Texture Synthesis

COS 526: Advanced Computer Graphics

{ B PRINCETON
UNIVERSITY

Slide credits: Alyosha Efros, Tom Funkhouser, Ravi Ramamoorthi.



Weather Forecasting for Dummies

« Let s predict the weather:
— Given today’s weather only, we want to know tomorrow’s
— Suppose weather can only be {Sunny, Cloudy, Raining}

o Simpel algorithm:
— Over a long period of time, record:
* How often S followed by R

* How often S followed by S
» Eftc.

— Compute percentages for each state:
 P(R|S), P(S|S), etc.

— Predict the state with highest probability!

— It's a Markov Chain



Markov Chain

[ 03 06 01
A 04 03 03
=\ 02 04 04

What if we know today’s and yesterday’ s weather?



Text Synthesis

* [Shannon,” 48] proposed a way to generate
English-looking text using N-grams:
— Assume a generalized Markov model

— Use a large text to compute prob. distributions of each
letter given N-1 previous letters

— Starting from a seed repeatedly sample this Markov
chain to generate new letters

— Also works for whole words

WE NEED TO EAT CAKE



Mark V. Shaney (Bell Labs)

e Results (using alt.singles corpus):

— “As I've commented before, really relating to
someone Involves standing next to impossible.”

—“One morning | shot an elephant in my arms and
kissed him.”

—“| spent an Interesting evening recently with a
grain of salt”



Texture

o Texture depicts spatially repeating patterns
« Many natural phenomena are textures

R

radishes




Texture Synthesis

o (oal of Texture Synthesis: create new samples of
a given texture

« Many applications: virtual environments, hole-
filling, texturing surfaces




The Challenge

 Need to model the whole
spectrum: from repeated to
stochastic texture

repeated

Both?



Efros & Leung Algorithm

Input image

Synthesizing a pixel
Assuming Markov property, compute P(p|N(p))

— Building explicit probability tables infeasible

— Instead, we search the input image for all similar
neighborhoods — that’s our pdf for p

— To sample from this pdf, just pick one match at
random



Some Detalls

e Growing is in “onion skin” order

— Within each “layer”, pixels with most neighbors are
synthesized first

— If no close match can be found, the pixel Is not
synthesized until the end

« Using Gaussian-weighted SSD Is very important

— to make sure the new pixel agrees with its closest
neighbors

— Approximates reduction to a smaller neighborhood
window If data Is too sparse



Neighborhood Window
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Varying Window Size

Increasing window size >



Synthesis Results

rafia weave

french canvas
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More Results

white bread brick wall




Homage to Shannon
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Hole Filling
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Extrapolation
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Summary

e The Efros & Leung algorithm
— Very simple
— Surprisingly good results
— Synthesis Is easier than analysis!
— ...but very slow



Image Quilting [Efros & Freeman]

non-parametric
sampling

Input image

Synthesizing a block

» Observation: neighbor pixels are highly correlated

Idea: unit of synthesis = block
e Exactly the same but now we want P(B|N(B))

* Much faster: synthesize all pixels in a block at once

e Not the same as multi-scale!
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Our Philosophy

« The “Corrupt Professor’ s Algorithm”:
— Plagiarize as much of the source image as you can
— Then try to cover up the evidence

« Rationale:

— Texture blocks are by definition correct samples of
texture so problem only connecting them together
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Faillures

(Chernobyl
Harvest)
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Wei & Levoy Our algorithm



