30th
Anniversary
of Visgraf

EVENT SCHEDULE

Poster Section |9 a.m to 6 p.m
Poster exhibition of Visgraf Lab Members
and Former Members

Welcome | 2 p.m.
Welcome section

Round table* | 2:30 p.m.

Round table with current Laboratory
researchers, Luiz Velho, Luiz Henrique
de Figueiredo and Diego Nehab,

Jonas Gomes and Paulo Cezar Carvalho

Cocktail | 3 p.m.

*the round table will be broadcast live
on IMPA's youtube channel

Website

http://bit.ly/visgraf30




30TH ANNIVERSARY OF VISGRAF

In 2019, the Vision and Graphics (Visgral) of the Institute
of Pure and Applled Mathematics (IMPA) compleles 30
years. This website i< a tribute to those who, somehow,

are part of the history of the Laboratory.

During the last 30 years, the leading researchers of the Visgraf Lab and their students
produced a high-quality body of work, with almaost no parallef in the country.

Marcelo Siqueira
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Visgraf
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visit visgraf website:
www.visgraf.impa.br
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Visgraf's theses database

A visual exploration of the Master and Ph.D Theses elaborated at the Vision and
Computer Graphics Laboratory (Visgraf-IMPA) from 1990 to 2017.

This visualization is best viewed in T024x768 resolution.
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First Visgraf paper at SIGGRAPH

] c‘ Computer Graphics, Volume 25, Number 4, July 1991

Digital Halftoning with Space Filling Curves

Luiz Velho*
Jonas de Miranda Gomes
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Hierarchical 4-K
Meshes

/
N

Hierarchical 4-K Meshes constitute a powerful framework for variable-resolution
representation of surfaces, as well as, for adaptive computations on 2D manifolds. The
framework 1s integrated by a data structure, together with a set of procedures that

operate on it.

We have developed methods for constructing 4-K meshes based on subdivision,
adaptive refinement, and simplification. We have also implemented operators for mesh
extraction, interrogation and conversion to other representations.

The figures below illustrate the expressiveness of the 4-K structure. These meshes
conform to various adaptation criteria, including: gradual change in resolution; region
segmentation; and point location. We used simplification (left) and subdivision (center,
right) to generate the underlying hierarchical structures.

Vari Resolution 4-K M .
Concepts and Applications
(Computer Graphics Forum, 2000)

This paper describes the variable-resolution 4-K data
structure. It also gives an overview of construction
methods, including: subdivision, refinement and
simplification.

Nisgraflab wvisgraflab @visgraflab
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4-8 Subdivision

4-8 Subdivision
(CAGD 2001, Special Issue on Subdivision)

This paper extends four direction box splines to irregular
triangle meshes. It presents a semi-regular 4-8 refinement
procedure and a generalization of a box spline which is C4
continuous almost everywhere.

(See also Generalizing the C4 Four-directional Box Spline to
Surfaces of Arbitrary Topology , Mathematical Methods in
CAGD: Oslo 2000.)

Quasi 4-8 Subdivision Surfaces
(CAGD 2001)

This paper investigates the concept of quasi-stationary
subdivision arising from geometry-dependent refinement. It also
proposes a factorization of high order subdivision schemes
through repeated convolution.

Using Semi-Regular 4-8 Meshes
for Subdivision Surfaces

(Journal of Graphics Tools, 2000)

This paper shows how to implement the Catmull-Clark and
Doo-Sabin subdivision surfaces using 4-8 meshes. This method
1s based on a decomposition of the corresponding subdivision
operators.

w
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Interval methods for computer graphics
and geometric modeling

This ressarch focuses on robust and adaplive methods for the solution of problems in computer 3'@::5 and geometric modeling.
Robusiness means that we are inlerested in using computers to prove properbes of curves and surfaces. This usually 1akes the
form of soving equations in several variables. The main tools for adhieving robusiness are interval mrr!puhhun m usng
intarval arithmetic and affine anthmetic. imerval methods nmuidau?umurnd numerical results that are nol affected by rounding
errars n floating-pont computations. More importantly, interval methods allows us 1o analyse the global behaviour of funchons over
whole regions of the space withoul samgling . Adapiveness means thal we want lo concenirale the computational effort near
intaresting regicns of the space, such as near a sclution curve or in regions where the surlace curvature is high. Global analyss

with interval methods leads naturally to adaptive methods.

adaptive meshes for implicit surfaces implicit curves on triangulations

beam casting implicit surfaces bounds for Julla sets

distance fields for parametric curves strp treas for parametnc curves offsats of parametnc curves
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Cinema 360

