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TEXTURE MAPPING
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© ApplyeRbEZDReEEDImage to.geometric
| ,)rlrnl.r_lv-e;,
+ Usesieidextiing

sIMUlatingjmaterials
* reducing geometric complexity
* Image warping
* reflections
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Texture Mapping and the OpenGL

Pipeline

Images and geometry flow through separate
pipelines that join at the rasterizer

"complex” textures do not affect geometric

complexity

vertices —

geometry pipeline

Image ——

pixel pipeline

N
o

rasterizer
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Texture Example

SR

The texture (below) is a

256 X 256 image that has been
mapped to a rectangular
polygon which is viewed in
perspective
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Applying Textures

* wrapping
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BCLS

U texture object

+ supply texture coordinates for vertex
*+ coordinates can also be generated
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bhics contexts

*texIds ) ;

+ C h texture data and state
glB rget, id ) ;
+ Bind textures before using

glBindTexture( target, id );
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*

Per |
Vertex

Specity Textul

> Poly.

CPU -

> Raster Frag —i|> FB

om an array of

>, level, components,
- format, type, *texels );

ge must be powers of 2

+ Texel colors are processed by pixel pipeline

+ pixel scales, biases and lookups can be
done
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Converting A Texture Image

ot power of 2

at, w in, h 1in,
n, w out, h out,
data out );

n image
+ Image | ated and filtered during scaling
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ed texture
glTexSubImage2D(...)
glTexSubImagelD(...)

+ Do both with glCopyTexSubImage2D (.. .), etc.
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Mapping a )

Per |

[ Poly. Vertex
T
Texture J[, e
i ’-I> Texture -
> Pixel

M :

Based on parametric texture coordinates

» glTexCoord* () specified at each vertex
Texture Space Object Space
(s, t) = (0.2, 0.8)
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Generating Texture Coordinates

exture coords
i} [v] ()

s based upon distance

22+ D=0

© gene
* GL_OBJECT _
* GL_EYE LINEAR
* GL_SPHERE MAP
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Screen-space view

Gt

Texture-space view
/T T . @/ PE

21 NG L
—

Y

VY

-

Command manipulation window

GLfloat border_color[] ={ 1.00, 0.00, 0.00, 1.00}
GLfloat env_color]] = { 0.00, 1.00, 0.00, 1.00})

glTexParameterfy(GL_TEXTURE_2D, GL_TEXTURE_BORDER_COLOR, horder_color);
gITexEnvfv(GL_TEXTURE_ENY, GL_TEXTURE_ENY_COLOR, env_color);

glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MIN_FILTER, GL_MNEAREST);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_MAG_FILTER, GL_MNEAREST);
glTexParameteri(GL_TEXTURE_2D, GL_TEXTURE_WRAP_S, GL_REPEAT);
glTexParameteri{GL_TEXTURE_2D, GL_TEXTURE_WRAP_T, GL_REFPEAT);
gITexEnvi(GL_TEXTURE_ENY, GL_TEXTURE_ENY_MODE, GL_MODULATE};

glEnable(GL_TEXTURE_2D);
gluBuildZDMipmaps(GL_TEXTURE_2D, 3, w, h, GL_RGE, GL_UNSIGNED_BYTE, image);
glColoraf( 0.60 ,0.60 ,0.60 ,1.00 )
glBegin(GL_POLYGON);

giTexCoord2f( 0.0 , 0.0 ); glVertex3f( -1.0,-1.0, 0.0
glTexCoord2f( 1.0 , 0.0 ); glVertex3f( 1.0 ,-1.0,0.0
glTexCoord2f( 1.0 , 1.0 ); glVertex3f( 1.0 , 1.0 , 0.0
giTexCoord2f( 0.0 , 1.0 ); glVertex3f( -1.0, 1.0 , 0.0
glEnd();

Click on the arguments and move the mouse to modify values.
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Tex tion Methods

ters

ive’s color with texture’s color
* blend, modulate or replace texels
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Fil

Texture Polygon
Magnification

Texture

Polygon
Minification
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Mip extures

red texture maps of
s for smaller textured

during texture definition

, TEXTURE *D, level, ..

