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ABSTRACT

This course provides an introduction to writing interactive computer graphics applications using
the OpenGL Application Programming Interface (API). In addition to presenting the calls of the
OpenGL library in the context of generating particular graphics effects, like lighting or texture
mapping, the course makes extensive use of tutorial programs that allow students to interactively
manipulate the parameters of the function calls and immediately see the affects on the rendered
image.

The course assumes no previous experience with OpenGL, merely the ability to read simple “C”
programs. Topics range from an brief overview of the OpenGL libraries, to the rendering of
simple geometric primitives, to geometric transformations and advanced features of OpenGL
including lighting, texture mapping, anti-aliasing, and image processing.



An Interactive Introduction to OpenGL Programming

Speaker Biographies

Dave Shreiner

Member of the Technical Staff
SGl

Dave is a member of the OpenGL development team at Silicon Graphics Computer Systems. He
has over 14 years of experience with visual simulation and scientific visualization, including over
ten years at SGI. He has presented several lectures and courses on OpenGL at various
conferences, including SIGGRAPH, and IEEE Visualization. He is co-author of the OpenGL
Programming Guide (Addlson Wesley, 3" edition, 1999) and editor of the OpenGL Reference
Guide (Addison-Wesley, 3" edition, 2000). Dave has a Bachelors degree in Mathematics from
the University of Delaware, and is an Adjunct Professor of Computer Science at Santa Clara
University.

Edward Angel

Professor of Computer Science and Electrical Engineering
University of New Mexico

Ed is Professor in the departments of Computer Science, and Computer and Electrical
Engineering at the University of New Mexico. He has over 25 years of experience in research and
teaching in computer graphics and image processing. He is the author of Interactive Computer
Graphics: A Top-Down Approach using OpenGL (Addison-Wesley, 2" Edition, 2000), and An
OpenGL Primer (Addison-Wesley, 2001). He has taught over 100 professional short courses
worldwide, including at SIGGRAPH, and IEEE Visualization.

Vicki Shreiner

Member of the Technical Staff
SGI

Vicki is a member of SGI's technical education department. She has over 15 years experience in
presenting technical topics at both Hewlett-Packard and SGl, including teaching SGI's OpenGL
courses. She has conducted courses in many venues include SIGGRAPH and Game Technology
2001. Vicki has a Bachelor's degree in Computer Science and Mathematics from Lebanon Valley
College.



An Interactive Introduction to OpenGL Programming

Table of Contents

An Interactive Introduction to OpenGL Programming  ....ccccccvvvviiiiiiiiiiiiiieieeeeeeeeeeeee 1
What YOU'll SEE TOUAY ....eevvvviiiiiiiiiiiiiiiiiiiiieeeieeeeeee ettt eeeeeeeeeeeeeeeeeeeeees 2
GOoaAlS fOr TOUAY ..o 3

OpenGL and GLUT OVEIVIEW .cooiiiiiiii e 4
OpPeNGL and GLUT OVEIVIEW ....cooiiiiiiii e 5
LAY = L S @ o =T 1] PP PPPPPPPPRE 6
OPENGL ArChItECIUIE ..o 7
OPENGL @S @ RENUEIET ... 8
REIALEA APIS. ... et e e e e e e e e e e r e e e e e e e aaae 9
OpenGL and Related APIS........cooiiiii 10
PrEliMINAIIES. ... ettt e e e e e e e e e e e e e e e e aane 11
GLUT BASICS ..eetiiieiiiiittteie et e e ettt ettt e ettt et e e e e e et e et e e e e e e e bbb e e e e e e e e e e annnbnnnes 12
SaAMPIE Program . ... 13
OpPeNnGL INItAlIZALION. ...t 14
GLUT Callback FUNCHONS ......ccooiiiiiieeeeeeeeee e 15
Rendering CallDAcK ..........cooiiiiiiii e 16
[AIE CAlIDACKS ...ttt n s nnnnnnnnnnes 17
User INpUt CallbacCKS. ... ...oooeeiii e 18

