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ABSTRACT

This booklet contains information about the Human
Interface Technology Laboratory (HITL), which was established by the
Washington Technology Center at the University of Washington to
transform virtual world concepts and research into practical,
economically viable technology products. The booklet is divided into
seven sections: (1) a brief description of virtual worlds technology;
(2) a description of HITL and how it interfaces with its parent
institutions and surrounding community; (3) a list of HITL staff,
feliows, and students, with a one—-paragraph description of the
activities of each; (4) a description of the Virtual Worlds
Consortium, which works to enhance commercial applications of virtual
worlds technology and a list of participating corporations; (5) lists
of HITL core activifies, enabling technologies, projected concept
demonstration dates, and targeted markets; (6) an order form and a
list of approximately 60 HITL technical publications; and (7)
reprints from newspaper and magazine articles about virtual reality
and HITL. A brief description of "sci.virtuai-worlds,'" a
multidisciplinary USENET newsgroup devoted to discussions of the
subject, is given on the inside back cover. (KRN)
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The Human Interface Technology Laboratory
was established in October 1989 by the Washington
Technology Centers to transform virtual world con-
cepts and research into practical, economically
viable technology products.

The overall goal of the Laboratory is to

develop a new generation of human-machine
interfaces by:

® Investigating and understanding the
fundamentals of human perception and

interaction with computers, information,
and complex sysiems.

* Pioneering new interface concepts
focusing on virtual world technologies.

* Creating and demonstrating new
applications for virtual world technology
in aerospace, medicine, education, design,
entertainment, and related fields

* Transferring advanced interface technology
and research results to industry.

@@

Human Interface Technology Laboratory
Washington Technology Centers
at the
University of Washington, FU-20
Seattle, WA 98195

(206) 543-5075 (Voice)
(206) 543-5380 (FAX)
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new interface archetype,
that of the "virtual” inter-
face, permits us to revise :
both the way we think j ; i
about computers and the : ‘
way we think with them. These inter- <12
faces allow panoramic presentations in
three dimensions to be made to the
eyes, ears, and hands of the user.
"Vintual" images presented directly to
the senses provide a participant with a e
total, global experience. The human s 1"
literally wears the computer. The partic-
ipant is surrounded by a "circumambience”
of computer-synthesized information, a spatial "world" in which the person and computer
can more effectively communicate. The operator interacts with this inclusive medium by
looking at objects, pointing his or her hands, and giving verbal commands. The medium
permits virtual objects, which appear to be real but which are virtual projections, to be
tcuched and manipulated by the participant.
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To create the "virtual world" representation of information, the virtual-display hard-
wilré components are programmed with "mindware.” Mindware is a special class of soft-
ware that takes into account the perceptual organization of the human and dynamically
Creates the three-dimensicnal sound, video, and tactile images which surround the user.

A virtual reality is not limited to a single person. Virtual worlds can be shared by two
or more participants. Each participant has the ability to custoimize the rendering to his or
her particular needs and preferences. With the addition of telecommunication links, these

worlds can be shared by many participants and at different times, creating a new medium
of communication: televirtuality.

Virtual interfaces solve many existing interface problems and empower new and
novel intertaces for teleoperation, computer-aided design, education, medical imaging,
prostheses for the handicapped, and entertainment.

Virtual interface technology provides a bold new opportunity for solving many of the
perplexing problems of interfacing human and machine intelligences. With systematic

development, virtual interfaces can be one of the greatest advances of our age, and a boon
to industry.

Human Interface Technology Laboratory



he Human interface Tachnology Laboratory was established in October 1989
by the Washington Technology Center (WTC) to transform virtual world
concepts and early research into practical, economically viable technology
and products. The Laboratory performs basic research, develops interface
technologies, and demonstrates applications for transfer to industry.

Initially, the Laboratory’s research and development program is focused on revolu-
tionizing virtual interface technologies and creating new approaches to couple our senses,
inteliect, and psychomotor capabilities with complex machines. Ultimately, this activity will
provide solutions to pervasive prcblems of information interface, in a variety of domains.

The overall goal of the Laboratory is to develop a new generation of human-machine
interfaces. This goal is expressed in the Laboratory's research agenda:

. To investigate and understand the fundamentals of human perception and
interaction with the worid, with computational machines, and with information
systems.

. To pioneer new interface concepts focusing on virtual world technologies.

. To create and demonstrate new application areas for virtual worlds
technology in aerospace, medicine, education, communication, design, and
related fields.

. To transfer advanced interface technologies to the commercial sector.

. To provide an academic environment fo train s...dents, disseminate research

findings, and provide a general resource base for the development of
human-computer interaction.

Human Interface Technology Laboratory




Washington Technology Centers

The state legislature created the Washington Technology Center (WTC) in 1983 as
a catalyst for statewide economic development. Its goal is to attract private industry and
federal research dollars to help finance commercially promising research at the state's
universities. The WTC marries research and private enterprise to produce new companies
and high-tech products. The WTC is located in the new 67,000 square foot Fluke Hall.

The WTC is producing technological developments in many areas including: ad-
vanced materials, compound semiconductors, computer systems and software, veterinary
and medical biotechnology, microsensors, and plant technology. The intellectual property
associated with these technologies is in the form of patents, copyrights, trademarks, ser-
vice marks, and trade names. The WTC's laboratories develop new prototypes and provide
the kind of applied knowledge that can lead to breakthroughs for many high-tech industries.

University of Washington

The University of Washington is the premier research institution of the Pacific North-
west, and a major contrib: tor to research and development on a global scale. For the past
20 years, the University has ranked among the top five institutions in the United States in
terms of total federal grant and contract support. With an annual enrollment of more than
33,000 students, the University provides a rich human resource base for academic re-
search. The University ranks among the top ten in the United States in many fields, and
most nu.ably in the medical and engineering sciences.

Seattle and Washington State

Consistently related "America's No. 1 City,” in terms of both livability and as a place
to do business, Seattle is well-suited to the emerging global economy. The "Emerald City,"
located on the Puget Sound, has a mild climate with great scenic beauty, cozy neighbor-
hoods, and proximity to natural areas. The region's burgeoning cultural scene and high-
tech industry are making their mark on the Pacific Rim and beyond. The local scene is
informal and friendly.

The State of Washington offers a unique blend of urban, suburban, rural, and wilder-
ness regions, with lifestyles to match. its economy, balanced arnong natural resources,
agriculture, crafts, and high technology design and manufacturing, continues to expand.
Washington's progressive politics has produced an unusual alliance between government
and business that ensures the state's continuing development into the 21st Century.

Human Interface Technology Laboratory
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VIRTUAL WOFRLDS

CONSORTIUM

Alias Research, Inc.

American Express Company
The Boeing Company

Digital Equipment Corporation
Division Ltd.

Ford Motor Company
Fujitsu Research Institute
Franz, Inc.

Insight Inc.

Kopin Corporation

Kubota Pacific Computer, Inc.
Fluke Manufacturing Co., Inc.
Microsoft Corporation

Port of Seattle

Sharp Corporation

Stratos

Sun Microsystems

US Navy

US WEST Communications
Virtual Reality Inc.

Human Interface Technology Laboratory
of the Washington Technology Center
at the University of Washington
Seattle, WA




he Virtual Worlds Consortium supports the Human Interface Technology
Laboratory as a forum for the advancement uf virtual worlds technology; for
educating professionals, students, and the general public regarding virtual
worlds technology; and for enhancing commercial applications of virtual
worlds technology.

The Virtual Worlds Consortium brings together industry, government, and academia
to turn virtual world concepts into marketable technology. As a Member of the Consortium
you will gain a strategic posture in promoting the development of an emerging technology.
More specifically, you will:

« Help guide the research and development agenda of the Human Interface
Technology Laboratory

*  Bein touch with emerging research through two working meetings each
year

« Raceive a semi-annual Consortium newsletter, timed for publication
between working meetings, that includes news of the field, research-in-
progress, and other items of interest

* Have prepublication access to the Laboratory's research findings

* Beable to recruit from our corps of gradiuate students who are directly
involved in the development of virtual worlds technology

«  Pinpoint areas of research specific to your strategic needs and contract
with the Laboratory for their investigation

- Be informed of technological accomplishments of a non-proprietary
nature as they occur, for possible commercialization of inventions and
novel processes

« Bein the company of other organizations and professionals similarly
interested in the emerging field of virtual worlds technology

«  Work side-by-side with Laboratory personnel scientists and engineers as
Industry Fellows and Associates

Membership in the Virtua! Worlds Consortium costs $50,000 per year. Annual
sponsorship fees are pooled to support selected research projects at the Laboratory.
Berause Members have access to the research and development of virtual worlds technol-
ogy at its initial stages, they enjoy a competitive advantage as they transfer VR applications
into the commercial environment.

o
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Staff

Thomas A. Furness III, Ph.D., Director. Dr. Furness brings to the Human Interface Technology
Laboratory 23 years of virtual world research experience with the U.S. Air Force. Prior to founding the
Laboratory, Dr. Furness was Chief of the Visual Display Systems Branch, Human Engineering Division of
the Armstrong Aerospace Medical Research Laboratory (AAMRL) at Wright-Patterson Air Force Base,
Ohio. His staff of 50 government and contractor scientists, engineers, and technicians pioneered advanced
interface concepts for fighter aircraft including the Super-Cockpit, a virtual cockpit that the pilot wears.
This system created a three-dimensional visual, aural, and tactile world enabling pilots to operate
complex aircraft with natural hand and eye movements and voice control.

Dr. Furness is a Professor in the Department of Industrial Engineering at the University of
Washington, where he conducts classes in human factors and the design of virtual world technology. Dr.
Furness holds a Ph.D. in Engineering and Applied Science form the University of Southampton, England.

Colin Bricken, Software Engineer. Mr. Bricken received his B.A. in General Art from the
University of Washington in june, 1992. His current project involves implementing the Universal
Motivator, an evolving interface to V.R. that includes a V.R. database and dynamics specification, 3-D
light and sound rendering, and midi drivers.

William Bricken, Ph.D., Principal Scientist. Dr. Bricken was formerly Director of the Autodesk
Research Laboratory, where he led the development of Cyberspace, Autodesk's CAD application of virtual
world technology. He was also Principal Scientist at ADS, where he pioneered the development of high
performance inference engines, visual programming languages, and intructable interfaces. Dr. Bricken holds
a Ph.D. in Research Methodology and an M.S. in Statistics from Stanford University, and a Dip.Ed. from
Monash Unviersity. He has taught at all levels, including principal of an innovative primary school and
an Assistant Professor of Social Psychology of Education.

Robert Burstein, Research Engineer. Mr. Burstein manages the Laboratory facilites and plays a
major role in the fabrication of virtual-worlds presentation hardware. He holds a B.S.E.E. from the
University of Dayton and has contributed to other pioneering WTC enterprises, including most recently the

Materials Fabrication Laboratory. Mr. Burstein is a trained musician who works on synthetic generation of
three-dimensional sound.

Marc Cygnus, Research Engineer. Mr. Cygnus received his B.S. degree in Computer Science from the
University of Delaware in 1991. He is currently pursuing his M.S. in Industrial Engineering (Human
Factors) and working on biomedical projects involving the development of input devices utilizing
biopotentials at the HIT Lab.

Ann Elias, Program Support Supervisor. Ms. Elias coordinates the Laboratory's administrative
activities. She has worked with local high-tech firms in the Seattle vicinity, been involved in Northwest

politics as a campaign manager, and is an active fundraiser for the arts community. Ms. Elias holds a B.S.
from Oregon State University.

Alden Jones, Program Assistant. Ms. Jones received a B.A. in Art History and English from the
University of California at Santa Barbara and then worked in the design and museum fields and the film
industry. She coordinated the Lab's most recent Industry Symposium on Virtual Worlds Technology and is
currently working on the Lab's next issue of the HIT Lab Review.

Arthur Kerr, Business Manager. Mr. Kerr received his B.S. in Mathematics and Mechanical
Engineering from the United States Air Force Academy in Colorado, his M.B.A. from Harvard University
Graduate School of Business Administration and completed post-graduate studies at the Royal College of
Defense Studies in London. Prior to his work at the HIT Lab, Mr. Kerr directed national-level
communications programs in the Air Force, and supervised international sales in Cairo, Egypt. He also
taught on the faculty of the Air Force Academy and managed development, test and evaluation activities
on the Airborne Waming and Control System (AWACS) in Seattle.
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Brian Karr, Research Engineer. Mr. Karr has a B.S. from Evergreen State College. His degree is a
combination of Physics and Computer Science. Mr. Karr has two years of graduate studies in the E.E. Ph.D.
program at the University of Washington. His past VR experience includes designing and building a system
that converts motion into musical instrument contol data (MIDI). He is presently researching 3-D (spatial)
sound and developing applications for demonstration and res:arch for inclusion in virtual worlds.