Wei & Levoy Our algorithm



el LTS o] i ¢ =

% T 1 =
de: and‘matﬂem.q‘“'ﬂutﬁlﬂﬂ pineire

oVt
L &ple-cell recep “ﬂ 50 b e 1 functic
Uund gned |r|rn1-'rr|.'i Epii"- ing

1."!.-_..-|u$'” J.!.ﬂ.a.!_uiﬂ
gl JHHJ n:l-..'h ae u”}lf:l'ﬂ""h L

f-mu. .h'li:l-:.- = 2 O g

""T'\'ll'!1-l' L "11".'\-

\
.llll.— ey - : Iy - ; SR 2
! p#*_'_ ‘fl Mlars v i ';md- ...l «d neurophysiol: les » funct ?b
o --}-, o= By f" 2 B Lerspecially 1f5Lr.*-U:" 18M%onal di -dL” :
L J“"'._ Hl- s . s !"I- t‘ 1 - ey neur
St LELTT § (VRS *¥ia i 4 helps us to pirivative alnﬂlLih....w,
Eh mus s h-—-mu--_, R .8 : wie funetion, ce:
gcper way, at neur
Fﬂ“‘ri- ?'r.i-l.l'i |I|iI "‘:It -j l'.i‘i'j‘I Int imnla. '“E-I] g]'{
- il - t]"*‘la”ﬂ ':DDG t Cus is perh:
. 11 g A IR e T T = rp— .u"'m]- = S8y - Uifset (U, ISP
: gepe” ’ 1 ‘B
describing the response of that neuro it @ 2o Alzzay b el D 1oy (EE35T M0 s 'Ehﬂr ::Ieruat:"i fiels ;n ity
! * i
t a5 a function of position—is perhapf == 3ef Sy Vil Vi3 ezt P"-“-"- i T e R her,d ud ln'lﬂthEl'
g o 1VELh el ree
unctional description of that neuron. J§*+® ”-‘*"*’”" T ""”l'”-h“*?' =4 e THI:EI}LMI E?d hinsee L.-._,,:.”::-
se¢x a single conceptual and mathem JUE ¥R I i et gnea L0 9 SR S HoH—f

podiflbi=ighat ne

: : impl; 1-3
escribe the wealth of simple-cell recep Pologically ™ ane ik Sh o

d neurophysiologically'-? and inferred : I I

especially if such a framework has the XU, Guo & Shum
t helps us to understand the functio
geper way. ‘“yhereas no generic mo
ussians (DOG), difference of offset (
ivative of a Gaussian, higher derivati
function, and so on—can be expect
imple-cell receptive field, we nonet

Input Image

E1tion—Is perk a single conceptual and
of that neuribe the wealth of simple-
12l and matheurophysiologically!-? ant
imple-cell necially if such a framewor
vy~ and infer:Ips us to understand th
imework has perhay., Whereas no ge
and the fumeuratDOG), difference o
E no generic a single conceptual and
ence of offse the wealth of simple-ce
, higher deriescribing the response of |
can be expes a function of position-

] 'D, =
ES08R0 g scpcecd TE

BUORTS e——1-Cesiaie Ot ind omm
fy & toeisrtineseattne mep dsione
rEtEI"t-”‘ gice £6Clmn,,,; agsncrhais
hepat BT ‘:menﬂ‘ﬂlﬁmnn-f{hep,ﬂﬂﬂe
onemass '8 if emmn, d th
Sl fitttigmr rd tho
s hal dell i f
1]ssi D}

elrnacyscer tiriQ108S

r_:m ar 2
By ’ Emnc 188p,,, 7€ mo ax
nl_l actn assa-'SSnmp, -

Al cas
—a Due 3 ipti -
. L}IIH!:]GE:-,I a Maei;e ap wenBNelps us to understand t'ription of th:
oile-can usinsnplm nf f§per way. Whereas no gonceptual an
n::he o

anenss noifsians (DOG), differencealth of simple

Wel & Levoy Our algorithm



Political Texture Synthesis!

Bush campaign digitally altered TV ad

Prasident Bush's campaign acknowladged Thursday that It had
digitally altéred a phata that appeared in a national cable 1adavision
commearcial. In the pholo, a handful of soldisrs wers muliplad

rmany limes.




Fill Order

W

 |In what order should we fill the pixels?



Fill Order

 In what order should we fill the pixels?
— choose pixels that have more neighbors filled
— choose pixels that are continuations of lines/curves/edges

Criminisi, Perez, and Toyama. “ ,” Proc. CVPR, 2003.


http://www.research.microsoft.com/%7Eantcrim/papers/Criminisi_cvpr2003.pdf

Application: Texture Transfer

* Try to explain one object with bits and
pieces of another object:




Texture Transfer

Constraint

Texture sample




Texture Transfer

e Take the texture from one
image and “paint” it onto
another object

Same as texture synthesis, except an additional constraint:
1. Consistency of texture
2. Similarity to the image being “explained”
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Image Analogles

Aaron Hertzmann?t?

Chuck Jacobs?

Nuria Oliver?

Brian Curless? INew York University
David Salesin23 ?Microsoft Research

SUniversity of Washington



Image Analogies







Blur Filter

Filtered target (3')




Edge Filter

=3,

Unfilteréd source (A) | Filterea source (A)

Unfiltered target (B) Filtered target (B")




1lters
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Colorization
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Unfiltered target (B)




Texture- by numbers




Super-resolution




Super-resolution (result!)




Video Textures

Arno Schaodl
Richard Szeliski
David Salesin
Irfan Essa

Microsoft Research, Georgia Tech



Our approach

P

e How do we find good transitions?



Finding good transitions

» Compute L, distance D; ; between all frames

VS. > frame |

Similar frames make good transitions



Markov chain representation

Similar frames make good transitions



Example
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