Elementary RENAEING .....coooiiiiiiiiiii e e e 19
Elementary RENAEING .......ccooiuuiiiiiiiiiiei et aeeeeeees 20
OpenGL GeomMELriC PrMILIVES........oouuiiii e 21
SIMPIE EXAMPIE..... et 22
OpenGL Command FOIMALS........coouuiieiiia et e et eeeeeaaaa s 23
Specifying GEOMEtriC PrMITIVES.........uuiiiiiiiiiiii e 24
OPENGL COlOr MOEIS ... e 25
SNAPES TULOTIAI ... e e ettt e e e e e e eaa s 26
Controlling Rendering APPEAraNCE. ....... v v e eiiiiiiiiiiae et eeeeaeaaes 27
OPENGL’S State MaACKINE ...... oo 28
Manipulating OPENGL SEALE.........uiii et eeeeeeeaes 29
Controlling CUMENT SEALE ... ...ttt e e e e e eeaeaaes 30

TranSfOrMAatiONS  ...coooiiiiie e 31
Transformations iN OPENGL.........uuuuiiiiiiii e 32
(0210 1T = AN T=1 (o o YU 33
Camera Analogy and Transformations ..........c.uuuuioiiiiiiiiiii e 34
Coordinate Systems and TransformMations.............ooo oo 35
AFfINE TranSTOMMIALIONS ... ...eviiiiiiiiiiiii ettt enenennnes 36
HOMOGENEOUS COOITINALES. ......uuuiii ettt e e e et e eeeeeeeeaes 37
3D TranSfOrMALIONS ......cooiiiiee e 38
Specifying TranSfOrMatiONS. ... ...cooiiiiiii et 39
Programming TranSfOrMatioNS .........ccoiiiuuiuiiiee et eeeeeeaaas 40
Transformation PIPEliNe ........coooiiiiii et 41
Y L g @] o 1=] =1 [o] o L U UUPPPPPRPTR 42
Projection TransfOormMation .......... oo e e eeeenans 43
Applying Projection TransformationS ............ooooiiiiiiuiiin e 44
Viewing TransSfOrmMatioNS. .........oouuuuu et e et e e e aeees 45
ProjeCtion TULOMA . .........evieiiiieeiiiiiiee ettt eeenssnnenennnnnes 46
Modeling TransSfOrMEatiONS. ........... e eeeeeeenans a7
Transformation TULOTIAL...........oooiiiiiiii 48
Connection: Viewing and Modeling ... 49
Projection is left NAaNded.............ooovviiiiiiiiiiiiiie e 50



