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Motivations

introduction ~ * Sparse modeling applied to
Terrain model terrain

Applications ¢ Many applications

Conclusion * Inverse procedural modeling
* Compact representation
e Terrain synthesis
e Terrain amplification
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Terrain model
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Sparse construction tree

introduction  ® Extends [Génevaux15] « Terrain modelling
Terrainmodel  from feature Primitives »

Applications Hjerarchical and functional model
Conclusion o Combination of primitives and sub-trees

Mountain

Bumpy hills Smooth hills
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Sparse construction tree (2)

introduction  ® Atoms of a dictionary are linearly combined to
Terrain model  form sparse primitives

Applications . _
Hierarchical Blend
Conclusion terrain model / l \
Sparse Primitive f;(p) Primitive Primitive
primitives o) ?'é O\X k 20 \ / \
/
Dictionary
of atoms D "\ 4
d;(p) di(p)
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Example

Introduction

Terrain model
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Applications 0. -
Conclusion 2 U
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About the sparsity

* X; = {x/} representsthe linear coefficients
Terrain model Needed to reconstruct a primitive

applications o || X;||o representsthe number of nonzero
Conclusion coefficients, denoted s

e s has to be much smaller than N

Introduction
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Sparse decomposition (OMP)

Introduction 1. (k, ﬁ) — argmin H 1; — DFU{k}ﬁ H%
Terrain model kel f3 eRITI+1
Applications 2. I'=1U {]%} X{ — ﬁ
_ [Mallat93]
Conclusion
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Dictionary learning

introduction  ®* Minimization problem

lerrainmodel o GGjven a set of primitives F to representand a
Applications sparsity s, find the dictionary D that minimizes
Conclusion the reconstruction error

min IF—D-X|2
DeRANXeRN "

such thatVi=1,...,n,||X;||o < s

§ﬁ FURDBRAPHICS 70(e nezseussosmnsorns
EUROPEAN ASSOCIATION FOR COMPUTER GRAPHICS



Dictionary learning (2)

introduction ~ ® K-SVD resolution [Aharon2006]

lerrainmodel” o |n practice, we sometimes want to keep the
Applications original patches of the terrain intact

Conclusion

min IF—D-X|2
DeRANXeRN "

such thatVi=1,...,n,||X;||o < s

Vje{l,...,N},Ile{l,...,n},d;=f
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Applications
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Compact terrain representation

Introduction * [nput: a terrain T

Terrain model o Extract patches

Applicati . CL
PRIEEEEE e Optimize dictionary

Conclusion .
e Store only D and X (sparse matrix) + mean
altitudes of the patches
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Compact terrain representation (2)

introduction  ® Results (dictionary size 128 atoms)

Terrain model

Applications
: Terrain Size ty | Sparsity s | Ratio p | PSNR
Conclusion
Alpes 1 149% | 23.7
512x512) | 20M 2 20.0% | 26.4
8 509% | 21.1
ltaly 1 49% | 317
(3600 x 3600) | 1Z70M | 2 9.7% | 34.2
8 38.0% 39.2
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Inverse procedural modeling

Introduction

Terrain model

Applications

Conclusion

Elevation map
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Inverse procedural modeling (2)

Introduction Perlin Noise Ridged

Terrain model
Applications

Conclusion
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Terrain synthesis and amplification

Introduction

Terrain model Correspondence
Applications
_ Low resolution L High resolution H
Conclusion
Multi resolution S
v dictionary
&
~ Q
» | % Sparse matrix of g
3 \ ® coefficients X g
. 3!
. —_— m . .
Low resolution High resolution

|
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I Terrain amplification

Introduction

Terrain model

Conclusion
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Terrain synthesis - Canyon

Introduction
Terrain model
Applications

Conclusion

| "Exémplar

e\
\ '\\/

Sketch
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Control

introduction ~ ® Complete the tree with additional nodes

Terrain model
Applications

Conclusion

Sparse Tree

River banks Riverbed
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I Canyon with river

Introduction

Terrain model

Conclusion
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Conclusion

$ E”RDERAPHIES THE 37 ANNUAL CONFERENCE OF THE
EUROPEAN ASSOCIATION FOR COMPUTER GRAPHICS

24



Conclusion

introduction  ® Versatile model for terrain modeling

Terrain model o Many perspectives

Applications * Terrain stylization
Conclusion * Include other data (color, vegetation, etc.)

e VVolumetric data
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