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It’s All in the Name

You will be encountering some unusual words and terms which surround virtual
reality research and development, some of which follow.

display—a device (as a cathode-ray tube) that gives information in
visual form in communications

The term display as used in the virtual environments field of research is
applied more generally, such as:

display—a device that gives information in communications

Now we may use the term display in reference to a visual display—a
computer screen, an auditory display—a stereo or other sound source, and a
haptic display—motion, tactile, or force-feedback equipment.

haptic—relating to or based on the sense of touch

The term haptic includes all displays that present information to the loosely
defined sense of touch, including tactile, texture, force-feedback, motion, and
pressure.

Virtual environments research in modern times is often traced to Ivan
Sutherland’s 1965 paper “The Ultimate Display,” presented to the triennial
conference of the International Processing Societies. Sutherland described “a
program of research in computer graphics which has challenged and guided the
field ever since.” Sutherland said that one must look at a computer display screen
as a window through which one beholds a virtual world. “The challenge to
computer graphics is to make the window look real, sound real, and the objects
act real. Indeed, in the ultimate display, one will not look at that world through a
window, but will be immersed in it, will change viewpoint by natural motions of
head and body, and will interact directly and naturally with the object in the
world, hearing and feeling them, as well as seeing them.” Such research has
proceeded under a variety of names, including virtual environments, virtual reality,
artificial reality, and synthetic experience. (Fuchs and Fisher)

virtual—being in effect but not in actual fact
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environment—the conditions, circumstances, and influences
surrounding and affecting an organism.

reality—of or relating to practical or everyday concerns or activities

Many of the top researchers in the field, including Frederick Brooks at the
University of North Carolina in Chapel Hill and Scott Fisher, formerly of NASA
Ames Research Center and now of Telepresence Research, prefer the usage of the
term virtual environments to describe the field. Jaron Lanier, formerly of VPL
Research, coined and prefers the term virtual reality. Myron Krueger coined and
prefers the term artificial reality, which refers to a specific subset of research
defined in his book Artificial Reality.

This book uses the terms virtual environment and virtual reality
indiscriminately. Also, we specifically include parallel lines of research which
may not be wholly immersive in nature (since very few systems, if any, can
totally immerse all of the senses at this point in time anyway).

The term DataGlove is VPL Research’s trademark name for a hand-based
input device, further defined in the glossary. You will soon encounter other
terms which may be unfamiliar to you; please refer to the glossary in the
appendix for definitions of these and other important relevant concepts.

Initialization

Welcome to a magical land where anything is possible and the physical laws of
the real world no longer apply, the land of virtual reality. In this book we make
an excursion into this realm to learn about its history, the defining boundaries of
the land, and all the fascinating things happening within its borders. In the first
chapter we explore the current applications in the vast field of virtual reality. The
second chapter presents a brief history of the field and its founders. Chapter 3
comprises human perception and how it works. We cover some interesting notes
and much of the hot debate in the field in Chapter four. The fifth chapter
describes many of the complexities involved in implementing virtual
environments on real equipment. There is lots of good stuff in the appendix; we
highly recommend that you take a look. Enjoy the ride!

If we perceive our role aright, we then see more clearly the proper
criterion for success: a toolmaker succeeds as, and only as, the users of his
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tool succeed with his aid. However shining the blade, however jeweled
the hilt, however perfect the heft, a sword is tested only by cutting. That
swordsmith is successful whose clients die of old age.

—F. Brooks, “Grasping Reality Through Illusion: Interactive
Graphics Serving Science”



Contents

List of Illustrations..........ccccoeveevveneieiecrcencnn. TS ————— XV
Acknowledgments..........ccoceiviiiiiniiiniii XVviii
Biographies .. sssssmossmsmsssssssosss e xxi
It's All in the Name..........ccccooiiiiiiiiiic e xxii
TRt AliZa tiON. wnssorssessmssssesssssvenssssssovvonssssisssmsmssssmsssmmssepsnsnss s sesmmvaevssans 3552 xxiii
Chapter 1—Virtual Reality Applications 1
INErOAUCHON .ottt 1

