Beginning

WebGL for HTMLS

CREATE STUNNING REAL-TIME 3D ON
THE WEB AND DEVICES WITHOUT THE
NEED FOR PLUGINS

Brian Danchilla

ApPress:



Beginning WebGL
for HTML5

Brian Danchilla

Apress



Beginning WebGL for HTML5
Copyright © 2012 by Brian Danchilla

This work is subject to copyright. All rights are reserved by the Publisher, whether the whole or part of the material
is concerned, specifically the rights of translation, reprinting, reuse of illustrations, recitation, broadcasting,
reproduction on microfilms or in any other physical way, and transmission or information storage and retrieval,
electronic adaptation, computer software, or by similar or dissimilar methodology now known or hereafter
developed. Exempted from this legal reservation are brief excerpts in connection with reviews or scholarly
analysis or material supplied specifically for the purpose of being entered and executed on a computer system,
for exclusive use by the purchaser of the work. Duplication of this publication or parts thereof is permitted only
under the provisions of the Copyright Law of the Publisher’s location, in its current version, and permission

for use must always be obtained from Springer. Permissions for use may be obtained through RightsLink at the
Copyright Clearance Center. Violations are liable to prosecution under the respective Copyright Law.

ISBN-13 978-1-4302-3996-3
ISBN-13 978-1-4302-3997-0 (eBook)

Trademarked names, logos, and images may appear in this book. Rather than use a trademark symbol with every
occurrence of a trademarked name, logo, or image we use the names, logos, and images only in an editorial
fashion and to the benefit of the trademark owner, with no intention of infringement of the trademark.

The use in this publication of trade names, trademarks, service marks, and similar terms, even if they are
not identified as such, is not to be taken as an expression of opinion as to whether or not they are subject to
proprietary rights.

While the advice and information in this book are believed to be true and accurate at the date of publication,
neither the authors nor the editors nor the publisher can accept any legal responsibility for any errors or
omissions that may be made. The publisher makes no warranty, express or implied, with respect to the material
contained herein.

President and Publisher: Paul Manning

Lead Editor: Ben Renow-Clarke

Technical Reviewer: Massimo Nardone

Editorial Board: Steve Anglin, Ewan Buckingham, Gary Cornell, Louise Corrigan, Morgan Ertel, Jonathan
Gennick, Jonathan Hassell, Robert Hutchinson, Michelle Lowman, James Markham, Matthew
Moodie, Jeff Olson, Jeffrey Pepper, Douglas Pundick, Ben Renow-Clarke, Dominic Shakeshaft,
Gwenan Spearing, Matt Wade, Tom Welsh

Coordinating Editor: Jennifer Blackwell, Anamika Panchoo

Copy Editor: Nancy Sixsmith

Compositor: SPi Global

Indexer: SPi Global

Artist: SPi Global

Cover Designer: Anna Ishchenko

Distributed to the book trade worldwide by Springer Science + Business Media New York, 233 Spring Street, 6th
Floor, New York, NY 10013. Phone 1-800-SPRINGER, fax (201) 348-4505, e-mail orders-ny@springer-sbm.com,
or visit waw. springeronline.com.

For information on translations, please e-mail rights@apress.com, or visit www.apress.com.

Apress and friends of ED books may be purchased in bulk for academic, corporate, or promotional use.
eBook versions and licenses are also available for most titles. For more information, reference our Special Bulk
Sales-eBook Licensing web page at www.apress.com/bulk-sales.

Any source code or other supplementary materials referenced by the author in this text is available to readers at
www.apress.com. For detailed information about how to locate your book’s source code, go to
www.apress.com/source-code.


http://www.springeronline.com
http://www.apress.com
http://www.apress.com/bulk-sales
http://www.apress.com
http://www.apress.com/source-code

For Tressa, as fierce as she is delicate.



Contents at a Glance

About the Author ..o ———————— XV
About the Technical ReVIEWET ........cucsrsssmssssmsmsmssssmsssssssssssssssssssssssssssssnssnssssssssnsnssnsnss xvi
Acknowledgments ......cccuseemmmmisnnnmmmssssnsmmssssssnnessssssnsnssssnsnssssssnnnsessssnnssssssnnnnsssssnnnnnsss Xvii
INtroduction........ccccverismiss s ————————_—=————— Xviii
Chapter 1: Setting the Scene.........ccciviiemmmmninnnnss s —————————————— 1
Chapter 2: Shaders 1071 .......cccccuiinmmmmmmisnsnmmmsssssmmssssssmessssnmessssssne s sannnessnnns 33
Chapter 3: Textures and Lighting.......cccussermmmssennmmmmsssssnmsssssssssssssssssssssssnssssssssssssssssnns 57
Chapter 4: Increasing RealiSm .......ccccussseenmmnsssssnmmssssssssmsssssssssssssssssssssssnssesssssnnnssssnans 85
Chapter 5: PRYSICS..cuuiummmmmisnnnmmsssssnnmmsssssnsmssssssnnnsssssnsnssssssnnnssssssnnnnsssssnsnssssssnnnnsssnnns 115
Chapter 6: Fractals, Height Maps, and Particle Systems..........cccciunnsnnnnnnssssnnnnnssnnns 139
Chapter 7: Three.js FrameWork .......ccccuuuummmssssssssmsmsmmmssssssssssnsssssssssssssssssssssssssssnnnns 173
Chapter 8: Productivity TOOIS ........ccccusssemmmmmssssnnnmmssssnsnmssssssnnmsssssssnsssssssnnssssssnnnssssnnns 205
Chapter 9: Debugging and Performance..........ccccuusssesnmsssssnssssssssnsssssssssssssssssssssssssnns 233
Chapter 10: Effects, Tips, and TriCKS ....ccuummmmssmsssmmmmmmmmmssssssssssmsssssssssssssssssssssssssnnnnns 267
Afterword: The Future of WebGL............ccmimmismmmmemmmssss s, 299
Appendix A: Essential HTMLS and JavaScript .......cccccmmmmmmmmmmmmssssssnnmsssssssssssssssnns 303
Appendix B: Graphics RefreSher .........ccccunemmmmnnsssmmmmmssssnmmmssssmmmssssssmssssssnssssssnn 309
Appendix C: WebGL Spec. 0dds and EndS........cucccurussmmmsssmsmsssssssssssssssssssssssssssnsssssanss 315
Appendix D: Additional RESOUICES ....uurssessssrmsssssssssssssssnsssssssssssssssssssssssssssssnnnnsnssnnss 317
INA@X.uueiiessnsmsssanssnsssn s s s s nn s s san s s san s s nn s e n e 323

