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Discuss double bufrering and animatiov

- Discuss hiddenw surface removal using the
deptiv buffer

VYicki Shreiner
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Animation Using Double Buffering

@ Arlua"rJdo |:\ Juff;\r:-\d olor buffer
ylutInitDi U RGB| GLUT. DOUBLE) ,

glutSwapButfers|() ;
+ Repeat steps 2 - 4 for animation
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Depth Buffering and
Hidden Surface Removal

A
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glClea' COLOR! BUFFER BIT |
GL DEEFTH[ BUFFER "BIT ) ;

@ Render scene
© Swap color buffers

6
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An Updated Program Template

wioyicl main ( int aree, clffhraar-hgeavall
{
glutinut(’ &arge, argv ) ;

glutinathbisplayMode (| GLUT RGB |
GLUT DOUBLE | GLUT DEPTH ) ;

glutCreateWindow/( “Tetrahedron” ) ;
init() ;

glutlidleFunc( idle ) ;;
glutDisplayFunc( display ) ;
glutMainLoop () ;
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.. An Updated Program Template ...

Yepicl iniat ( voueclm)

learColor( 0.0, 0.0, 1.0, 1.0 );

VO1d! )
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... An Updatec

VOoidl diasWsEERe(t voiadl )

glEnd

glutSwapBuffers () ;

rogram Template ...
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J

* ambient light
* two sided lighting

e available in both color index
and RGBA mode

Doawve Shweiner



How OpenGL Simulates Lights

* Lighting model properties
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Surface Normze -

> Poly.
T
CPU A DL —» Raster Frag -—i|> FB
il |-I> Texture
> Pixel

7

glEnable( GL NORMALIZE )

or

glEnable( GL RESCALE NORMAL )
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Ma

ow-light Color

Glow Color

GL_SHININESS

Surface Smoothness

*+ separate materials for front and back
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* position and type

+ attenuation

roperty, value );

_LIGHTO
\X LIGHTS, &n );
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coordinate
ected along (x y z)

W # positioned at (%, % %)
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i Light & Material

mand manipulation window

Comma : i
Glfloat light_pos[]={ -2.00,2.00 ,2.00 ,1.00 ¥
Glfloat light_Ka[]={ 0.00 ,0.00 ,000 ,1.00 ¥ Ig

GLfloat light Kd[]={ 1.00 ,1.00 ,1.00 ,1.00 }
GLfloat light_Ks[]={ 1.00 ,1.00 ,1.00 ,1.00 }

giLightfv(GL_LIGHTD, GL_FOSITION, light_pos);
giLightfv(GL_LIGHTD, GL_AMEIENT, light_Ka);

|
glLightfv(GL_LIGHTD, GL_DIFFUSE, light_Kd);
glLightfe(GL_LIGHTO, GL_SPECULAR, light_Ks); I
GLfloat material_Ka[]={ 0.11 ,008 ,0.11 ,1.00
GLfloat material_Kd[]={0.43 ,047 ,054 ,1.00
GLfloat material_Ks[]={ 0.33 ,0.33 ,052 ,1.00 } u
Glfloat material_Ke[]={ 0.00 ,0.00 ,0.00 ,0.00 ¥ I Uto r'I a I
GlLfloat material_Se = 10 ;
gitdaterialfe(GL_FRONT, GL_AMBIENT, material_Ka);
giMaterialfy(GL_FRONT, GL_DIFFUSE, material_kd);
gitdaterialf(GL_FRONT, GL_SPECULAR, material_ks);

gitdaterialfy (GL_FRONT, GL_EMISSION, material_Ke);
giMaterialfv(GL_FRONT, GL_SHININESS, material_Se);

Click on the arguments and move the mouse to modify values.
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Controlling a Light’s Position

Modelview matrix affects a light’s position
+ Differenteffects based on when position is specified

* eye coordinates

i Light Positioning

space view SCreen-space view

Position

Glfloat pos[4] = { 1.50 ,1.00 ,0.00 }

gluLookAt( 0.00 ,0.00 ,200 , <-eye

0.00 ,0.00 ,0.00 , «- center

Tutorial

0.00 ,1.00 ,000 ) <-up

glLightfv(GL_LIGHT0, GL_POSITION, pos);

Click on the arguments and move the mouse to modify values.
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Advanced Lighting Features
Spotlights

localize lighting affects

* GL_SPOT_DIRECTION
* GL_SPOT_CUTOFF
* GL_SPOT EXPONENT

Light attenuation

decrease light intensity with distance

* GL _CONSTANT ATTENUATION
* GL LINEAR ATTENUATION
* GL QUADRATIC ATTENUATION

1
f. = .
K. +kd+k,d
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. LOCAL VIEWER

. Separate specular color
GL LIGHT MODEL COLOR CONTROL

value

¥
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+ Recall lighting computed only at vertices

* model tessellation heavily affects lighting results

* better results but more geometry to process

+ Use a single infinite light for fastest lighting

* minimal computation per vertex
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Imaging and Raster Primitives

- primitives: bitmaps and
Image rectangles
- Demonstrate how to get OpenGL to read and

render pixel rectangles
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+ OpenGL doesn’t understand image formats
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P

CPU

i

Per |
Vertex

—» Raster

Frag -

| Per Fragment
Operations

Frame
Buffer

TextureM | glCopyTex*Image () ;

emory

glReadPixels () , glCopyPixels ()

25/34



g1 REEsEi-P BN, Z )

* raster position transtormed like geometry

* disc sition is
outside of viewport

* may need to fine tune
viewport for desired results

Raster Position
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Rendering Bitmaps

height, xorig, yorig, XxXmove,

ymove, bitmap )

width,

glB1tmapi

render bitmap in current color

xorig ] [y - yorig )

|
advance raster position by

(

at

after rendering

yorig

(xmove ymove)

Xmove
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enGL uses bitmaps for font rendering
- each character is stored in a display list containing a
b]'i:map

-+ -+

cific routines to access system

* wglUseFontBitmaps ()
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Rendering Images

glDrawPisxkelis (width ,height , format, type,pixels)

render pixels with lower left of

Image at current raster position

numerous formats and data types
for specifying storage in memory

* best performance by using format and type that matches

hardware
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Reading Pixels

+ Framebuffer pixel copy

glCopyPixels( x, y, width, height, type )
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Pixel Zoom

gieasrelZoomn(s x, v )

expand, shrnkorrefiectpixels

arounaiGUTrentrasterposition

fractionallzeomisupported

Raster glPixelZoom (1.0, -1.0);
Position
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Storage and Transfer Modes

* replace colors using pixel maps
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19 penGl ramming Guide, Marin Vlada ( )
http://www.unibuc.ro/prof/viada_m/docs/2011/apr/11 12 12 01O0penGL_Programming_Guide.pdf

cs using 1ao.0OpenGL, Erika Troll, Josh Lavinder, Alton Ng, Andrew Padilla

s/Lectures/Raids/Graphics3D.pdf

Nttp

OpenGL Programming Guide I (Addison-Wesley Publis ), Denis Roegel,
Laboratory of IT Research and its Applications (L)1)

g http://www.loria.fr/~roegel/cours/iut/opengl/addison.pd1

4. Learning Modern 3D Graphics Programming, Jason L. McKesson

http://www.pdfiles.com/pdf/files/English/Designing & Graphics/Learning Modern 3D Graphics Programming.pdf

>

5. An Interacti penGL Programming, Dave Shreiner, Ed Angel, Vicki

Shreiner
> http://www.vis.uky.edu/~ryang/teaching/cs535-2012spr/Lectures/OpenGL.pptx, Lectures
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