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Model construction

modelling tools (e.g. Maya)

scanning

CT, MRI
3D probe
laser range
shape from shading
etc. (see acquisition lecture notes)

procedural
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Procedural modelling
Goal
Describe 3D models algorithmically

Best for models resulting from:

repeating processes
self-similar processes
random processes
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Procedural modelling
Goal
Describe 3D models algorithmically

Advantages:

automatic generation
concise representation
parameterized classes of models
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Related �e lds

procedural textures

procedural animation

simulation

Antz, Dreamworks J.F. O'Brien et al., Berkeley
3D Modelling Lecture 12: Procedural Modelling

Introduct ion
Model construct ion

Procedural modelling

Sweep surfaces
Fractals
Grammars
Combined Methods
General Procedural Modelling

Procedural modelling

Types of procedural models:

sweep surfaces
extrusion, surface of revolution

fractals
convergence boundaries, deterministic vs. statistical

shape grammar based
L-systems, growth processes

combinat ions of methods
usually for domain-speci� c applications

general procedural modelling
procedural modelling languages
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Sweep surface: Surface of revolution
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Sweep surface: Surface of revolution
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Sweep surface: Extrusion

This example:

cross-section:

spine: spiral

variation in \ roll"

(disregard the yellow ball)
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Extrusion example: Seashells

D.R. Fowler et al., 1992
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Fractals

A de� ning property: self-similar with in�n ite resolut ion
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Fractals
Useful for describing natural 3D phenomena:

terrain, plants, clouds, water, feathers, fur, ...

Vistapro
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Fractal self-similarity: deterministic vs. statistical
Determinist ic self-similarity, example: Koch snow
 ake
Stat ist ical self-similarity, example:
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Statistical self-similarity in nature
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Grammars
Goal: generate description of geometric model by applying
product ion rules
More formally: de� ne a formal language, whose words
correspond to geometry

alphabet
f S; A; B; a; bg

start symbol: S

termination symbols: f a; bg
production rules

S ! AB
A ! Baja
B ! Abjb

This language generates ab; bab; baab; abaab; etc.
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L-systems
Lindenmayer systems, or \ parallel string rewrite systems"
analogy: turtle obeying commands (similar to the LOGO
programming language)

For example:
F ! F+F--F+F
Geometric interpretation:

F: draw line segment
+ : turn 60 degrees counter-clockwise
-: turn 60 degrees clockwise
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L-systems, example: Koch snow
 ake

F+F- - F+F

F+F- - F+F+F+F- - F+F- - F+F- - F+F+F+F- - F+F

F+F- - F+F+F+F- - F+F- - F+F- - F+F+F+F- - F+F+F+F
- - F+F+F+F- - F+F- - F+F- - F+F+F+F- - F+F- - F+F- -
F+F+F+F- - F+F- - F+F- - F+F+F+F- - F+F+F+F- - F+F
+F+F- - F+F- - F+F- - F+F+F+F- - F+F

example from mat hf or um. or g
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L-systems, example

Hilbert curve:
L ! +RF-LFL-FR+
R! -LF+RFR+FL-

example from mat hf or um. or g 3D Modelling Lecture 12: Procedural Modelling
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L-systems

Useful for creating plants:

Tree ! Branch Tree j leaf

Branch ! cylinder j [Tree]

leaf = L, cylinder = C

[ = start a new tree,
] = end tree

3D Modelling Lecture 12: Procedural Modelling



Int roduct ion
Model construct ion

Procedural modelling

Sweep surfaces
Fractals
Grammars
Combined Methods
General Procedural Modelling

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

! combine existing method (L-systems) with domain-speci� c
knowledge (e.g. about plants)

General goal

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

The Use of Posit ional Information in the M odeling of Plants
Przemyslaw Prusinkiewicz, Lars Muendermann, Radoslaw
Karwowski, and Brendan Lane, 2001
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Example II

Realist ic modeling and rendering of plant ecosystems
Oliver Deussen, Pat Hanrahan, Bernd Lintermann, Radomir Mech,
Matt Pharr, and Przemyslaw Prusinkiewicz, 1998

A system for creating scenes from nature:

terrain editor

plant distribution editor
ecosystem simulator

input: terrain data, ecological characteristics of plant species
(e.g. preference for dry of wet soil), initial distribution
simulated growth accounting for space, nutrition, and light
competitio n, aging and death, seed distribution patterns...

