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Large environments
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2011: Skyrim (Bethesda)



Textures
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Authoring, storage and transfer
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2011: Skyrim (Bethesda) screenshot from user NBtoaster on noegaf.com




What do games do?

=>» Tilings

Texture from www.cgtextures.com




2011: Skyrim (Bethesda) screenshot from Three Parts Theory




Tilings introduce major visual artifacts

(Better tiling methods exist! [Cohen et al. 2003, Wei 2004, Kopf et al. 2006, ...] )

Big savings on authoring and memory




Today

By-example Synthesis of Architectural Textures
L., Samuel Hornus, Anass Lasram
SIGGRAPH 2010

By-Example Gabor Noise
Ares Lagae, Bruno Galerne, L., George Drettakis
SIGGRAPH 2012




Architectural textures

Image courtesy of CSTB

Image courtesy of O. Teboul

Texture by Asmodai Tabun .
Texture by Asmodai Tabun



Off-line algorithm, compact storage




Key texture property

« Auto-similar by translation
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Auto-similar by translation

« Parallel path (cuts) having similar colors
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top

y=bottom




Bi-directional synthesis




Parallel cuts
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o = 11 pixels o = 19 pixels
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Image strips

 Two non-intersecting cuts form a strip
« Strips can be joined by parallels

Texture by Asmodai Tabun



Finding pairs of cuts




Finding pairs of cuts

o = 16 pixels

For all offsets 0 ... width
Compute error map

Extract best cut

Flag as infinite error

Iterate until no path




Growing Images

* From left to right, either:
— Start a new strip (red)
— Grow current strip (green)







Synthesis as shortest path

Synthesizing an image of width W . e

Dijkstra
Startat(s, 0)
Stopat(e, W)
Optimized for &

Source

(s,0) (e,W)

Result <& path !

Output canvas



Image courtesy of CSTB



Texture by Asmodai Tabun




Compact Representation for Large Environment
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|+ 13 source images (facade pictures)
e 1672 buildings
? = 7+ = 7500 syntheses in 78 minutes (1 CPU-core)
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Cut table:
1900 buildings

4 or 5 facades per building
7992 x 4096 x 16 bits =62 Mb
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70 MB instead of 7 GB




Limitations

Texture by Asmodai Tabun



CEIVENERRDAIES

No clear contours or edges




Key texture property

* Entirely characterized by their power-spectrum

Input Random phase

Texture Power spectrum
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* Appearance controlled by power spectrum
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Perlin Noise planet, 32 numbers [Perlin 1985]

B €— color = f(x,y,2)

No texture map
No parameterization (uv)
No overdraw



Gabor noise

[Lagae et al. 2009]

e Sparse convolution noise [Lewis1989]

Kernel .
N (z,y) =

/

Noise value at x,y

\[h

Z wzg(%ayg ]

Random |nten5|ty

kernel

sparse white noise

(z,y)

\ Poisson impulse process
of mean A

noise



spatial domain

frequency domain

Noise power spectrum

kernel

sparse white noise

I

power spectrum
kernel

I

Comsbant
(asstm™® 1)

power spectrum
noise




Spectral domain




Procedural Evaluation
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Adding Different Gabor Noises

e Spectra of independent noises add up

Noise 1 Noise 2 Noise 1 + Noise 2

Spatial Domain

Power Spect.
.
.
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Gabor Noise by Example: Key Idea

Input Discrete power Fitted noise
texture spectrum spectrum
sum of Gaussians s



Computing the Decomposition

BED o Roe s ..,:.hq.
’ .” . i-‘- .-1_!,. .

. i b 1 IR Noise

[T M S .++"'" e spectrum
K Dl I P

"
coefficients g

~* Intuition: Find the coefficients a s.t.:

1. Sn(a) is close to Sex
I 2320

Exemplar 3. d issparse

spectrum X

36



Solving for the coefficients

* Solution: Solve the following Non-Negative
Basis Pursuit Denoising (NNBPDN) problem:

Pmmlmlze HSh Séxuz K

J
N
[subject toa2 0
Least squares between noise I*-regularization
spectrum and exemplar spectrum induces sparsity

* Algorithm: FISTA (fast iterative shrinkage
thresholding) [Beck & Teboulle, 2009]
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How Many Gaussians Do We Need ?

e Quality vs. speed/compactness tradeoff

CEINERR D

Power Spect.

Exemplar Noises

trum

1ans In power spec

# of Gaussi

G =



Variety of Textures

Approx 30 ms for 128x128 on GeForce Quadro 5000
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