iv




Contents

About the AUROF ........ccisemmisnmmsssnnmssssnmssssnmssssssssssnssssnnssssnssssnsssssnnssssnnssssnnssssnnssssnnnssns Xv
About the Technical REVIEWET ......cuuuussassmmsssssnsnssssssnsnssssssnsnsssssansssssssnssnsssssnnsssssssannnsssss XVi
Acknowledgments.......ccuseesmmssssnnssmssssnssssssssnssssssssnnsssssssnnnsnsssnnsnsssssnnnnsssssnnnnnssssnnnnnnss Xvii
1L LT T | Xviii
Chapter 1: Setting the Scene.........cccivinemmmmninsnnnsee s —————————————— 1
A BIANK CANVAS.......ccceeirereriiresissesse e ses st s e sas e sse s s e sss s sae st ssesessessssessessssesssssnsssssesnsnssnes 1
(6T L 1 (- SRS 2
WEDGL COMPONENTS .....vereerereeririeerersse e ssssssesssessesssssessasssssssessnsssssasessssasssassanesassnesassnnesaeen 4
THE DrawWing BUFTEIS......cceererererrereerereesersesessessssersesessesesssssssesassessssessssssssssssessssessssssasssssssassessesessssessssssassansens 4
PHIMITIVE TYPES ..eveereererererererereeseraeseraesessesassesas e ssssessesessesasassassesassessssssassesaesassesassesssnssssnsnsesansessssessenerassnaes 5
L] G TSR 6
Rendering in TWO DIMENSIONS .......cccvcrerieirerirserse s se s sn s sn s sn s sn s nnnes 8
THE VIEW: PArt L....c.eeereeererer sttt nn s n e nn e nn e n 16
Clip COOPUINALES ......cuccereeneererrsseesesesseese s sss s sesss s se s ss e sse s e e se e e s s s se e e s s e se e e s e nse s e s ssenn e nensnsnasnnen 17

Why Manipulate COOrdINALES? ..........ccccceererererirereseseseseeseses s se s s sassass s e ssns 18
LTG0 To o OSSP S 18

A (o ] T T 00 SRR 20
Animation and Model MOVEMENT..........ccccceeererereresesse e ssessesressesresnssresresnssassnesnesrennnns 22
Using requestANIMAtiONFrame ... s e p e n e s 22

THe VIEW: Part Il.......c.cooeeeererircr sttt sn s sn s sn e nn e 24
MOAEI-VIBW IMALIIX ....cuveetccciecce ettt se e st se s s s s e a e s e b e e ae e s ae e s ae e e e b e e ne e nnis 24




vi

CONTENTS

Three-Dimensional RENUEIING.........ccovcerrnriernseresrsessss s s sn s ss s s s ssssssnens 26
2D MOodelS in @ 3D WO ... 26
An EXample With DEPIN ... 28
1111 1P 32
Chapter 2: Shaders 1071 ........ccccuiinmmmmmmisssnmmmsssnmmmssssnmmssssss s 33
GraphiCS PIPEIINES......cevierreerirreerierreesee e ssse e s s e s ssse s s sae s e ssae s e sraesasesaesanesaesnesassnesansnsesans 33
Fixed Functionality or Programmable Shaders..........ccccoerrerrerriersrere e sesessesessesessesessesassessssessssenas 33
L] 1T T (=T 34
The WebGL GraphiCs PIPEIINE .......ccecerererererererererereesereesessssessessssessssessssesssssssssassessssessssssassssssssssessssessseres 34
GL Shading LANQUAGE ......cccoeeeereerrerreriersessessessessessessesssssssssssssssssssssssssssssssssssssssssssssssssssssanns 35
2T T (0 (0117 o [OOSR 35
SHAAEK ROIES ... 36
BASIC USAQE......eiuerererreiieresr e ss s sss s s s s s s s sn s sn s sns s sns s ssssnsnnnes 37
Setting Up @ Shader PrOgram ... ssssssssssssssssssssssssssssssssssssssssssnsaes 37
CIEAN UP ettt e s se s s se e e s R e e e E e R e Re e e e R e Re e e s A e Re e e e s Re e e nenRasnneen 38
Loading Shaders With AJAX .........ccccerereiererreseseressesese e sss s s sss s s sesessssssssessssesssssssssssnsnes 39
GLSL Specification in More Detail ..........cccvvereerieerierieriinnsniesssessesssessssssesssessesssesssssssssesssssas 42
PHIMITIVE TYPES ..eeveereererertrrereesereesesseresessesesaesessesassesassesaesessesessesesaessssesassesssssssesassesssnessensssssessensssessenesssenaes 42
0T 1 £ 42
BUIlt-iN VAMTADIES ....coveciriiriissiississs s 44
BUIlt-iN CONSTANTS .....coeiiiirrisissr s 44
VECTIOr COMPONENLS ....cveereeereererereserserersesessesessesassessesessesessssessessssessssessesesssssssssassessssesassesasssssssnssssssesssneres 44
Vector and MatriX OPEIatioNS .........ccccvereveerererererensersesersesessesessesessesssessesessesessesassessssesassesasssssssassssassesssneres 45
BUilt-In FUNCLIONS ...t 46
Angle and Trigonometry FUNCHONS ..o e s 46
EXPONENTIAl FUNGCLIONS ....veveeeceecececere et sae e sae s saesaesaesa e sa e sa e s s s a e sa e sa e s s e sa e sa e na e naesa e e e nnennenn e s 47
CoOMMON FUNCHIONS ... 47
GEOMELNIC FUNCLIONS.......ccoiiiiriririiiririi s 48
Matrix and VECtor FUNCLIONS ..........covvnnnnnininnsssisssssss s 49
Texture LOOKUP FUNCHIONS........cccviererrerserstssee s sessessessessessassessassassassassassssssssassssssssssssssssssssssssssassassssssssssssnnens 50



CONTENTS

Interactive GLSL ENVIFONS.......cccouoeienmiersssiesessesssssse s s sssssssssssssssssssssssssssssssssssssssssssssssssesns 50
Procedural SNAAErS.........ccovrriin i ——————— 51
R 1] 11 1= SRS 56
Chapter 3: Textures and Lighting..........ccccusmmsmmmnsmmssmimmsmmsmmsmsmssmsss s s 57
TOXEUIES ... 58
TeXtUre COOTUINALES ..o 58
QLD LT = R0 o[- PO 58
TEXIMAGEZ2D.......cceeceeecre e e AR R e e R e R e A Re RS e R e e Re R Re R e e R e R e e ns 59
Loading Images into a TeXtUre ODJECT..........c.coc et 59
Application and Shader INTEraction ............cccceverrrrrnrrrr s sa e sa e sa e sa e sa s nnenn 61
Using a Texture in OUF SNACET .........coreriirerie e e p e e a s s p e ne e nnas 61
TEXIUIE OPLIONS ....coereririr et se s e e n e n e e e e sn e nennennenen 62
TEXEUIE FIHBIING.......cccceeeeecceirie et e e e s e e nn s 62
LY T =R = o] o114 PSPPSR 63
D (0] - o TR 64
MIDMAPS ..ttt a e e R e AR e R R e Re e R e Re e e R e Re e e R e Re e e RnRe e nnean 65
Texturing @ 3D ODJECT.......ccccvverrrierir e se e a e sn e n e n e n e 66
Texture Coordinate AtriDULE ........cvvviirirrs s ————— 66
AdJUSTING QU SNAUEIS......ccveereererereeereererseserseresseras e rse e ssesessesessessssesassesaesesas s saesassessssesassesassensessassansessneres 67
D L B 03 T2 T T 68
TOQGliNG STALE ......ceeeereeer e ———————————————— 70
Toggling Textures On and Off ... s n s p s e 4l
MURIPIE TEXIUIES ...c.erererere sttt n e sn e n e sr e n e nnnn e s 72
Application Changes 72
Shader Program ChangES..........cocuirssssssss s 73
[0 T R 75
Ligt COMPONENTS......ccvrereeereererrerereresessesesaesessesessesassessesessessssessssessssessssesssssssessssessensssensssessssessssessenessssenaes 75
L7 L2300 T | 75
NOIMAI VECIOIS ...t 76

