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Lecture
10Texture Mapping

• Increase Object Detail
• Paint

• Decal

• Material
• Wood Grain
• Marble
• Non-Plastic

• Geometry
• Surface Normal

• Surrounding Environment
• Reflection
• Transparency (Clouds)

• Increased Computation Time
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Lecture
10Texture Mapping

• Texture Space
(s, t)

• Texels

• Object Space
(u, v)

• Parametric Surface

• Rendered Image Space
(i, j)

• Pixels

(s,t) (u,v) (i,j)
Map to Surface Project to Image

I.

(s,t) (u,v) (i,j)
Map to Texture Project to Surface

II.

Texture Image

III.   Two Pass Method
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Lecture
10Texture Mapping

Image Pixel

Surface

Texture

• Project 4 Pixel Corners Onto Parametric Surface(u,v)
• Transform Parametric Surface Values to Texel Space (s,t)
• Compute Weighted Sum of Texels in Bounding Quadrilateral
• Set Image Pixel Value

Pre-Image

(s,t) (u,v) (i,j)
Map to Texture Project to Surface

II.
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Lecture
10Texture Mapping

Texture Image

Parametric Surface

• Shrinkwrapping Image Onto a  
Parametric Surface

Object
Coords
(u,v)

Texture
Coords

(s,t)

Pixel Value
(r,g,b)

View Plane v
s

t

u

0 1

0

1

Viewing
Pixel
(i,,j)

t = v
s = u
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Lecture
10Texture Mapping

u = θ
v = z
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10 ≤≤ z

s0 1

t

0

1

V i e w i n g

G e o m e t r y

x

y

z

C a r t e s i a n

C o o r d

(x,y,z)

P a r a m e t r i c

C o o r d

(u,v)
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Lec t u re
10Texture Mapping

T e x t u r e  I m a g e

S i m p l e  P o l y g o n

• “ V a c u u m - F o r m ”  I m a g e  O n t o  a  P o l y g o n a l  S u r f a c e

V i e w  P l a n e

• A s s i g n  T e x t u r e  C o o r d i n a t e s  t o  P o l y g o n  Ver t i c ies

O b j e c t

C o o r d s

(u,v)

T e x t u r e

C o o r d s

(s, t )

P ixe l  Va lue

(r ,g ,b)

V i e w i n g

Pixe l

(i,, j)
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Lec t u re
10Texture Mapping

• P o l y g o n  M e s h  T e x t u r e  M a p p i n g  ?

• T w o - P a r t  M a p p i n g

• M a p  T e x t u r e  o n t o  a n  i n t e r m e d i a t e  s u r f a c e
• G e n e r a l l y  n o n -p lana r

• P o s s e s s e s  a n  s i m p l e  p a r a m e t r i c  d e f i n i t i o n

• M a p  i n t e r m e d i a t e  s u r f a c e  o n t o  o b j e c t
• C o r r e s p o n d e n c e  b e t w e e n  o b j e c t  p o i n t  a n d   

t e x t u r e  p o i n t  i s  a  3 -D  t o  3 -D  t rans fo rm

• H a n d l e s  “ g l o b a l ”  m a p p i n g  o f  p l o y g o n  m e s h e s

• T e x t u r e  m a y  b e  d i s t o r t e d  b y  d o u b l e  m a p p i n g
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Lec t u re
10Two Pass Texture Mapping

• M a p  f r o m  2 - D  T e x t u r e  S p a c e  t o  a

s i m p l e 3- D  i n t e r m e d i a t e  s u r f a c e

• Cy l i nde r

• S p h e r e

• Box

• P lane

• D e t e r m i n e  m a p p i n g  f r o m  3 - D  i n t e r m e d i a t e

s u r f a c e  t o  3 - D  o b j e c t  s u r f a c e

),,('),( iii zyxTtsT → “ S ”  m a p p i n g

),,(),,(' zyxOzyxT iii → “ O ”  m a p p i n g
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Lec t u re
10Two Pass Texture Mapping

• “ S ”  m a p p i n g

T e x t u r e

(s,t)

S u r f a c e

(θ, h )

( )0θθ −=
c

r
s

( )0
1

hh
d

t −=

c, d are scaling factors
θ 0,  h 0 position the texture on the cylinder
r is the radius of the cylinder

s

t

• “ O ”  m a p p i n g

(x,y,z)

(xi, yi , zi)

R e f l e c t e d  R a y

(x,y,z)

(xi, yi , zi)

O b j e c t  N o r m a l

Object

N

(x,y,z)

(xi, yi , zi)

O b j e c t  Cen t ro id
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Lec t u re
10Two Pass Texture Mapping