+ GLU mipmap builder routines
gluBuild*DMipmaps ( .. )

+ OpenGL 1.2 introduces advanced LOD controls

)
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Wrapping Mode

S

Example:

glTexParameteri ( GL TEXTURE 2D,
GL TEXTURE WRAP S, GL CLAMP )

glTexParameteri ( GL TEXTURE 2D,
GL TEXTURE WRAP T, GL REPEAT )

GL_REPEAT GL_CLAMP
wrapping wrapping

texture
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ENV, prop, param

E modes

* GL_REPLACE
+ Set blend color with GL TEXTURE ENV_COLOR
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Pe ection Hint

interpolation

(slower)

/4

dge

* GL _NICEST
* GL FASTEST

ORRECTION HINT, hint )
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Is There Room for a Texture?

n of texture image

re

at size

TEXTURE SIZE, &size )

date requested texture size?
* noimage placeholder

+ if texture won't fit, texture state variables setto o

+ doesn’t know about other textures
+ only considers whether this one texture will fit all of memory
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Tex ncy

jects
Is resident

exture, check
IDENT state

+ If too many textures, not all are resident
- can set priority to have some kicked out first
- establish 0.0 to 1.0 priorities for texture objects

dware accelerated
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Advanced OpenGL Topics

+ Fragment Tests and Operations
+ Using the Stencil Buffer
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Immediate Mode versus Display
Listed Rendering

Immediate Mode Graphics
Primitives are sent to pipeline and display right away
No memory of graphical entities
Display Listed Graphics
Primitives placed in display lists
Display lists kept on graphics server

Can be redisplayed with different state
Can be shared among OpenGL graphics contexts
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Immediate Mode versus
Display: Lists
A

Immediate Mode

8 Polynomial

\A

Y

Evaluator

CPU —

Display Ljisted

Per Vertex
Operations &
Primitive
Assembly

|| Pixel
Operations

Y

\4

Rasterization

Y

Per Fragment
Operations

| Frame
Buffer

A

Y

Texture
Memor

\yl

A
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+

+ Poly. 7»

Per |
Vertex

> Texture

[

> Raster

Frag -

—i|>FB
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stored in display lists
er a display list is

play lists
- Di le, but you can fake it

* make a s other lists (B, C, and D)
+ delete and replace B, C, and D, as needed
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Dis

glCallList (

glEndList () ;

Hierarchy
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Advanced Primitives

© VEREXATEYS
- BemstelnEelynoemiallEvaluators
- DasISHORGELEUINURBES
- NURBS{(Non-Uniform Rational B-Splines)

+ cylinder (or cone)
+ disk (circle)
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W

CPU -~ DL PP Raster Frag -
i ’-I> Texture

Arrays

Vertex Jﬁ - T

Passiaiays6iVertices; colors, etc. to OpenGL

inalargeciunk data  data

glVertexPointer(l 3, GL FLOAT, 0, coords )
glColorPointer( 4, GL FLOAT, 0, colors )
glEnableClientState (| GL VERTEX ARRAY )
glEnableClientState ( GL COLOR ARRAY )
glDrawArrays (GL TRIANGLE STRIP,0,numVerts) ;

All active arrays are used in rendering
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Why use Display Lists or Vertex
Arrays?

