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Introduction

» Introduction Problem
Terrains model ed with height
important geological features

Goals
Create complex terrains with overhangs, arches and caves
Generate geometric ground details (rock piles)

Arches, US National Park
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Related work

» Introduction

Methods :

Fractal landscape modeling
[ Mandel brot 82 , Fournier82, Szelis

Physical erosion simulation
[ Kell ey 88, Prusinkiewicz93, Roudi e

Terrain synthesis from images
[Zhou 07]

Limitations

Hei ght fields candét be wused
Small geometric details such as rocks are not generated
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Contributions

gcsction Hybrid terrain model
Discrete data-structure and implicit representation
Convolution surface

Terrain authoring tools
Bedrock sculpting
Granular materials (sand, rocks) handled through a stabilization
simulation

Procedural generation of rocks piles
Generate rock tiles with contact points
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Model for representing terrains

Arches: a Framework for Modeling Complex Terrains 2009 30 Marchi 3 Avril 5



Architecture

[ Rocks Tile ]

» Architecture Database

» Hybrid model

Hybrid model

Discrete model
L Instancing ]-.

[Rock instanh

(v

A\

Meshing ad

Texturing

J

\L U
(Implicit model\
—[Convolution]—.

Implicit surface
discretisation

T

Stabilization Modeling tools
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Discrete model

» Architecture

» Discrete model

Material layers :

Air Rocks Bedrock

Terrain Effective resolution Memory

Cave 1000 x 750 x 8000 =6 x 10° cells 21 Mb
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Convolution

Define the surface of the different material layers
Implicit surface

S={p<cR’|f(p) =0}

» Architecture

» Implicit model

Convolution function i(p) [Bloomenthal91] :

i(p) = (h*g)(p /g )h(p— q)

Skeleton functlon Kernel function

Skeleton function g(p) :

(p) = 1 if p € Material M
E\P) =11 0 otherwise

[Bloomenthal91] Bloomenthal J., Shoemake K.: Convolution surfaces. Computer Graphics 25, 1991.
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Kernel function

» Architecture

» Implicit model

/Problems \

Infinite support such as a Gaussian function is computationally
demanding to evaluate [Sherstyuk99]

The evaluation of the integral with a spherical compact support

\_ Is complex (closed form solutions may not exist) -

Spherical Kernel support €2 Integration domain

[Sherstyuk99] A. Sherstyuk: Kernel functions in convolution surfaces: a comparative
analysis. The Visual Computer 15, 1999.
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Kernel function

» Architecture New kernel function
Using the L metric creates a cubic shaped integration domain

1if <O
» Implicit model h(q) = { 0 ;ﬂ‘l‘gruvoi.;e

Box Kernel support 2

Potential field function
The evaluation of the integral simplifies to a ratio of volumes

fp) =224 1 — 1)

Vo 4063
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Implicit model

» Architecture Advantag es
Field function is efficient to compute

Generates a continuous surface that can be polygonized easily
» Implicit model [Wyvill86, Lorensen87]

Drawbacks
f (p) is a continuous CV function
Discontinuities in the gradient are hidden by the texturing
process

[ Wyvill 86] Wyvill, G., Mc Pheeters, C., TheWvdualWy vi |
Computer, Vol. 2, No. 4, pp. 246 - 259, 1986.

[Lorensen87] Lorensen ,W. , Cline H. , Marching cubes : A high resolution 3D surface construction
algorithm, Siggraph'87, 1987
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Terrain authoring process
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Bedrock sculpting

Problem

Freely sculpt the bedrock [Ferley00]

» Editing process
» Normal Method

Compute a new field function by blending the terrain with implicit

primitives

Compute the new bedrock and air material stacks by discretizing

the implicit surface

n
Surface S

Initial material layers
Added material

New surface

Modified layers
[Ferley00] Ferley E. and Cani M-P and Gascuel, J-D, Practical Volumetric Sculpting, Visual Computer, 2000
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Modeling cracks, fractures and tunnels