Joel Kollin, Research Engineer, Optical Systems. Mr. Koliin is responsible for the development of
new Virtual Worlds display technology as well as other optical systems at the Lab. He holds a M.S. from
the MIT Media Laboratory, where he pioneered research on Holographic Television, and a BS.E.
(Electrical Engineering) from the University of Michigan. At KMS Fusion, he worked on interferometry
systems for laser-plasma interaction experiments and conducted design studies for a Real-Time
Holographic Stereogram Display. Mr. Kollin has also worked on short-term projects for the Polaroid Corp.
and the Industrial Technology Institute.

Andy MacDonald, Research Engineer. Mr. MacDonald is the primary systems administrator at the
'HIT Lab. He graduated from M.LT. in 1988 with a degree in Mathematics and Computer Science and his
current interests include distributed computing and artificial life.

Kymerie Riggs, Administrator, Virtual Worlds Consortium/Administrative Assistant. Ms. Riggs is
currently administrator of the Virtual Worlds Consortium, a corporate enterprise committed to the research
and development of virtual worlds technology. Her other duties involve proposal/funding support,
administrative details, public relations, and coordination of the graduate and undergraduate student

activities at the Lab. Ms. Riggs has a B.A. in English and a B.A. in Communications from the University of
Washington.

Suzanne Weghorst, Research Scientist. Ms. Weghorst brings a combination of expertise in computer
science and behavioral science to her work. Her most recent project, with the Department of Radiology at
the University of Washington Medical Center, evaluated the clinical acceptability of a comprehensive
computer system for acquiring, storing, and displaying digital images. She holds an M.A. in Psychology
from the University of California at Riverside and an M.S. in Computer Science at the University of
Washington. Her thesis examined user perception of graphical interface displays.

Industrial Fellows

Ben Childers, Orbis International. Mr. Childers received a B.S. in Environmental Design from
Texas A&M University in August of 1990. During the past two years he has been involved with Orbis
International in the design of their new DC-10 Flying Eye Hospital. He is now using graphic imaging and

animation, which was used to help in the design of the DC-10, to help design an eye surgery simulator and
teaching aide to be deployed on the DC-10.

Bernard Ulozas, Ph.D, US Navy, Training Specialist, Navy Personel R&D Center. Dr. Ulozas
received a Doctor of Arts degree in History and Curriculum Development from Carregie-Mellon University
in 1980. He began work as an Education Specialist with the U.S. Navy at Service School Command, Great
Lakes, Illinois and managed the Curriculum and Instructional Standards Office. He later established and
directed the Training Department at the Naval Ship Systems Engineering Station in Philadelphia, PA.
Presently Dr. Ulozas is working at the Navy Personnel Research and Development Center in San Diego, CA
and is an industrial fellow at the HIT Lab. His research efforts include development of interactive

courseware, intelligent tutoring systems and virtual environments for the U.S. Navy Damage Control
personnel.
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Students

Chris Byrne, Research Associate. Ms. Byrne received a BS. in Industrial Engineering and
an M.S.E. in Design of Experiments aad Quality Control from the University of Washington. She
spent four years working for US West and is currentiy pursuing her Ph.D. in Industrial Engineering.
Her interests include using virtual reality for holistic solutions to engineering problems. Ms. Byrne
is working on the development of the education project at the HIT Lab.

Geoff Coco, Research Assistant. Mr. Coco received a B.S. in Computer Science from
Dartmouth College and then worked in ine field of Graphics Application for Apple Computers. He
is currently pursuing an M.S.E. (Human-Computer Interaction) at the University of Washington
while working at the HIT Lab designing the Virtual Environment Operating System.

Paul Danszt, Research Assistant. Mr. Danset graduated in 1981 with a B.S. in Physics and
is currently a graduate student in the Electrical Engineering Department at the University of
Washington. He has ten years work experience in software and hardware, primarily in a research

environment. His research interests include signal processing and pattern recognition applications
to VR.

Fernando Diaz, Student Aide. Mr. Diaz completed a Computer Information Systems
curriculum at the University of Alaska in 1984. Additional studies included cognitive psychology,
philosophy, management information systems. Mr. Diaz completed an engineering internship at
General Electric Aerospace Division and was System Administrator at the Sony Advanced Video
Technology Center. Currently, Mr. Diaz is pursuing a B.S. in Computer Science & Cognitive Science
at the University of Washington. His degree program includes research in software tools for
virtual world design at the HIT lab.

Toni Emerson, Lab Associate, Ms Emerson has a B.A. in Drama and a B.A. in Spanish
Literature from the University of Washington. She expects to receive a Masters of Library Science
in the Fall of 1992, and plans to pursue a Ph.D in Library and Information Science. Ms. Emerson is
our HITL "Cybrarian” and high-tech information gatherer on the internet and various commercial
databases. She wants to specialize in the creation of multi-media information systems (specificaly
virtual information systems) and hopes that her research will help to empower the end-user

Daniel Henry, Research Assistant. Mr.-Henry received a B.A. in Architecture from the
University of Berkeley focusing primarily on the understanding of human behavior in space design.
For several years he developed interactive computer animation for kiosks and expositions. Mr.
Henry's work in the Laboratory involves helping enrich the existing Virtual Worlds using Swivel
3-D for modeling and Body Electric for interactive programming,.

Ari Hollander, Research Assistant. Mr. Hollander received his B.A. in Astrophysics from
the University of California at Berkeley in 1991. He is currently pursuing his M.S. in Industrial
Engineering at the University of Washington and working on position sensing at the HIT Lab.

Jeff James, Research Assistant. Mr. James received a B.S. in Psychology and a B.S. in
Electrical Engineering from the University of Illinois at Urbana-Champaign. He is pursuring his
M.S.LE. and working on extending boundary mathematics into visual programming.

Karen Jones, Research Assistant. Ms. Jones has a B.S. in Industrial Enigeering from the
University of Washington and is currently in the M.S. Engineering program. She has worked on
evaluating eye tracking devices for the laboratory for further research and is working on
developing manufacturing applications for VR.

1




Dav Lion, Research Assistant. Mr. Lion attended Brown University where he majored in
both Studio Art and Computer Science. He helped design and is now currently writing the Virtual
Environment Opvrating System for the HIT Lab. Mr. Lion is also pursuing an M.S.E. (Human-
Computer Interaction) the University of Washington. :

Max Minkoff, Research Assistant. Mr. Minkoff received an Information Systems degree
from Drexel University in Philadelphia and spent two years working in industry on microcomputer
user support. He is currently pursuing his M.S. in Industrial Engineering at the University of
Washington. Mr. Minkoff is developing world-building tools for the Virtual Environment
Operating System at the HIT Lab.

Daniel Pezely, Lab Associate. Mr. Pezely completed a B.S. in Computer Science with a
Philosophy minor at the University of Delaware and has worked in the computer industry as a
programmer and consultant since the age of 15. He attributes his CAD experience, his fascination
for telecommunications and his artistic abilities to his help in developing the Virtual Environment

Operating System.

Daniel Pirone, Lab Associate. Mr. Pirone has a B.S. in Computer Science from the
University of Delaware and has worked in the ficld of Artificial Life. After working in a robotcs
lab at Hewleit Packard, he was invited to study at the Santa Fe Institute. He is planning to pursue
an M.S.E. (Human Computer Interaction) at the University of Washington while working at the
HIT Lab designing tools for the Virtual Environment Operation System.

Jerry Prothero, Research Assistant. Mr. Prothero received a B.S. in Physics and Computer
Science from the University of Washington. He expects to receive his M.S. in Industrial
Engineering in 1993. His projects at the lab include 3D graphics and bio-medical visualization.

Jesus Savage, Research Associate. Mr. Savage graduated in 1984 with a B.S. in Computer
Engineering and a M.S. in Electrical Engineering in 1990 from the National Autonomous University
of Mexico. Mr. Savage, a Fulbright Scholar, is currently pursuing his Ph.D. in Electrical

Engineering at the University of Washington. His project involves researching voice recognition for
inclusion in virtual worlds. .

‘Mark Takacs, Research Assistant. Mr. Takacs received his B.S. in Computer Science from
Miami University in Oxford, OH in 1991 and is currently pursuing his M.S. in Industrial
Engineering. His interests include multiple participant virtual worlds and body icons.

Kevin Welton, Research Associate. In 1977, Mr. Welton graduated summa cum laude from
U. of California's Davis campus with a B.S. in Agricultural Engineering. Next came a 14 year stint
with Weyerhaeuser conducting research and doing prototype equipment development to improve
log and lumber process systems and equipment. His primary roles covered that of project manager,
staff engineer, and computing specialist; his primary technical foci included EE R&D and design,
and operations research. Mr. Welton is now working towards a PhD in EE. At the HITLab, his focus

is on Head Up Display hardware, and on how to improve the user's perception that the viewed
virtual objects are part of the real world.

Ryoko Williamson, Student Aide. Ms. Williamsnn expects to receive an interdisciplinary
BS. degree in Cognitive Science with an emphasis on computer-human interface in December 1992.
Her research interests at the HIT lab include human factors issues and cognitive aspects of V.R.
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HITL TECHNICAL PUBLICATIONS

The Human Interface Technology Laboratory has produced a list of technical publications
that are available to the public for a nominal fee. All publications are authored by HIT Lab
staff, with the exception of the video “Welcome to Virtual Reality,” which was produced by
US West Communications Corporate Television Division. The cost for each are as follows:

Memorandums $5.00
Reports : $10.00
Presentations $10.00
Videos as noted

To order any of the following publications, please fill out the order form below and mail
with check payable to the Human Interface Technology Laboratory to:

Kymerie Riggs

Human Interface Technology Laboratory
University of Washington, FJ-15
Seattle, WA 98195

Please note: Publications will not be mailed until check has been received

HITL Technical Publications Order Form

Name:
Company:
Address:
City/State/Zip:

ID Number Title Cost

Total $

© 1992 Human Interface Technology Laboratory 12/4/92




MEMOS: $5.00

D TIMLE AUTHOR PAGES

M-86-1 The Super Cockpit and Human Factors Challenges Thomas Furness 5

M-88-1 Harnessing Virtual Space Thomas Furness 4

M-89-1 Configuring Virtual Space for the Super Cockpit Thomas Furness 7

M-89-2 Inventing Reality Meredith Bricken 8

M-89-3 Creating Better Virtual Worlds Thomas Furness 4

M-89-4 Virtual Places: Strolling the Electronic Robert Jacobson 11
Neighborhood

M-90-1 Televirtuality: "Being There” in the 21st Century Robert Jacobson 16

M-90-2  Virtual Environment Operating System: William Bricken 8
Preliminary Functional Architecture

M-90-3 Human Interface Technology Laboratory William Bricken 5
Research Agenda

M-90-4 A Description of the Virtual Reality Learning Meredith Bricken 3
Environment

M-90-5 Learning in Virtual Reality William Bricken 6

M-90-6 Virtual Keality, As Unreal As It Gets William Bricken 3

M-90-7 Extended Abstract: Complexity, Ambiguity, Meredith Bricken 2
and Learning in FiberSpace

M-90-8 The Virtual Conference Room: A Shared Meredith Bricken 4
Environment for Remote Collaboration

M-90-9 Building the VSX Demonstration: Operations with Meredith Bricken 2
Virtual Aircraft in Virtual Space

M-90-10  Extended Abstract: A Formal Foundation William Bricken 4
for Cyberspace

M-90-11  Coordination of Multiple Participants William Bricken 5
in Virtual Space

M-90-12  Virtual Worlds, Inside and Qut Robert Jacobson 13

M-91-1 Inclusive Virtual Reality Demonstrations Meredith Bricken 7

M-91-2 Bringing Virtual Worlds to the Real World: Robert Jacobson 12

M-92-1 VEOS Design Goals William Bricken 3

M-92-2 A Boundary Notation for Visual Mathematics Jeffrev James 3

© 1992 Human Interface Technology Laboratory 12/4/92
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REPORTS: $10.00

ID TITLE AUTHOR PAGES
R-86-1 Putting Humans Into Virtual Space Thomas Furness 16
R-86-2 A Deductive Mathematics for Efficient Reasoning William Bricken 38
R-86-3 A Simple Space William Bricken 30
R-87-1 Designing in Virtual Space Thomas Furness 18
R-89-1 An Introduction to Boundary Logic William Bricken 68
with the Losp Deductive Engine
R-90-1 Virtual Reality: Direction of Growth William Bricken 16
R-90-2 Virtual Worlds: No Interface to Design Meredith Bricken 15
R-91-1 Two-Dimensional Audio Windows: Michael Cohen 55
Conferences, Concerts, and Cocktails
R-91-2 Inclusive Biomedical Visualization Suzanne Weghort 10
R-91-3 Gaze in the Human Interface William "Joey"” King 19
R-914 The Design and Implementation of LPmud: Johan Andersson 25
Implications for VR Technology
R-91-5A  Design and Implementation of the D. Pezely, M. Almquist 53
Meta Operating System and Entity Shell M. Evenson, W. Bricken
(specs omitted)
R-91-5B  Design and Implementation of the D. Pezely, M. Almquist 81
Meta Operating System and Entity Shell M. Evenson, W. Bricken
(specs included)
R-92-1 Summer Students in Virtual Reality: Meredith Bricken 12
A Pilot Study on Educational Applications Chris Byrne
of VR Technology
R-92-2 Spatial Representation of Elementary Algebra William Bricken 16
R-92-3 The FERN Model: An Explanation with Examples Max Minkoff 14
R-924 The Design of TopoSeattle Daniel Henry 5
R-92-5 Combination of Two Methods for Jesus Savage 7
Isolated Word Speach Recognition
R-92-6 Using Large-Scale Operating Systems' Designs Daniel Pezely 11
for an Eclectic Design
R-92-7 MIVE: Multi Interfaced Virtual Envircrments Johan Andersson 42
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PRESENTATIONS: $ 10.00

D TIMLE AUTHOR PAGES

P-90-1 A Vision of Virtual Reality William Bricken 41
(copy of overhead transparencies)

P-90-2 Exotic (but available) CAD Wiiliam Bricken 31
(copy of overhead transparencies)

P-90-3 Boundary Logic (boundary implementations) William Bricken 65
(copy of overhead transparencies)

P-904 Software Architecture for Virtual Reality William Bricken 56
(copy of overhead transparencies)

P-91-1 HIT Lab Overview and Projects Staff 56
(copy of posters)

P-91-2 HITL Symposium Presentation Slides Staff 55

P-91-3 A Calculus of Creation Meredith Bricken 22

P-91-5 Virtual Reality Learning Environments: Meredith Bricken 7
Potentials and Challenges

P-91-6 Gender Issues in Virtual Reality Technology Meredith Bricken 1

VIDEOS

D TME AUTHOR COSTS

V-91-1 Welcome to Virtual Reality Staff $50.00

V-91-2 Industry Symposium on Virtual Worlds Staff $500.00
Technology (5 tapes)

V-92-1 Discovering Virtual Reality Staff $25.00

(PSC Technology Camp)

© 1992 Human Interface Technology Laboratory
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VIRTUAL REALITY AND ONLINE
DATABASES: WILL “LOOK AND
FEEL” LITERALLY MEAN
“LOOK” AND “FEEL"?