vii



CONTENTS

Lighting MOGEIS.........coveeeeceececcere e r e n e a e n e sn e n e sn e n e sr e sn e nn e nnnan 76
Ambient and DireCtional Light ...........cococeerreieniriescsissee e snns 77
LI o011 o | PSP 81
Texture and Lighting TOGETNET .........cccvvrierierrerrer s sn s e nens 81
111110 OO 83
Chapter 4: Increasing RealiSm .......ccccussseenmmsssssnnnmssssssssmsssssssssssssssssssssssnssesssssnnnssssnnns 85
R3] (1o RO S T S 86
D= To (0] g o1 OSSPSR 86
PIANE CIASS ....cuveeeereesesesesesesesesesesesesesesesesesesesesesesesesssesssesesssssssssssesessssesesssssesssessssssssssssssssssssssssssssnsssnsnsnes 87
£ 01111 88
Lighting ReVISITEA........cceeeeeeererecere e sn e sn e n e sn e sn e sn e sn e nn s 91
SNAAING MOUEIS ...t e e e s e s e pn s 91
Phong IHUMIN@tIoN MOGEL..........ccoeeeereecririeeserr e ennn s e e 98
ALEENUATION ...t e e ae e ne e s e ae e e e e Re e e e e s e e e e nnnnnas 103
3T 010110 11 TSR 104
More AAVanCed LIgNTING .......cccoveeerernecrirneesesesse e a s sa s s s s e e se s e nsssanssssnes 106
0o SRS 106
SRAAOWS......ecer e R e R 107
AMDIENT OCCIUSION......ceeieccieereece et e R 108
S L (o[0T L 108
DEPth BUFFEE ...ttt n e s n e n e n e nn e n 109
3 T30 o S 109
Reflection and Refraction..........cccvcvcrcrcssscsss s sn e 112
L 2 1] 3 (= O 113
L 2 1T IS 1 UL 113
Putting it All TOGELNET .......cocererercer st sn s sn e nnenn 113
E3 1111 P2 7 114
Chapter 5: PRYSICS...uuiemmimiisnnmmmsssssnnmmsssssnnmsssssssnnsssssnsnssssssnnnssssssnsnssssssnnnsssssnnnnssssnnns 115
32 ot 0011 o SRS 115

viii



CONTENTS

FOrces ACting UPON US ....cucoueieeeiereccsee e sss e sse s snssnsssesnessesassnsssssnssssssssssssssssssssssnsnns 115
SCAIAIS ANU VBCTIOIS ..o 115
Rates 0f CRANGE ... 116

T L= T (1o 116
(0] T T {0 11 L0 117
Interactively Adjusting the CAMEIa...........ccceeeererrerre e re s res e ae e rae e se e s e sas e sas e saesesassesassanaens 118

6 ) RSP RSRS 120
FIEE FalliNG.....c.ccceueeereeiree e e e s e s st R e e R e e Re e e e R e e eRe e Re e e Renrnnnan 120
Falling and Colliding With the GrOUNG............ccceviiienrinie e sa s ees 122
Falling Down, but Bouncing BaCK UP.........ccovcreniennicsncsnscse s e se s e s snsssssssessssessssesssssssssssnens 123
Falling and Bouncing Up; REPEAL...........covciiciecccsr e n e sns e sn s snnnens 124
NONPEIECE EIASHICITY ......ccveeerecrecire st n e e r e nr s nn e 125

Velocity in Three DIMENSIONS ......c.cceeuerierererrerreree s sse e sse e ssessssnesassssssssassnssnssnssnssnenes 126
Detecting Collisions with Many WallS.............ccovreinrneneninneecsisee s sss s sessssssssesens 126

INErCOIlISIONS ... ——————— 127
Bounding BoXeS and SPREIES........ccceerererrerterererererereresersssessesessesessesassessssesssssssesessessssessesessssssssssssssanaens 127
Conservation of MOMENTUM ......ccciinriini s 128
Uniform Mass COMlISIONS ... s 128
Collisions of DIfferent MasS.........cuvrevmrirninnn 130

o (0] 1< (] LSRR 131

POteNtial ENEIQY .....cccceeeeeieererere e ssesse e ssesaesse s snssnesnesaesnesassnssnesnssnssnesnssnssnennennnnnnns 134

E3 1111 P2 2 137

Chapter 6: Fractals, Height Maps, and Particle Systems.........ccccusseeemmmnnnnnsssssssnnnnn 139

Painting Directly With the GPU ... se s e nnenens 139
COlOr LOOKUPS ....coveuereeereerereraeersesessesessessssessesessesessssssasssssessssessensssssssssssssessssersensssessssensssessssessssesssnssasnsnnene 141

Fractals ..o ———————— 144
MaNAEIDIOL SEL ... ————————————————— 144
JUIA SOt 147
Adding INTEraCtiVITY......ccciieerrcrescr e r e n e R s 147

Generation of Fractals ..........ccovceriiiennsmnesse s 156

ix



CONTENTS

Rendering a Grid Mesh with One TRIANGLE_STRIP Call..........cccoooverrrsernersersersensessensennnns 157
g T 10 1T LS 161
BUmp/NOrmal MAPPING ....ccoceveerrerererereresesserersesessesessessssessssessessssssssssssssessssessesssssssssessssessssessssesssssssssansens 162
=] N 162
Midpoint DiSPIACEMENT........ceie e a e e sa e e s s e s a e s e e e sa e sa e e e e e sae e e saesaenaenaenen 162
PartiCle SYSTEBMS ......ccoiiiierirerr e 166
ENNANCEMENLTS ... 168
E3 1] 1] P2 7 171
Chapter 7: Three.js FrameWoOrK .......cccccuuummssssssssssnmmmssssssssssssssssssssssssssssnsssssssssssssnnnns 173
32 o0 0011 o SRS 173
FRATUMES......ciiiri i 174
83 ] SRS 174
0btaINING The LIDFAIY ......coviececccc st e e p e b e e s a e e e e e nrnnenn 174
DIrECIONY STTUCTUTE ... e e e e b e e p e e e e s Re e e nenn 174
BaSIC EIBMENTS ...t 175
BASIC USAQE......eierererreiiesessisse st se s s sn s ss s s sn s sne s sne s s e snssnnnnns 175
3 ] 0 0] o T 175
Adding SOME DETAIIS .....ceoveecrereeecririreerer e e s e e s s e e e e nnn s 179
I 41 T TSRO 180
000 F= LT 0] o] 1< SRS 183
Falling Back to the 2D Canvas Context...........ccoverirrnnnssss s snenns 183
B3] 1 (0[] £ SRS 184
Revisiting Earlier BOOK COUE .........cccvrerrerrerrersersersesses s sessesssssessessessessssssssssssssssssssssssssssnnens 185
2D RENUEIING .. ccueeereerererrerersesersessrersssersesesssssssessssessssessssessssssssssssessesessssssssssssessssessssssessssessssessesessssessensnaes 185
CUSTOM MESN... ..t 185
LI U0 0L Tl T 1 189
(11T 191
Lighting and TEXTUIING ....ceveeeeererrereresereresesseersesessesessessssessssessessssesssssssssessssessessssessssessssessssessssesssnssssssnsene 197

