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Model construction Model construction
Procedural modelling Procedural modelling
Procedural modelling Procedural modelling
Describe 3D models algorithmically Describe 3D models algorithmically I
Best for models resulting from: Advantages:
@ repeating processes e automatic generation
o self-similar processes @ concise representation
e random processes e parameterized classes of models

3D Modelling 3D Modelling

Introduction Introduction
Model construction Model construction
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Rdated elds Procedural modelling

Types of procedural models:
e sweep surfaces
extrusion, surface of revolution

o fractals

convergence boundaries, deterministic vs. statistical
e shape grammar based

L-systems, growth processes
e combinations of methods

usually for domain-speci ¢ applications

e general procedural modelling
procedural modelling languages

e procedural textures
@ procedural animation
e simulation

Antz, Dreamworks J.F. O'Brien et al., Berkeley

3D Modelling

3D Modelling



Introduction
Model construction

Procedural modelling

Sweep surface Surface of revolution
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Sweep surface Extrusion

This example:

@ Cross-section:

e spine: spiral
e variation in \ roll"
o (disregard the yellow ball)
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Extrusion example: Seashells

center of similitude of the shell

helico-spiral H &

shell axis ———————

D.R. Fowler et al., 1992
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Extrusion example: Seashells Outline
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o Fractals
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Fractals Fractals

o Useful for describing natural 3D phenomena:
e terrain, plants, clouds, water, feathers, fur, ...

A de ning property: self-similar with in n ite resolution

Vistapro
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Fractal self-smilarity: deterministic vs. statistical Statistical self-similarity in nature

Deterministic self-similarity, example: Koch snow ake
Statistical self-similarity, example:
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Outline Grammars

Goal: generate description of geometric model by applying
production rules

More formally: de ne a formal language, whose words
correspond to geometry

o alphabet

© Procedural modelling » fS;A;B;a; by
e start symbol: S

e termination symbols: f a; bg

@ Introduction

@ Mode construction

e Grammars e production rules
« S! AB
s A! Baa
s B! Abjb

This language generates ab; bab; baab; abaab; etc.
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L-systems L-systems, example: Koch snow ake

Lindenmayer systems, or \ parallel string rewrite systems’
analogy. turtle obeying commands (similar to the LOGO
programming language)

For example: o BiE . EE
F!' F+F--F+F o
Geometric interpretation: FHE- - FHEHEHE - FAF- - FHF- - FHEAFHE - F+F
o F: draw line segment e
_ FHF- - FHFHF+F- - FHF- - FHF- - P+ - P+
e +: turn 60 degrees counter-clockwise - - FHFHFAF- - FHF- - FH- - PR+ - FHF- - F4
. : FHFHEHF- - FHF- - FHF- - FHRHFH- - FHRHFH -
e - turn 60 degrees clockwise AR FAE - FAF - EHEHERE - FAF

example from nat hf orum or g

3D Modelling Lecture 12: Procedural Modelling 3D Modelling Lecture 12: Procedural Modelling

Sweep surfaces Sweep surfaces
Fractals Fractals
Grammars Grammars
Procedural modelling Combined Methods Procedural modelling Combined Methods
General Procedural Modelling General Procedural Modelling

L-systems, example L-systems

Useful for creating plants:

e Tree! Branch Treej leaf

Hilbert curve: e Branch! cylinder j [Tree]
L! +RF-LFL-FR+ _ ; —
R! -LF+RFR+FL- o leaf = L, cylinder = C
e [ = start a new tree,
] = end tree
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Outline

@ Introduction
@ Mode construction

© Procedural modelling

@ Cambined Methods

Radomir Mech and Przemyslaw Prusinkiewicz, 1996
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Combined methods: Example |

I combine existing method (L-systems) with domain-speci ¢

knowledge (e.g. about plants)

try to capture the growth process in rules that are as general as
possible

Example I1

Realistic modeling and rendering of plant ecosystems

Oliver Deussen, Pat Hanrahan, Bernd Lintermann, Radomir Mech,

Matt Pharr, and Przemysaw Prusinkiewicz, 1998

e terrain editor
e plant distribution editor

The Use of Positional Information in the Modeling of Plants
Przemyslaw Prusinkiewicz, Lars Muendermann, Radoslaw
Karwowski, and Brendan Lane, 2001