Virtual reality transforms data into
things vou can see, feel. and even
touch. The implications for new
insights and new perspectives are huge.

~—Christopher Barr (1]

Virtual reality (VR) has become a
buzzword in the media of late. For
those who may not have heard about
it, VR involves technologies that
promise to revolutionize the human-
computer interface, as well as the way
we search, display, and assimilate the
information we have stored in
databases.

By donning VR’s “goggles-and-
glove” hardware, you enter a three-
dimensional world generated from
real-time computer graphics. The
goggles or head-mounted displays
(HMDs) conuain two, tiny video mon-
itors that immerse you in a 3-D virtual
world. The glove allows you to use
natural, pointing gestures to navigate
your way through this virtual world,
manipulate objects, and receive tactile
feedback. Earphones in the HMD
transmit three-dimensional sound.
While state-of-the-a=t VR hardware
looks a bit like a S.C.U.B.A. mask and
glove, the trend for the future will be
hardware that is less intrusive.

Although VR is still in its infancy, it
is likely to become the ultimate
multimedia computing experience.
Virtual reality game arcades already
exist. VR’s potential in the areas of
architectural design, medical imaging,
and saentific visualization are gaining
acceptance. The benefits of being able
to walk through a building and change
things during the design phase,
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by Carmen Miller
Carmen Miller Resources

superimpose an X-rav over a patient in
surgery, or manipulate molecular
models when testing drugs are
obvious to people working in those
areas. You can do all of these things
and much more in virtual reality.

I first heard about virtual reality a
few years ago from Steve Cisler. Apple
Computer Senior Scientist and former
MAc MONITOR columnist for this
journal. He mentioned that a labora-
tory to develop this technology had
opened up at the University of
Washington, which is literally in mv
backyard. When Steve described how
you couid move through a virtual
world using your own gestures, I
dismissed the technology outright.
Since I am one of those people who
gets lost easily in the real world. I
assumed I would get lost just as easily
in a virtual world. This sounded like a
technology with limited appeal, at
least for those of us who don't have a

high degree of spatial and visual
awareness.

WHAT CAN WE LEARN FROM
ARTISTS?

I ignored most of the VR media
hype until the spring of 1992 when I
heard Dr. Thomas A. Furness III speak
to a group of special librarians. Dr.
Furness is Director of the Human
Interface Technology Laboratory (HIT
Lab), the lab that Steve Cisler had told
me about a few vears earlier. Dr.
Furness’ lecture had an intriguing title,
“Virtual Museums, Knowbots and the
End of Steelcase,” and his enthusiastic
delivery surpassed my expectations.

In addition to showing slides of the
high-tech world of virtual realitv. Dr.

2U

Furness incorporated slides of his own
portrait drawings into his presenta-
tion. The drawings were from a class
he and his wife had taken which was
based on the principies of Bettv
Edwards’ book. Drawing on the Right
Side of the Brai :

By studving this book. vou will
learn how to see. That is. vou :will
learn hoiw to precess visual infor-
mation in the special way nsed by
artists. That way is different trom the
wav vou usually process visual
information and seems to requure that
you use vour brain in a different oy
than vou ordinarily use it (2].

If vou are one of those people who
thinks he can’t draw, buy this book.
Don’t just read about the exercises. Trv
them. After just a few exercises vou
will probably realize vou are using a
different part of vour brain, a part that
you don’t ordinarily tap into. I guaran-
tee you will be amazed at how these
exercises can change vour perceptions
and expand vour awareness. not to
mention teach vou how to draw.

THE ORIGINS OF VIRTUAL
REALITY

The premise of virtual interface
technology at its most basic level
seems obvious. We live in a three-
dimensional world. However, in order
to convey information about this
world, we translate it into two-
dimensions such as words and
symbols. Then we have to translate
this 2-D information back mto 3-D, at
least in our own minds. in order to use
it in the real world. Why not speed up
the learning process by elimmnating the
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intermediate 2-D translation wherever
pussible? N

Thus 1~ a radical idea. particulariy for
tolks in the miormation mdustry who
tend to be verballv-onented. We have
become ~0 accustomed to poring over
hundreds o pages ot downloaded text
and numbers to glean a tew relevant
facts. that we toreet that ondy the most
highiv motivated have the inclination
or patience to gather intormation in
this way. The obstacle to selling data to
the end-user is not merely the inter-
face. The presentation of the data
could do with some sprucing up.

However, there is a far more impor-
tant and pressing issue here than a
convenient interface for accessing
information or displaving it in a pretty
package. Who among us can deny that
we have reached the point of infor-
mation overload? Granted. with all of
this information literally at our
fingertips, participants in the online
information industry might be the worst
of the information junkies. Am [ alone
when [ sav | read more than almost
anvone | know? Just reading e-mail can
become a full-time job if vou're not
carerul. The point is, we have just about
reached the limit of the amount of
information we can assimilate rless we
change the way we thiuk.

User interfaces and computer tech-
nology . . . are part or an coolutionary
pracess. Desigus thar work ciauge the
ivay e tink.

~—Dun Norman (4]

. This was preciselv the problem Dr.
Furness was faced with solving when
he was director ot the Surer Cockpit
program at \Wright-Patterson Air Force
Base, where he worked prior to
starting the HIT Lab. The amount of
information fighter pilots had to
assimilate from the cockpit’s radar,
instruments. and command communi-
cations had become too much. The
slightest error by a pilot who was
fighting G fo:zes while flving one of
these expensive machines through
enemy territorv could make for a very
bad dayv! The solution was a virtual
cockpit that gives the pilot back his
three-dimensional capability: it uses
audio, visual, and tactile feedback to
transmit information to him.
Experienced pilots loved it, and it
tumed out to be an incredibly fast and
efficient means of teaching new pilots

to flv. This was the first application of

virtual interface technology.

VIRTUAL REALITY AND ONLINE
So what does virtual reality have to
do with the online industry? Virtual
interface technology may well be the
means by which we interact with
databases in the future. Instead of
being limited to a kevboard that we
use to “dialog” with the computer, i.e,
type in commands, keywords,
numbers or menu options, our body
and all or most of its senses may be the
central component of the intertace.

I belicve that conversation is the wrong
model for dealing with a computer—a
model that misleads inexperienced
users and invites even experienced
software designers to build hard-to-use
systems. When you are interacting
with a computer, you are not
conversing iwith another person. You
are exploring another world.

—Johu Walker {3)

Virtual worlds technology may
provide a kev to assimilating complex
information stored in databases.
Instead of displaying the results of a
database search on a screen, we may
be able to step “through the looking
glass” [3] and immerse ourselves in
the data. This presentation of data
could take advantage of all of our
senses.

FROM SKEPTIC TO TRUE
BELIEVER

At the end of Dr. Furness’ lecture, |
asked a question. Since most of the
applications of this technology that I
had heard about seemed to have
something to do with manipulating
physical realitv, I wondered if there
were other types of applications.
Being a business information
specialist, I specificallv asked if there
were applications that someone like a
stockbroker or accountant might use.

Dr. Furness gave an example that |
have since come across in the litera-
ture. I think it is a particularly good
example and warrants repeating. He
explained that virtual reality is well-
suited to representing complex
numeric cata. For example, vou could
portray the stock market as a wheat
field, with each stalk of wheat rep-
resenting a different stock. Price
fluctuations or other factors could be

2L

portrayed by the stalks growing and
shrinking. You could literally walk
through this virtual field of real-time
stock data.

Do any of you who read the stock
market pages or search stock market
data in online databases agree that
this is an amazing application?
Personally, I follow about fifteen to
twenty stocks. That's really about my
limit. However, if I had a 360-degree
view of this data represented
pictorially and in three dimensions, I
am certain [ could follow many more.
Obviously, this type of representation
would also 'make it much easier to
identify patterns and trends. While
some would argue that you can do
almost the same thing on a computer
screen, [ take exception to that. I think
that the 360-degree field of vision and
being abie to interact with the data in
a three-dimensional virtual world
make all the difference.

This example made me a convert. |
do believe this technology has enor-
mous potential to change the way we
think and learn. [ also think it has
enormous implications for the online
industry. We are the keepers of huge
amounts of data, which will be crucial
informationin virtual worlds.

This example also prompted me to
request an interview with Dr. Furness.
Read on to find out about the
activities of the HIT Lab, how online
information companies can participate
in this emerging industry, and what it
all may mean for the future of online
databases.

REFERENCES
[1] Bart, Christopher. “Virtual Reality
Goes Mainstream.” PC Magazine (April
28, 1992): p. 32.

[2} Edwards, Betty. Drawing on the
Right Side of the Brain. jeremy P,
Tarcher, Los Angeles, p. 3.

{3] Walker, John. “Through the Looking
Glass” in Brenda Laurel (ed.), The
Art of Human-Computer Interface
Design. Addison-Wesley, Reading,
Mass., p. 443.

{4] Rheingold, Howard. “An Interview
with Don Norman” in Brenda Laurel
(ed.), The Art of Human-Computer
Interface Design. Addison-Weslev.
Reading, Mass., p. 8.
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‘e . . ONLINEINTERVIEWS
. DR.THOMAS A. FURNESS I,
VIRTUAL REALITY PIONEER

(Author’'s Note: This is a recorded inter-
view with Dr. Thomas A. Furness III,
Director of the Human Interface
Technology Laboratory, a division of the
Washington Technology Center located on
the University of Washington (Seattle,
WA) campus. This interview took place
on May 27, 1992. —CM)

CLM: Let's begin with the terms
“virtual reality,” “virtual world,” and
“virtual interface.” Could you give
brief definitions?

TAF: Sure. First of all, let me explain
what a “virtual image” is. “Virtual”
comes from a term in optical physics
that describes the type of image that
vou see from a particular location in
space where there :s no object in that
location. For example, when vou see
a reflection 1n a mirror, vou see a
person that’s on the other side of the

14 ONLINE November 1992

glass looking through, but there is no
actual person there on that other side

of the glass. That is what we call a
virtual image.

Virtual reality is an
envircnment that you
create using a
combination of visual,

auditory and tactile
images...

What can be created with virtual
displays are not onlv visual, but
auditory and tactile images—things
that you see, things that vou hear,
things that vou feel—that appear to be

coming from a location 1n space. but.

¢
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“VSX Demo” is a
project the HIT Lab
did in conjunction
with Boeing
Computer Services.

aren't really there. The beauty of this is
that with image projectors you can
project this into your eye so that vou
can surround yourself with these
images without taking up a lot of space.
It's projected in 3-D; you have separate
images going into each eye, which
gives you a stereographic-type display.
Virtual reality is an environment that
you create using a combination of
visual, auditory and tactile images so
that it becomes an alternative, sort of an
artifical, environment or reality. We call
ita “reality” because you perceive it as if
itis a world. It's just like vou're walking
into another world, and you're per-
ceiving it as if it becomes reality itself,

CLM: Is “virtual reality” synonymous
with “virtual world”?

TAF: Well, it's verv difficult to denne
all of these terms, but we've denned




what a virtual image is. The world that
vou create or what you perceive is the
medium—the virtual medium that
creates virtual images for vour eyes
and ears and hands. But then the
message that is in that medium is what
we call an “environment,” e.g., 2 room
with chairs and tables and objects in it.
Now, in that regard. “virtual environ-
ment” and “virtual reality’ are the
same thing. The “virtual world” is the
modei that you are playing inside of.
So, basically, “virtual world,” “virtual
reality” and “virtual environment” are
the same thing.