An Interactive Introduction to OpenGL Programming

Table of Contents

Common Transformation USAge ........coooveieeiiiiiieeeeee e, 51
resize(): Perspective & LOOKAL ... ....uuuuuuiiieiiriiiiiiiieiirieenneierrneneeeenrnenennnnnnenenneennnnnnnnnnn 52
resize(): Perspective & TranSIate ............uueueeireimi s 53
reSIZE(): OrthO (DA L) ..uvvveeiiriiiiiiiiiiiiiiiiiiiiaee s 54
reSIZE(): OrthO (DA 2) ..vvvveeiieeiiiiiiiiiiiiiiiieieae s 55
Compositing Modeling Transformations ............cccciii e, 56
Compositing Modeling Transformations ............cccovii e, 57
FaXe (o 1T aF= UM @i 1T o] o] g To [ = F= 1q L= PP 58
Reversing Coordinate ProjeCHON............cvvviiiiiiiiiiiiiiiieeeeieeeeeeeeeeeeeeeeeee e e e e eeeeeeeeeeees 59
Animation and Depth BUFfEriNg ..........ccooiiiiiiiiii 60
Animation and Depth BUFfEING...........cuviiiiiiiiiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeeeee e 61
[DTo10] o] L= 21U11=T 41 oo HO PP PPPPPPPRS 62
Animation Using Double BUFfErNG.........cccuuuiiiiiiiiiiiiiiiiiiiiiiiieeeeieeeeeeeeeeeeeeeeeeeeeeeeeeeeee 63
Depth Buffering Hidden Surface Removal ... 64
Depth Buffering USiNg OPENGL........ccoiiiiiiiiiiieeeeeeeeiii et eeeeeeees 65
An Updated Program TemMPIate.........ccoieiiiiuiiiieiiieiiii et e e 66
An Updated Program Template (CONL.) .......uuiiiiiiiiiiiiiii e 67
An Updated Program Template (CONL.) ........uiiiiiiiiiiiiii e e 68
[T | 111 T PSPPI 69
Lighting PriNCIPIES. ....... ettt e ettt e e e e e e eaaaans 70
How OpenGL SImUlates LightS ........oooiiiiiiiiie et 71
SUMACE NOIMAIS ... 72
Material PrOPEITIES. ... .. ettt e e e e et e e e e eeeeenan 73
(Lo o1 B e (0] 0 1= (=2 TS UPPPPPPTRN 74
LIgNt SOUICES (CONL.) uuuiiieei ettt ettt e ettt e e e e e e e e e et e e e e e eeenennns 75
TYPES OF LIGNES .. e et e e e e e ee et aeaaaaeees 76
TUrNiNG ON the LIGNES ...eeee et e e e et eaaeaeees 77
Light Material TULOHA ........cooouiii e e e eeaeaaas 78
Controlling a Light's POSItION ........coiiiiiiiiii e 79
Light POSItION TULOMA ......cciiiieiii et eeeeaeaans 80
Advanced Lighting FEAIUIES. .........oii it e e e eeeeeaans 81
Advanced Lighting FEATUIES. ........coii it eeeeeeeaans 82
Light MOAEl PrOPEITIES ... ..o e et e e e e eeenaes 83
Tips for Better LIGNTING........oooiiiieii e e e e 84
Imaging and Raster PrimItiVES  .....coooiiiiiiii e 85
Imaging and Raster PrMILIVES .........ccoiiiiiiiie e 86
Pixel-Dased PrimItIVES .......cooiiiiiiii et e e e aeaaas 87
PiIXEl PIPEINE ...t e et e e e e eaeaaas 88
Positioning IMage PriMItIVES .........coooiiiiiii e 89
ReNAEriNG BItMAPS .....uuieeiiiiiiiie et e e e e ee it e e e e e eeeeenaas 90
Rendering Fonts uUSiNg BitMaps ........ccoiiiiiiuiii it e e 91
RENAEINNG IMAGES ....veeiiieei e e et e e e e e e et e e e e e aeeennnan 92
REAAING PIXEIS. ...t e et e e e e eeeeeaas 93
PIXEI ZOOM .ttt n it nnnrnnnnnnnnne 94
Storage and Transfer MOUES. .......cooo oo 95



An Interactive Introduction to OpenGL Programming

Table of Contents

LTz o] o 1T PP 96
TEXIUIE MAPPING . ..ciiiiieieei e 97
TEXIUIE MAPPING...cc i i i 98
Texture Mapping and the OpenGL Pipeline...........cccccccciiiiiiiiiiiiiee 99
TEXIUIE EXAMPIC. .o 100
APPIYING TEXIUIES | .eiviiiiiiiiiiiiieieeeeeeee ettt e et aasaaasassssssssssssssssnnnsnnnee 101
APPIYING TEXIUIES 1l ..eeiiiiiiiiiiiiieiieeeeee ettt ssaasssasssssssssssssssnsssnnee 102
TEXIUIE ODJECES .o 103
Texture ODJECES (CONL.) .o 104
SPECIfy TEXIUIE IMAGE ..o 105
Converting A Texture IMage ... 106
Specifying a Texture: Other Methods ..., 107
Y F=To] o Tl = W =Y (| (= PSPPSRIt 108
Generating Texture COOrdINALES ..........ui it 109
TULOHAL TEXEUIE. ..o 110
Texture Application MethOdS............iiiiiiii e 111
FIILEE IMOTES. ...ttt e e s snsennnnnnne 112
MiIPMAPPEA TEXLUIES ...ttt ettt e e e e e et e e eb e e e e e e eeaana e e eeaaas 113
WrapPING IMOOE ...t e ettt e e e e e e e ee et e e e aaaees 114
TEXIUrE FUNCHONS ..o 115
Perspective CorreCtion HiNt.......... oo e e 116
IS There ROOM fOr @ TEXIUIE? ....covviiiiiiiiiiiiiiiiieieieeeeeeeeeeeeeeee ettt 117
TEXUIE RESIABNCY ....cceiiiiiiii et e e e eeeaa s 118