ParTiCIE SYSTBM.......cceeererererteere st re s s s e ra e aese s e e s s e s ae e s s e sesaesasae s e e rae e eae e nae e nse e e e sae e nae e naeanaene 199



CONTENTS

L0 AT LT T B U2 Vo 201
101010 7= 10 o OO 202
L0 11T 202
E3 1111 P2 2 203
Chapter 8: Productivity TOOIS .......ccccirssssemmmmssssnnnmmssssssnmmssssssnsnssssssnssssssssnssssssnnnsssssnns 205
B 1T 205
MANY CROICES ....cveeereerereererereeersesessesessessssessesesaesessssesassassessssessensssesssssassessssesssnsssessnsensnsessenessenenssnsssensnsene 205
Available FramewWorks ... 206
A philoGL “Hello WOrld!” EXAMPIE ........ccveevrrerererererereseresersesessesessessssessssessssssssssssessssessesssssssssssassesssseres 208
A GLGE “Hello WOrld!” EXAMPIE .....cecerererererersesersesessesessersssersesessessssessssessesessssssssssssessssesssnsssssessssassessssenes 211
MESHES ...t ———————————————————— 213
Loading EXiStiNg MESHES ........cccouiiecre et n e p e e s pe e e nn e 213
MOUEIING RESOUICES ......ceeeecereeeecresesee e se e se s a s e s e s s se e s s e se e s se e b e sna s e e s 214
File FOMMALS.....coviiiiniiiisn e 214
Importing, Exporting, and Format CONVEISION ..........ccccceiernnnennesne e ssssessssssssssnnens 216
SRAABTS ...t 224
TEXHUIES ..cvttisc it —————— 224
PRYSICS ENQINES ....ccceveririrsire s sn s e e sn s sn s sn s sn s sn s snssnsnn s s nnns 225
Revisiting Old Code with physi.jS @nd TRIEE.JS .......cccrierrierrrrerre s se e sneaens 225
ST 1111 LR 231
Chapter 9: Debugging and Performance..........ccccuussmenmmsssssssssssssnssssssssssssssssssssssssnnns 233
DEDUGGING .. n e nns 233
Integrated Development ENVIironment (IDE)...........ccccorerenenerenrenenesesssesesessssssesessssssssessssssssessssssssssssssssnsens 233
Browser DEVEIOPET TOOIS ........cceeeeereeecririneesere s s s e s s s s nannnnes 234
GeNeric WEDGL ErTor COUBS ... 237
L0113l = 0] T 237
Continuously CRECKING FOF EITOKS ........cccouruieecrerenreesesesseesesessssesessss e sssssssesssssssssssssssssssssssssssssssssnsnns 239
WEDGL INSPECTION.......cceerereeecreseeeesesssse e s e se e ss e e s s s s e s s se e e s nne s e e s sa e e e nnnnnas 240
Testing With gISI-UNI ..o 247
L1010 10 T o1 247

xi



CONTENTS

PEIOIMANCE.......ceeeicreirer s r s saen s 250
MEaSUING FrAMEIALE ........ccoceuieeeeririrecreri e a s s e e s s s e e e nas 250
Complexity in OPtIMIZALONS .......ccccevreeeererreerer e e re e 251
BOMIBNECKS......cceccie s 252
BrOWSEI RESOUICES .......cceeiieiriiniisesesese s 253
BIOCKING The GPU ..ot ne e nnnn e s e nns 253

E3 1] 1] P2 7 266

Chapter 10: Effects, Tips, and TriCKS .....cccurusssmmmmmssssssnmmssssnsnssssssnsnssssssssnssssssnsnsssssnns 267

EffECLS oo —————————— 267
Basic Image ManipUIALON ...........cccveeerererrerrerereseresersereserss e ssesessesessesassesaesesaesessssessesassessssesassesssnssassansens 267
CONVOIULION FIEIS ....cviviicsciiiss i 271

L QL 1 T oSSR 282

Nonphotorealistic RENAEIING.........ccooviererrriernnirerissere s snesennens 283
02T 10 ST 1 2 o ] o OO 283
TECHNICAl DIAGIAMS ......coveveecrerreeeresrse s se e s e se s sse e e e s e e e e s e se e e s nne s e e e se e e e nnnnnas 285

FramebUTferS.......oc i —————————— 286
Creating @ Framebuffer ODJECL .........covevrrerrcre s ser e res e rre s se e sa s s e ra e e aesesaesas e sas e sae e sae e saenanaens 287
Attaching a Texture to the FramebUuffer ..o rrrersre e se e e s sse e saesesaesassesassenes 287
Binding the FramEDUTTE..........ccceererere st erte s s res e s se e s e sesaesa s ae e ae e saesasaesassesassesaeesasnssasanaene 288
Changing Shader Functionality per Framebuffer..........coovvevrererrenne s sessesesessesesaesessesessssenaens 289
Adding a Depth AHACAMENL..........coeoreererr e re e e s e s a e ae e s e e e ae e e es 291

PICKING ODJECES......ccceicercrcerire s nn s nn e n e nnan 292
LOOKING UP @ VAU ...ttt et st a st a s e p e e ne e s nennnnenn 293

Shadow Map Implementation ... 294

E3 1111 P2 298

Afterword: The Future of WebGL............cosminmmismmimmmmsnmsmsmsmsss s, 299

£ 1] 410 299
Lo g 1T o] 0] o SRR 299
MODIlE DEVICE SUPPOIT .....eeeereeerreerrererereserseeraesessesesaesassessssessesessssssassassessssessenessesssensssessssesseesssnsssssansene 299

xii



CONTENTS

L (0] 0110 SRS 300
What WebGL Has GOING TOF [........cccoveurecirsecsirtre et 300
COMCEIMS. .....vveucereeseuceses e e e e ss e sessa e e e s s se e e s e s e e e e e s R e e e s e e R e e e e e e A e Re e e e e R e Re e nEsEnRe e e nenRe s e nensannannns 300
GAME DEVEIOPETS ....eceereeeeererresesesesisseeses s s e e e s s e s e s e e ss s e s s s s e e s sse e e s sse e e e nsa et nense s e ssnsasnnnnnns 301

ACtive DEVEIOPMENT .......oceececieere e re e s s sn e s s e ae s a e s s n e s e e nesae e neeais 301
EXTENSIONS ... e e e e e e s 301

THE FINAIWOK........coieeercr s 301

Appendix A: Essential HTMLS and JavaScript ......cccccemmmmmmmmmmmsssssssmmmmsmmnsssssssssnns 303

ESSENtial HTIVILS......ccuciicecireir et 303
BIBVILY ..t A AR e e R e R Re R e R et e Re e Re e e RenReanas 303
SEMANTIC ATBAS......ceiuiuecererseesese e se e se e s se e s e s s ae e e s s e e e s A s Re e e s A s Re e e e e s R e e e sE e R e e b eEeRans e e sannnas 304
The <CanVasy EIBMENT ... e 305

Essential JavaSCripl.........cccvviirinnrcr s 306
Self-invoking ANONYMOUS FUNCHIONS .........cocvuieiercrirecscstrreses e s 307

JAUBTY ettt et e e e e e A AR AR AR AR e 307

Appendix B: Graphics RefreSher .........ccccunsmmmmmmnssmnmmmsssssnmmssssssmmssssssnssssssssssssssnsns 309