Then there’s another term called
“cyberspace.” We define cyberspace
as a network of people who are
linked together to form a virtual
community. This is where people
come together in a virtual place, like
a real place, only it doesn’t exist
anywhere. Yet all these people from
different geographical locations are
coming into this one space and
interacting with each other as if it
were a real place. This is what we call
a “virtual common,” and the linking

of people together this way is
“cyberspace.”

CLM: Dr. Fumness, would you give me
a brief summary of your background?

TAF: After graduating from Duke
University in Electrical Engineering in
1966, 1 started working for the
Department of Defense, Department of
the Air Force at Wright-Patterson Air
Force Base. [ was an officer in the Air
Force for five years, and then I
converted to civil service. I worked at
Wright-Patterson for 23 years.

It was there that I became involved
with virtual interfaces, primarily
trying to solve problems of how
humans interact with very complex
machines, 11 this case, f: ;hter airplane
cockpits. I was trying to build a
cockpit that the pilot wears, that would
directly input information into the
senses—visual, auditory, and tactile
senses—thus enabling the pilot to
more effectively interact with the
world. This was a three-dimensional
presentation that took advantage of

[l £ Dol atasttatin
g o

the way humans are organized. I
worked on this technology until 1989.

CLM: How did you make the transition
to the Human Interface Technology
(HIT) Lab?

TAF: In 1986 the Air Force asked me to
hold a news conference about the
work we were doing in VCASS
(Visually-Coupled Airborne System
Simulator) on the virtual cockpit. This
was about the time that the Navy had
these $800 toilet seats and $500
hammers, and the military needed
something good to relate. I guess they
felt that our work would help out. We
did a news release and David Martin,
the CBS Pentagon correspondent for
Dan Rather, spent all day in our lab,
and we ended up on the “CBS Evening
News.” After the segment we were
inundated with calls from the press.
NBC came in, and then ABC, BBC,
CBC, and Australian television and
New Zealand television. Nova came in
and did “Top Gun and Beyond.” Then
came Newsweek and U.S. News and

“Virtual Seattle” (top left)
demonstrates the viewing and
movement capabilities of virtual reality,
allowing bott: flying and instantaneous
changes of perspective.

“Planetscape” (bottom right} is a
virtual world created by children at the
Pacific “~ence Center’s Technology

Dayc. ring the Summer of 1991.

-
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World Report, the New York Times,
Washington Post, all the trade journals.
We didn't get any research done after
that. We just did show business.

1 also started getting phone calls
from people around the country who
had seen these programs on tele-
vision. | got a call from a mother
whose child had cerebral palsy, and
she asked if there was anything this
technology could do to help her
child. I got a call from a surgeon who
was trying to perfect a new surgical
procedure, and he wanted to be on
the inside looking out, rather than on
the outside looking in. Another
surgeon, a thoracic surgeon, was
interested in how he could project the
X-ray into the patient and use that as
a navigational system to find his way
around the pati>nt. A firefighting
company called and wanted to know
how this technology could be used to
build a display for firefighters to use
when they were goi.g into burning
buildings to show where the firemen
were located so that the fire chief on
the outside could direct them. An
anesthesiologist called and wanted to
know how he could use the tech-
rology to monitor patients and see all
the vital signs and other information
concurrently. In answer to all of those
questions, I said, “Well, yes, you can
do that. As a matter of fact, it would be
sort of easy compared with what I've
beeri working on!”

Our main objective is
to empower humans
through building better
interfaces between
them and computing
machines.

CLM: Was it this interest from the
private sector that made you decide
to move out of ie military
applications?

TAF: Yes. That's when I started
looking around and realizing we were
on to something really wonderful in
terms of better interfaces between
humans and computers. So [ started
formulating a plan to start a national

laboratory which would transfer the
technologies we had been working on
in the DoD to the private sector where
they could make a difference.

I put together a plan and shopped
around the country for a place to put
this lab. I went to a number of
universities including MIT, Carnegie
Mellon, University of Texas, University
of Utah, Berkeley, Stanford, and so
forth, and ended up here at the
University of Washington. I came to
Washington because | was given the
opportunity to work on the technology
from an academic side as a tenured
faculty member in the College of
Engineering; and from a business side
as a director of a new laboratory that
was part of the Washington Tech-
nology Center. The Center is an
industry-oriented laboratory and it's
ecumenical—it isn’t associated with or
locked into one department. That
means it can be an interdisciplinary

gram with a mandate to build from
a multifaceted agenda. That's what |
want to do—not just write papers and
crank out graduate students.

1 started the HIT Lab in September
1989—one person, no furniture, no
equipment, and $250,000 in the bank
from the state of Washington. Now,
mind you, I left a laboratory that was
the best in the world. I had 62 people
working for me and a budget of around
$12 to $13 million a year, not counting

the people. I basically wiped the slate
clean and started all over again.

CLM: What are the objectives of the
HIT Lab?

TAF: Our main objective is to empower
humans through building better
interfaces between them and computing
machines. We focus on five areas to
enable this empowerment to take place:

1) accelerating learning
2) enhancing creativity

3) extending our ability to commu-
nicate with each other from a muiti-
sensory standpoint

4) providing a means for rapid
information assimilation in jobs that
need it, e.g., air traffic control and
flying airplanes

5) recapturing “lost world” citizens—
ones who are unable to interact
because of phyvsical disabilities or
cognitive disabilities or illiteracy.

23

FIGURE
Virtual Worlds Consortium
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Virtual Reality, inc.
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CLM: How is the HIT Lab funded?

TAF: We basically have four sources of
funding. The state of Washington
provides seed funding through the
agency of the Washington Technology
Center. The Pepartment of Trade and
Economic Development actually
provides the funds to the Washington
Technology Center. Another source of
funding is the grants and contracts,
where we go out and write proposals
for doing this work, primarily with
industry. The third area is gifts that
come through foundations or com-
panies, which is the best funding
source because there are no strings
attached, and we don’t pay university
overhead on that money. The last area
is through the Virtual Worlds Con-
sortium, which now has 19 members
(see Figure). Each of these 19 mem-
bers, as subscribers, provides $50,000
a year or the equivalent to join the
Consortium. Some provide equipment
and some provide services in lieu
of the cash.

CLM: There may be companies in the
online industry that are interested in
becoming Consortium members.
What benefits do Consortium
members have?

TAF: Consortium members have
front-row access to the research and

—
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Pholo couricsy of the HIT Lab.

A demonstration of the virtuul reality hardware.

development of virtual worlds
technology. They enjoy a competitive
advantage as they transfer VR
applications into the commercial
environment. Membership becomes a
window for them to see what's
happening and to decide what their
own strategic plan should be. It is
really an information source for thess
companies. There is no exchange of
intellectual property.

The Consortium is also a gateway
for these companies to have contracts
with us to work on specific areas. We
make the Consortium membership a
prerequisite before we do any contract
work. The Consortium funds are used
to build our generic capability, our
laboratory infrastructure, and things
like that. The specific contract funds
are usually used to develop the
applications of the technology for a
particular customer.

CLM: Then your relationships with
individual Consortium members are
proprietary?

TAF: Yes.
CLM: Do members have oppor-

tunities tn share information as a
group?
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TAF: Most definitely. We
have two Consortium
meetings a year, at
which time we get into
the technical details of
the work. So far we've
had three meetings.
They all have been
highly successful and a
great endorsement of
the quality of our work
and the appropriateness
of our research agenda.
One of the main
benefits that comes from
Consortium membership
is not only watching this
technology evolve, but
interacting with other
companies, all of whom
are interested in birthing
a new industry. They are
forming their own
liaisons with each other
—it becomes a forum
for discussing the evolu-
tion of a new industry.

ENCIRY: SV ITEL W R WP PO

CLM: So companies may form alliances
with each other?

TAF:Yes. And in a way, we act as
matchmakers, bringing companies
together.

CLM: I noticed ir your newsletter
that Fujitsu Institute is a member. Are
there other members from different
parts of the world?

TAF: Sharp is also a member and we
hope to see European companies
joining as well.

CLM: A little earlier you mentioned
some of the applications of this tech-
nology. Most of the examples I’ve read
about—designing buildings, modeling
molecular interactions, teaching
surgeons how to operate, even helping
people improve their golf swing,
which I might be interested in—have
something to do with manipulating
physical reality.

Can you give a few examples of how
businesses are currently using this
technology, including an example in
which manipulating physical reality
may not be the primary objective?

TAF: Well, there are three types of
virtual worlds or virtual realities.
There’s the virtual reality where you
are overlaying information over the
real world. Let’s say that you have a
physical reality and you‘re super-
imposing virtual images over the top
of it to help you rerform some task in
the real worid. An example of that
would be if you were driving around
in your car and you looked out at the
highway and could see your speed
projected. This is done with headup
displays now, where you’re projecting
on the windscreen. That is a virtual
image, at optical infinity or some
distance, where vou are presenting
alphanumeric info.; \ation over the top
of your space where you're driving,
the outside world.

Another example is a project we're
doing with Boeing. The intent is to
provide 4 superimposition of virtual
wiring onto a form board for pro-
duction line workers who make wiring
harnesses that go into airplanes. They
just follow where a virtual wire is
located, stringing out the real wire
over this virtual wire. So that’s one
type of virtual reality where you have
a superimposition of a virtual image
over a real world image.

The second category of virtual
reality is where you are trying to
represent a real world scene virtually.
That’s where you want to either take a
scan of the real world scene or build a
model of it, for example of the room
we're in now, and then represent it in
a virtual world so that you can
change it. Let’s say that you want to
shift the chairs around, or change the
color scheme or the lighting. You can
do that without having to do it
physically. That type of virtual reality
is using a real world source to begin
with, then modeling it so you can
interact with the model rather than
have to work with the real world
source. That is a representation of the
world in some way either by scanning
the real world or building a model of
that world.

The third type of virtual reality is
completely abstract. It’s where there
are no analogs, necessarily; where you
have fields of numbers, for example,
as you would in a spreadsheet. Or vou
have a computational fluid dynatiucs
model, where the computer is just
cranking out numbers based upon

—




VIRTUAL REALITY
GLOSSARY

—exou'pted mth penmssxon
from the Virtual Reality Special

ity .
Coined by arts sc’hphr Myron
Krueger 'in~ the” mid-1970s
to desc'tbe his compnter-
controlled mponsxve environ-
ments,” which took an aesthetic
approach 10" the hutmn/-

action’in terms of the body’s -
relationship to a gnphic world
and génerates responses that
maintain the musion that his or
her actions are takxng place’

Measuren{ent (typxcally in

Hertz, or cydes second) that

mdxcates A system s “trans-
mission capacxty . The wider the.
bandwidth, thg _greater the
amount of mfomﬁon.tht an

Coined by 1 saznca Bchon ‘authér
William Gibson to describe a
shared’ virtual” ‘envifonment
whose inhabitants; objects, and
Spaces are comprised of data that
is visualized, hnxd, and touched.
It is “a consensual hallucination
experienced daily by_bxlhons of
legitimate opentors in every
nation, by children hught math-

equations. How do you look at the
results of that? V'ell, this is where you
have to build an abstract world that
somehow represents this information.
There are various ways to do that. In
the case of a computational fluid
dynamics situation, you would create
a flow that mimics the way the air
would reaily be flowing over an
object, let’s say the wing of an
airplane. You put the wing there and
you visualize the air flowing over it.
This is again using the computational
model but playing the data back in
real time and providing a sort of
abstract visualization of that.

Another area is where there aren’t
necessarily any correlations between
the data and any kind of real world
object. One example would be if you
were trying to determine if a person
could qualify for a loan for a house,
and you have all these disparate
numbers and you're trying to make a
judgment. You can build a virtual
world that represents this inform-
ation in a unique way, instead of
looking at columns of aumbers and
trying ‘o sort out in your head or
through some kind of algorithm
whether or not this person should be
awarded a loan or credit. Let’s say
you have 26 different parameters.
How in the world would you do that
without a very complex formula?

Well, one of the ideas that has been
suggested is that you build a virtual
image or a virtuzl world that shows a
person trying to go through a cave.
The amount of debt of this person
would change the size of the person;
the greater the debt, the larger the
person. The amount of the loan
would change the size of the cave; the
greater the loan, the narrower the
cave. You might also have other
protuberances, rocks that stick out in
the pathway, depending on other
things this person has to do. For
example, he may have a child getting
ready to go to college, or he may
have a car that he just bought and
have other payments to make on that,
or other cash flow issues. Rather than
looking at all these separate numbers
and columns of numbers, you just see
if this person can fit through the
cave! It becomes really intuitive. And
in a way, the timing is a part of this,
because the cave is three-dimensional
and these protuberances may occur at
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different times, so they may be avle
to squeak by some of them. But if
there are several occurring at once,
they can block the passage and the
cave that this person has to go
through is too small for the size of the
person at that time. So those are ways
to take abstract information and
represent it using metaphors that we
can relate to.

