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ARnRouncements

Labl posted at:

Subversion repositories created
- Individual repos at:

- password sent to andrew emalil

Card access to WeH 5336 is live



Tleday’s Overview

OpenGL refresher
Texture Mapping




Game Programming

The “Game Loop” (Main Event Loop) :

|

Update Game
Internals




Rendering| Pelygenal Geometry.

Advantages of triangles:
— most basic geometric primitive
— always planar
— easy to detect degeneracies

Triangle rendering conventions:

—  Tri-List “
—  Tri-Strip ‘ M“

— Tri-Fan

yV:




Basic OpenGLlL Rendering

glBegin();
— glColor();

— glVertex();
— glTexCoord();
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OpenGL Geometric Primitives

giBegin(GLenum mode) determines how a given
seguence of vertices are interpreted
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OpenGl - Drawing Geometric Pramitives

glVertex{234}{sifd}|v](coords)

Specifies a vertex, example:
— glVertex21(100.0,50.0) ;
— glVertex3iv(vector) ; whereas v Is int v[3]

glVertex2XX
the third coordinate defined to be O and the
fourth to be 1.0 (homogeneous coord)

glVertex3XX
the fourth coordinate defined to be 1.0




OpenGl - Drawing Geometric Pramitives

glEnd() - Marks the end of vertex-data list.

glFlush() - Forces previously Issued OpenGL
commands to begin execution.

glFinish() - Forces all previously issued
OpenGL commands to complete. This
command doesn’t return until all previous
commands are fully realized.




OpenGlL Rendering Example

glClearColor(0.0, 0.0, 0.0, 0.0) ;
glClear(GL_COLOR_BUFFER_BIT) ;
glColor3f(1.0, 0.0, 0.0) ; /* red color */
glBegin(GL_TRIANGLES) ;

glVertex2f(0.0, 0.0) ; glVertex2f(1.0, 0.0) ; glVertex2f(1.0, 1.0) ;
glEnd() ;

glColor3f(0.0, 1.0, 0.0) ; /[* green color */
glBegin(GL_LINES) ;

glVertex2f(0.0, 0.5) ; glVertex2f(1.0, 0.5) ;

glEnd() ;

glFlush() ;




DisplayLists /' VertexBuffers / Streams

Raw storage ofi vertex data
Copies vertex information into the buffer
Rendered With a Single Call

Example Direct3D invocation:

CreateVertexBuffer( SetStreamSource(

UINT Length, UINT StreamNumber,

nggg E\S/%?e’ Direct3DVertexBuffer9 *pStreamData,

D3DPOOL Pool, UINT OffsetinBytes,
IDirect3DVertexBuffer9** ppVertexBuffer, UINT Stride);
HANDLE* pHandle);




The Power of liexture

Model + Shading

+ Textures

do things start
looking real?




Tlexture Mapping

Provides realistic appearance to models without
having to add additienal geometric fine detall

Works by modifying
various shading properties
of an object by mapping

a function (such as a 2D
Image) onto the surface.




Classic Image Mapping

Consider an Image as a 2D function mapping
from [0, 1] (texture coordinates) to the RGB

| ;
color space TV ® (r.g.b

Each object defines a mapping M from points
on the surface to texture coordinates:

M(X,VY,2)=(u,Vv)
Given a point (x,y,z) on the surface, use the

color:
(r,g,0) =T(M(X,y,2))




Irnage Mapping exarnple
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Texiure Image:
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Final color (image meaps, lignt meaps)
Surface norrmal (oumo meaps)

R

Transparency (opacity maps)
Reflectance properiies (diffuse, specular maps)
reflecied color (environrmeni rmeaps)

Any compination of the agove

VWe nowy nave veriex and pisel snading

capanlliiles in nardware, o corrnplex
]

texiuring can pe perforrred irieraciively
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Texiure Antl-Allasing

A single screen space pixel might correspond to rmary
plxels inine texiure image:
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Unfllierecd T
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Problem: filtering a texture during remrlermg 5

100 slow for interacilve perforrmaric

Summed area ra.’oles - glves ine average val

each sxds-aligned reciangle In texi

— Mip-rnzaps (‘rr1~hnea rinterpolation) - sugported oy

rmost of todzay’'s texiure mapping nardware
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MIp-rnaappIng wians s3)
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re pre- rJJ,ered scaled coples (texiure “levels”)

T0)

f ine orngrlJ source texiure

Typlcally, ezcn Jevel IS nalf the size of tne
orevious level

rlow rmucn additional rmermory does this cosi?

15-466 Computer Game Programming, Carnegie Mellon University, Spring 2007 (James Kuffner)



Storing Mip-meaps

Arnazingly, only 1/3
rore rnernory tnearn ine
original Irmage
reqUirecd for rmip-rmap
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Texture maps used to modify ine opject color carn pe:

UNLIT (sorneiimes cealled & “Decal“ or “Laoel")

— Uses ine source image ¢
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Ifles diffuse or specular color in snading)
— Uses lighting and snading model to calculate final color
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BUrno Meapping @linn 78)

Intensity value of a source irmag
normal direction of ine object sur fe_g

Does not modify surface geormeiry, out ine visual r

fools us Into thinkine the surf
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Burnp Mapping
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Burnp Mapping
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Parallzue Mapping

trachitionzl ournp rmapping

vesic pareallav rnzp

oarellev rnag witr offset lirniting

SOURCE: Terry Welsh, Infiriscape, 2004
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Paralleue Mapping Exarnple

SOURCE: Terry Welzh,
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Proplem: mapping a 2 D Irnage/functon onto ine
surface of a general 3D ogject Is a difficult
oroplern:

— Distoriior)
— Discontinuities

—

cle

Q)

1o Use e texidre funcilon cdeflned over a 3C

dornain - ine 3D space contalining ine opject

— Texiure function can oe digitized (stored as a 3D
arrely of volume datza) or generated procedurally
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¥ en Perlin’ s farnous =olid texture mearple vese, 1985
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_en Perlin' s vase with procec
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Procecdural Texiures

(

Advantages:

— compeact representation (code vs, dat

)

Qb
Q)

— unlirnited resolution

— unlirnited exieni

— controllanle via pararneters
Disadvantages:

— Can pe difficult to prograrn and deougy
— Can pe difficult to predict and control
— Tyoically slower to evaluate

— Carn pe difficult to pre-filier
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Environrnent Maoping
Moclify the reflected color

nap or spnerical Irmage meap o
cl colors witn all directions
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Environment Mapping Origins

=)

Blinm s originel reflection rmzap source
(1978)
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Environrnent Map Texiures

Ceafé Veroria, Pelo Alto, Californiz
irnege rmzip by Silicon Graphics (circa1990)
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Crezaiing an environrmeni Map

Gene Miller' s environrmernt rzp source
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Blancd sevearal teiures on ine sarmne suriace
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2l JJOJf ecl I narcwere (frorn 4-16 texiures)
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GPU Tools: nVidia FA Cornposer
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GPU Tools: ATl's RenderMonrey
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