


Introduction 

ÅOne of the open problems in CG is modeling 

ÅA wide variety of complex objects can be 
generated by visual simulation of Nature. 

 

ÅWe will show some attempts on  
how to visually simulate 

Å terrains and 

Å plants. 
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Terrains 

B.Benes - Siggraph Bogota 2011 
3 



Terrain Modeling 

Problem  

 fractal-based techniques  
generate terrains that  
ƭƻƻƪ  ƭƛƪŜ άƧǳǎǘ ŎǊŜŀǘŜŘέ 

 Real terrains are eroded  

 

Solution 

 ŜǊƻŘŜ ǘŜǊǊŀƛƴǎΧ 
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Terrain Modeling 

We need erosion algorithms that are: 

 

Å realistic, 

Å user controlled, 

Å fast, and  

Å easy to include into existing systems 
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Terrain Modeling 

Data Structures 

a) for real-time rendering (ROAM, TINs, etc.) 

b) for erosion simulation 
 
regular height fields 
voxel-based structures 
layered data structures  
[Benes, Forsbach, IEEE SCCG 2001] 
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Layered Data Structure 

ÅTerrain is a composition of  
multiple layers of different materials 
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Layered Data Structure 

ÅData is represented as columns 
 

ÅIn fact a per column RLE  
compressed voxel rep.   
 

ÅVarious erosion algorithms can be 
implemented on this data 

B.Benes - Siggraph Bogota 2011 
8 



Hydraulic Erosion 

ÅErosion caused by water 

Årealistic solutions solve  
Navier-Stokes equations for fluid dynamics 

ÅCan be solved for 2D or 3D cases 

Å2D:  shallow water simulation 

Å3D:  Eulerian approaches 

Å3D:  Lagrangian approaches 
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2.5 D Hydraulic Erosion 

ÅUsing shallow water equation 

ÅSimulated using the pipe-model 
and the layered representation 
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2.5 D Hydraulic Erosion 

ÅThree erosion models 

Å thermal weathering 

Å force-based erosion 
 (caused by the running water) 

Å still-water erosion 
 (caused by material dissolution) 
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Thermal Weathering 

ÅMaterial breaks apart  
because of thermal shocks 

ÅMaterial slipping due to the gravity 

ÅTalus angle defines maximum difference 
between heights of neighboring cells 
 

 Talus angle 
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Thermal Weathering 
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Thermal Weathering 
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Thermal Weathering 
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2.5 D Hydraulic Erosion 

ÅThree erosion models 

Å thermal weathering 

Å force-based erosion 
 (caused by the running water) 

Å still-water erosion 
 (caused by material dissolution) 
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Force-based erosion 
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Force-based erosion 
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Force-based erosion 
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