Rather than looking at
all these separate
numbers and columns
of numbers, you just
see if this person can fit
through the cave!

CLM: It seems like this application of
representing abstract and complex
information in three dimensions
might be an area where companies in
the online industry could be players.
While 1 was researching virtual
reality, | was trying to think how this
technology could be applied to the
kinds of data the companies in the
online industry own. One example I
thought of was the information in
medical databases. Take chemo-
therapies for breast cancer as an
example. There are all these different
drugs, and different doses, and
different frequencies, and nobody
really knows what works.

Could something like that be
represented in a three-dimensionai

way to try to ascertain what the most
effective chemotherapy is?

TAF: Yes. Let me mention two areas.
The first is called “infomatics.” There
is a discipline now called medical
infomatics. This is how you can take
these complex statistical analyses, or
even real-time data coming from a
number of transducers monitoring a
patient’s status, and provide a rep-
resentation of the state of that patient
or the state of that data field. Humans
are marvelous pattern recognizers. You
can change those numbers into certain




—m o

patterns, and then look quickly for
changes of patterns just by searching a
visual field if you represent these
numbers as little icons.

For example, if you have a field of
X’s and you’re looking for one O, or

several O's and pattemns of those O’s,

you can detect that quickly, whereas if
you're just trying to look at numbers
within a particular range, you'll never
catch it. That is a very simple repre-
sentation. But medical infomatics, or
infomatics in general, takes capabilities
that we have as humans, especially our
pattern-recognizing abilities, and
represents information so that we can
see patterns and see the changes in
those patterns.

The other area has to do with
“knowbots.” 1 believe ultimately that
this is the way that humans are going
to relate to very complex databases.
Rather than searching databases with
keywords, the function of a knowbot,
especially a virtual knowbot, would be
as an assistant, an intelligent assistant,
an electronic associate, that you can
send off to do things for you. Let’s say
that you’re working on a particular
task, and you're interacting with your
virtual world, building a building or
something like that, and you want to
know the soundness of building at a
particular site, based upon the
geologmal formauons and the history

in the area. Well, what
,'ou ‘11 do is take your knowbot—
you're an architect and it would take
you a long time to search through
those databases yourself . .

CIM: (Laughing) I know.
TAF: (Laughing) You know. Yes.

CLM: Much less read what you've
gotten out of them!

TAF: That's right. Now you take your
knowbot. The knowbot is a virtual
object, but you actually pick it up and
give it a command, a verbal command.
You say, “Knowbot, I'm going to build
a building of this size at this particular
location, and I'm interested in know-
ing its history and the likelihood that
we are going to have disturbances in
the foundation of this building over
the next twenty-five years. Would you
go find that out for me?” You're
making a verbal input to the knowbot.

CLM: In natural language?

TAF: In natural language. Now this
knowbot already knows you. He
knows your personality, your aca-
demic background, the kind of work
that you do, the kind of information
that's going tc be necessary for you to
meet the code, and so forth. So you
pick up this knowbot and you throw
it into a virtual portal. This is just like
a star gate. The knowbot goes out on
its own searching through all these
databases with its mission in mind,
and also with some intelligence in

terms of how to represent this
information to you.

So you pick up this
knowbot and you
throw it into a virtual
portal....[and it] goes
out on its own
searching through all
these databases...

You wait for a while and go off and
do your other tasks, and this
knowbot comes back. It may take all
of three milliseconds (chuckle). No, it
might take longer than that. Bu’
anyhow, it’s gone for awhile. It
comes back. What you have waiting
for you is . tting there glowing. It's
full of information waiting for you to
access it. You put this object aside
while you finish what you're doing.
Then you say, okay, I'm finished with
that, and you take the knowbot and
you put it on, virtually put it on. So
you pick this thing up and now you
go inside of it.

What it has done is create an
alternative world for you. This wvorid
lets you take a tour of the under-
ground structure of this particular area
as a geologist understxnds it. You are
able to see like you're walking through
a museum, and you see the history of
the seismic disturbances in the area.
You can correlate that with sunspet
activity, with the time of the month
that it occurred, with the cycles of the
earth. This is all shown to vou in a
graphic form. You can aiso have your
intelligent assistant there, who visits
with vou and has been created by the
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' enables rmngation through a
. "viftual’ ‘environment and inter-
action with 3-D objects: thhin it
A hghtwexght glove.'lhed with
sensors that detect motion and
send signals to the cor eompum‘ the
VR giove has fiber-optic cables
along fingers and ‘wrist and ‘an
Grientation sensor_for xmngat:on
and virtual ob]ect navigation.
"DahGlove is a trademark of

Technology that lmkes another
technolog" posn’ble. “The vac-
uum tube was “the enabling
bechnology for botki radio and
-television. ..._:.'Yimul reality
based on. cmnputlxs and head-
“motinted displa 3 has been
dreamed of for dag__ﬂi—; but Had
.. to wait for enabling téchriologies
..of electronic mniaturizit‘on,

b WD e CINrp:

..compu&r simuilation, and con-
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-‘puter gnphics to mtu:e m the

. -H. Rhemgold V'rtual Rulxty,
‘New Yo;k, NY: Surmmt Books

A movement that conveys sym-

bolic information. Usually refers to

hand movements but may not

always Tequire hands; for example,

severely handicapped individuals

may use foot or eye gestures to
-— Iot 2 :

HMD; hud—mmted d.uplay

A “helmet” with goggles contain
ing a tiny video monitor in front
of each eye so the image is seen
by the wearer as three-dimen-
sional. Often coupled with

-
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earphones to carry 3-D sound,
the HMD is the most popular
device for placing people in
virtual worlds.

input devices

Tools that transfer data into a
form recognizable to the com-
puter; common input devices
include keyboards, position-
trackers, voice recognition
systems, ]oystxcks and VR
gloves. .

position trarker .

A system that tracks the move-
ments of parts of the body and
sends information about position
and orientation to the computer
for processing. Typically attached
to the head-mounted display, but

VR glovs, joysticks, , and yolks'’
also provxde dxgx.al signals
generated by’ the pnysxcal

Wireless,. batter]-operated
stereo-vxewmg ; glasses used for~

D computer-generated graphics.’.
Most glasses are infrared-
controlled from an ex_mtter ona
stereo-mdy dxsphy monitor. -

tactile feedbacklfon‘:e'
feedback devices: Zani: :
Output devices’ ‘that transrmt

provide the VR participant with
the sense of touch. Tactile
feedback sxmulates sensatxon
applied to the skin. Force
feedback simulates wexght or
rsmzncetomohon. AL

telepmence Tt e
The experience  of immersionina’
remote (or simulated) environ-
ment; or, the remote operation

systems that translate human

other hardware sensors such as

actions of the’ p cxpant in the

stereoscopxc ghsses e T

“viewing in stereo” to look at 3- .

pressure, force, or vibration to
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knowbot. This is a person who comes
and talks to you and tells you about
these things as you are going through
this museurmn.

CLM: A virtual person?

TAF: Yes. This is a virtual person. You
can even select the personality of this
person. This can be a really laid-back
person that just sort of monitors what
you're doing, and savs,”Well, you
really should look over here and see
what this has to say.” Or it can be a
compulsive person that's really on
your back all the time to make sure

that you're getting all this stuff
assimilated.

CLM: In iy opinion, the major
problem with information at this
stage in history is that there is too
much. After searching all these
databases, will the knowbot filter
the information so I don’t get
the same thing or almost the same
thing twice?

Well, I believe that the
expert searcher will
continue to exist, but

maybe in the form of a
machine.

TAF: Yes. The knowbot is vour filter.

CLM: I'm wondering if the databases
that the knowbots access will be
somewhat like the online databases
that exist now, or will they be quite
different? Will they be multimedia?

TAF: | believe that they will be
multimedia. We will have visual
databases from imaging platforms like
the LAMSAT, various NASA data-
bases, acoustic databases, film

libraries, encvclopedic databases, all of
the above.

CLM: So some text databases still,
perhaps, but also multimedia?

TAF: Yes.

CLM: Today online databases fre- .
quently require expert searchers to
search them, either because they are so
complicated or so expensive to search.
Is the knowbot going to replace the
expert searcher or will there be a need
for some new kind of expert navigator
in a virtual world?

TAF: Well, [ believe that the expert
searcher will continue to exist, but
maybe in the form of a machine.
Basically what you want to do is
incorporate, as much as possible, the
attributes of that expert searcher into
an intelligent entity that goes and
searches these databases. On the other
hand, there is an element of associative
thinking of humans or inductive logic
that is very difficult to get from a
machine. A machine may be good at
deductive logic, but not good at
inductive logic, making cognitive
leaps, getting feelings about things,
and so forth. So [ don’t ever pretend to
think that machines will truly replace
an expert, but a machine will be able to
accomplish 90% of what an expert can
do, much faster. It's that extra 10%
that’s probably going to take a human
in the’loop and it's probably going to
be irreplaceable. However, if you can
get your job done with 90% of it, that
may be good enough.

CLM: Will the knowbot be gathering
text data and turning it into three
dimensions? I'm still trying to see
what place our old text kinds of
databases will have in virtual reality.

TAF: It will. You are going to have
your virtual filing cabinet and your
virtual library where your knowbot
has actually packaged and extracted
pieces of information. If you wish, you
car. pull your virtual book off the wall
or open your virtual filing cabinet.
When you open your virtual filing
cabinet you have all the topics the
knowbot has accumulated for you.
You can pull out a file folder and put it
on your desk, and read the text. And
you have this museum tcur as an
initial exposure to the things that are
going to be important. Then you can
8o to your filing cabinet ard pick out
the specifics. After that, if vou want to,
you can jack-in to the particula.

database it came from, and go get
further information.
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Ihoto courtesy of the HIT Lab.

The important thing to remember is
the way we store information. Have you
ever had the experience of reading a
book, and you remember where a
particular statement was on a page, but
you don’t remember the statement?

CLM: I have to think about that. I
know what you are getting at. I think I
usually remember the words, but not
where they are,

TAF: Okay, well that's interesting
because there are two different kinds
of people. You have people who are
spatially-oriented and others that are
verbally-oriented. Left brain, right
brain kind of thing. I'm a right brain
kind of person. I can remember where
it was, but I can’t remember what it
was, specifically.

CLM: Well, this gets to some reallv
interesting questions. When I first
heard about vir.ual reality somebody
described the glove and goggles very
briefly to me, and mentioned
moving through a virtual world by
pointing with the glove. I said, “Oh,
you know what’s wrong with that?
It’s suited for people who have good
spatial orientation, but I'm someone

who gets lost going around the.

block.” 1 said, “I think I might get
lost in that kind of environment.”
Will I?

TAF: Yes!
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A goggled man immersed in a virtual worid,

CLM: So is this kind of technology not
going to be suitable for people like me
who are not that visually- or spatially-
oriented?

TAF: If you were just going to be
walking around the block, yes. But
the advantage, remember, of a virtual
world is that you can see various
perspectives at one time. Not only
can you be trying to find vour way
around the block, you’ll have a
miniature world in front of you
showing you where vou are while
you're going around the block. The
beauty of it is that it gives you a way
to optimize the interface, adapt the
interface to your particular abilities.

You can take a database that was
formerly just a column of numbers or
descriptors, a card catalog in a
library, or something like that, and
you can represent it as icons, as
windows, as doorways into other
rooms. You'll be able to, many people
at least will be able to, access that
much more quickly by remembering
the spaces where the cluster of
information is located, rather than
trying to do it the old way with the
card catalog.

Now there is another important
thing that has to do with databases.
How do you find vour way from one
to the other and then retrace vour
steps? This is true especially with
hypertext. You can get lost forever in
hypertext.
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movements into the control of

machinery.

virtual (-reality, -community, -
space, -world, -environment)

According to Webster’s, “being
such practically or in effect,
although not in actual fact or
name 8 virtual impossibility.” IBM
started using the word in the
late 1960s to refer to any non-
physical link betwe n processes
or machines, such as “virtual
memory,” random-access memory
being simulated using disk drives.

VR; virtual reality
According to VR theorists William
Bricken and Brenda Laurel, VR is,
respectively, “an electronically
mediated experience” and “a
multisensory representation.” As
generally agreed, virtual reality
refers to having the ability to
interact with data in a way that
provides the ability to “enter” and
navigate through a computer-
genetated 3-D “world” or envi-
ronment and change your view-
point and interact with objects
within that environment. Virtual
reality is characterized by
“immersion” (it feels as if you are
“inside” it). Virtual reality is
interactive and the participant
enjoys autonomy, or freedom to
move around and manipulate
virtual objects at wilL

Today, in virtual reality, you can
see and hear, point and move, pick
up things and throw them, and
sometimes touch and feel. The
popular concept of VR invol res
interaction with a computer-
generated head-rr ~inted goggles,
body suits, VK gloves and
joysticks. VR and cyberspace are

visualization )
Formation of an image of
(something not preser: to the
sight; an abstraction); envision;
graphical representation of data
that normally appears in the
form of text and numbers.
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CLM: Right! Is there some way to
help the user so he doesn’t become 50
disoriented?