3D Modelling

@ ecosystem simulator

A system for creating scenes from nature:

e input: terrain data, ecological characteristics of plant species
(e.g. preference for dry of wet soil), initial distribution

e simulated growth accounting for space, nutrition, and light
competitio n, aging and death, seed distribution patterns...

e procedural models of individual plants

3D Modelling
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Combined methods: Example Il

Procedural M odeling of Cities
Yoav Parish, Pascal Meller, 2001
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General Procedural Modelling

Example: Procedural Modeling of Cities
street map generation based on extended L-systems

3D Modelling Lecture 12: Procedural Modelling

Example: Procedural Modeling of Cities

Procedure:

e create street map, in uenced by:

o elevation, land, water, vegetation
e population density, zoning rules, street patterns

(e.g. favour roads leading to higher population density areas)
e assign lots
e create buildings (also using L-system). three types:
skyscraper, commercial, residential

o add textures
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Example: Procedural Modeling of Cities Outline
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General Procedural Modelling Motivation

rendering has been solved, modelling hasn't

many di erent well-developed shading languages exist
not so for modelling

language for layered solid models
support for simulation
interface with FEM system (so data structure is tetrahedral mesh)

\ A Procedural Approach to Authoring Solid M odels"
B. Cutler, J. Dorsey, L. McMillan, M. Mulller, and R. Jagnow, 2002
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Advantages

o framework allows for integrated approach to ray tracing,
radiosity, FEM, spring-mass models, ...
o high-level abstraction

e incremental editing and re nement (a bhit like the
\ construction history” in Maya?)
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Contrast with traditional modelling methods

Traditional modelling:
o apply CSG operations, freeform deformations, etc. to
geometric primitives
e requires talent (and/ or experience)
e labor intensive

Other methods:
o \i nteractive sculpting”, based on volumetric representations:
may have problems with resolution
e 3D scanning: acquires surface models only
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General Procedural Modelling

The representation: layered model

basic building block: layered volume
example: chocolate candy
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General Procedural Modelling

Example: candy

STR PED CANDY = vol une {
di stance field = surface_nesh {
file = candy.obj }
layers = {
interior_|layer {
naterial = CHOOOLATE
thickness = fill }
exterior_|layer {
nmaterial = WH TE_ CHOOCLATE
thi ckness = 0.10 }
exterior_|layer {
naterial = STR PED CHOOOLATE
thickness = 0.05} } }
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Example: chocolate candy Example: striped chocolate

Material = STR PED CHOOQLATE( Vec3f &p) {
if (p.y() <0.2) return Lookup("WH TE_CHOOOLATE') ;
if ((p-x() >-0.9 & p.x() <-0.7) ||

.(-p:x() >0.58& p.x() <0.7)) ||
(p.x() >0.7 & p.x() <0.9))
return Lookup("CHOOCLATE');

CHOOOLATE = material { return Lookup("WH TE_CHOOOLATE') ;
color ={ 0.31 0.17 0.15 } }
density = 1100 /* kg/ m3 */
etc. }
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Example, centre almond Example, danted almond
rst de ne almond volume, then rest of candy Construct surface from volume of interior chocolate and almond,

then add exterior layers
ALMIND CANDY = precendence {

vol une_1 = vol une { ALMOND_CANDY_2 = vol une {

distance field = surface_nesh { di stance_field = fromvol une_surface {
file = al nond. obj } vol ulma = gr ecenldence{{
_ vol une_1 = vol une
I a}/ers - { distance_field = surface_nesh {
interior_|layer { file = al nond. obj }
material = NUT 'aYe{S.:{I (
K e interior_|ayer
thickness = fill } } } naterial = NJT
vol une_2 = vol une { thickness = fill } } }
distance field = surface nesh { vol ue_2 = vol ure {

di stance_field = surface_nesh {

file = candy.obj } file = candy.obj }
layers = { layers = { ayer {

interior_|layer { interior_l ayer
material = CHOOOLATE mrerial = orocaA }T}E} -
thickness = fill } layers = {

exterior_| ayer { ex::i::e :):r 5: a)=/e\rN-I{TE -
material = WH TE_CHOOOLATE etc. -
etc. P}
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Signed distance €d Union of distance elds

Take the minimum of both distance elds to determine the surface of
their union. Compute a new distance eld from this surface.

used to compute 0 set isosurfaces

initialize distance eld from surface mesh
computed on a uniform 3D grid

operations such as intersection, union are simple
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Union of distance elds \ Interface vdocity"

