Texture

* What is texture?
— Easy to recognize, hard to define
— Deterministic textures (“thing-like”)
— Stochastic textures (“stuff-like”)
» Tasks
— Discrimination / Segmentation
— Classification
— Texture synthesis
— Shape from texture
— Texture transfer
— Video textures

Texture Discrimination
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Modeling Texture

* What is texture?
— An image obeying some statistical properties
— Similar structures repeated over and over again
— Often has some degree of randomness
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Texture Synthesis

Synthesizing One Pixel

sample image

SAMPLE |
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Generated
image

— What is P(x|neighborhood of pixels around x)
— Find all the windows in the image that match the neighborhood
« consider only pixels in the neighborhood that are already filled in
— To synthesize&
« pick one matching window at random
« assignx to be the center pixel of that window

Markov Random Field
A Markov random field (MRF)

« generalization of Markov chains to two or more dimensions

First-order MRF:

< probability that pixel X takes a certain value given the values
of neighbors A, B, C, and D:

N
P(X|A,B,C,D) [P]x]®
C

* Higher order MRF's have larger neighborhoods

*

* * * * * *
* X | * * * X | * *
* * * * * *

Markov Chain

Markov Chain
— asequencef random variablesX1, X2, . . .

X¢ is thestate of the model at time t

y Xn

X1

X2 |—(X3

—_—

X4

X5

Markov assumption: each state is dependent only on the
previous one

« dependency given byanditional probability :

p(x¢[x¢—1)

The above is actuallyfast-order Markov chain
An N'th-order Markov chain:
‘p(xt|xt—l> ceey xt—N)




Really Synthesizing One Pixel
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Generated image

— An exact neighborhood match might not be present

— So we find thdestmatches using SSD error and
randomly choose between them, preferring better
matches with higher probability

Growing Texture

— Starting from the initial image, “grow” the texéuone
pixel at a time

Window Size Controls Regularity
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reptile skin

More Results

aluminum wire

Failure Cases
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Image-Based Text Synthesis
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» Observationneighbor pixels are highly correlated




Minimal error boundary

Philosophy

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

* Rationale:

— Texture blocks are by definition correct samples o
texture, so the only problem is connecting them
together

Texture Transfer

Constraint

Texture sample

Fars




Texture Transfer

*Take the texture from one object prmmmms
and “paint” it onto another object m

— This requires separating texture
and shape

— That's HARD, but we can cheat

— Assume we can capture shape by
boundary and rough shading

% &' (

Main Tdea: Prajechon distocts
¢ m+¢x‘hv¢ "Jo melvy Yoot depends
on Surfuce shape awd ’eO-uc"I,

e W.‘{‘k:n:‘ MC/\H-QA
- No wedel for Texels
- ASfume ®e 'wval texherer do
agt wimic ’u,'cc*s» effedly

- e AfSum Yom :
Tasdapy At
ugl’y (el ﬂ all
:L‘ edu’h.'z‘wr «lun”c, (-'U,

owmehvic  distorfon
w 9 Hotel .v\',‘ed, e :ﬁ u:.'zd%nr

9“"'“&“ Nh( dhﬁ;‘w’(\‘ln

Surhle oriewhions and
surface marki=y orienfabar




1"-“]!‘».3 Precess disthet; Awrce
dordure a2 woyNs

I. Dirtance

2.

Fartler objects appear sweller

Avea Subtended L’ solid CV’/CR
2 LR whee d= dithuce
+ fur face

OV“QV\‘!’K‘HQV‘.

o |

As slat o increases
'ﬁ"crLor‘hm'nj mokes poiat
appear closer *,e}‘ter ac

-

coS e

1Y | I
)
' Piche
i I
s H l.unr
celi Given 14ege of oy
= sul'ﬁn, Ve civar (", 't')
0s F =T
“EeveX
z 1

3 Ed .':4‘+\*'.n_f
& Tty o{,.harfl« waavkings

® G’Cbm.*h‘L MOJQ‘
Given curve Cl) on Sucfice &

(et () = dicechion of C(s) 'r
hn’cv."' at &

= f?‘ bohseen p&)

P o i s
0.“\."‘ ie ‘onjcd*-- of P(:)J A,

C(’); iabe image T?