TAF: Yes. What you do’is you create
virtual breadcrumbs that you drop
along your way. These may be sonic
breadcrumbs. In other words, they are
little sound beacons that you trail
behind you as you go, whkich are
associated with a spatial represen-
tation of the database. You take this
very complex database, and you trace
a pathway down so you can follow it
and come back out again, or go in
other directions and come back to
various points. It's very intuitive, easy
for you to do, rather than just search-
ing through text. It allows you to
build mental models more easily.
That’s what virtual reality does. It
gives you a chance to build more
effective models in your head that
allow you to interact rapidly, in a
higher bandwidth.

CLM: Can you explain how three-
dimensional models and visual
perception help people assimilate
information faster?

TAF: Well, again it goes back to, how
do you build mental models? Because
that's what humans do. We build
mental models from the things that
we see, and we extract from that
visual experience an understanding
or at least a representation of the
world that we are experiencing.

We also build models from ab-
stractions, from highly symbolic
environments. For example, with
reading we take written symbols and
translate them into models. We create
worlds in our head when we read.
Reading in a way is a guided fantasy.
The world that we are creating is in
our imagination, but we remember it.
So in a way, what we are always
dgoing is building models in our head
of these places or realities.

The real issue about learning and
understanding is how much input
does it require for us to be able to
build models that are effective in
helping us. When we learn we are
creating better ways of interacting
with the world so it does not require
as much energy to do something as it
might with an unlearmed way. Or we
accomplish something we would

never be able to accomplish other-
wise, like fly a jet airplane. So how in
the world are we going to do that?

What we're doing is providing a
means, via building these models, of
going back and refining those models
and doing these particular tasks. Now
the question becomes, if learning is
building models and interacting with
those models to perform particular
tasks, how can you accelerate learn-
ing? Well, we believe that learning is
accelerated when you have a way to
provide high semantic content in
the learning process. That usually
means an experiential, multisensory
input where you remove as much
abstraction as you can.

For example, if you are trying to
learn about the harmonic motion of
bodies in physics, you can read a book
and take those words and translate
those words into a model in your head.
Then you can observe that model in
your head working and come up with
an understanding of what harmonic
motion means in physics. Alternatively,
if you go into either the real world or a
virtual world—because there are many
things you can't do in the real world
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(for example, you can’t necessarily see
electrons, but in a virtual world you can
represent electrons)—you are not only
able to observe the motion of these
objects represented in the virtual world,
but vou are able to interact with them,
and change them and see the effect.

You would never be able to do that
otherwise, except in your own mind by
looking at the equations and the words,
and guessing about what is really going
on. This ability can substantially
accelerate your understanding of a
particular concept. This is what we call
high semantic content, high
bandwidth—it’s high bandwidth to the
brain. You are really getting stuff in and
out of the brain, because it’s more
tailored to the way we understand and
interact with the world. So one of the

values of virtual reality is accelerated
learning—it makes it much more
efficient to get information in and out of
the brain.

CLM: Are you aware of any com-
panies in the online information

What you do is you
create virtual
breadcrumbs...sonic
breadcrumbs...which
are associated with a

spatial representation of
the database.

industry that are researching or
developing a virtual interface to access
commercial databases?

TAF: Not really. Thore have been a lot
of people who have speculated about
it, but I believe the feeling in the
community is that it is still a way-out,
long-term kind of thing, rather than
being a short-term, here-and-now
technology.

CLM: Can you make any predictions
about what the status of virtual worlds
and virtual interface technologies will
be in, say, five years or ten years?

TAF: Well, I believe we will see a very
interesting pattern emerge. Now the
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One of Dr. Fumess goal.s for the Hl'l‘ Lab is to make ° Another part of the Knowledge Base Pro)ect is the
research information on vxrtual reality as widely sci.virtual-worlds Usenet newsgroup. This is moderated
accessible as possible. While visumg the HIT Lab, I had by a HIT Lab employee, currently Mark DeLoura. (A
an opportunity. to talk to 'l'om Emerson, who is the _ “moderator” reviews incoming messages before sending
coordinator of the HIT Lab’s Base Project...... them out to provide thtyoontrol.)‘l'hepurposeofthe

Toni became involved with the HIT Lab quite by ' sci.mrtual-worlds newsgroup is to transfer advanced
chance. In the summe:"of :1991. she was attending the _interface technology to industry. Frequent topics include
Graduate School of Library and Information Science at _ technical discussions of viual interface technology and

the University of Washington. She was workingas a”its applications, virtual worlds, humn-compnter
research assxstant at the Odegnrd Undergraduate mteractxon, andhumanpemephon.
Library, when a youn, Fr ik
referemedskandaskedfonbookonhowlnorgamna END-USERSATTHEHI‘I‘LAB : -
library. Toni volunteered to help, not having any idea . End-user education is another important part of Toni's
what she was getting into. As it. tumns out, her’ work at the Lab. She’s developed lectures which she
background in audio-video ptoductxon,'her interest in " refers to as LITL HITLs (Lunchtime Interactive Technical
multimedia databases, and her experience as a library _Lecture at the Human Interface Technology Laboratory)
rsench assistant were a _perfect fit for the HIT Lab, and _to teach the Lab members about onlme and CD-ROM
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% sources and how to search them. . Rt
.+ .. Long-range plans inciude buildmg a HITL lmowledge
A VIRTUAL UBRARY__:?'W_,:: Sivers- ¥30 .. base that people outside the Lab can access. This might be
One of Toni’s primary Toles in the Knowledge Base a MUD (multiuser dimension) whereby users gain access
Project is to act as an information gatherer and to the knowledge base, select an icon, and have some
disseminator for the HIT' Iah Tn addition to developing type of multimedia experience. In addition, Toni feels
a hardcopy collection, she.is building a library in strongly that this interaction must be a unique and
cyberspace. Members of the-HIT Lab fondly refer to her significantly enhanced alternative to what is aheady
as the “information goddess” and “cybrarian.” _, available on the Internet. -,

When Toni ]omed ‘the I.ab she kmew about dataoase Funding is Toni’s pnmary ol;stade at th:s pomt. With

searching on services such as DIALOG, BRS, and several ideas for projects that companies in the online
NEXIS, but she credits Dan Pirune, a programmer at the  industry might be intesested in supporting—such as end-
Lab, for teaching her how to navigate the Internet. Toni  user research, multimedia knowledge bases, and living
says of the Internet, “This is what the hackers like the documentation, Toni thinks funds could be generated
best!” Toni scans print, online, Internet, and Usenet outside the Virtual Worlds Consortium for the
sources. She posts electronic information to one of her Knowledge Base Project. Feel free to contact her at
three internal bu.lletm boards hitlknowledge, hitl.grants, diderot@hitl.washington.edu or 206/543-5075 if you

and hitl.nsf. L would like to dxsmss these projects or other ideas. —CM
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technology is immature, but it is
growing at a fairly high rate. 1 think
that probably by 1995 the technology
will have gone in two directions. One
is the low end, and the low end is
going to be games. We're going to see
the next generation Nintendo, or the
next couple generations of Nintendo,
have this kind of technology in it at a
low end. We have already seen this
with the PowerGlove, even though
the PowerGlove was really before its
time. There wasn’'t any software to
really use it. Furthermore, people
found that holding up their hand all
the time when trying to interact with
the screen was very tiring. Then
there’s going to be the high end. This
is where we're going to have the very
expensive machines ased in medicine,
design, and things like that. )

1 think there’s going to be
something else that happens around
this time. Broadband telecommuni-
cations will come with the wiring of
the country with fiber. You will have
a broadband telecommunications link
that will become a ubiguitous port
for information flow in and out of the
home. This will support the develop-
ment of a technology we call the
virtuphone. The virtuphone is a
telephone that you wear. It takes the
place of your television and your
telephone, and you do everything
with it.

CLM: You wear it?

TAF: You wear it. It's 2 telephone that
you wear.

CLM: Always accessible!

TAF: Yes. Basically, it’s the trans-
portation system for your senses.
Now instead of dialing a numver and
coupling acoustically with another
perso1. (with a voice phone call), or
typing on a keyboard and having a
screen come up, you dial a place and
your senses go to this place. It may
be a place where you are going to
learn. It may be a place where you
are se ‘rching databases. It may be a
place where you are going to school
or going to work. Or it may be a
place where you are entertained. You
may be standing on the set of King
Lear, and you can be anywiere you
want on the set. As a matter of fact,

you can be inside King Lear if you
want to be.

CLM: Are you suggesting that people
will no longer drive to work or to
the theater?

TAF: I think that there are going to be
some changes. I don’t think that thir
will take the place of some group
experiences, for example, the Folklife
Festival at the Seattle Center last
weekend. It would be tough to do
that virtuaily. That was a marvelous
celebration, and it would be difficult
to get that ambiance virtually. On the
other hand, again, you can do about
90% of it virtually and get the same
information content. It's that last 10%
that is where humans really make
the difference.

CLM: Will the virtuphone have an
effect similar to that of the VCR on
the movie business? Will people
have the choice of staying at home
or going to the theater?

TAF: Yes. So why do they go to the
movie when they can watch it
at home?

CLM: Because they like that big
screen.

TAF: That's right. Well, you’ll have
the big screen with VR. ] mean, you'll

have the biggest screen, because
you’re in it, you are in the picture!

CLM: Finally, Dr. Furness, is there
anything that we haven’t covered that
you would like to share with the
participants :n the online information
industry?

TAF: Well, I guess to look forward to
virtual interface technologies changing
their business, because it’'s coming!
The reason it’s coming is that we can’t
hold it back, because that's the way
humans are wired. The closer we can
get to using fully the capabilities that
we have, our innate capability in terms
of our three-dimensional architecture,
then the more effective these interfaces
are going to be. So we are actually
being driven by human capabilities,
rather than by technology.
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Welcome to cyberspace. It's a place
filled with computer-generated
worlds—worids vou touch and hear
as well as see. The possibilities are
nearly limitless: Improved product
design. medical breakthroughs, new
forms of entertainment. and much
more. There are still technological
hurdles. but computer worlds seem
sure to change life in the real world
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generated worlds. The

Virtual worlds can include
3-D sound that appears

goal: Present information
so it can be absorbed and

to come from speaific loca- manipulated more easily

tions. Such a system could
help those who monitor
multiple sound sources.
Pilots keeping track of
nearby traffic are an ex-
omple. NASA and Crystal

and quickly. For instance,
scientists know that the
human mind is genetically
programmed to pick up
certain visual cues. Thisis

" helping researchers design
better computer icons

-have developed a circuit
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board that can make-
sounds seem to onginate
from specific points and.
grow louder or fainter
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TELEPRESENCE

Adding computer-enhanced
graphics to hve video may 3
make it possible to perform
achvities long distance: A
designer in los Angeles

might moke a change ina
simulated dashboord proto-
type, while colleagues in
three other cities watch and
sea how it would look

* o

VISION
Computer-generated
worlds need to move with-
the speed of live action so
that viewers perceive what-
they see as real. Most VR is
still too slow, but increased
computing power is closing-
the gap. Today's systems
use stereoscopic displays
with small screens encased
in goggles or helmets. Less.
intrusive future displays
may resemble a pair of
glasses. Computer-
generated visvals could
help with such tasks as
repairing machines

Today, gloves, or entire
body 3uits, armed with sen-
sors let a participant com-
municate with the comput-
er and direct objects in vir-
tual space through gestures..
Inthe future, touch-sensitive-
joysticks and gloves with

. feedback mechanisms will

create the sensation of
picking up an object. This
ability will make 1t easier to
use such systems to diredt
equipment remotely

COVER STOPY




.......

Q1

’ ;!y

RS T NG T T T 55

VIRTUAL
REALITY

HOW A COMPUTER-GENERATED WORLD COULD CHANGE THE REAL WORLD

sychologists call it *“suspending
Pdisbelief.” Computer jocks call it

entering “virtual reality.” What-
ever the jargon. it doesn't begin to de-
scribe what happens in Arlington, Va.,
at the Institute for Defense Analyses.

You sit in a wood-paneled room as
Colonel Jack Thorpe, special assistant
for simulation at the Pentagon’s De-
fense Advanced Research Projects
Agency, douses the lights, flips on a
computer—and sends three five-foot
screens in front of you thundering into
action. Instantly, you're transported in-
side a tank rolling across the Iragi des-
ert. You are performing the same ma-
neuvers as a unit of the 2nd Armored
Cavalry during “73 Easting,” an actual
battle in the Persian Gulf war. The
graphics on the screens are only video-
game quality. Yet. the illusion works:
You duck as shells scream toward you
and explode in ear-splitting fury.

It isn’t unusual for soldiers participat-
ing in this exercise to curse or sweat as
the computer-simulated fight unfolds.
Something else happens as well: Their
scores for barttiefield acumen improve
dramatically after they practice with
these video tank crews. In an era of
shrinking defense budgets. such training
offers invaluable experience without the
cost, damage, and logistical hassle of
war games. “We will expect a smaller
military to be masters of a wider ensem-
ble of skills,” savs Thorpe. “This is an
idea whose time is right.”