\ spacing between isosurfaces is higher where the velocity is higher
de ne pattern of increased velocity:

UN QN CANDY = vol ure {
distance_field = union {
distance field_1 = surface_nesh {
file = al nond. obj }
di stance fiel d_2 = surface_nesh {
file = candy.obj } }
layers = {
interior_|ayer {
material = CHOOCLATE
thickness = 0.2 }
interior_|ayer {
material = Pl NK_FROBTI NG
thickness = fill }
exterior_|ayer {
material = WH TE_CHOOCLATE
thickness = 0.15} } }

by painting on the surface procedurally

3D Modelling Lecture 12: Procedural Modelling 3D Modelling Lecture 12: Procedural Modelling



Sweep surfaces Sweep surfaces
Fractals Fractals
Grammars Grammars

Procedural modelling Combined Methods Procedural modelling Combined Methods
General Procedural Modelling General Procedural Modelling

Example Model representation

The model data structure is a tetrahedral mesh (useful for FEM
simulation)

e each tetrahedron stores pointersto its four vertices and to the
four neighbouring tetrahedra

= e also knows its material type and properties

o except for triangles at surface: pointer to triangle with
rendering information
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Generating the tetrahedral mesh Simulation

e evaluate signed distance function on a 3D grid
e \structured" octree-based method with adaptive subdivision
e simpli cation in post-processing

o useful for creating more realistic models

e system is linked to FEM (Finite Element Methods) system

o \we apply a distribution of forces to our model and the
system computes the appropriate deformations and fractures'
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Example: Hammer Example: bronze cat

voi d HAMMER Mbdel *nodel , Vec3f position, Vec3f orientation,
float magnitude, float size, List<Material *> *affects)

Vec3f force = orientation; force *= nagnitude; HAMVER {
Appl i edArea *a = GaussSphere(position, size); _
FEM nodel , a, force, affects); m)dgl = BROVE AT
T ’ ’ position ={ 1.08 0.79 0.29 }
} orientation ={ -0.32 -0.26 -0.91 }

affects = { FIRED QLAY } }
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Example: bronze cat Example: Erosion

Procedural modelling

using a particle system (which can also be used for procedural animation)

voi d WASH Mbdel *nodel, int numparticles, float particle life)
{
Function *initialize = Vertical Fall;
Function *notion = Lookup("CLINA NG');
Function *action = Lookup("REMOVE D RT");
Particl eSysten{model , numparticles, particle_life,
initialize, notion, action);
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Example: Erosion

void CLING NI Mbdel *m Particle *p)

Sweep surfaces

Fractals

Grammars

Combined Methods

General Procedural Modelling

{
Vec3f n;
m >Nor nal At (p->pos(), n);
if (n.dot(Qavity) > cos(p->FallingAngle()))
p->Drip(m Gavity);
el se
p- >MoveA ongMesh(m Gavity);
}

3D Modelling
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Example: gargoyle
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dirt applied and washed away by rain
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Procedural modelling

Example: gargoyle
original mesh
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Example: gargoyle

two hammer blows and erosion
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Example: gargoyle Example: gargoyle
biological growth
D RT {
nodel = GARGOYLE
color ={ 0.50.50.5} }

WASH {
nodel = GARGOYLE
num particles = 200000
particle_life =
HAMMER {
nodel = GARGOYLE
position ={ -0.78 1.22 0.77 }
orientation = { -0.23 -0.47 0.85 } }
HAMMER {
nodel = GARGOYLE
position = { -2.53 1.03 1.06 }
orientation = { 0.56 -0.19 -.80 } }
ERE {
nodel = GARGOYLE
numparticles = 2000

}
LI GHEN {

nodel = GARQOYLE
numparticles = 40000 }
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Example: brick paving Example, brick paving

URBAN TREE = precedence {
vol une_1 = vol une {

di stance_field = union {
distance field 1 = TRINK
distance_field_2 = 2D EXTRUDE {

file = roots.ppm} }
layers = {
interior_layer {
material = TREE
thickness = fill } } }
vol une_2 = vol une {
distance_field = CGROUND PLANE
layers = {
interior_|layer {
material = BR K PAVI NG
t hi ckness = 0.075 }
interior_|ayer {
material = DRT
thickness = 1.00} } } }
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Reading

from
\ A Procedural Approach to Authoring Solid M odels"
by B. Cutler et al., 2002

e section 1
@ section 2
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