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Natural stochastic textures (NST)

What are natural stochastic textures? [Zachevsky and Zeevi, 2014]

[Lin et al., 2004]
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Natural stochastic textures (NST)

What are natural stochastic textures? [Zachevsky and Zeevi, 2014]

[Lin et al., 2004]
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The goal of this work

Find a method that embeds NST in a manifold endowed with geometrical
properties, that also allows sampling, or synthesis, of new textures.
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Why an NST dedicated approach?
Manifolds - describing high dimensional data by a low dimensional
representation

Riemannian manifolds [Kimmel et al., 2000], e.g. Laplacian Eigenmaps [Belkin and

Niyogi, 2003]

Variational autoencoders [Kingma and Welling, 2013]

What makes NST special?
- They are inherently random but also exhibit deterministic characteristics.

↔
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Caveat

What this work is not about

Manifold extraction for general signals

- Variational autoencoders [Kingma and Welling, 2013]

- Laplacian eigenmaps [Belkin and Niyogi, 2003]

- Diffusion maps [Coifman and Lafon, 2006]

Synthesis of general images or textures by a high dimensional
descriptor

- Generative adversarial networks [Goodfellow, 2016]
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How to obtain a suitable analysis method?
Requirement: extraction of deterministic features, keeping in mind random
data.

Analysis by synthesis
We propose a framework for analysis and synthesis of textures, based on [Gatys

et al., 2015]

Texture synthesis frameworks [Portilla and Simoncelli, 2000, Gatys et al., 2015]

X Ψ = f (X ) g (Ψ,WN) X̃

White
noise

[Gatys et al., 2015]

Ψ: ∼ 890K parameters.
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Texture analysis by synthesis

Framework description:
1 Extract features Θ

Approximate dimension: square
root of original size

2 Perform PCA on each coefficient
set (Φ)

Analysis:
Observe PCA components

Synthesis:
Sample in PCA space to create
new variables, Φ̃ and reconstruct
Θ̃
Perform synthesis with updated, G̃
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Examples: texture synthesis
Samping by interpolation in PCA space
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Texture parameter analysis

NST have several main features [Zachevsky and Zeevi, 2016]

1 Stochastic features:

Fractal properties (Hurst)
Gaussianity

2 Structural features:

Local coherence, via local phase or the coherence metric

Are these features fundamental, or arbitrary, in texture?
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Texture parameter analysis

Imparting color identity by H , Kurtosis and local coherence
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Intrinsic geometry
Defining data points on a graph
Graph Laplacian approximates Laplace Beltrami operator on graphs
Assume original data embedded in (M, g )
Intrinsic geometry obtained by pushforward metric [Perrault-joncas et al., 2006]

Given new embedding, N = f (M), find h such that (M, g ) is isometric
to (N , h)
(N , h) manifold with transformation f () and local geometry h.
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Intrinsic geometry

Path between two points, Euclidean vs. intrinsic
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Textures along the manifold trajectory:
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Further research

Use nonlinear manifold extraction methods

Sample by using the manifold geometry

Obtain manifold-based algorithms, e.g. clustering

Thank you
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