NEW sensATIONS. The cyberspace tank
battle is primitive compared with visions
of “virtual reality” trumpeted in books,
movies, and the TV show Star Trek: The
Next Generation. There, intergalactic
travelers use computers to conjure up
Sherlock Holmes's London or a sexy
date. But as DaARPA's system proves,
computer-generated worlds don't have to
be super-realistic to evoke real life.

That fact is turning virtual reality into a
red-hot technology.

There’s plenty of confusion over what
VR is. But to most developers, the core
of every system is a data base that con-
tains data from a brain scan, specifica-
tions for a car dashboard, the descrip-
tion of a fictional landscape—in short,
data that can represent almost anything.
A powerful computer with sophisticated
graphics then renders a “worid,” often
in 3-D, that recreates precisely what the

buttons as thougk in a real car. Chrysler
Corp. is developing the system with IBM
in hopes that the exercise could cut
months off the three-year to five-year
car-design process by letting engineers
spot inconveniently positioned knobs and
other problems before they surface in
expensive prototypes.

‘PAST THE HYPE. Intrigued by this kind
of potential, dozens of government, uni-
versity, and industrial labs, from NASA
and the Defense Dept. to the University

data describe. VR dis-

of Washington (uw,

plays vary widely, are embracing virtual
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ronments more realis- BEFOREALLTHAT | Laboratory, some 19
tic. And they are companies have cre-
interactive. In some IS A REALITY ated the Virtual
systeins, a viewer Worlds Consortium to

wearing a sensor-laden glove manipu-
lates objects in the computer as one
would naturally. In others, images on
the screen or a viewer’s perspective are
manipulated with a mouse or joystick.
At IBM's Watson Labs in Hawthorne,
N. Y., for instance. an engineer seated in
front of a projection screen, looking at a
sleek, beige dashboard becomes a test
driver for a 1997 Chrysler. Wearing 3-D
glasses and a glove with sensors, he
turns the steering wheel anu reaches for

COVER STORY

apply VR to business. “Forget the games
and electronic sex,” says Brvan Lewis, a
researcher at IBM. “We are past the
hype and pursuing real applications.”
This could be a boon to computer gi-
ants such as IBM, DEC, Apple, Sun, and
graphics workstation maker Silicon
Graphics. VR represents a potentially big
market—and a flashy selling point—for
their muscle machines. Startups includ-
ing Exos, Virtual Vision, and Fake Space
Labs are building gear to enhance VR

36
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worlds—viewing devices, acocustical
chips, and sensors. Autodesk, SenseS,
vPL Research, and others see their for-
tunes in systems that business can use.

For good reason. Cyberspace worlds
that exist only in the electronic ether can
be a powerful toel in the hands of archi-
tects, engineers, and scientists. They can
also be used to boost productivity, im-

prove product

cost-effective training. In medicine, VR
tools are being used to create 3-D X-rays
to help surgeons plan procedures or as-
sist in surgery miles away. Psycholo-
gists want to use the technology to treat
patients and to study human behavior.
Artists and entertainment moguls are
pioneering new attractions—interactive

Fr! intess _Qd!

theater, interactive fiction, and even vir-
tual sculpture, cyberspace works that
defy the laws of physics.

Whether VR systems will ever match
the sophistication they display in fiction
is far from certain. The field faces huge
technical hurdles: Success will depend on
improvements in hardware and soft-
ware, plus new insights into the human
brain and behavior. And as systems be-
come more “real,” they will pose thorny
ethical questions: Could VR influence
people in pernicious ways that conven-
tional media cannot?

Still, VR's social and economic poten-

tial seems clear.
Democratic Vice-
Presidential hopeful
Al Gore considers
VR so crucial to
“the way we design
new products, teach
our children, and
| spend free time”
that last year he
chaired hearings on
its value to Ameri-
can competitive-
ness. The conclu-
sion: The U.S. is
underinvesting in

" RESEARCHERS USED A 'DATAGLOVE TO ANALYZE CLEMENS® MOTION

ANATCMY OF A FASTBALL

Huriing @ 100-mile-per-hour fastball
down the middle is a special skill worth
anolyzing. But e big-league pitcher's
arm, wrist, and finger movements change
so rapidly that they're almost impossible
to dissect. This thwarts efforts to leam
from good pitchers—or figure out what's
wrong when they have injuries or slumps.

Insights into these puzzies of move-
ment could come from a new data-collec-
tion tool that's integral to virtual reality.
Greenleaf Medical Systems, a four-year-
old startup in Palo Ato, Calif., has Ii-
censed the “datogiove’ from vrL Re-
search Inc. for medical uses. A black
Lycra glove with fiber-optic cables at-
tached relays movement signals to a
computer, which quantifies hand motion.
In a recent experiment, Greenleaf put
datagioves on the hands of four Boston
Red Sox pitchers, including team ace
Roger Clemens.

Aftached to an Apple Macintosh com-
puter, the glove recorded subtie relation-
ships betwsen speed, position, flex, and
other variables as the four men threwa -
variety of pitches. For every three-second
pitch, the system compiled 16,000 data
points. Red Sox associate team physicion
William J. Morgon is building graphic im-
oges o see what he con leam. By repect-
ing the experiment, he hopes to identify
movement changes that make a pifches
loss effective—and correct them.

Company founder Walter J. Green-
leaf sees broader potential in the experi- -
ment: He envisions a huge marke’ :ana-
lyzing repetitive-stress injuries, on .
increasingly commor: malady of office
workers, and in diagnosing other ortho-
pedic and neurologicol ills. He olso hopes
to make patients who can't speak able to
communicate through gestures the com-
puter interprets.

= the technology.

To VR advocates, that’s a mistake. Vir-
tual reality represents “the manifest
destiny for computers,” asserts Eric
Gullichsen, founder of VR software pro-
ducer Sensc8. By creating worlds of col-
or, shapes, sounds, and feel, these sys-
tems should amplify the powers of the
mind to see previously hidden relation-
ships in complex sets of data and to
absorb, manipulate, and interpret infor-
mation more quickly and completely.
The distinction between immersion in a
VR world and analyzing the same infor-
mation using blueprints, numbers, or
text “is the difference between looking
at an aquarium and putting on your scu-
ba gear and diving in,” says Thomas
Furness, director of Uw’s Human Inter-
face Technology Laboratory.

BUMP AND GRAS. Just ask engineers at
Northrop Corp., who are using a VR sys-
tem froem Simgraphics Engineering
Corp. to help redesign the Air Force's F-
18 fighter jet. They model air-intake
ducts on computers to make sure they
fit through bulkheads, rather than build-
ing expensive hard models. An operator
wearing wraparound goggles moves
parts around with a type of mouse, mak-
ing sure they fit together in virtual
space. The software even simulates re-
sistance, so engineers know when parts
“bump” against each other. Project En-
gineer Robert E. Joy loves the flexibili-
ty: “It's like reaching into the work-

PHOTOGRAPHS BY ROSERT HOLMGREN, {INSET) FOCUS ON SPORTS

station and grabbing the part,” he says.
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VR represents the second major effort
in two decades to bring about a dramatic
evolution in computers. The aim of the
first, artificial intelligence, originally
was to build systems that could mimic
human reasoning, a goal that has yet to
be reached. Virtual reality is the antithe-
sis of what al tried to do. It aims “to
extend the power of the person” says
Robert Jacobson. president of Worl-
Design, a Seattle VR software startup.

That's what a visualization tool de-
signed by Maxus Systems International
does for managers at TIAA-CREF, a New
York pension fund with $105 billion in
assets. Tracking the performance of a
group of stocks against the larger mar-
ket is a challenge for analysts, who
must follow hundreds of ever-changing
numbers. Using software from Sense8,
the Maxus system converts the numbers
to a 3-D schematic of colored squares
that move and symbolize individual
stocks within grids representing market
and industry sectors. It runs on a per-
sonal computer and draws on real-time
feeds from financial wires.

A specialist in bank stocks may glance
at the computer and notice that a box
showing banks in the Pacific Rim is ac-
tive. The squares are red, a signal that
the stocks are falling. The analyst uses a
mouse to “fly” into the lowest ter of
stocks. which have plunged the fastest,
and click on the security that has
dropped most. Up pops text on that
bank. The process takes seconds, so
portfolio managers can “identify trends,
recognize exceptions. and make deci-
sions more quickly,” says Sense8 Presi-
dent Tom Couli. "“That can translate into
a tremendous amount of money.”
FLYING mMick. Such a system falls short
for VR purists. who argue that only an
immersive experience with a helmet
holding two stereoscopic screens and
headphones will do. That way, you see
and hear only what the computer gener-
ates, interacting with the environment
as in the real world. At NASA Ames Re-
search Center in Mountain View, Calif.,
this approach lets you look around the
surface of Mars. which has been recreat-
ed from satellite data. A motion sensor
in the helmet lets vou ook in any direc-
tion, and the computer rerenders the
scene to reflect your new perspective on
the Martian landscape.

Still. theater-style simulations and
two-dimensional computer displays can
be just as powerful. Using a Silicon
Graphics Inc. system. urban planners in
Los Angeles are building an 80-block-by-
80-block virtual model of renovation
plans for riot-damaged areas. The value:
It's hard for untrained . :ople to read
blueprints, and models are expensive.
Yet, community involvement is essential.
This way, residents can use a mouse to
“fly” through the streets as if they were

:Bulle;‘r #6

GRISLY GRAPHICS: FROM THE VR RECREATION GF A 1991 SHOOTING
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IS VR REAL ENOUGH FOR THE COURTROOM?

On the night of Feb. 27, 1991, San Fran-
cisco pom-movie king Jim Mitchell drove
to the home of his younger brother and
business pariner, Artie, in Corte Madera,
Calif. Minutes later, Artie was dead, and
a dozed Jim was arrested walking away
from the scene.

The district attomey didn't buy Jim's
story that he shot eight fimes in self-de-
fense, frightened by a beer bottie an in-
toxicated Artie wielded in a dim hallway.

- But there were no eyewitnesses. So, the

prosecution persuaded the judge to let
the jury watck: a video of Artie’s death.
This was no candid videotape, howev-
er. In the first-ever use of vr in a criminol
trial, a ballistics expert recreoted the
event, complete with bullet trajectories,
on o personol computer using computer-
oided design software from Autodesk
Inc. In the animation, a ghostly figure
peeks from behind o door. The figure

emerges and walks stiffly down a hall-
way. A red tube pierces, then exits, the
body. The figure continues to walk until
another red tube strikes its forehead.
The video, which was created after
analyzing evidence found at the scene,
had the desiced effect. Last Feb. 19, the
jury convicted Jim Mitchell of man-
slaughter and sentenced him to six years
in prison. He's appeoling, in part be-
causa of the videotape, which his attor-
ney, Nanci Clarence, colls “‘wizardry thot
has no place in a court of law.”
- The Mitchell case highlights the ethical
dilemmas inherent in va. Redlity is, after
all, more than sophisticated softwore. To
the defense’s chagrin, for instance, the
figure in the tape doesn’t wield his beer
bottle in o remotely threatening way. In
short, ve may raise a thomy question for
judges: Even in the best of simulations,
can reality be manipulated unfairly?

in a helicopter. And designers can pop in
a park bench or delete a 7-Eleven, test-
ing suggestions from those who live in
the real Los Angeles.

The idea of using computers to render
useful environments dates back to the
1960s. Back then, however, the comput-
ing power needed to generate even
crude 3-D graphics was so expensive
that only government agencies such as
Defense or NASA, plus a few university
labs, could afford it. Even today, specxal
helmets used for military flight simula-
tors can cost S1 million.

The field began to attract attention
when onetime computer hacker Jaron
Lanier coined the term virtual reality in

the mid-1980s. In 1984, he founded vPL
Research Inc. in Foster City, Calif.—the
first company dedicated to VR worlds
(page 104). vPL has developed key VR
aids—head-mounted stereo screen dis-
plays, or “eyephones,” plus the “data-
glove” and the “datasuit.” which let VR
viewers convey information to comput-
ers with hand signals. Don a Dataglove,
and an image of a hand appears in the
virtual world, so you can point to ob-
jects, pick them up, or commard the
computer.

More than anything else, though, the
relentless increase in performance—and
decrease in price—of semiconductor
chips is driving VR by allowing computer

COVER STORY
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makers to build more sophisticated
graphics svstems. At the high end, Sili-
con Graphics” new $100.000 “Reality En-
gine” has a computing speed 1,000 times
as fast as most Pcs. allowing it to pro-
vide quick rendering and real-time mo-
tion in VIt worlds. On the low end, desk-
top VR systems hased on Intel Corp.’s
486 chip cost as little as $20.000. Richard
H. Dym. general manager for multime-
dia at Autodesk Inc., calls new program-
ming tools and applications for these
systems the leading edge of software
development.

Entertainment is one of the first bene-

training plant operators. Today's train-
ing rooms for fossil-fuel plants cost up
to 31 million. Using VR, the cost might
dip under $100.000. And eventually, says
Hugh W. Ryan, director of new-age sys-
tems for Arthur Andersen Consulting,
VR worlds will be used to simulate busi-
ness interactions—from sales negotia-
tions to general management prob-
lems—and will replace some of today’s
expensive seminars and classes.