D TP 309

PHIMIIVES ... 309

0] £ TSRS 310

CoOrdinate SYSTEMS .....cceverererere e ra s sa e sa e sa e e sa e s e sa e sa e sn e snesn e naennenen 310

L L4 01 1 310

1 L1 OSSR 312
ANGIES....ecceeieccrerte et e e e s e e R R AR e R AR A Re AR AR e Re e e A e Re e e A e Re e e e nRe e s 312
Pilevvvuseesssseeesssseeesssseessssseess s s RseERSRR A ERERR A EEREERERRERR A RRERR A RRERE e EREE e ES 312
RAGIANS ......covieecireerccir ettt e s e e R e e A e R e R e Re e e R e e e e nRe e nes 313
THONOMEIIY ...ttt e e a e e e e e s e Re e e A e Re e e e e Re e e e nnnnn s 313
310 2L (T0] 1 TSRO 314
L1121 (0 TP 314

Appendix C: WebGL Spec. 0dds and Ends........ccuucemmmmsssnnnmmmsssssssmssssssssssssssssssssssnnsnss 315

WebhGLCONTEXTATIDULES. ......cceeeeeereer e 315



CONTENTS

TEXEUE PrOPEILIES ....coveeieeeerieses s s 315
(T o TR To T T SRS 316
TEXIMAPE2D..... ..ottt e e e e e e e e e e e e e e e e e e e R e e e R e R e R e R e R e R e e e e e R e R e naenRenrerens 316
Framebuffer and RenderBuffer Targets and Attachments..........c.ccccvevercrcrcscscessessennnens 316
Appendix D: Additional RESOUICES ....cuisssessssrssssssssssssssssssssssssssssssssssssssssssssssnnnnsssssnss 317
Companion WEDSITe.........couiirrirrrierr s n e e 317
0] 0] SRS 317
Y T 317
0L o To T T TS STRTRTRRTR 317
D] 10O 318
HTIVIL ..ttt s e E R e et e e Re e e e A e Re e e s e e Re e e e e nResn e nennnannnnns 318
JAVASCEIPE. ..t e R AR e R e e R e R s 318
LAMP, MAMP, @Nd WANP.........ooeeeererirecririseesesesssssesessssseses s s sssas s s e s ssssssssssssssssssssssssssssssssssssssssssasnns 318
Libraries and FrameWOIKS...........covrrrnnrnerirssieesisesese s seees 318
GLGE ...ttt e s e s e e s e s R e e e R e e e R e AR e R R e AR e e A e R e e e R e Re e e EnRe s n e nRennnees 319
PRIIOGL. ...ttt e s e e R e e e Re e e e Re e e e e e R e s e e e R e e nnes 319
LI L= - 319
I 41 T TSSO 319
MAENBMALICS ... 320
Matrix @and VECtOr LIDFANIES........cocvuvererererereririririnisiri s 320
MESh File FOrMALS ... 320
Performance and BeSt PraCliCes ... seenes 321
PRIYSICS ...ucueeiteciresseeses s se st e s et e b e e e A e Re e e A e Re e e R e Re e e e e Re e e e nRennnees 321
WEDGL. ...ttt e s e e e s e e e R e AR e e e e R e Re e R R e Re e A Re e e e nRenn s 321
WEDGL FULUIE ... e 322
WEDGL SL (OPENGL ES SL)...vvrveeeeeessseeseesessssssssssssssssssssssssssssssssssssssssssssssessssssssssssssssssssssssssssssssssssssnsee 322
INA@X.siueisiesssmsrsnm s s ssm s sn s s s s ————— 323

xiv



About the Author

Brian Danchilla is a freelance developer and author. He is ZEND PHP Certified
and cowrote the book Pro PHP Programming. Brian is a contributing author

to the book HTML5 Games Most Wanted, and was a technical reviewer for
Foundation HTML5 Animation for JavaScript and PHP: The Good Parts.

Brian is a seasoned web developer, Java, and OpenGL programmer and has

a BA degree as a double major in computer science and mathematics. After
several years working within the computer industry, he is now enjoying the
flexibility of freelance work. Brian has a strong desire and ability to learn new
technologies and APIs and is an avid technical reader. When not programming,
Brian likes to play guitar, cook, and travel. He resides in Saskatoon, SK, Canada
with his fiancée Tressa.

XV



About the Technical Reviewer

xvi

Massimo Nardone holds a Master of Science degree in Computing Science
from the University of Salerno, Italy. He works currently as a PCI QSA and
Senior Lead IT Security/Cloud Architect for IBM Finland. With more than

19 years of work experience in Cloud Computing, IT Infrastructure, Mobile,
Security and WWW technology areas for both national and international
projects, Massimo has worked as a Project Manager, Software Engineer,
Research Engineer, Chief Security Architect, and Software Specialist. He
worked as visiting lecturer and supervisor for exercises at the Networking
Laboratory of the Helsinki University of Technology (Helsinki University of
Technology TKK became a part of Aalto University) for the course of “Security
of Communication Protocols.” He holds four international patents (PKI, SIP,
SAML and Proxy areas). His beloved baby girl, Neve, was born some days ago
and he wants to welcome her from the bottom of his heart.




Acknowledgments

I'would like to thank my family: mom, dad, Robert, Karen, Tressa. Longtime friends: Vince, Nick, and Tim. It was
not always a smooth journey during this book project and I am very grateful for your support along the way.

Thank you to everyone on the Apress team who was involved with this book. I would especially like to thank
Ben Renow-Clarke for getting this book title off the ground, Louise Corrigan for valuable editing advice, Anamika
Panchoo for her coordinating skills, and the technical reviewing of Massimo Nardone.

Thank you to my university professor David Mould for introducing me to OpenGL,and my high school art
teacher Mrs. Robinson for helping develop my artistic side.

I am thankful for having a good set of headphones and a great music collection that enabled me to zone in
and work. Thanks to late, late night Super Mario Galaxy 2 sessions for inspiration and coffee, lots of coffee.

Several years ago, I first read computer graphics books and thoroughly enjoyed the experience. Now I am
blessed to have been able to write my own book about an exciting new technology, WebGL.

xvii




Introduction

WebGL (Web-based Graphics Language) is a wonderful and exciting new technology that lets you create
powerful 3D graphics within a web browser. The way that this is achieved is by using a JavaScript API that
interacts with the Graphics Processing Unit (GPU). This book will quickly get you on your way to demystify
shaders and render realistic scenes. To ensure enjoyable development, we will show how to use debugging tools
and survey libraries which can maximize productivity.

Audience

Beginning WebGL for HTMLS5 is aimed at graphics enthusiasts with a basic knowledge of computer graphics
techniques. A knowledge of OpenGL, especially a version that uses the programmable pipeline, such as OpenGL
ES is beneficial, but not essential. We will go through all the relevant material. A JavaScript background will
certainly help.

When writing a book of this nature, we unfortunately cannot cover all the prerequisite material. Baseline
assumptions about the reader need to be made. The assumptions that I have made are that the reader has a
basic knowledge of 2D and 3D computer graphics concepts such as pixels, colors, primitives, and transforms.
Appendix B quickly refreshes these concepts. It is also assumed that the reader is familiar (though need not be an
expert) with HTML, CSS, and JavaScript. Although much of the book makes use of plain “vanilla” JavaScript, we
will use some jQuery. Appendix A discusses newer HTML5 concepts and a quick jQuery crash course that will be
essential for properly understanding the text. Appendix D provides a complete reference for further reading on
topics that are presented throughout the book.

