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» Texture = Fine scal e surface appearance.

*|n computer graphics texturing means endowing
the surface of a geometric (polygonal) model with

such fine scale properties.

9, Moller, Haines book 2 ed. 2002.
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Tradltl onal Texturl ng

2D image texturing: Wrap a 2-D image around the surface
of a geometric object by stretching and replicating the image.

*3D volumetric texturing: “Carve’ the object surface out of
a 3D texture function, e.g. representing wood.

eLight map: Animage that captures diffuse static lighting and
combined with the R,G,B image texture generates a lit scene.

*Bump map: Generates an illusion of 3D “bumps’ by
perturbing surface normals for pixels in the light calculation.

* Environment map: Maps environment reflections onto a
reflective object surface. Implemented as e.g. cube map.

* InImage-based Modeling and Rendering (IBMR)
texture is sourced from real images of the scene or
object.

* Inrendering one or more of the source images are
selected, combined, or interpolated/blended.

* InIBMR texture is sometimes used to capture both
macroscopic and microscopic appearance, E.g.:
1. Relief Texture
2. View dependent texture (Facade, unstructured lumigraph)
3. Dynamic Texture




Relief texture
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Texture covers large region with a flat image
ignoring underlying fine scale structure:

Maodeling and Rendering Architecture from Photographs
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Texturing Warps
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* From the geometry chapter we know that the
correct plane-to-plane transform is

1. for aperspective camerathe projective
homographylu, hyu hyv  hy

’U/‘| = Wh(xh,h) = m thU hyv h;|

2. for alinear camera (orthographic, weak-, para-

perspective) the affine warp
FZ] — W,(p.a) - [Zi s

ap

p+ ag

|mages -> Texture
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Re-projected

Input Images geometry

Problem:

Texture
images
different




lmages -> Texture

Re-projected

Images
X geometry

«  Problem: For different views, texture T;#T}, j#k
*  Proposed solutions
1. View dependent textures: (Debevec et. a. '96 -)
Note thet for closeviews  T,=T}, j~k
Texture from an input image from a close view

2. Dynamic textures: (Jagersand 97, Cobzas et. a. 02)
Modulate a texture basis

Tj:Byj7 jel...m




Dvnamic Textures

Purpose
Model image intensity variations due to

1. Small geometric errors due to tracking (Image plane
variations)

2. Non planarity of real surface (Out-of-plane variation)
Non-rigidity of real object
4. Posevarying lighting effects

w

Non-geometric, mixing of spatial basis T, = By, + T

Spatial Basis Intro

1. Moving sine wave can be model ed:
I = sin(u + at) = sin(u) cos(at) + cos(u)sin(at) = sin(u)y; + cos(u)y,

I:IO—l—%Au—l—%Av

N

Spatially fixed basis

2. Small image motion

2 basis vectors 6 basis vectors




lmage Variability

*Formally consider residual variation in an image
stabilization problem
AT =T, () — T(t)
*Optic flow type constraint
AT=T0w+00) — T, =T00) +2T) o —T,, =2 Tw)
Many waysto parameten ze: e.g. inworld
coordinates using perspective eq:

AT = L(EAX + IAY — (FLu 4+ 2 A Z)

Planar Texture Variability 1

* Affine warp function
Uy asg Ay aq
vy | =Walp,a)= |ag; ag|P+ |a

Aa,
. 9 o ﬂﬂ Oar dag
ATa_Zz 1aaT Aa _[8u’8v} v Ou
day Oag

» Corresponding image variability
ou ﬁ]

«Discretized for images Adg
1 0 xu 0 =xv O] !yl

[g—ri,g—ﬂ [O 1 0 xu 0 xv

AT, =
Ye

= [Bl . 'BG][yh e -7y6]T: Baya




Planar Texture Varlablllty 2

* Homography warp

u' hlu hgv h5
1}/ = Wh(xh7 ) m [hQU h41} hﬁ]

* Projective variability:

w0 v 0 1 0 —i =] AR,

AThIi[g—fy%T] 0O w 0 v 0 1 —+& = :
C1 C1

Ahg

= [B1...Bg]y1, .. - ys]T = By

* Where c1 =1 —|—h7u—|— hg’U ' Co = h1U+ h3U+ h5
and C3 = h2U+h4U+h6

Out of -plane varlab|I|ty

eLet r=[a,8 anglefor ray to scene point
* Pre-warp texture plane rearrangement: Scene

ou tan o cL
[61}] = W,(x,d) = d(u,v) [tanﬁ] N :

e Texture basis

1 0 Ax
sty = .1 |57 ) |85 -

cos’ 5]

Tefore

= Bpy, 0
2 plane




Variability
basis

AT; = By,

Demo




Composite Image variability
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* Similarily can show that composite image
variahility
AT = AT, + AT, + AT, + AT, + AT,
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Struct Depth Non-plan Light Res Err

«Can bemodeled assum of basis
\a

AT = Bsys + ded + Bnyn + Blyl + ATe - By + ATe

Statistical Image Variability
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* |n practice image variability hard to compute
from one image

* Instead we use PCA to estimate image variability
from alarge sequence of images

» From previous analysis we expect

rank[T, ..., T,,] = 20
» Hence keep 20 or more eigen-vectors
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» PCA yields basis that spans the texture varibility,
but up to alinear transform

Al = By
» Can estimate local linear model J between
Ay = JAy

* |n practice Delaunay triangulation &
interpolation (bi-linear) on triangular element.

 §

Derivatives
from one
picture

Statistically
estimated
variability

11



256-512 training images; 20-50 basis textures
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Geometric errors

static dynamic

Geometric errors
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Static texturing

Dynamic
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0 5  Time @ 13 15
Vertical jitter |Horizontal jitter
Static texture 1.15 0.98
Dynamic texture 0.52 0.71
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Dynamic Texturing

onclusi ons

Sy —

* Tractable to estimate from images

» Compensates for errors from small geometric
misalignments.
» Captures existing scene lighting

* Runs on consumer PC with “gaming” graphlw card

 Applications
— Capture of red
— Insert characters into games
— Video phone
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