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Course Abstract 
While VU1ual realny systems seem to hold great promtse for facthtaung the use of computers, 

actual vtrtual reahty developmentts fraught wnh dtfficulnes These dtfficulnes mclude hmned 
hardware, uncertam mterface paradtgms and the mtegrauon of vanous components and concepts 
mto a htgh-performance system Thts course addresses these and other dtfficulnes We begm 
with an mtroducnon to the VIrtual realny field, both m reference to computer graphtcs and m 
terms of the current state of the an Interface hardware wtll be surveyed, emphastzmg the perfor­
mance hmnanons of current products The human factors tmpact of the hmned mterface devtces 
wtll be dtscussed on both a theoretical and phenomenologtcallevel After selling thts back­
ground, the external destgn of a vtrtual envtronment wtll be dtscussed from the pomt of vtew of 
how that envtronmem ts expenenced by the user The objects that populate a vtrtual envtronmem 
will be dtscussed both m the abstract and through examples The tmphcauons of the mteracnve 
user mterface on system performance wtll be a pnmary focus The actualtmplementauon of the 
vtrtual envtronment wtll be addressed, dtscussmg both the software platform and the overall sys­
tem The course wtll end wnh a dtscusston of vtrtual reahty development on a budget and lessons 
learned about how to get a vtnual reality project gomg from start to a useful apphcauon 
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Speaker Biographies 
SteveB~ 

Steve Bryson 1s an employee of Computer Sc1ences Corporauon worlung under conll'llCt for the Applu:d 
Research Office of the Nwnencal Aerodynamics S1mulauon Systems DIVISIOn at NASA Ames Research Cen!er In 
thiS pDSIUOn he IS researclung the use of vtnual envuonment ICChnology m vanous fields of sc1enufic viSWihzaboo 
pnmanly the v1suaiWlllon of llu•d Row Pnor 10 thts pos~uon he worked at the NASA Ames VIEW lab develop10g 
the first fully mtegnued vtnual envuonment facdny Pnor 10 that he was one of the ong10al employees at VPL 
Research Inc a small company devoted 10 the development of vlfiWII envuonmentiCChnology 

Steve Bryson s forrnaltnwnng IS m mathemaucal phySICS and he IS most1n!Crested 10 vutual reality as a way 10 

express absll'llCt concepts and understand the real phys1cal world. He currently leaches popular adult and ch1ldren s 
classes m theoreucal phys•cs at the Cali forma Academy of Sc1ences He •s an acuve amateur muSICillll and has wnt 
ten sound trucks for sky shows at Ch1cago's Adler Planetanum 

Randy Pausch 
Randy Pausch IS an ass1stant professor 10 the Deparuncnt of Com puler Sc1ence at the Umversny of Vli'8101B H1s 

mam research 10terests 10clude human-com puler m!Crfaces computer graph1cs software env1ronments and educa 
uon He IS acuve 10 study10g vanous ISSues of human performance 10 vutual realny 

Warren Robinell 
Wnm:n Rob10cu IS a dcs1gner of IOteraCtiVe computer graph1cs software and hardware He was educated at R1ce 

Un•versny and Berkeley rece1v10g a BA 10 "Computer Applicauons 10 Language and An" m 1974 and an MS m 
Com puler Sc1ence 1n 1976 In 1978 he des1gned the A tan v1deo game Adventure the first graphocnl advemure game 
In 1980 he was co founder and choef software engonccr at The Learmng Company a publisher of educauonnl soft 
ware There he desogncd Rocky s Boots a computer game whoch teaches dognallogoc 10 II year-old choldren 

Rocky s Boots won Software of the Year awards from three magazmcs m 1983 In 1986 Rob10eu worked as a 
research scocnustm NASA Ames Research Center where he des1gned the software for the Vonual Envoronment 
Workstauon NASA s pooneenng vutual realny proJCCl In 1989 he came to the Unoversny of Nonh Carolina 10 duect 
the Head Mounted D1splay Project In 1992 he became co-dorector of the Nanomanopula10r Project 8l UNC whoch 
10terfaces a scann10g tunneling mocroscope 10 a head mounted dosplay 10 allow mocro telcopernuon at atomoc scale 
on the surface of a sample beneath the mocroscope 

