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Overview

* Subdivision surfaces
— Modify topology
— Interpolate vertices

» Solid Modeling

— Boolean operations
— Constructive Solid Geometry



FOUNDATIONS I
THE BASIC IDEAS

Denis Zorin Peter Schroder
NYU Caltech
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MODELING GEOMETRY

Surface representations
large class of surfaces

interactive manipulation g

numerical modeling
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PARAMETERIZED SURFACES

What about NURBS?
spline patches are great, but...

difficult to stitch them together
trimming... (what a nightmare)

can be slow and cumbersome

we need scalable algorithms for the
whole range from patches to fine
meshes
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COMPLEX SHAPES

Example: Building a hand

Woody’s hand from Pixar’s Toy
Story

very, very difficult to avoid seams
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No MORE SEAMS

Subdivision solves the “stitching”
problem
a single smooth surface is definec

example:

Geri’s hand
(Geri’s Game;
Pixar)
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CONTROL POLYHEDRON

How are patch based
surfaces controlled?
control points (CVs)

piecewise polynomial
write out coefficients

OR

procedural through
subdivision!
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20+ YEARS OF SUBDIVISION

The beginning

create smooth surfaces out of
arbltrary meshes

ST A
(\2

& as =
—_/
<J;§%iy =y
‘%ﬂkﬁ' IN-C
‘QQ
X

N —y
N

—

SUBDIVISION FOR MODELING AND ANIMATION




WHAT IS SUBDIVISION?

Define a smooth surface as the
limit of a sequence of successive

refinements
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WHY SUBDIVISION?

Many attractive features
arbitrary topology

scalability, LOD ’

¥

multiresolution ~ * =
simple code R
efficient code \
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Level of Detail Rendering

« Use fewer triangles for models that are further
away, and therefore appear smaller

A,

Polygons approx.
60.000 6.000 600 60

- DISTANCE TO CAMERA >

very close very far away
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Level of Detail Rendering

« Use fewer triangles for models that are further
away, and therefore appear smaller




Modeling

lution

Ireso

Mult

 Edits made to lower resolution model

are propagated to high resolution model
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SUBDIVISION IN 1D

The simplest example
piecewise linear subdivision

Yn :1/2(yl +yr)
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SUBDIVISION IN 1D

A more interesting example
the 4pt scheme
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SUBDIVISION

Apply subdivision to control points

raw successive control polygons
rather than curve itself
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SUBDIVISION IN 2D

Quadrilateral
interpolating: Kobbelt scheme
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SUBDIVISION IN 2D

Triangular
approximating: Loop scheme
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THE BASIC SETUP

Topological rule
modify connectivity
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THE BASIC SETUP

Geometric rule
compute geometric positions
local linear combination of points
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even at level i odd at level i
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SOME CONDITIONS I

Subdivision rules shou

d

ne floating point effici
nave compact support

ent

influence of control point is finite
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SOME CONDITIONS I1

Subdivision rules s

have local definiti

nould

on

stencil weights only depend on the
structure of a small neighborhood

)\ 7\
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SOME CONDITIONS III

Subdivision rules should
be affinely invariant
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SOME CONDITIONS IV

Subdivision rules should
be simple
only a small set of different stencils
preferably precomputed offline
achieve some order of smoothness
Ct easy, C2 much harder
perhaps we really want fairness...

SUBDIVISION FOR MODELING AND ANIMATION




SOME QUESTIONS

Is Subdivision modeling inherently
polygonal?
NO. The surface consists of

natches, we just build them
orocedurally

all rendering is polygonal...

AND: no more worries about
continuity conditions!
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SOME

QUESTIONS

Subdivision patches
do they have a parameterization?

dare
dare
dare

All of t
mu

SUBDIVISION

they easy to evaluate?

they easy to implement?
they efficient?

ne above and lots more!

tiresolution, compression, etc.

FOR MODELING AND ANIMATION




Subdivision Surfaces

e Coarse Mesh & Subdivision Rule

— Define smooth surface as limit of sequence of

algorithmic refinements
« Modify topology & interpolate neighboring vertices
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Solids and Solid Modeling

« Solid modeling introduces a
mathematical theory of solid shape

— Domain of objects

— Set of operations on the domain of objects

— Representation that is
« Unambiguous
« Accurate
* Unique
« Compact
« Efficient



Solid Objects and Operations

« Solids are point sets
— Boundary and interior

« Point sets can be operated on with
boolean algebra (union, intersect, etc)




Solid Object Definitions

* Boundary points

— Points where distance to the object and the
object’s complement is zero

* Interior points
— All the other points in the object

 Closure

— Union of interior points and boundary
points



Issues with 3D Set Operations

* Ops on 3D objects can create “"non-3D objects”
or objects with non-uniform dimensions

* Objects need to be “Regularized”
— Take the closure of the interior

@ b) ©) (d)

Input set Closure Interior Regularized
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Regularized Boolean

Operations

« 3D Example
— Two solids A and B

— Intersection leaves a
“dangling wall”
* A 2D portion hanging
off a 3D object
— Closure of interior
gives a uniform 3D
result




Boolean Operations

* Other Examples:

* (c) ordinary
Intersection

* (d) regularized
intersection (a’ v
— AB - objects on the

same side FD
— CD - objects on © @
different sides




Boolean Operations

A and B Ain B B — A Ap N B;
By N Aj Ap — B By, — A Ap N Bp same Ap N Bp diff
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Constructive Solid Geometry
(CSG)

* A tree structure
combining primitives

via regularized

boolean operations T~

* Primitives can be
solids or half spaces

A%
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A Sequence of Boolean
Operations

* Boolean operations
* Rigid transformations

7 A o i
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The Induced CSG Tree
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Issues with

Constructive Solid Geometry
* Non-uniqueness
* Choice of primitives

* How to handle more complex modeling?
— Sculpted surfaces”? Deformable objects?
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Issues with
Constructive Solid Geometry

* Non-Uniqueness

— There is more than
one way to model
the same artifact

— Hard to tell if A and B
are identical
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Issues with CSG

* Minor changes

In primitive

objects greatly

affect outcomes i & j i
 Shift up top solid @ 04 6 @A U

face

(d) (e)
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Uses of CSG
Constructive Solid Geometry

* Found (basically) in
every CAD system

* Elegant,
conceptually and
algorithmically
appealing

» Good for

— Rendering, ray
tracing, simulation

— BRL CAD
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CAD: Feature-Based Design

« CSGis the basic
machinery behind CAD ol
features P

« Features are e |

Motor / N JEES
— Local modifications to Ae==l )\ §
object geom/topo with W | | 1J) B
engineering significance 4
— Often are additive or _ gt
subtractive mods to shape =~ _.¢ fusf =
« Hole, pocket, etc... 55 T
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Parametric Modeling in CAD

* Feature relationships
* Constraints

Gear

Gear @
@ Diam = 4.3 Diam = 6.0
Hub =2.0 Hub =1.0

Thickness = 0.5 Thickness = 0.4
Teeth = 12 Teeth =18
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Programming Assignment 5

Extend XPM to 60 different RGB colors
Read 3 models and assign each a color
Implement Z-buffer rendering

Implement front & back cutting planes
— Only render parts of models between planes

Implement linear depth-cueing
— Color = base_color:(z-far)/(near-far)

Re-use and extend 2D polygon filling
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