May provide better performance than immediate
mode rendering

Display lists can be shared between multiple
OpenGL context

reduce memory usage for multi-context applications

Vertex arrays may format data for better
memory access
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ot enabled
nable ( GL BLEND )
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*

Per |
Vertex

—» Raster Frag -
|-I> Texture

1 already

Ble

Bcst )
dst C,

Blended

Fragment Pixel

(src)
Framebuffer

Pixel
(dst)
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Multi-pass Rendering

+ Blending allows results from multiple drawing

pzsses”o De combined to ge_, er

Example of bump-mapping
done with a multi-pass

OpenGL algorithm
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de )

y computing

sub-pixel coverage

+ available in both RGBA and colormap modes
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Ac

ffer

color buffers

a “floating point” color

* accu cumulation buffer

* transfer results to frame buffer

38/66



Acc mulation Buffer

value )

ffer. GL ADD, GL MULT
CUM, GL LOAD
buffer: GL_RETURN

* glAccum (GL ACCUM, 0.5) multiplies each value
in write buffer by 0.5 and adds to accumulation buffer
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Accumulation Buffer Applications
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Full Scene Antialiasing :

L

J] tering the view

ewer, the image shifts
each image
umulation

N 4

/..A

%
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Depth of Focus :
Keeping a Plane in Focus

1e plane unchanged

Back Plane

Focal Plane

Front Plane

eye pos;, eye pos,
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+ GL_FOG_EXP2
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Fog equation SCreen-space Yiew

end -z
end - start

z i5 the distance in eye coordinates
from origin to fragment being fogged.

Command mahipulation window

GLfloat color[d] = { 0.70 , 0.70 ,0.70 ,1.00 }

glFogfv(GL_FOG_COLOR, color);

glFogf(GL_FOG_START, 0.50 );

glFogf(GL_FOG_END,  2.00 );

glFogi(GL_FOG_MODE, GL_LINEARY);

Click on the arguments and move the mouse to modify values.

44/66



Feedback Mode

returned to the

mitives will make it to

+ Nee nack buffer

glFeedk 2r ( size, type, buffer )

+ Select feedback mode for rendering
glRenderMode ( GL FEEDBACK )
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rimitives are inside

ve results returned

( size, buffer )

+ Selects ode for rendering

glRenderMode ( GL _SELECT )
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+ Sele

glLoadNe

1t a name
not strings

itives
o)
ame ) glPushName ( name )
glInitNames ()

47/66



ction

n near pointer

cursor cause hits
* exit selection; analyze hit records
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«ing Template

=PRI X, 1int v )

;;;;4,;;~ 5L myViewport );
glSelectBuffer 56 'ameBuffer ) ;
ylRenderMode ( GL SELECT ) ;
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Picking Template

_RENDER ) ;
/* process nameBuffer */
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Picking Ideas

For OpenGL Picking Mechanism
only render what is pickable (e.g., don’t clear screen!)
use an “invisible” filled rectangle, instead of text

iIf several primitives drawn in picking region, hard to
use z values to distinguish which primitive is “on top”

Alternatives to Standard Mechanism

color or stencil tricks (for example, use

glReadPixels () to obtain pixel value from back
buffer)
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Getting to the Framebuffer

Fragment

Framebuffer
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w, h )
clipped

on of a viewport
S
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+

Per
Vertex

A

> Poly. T
|
. DL
i |-I> Texture
+ Pixel

nc,
PHA TEST )

ir alpha value

value )
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St

*

Per

[ Poly. Vertex | |
. DL —®» Raster -w
| 1 |-I> Texture
' b Pixel

on values in the

st are not drawn

cil buffer and draw only
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Con ncil Buffer

c, ref, mask )
ref using func
which are 1
omparison functions

glS i1l, zfail, zpass )

* Allows changes in stencil buffer based on passing or
failing stencil and depth tests: GL. KEEP, GL_INCR

56/ 66



- 1B
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¢

draw obje

, Ox1, 0x1 )

ey Ox1, Ox1

GL KEEP, GL KEEP

where stencil =1
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Logical Operations on Pixels

logical operations
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Ad

* MinMax
+ Advanced Blending

ng defined
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to Nate Robins for the OpenGL Tutors
+ source code for tutors available here!

* very specia
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Progra rrerJJ ,3rd Edition

* include erjmy GLUT examples
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