AndreiS von Dam 
Andnes van Dam IS a professor of Computer Scocnce at Brown Unoversny where he has been on the facuhy 

s10ce 1965 and was one of the Department s founders and liS first Chalfman from 1979 10 1985 HIS research has 
concerned computer graphocs texl proccss10g and hyperrncdoa systems and workstauons He has been workmg for 
over 20 years on systems for creaung and read10g elccuonoc hooks • based on h1gh resoluuon mterncuve grnph1cs 
systems for usc 10 teach lOg and research He was the coordonmor of the Core graphocs smndard elTon 10 the mod scv 
enues and of the PHIGS+ defimuon group on the mod eoghues pp van Dam receovcd the B S degree from Swanh 
more College on 1960 and the M S and Ph D from the Umversny of Pcnnsylvanoa 10 1963 and 1966 respccuvely He 
helped 10 found and was an edotorofComputerGraphocs and Image Process10g from 197110 1981 and was an ed110r 
of ACM sTransacuons on Graphtcs from 198110 1986 In 1967 Professor van Dam co-founded ACM s SIGGRAPH 
The w1dely used reference book Fundamentals of lnteracuve Computer Graphocs co-authored woth J D Foley was 
publiShed by Add1son Wesley m 1982 the greatly expanded successor Computer Graphocs Pnncoples and Pracuce 
coauthored w1th J D Foley S K Feoner and J F Hughes was publiShed m June of 1990 Pascal on the Macon10sh a 
Graphical Approach co-authored woth Davod Nogu1dula was published by Addoson Wesley 10 1987 van Dam has 
authored or coauthored over 75 papers In 1974 van Dam receoved the Socoely for lnforrnauon Dosplay s Spcc1al 
Rccognouon Award and m 1984 the IEEE Centennml Medal In 1988 he receovcd the State of Rhode Island Gover 
nor's Scocnce and Technology Award and on 1990 he receovcd the Nauonnl Computer Graphocs Assocoauon s Aca 
dcm1c Award In July 1991 he receovcd the SIGGRAPH s Steven A Coons Award In May 1992 Brown Umversny 
named hom 10 the L Herbcn Ballou Unovcrsny Professor Chau He os past Chrurrnan of the Compuung Research 
Assocoauon Scmor Consul tong Scoenustm Elecuomc Book Tcchnologocs Chrurrnan of the Tcchmcal Advosory 
Board of ShoGraphocs and a member of M1crosof1 s Research ll:chmcal Advosory Board 
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Course Schedule 

1Smm Introduchon I I 
Steve Bryson 

30mm Perspect1ves on V1rtual Reahty I 2 
Andnes van Dam 

1 hour Virtual Reahty Hardware I 3 
Steve Bryson 

1Smm Break 

1 hour Human Factors ofV1rtual Reahty Des1gn I 4 
Randy Pausch 

1 S hours Lunch 

1 hour Des1gmng the V1rtual World I 5 
Warren Robmeu 

30mm Software Development Environment I 6 
Randy Pausch 

1Smm Break 

4Smm The Integrated V1rtual Reohty System I 7 
Steve Bryson 

30mm The Inexpens1ve V1rtual Reahty System I 8 
Randy Pausch 

30mm Bootstrappmg a V1rtual Reahty ProJect 
Steve Bryson, Randy Pausch, Warren Robmeu, Andre1s van Dam 
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Introduction 
Sieve Bryson 

Perspectives on Virtual Reahty 
Andnes van Dam 

Vutual Reahty Hardware 
S 1eve Bryson 

Table of Contents 

Human Factors or Vutual Reahty Des1gn 
Randy Pausch 

Designmg tbe V~rtual World 
Warren Robmeu 

Tbe Software Development Env1ronment 
Randy Pausch 

The Integrated Virtual Reahty System 
Sieve Bryson 

Poocrs 
The V~rtual Wmdtunnel 

Sieve Bryson and Creon Lev1t 
The DIStributed V~rtual Wmdtunnel 

Sieve Bryson and M1chacl Gerold Yamasaki 
Vutual Planetary Explorallon 

LewiS E Hnchner 
V~rtual Reahty on FIVe Dollars a Day 

Randy Pausch 
lmplementallon or Flymg, Scahng, and Grabbmg ID V~rtual Worlds 

Warren Robmeu 
Usmg V1rtual Menus m a V~rtual Environment 

R1chard H Jacoby and S1ephen R Elhs 
Three D1mens1onal W1dgets 

D Brookshm: Conner eL al 
lnteradl\e Shadows 

Kenneth P Herndon et al 
An Interactive JD Toolk1t ror Constructmg JD Widgets 

Robcn C Zelezn1k eL al 
A CompulniiOODI Model ror the StereoscopiC Opllcs or a Head Mounted DISplay 

Warren Rob1neu and Janmck P Rolland 
H rgh Resolullon V~rtual Reahty 

M rchael Decnng 
Measurement and Cahbrallon or Stolle D1stort1on or Pos111on Data rrom JD Trackers 

Sieve Bryson 
On Temporal Spallal RealiSm 1n Vrrtual Reahty Envrronments 

J llllldong Lumg Chns Shaw and Mark Green 
A Testbed ror Character~zmg Dynnmrc Response or Vrrtual Env1ronment Spallal Sen~ors 

Bernard D Adelslem Enc R Johnston and Stephen R Elhs 
Effects or Lag and Frame Rate on varrous trackmg Tasks 

Sieve Bryson 
A Lrst or Virtual Reahty Technology Vendors 

Randy Pausch 
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