Lineématic VR Expernence

Moebius Transformations

for 360 Imagery

N *
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New Media

The Tempest

The Termpest 1S o X i basec on the i - ,
Shakespeare's ply combining theatial g5 THE TEMPEST
REOrMmance wiakh e FEMma USING WrTLEE T s LR

Trom the play by WILLIAM SHARESPEARE

After The Tempest

Liter the Tempest 15 an experment based on The
FTSEEL, LR SRakespes e s play. 1T Wwas creanea te i_ 'I.I'R T{;‘n[jr |5 d tEEEﬁﬂlﬂg]l—dl f]-|F}HI.'_.‘.|I"rTI I']r
dermmonstrate the concept of VB Tour and test the Exp]ﬂratlﬂﬁ 'DI: C ntEﬂt inwv ” r ua | I'E'.-J| |T- y

II‘

Lilith and Wood

“Bevenituras de Lilith e Wood ™ was produced as part
of the research in Meyw Media, that comiimes
Fuppet theater in virtual reality with interactive
narratives. The seriment is the result of a
soertific-creative partnership with a fecus any

stofyielirng, multilinguaismm and contemporan

Searching for Aloyo

Aloyn & Bwl e years-ald ol Hvirg riv Lifa, Uganda

SIS among other children around the Ting totel

went CHILDREMN DX PLAY WAR narrates the
rmermories, drearns and daily lives of the children
who returned from the war and about how they

recovered their childhcodd

Nisgraflab @visgraflab @visgraflab
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Ray VR

Immersive GPU Ray Tracing tor Virtual Reality

Visualization of Classical

Non-Euclidean Spaces

Visualization of Nil and Sol

< into two of the most beautiful and intriguing

ACES armong the 21gnt Thurston geomeines

N *
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Os interesses de pesquisa
concentram-se em quatro eixos:

Tecnologias e midias para I:I Plataforma Liquid Galaxy
bancos de imagens

Georreferenciamento de @3, Mapeamento de outras
fotografias urbanas ~  tecnologias

Prototipos de 'vi's:ualizagéc na
plataforma Liquid Galaxy
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INTERVAL NUMERICAL METHODS FOR FIXED POINTS

Jose Eduardo de Almeida Ayres - Luiz Henrique de Figueiredo

Finding the fixed points of a function is important in many contexts.

For instance, solving nonlinear equations is frequently cast as finding
fixed points. Newton's method is probably the main example of this
formulation. Fixed points, and more generally periodic points, are
also important in discrete dynamical systems, especially in complex
dynamics, where periodic orbits play a key role. There is a large
literature on interval methods for solving nonlinear equations, but
surprisingly very little that is specific to fixed points.

Let f: 1 € RY — R be a conlinuous function defined on a box 12.

We describe a rigorous numerical method based on interval analysis

for finding all fixed points of f: attracting, repelling, and indifferent.

We specialize this method for finding all attracting periodic points of a
complex polynomial.

Our algorithm is a divide-and-conquer algorithm that recursively
subdivides {1 and discard boxes thal cannot contain a solution to
isolate fixed points within a given tolerance . Our algorithm is both
spalially adaptive, because its search is guided by the location of the
fixed points of f, and analytically adaptive because its search is also
guided by the nature of the fixed points of f.

Interval analysis is the main tool for rigorous numerical computation.

It is based on interval arithmetic, an extension of ordinary arithmetic
operations and standard elementary functions to intervals. The basic
fact in interval analysis is that for each function f: 1 € R — R
expressed by a formula or an algorithm, there is a computable
function F' automatically built from the expression of f, called the
natural interval extension of f. such that F{X) is an interval that
eslimates the whole range of values taken by f ona box X C {1:
F(X) 2 X)) ={flz):z € X}

Finding the exact range f(X) is a hard problem in general. Therefore,
the inclusion F{X) 2 f(X) is usually proper and interval estimates
are usually overestimates. Nevertheless, the estimates F(X) get
better as X shrinks to a point in the sense that F{{z}) = {f(xz)} for
every « & 1. More precisely, we have al least linear convergence
for interval estimates: diam(F{X)) < cdiam(X) for some e
that depends only on f. Thus, interval methods are lypically
divide-and-conguer methods that recursively explore the domain of f,
getting better information about f as they refine the subdivision, and
discarding boxes that cannol contain a solution. For instance, when
finding the zeros of f in [}, we can discard a box X whenever

0 ¢ F{X). This is a computational proof that f has no zeros in X.

However, because of overestimation, we cannot conclude that f has
a zero in X when 0 € F(X). In this case, we subdivide X and
recursively test the pleces.

Automalic differentiation is the perfect companion for Interval
arithmetic and works in a similar fashion. It autoratically converts an
expression for f into an algorithm that simultaneously computes the
value of f and of all its partial derivatives. When fed intervals instead
of numbers, this algorithm computes interval estimates for the value
of f and of all its partial derivalives. This allows us to reason reliably
aboul both the range of values of f and its regions of monotonicity.

