Fractals, mountains, and trees
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' Fractals

Coastlines
Snowflakes
Sponges
Mountains, terrains
Trees, bushes
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Real Coastline Lecture
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Real Coastline
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Real Coastline Lecture
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(Fake) Fractal Coastline '—eci‘g"'e

Voss, R.F., (1989), Random fractals: Self-affinity in noise, music, mountains and clouds
in Ammon Aharony and Jens Feder (eds),

Physica D (Non-linear Phenomena): Fractals in Physics, Vol. 88, pp. 362-371. 13
| |
i Lecture
‘ ' Coastline n
L=

» How to represent and store all that?
o Cubic Bezier curves?

» Or do we generate it on the fly maybe?
» Koch curve:

A NSNS 1 SNIN o PPN v O

o What isthe length of this curve?
L 1, 4%(1/3), 16*(1/9), 64*(1/27), ... (3)".. o0
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Fractal dimension Lec;;re

 Let’'sgo back to ssimple shapes...

o line: dimension=1 : |
o 1, 2¢(U2)L4% (14", ...
o sguare: dimension = 2
o 1, 4%(12)2 16*(U4)?, ...

HEEN
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‘ ' Fractal dimension Lec;gre
L

e Line:dimensiond=1
scaling factor s=1/2 | |
number of subpartsn =2 : : |

* Rectangle: dimensiond =2 Pt
s=1/2
n=4

* Ingeneral:
nsd=1
d=logn/log(l/s)
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Fractal dimension Lecture

Koch curve:
n=4,s=1/3,sod=1log4/log 3=1.26

A NSNS v SN o PPN i
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L-systems 6

» How can we produce such objects?
o L-systemis
o symbols
* language describing a 2d/3d scene
o anaxiom
e dtarting point
o rewriting rules
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E =
= Eé L-systems
=
 Lindenmayer 1968
» Turtle graphics (Seymour Papert)
o F draw forward
o f move forward
o+ turn left
o - turn right
o[ push current state onto stack
o] pop current state from the stack
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Ha

L

o F+F--F+F
angle=(2m)/6

Koch {
Angle 6
Axiom F
F=F+F--F+F

}

Koch I-system
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Lecture

Generating K och’s snowflake 16
Koch {
Start: F Angle 6
. Axiom F
Generation 1. FoF+F-F+F
0 F+F--F+F /\ ’
Generation 2:

o FtFe- Pt P+ Fe- P P e P+ F--F+F

AT T
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Examplein 2d 16

Example {
Angle 16
Axiom ++++FS
S=+[FS]-[FS]-[FS]
}

9/10/98

11



9/10/98

Koch Idand

Kochlsland {
Angle 4
Axiom F+F+F+F
F=F+F-F-FF+F+F-F

}

Lecture
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o Similarly:

Q

O

O

O

O

Plantsin 3d

3d transforms
rotations
nested transforms Y
colors
position

* Przemyslaw Prusinkiewicz, U. of Calgary
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Deussen, Hanrahan, Lintermann, Mech,
Pharr, & Prusinkiewicz. SIGGRAPH 1998.

' Terrain modeling Lecture

16

Fractal mountains
o geometry
o colors

o vegetation

26
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Lecture
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Texturing & Modeling: A Procedural Approach, by Ebert et al.

The Science of Fractal Images

by Heinz-Otto Peitgen, Dietmar Saupe (Eds)
27

Fractional Brownian Motion Lec;;"e

Add random values at finer and finer scales

N

28
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E . Fractional Brownian Mation Lecture
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» Additional parameters...
a : i -p'}:i h A
.JI II‘TPJI"'}._.rrllr.l".l]!kl!f{.:_ A ._f“'lllhﬂjl'1'hi-,-’l'H'Jf_dru!III‘{.*”HLL‘J: .ET& f 'I"J ! =0, 1
VY THY AT
J 1’=1f~.1 A, T;.rf":, Wi, WY Vi
Al ¥ I'.II"_J." Y\ hj( "
" P ik !
N "\,-'N'.“_id"._l. J:r" i )
. _.-";'r
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=
Do
‘ ' 2D: Creating fractal mountains "“Ig"e
« Start with planar triangulation
 Let user displace coarsetriangles
» Recursively subdivide and displace
randomly
30

9/10/98

15



Elevation Lecture

 Elevation governs.

o color

* Show

* grass
o trees distribution
o roughness

31

Lecture
' Sky, clouds n

» Cloud texture

(X, y)= iC. sin(ay'x + pﬁ)iq sn(w’'y+p’)

i=1 i=1
Wy =20
Wy = 20
¢, =0.707¢,
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