procedural models of individual plants
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Combined methods: Example III

Procedural M odeling of Cit ies
Yoav Parish, Pascal M•uller, 2001
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Example: Procedural Modeling of Cities
street map generation based on extended L-systems
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Example: Procedural Modeling of Cities

Procedure:

create street map, in
 uenced by:
elevation, land, water, vegetation
population density, zoning rules, street patt erns

(e.g. favour roads leading to higher population density areas)

assign lots

create buildings (also using L-system). three types:
skyscraper, commercial, residential

add textures
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Example: Procedural Modeling of Cities
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General Procedural Modelling

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

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

high-level abstraction

incremental editing and re� nement (a bit like the
\ construction history" in Maya?)
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Contrast with traditional modelling methods

Traditional modelling:

apply CSG operations, freeform deformations, etc. to
geometric primitives

requires talent (and/ or experience)

labor intensive

Other methods:

\i nteractive sculpting", based on volumetric representations:
may have problems with resolution

3D scanning: acquires surface models only
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The representation: layered model

basic building block: layered volume
example: chocolate candy
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Example: candy

STRI PED_CANDY = vol ume {
di st ance_f i el d = sur f ace_mesh {

f i l e = candy. obj }
l ayer s = {

i nt er i or _l ayer {
mat er i al = CHOCOLATE
t hi ckness = f i l l }

ext er i or _l ayer {
mat er i al = WHI TE_CHOCOLATE
t hi ckness = 0. 10 }

ext er i or _l ayer {
mat er i al = STRI PED_CHOCOLATE
t hi ckness = 0. 05 } } }
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Example: chocolate candy

CHOCOLATE = mat er i al {
col or = { 0. 31 0. 17 0. 15 }
densi t y = 1100 / * kg/ m̂ 3 * /
et c. }
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Example: striped chocolate

Mat er i al = STRI PED_CHOCOLATE( Vec3f &p) {
i f ( p. y( ) < 0. 2) r et ur n Lookup( " WHI TE_CHOCOLATE" ) ;
i f ( ( p. x( ) > - 0. 9 && p. x( ) < - 0. 7) | |
. . .
( p. x( ) > 0. 5 && p. x( ) < 0. 7) ) | |
( p. x( ) > 0. 7 && p. x( ) < 0. 9) )
r et ur n Lookup( " CHOCOLATE" ) ;
r et ur n Lookup( " WHI TE_CHOCOLATE" ) ;

}
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Example, centre almond
� rst de� ne almond volume, then rest of candy

ALMOND_CANDY = pr ecendence {
vol ume_1 = vol ume {

di st ance_f i el d = sur f ace_mesh {
f i l e = al mond. obj }

l ayer s = {
i nt er i or _l ayer {

mat er i al = NUT
t hi ckness = f i l l } } }

vol ume_2 = vol ume {
di st ance_f i el d = sur f ace_mesh {

f i l e = candy. obj }
l ayer s = {

i nt er i or _l ayer {
mat er i al = CHOCOLATE
t hi ckness = f i l l }

ext er i or _l ayer {
mat er i al = WHI TE_CHOCOLATE
et c.
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Example, slanted almond

Construct surface from volume of interior chocolate and almond,
then add exterior layers

ALMOND_CANDY_2 = vol ume {
di st ance_f i el d = f r om_vol ume_sur f ace {
vol ume = pr ecendence {

vol ume_1 = vol ume {
di st ance_f i el d = sur f ace_mesh {

f i l e = al mond. obj }
l ayer s = {

i nt er i or _l ayer {
mat er i al = NUT
t hi ckness = f i l l } } }

vol ume_2 = vol ume {
di st ance_f i el d = sur f ace_mesh {

f i l e = candy. obj }
l ayer s = {

i nt er i or _l ayer {
mat er i al = CHOCOLATE
t hi ckness = f i l l } } } } }

l ayer s = {
ext er i or _l ayer {

mat er i al = WHI TE_CHOCOLATE
et c.