Interval arithmetic and autormnatic differentiation allow us to check the
hypotheses of the fixed-point thearems rigorously in a computer. The
existence of fixed points in a box X guaranteed by Brouwer's theorem
follows whenever F(X) C X because then f(X) C F{X) implies
FIX) € X. The existence of a unigue fixed point in a box X
guaranteed by Banach's theorem follows whenever F{X ) C X and
|| F'{X)|| =< 1 because these imply that f is a contraction in X,
thanks to the mean value inequality. Here, F' is an interval extension
of the Jacobian matrix of f, which can be computed with automatic
differentiation.

ALGORITHM
procedure Explore{X) procedure
W X1 ExploreAttracting( X')
fork =1londeo & +— mid{X')
W, W' « F(W), F'{W )W’ repeat
if W is outside the escape disk then & f(z)
discard X until convergence
end X + [&,&]
end repeat
X'~ Xnw X + Inflate(X)
X' =oor |W| > 1then until F*(X) C X
discard X repeat
else if diam(X") < ¢ then X +~ F"(X)
accept X’ until convergence
elseif W C X and |W'| < 1 then accept X
ExploreAltracting{ X*) end
else If diam(X") < Adiam(X) then AN
EHFIDFE'{.I;} Eapon
cise ——
SubExplore{ X') EBeemi———m—1
end Hm
end [EE— L —
PERFORMANCE
super attracting point strangly attracting point
weakly attracting point
CONVERGENCE

=

i
i
T
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Deep Reinforcement Learning
High-Level Character Control

Caio Souza

Deep Reinforcement Learning have been suc-
cessfully applied to various tasks from 2D Atari
games to low-level control of bipeds in simulated
physics environments. Learning in 2D environ-
ments with visual observations achieved super-
human results, yet there is a lot to explore in 3D
without using hand-crafted features.

o

Figure 1: Tasks successfully solved with deep reinforcement learning. (Left) Decp-
Mind solving Atari 2D games with visual observation, {Center) Deeploco, leamning
physics-based locomotion skills with low level {joints and forces) control-sensing,
{Right) Our Rubik's cube direct solver without patiern match or scarch algorithms.

Completely solving the learning problem for the
3D real world would be equivalent to solve the
Computational Vision problem at least on a im-
plicit level, (having an implicit understanding of
the world through vision and acting according).
While this i1s far ahead of current knowledge,
developing solutions for controlled 3D environ-
ments simulated on computers are a step in the
direction of this general task.

Our intend is to research on high-level planning
in a 3D simulated environment. Instead of learn-
ing low-level tasks, like standing up or walking
on a physics accurate simulation, and then hand-
coding the high-level behaviors, we start with a
character which already “knows” how to walk,
run or jump and we want to learn more high-level
tasks for example collecting/avoiding a given ob-
ject. Everything is done through visual sensing
and no other environmental information like po-
sition, speed, distance to the objective, etc.

Although it is a small subset of a broader prob-
lem, it has many application for Non-Playable-
Characters. Having such characters capable of

F v

making high-level decisions and later on, in-
teracting with people in a virtual environment
through a game or a VR experience can bring
new possibilities to extend artistically and cre-
atively our storytelling tools.

Figure 2: Eary cxperiments with visual sensing, strictly controlled: color differ-
cntiating border and collectible objects.  (Left) Unity 3D environment where the
character is trained to collect the colored objects. {Right) Sample image which is
weed as viswal observation.
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Figare 3: Mustration of a aschitecture which takes raw visual input, exiract features
through convelutional and posling lavers and cutput a step-hy-step decizion from
fully-connected layers to complete a bigger task through time.
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Cenario virtual utilizando chroma key Visgraf
para o Big Brother Brasil 19 com Unreal /%O
Engine e Reality Engine Nt

Rodrigo Cipriano, Marcio Fontes, Leonardo Leal, Pablo -
Bioni, Albino Ribeiro Neto, Paulo Henrvigue Faria de -
Aranijo Lima, Omar Muro, David Toledo, Teo Tavares,

Victor Portella, Fernando Ribeiro, et al, 2019.

