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The State-of-the-Art

* Homogeneous Texture

» Synthesis on Surfaces

Beyond the State of the Art

» Natural Textures on Complex Objects

Texture Models

+ Julesz Conjecture (global statistics)

“Textures cannot be spontaneously discriminated if they
have the same first-order and second-order statistics “

» Textons (local features)
- local conspicuopus features

Two-Level Visual System
- attentive system: focal attention scanned serially.
- pre-attentive system: distributed attention mediated by parallel process

Homogeneous Textures

e Texture Model
—Local
— Stationary

* Second-Order Stationarity
Random Process: { X}
s EXX) =u (constant)
» Var(Xy) = o2 (constant)

» Cov(X, X,) = C(r-s) (function of the distance)
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Probabilistic Model

* Markov Random Field

— Lattice s
om0 009
={s=(i;j):0 i;j<M} = e0 X,
— Neighborhood SRS
N,

o

N={N,cS, seS}

— Local Conditional Probability Density Function
P(X, = Xxg) = P(xg|x,, reNg ; xs € Ag

Analysis Algorithm

* Non-Parametric MRF Model Estimation
Given a sample image y € ¥ and a neighborhood
system N, build a multidimensional histogram F

F(Lo,....Lx}=Y . 6(gp— Lo} [] 6 — £}

PESy, reNp
NpCSy

LPCDF estimation

F(lo=z., k. = 2.t €N}
Zm;\ F(Lg. L, =x. r N}

P(x e, r e Noj =

* 1D Example




Synthesis Algorithm Image X Surface Synthesis
» Sampling from the LPCDF i
— Impractical (Too Expensive, Huge Memory) ‘f‘-v‘“
’ gty
Ly =
O Neighborhood Search et grid mesh re-tiling
( normal
rientation J
I 'L(Y:At:r)(:r ﬂlhlh ‘_,
Causal u
Neighborhoods ) .
Synthesis Order scanline FEmee
Neighborhood ﬁ
flattening/resampling
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Quest for More General Textures Contributions
* Progressively-Variant Textures Method for Generating PVT on Surfaces

“characteristics change smoothly over domain”
* Locally-Stationary Random Fields

- Covariance is a smooth function over the domain
Cov(X, X,) = F(s, |r-s|), F of class Ck

* New Texture Model
— Texton Based
* New CreationTools (2D)
— User Control
» New Algorithm for Synthesis on Surfaces (3D)

*Recent Research
(Mallat, Donoho, Dalhaus )

* Local Cosine Best Basis

— Robustness
— Spectral Estimation
— Need different approach for synthesis
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The Model How to Create the Model?
* Tov=(SMFV) « Estimation Techniques (Malik)
. — Analysis from Samples
no?é& — - * Difficult Problem / Little Control
] —_ . — —
Eg\g '&: * Image Processing Techniques
g.%é;:?,% T — Transformation of Samples
3 A —_—— . —
5050, — 2D Manipulation Tools
Eﬁzc%% — Interactive
3R
» o * Good User Control
Image Texton Transition Orientation
Sample Map Function Field (our proposal')
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Building the Model

» Tools
— Field-Guided Distortion
— Mask Extraction
— Feature-Based Warping
— Adapted Similarity Editing

— Texton-Based Blending

Distortion

* Input:

— Homogeneous Sample ﬂ

— Transition Function *

— Orientation Field * r
* Processing

— 2D Synthesis

* Output
— Image Sample
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Segmentation

* Color Thresholding
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Warping

» Feature Based (Texton Filtering)

[
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Editing

» Weighted Similarity
( extend Brooks )
— Transition Function

» Operations
— Painting
— Warping
— Morphological
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Blending

1. Generate
Transition
Texton Map

2. Synthesize
Image Sample
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Texton Map Blending
1. Interpolate Maps in 3D
2. Take Diagonal Slice
3. Gaussian Blur

4. Threshold

25

Example

» Crafting a Leopard Skin
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Synthesis

* Problem:

— Matching
Transition / Orientation

» Challenge
— Texture Breaking

* Qur Solution:
— New Metric
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Overview

* Input
— 2D Texture Model
To.y=(S, M, F, V)
— Triangulated Surface
* Mesh
— Transition / Orientation Fields on Surface
 User-Specified
* Output
— Texture Maps ﬁ
— Texture Coordinate Assignement
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Single Resolution / One Pass Algorithm

For cach vertex v on surface
construct neighborhoods N (v) and Ny, (v)
smallest_match = INFTY \
For each pixel p = (a.b) in C{v.£)

build candidate pool Clv.e)
construct neighborhoods Ny ()

newmateh = dist(N(v). Nulp))
If (newamareh < smalfest_march)
smallest anateh = newomatch
mask_valwe = M,(p)
My(v) = mask_valuwe
smallestanatch = INFTY
For cach pixel p = (a.b) in C{v.£)
construct neighborhoods N[ p) and Ny (p)
new_mateh = dist{NAv). Ne(p)) + dist (N (v). Na(p)) — E
If (newomatch < smallest match)
smallest _anatch = new_match
color=T,(p)
T.iv) = color
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Mesh Neighborhoods

* N(s, p). Nu(s. p),
— Orientation Alignment, o = F(p)
— Scale Adjustment, s = V(p)
— Resampling

3D Patch

Resampled Grid

Resample]
2D Patch@
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Progressively-Variant Synthesis

» Candidate Pool
C ( e ) (i.e. sample neighborhoods)

« Match Transition Functions
|Fo(p) —Fs(v)| <€

* Needs Special Acceleration
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Metric

* Perceptual-Based (Texton)
— damage resistant (small histogram)

dist(NAv).Ne(p)) +dist (N (v). N (p))

» Obs: 2-pass match
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Acceleration

* K-Coherence
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Local Orientation Control

* Orientation on Mesh and Texture

w/o texture orientation
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Summary

Synthesis of Progressively-variant
Textures on Arbitrary Surfaces

Submittec

* Video
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Results

» Warping
— Giraffe
— Tiger
— Horse

» Blending
—Venus
— Bunny
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Giraffe
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Tiger
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Bunny
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Timings

Mesh | Sample size | Vertex number | Time (minutes)
Venus 512 % 128 192k 44
Bunny 512 x 128 300k 104
Giraffe 384 2 96 106k 33
Tiger 256 = 64 170k Sl
Horse 448 < 128 250k 39

Table 1: The timings are measured on a 2.4 GHz Xeon workstation.
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More Results

Result 12 stone and block:

i) Sample2 and ils mask
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Result 2: block and pebble:
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Result 3 stone and vellow pepper

e result
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Effect of Different Texton Maps
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Comparisons

* Wei — Levoy Algorithm

» 2D Synthesis

* Texton Map helps to deal with difficult textures
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Tnpaut lexture

Textom mask

Resilts Iy o algorithe using texure sk
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Fcton mask | Haesult by our algoritm nsing Leion mask |
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iriginal

Restlt by W1 algorittm

Texton mask |

Result by oo algorithm using beston mask |
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Blending Comparison

T O s
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Synthesis Failure

Inpul txmsre Resa by W1 alposithim

Texton mask
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Blending Failure

Hesult 4: one faflure example
e to the drastically different pamern. ihe blendng result ooks unnatural
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Future Work

More Control of Feature-Based Blending
Multi-Way Transition

Other Ways to Control Texture Variation
Synthesis of BTFs

Micro-Geometry Synthesis
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To be continued ...




