric surfaces; Section § con
cludes with final remarks and directions for furure work.

2 Definitions and Background

In onder to imvestigate the diffcrent ways of sepreseating trangk
meshes, we noed to study their topobgical stucture. in terms of
comectivity and adjacency sebations between e clemenss of the
mesh. For that purpase, it is comvemient to Jook af the dial graph
of the mesh, which gives explicitly the a§acency rehions hetween
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Stay Tuned for the Next Episodes..

14:30 - 15:00
Ladrilhamentos com tridngulos e quadrados: origami e métodos de inflagcdo
José Ezequiel Soto Sanchez (I TAM)

15:00 - 15:30
Coffee Break

15:30 - 16:00
Lua: a historia de uma 'little language”
Roberto lerusalimschy (PUC-Ri0)

16:00 - 16:30
TBA
Special Guest

16:30 - 17:30
Mesa Redonda Visgraf

17:30 - 17:40
Closing



“There Is one more thing.”

— Steve Jobs



The Organizers

Afonso Paiva Emilio Vital Brazil Waldemar Celes

I -
CMC-USP IBM Research PUC-Rio



LHF60: Celebrating
the 60th Birthday of
Luiz Henrique de
Figueiredo

SIBGRAPI 2022, Natal, October 24th, 2022

This event commemorates the 60th anniversary of Luiz

Henrique de Figueiredo (IMPA) and includes guest lectures
according to the schedule below.




LHF60++: Celebrating
again the 60th Birthday

of Luiz Henrique de
Figueiredo

IMPA, Rio de Janeiro, January 25th, 2023

This event commemorates the 61st anniversary of Luiz Henrigue

de Figueiredo (IMPA) and includes guest lectures according to

the schedule below. This meeting is a continuation of the event
held on SIBGRAPI 2022.