Section 1—Architectural Walkthroughs and Computer-Aided

L g TP 2
Section 2—Augmentation and Decision Support.........cccoeveeiiiiiccnnen. 11
- Section 3—Telecommunications and Virtual Interfaces ...........ccccccoeevnvne. 13
Molecular StUdies........cocouecuiiniiiriiiiriiicc s 14
Teleoperation and Telepresence—Remote and Hazardous
WOTKPIACES ivuis ssssrossusmessomsmssmssmmuresssasssmsssosmssersmenesmsnsassmssasevess 16
Section 4—TTaINiNg ..o 18
Bection b—Scientific Regearthi . cumasmsmmemnsisssmsssnnmssssssmsspmnmsosive 20
Section 6—Entertainment.........ccoceuevevivirininiiiiecee e 22
Section 7—Medical Applications Using Virtual Reality ...........ccccoourvurne. 25
Computer-Aided Designed Treatment..............ccooriiminiiiiiininnnan. 25
Virtual Treatments and Rehabilitation..........ccoovvvivnniininnnnnnns 26
Therapy with Digital Puppets ..o 29
AUEMENEALION cxssivssvssimsssssnssesssssosssssssssmmssmmsss s sramarsssssssssasmisnisisesers 32
Helping the Physician..........ccccovirmminiiininiccniiiiisncs 32
Helping the Handicapped........ococoomrreiiiee 33
Sign Language.......cceeoioicccccee s 34



vi CONTENTS

VIrtual SUTZeTY ...ovice e 35
INEEITACES ..ottt 35
Remote WOTKPIACES .ciuusrismmsessssimnsssnisssosssssusiossussossscsnsssusssessss sssisonse 37
TTAINING scsnssnnssnnsoss sunvinsnss sremossss om0 Ausiv AR FasSadia sHEAF AR s neansessras ons 38
APPLCAtioN NOES ..ot 41
Chapter 2—From Whence Virtual Reality—A Brief and Incomplete
History 43
TN EOAUCEIONN, 1sveves crmmarpssmssersnsonpismsssors ssusmsamvassseprms s s e A P ESEF VS s 43
Section 1—Classical HiStOTY ......ccccovueiroirinereeecieecinreeeecccerer s 44
In the Oral Tradition, Theater and the Dramatic Arts......cccoeveeueneen. 44
In the Manner of Records and WIiting.........ccccecvvccucurvinenrnnenicacaes 47
The Beginning of Electronic Communication..........ccceeeveecrevnieereneen. 47
Morton Heilig and the Experience Theater .............cccoocvinincicinincicnnnans 49
Section 2—The Age of Information Technology and the Dawn of
L8 5153 €] o) Lol O e N 52
ARPA and the ARC ..o seneesenenes 52
Douglas Engelbart and Intelligence Augmentation............ccecvveecuneee. 54
Sketchpad—"The Most Important Program Ever Written” ............... 55
Ivan and the Sword of Damocles...........cccocieinrnnninrnneeneeinincnenen. 58
ARPAnet and the Internet ... 60
XeroX PARC ...ttt 60
Myron Krueger and Responsive Environments........cc.ccococoereriuneiunenee. 62
MIT’s Arch-Mac and the Media Lab .........ccccooveuiiiinnnnccnciccnnennnnn. 66
The Aspen Movie Map and Surrogate Travel ..........c.cccocrvceneene 67
Atari ReSearch ... 69
NASA Ames Human Factors Research Division ..........cccovvviniicanees 70
Jaron Lanier and, VPL: suosesssssnsmssnmsssssisinssmsmsiss i 68865585055 ame nammennansos 73
Frederick Brooks and UNC Chapel Hill.......c.cccvvvenccrreiennnnneene. 76
Brooks and Intelligence Amplification ...........ccccoeueviviviininincncnnc. 76
Molecular DOCKING........cccoviririmieiiiirieieiceerrecstsne et 78
The Architectural Walkthrough...........cccooiiiniiiiniiiiniinincen. 80
Medical Imaging and Three-Dimensional Interactive
Graphics......ooeerii s 81
More History Related to VR ..........ccocoviiimiinniiiiceeeceeesesseene 82
Flight Sitalation.eesmmomssessmmemsmsmmismissosmnis smasss 83
Evans and Sutherland ...t 85
Military HMDS .......coviiiiiciieiic e 86

S0 What's the HIStOTY Of VR? ...ooovovosococcceeeeesesssesecceesereresssessssnsesesseesssssee 87



VIRTUAL REALITY EXCURSIONS

Vii

Chapter 3—From the Point of View ’ . 89
INErOAUCHON sisussssssssosssimsrssmssspsnsssninssvomsissassssiamassoissassviver s e bovssamassrsess issnopsnans 89
Section 1—Of Sight......ccccevrnriivrrnriiicnne s 90
Section 2—Of SOUN.mummmssnssrasmomsmamsmsssmnsssmimismagmimiissio 116
Section 3—On Haptics ..ot 119
PerTEPHON wccoxvsvsssmsensmsssnsmssusamssansisisasssmsusvssssssenisnssnserssssesssssossisEasasssissonsastssssns 121

Chapter 4—Virtual Considerations . 125
INtrOdUCHON ...t 125
Section 1—Desktop versus Immersion (What's the View?) .................... 125