What You Will Learn

This book presents theory when necessary and examples whenever possible. You will get a good overview of what
you can do with WebGL. What you will learn includes the following:

e  Understanding the model view matrix and setting up a scene

¢ Rendering and manipulating primitives

e  Understanding shaders and loving their power and flexibility

e Exploring techniques to create realistic scenes

e  Using basic physics to simulate interaction

e  Using mathematics models to render particle systems, terrain, and fractals

e  Getting productive with existing models, shaders, and libraries
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e  Using the Three.js framework

e Learning about GLGE and philoGL frameworks and a survey of other frameworks
available

e Debugging and performance tips

e  Understanding other shader uses, such as image processing and nonphotorealistic
rendering

e  Using an alternate framebuffer to implement picking and shadowmaps

e Learning about current browser and mobile support and the future of WebGL

Book Structure

It is recommended that you start by reading the first two chapters before moving on to other areas of the book.
Even though the book does follow a fairly natural progression, you may choose to read the book in order or skip
around as desired. For example, the debugging section of Chapter 9 is not strictly essential, but is very useful
information to know as soon as possible.

Chapter 1: Setting the Scene

We go through all the steps to render an image with WebGL, including testing for browser support and setting
up the WebGL environment, using vertex buffer objects (VBOs), and basic shaders. We start with creating a one
color static 2D image, and by the end of the chapter have a moving 3D mesh with multiple colors.

Chapter 2: Shaders 101

Shaders are covered in depth. We show an overview of graphics pipelines (fixed and programmable), give a
background of the GL Shading Language (GLSL), and explain the roles of vertex and fragment shaders. Next we
go over the primitive types and language details of GLSL and how our WebGL application will interact with our
shaders. Finally, we show several examples of GLSL usage.

Chapter 3: Textures and Lighting

We show how to apply texture and simple lighting. We explain texture objects and how to set up and configure
them and combine texture lookups with a lighting model in our shader.

Chapter 4: Increasing Realism

A more realistic lighting model—Phong illumination—is explained and implemented. We discuss the difference
between flat and smooth shading and vertex and fragment calculations. We show how to add fog and blend
objects; and discuss shadows, global illumination, and reflection and refraction.

Chapter 5: Physics

This chapter shows how to model gravity, elasticity, and friction. We detect and react to collisions, model
projectiles and explore both the conservation of momentum and potential and kinetic energy.
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Chapter 6: Fractals, Height Maps, and Particle Systems

In this chapter we show how to paint directly with the GPU, discuss fractals, and model the Mandlebrot and
Julia sets. We also show how to produce a height map from a texture and generate terrain. We also explore
particle systems.

Chapter 7: Three.js Framework

The Three.js WebGL framework is introduced. We provide a background and sample usage of the library,
including how to fall back to the 2D rendering context if necessary, API calls to easily create cameras, objects, and
lighting. We compare earlier book examples to the equivalent Three.js API calls and introduce tQuery, a library
that combines Three.js and jQuery selectors.

Chapter 8: Productivity Tools

We discuss the benefits of using frameworks and the merit of learning core WebGL first. Several available
frameworks are discussed and the GLGE and philoGL frameworks are given examples. We show how to load
existing meshes and find other resources. We list available physics libraries and end the chapter with an example
using the physi.js library.

Chapter 9: Debugging and Performance

An important chapter to help identify and fix erroneous code and improve performance by following known
WebGL best practices.

Chapter 10: Effects, Tips, and Tricks

Image processing and nonphotorealistic shaders are discussed and implemented. We show how to use offscreen
framebuffers that enable us to pick objects from the canvas and implement shadow maps.

Afterword: The Future of WebGL

In the afterword, we will speculate on the bright future of WebGL, the current adoption of it within the browser,
and mobile devices and what features will be added next.

Appendix A: Essential HTML5 and JavaScript

We cover some of the changes between HTML 4 and 5, such as shorter tags, added semantic document structure,
the <canvas> element, and basic JavaScript and jQuery usage.

Appendix B: Graphics Refresher

This appendix is a graphics refresher covering coordinate systems, elementary transformations and other
essential topics.
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Appendix C: WebGL Specification 0dds and Ends

Contains part of the WebGL specification, available at http://www.khronos.org/registry/webgl/specs/latest/,
which were not covered in the book, but are nonetheless important.

Appendix D: Additional Resources

A list of references for further reading about topics presented in the book such as HTML5, WebGL, WebGLSL,
JavaScript, jQuery, server stacks, frameworks, demos, and much more.

WebGL Origins

The origin of WebGL starts 20 years ago, when version 1.0 of OpenGL was released as a nonproprietary alternative
to Silicon Graphics’ Iris GL. Up until 2004, OpenGL used a fixed functionality pipeline (which is explained in
Chapter 2). Version 2.0 of OpenGL was released that year and introduced the GL Shading Language (GLSL)
which lets you program the vertex and fragment shading portions of the pipeline. The current version of OpenGL
is 4.2, however WebGL is based off of OpenGL Embedded Systems (ES) 2.0, which was released in 2007 and is a
trimmer version of OpenGL 2.0.

Because OpenGL ES is built for use in embedded devices like mobile phones, which have lower processing
power and fewer capabilities than a desktop computer, it is more restrictive and has a smaller API than OpenGL.
For example, with OpenGL you can draw vertices using both a glBegin. . .glEnd section or VBOs. OpenGL ES
only uses VBOs, which are the most performance-friendly option. Most things that can be done in OpenGL can
be done in OpenGL ES.

In 2006, Vladimar Vukiéevi¢ worked on a Canvas 3D prototype that used OpenGL for the web. In 2009, the
Khronos group created the WebGL working group and developed a central specification that helps to ensure that
implementations across browsers are close to one another. The 3D context was modified to WebGL, and version
1.0 of the specification was completed in spring 2011. Development of the WebGL specification is under active
development, and the latest revision can be found at http://www.khronos.org/registry/webgl/specs/latest/.

How Does WebGL work?

WebGL is a JavaScript API binding from the CPU to the GPU of a computer’s graphics card. The API context
is obtained from the HTML5 <canvas> element, which means that no browser plugin is required. The shader
program uses GLSL, which is a C++ like language, and is compiled at runtime.

Without a framework, setting up a WebGL scene does require quite a bit of work: handling the WebGL
context, setting buffers, interacting with the shaders, loading textures, and so on. The payoff of using WebGL
is that it is much faster than the 2D canvas context and offers the ability to produce a degree of realism and
configurability that is not possible outside of using WebGL.