Este trabalho fo1 realizado utilizando-se a técnica
do chroma key, onde coloca-se uma imagem
sobre outra através do anulamento de uma cor
solida pre-definida. Este tipo de tecnologia foi
utilizado no projeto de cenario virtual para a
Rede Globo de televisdo no Reality Show Big
Brother Brasil 19 - BBB 19, utilizando tecnolo-
gia em tempo real, o Virtual Reality Spaces.
Através desse sistema foi possivel eliminar
etapas de pos-produgdo e cenarios fisicos. Foram
utilizados também elementos de Realidade Au-
mentada sobrepostos ao apresentador do progra-
ma BBB 19, o sistema da Zero Density recon-

hece os reflexos e sombras do apresentador e as
insere no cenario virtual tornando a 1imersio ex-

tremamente convincente. O sistema Reality da
Zero Density permitiu também a utilizacdo de
trackers de reconhecimento de elementos fisicos
no cenario virtual e do apresentador em tempo
real. O software Unreal Engine foi utlizado para
realizar a inser¢do dos cenarios virtuais tridimen-
sionais € as transicoes destes.

Mais informacgdes em:

Misgraflab fvisgrafiab @visgrafiab
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Computational Design for the Next Visgraf
Manufacturing Revolution 30
Adriana Schulz mpa

After getting my Masters at VISGRAF
advised by Professor Luiz Velho, | went
on to get a Ph.D. at MIT and am now an
assistant professor of Computer
Science at the University of Washington.

My research group focuses on
computational design for manufacturing.
As 3D printers and industrial robots
begin to reshape manufacturing, our
goal is to define design tools that will
drive and democratize this new
industrial revolution.

We use data-driven methods to create
intelligent tools that make design more
efficient and accessible, and real-time
performance-driven methods for design
based on functionality. We incorporate
these ideas into interactive tools that
allow design of complex functional
mechanisms that require design and
optimization of not only geometry, but
also motion and control.

Test: Hovering Gliding

f *

Misgraflab @visgraflab @visgrafiab
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Open Cultural Heritage:
The Modem RiO Asla Medeiros e Sa, Adolfo Ibanez

Villa, Karina Rodriguez Echavarnia,
Ricardo Marroquim, Vivian Luiz
Fonseca. 2018

We proposed a methodology for doecumenting
open and medium-large scale cultural
heritage assets. We take advantage of the
maturity of 3D digital technologies for enabling
commumnities across the world to support the
documentation of Cultural Heritage (CH) assets
that are accessible to the public. For the present
project, we focus on producing digital replicas of
public sculptures from the Modern period
situated in public spaces in Rio de Janeiro.

We adopt an open-source pipeline, based on photogrammetry, which is implemented in
separate phases: identification, data acquisition, processing, evaluation, and access,
These phases present various challenges, including the ones posed by the variety of
spaces in which the assets are loeated in which it is difficult to control the digitisation
conditions. The evaluation and access of the resulting documentation is a key
component of such projects. We suggest that community-led approaches have the
potential to generate digital resources that are relevant both for professionals and the
general public. We discuss various options for access, such as web-based solutions,
Augmented Reality (AR) applications, as well as 3D printed digital replicas.
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Normal Transformations For Overhang

Reduction

Carlos de Castro and Leonardo Sacht, 2019

3D printing is a revolutionary method For bringing
ideals to the world more easily. The 3D printing
process is gaining space in many areas around the
world. Its versatility can be used to print artistic
objects, architectural mock  ups, civil
constructions, aerospace models, parts of physics
experiments, educational instruments, as well as
delicate objects as prosthesis and real
representations of human organs. When we need
to print some solid in a 3D printer, some parts of
this solid, called overhangs, may be suspended in
the air and need a support for a better print.

To deal with overhangs, 3D printers print columns
to support the part of this solid that have no
material underneath them. This extra material

must be removed, leading to a waste of material,
time and money.

However, some overhangs are tolerable. Each
printer comes with a standard limiting angle to
tolerate these overhangs. As we can see in Fig. 1,
given a limit angle, the printer only prints an
overhang support if the part of the solid that will
be printed forms an angle with the horizontal
plane less than this limit.

We propose a Formulation for the overhang
problem based on the normal field of a surface
and an optimization to find a global rotation that
minimizes overhanging parts that cannot be
printed without supports. Fig. 2 illustrates a
surface at its starting position and its position
after rotation. This global rotation does not
change the surface since the printed object can be
derotated in the real world after printing.

More information on: Ei_& E

"'i

]

N © v
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Fig. 1 - These two normals n, and n, of the
Bunny surface have different angles. The
normal vector n, is within the angle range of
the printer. The normal vector n, is on an
overhanging part and needs support to print
correctly.

Fig. 2 - Face.obj an the initial vertex pasition (a)
and after rotation (b). The same surface at the
initial position on the print simulater {c) and
after rotation (d). In yellow, the software
indicates the solid that we want to print and in
green the overhang supports. The bottom
fFigure is a photo of the same surface after
printed. On the bottom-left, the surface is at
the initial wvertex position and on the
baottom-right, the surface is positioned after
application of optimal rotation.
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