Assume  octhogrephic prajechion
(@ 'ﬁan.r‘nrfem‘n] effects 0“")

Lot C'(‘) s Of‘“u\;v?‘u't ('u'fc*bn
4 C® m I

To comyute ) :

1. Put € ia T upimg I coveds

,;(s) = [cosp, Sin P]
Y
P
s,
2. Rehte T Ly (v, T weand
1»\'-'“‘“, , ASSume =0 (z [ (03 liu,
= (%v.0) Lo, (xcosc, y, RSia€)
3. D'\'H‘ﬂj"(‘l't r’”};ﬁ.» nn"h I ,'Iu-g
3 (x,q2) — (%)




G!n(ofniqj 3 :h/.r :
EJ,Q oriantahon r Cos P 5 Sin pJ rn S’
Frcjn"t '+ [carP cos 6, ru‘n'g],‘..l'
L3 Iy ”E
d T lb = C:Tﬂ»%ﬂf‘ * t.: «~
o e (=L

= am )l' d 0
Wbl e

Hove ,auanu,‘ if THo Yen
AR ﬁ;'(ﬂ « T

cos 0~

where &% = obrerved edse
srientufon  wr
s x-ewis

e Is.'ln‘v, A.r:-....f'h‘o-. = ol
Swctee eciewhhons IBNV"!, (ileely

%‘ and all edre
C':Ca"’l LY o 'b“\”’ (I‘“df)

D phf(p,0,T) = 5 b s

F"!“:‘I:M'M l._f :;..‘gu.# |au£.u;\....a
Sfe o [0 v s LA 2
T 5D :

- Sin G

e

Fud paf (| 1)

. cos 0
S e Costa*-T) + mat(w-Thcos ¢

e, says whet hitoyvan cheuld
look Wke for given (o, %) !

A.’Nm'-- CJ’Q ovi eh"\"i'ou.r F I
ave 'm‘.dtd'nd«'f' =

paf. (A= oty a§ | %)
= reat(<l1eT)

e
3’ Bﬁﬁ{ﬂ‘ Rule ¢
pak (| A=

n_ o sia e s 6

Tr co:'iu?-t) - ﬂ-‘ft;‘-‘t’)cu‘r

Y

Mogimum \helihaod erhumotor
o () =

L Ah Ede Gopurshe "

2. Cn—\’u‘h eJJe ﬂhlth‘fd\lu. ‘\Q{*‘}Iau A

7. Reead (%) compte pdf (&T)A%)

'S [ (ﬂ‘,f) whidh it mmantimun

Shape o Tazhuee Usig

. fuju‘b'u disforhon “\qu}u sise
‘f davels due Yo éiJ‘hun awd
sbepe of tewalr due Yo foresbovies

I. Detedt Taxalr
- QG detedors  Fiad canhecr
. .f ‘;-,.'I':" of varyiag
Siger
= GQunedded a—fo«n"‘r Mu(,ﬂ':
uped Yo defae Fevals

2. Eshad Single /'an-r Surfuce FHaT
ir movkimelly  compirfat witt, taxdlr

“fcu'n‘hl" e surfiee (o m:uo-n“oU

Hewviche: Tewsl-ovea gvadienT:
Area o Forals decreares
w/ digtemce and slast awle.
Fastest in  dlivecton F *_ﬂt




e Appoxiamcte dat) avea tun
”'hu:‘.u-, bax : 9

@ T;- T $il+ Airachon
FS

® Fq\q,'h imw Fered ares, A."
4o physiesd fexs] orea,
feane (lane ""u‘hﬂm’ (v, %),
o enle o famel Fomm ‘ophieat

.
Nnt'

A, = A, ((—'fuehuT)‘

where A‘ T ovea o anel oF
lamage Cas
B= tun (¥ s T + y &= t)(r/-f))
wheve (x3y) = tard «u“k‘a ceovds
v Ll

Wi
£ = ol lawty

o Relete %o dimensions 4 +exddf
La\mlia\s o) :
F L ’)’5‘ é

e— 4 N|
9 3 +“" (k{ (r/l)\) r: i; .‘:r

= ol ((k:ot‘t‘ + ySfia t)(’/‘»
I S
= F‘(l’ﬁ“eh’_si

o F‘: foveshoetoned dimension
J MK" I+ M

yimu'luly,
_ U;(l-'!ua'('ur)