Problem

, Editing process Sculpting does not lend itself to generating large terrain feature

Method
Create a 3D skeleton
Project the skeleton onto the surface of the terrain
Generate crack volume by sweeping the interpolating surface
Carve the crack volume by computing the Boolean difference

» Features

P, C

Initial bedrock layers

Modified layers
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Erosion

» Editing process

» Erosion

Problem
Simulating rocks detatching from the bedrock along faults and
piling (collisions) is a complex phenomenon

Phenomenological method
Process rocks like sand
Stabilize rock aand sand layers separately
Use a rock tiling technique to create rocks from the rock layer

Erosion region

Transformed
materials Stabilized materials l i g

S Erosion parameters

Erosion Stabilized layers
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Stabilization simulation

Overview
Stabilization simulation is only applied on granular materials.
Bedrock layer is considered as stable.
Stabilizing different material is extremely difficult

» Editing process

Simplification
Sort granular material layers in a given order
Process each material layer separately

» Stabilization

Slope with
repose angle:

‘ 1 Merging

Ordering

Inconsistent layers Ordered layers Stabilized layers i-1
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Modeling rock piles
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Generating rock piles

Goals
Generate the geometry of rock piles from the rock layers
Rocks should be into contact
Avoid physically-based collision detection to instantiate
thousands of rocks

» Rock piles

» Rock tiles

Tiling rocks into contact
Generate a Poisson sphere distribution in the tile
Create Voronoi cells over the periodically repeated tile
Create contact points along the edges of the Voronoi cells
Erode cells by the meth0(|1|I of Spl)lzheroidal weathering [Beardall07]
P—¢

p(p)=e 1

[Beardall07] Beardall M., Farley M. : Goblins by spheroidal weathering. In EGWNP, 2007.
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Rock instantiation

Global method
Generate rocks geometry in a tile
+ Rock piles Instantiate the rocks model
Instantiation
Cover the entire space with the tile
Selecting only rocks whose center lies inside the rock layers

» Instantiation

Rock instance

Rock instantiation Instantiation
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Limitations

Instancing

The mechanical stability of rocks is not guaranteed
Some may intersect the surface of the terrain or fly slightly

» Rock piles above
. Rocktile

o)
> Limitation

Selecte(&

Periodic tile repetition

Unstable
— Not Selected /

Superpositio

_—Rock tile Same rock Same rock

[

Those limitations are rarely seen in complex scenes
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Statistics

» Rock piles

» Statistics

Terrain # Rocks Generation Terrain # Rocks Instantiating

Cave 50 30s Cave 1941 0,9s
Canyon 70 44 s Canyon 6113 0,9s
Arches 30 19s Arches 2931 0,4s

Generation Instantiating
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Rendering and texturing
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Texturing and rendering

Problem A

The terrain is not a height field : terrain of arbitrary geometry
Texture mapping is difficult
We want to avoid parameterizing the surface of the terrain

» Rendering \

)

Three step method
Create the terrain mesh by polygonizing the implicit surface
Combine bedrock and sand layers into a single mesh

Project texture with a shader to avoid any parameterization

Compute material weights at the vertices of the mesh
Blend material textures according to material weights

Mesh

_Vertex material weights

40% Sand
60% Bedrock
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Texturing and rendering

Shading without uv coordinates
Let n(X,y,z) the normal of vertex p
Evaluate the colors T(|x|,|ly]) T(|x],1z|]) T(lyl.|z|)
Define T(p) by blending T(|x.lyl) T([x[.|z[) T(lyl.|z])

I(p) = o (|x], [y)) + BT (el [=)) +vT (W], 12])
o=x"/llnll,  B=WI"/lnll,  y=I="/lInllp

» Rendering

Texture blending between materials
Blend textures according to the area of visible materials

Sand surface
Rock surface /

\
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Arches
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