} } }
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Signed distance � eld

used to compute o� set isosurfaces

init ialize 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 �e lds

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

UNI ON_CANDY = vol ume {
di st ance_f i el d = uni on {

di st ance_f i el d_1 = sur f ace_mesh {
f i l e = al mond. obj }

di st ance_f i el d_2 = sur f ace_mesh {
f i l e = candy. obj } }

l ayer s = {
i nt er i or _l ayer {

mat er i al = CHOCOLATE
t hi ckness = 0. 2 }

i nt er i or _l ayer {
mat er i al = PI NK_FROSTI NG
t hi ckness = f i l l }

ext er i or _l ayer {
mat er i al = WHI TE_CHOCOLATE
t hi ckness = 0. 15 } } }
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\ Interface velocity"
\ spacing between isosurfaces is higher where the velocity is higher"
de� ne patt ern of increased velocity:

by painting on the surface procedurally
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Example

+

=
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Model representation

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

each tetrahedron stores pointers to its four vertices and to the
four neighbouring tetrahedra

also knows its material type and properties

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

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

3D Modelling Lecture 12: Procedural Modelling

Introduct ion
Model construct ion

Procedural modelling

Sweep surfaces
Fractals
Grammars
Combined Methods
General Procedural Modelling

Simulation

useful for creating more realistic models

system is linked to FEM (Finite Element Methods) system

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

voi d HAMMER( Model * model , Vec3f posi t i on, Vec3f or i ent at i on,
f l oat magni t ude, f l oat si ze, Li st <Mat er i al * > * af f ect s)

{
Vec3f f or ce = or i ent at i on; f or ce * = magni t ude;
Appl i edAr ea * a = GaussSpher e( posi t i on, si ze) ;
FEM( model , a, f or ce, af f ect s) ;

}
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Example: bronze cat

HAMMER {
model = BRONZE_CAT
posi t i on = { 1. 08 0. 79 0. 29 }
or i ent at i on = { - 0. 32 - 0. 26 - 0. 91 }
af f ect s = { FI RED_CLAY } }
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Example: bronze cat
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Example: Erosion

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

voi d WASH( Model * model , i nt num_par t i cl es, f l oat par t i cl e_l i f e)
{

Funct i on * i ni t i al i ze = Ver t i cal Fal l ;
Funct i on * mot i on = Lookup( " CLI NGI NG" ) ;
Funct i on * act i on = Lookup( " REMOVE_DI RT" ) ;
Par t i cl eSyst em( model , num_par t i cl es, par t i cl e_l i f e,

i ni t i al i ze, mot i on, act i on) ;
}
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Example: Erosion

voi d CLI NGI NG( Model * m, Par t i cl e * p)
{

Vec3f n;
m- >Nor mal At ( p- >pos( ) , n) ;
i f ( n. dot ( Gr avi t y) > cos( p- >Fal l i ngAngl e( ) ) )
p- >Dr i p( m, Gr avi t y) ;
el se
p- >MoveAl ongMesh( m, Gr avi t y) ;

}
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Example: gargoyle

original mesh
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Example: gargoyle

dirt applied and washed away by rain
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Example: gargoyle

two hammer blows and erosion
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Example: gargoyle

biological growth
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Example: gargoyle

DI RT {
model = GARGOYLE
col or = { 0. 5 0. 5 0. 5 } }

WASH {
model = GARGOYLE
num_par t i cl es = 200000
par t i cl e_l i f e = 1 }

HAMMER {
model = GARGOYLE
posi t i on = { - 0. 78 1. 22 0. 77 }
or i ent at i on = { - 0. 23 - 0. 47 0. 85 } }

HAMMER {
model = GARGOYLE
posi t i on = { - 2. 53 1. 03 1. 06 }
or i ent at i on = { 0. 56 - 0. 19 - . 80 } }

ERODE {
model = GARGOYLE
num_par t i cl es = 2000

}
LI CHEN {

model = GARGOYLE
num_par t i cl es = 40000 }
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Example: brick paving

URBAN_TREE = pr ecedence {
vol ume_1 = vol ume {

di st ance_f i el d = uni on {
di st ance_f i el d_1 = TRUNK
di st ance_f i el d_2 = 2D_EXTRUDE {

f i l e = r oot s. ppm } }
l ayer s = {

i nt er i or _l ayer {
mat er i al = TREE
t hi ckness = f i l l } } }

vol ume_2 = vol ume {
di st ance_f i el d = GROUND_PLANE
l ayer s = {

i nt er i or _l ayer {
mat er i al = BRI CK_PAVI NG
t hi ckness = 0. 075 }

i nt er i or _l ayer {
mat er i al = DI RT
t hi ckness = 1. 00 } } } }
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Example, brick paving
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Reading

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

section 1

section 2
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