Uses

Some uses of WebGL are viewing and manipulating models and designs, virtual tours, mapping, gaming, art, data
visualization, creating videos, manipulating and processing of data and images.
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Demonstrations

There are many demos of WebGL, including these:
e http://www.chromeexperiments.com/webgl
e https://code.google.com/p/webglsamples/
e http://aleksandarrodic.com/p/jellyfish/

e  Google Body (now http://www.zygotebody.com), parts of Google Maps,
and Google Earth

e http://www.ro.me/tech/
e http://alteredqualia.com/

Supported Environments

Does your browser support WebGL? It is important to know that WebGL is not currently supported by all
browsers, computers and/or operating systems (OS). Browser support is the easiest requirement to meet and
can be done simply by upgrading to a newer version of your browser or switching to a different browser that does
support WebGL if necessary. The minimum requirements are as follows:

e  Firefox 4+

e  Safari5.1+ (OS X only)

e  Chrome 9+

e  Opera l2alpha+

e Internet Explorer (IE)—no native support

Although IE currently has no built in support, plugins are available; for example, JebGL (available at
http://code.google.com/p/jebgl/), Chrome Frame (available at http://www.google.com/chromeframe), and
IEWebGL (http://iewebgl.com/). JebGL converts WebGL to a Java applet for deficient browsers; Chrome Frame
allows WebGL usage on IE, but requires that the user have it installed on the client side. Similarly, IEWebGL is
an IE plugin.

In addition to a current browser, you need a supported OS and newer graphics card. There are also several
graphics card and OS combinations that have known security vulnerabilities or are highly prone to a severe
system crash and so are blacklisted by browsers by default.

Chrome supports WebGL on the following operating systems (according to Google Chrome Help
(http://www.google.com/support/chrome/bin/answer.py?answer=1220892):

e  Windows Vista and Windows 7 (recommended) with no driver older than 2009-01
e  Mac 0S 10.5 and Mac OS 10.6 (recommended)
e Linux

Often, updating your graphics driver to the latest version will enable WebGL usage. Recall that OpenGL
ES 2.0 is based on OpenGL 2.0, so this is the version of OpenGL that your graphics card should support for
WebGL usage. There is also a project called ANGLE (Almost Native Graphics Layer Engine) that ironically uses
Microsoft Direct X to enhance a graphics driver to support OpenGL ES 2.0 API calls through conversions to Direct
X 9 API calls. The result is that graphics cards that only support OpenGL 1.5 (OpenGL ES 1.0) can still run WebGL.
Of course, support for WebGL should improve drastically over the next couple of years.
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Testing for WebGL Support

To check for browser support of WebGL. there are several websites such as http://get.webgl.org/, which
displays a spinning cube on success; and http://doesmybrowsersupportwebgl.com/, which gives a large “Yay”
or “Nay” and specific details if the webgl context is supported. We can also programmatically check for WebGL
support using modernizr (http://www.modernizr. com).

Companion Site

Along with the Apress webpage at http://www.apress.com/9781430239963, this book has a companion website at
http://www.beginningwebgl.com. This site demonstrates the examples found in the book, and offers an area to make
comments and add suggestions directly to the author. Your constructive feedback is both welcome and appreciated.

Downloading the code

The code for the examples shown in this book is available on the Apress website, http://www.apress.com. A link
can be found on the book’s information page, http://www.apress.com/9781430239963, under the Source Code/
Downloads tab. This tab is located underneath the Related Titles section of the page. Updated code will also be
hosted on github at https://github.com/bdanchilla/beginningwebgl.

Contacting the Author

If you have any questions or comments—or even spot a mistake you think I should know about—you can contact
the author directly at bdanchilla@gmail.com or on the contact form at http://www.beginningwebgl.com/contact.
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CHAPTER 1

Setting the Scene

In this chapter we will go through all the steps of creating a scene rendered with WebGL. We will show you how to
e obtain a WebGL context
e  create different primitive types in WebGL
e understand and create vertex buffer objects (VBOs) and attributes
e do static two-dimensional rendering
e create a program and shaders
e setup the view matrices
¢ add animation and movement

¢ render a three-dimensional model

A Blank Canvas

Let's start by creating a HTML5 document with a single <canvas> element (see Listing 1-1).

Listing 1-1. A basic blank canvas

<ldoctype html>
<html>
<head>
<title>A blank canvas</title>
<style>
body{ background-color: grey; }
canvas{ background-color: white; }
</style>
</head>
<body>
<canvas id="my-canvas" width="400" height="300">
Your browser does not support the HTML5 canvas element.
</canvas>
</body>
</html>

The HTML5 document in Listing 1-1 uses the shorter <!doctype html> and <html> declaration available
in HTML5. In the <head> section, we set the browser title bar contents and then add some basic styling that will
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change the <body> background to gray and the <canvas> background to white. This is not necessary but helps us
to easily see the canvas boundary. The content of the body is a single canvas element. If viewing the document
with an old browser that does not support the HTML 5 canvas element, the message “Your browser does not
support the HTML5 canvas element.” will be displayed. Otherwise, we see the image in Figure 1-1.

Figure 1-1. A blank canvas

Note If you need a refresher on HTML5, please see Appendix A. Additional reference links are provided in
Appendix D.

Getting Context

When we draw inside of a canvas element, we have more than one option of how we produce our image. Each
option corresponds to a different application programming interface (API) with different available functionality
and implementation details and is known as a particular context of the canvas. At the moment there are two
canvas contexts: "2D" and "webgl". The canvas element does not really care which context we use, but it needs to
explicitly know so that it can provide us with an appropriate object that exposes the desired API.

To obtain a context, we call the canvas method getContext. This method takes a context name as a first
parameter and an optional second argument. The WebGL context name will eventually be "webgl", but for now,
most browsers use the context name "experimental-webgl". The optional second argument can contain buffer
settings and may vary by browser implementation. A full list of the optional WebGLContextAttributes and how to
set them is shown in Appendix C.

Listing 1-2. Establishing a WebGL context

<!doctype html>
<html>
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<head>
<title>WebGL Context</title>
<style>
body{ background-color: grey; }
canvas{ background-color: white; }
</style>
<script>
window.onload = setupWebGL;
var gl = null;
function setupWebGL()
{
var canvas = document.getElementById("my-canvas");
try{
gl = canvas.getContext("experimental-webgl");
}catch(e){
}
if(gl)
{
//set the clear color to red
gl.clearColor(1.0, 0.0, 0.0, 1.0);
gl.clear(gl.COLOR_BUFFER BIT);
}else{
alert( "Error: Your browser does not appear to support
WebGL.");
}
}
</script>
</head>
<body>

<canvas id="my-canvas" width="400" height="300">
Your browser does not support the HTML5 canvas element.
</canvas>
</body>
</html>

In Listing 1-2, we define a JavaScript setup function that is called once the window’s Document Object
Model (DOM) has loaded:

window.onload = setupWebGL;

We initiate a variable to store the WebGL context with var gl = null. We use
gl = canvas.getContext("experimental-webgl"); to try to get the experimental-webgl context from our
canvas element, catching any exceptions that may be thrown.

Note The name "gl1" is conventionally used in WebGL to refer to the context object. This is because OpenGL and
OpenGL ES constants begin with GL_ such as GL_DEPTH_TEST; and functions begin with g1, such as glClearColor.
WebGL does not use these prefixes, but when using the name "g1" for the context object, the code looks very

similar: g1.DEPTH_TEST and gl.clearColor
This similarity makes it easier for programmers who are already familiar with OpenGL to learn WebGL.
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On success, gl is a reference to the WebGL context. However, if a browser does not support WebGL, or if a
canvas element has already been initialized with an incompatible context type, the getContext call will return
null.In Listing 1-2, we test for gl to be non-null; if this is the case, we then set the clear color (the default value
to set the color buffer) to red. If your browser supports WebGL, the browser output should be the same as
Figure 1-1, but with a red canvas now instead of white. If not, we output an alert as shown in Figure 1-2. You can
simulate this by misspelling the context, to "zzexperimental-webgl" for instance.