The World through a Window ... 126
Boom-Mounted Displays ..o 127
Immersion in @ ROOML.......c.ccciiiiiiicncicc e 128
Gloves and GOZEleS...cuusumummssisnssmmssssssssissmsmsiosssssssisssussssss 128
Section 2—Future Possibilities..........cccccocceueieieiiiiciiciniiiinccciniienccne 129
Architectural Walkthroughs and Computer-Aided Design............. 129
AUGMENTAtION wiuiseimssermssssesssemmissensssssssumaisuaserssesisssssnsssserssssmssamenssesasesss 130
Augmenting the Handicapped...oumsmmsmsssnssossasssanmisseansosses 131
TelecommURNICAtIONS .....ovovevuiiiiiiiicc s 132
Remote and Hazardous Workplaces...........c.ccoeueiruniccniinincciinninnas 133
Compiiter INtEIfaCES s ssusemsssasssissmsesmsnssssvsansssssssassmsmsssvsssssssssssss 133
The Metameditum ... 134

Agents and Animation ... 134
TraiNING ... s 135
Scienitific EXploration s essssssssssensussssmasssssomssesssonssssssssssssssasisssessnssess 136
Entertainment . cusmsisissmamisssssssionimmmttiosissmiimisieimitsnimis 136
Section 3—Virtaal Reality anid SOCIEtY ... ... comwecnrmmiamosmmersrisessros 137
The Internet (and the Matrix)........cocoeveeeieiiinininiccceceeee 138
Virtual Identities. . swnwmmmmmanmmsasimn asimsismsinimiss 139
Virtual CommURIt ......ccoveiiininiiini e 140
INETLAW ...ttt 141
Section 4—Wireheads—Living in a Virtual Environment ..........c.ccce..... 142
Living in Virtual Environments ..o 142

VR as the Ultimate DIug .......cccccvvuvuviniiunuciiininiciniccccisscisscsccines 143
Reality ChetK . uomsssssorsmsmmmsasusssamasssrmsssesmmsssssenmsesssssosnssmstssissisasss 143

Section 5—Teledildonics (Cybersex) and Home Entertainment ............ 143



viii CONTENTS

Section 6—Simulator Sickness........c.covceiiiinicsiniiisienesin: eveerenenene 144
Section 7—The Contributions of Science Fiction .........ccccovvvvierrciniiinnne, 145
TRE ClASSICS..vvirericrciiecieietrieiereirtt ettt nees 145
(874 4 o 1hE (1< —— 146
Final Considerations...........ccoceviueiiiniicccurinininisise s 147
Chapter 5—Technical Considerations for Virtual Reality Systems .......... 149
Section 1—The Concept of a Virtual Reality System .........ccccceeeirrnnien. 149
A Brief, Yet Premature Overview of a VR system ..........ccccccccovuenunn. 150
Section 2—The Mathematics of Three-dimensional Computer

Graphics (Geometry, Matrix Algebra, and Trigonometry) ....... 153
A Discussion on Data Types and Structures...........cccocceevcueuriniiinnes 154
General TYPeS........ccuurriiiiiriiiiiciiccie s 154
Poirit afid VETtor TYPES ssumsmmssssismmsmnmesssmssassmsesevesmsssssmsissassrss 155
Polygon TYPes:«summsmsssmssssammmssers s mosmasiass s 156
Three-dimensional Graphics World Types...........ccccovnieurnnnncne 157
CORELOL TYPOS wossresncmsccesmenssssssprmmcessimasinsessissgaagensyssarsssvassssinsnsgapssisess 157
Basic Mathematics Functions and Macros.........c.cccccoeeievvriiincicccncnnnes 158
Comparison Functions and Macros ........ccccccereiviiiccininnncnnaes ARmm— o1
Swapping Functions and Macros .........cccooeeerurininieieeeennnceccecees 160
Power FUNCHONS. ..o 160
Pseudo-Random Number Generation Functions.............ccccevrenee. 160
Two-dimensional Vector Functions and Macros...........c.cccevvvieiiininne 161
Three-dimensional Vector Functions and Macros ............ccccuvvuvunee. 162
3 x 3 Matrix Functions for Two-Dimensional Manipulations........... 164
4 x 4 Matrix Functions for Three-Dimensional Manipulations....... 165
How the Functions Work..........ccccccciiiinniiciiciccccnssiecneee 166
Functions Involving Radians and Degrees............cccocoorurununnnne. 166
The ALG_COSD and ALG_SIND Functions ........ccccccceeeveevennnen. 168
The ALG_POWER and ALG_POWER_INT Functions.............. 168
The ALG LOG FUNCHON ....cicsessmsissasesssnsesssissssrmissusessssssosassssansssioss 168
The ALG_EXP10 FUNCHON .....viiieeieieeeceeeeeeeeeeeeeiee e 169
The ALG_SIGN FUNCHON ...oovvviiiiiiiieeeeeeceeeeite et 169