1 .  M a p  t h e  f o u r  p i x e l  c o r n e r s  t o  t h e  s u r f a c e  o f  t h e  o b j e c t

(x ,y ,z )

2 .  A p p l y  t h e  “ O ”  m a p p i n g  

(θ ,  h)

3 .  App l y  “S ”  mapp ing  t o  f i nd  t ex tu re  po in t

(s, t )

zh
xy

=
= −

)/(tan
1θ (x,y,z)
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θ

( )0θθ −=
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r
s ( )0

1
hh

d
t −=

P o l y g o n  M e s h  O b j e c t
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Lec t u re
10Bump Mapping

• B u m p  M a p p i n g

• T e x t u r e  m a p  i m a g e  s h a d o w s  w o n ’ t  c h a n g e

i f  s c e n e  l i g h t i n g  c h a n g e s  

• Mod i f y  su r f ace  i t se l f  i ns tead  o f

s u r f a c e  c o l o r

• S i m u l a t e  w r i n k l e d / r o u g h  s u r f a c e s  [ B l i nn  `78 ]

P a r a m e t r i c  S u r f a c e

P(u ,v )

vu PPN ×=

),( vu
u

u PP
∂

∂
=

),( vu
v

v PP
∂

∂
=

N

u

v

uP

vP
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Lec t u re
10Bump Mapping

function  wrinkle theis F where

ˆ),( nPP vuF+=′

S m o o t h  S u r f a c e

P(u ,v ) W r i n k l e  F u n c t i o n

u

F

vu PPN ′×′=′

W r i n k l e d  S u r f a c e

P` (u ,v )

N

N ′

P ′
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Lec t u re
10Bump Mapping

uuuu FFF
u

nnPnPP ˆˆ)ˆ( ++=+
∂

∂
=′

vu PPN ′×′=′

vvvv FFF
u

nnPnPP ˆˆ)ˆ( ++=+
∂

∂
=′

Le t  F b e  s m a l l ,  s o  t h a t  t h e  

l a s t  t e r m  c a n  b e  n e g l e c t e d

)}ˆ()ˆ({ uvvu FF PnPnNDNN ×−×+=+=′

N ′

N

D

vPn ×ˆuPn ×ˆ
vF−uF
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Lec t u re
10Bump Mapping
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Lec t u re
10OpenGL Implementat ion

• T e x t u r e  M a p p i n g  i n  O p e n G L  

• C r e a t e  a  T e x t u r e  O b j e c t
• S p e c i f y  T e x t u r e  f o r  t h e  O b j e c t

• D e f i n e  H o w  t h e  T e x t u r e  i s  t o  b e  A p p l i e d
• G L _ D E C A L ,  G L _ R E P L A C E

• E n a b l e  T e x t u r e  M a p p i n g

• D r a w  t h e  S c e n e
• S u p p l y  T e x t u r e  C o o r d i n a t e s

• S u p p l y  G e o m e t r i c  C o o r d i n a t e s

• S i z e  o f  T e x t u r e s  M u s t  b e  a  P o w e r  o f  2

• M i n i m u m  S i z e  :  6 4 x 6 4
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Lec t u re
10Advanced Textur ing 

Mip Mapping

Environment Mapping

Procedural Textures
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Lec t u re
10MIP Maps 

MIP  Latin     

“multim im parvo”  

“Many thing is one place”

•Pre-filtered     Offline

• Multi Levels of detail

• mip maps accessed through u,v,d

•gluBuild2DMipmaps      gluBuild1DMipMaps
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Lec t u re
10Environment  Maps 

•Simulates specular reflected scene information

•Provides a virtual 1 ray ray-trace

•Only provide far field reflection correctly

•Can be mapped to a cube for easy access
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Lec t u re
10Environment  Maps 
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Lec t u re
10Environment  Maps 
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Lec t u re
10Procedural  Textures 

• Textures Based on functions not images

• Simulate the natural world through simplified 
Physics

• Noise Generators and Fractals

• 3-D Textures

• Not only colors but, materials, motion …..
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Lec t u re
10Procedural  Textures 

Advantages
• Very compact when compared to images.
• No fixed resolution
• No fixed area
• Can be parameterized for general classes

Disadvantages
• Difficult to code and debug
• Not always predicable
• Can be slow
• Aliasing can be a problem
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Lec t u re
10Procedural  Textures 

Wood Example

Simulate wood in 3-D
Growth rings
Color

Position
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Lec t u re
10Procedural  Textures 
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Lec t u re
10Procedural  Textures 
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Lec t u re
10Procedural  Textures 
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Lec t u re
10Procedural  Textures 
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Lec t u re
10Procedural  Textures 
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Lec t u re
10Procedural  Textures 


