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11 Texture Mapping

« Assuming auniform reflectancdor a diffuse surface is
not efficient for objects with variation in reflectance

« Common technique to handlanation of reflectance
IS to store reflectance as a function of aepbased
Image and map it onto a surface

 The function or image is calledectuie map

« The process of controlling reflectance properties is
calledtexture mapping

» Tecture mapping can be classified by
- dimensionality of the texture function

- correspondence between points on the sade and
points in the texture function

- whether texture function igprocedural or atable
look-up
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11.1 3D Texture Mapping

* Specify texture in space
 Also calledsolid textureor volume texture

» For object without a solid colpreplacec, with a func-
tion ¢, (p) which maps 3D points to RGB colors

 Create a 3D textureup only call it for points on the
surface

3D Stripe Textures
* Intuitive goproach: with tw given colorscy andc;

RGB stripe ( poinp )
If ('sin(xp) >0) then
return cg
else
return c,
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* With stripes width controllable

RGB stripe ( poinp, real w )
If (sin(mx, /w)>0) then
return cg
else
return c,

* Interpolating smoothly between stripes

RGB stripe ( poinp, real w )
t=(1+sin(mx,/w))/2
return (1-t)cy +tcy
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3D Texture Arrays

e How to do hisin 2D? i.e., for eacfu, v), how to com-
putec(u, v)?

/ 2 (V)
?

* [ntuitive approach: constant color for each tile

Remae integer portion ofu, v) ;
I =[n,ul;

J =1 Ny V],

c(u, v) = ¢y,
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Bilinear interpolation: to avoid discontinuity in adja-
cent texture colors

Remae integer portion ofu, v) ;

I=[ngul;
j:[nyV];
u =n.u-—i;
Vi =nyv -,

c(u, v) = (L= u)(1 = V)gj + u'(L = V)Cjey);
+ (1 - U) VCigj+1) + U V'C(ia)(j+1) ;
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 Hermiteinterpolation: to avoid Mach band effect

Remae integer portion ofu, v) ;

I =[nul;
j:[nyV];
u =n.u-—i;
vi=nywv -,

u" =3(u)? - 2(u)’;

V' =3(V)? - 2(v)*;

c(u, v) = (1= u")(1 = V") +u"(1 - V"')CGi+1)
+ (1= U") V'Cigj+1) + U" V' Cla1y(j+1) ;

3x% - 2x3

1 - (3x% - 2x°)
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11.2 2D Texture Mapping

« Basically the process of constructing a map between a
2D image and the surface of the object

* The coordinate system for the 2D image is set to be the
unit square

* For (u,v) outside this square, use the fractional parts of
the coordinates (resulting in a tiling of the plane)

 To wrap a sphere with an image:

[0, 1] %[0, 1] ==> [0, n] x [-7, 7]
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11.3 Tessellated M odels

« How dhould a triangular mesh (omore general, a
polygonal mesh) be represented?

e Use a face table, a vext@able and an indetable

Face Table Index Table Vertex Table Normal Table

Al vEfles| 04 Vo No
B 34 V, nq
C 24 V5 n,
D 14 V3 N3
E — 30 V4 Ny
F 7|0 Vs Ng

6/0 Vs

2|0 \

] )

to Vertex Table

to Normal Table

« can be implemented with mdasses

class mesh class meshtriangle
material M pointer_to_mesh meshptr

array_of_vertor3 vertices int g, 11,12
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« Texture parameters (and other parameters such as
materials, irradiances, ... ) stored attices are bilin-
early interpolated across the triangle

 If (8,y) are the barycentric coordinates of a point of
the triangle, i.e.,

p(B.y)=a+ pb-a)+y(c-a)

then(u, v) are computed similarly

U(B,y) = Ug + B(Up — Ua) + y(Uc — Uy)

V(B,y) =Va + B(Vp = Va) + y(Ve — Va)

 Examples:

©.1) @1 O @005) 5,1.5)1.5,0.5)

0,0 (10 0,0 (10 (0.5,0.5Y0.5,1.5)

v=0.75 <— u=0.25
— u=0.75
u=0.5 — v=0.25

<— v=0.75
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11.4 Texture Mappinf for Rasterized Tri-
angles

* Just interpolating texture coordinates in screen space
results in incorrect images

for all x do
for all y do
compute (a, g8,y) for (x,y)
If O0<a, B,y <1then
t=aty+ Bty +yt;
drawpixel (x,y) with color teturgt) for a

solid texture or with teure (3,y) for a
2D texture

In the folloving example, left is correct perspeei
right is result of interpolation in screen space
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Where is the problem?

Stage of Interpolation. Consider the following fh
from world space poingj to homogeneous poimtto
homogenized poird

[Xq O Xr O X/ O Xs[O
Ly, U transform Dy [l homogenizelly, /h, U Uy U

00 0 r r o O=0 0
D%ag 7 Dzr o > &g o
01 O [h, O 01 0O 010

Linearly interpolate; andQ in WS then transform:

hg t
S+ h + t(hg = hr)(S S).

q andQ are transformed then interpolated:
sS+u(S-ys).

They represent the same line but with felifent
parametrization.
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Per spective Correct Textures

Perform interpolation in homogenized spacesond
S, but also ont/h

Note that when ranges from 0 to 1, we &

1 hrt 1 1 1 1 1
s () = Tt )
hR hr hr hR hr

+
h, h, +t(hg = hy)

Use this propertywe an compute the world space
barycentric coordinates of the triang)g,( »,) in terms
of screen space coordinates x)