Ao %
e A (-t tmr)

. S_&cu& (Ac, d"' 'cs Space Yo
mexiwize Rt wite ebrevved
deval avens, AT

o Diseratise A, 6 € valwes

o Uge Coovse -fo- 'A'ac feaveb

10



for A= winfAe Fo mauxhe i‘l
T4 6 0 b TA de
The TTo m T L
f;+ 'z ©
for ta] o num Fexals do
—A-dud-ucq = aree(4)
-Qk,cd!l-.uu: Ae (’-T‘-Oﬁ.c)’
Vegion. hitiz Mk (aipected, ackdt)
wia (Rrpected achal)
Fit = €4 ¢
(achel-avea &

I tertl -cndm'f/ ¥
= repin AP
ex { reg o':’ f

£+ > besl - £#

od
if
T fhen @mE besh-A# = AU

od

od

Recovering Shape By
Purposive Viewpoint Adjustment

Kiriakos N. Kutulakos Charles R. Dyer

Computer Sciences Department
University of Wisconsin
Madison, Wisconsin USA

Approaches to Recovering Shape

e Range sensors

Accuracy, distance and resolution limited

e Stereo

Surface texture required

® Shape from Shading

Surface reflectance characteristics required

e Shape from (Static) Contour

Ambiguous: many-to-1 mapping from shape
to contour

Active Shape-Recovery

How can we recover surface shape using an
observer able to move?

e Current approaches
Use a shape-from-motion module
(e.g., [Cipolla & Blake; ICCV90])
— Known viewer velocities and accelerations
— Compute velocities and accelerations of
image points
@ Our approach
Control position relative to the surface
— Maintain fixation
— Measure relative viewing direction changes

— Compute occluding contour curvatures

11



Motivation for the Approach

Some views provide more information than others
about the shape of a surface:

Arbitrary view Side view

e An active observer can use these views to recover
shape information

Goal: Recover shape for poihts on the visible rim

. Occluding
contour Vie

Visible
rim

® Recover

1. Principal directions
2. Principal curvatures

® Assume orthographic projection

Occluding Contour

Rim: Points where surface tangent plane contains

the visual ray, v: FTm=o0 (ake L"'“P;
Confour ch.wﬂi)

Visible Rim: Rim points and in view (i.e., not oc-

cluded)

Occluding Contour: Projection of the visible rim on
image. Collection of open and closed smooth curves;
endpoints are Cusps or T-junctions

Silhouette

o2

12



Si tte Occluding Contour

o

Using the Occluding Contour

Occl uding
. contour

Visible
rim

Occluding contour properties
« Dependence on viewpoint & shape well-understood

» Provides shape in absence of markings & surface
reflectance information

« Can be efficiently tracked (Blake et al., 1993)

* Recoverable from
- stereo (Vaillant & Faugeras, 1992)
- viewpoint control (Kutulakos & Dyer, 1994)

Properties of Occluding Contour

Assumptions

& Geometry is surface-dependent

e Projection of a limited set of surface points

e Geometry is yiewpoint-dependent

e Smooth, opaque, stationary object (can be non-
convex)

e Parallel projection
e Image features used: occluding contour only
® Observer moves on a sphere around object

e Angular changes in viewpoint known

13



Normal Sections

Principal curvatures = Normal curvatures along ey, es

Ay H &5 B

Elliptic Hyperbolic Parabolic Planar

Shape from Occluding Contour

Relation between the occluding contour curvature
and local surface shape [Blaschke]:

k7t = kit cos? ¢ + kyLsin® ¢

viewing
direction

min kg

Implications.

1. k, = k, if the viewing direction is along e

2. If k,, k1, ¢ are known we can find £

3. k,(¢) has only two maxima and two minima, along
¢ and e respectively

The Shape-Recovery Algorithm

. Compute &, for the selected point at initial

viewpoint

Compute point's tangent plane

. Determine the direction of increasing &, on point's

tangent plane

Move in that direction until &, is maximized
Now, &, = k;

. Measure the angle ¢ between the initial and

current viewing direction

. Compute &, from ¢, &, and the initial value of &,

14
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