Error: Your browser does not appear to support WebGL

Figure 1-2. Error alert if WebGL is not supported

Being able to detect when the WebGL context is not supported is beneficial because it gives us the
opportunity to program an appropriate alternative such as redirecting the user to http://get.webgl.org or falling
back to a supported context such as "2D". We show how to do the latter approach with Three.js in Chapter 7.

Note There is usually more than one way of doing things in JavaScript. For instance, to load the
setupWebGL function in code Listing 1-2, we could have written the onload event in our HTML instead:
<body onload="setupWebGL();">
If we were using jQuery, we would use the document ready function:
$(document).ready(function(){ setupWebGL(); });
We may make use of these differing forms throughout the book.
With jQuery, we can also shorten our canvas element retrieval to: var canvas = $("#my-canvas").get(0);

WebGL Components

In this section we will give an overview of the drawing buffers, primitive types, and vertex storage mechanisms
that WebGL provides.

The Drawing Buffers

WebGL has a color buffer, depth buffer, and stencil buffer. A buffer is a block of memory that can be written to
and read from, and temporarily stores data. The color buffer holds color information—red, green, and blue
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values—and optionally an alpha value that stores the amount of transparency/opacity. The depth buffer stores
information on a pixel’s depth component (z-value). As the map from 3D world space to 2D screen space can
result in several points being projected to the same (x,y) canvas value, the z-values are compared and only
one point, usually the nearest, is kept and rendered. For those seeking a quick refresher, Appendix B discusses
coordinate systems.

The stencil buffer is used to outline areas to render or not render. When an area of an image is marked off to
not render, it is known as masking that area. The entire image, including the masked portions, is known as a stencil.
The stencil buffer can also be used in combination with the depth buffer to optimize performance by not attempting
to render portions of a scene that are determined to be not viewable. By default, the color buffer’s alpha channel
is enabled and so is the depth buffer, but the stencil buffer is disabled. As previously mentioned, these can be
modified by specifying the second optional parameter when obtaining the WebGL context as shown in Appendix C.

Primitive Types

Primitives are the graphical building blocks that all models in a particular graphics language are built with. In
WebGL, there are three primitive types: points, lines and triangles and seven ways to render them: POINTS,
LINES, LINE_STRIP, LINE_LOOP, TRIANGLES, TRIANGLE_STRIP, and TRIANGLE_FAN (see Figure 1-3).
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Figure 1-3. WebGL Primitive Types (top row, I—r: POINTS, LINES, LINE_STRIP, and LINE_LOOP; bottom row, l—r:
TRIANGLES, TRIANGLE_STRIP, and TRIANGLE_FAN)
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POINTS are vertices (spatial coordinates) rendered one at a time. LINES are formed along pairs of vertices.
In Figure 1-3 two of the lines share a common vertex, but as each line is defined separately, it would still require
six vertices to render these three lines. A LINE_STRIP is a collection of vertices in which, except for the first line,
the starting point of each line is the end point of the previous line. With a LINE_STRIP, we reuse some vertices on
multiple lines, so it would take just five vertices to draw the four lines in Figure 1-3. A LINE_LOOP is similar to a
LINE_STRIP except that it is a closed off loop with the last vertex connecting back to the very first. As we are again
reusing vertices among lines, we can produce five lines this time with just five vertices.

TRIANGLES are vertex trios. Like LINES, any shared vertices are purely coincidental and the example in Figure
1-3 requires nine vertices, three for each of the three triangles. A TRIANGLE_STRIP uses the last two vertices along
with the next vertex to form triangles. In Figure 1-3 the triangles are formed by vertices ABC, (BC)D, (CD)E, (DE)
E, (EF)G, (FG)H, and (GH)L This lets us render seven triangles with just nine vertices as we reuse some vertices in
multiple triangles. Finally, a TRIANGLE_FAN uses the first vertex specified as part of each triangle. In the preceding
example this is vertex A, allowing us to render seven triangles with just eight vertices. Vertex A is used a total of
seven times, while every other vertex is used twice.

Note Unlike OpenGL and some other graphics languages, a quad is not a primitive type. Some WebGL frame-
works provide it as a “basic” type and also offer geometric solids built in, but at the core level these are all rendered
from triangles.




CHAPTER 1 © SETTING THE SCENE

Vertex Data

Unlike old versions of OpenGL or “the ‘2D’ canvas context’, you can’t directly set the color or location of a vertex
directly into a scene. This is because WebGL does not have fixed functionality but uses programmable shaders
instead. All data associated with a vertex needs to be streamed (passed along) from the JavaScript API to the
Graphics Processing Unit (GPU). With WebGL, you have to create vertex buffer objects (VBOs) that will hold
vertex attributes such as position, color, normal, and texture coordinates.

These vertex buffers are then sent to a shader program that can use and manipulate the passed-in data in
any way you see fit. Using shaders instead of having fixed functionality is central to WebGL and will be covered in
depth in the next chapter.

We will now turn our attention to what vertex attributes and uniform values are and show how to transport
data with VBOs.

Vertex Buffer Objects (VBOs)

Each VBO stores data about a particular attribute of your vertices. This could be position, color, a normal vector,
texture coordinates, or something else. A buffer can also have multiple attributes interleaved (as we will discuss
in Chapter 9).

Looking at the WebGL API calls (which can be found at http://www.khronos.org/files/webgl/webgl-
reference-card-1_0.pdf or at http://www.khronos.org/registry/webgl/specs/latest/), to create a buffer, you call
WebGLBuffer createBuffer()and store the returned object, like so:

var myBuffer = gl.createBuffer();
Next you bind the buffer using void bindBuffer(GLenum target, WebGLBuffer buffer) like this:
gl.bindBuffer(gl.ELEMENT ARRAY BUFFER, myBuffer);

The target parameter is either g1.ARRAY_BUFFER or g1.ELEMENT_ARRAY_BUFFER. The target ELEMENT_ARRAY_
BUFFER is used when the buffer contains vertex indices, and ARRAY_BUFFER is used for vertex attributes such as
position and color.

Once a buffer is bound and the type is set, we can place data into it with this function:

void bufferData(GLenum target, ArrayBuffer data, GLenum usage)

The usage parameter of the bufferData call can be one of STATIC_DRAW, DYNAMIC DRAW, or STREAM_DRAW.
STATIC_DRAW will set the data once and never change throughout the application’s use of it, which will be many
times. DYNAMIC_DRAW will also use the data many times in the application but will respecify the contents to be
used each time. STREAM_DRAW is similar to STATIC_DRAW in never changing the data, but it will be used at most a
few times by the application. Using this function looks like the following:

var data = [ 1.0, 0.0, 0.0,
0.0, 1.0, 0.0,
0.0, 1.0, 1.0
I
gl.bufferData(gl.ARRAY BUFFER, data, gl.STATIC DRAW);

Altogether the procedure of creating, binding and storing data inside of a buffer looks like:

var data = [ 1.0, 0.0, 0.0,
0.0, 1.0, 0.0,
0.0, 1.0, 1.0

I
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