The ALG_MIN, ALG_MIN3, ALG_MIN4, ALG_MAX,
ALG_MAX3, ALG_MAX4 Functions ..........ccccevvereeneee 169
Vector and Matrix FUNCHONS ......cccoovviiiiiiiiiiiiiciiicccecccn 169

The ALG_VEC2 MAKE and ALG_VEC3_MAKE Functions ...171
The ALG_VEC2_COMPONENTS and
ALG_VEC3 COMPONENTS Functions............ccceeeueen. 171
The ALG_VEC2_AVERAGE and ALG_VEC3_AVERAGE
FUNCHONS ..o 171



VIRTUAL REALITY EXCURSIONS

The ALG_VEC2_NEGATE and ALG_VEC3_NEGATE

FUNCHONS ..veevveecireeree ettt cae et e e se e neseeenane s 171
The ALG_VEC2_DOT and ALG_VEC3_DOT Functions.......... 172
The ALG VEC2 LENGTH and ALG_VEC3 LENGTH
Functions.....ccccccceviiiiiiininnciinnnn T ——— 173
The ALG_VEC2 NORMALIZE and
ALG_VEC3 NORMALIZE Functions ........ccccceeveeevueeene 174
The ALG_VEC2 MINIMUM and ALG_VEC3_MINIMUM
PO  OMNS 5355505 50w i s i, e S S 5 0 A RS T S A 175
The ALG_VEC2 MAXIMUM and ALG_VEC3_MAXIMUM
J 230 B Tai u (0314 1- S UUUUN USSR 175
The ALG_VEC2_COMPARE and ALG VEC3 COMPARE
BunctionSsves semamimsm s ssmmssi s s s aem 176
The ALG_VEC2_COPY and ALG_VEC3 COPY Functions..... 176
The ALG_VEC2 ADD and ALG_VEC3 ADD Functions......... 176
The ALG_VEC2 _SUB and ALG_VEC3 _SUB Functions............ 178
The ALG_VEC2 LIN COMB and ALG _VEC3 LIN COMB
FUNCHONS ...ttt s 178
The ALG_VEC2_SCAL_MULT and
ALG VEC3 SCAL MULT Functions..........ccevveeveiuvennes 178
ALG VEC3_ADD SCAL MULT Functions.......c..cceeveeeiervinnnnas 179
The ALG_VEC2 MUL and ALG_VEC3_MUL Functions......... 179
The ALG_VEC2_DETERMINANT Function .........c.cecceevvvervenncnn 180
The ALG_VEC3_CROSS FUNCtion......ccoeervvmrenieimiieiireeinineesanenns 180
The ALG_VEC2_ZERO and ALG_VEC3_ ZERO Functions...... 181
Affine Transformation ROUINES ........ccevvveeveeevrervineeeeenreneeeeeeeeeenens 181
The alg_copy_4x4_matrix FUnction.........cniiinenininnnnen. 182
The alg_multiply_4x4_matrix Function..........cccoceevcievinniiinninns 182
The alg_Zero_4x4_matrix FUNCHON..........ccocuirimirinncniniiniisienes 183
The alg_identity 4x4 matrix FUnction ........cccccoeeeiieiiiiincnnnes 183
The alg_scale_4x4_matrix Function..........cccceeeevevvivncciniinnnnnne. 183
The alg_rotate_4x4_matrix Function..........ccoceeiniiinnininnienns 184
The alg_translate 4x4 matrix Function........cooeoeeveieenniincnn. 185
The alg_transform_4x4_matrix Function.........ccoeeeeeeecan. 186
Pseudo-Random Number Generation........ccccceeceeeieeiriieenieecveenveennes 187
The ALG_RAND FUNCHON ..ccovviiiieiiiiinieicccecieieescnresnsesssesessneenans 188
The ALG_RAND INT FUNCHON......coiirierieiieiresiesieneernsssenseraesnens 188
On to the Program Listings ........cccoveveiininiieiece 188
PROGRAM LISTINGS.....cotiiiiettieieiie e ereeiiecsiessiesnesenesenessasssasssaesses 188
Section 3—Database Hierarchy and Bubba...........ccccocniiiininninncrennnns 218
WOTLA OFAET ..ottt s r e eae s s s e ae e e sbesenesraesanens 218
The Features of an Ideal Database Modeler ..........cccceeeviininvcnennnne. 220
Primitive Support and Manipulation..........cccvveiiiiiinniinnnnn, 220

Object Support and Manipulation ........cccccoiiiininnciincninnne, 221