Advanced OPENGL TOPICS ....cceeuuuuieeeaieiitiia e e ettt e e e e e eabbb e e e e e e eetbb e e eaaaeene 119
Advanced OPENGL TOPICS ...ceeeertruniieeaiieeitit et e et e e e e eaaaa e e e e 120
Immediate Mode versus Display Listed Rendering ............cccccevviiiiiiiiiiiiiiiiiiinneee, 121
Immediate Mode versus DisSplay LSS .......uuuiiiriiiiiiiiiie e 122
DISPIAY LISES ...ttt e e e e e et e e et e e e b aaaaaees 123
DISPIAY LISES ...ttt ettt e e e et e e e et e abb e e aaaees 124
Display Lists and HIi€rarChy............oooo oo 125
AAVANCE PIIMITIVES ....eiiiiiiiiiiieieeeeee ettt nsneennnnnesnnnes 126
VBITEX ATTAY S ...ttt ettt e e et e e e et e e e ettt e e e e e tb e e e e enb e e aeeaan e aeaenens 127
Why use Display LiStS OF VErteX AITAYS? ......cooiiiiiiiiiiae et 128
Alpha: the 4th Color COMPONENT .......ccoiiiiiiiiii e 129
2] =T o 1 0o [PPSR 130
=T g To [T a o T U1 (o] (= | TSP UURPPPIN 131
MUILI-PASS RENUEIING ...t e e e e e e e e e 132
F gL (=1 TE= T o o TSP UTTRUPRPPRIN 133
ACCUMUIALION BUFTET ... 134
Accessing Accumulation BUFFEr...........eii i 135
Accumulation Buffer APPlCAtIONS ........cooiiiiiiiiiiee e 136
Full Scene Antialiasing : Jittering the VIEW...............uuviiiiiiiiiiiiiiiiiiiieeeeeeieeeeeeeeeeneeeees 137
Depth of Focus : Keeping a Plane in FOCUS.............cvvviiiiiiiiiiiiiiiiiiiiiiiieeeeeeeeeeee 138
O et e a e 139
[oTo I U1 (o] (= PP P PP PP P PP PPPPPPPPPPPPPPPPPPN 140
FEedDACK MOE..........oeiiiiiiiiiiiiei ettt e e e snnennees 141
Selection MOOE ... ..o 142
Selection Mode (CONL.) ...oooii i 143
[ T03 (1 T PP P PP PP P PP PP PP PPPPPPPPPPPPPN 144
PICKING TEMPIALE .....eeeiiiiiiiiiieiiee et esnnennee 145
Picking TEMPIALE (CONL.) ...vvviiiiiiiiiiiiiiiiie ettt eeeennennee 146



An Interactive Introduction to OpenGL Programming

Table of Contents

Picking TEMPIALE (CONL) ..vvvviiiiiiiiiiiiiiiieiieeeeeeeeee et aeeeaeeeasseeasessssssssssesesssnnenes 147
Picking TEMPIALE (CONL.) ..vvvviiiiiiiiiiiiieiiiiiieeeeeeeee et eeeaeseaesaeesessssssesssssesssnnnnes 148
Getting to the Framebuffer..........cco oo 149
SCISSON BOX ttettteeiii ittt ettt ettt e ettt e e e e e e bbb e e et e e e e e e e bbb b e e e e e e e e e e narenneas 150
7Y o] = T = PP PPPPPPPPPPIN 151
SEENCH BUFFEI ... e e 152
Controlling Stencil BUFfEr.........coooiiiii 153
Creating @ MasK. ... 154
USING SEENCH IMASK ...vvvveiiiiiiiiiiiiiiiiiiiiii s 155
D11 0= o Vo PP PPPRPPPPNt 156
Logical Operations 0N PiXEIS.........coiiiiiiiiiiiii e 157
Logical Operations TULOMAl ...........oiiiiiiiiiiiii e 158
AAVANCEA IMAGING ettt e e e e e e et e e e e e e e e eeestan e e eaaaanes 159
SUMMANY [ Q & A ettt e e e e ettt e e e e e e e eeaaa e e aaaaees 160
ON-LINE RESOUICES ...t 161
BIOOKS ...ttt ettt et et n e et nntnnnnnnnnnnnnnne 162
ThanKS fOr COMING ....coeuiiiiee e e e e e et e e e e eeeaba s 163

Vi