VR may also help train workers for
flexible manufacturing. Boeing Co.’s
project manager for human-computer in-
teractions, Keith Butler, is developing

complex, realistic graphics or live-action
motion, which is more important for
maintaining the illusion of reality?

The answers to such questions lie in
the cognitive and behavioral sciences.
Greater knowledge of the structure of
the brain, how it processes informatior.
and how people think and perceive is the
key. Such research already indicates
why VR worlds are so effective in train-
ing, says Roger Shank, director of the
Institute for the Learning Sciences at
Northwestern University. Studies show
that in general, people reason or solve
problems based on cases, examples, and

ficiaries. Nintendo Co.'s
399 Powerglove, a sim-
pler version of VPL's
38.800 Dataglove. lets

spawn a host of vR-like
video games. Virtual
World Entertainment
LP's VR game site in
Chicago. the ""Battle-
tech Center.” has sold
some 300.000 tickets at
37 each since it opened
in July to playvers who
sit in an enclosed cock-
pit to engage in Star
Wars-like battles. The
company has two sites
in Japan and plans to
open 17 more over the
next three vears,

‘TELEPRESENCE. In busi-
ness. much VR technol-
ogy will evolve out of
current computer sys-
tems. Computer-aided
design. or CAD. systems

video-game  wizards educational software
play with hand gestures ever made,” says
and has already helped Shank.

experience, not by
learning rules. “That's
why the flight simula-
tor is the best piece of

gsNETIc cugs. One of
the key assumptions of
VR work is that the
brain can process infor-
mation better when it
is presented through
sight, sound, and touch
instead of just text or
numbers. Scientists also
are finding that the
responses to certain
visual cues-—including
hand-eve coordination
and the ability to detect
the edges of objects and
to recognize movement
across a meadow of
grass—are encoded in
genes. Qur cavedwell-
ing forebears originally
developed these re-

have been around for vears. Adding VR’s
greater resolution and interactivity can
enhance their utility. as Chrysler. among
others, is discovering.

“Telepresence.” a VR tool that refers
to the remote manipulation of equip-
ment. shows similar potential. The Japa-
nese construction company Fujita Corp.
has hired VPL to help it build a system
that lets an operator in Tokyo direct a
spray-painting robot anywhere in the
world. The operator views the building
to be painted on a computer, then works
controls that signal the robot to spray.
With VR, the image is so painstakingly
exact that the human operator makes no
mistakes in directing the operation.

In business education and job training,
VR's chief benefit would be lower costs.
The Electric Power Research Institute
has teamed up with MITRE Corp. to de-
termine if an electronic mock-up of a
power-plant control room using stereo

VIRTUAL MODELS: Northrop Corp.

engineer Robert Joy uses a vr system to
design parts for the Air Force's F-18
fighter jet in virtual space, lessening the
need for expensive, time-consuming
physical mock-ups

techniques to project job instructions
onto see-through goggles worn by as-
sembly workers or onto the work space
in front of them. In theory, instructions
presented this way could replace hours
of training in which workers learn jobs,
then must be trained again when the
task changes. With such displays, a
worker might assemble wing flaps. then
switch to nose cones on the same day
with little loss of productivity.

In perfecting such systems. develop-
ers must solve some novel problems.
Why do some people become nauseated
when navigating in evberspace? And if

| projection displavs can be effective in ; you have to make a wade-off between

sponses in reaction to
the world around them, says Ronald M.
Pickett. professor of psychology at the
University of Massachusetts at Lowell.
Pickett and others are designing soft-
ware icons that mimic those cues. “We
want to trick the visual system to evoke
guick. natural perceptual processes in
the service of analyzing date.” he says.
To do that, he has created an icon that
looks like grass. It changes length,
curve, and arc to represent numeric data
such as income level, age, and sex. Each
icon can convey multiple characteristics
that can be comprehended at a glance.
Whether people experience virtual
worlds as “real” doesn't depend entirely
on real-time motion, graphics, or visual
cues, however. One of the most difficult
challenges is to imbue computer charac-
ters with humanlike qualities. As part of
that effort. Joseph Bates. a computer
scientist at Carnegie Mellon University
in Pittsburgh. is trving to create VR dra-
ma—interactive programs in which com-
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ple’s ability to absorb infor-
mation. “Our ears point our
eyes,” says NASA Research
Psychologist Elizabeth M.
Wenzel, an expert in add-
ing 3-D sound to virtual en-
vironments. A military pi-
lot, for instance, often
monitors as many as eight
conversations from air and
ground sources through
the same earpiece. Wenzel
says that making the sound
appear to come from differ-
ent directions helps pilots
key in on high-priority in-
formation. A new circuit
board developed by Nasa
and Crystal River Engi-
neering Inc. that produces
3-D sound will make it easi-
er to put sound in virtual
worlds. The chips mimic the
shape of sound waves as
they hit the human ear
from different directions.

WAR GAMES: The Pentagon is
sharpening soldiers’ skills with
computer-generated battlefield
exercises that unfold on huge screens

puter characters and people collaborate
t0 create stories or situations. At first,
it's hard to understand how an animated
landscape with four bouncing blobs
could be relevant. The blobs’ only activi-
ty is jumping up and down, and they are
supposed to take turns “leading.” But
when one ball starts to dominate the
activity. the others react. They change
color. or slow down. One even turns
from red to blue. retreating to a corner,
its sides heaving. to...weli sulk.

The balls appear to be exhibiting emo-
tion and acting independently because
Bates and his colleagues have pro-
grammed them based on theories of be-
havior. These hold that emotion—and
the behavior that results from it—arise
from goals that are being met, opposed,
or otherwise affected. When pro-
grammed this wayv. the blobs begin to
act as if they have “personalities,” and
people can identifv with them.
‘8ARFOGENIC ZONE.' Building on such
work. researchers one day hope to popu-
late virtual worlds with creatures—hu-
man-looking or not—that people interact
with as they would anotier person.
These characters might analyze a prob-
lem. monitor an experiment. or play the
role of someone in a business simula-
tion—a hot sales prospect. sav. They
would probably react to voice commands
but would ualso need to convey and un-
derstand more subtle human communi-
cation such as bodv language., Sound

fantastic? Not to Fujitsu Ltd., which has
invested $250,000 in Bates's work. His
work reinforces Fujitsu's research in
“artificial life,” computer algorithms
that behave like biological entities and
could become the basis of computer-gen-
erated characters in VR worlds.
Fine-tuning the sensory and psycho-
logical factors that make a VR world
“real” is a further technical challenge.
Experience shows that VR viewers adjust
to low-resolution monitors. The brain
also accepts slow, jer- _

creating the illusion of dis-
tance as sounds grow louder and softer.

VR researchers are opening another
portal to the brain through so-called
force feedback. The idea is to build
weight, resistance, or attraction into joy-
sticks, so* that VR voyagers can “feel”
simulated objects. Researchers at Digi-
tal Equipment Corp. are working with
outside chemists to simulate the forces
of molecular attraction and repulsion.
Their goal is to develop a system within
will help chemists feel

ky frame speed and
much faster live ac-
tion—30 frames per
second. But in between
lies what Thomas P.
Piantanida, principal
scientist of SRrI Interna-
tional's Virtual Percep-
tion Program, calls the
“barfogenic zone’—
from 4 to 12 frames
per second. At that
speed. the confusion
between what the
brain expects and what
it sees can make view-
ers sick. Until comput-
ers can create complex
worlds with live mo-
tion. Piantanida's work

4 .

these forces as they
experiment with 3-D
images of molecules to
develop drugs and oth-
er chemicals. That's im-
portant because mole-
cules that appear to be
compatible often are
not. Knowing this
in advance could help
scientists avoid blind
alleys.

The more sophisti-
cated VR worlds be-
come, the more contro-
versy they may gen-
erate. Some psycholo-
gists want to use VR in
psvchotherapy to alter
the pevspective of pa-

suggests that it's bet-
ter to run crude dis-
plays faster than to
run detailed displays in
the barfogenic zone.
Putting sound to vir-
tual worlds i one more
keyv to improving jeo-
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THE BLOBS: Camnegie
Mellon University's Joseph
Bates has created animated
characters that exhibit
emotions based on theories
of human behavior. The
next step: Virtual worlds
filled with creatures that can
interact with humans

tients, or to recreate
environments that
cause stress or other
problems as a way to
help treat phobias. de-
pressions and schizo-
phrenia. Briush psy-
chologist Peter Ward.
who plans to use VR to :
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o wet a feel for what
l 15 different about
virtual reality, meet
Jaron Lanier. chairman of
vPL Research Inc. Dread-
locks ctown his ample
freme. His Sausalito
(Calif.) studio—he’s an ac-
complished musician—is
filled with exotic instru-
ments. On the door hangs
his image emblazoned on a
psychedelic poster. The
poster is hot in Europe,
where VR is trés trendy
and Lanier is a cult figure,
reflecting VPL's preemi-
nent role among the start-
ups that are pushing the
technology’s frontiers.
Lanier. 33, started VPL
in his garage eight years
ago with money he made
from programming an
Atari Corp. video game
called Moondust. Fiddling
with icons and graphies he
hoped would make rnath

THECULT FIGURE AND THE EXEC: LANIER AND FISCHER OF VPL.

bases for analyzing casu-
alty data in 2 war.

The core of such mar-
kets will be software, says
Robert Jacobson, founder
of WorlDesign in Seattle.
StereoCad in Sunnyvale,
Calif., and Virtus in Cary,
N.C.,, specialize in archi-
tectural and engineering
design programs. BioCad
in Mountain View, Calif.,
sells ‘“virtual chemistry”
software that lets scien-
tists create 3-D, interactive
models of molecules and
other chemical structures.
Engineering Animation
Inc. in Ames, Iowa, makes
3D graphics and anima-
tion programs that re-
create accident scenes for
use in court. Both Sense8
and VPL sell “tool-kit” pro-
grams for VR software
programmers. But they
may not rule the market
for long. Autodesk Inc. in

easier led him to a more sweeping vi-
sion. Today, VPL sells hardware devices
such as the Dataglove and Datasuit for
navigating in virtual space, helmets
that surround you with computer-gen-
erated worlds. and programming soft-
ware that even children have used to
create virtual environments—Kkids, and
a few other customers, such as Boeing,
sRI International, Matsushita, and MCa.
THE ‘BOOM.’ V'R's big winners eventual-
lv should be heavyweights such as In-
tel. 1BM. Apple. and Silicon Graphics—
the makers of graphics chips and com-
puters. Alan Meckler,

stereoscopic viewing device called the
“boom”—as in boom microphone—that
lets a person move around a virtual
space by looking through a viewfinder.

Lanier thinks medicine will be VR's
“monster market,” partly because of
the need for better visualization of di-
‘agnostic scans. At a recent San Diego
conference, surgeon-inventors mingled
with science fiction writers, while Sony
Corp. marketers pitched high-defini-
tion-television screens. The other prod-
ucts discussed ranged from systems
for doing remote surgery to 3-D data

Sausalito, which has 700,000 customers
for its computer-aided-design software,
could have an edge when it comes out
soon with its own tool-kit program.

SETTER ENTREE. Such competition has
begun to alarm Lanier, a major vPL
shareholder. In May, he named a new
chief executive: ex-Hewlett-Packard
Co. executive Walt Fischer. As white
collar as Lanier is not, Fischer may
have better entrée to corporate cus-
tomers. This could be crucial for vpPL's
plan to become a systems integrator,
selling packaged solutions—not just

|

= p—— components. “We've
publisher of the news- - } sold millions of dol-
letter The Virtual Re- PIONEERS IN VIRTUAL REALITY w—= 1} lars’ worth of hobby
ality Report. sees lift- stuff,”” says Lanier.
off toward the end of THESE VR LEADERS ARE ALL PRIVATE COMPANIES “The transition now is
this decade. But who- Company Location Employees Founded into a real company.”
ever cashes in will UEVUIILL FOSTER CITY, CAUF, 25 1984 Whether vPL and
owe a debt 1o vPL and Makes hordware and software, incuding DatoGlove and EyePhones the other VR upstarts
many other innova- | 7T will prosper is imnos-
tors. Crystal River | ==—-- ) Kages ¢ .SAUSALITO, CAUF. 8 1990 sible to predict. But
Engineering in Grove- Creates programming package: for virtual worlds even if they do not,
land, Calif., is selling TLITNILGS MENLO PARK, CAUF. 7 1989 pioneers such as La-
acoustical circuit Makes stereoscopit viewing device nier are trailblazing a
boards that let pro- technology that is
grammers put 3-D SOUTH PASADENA, CALIF. 15 1985 likely to benefit every
sound—say. the sound Develops engmeenng visualization programs industry that relies on
of a door opening and = It TITINE PALO ALTO, CAUF. 12 1983 | computing.
closing—in a virtua Adapting the DataGlove far use in medicine _ By Joan O'C. Ham-
space. Fake Space ilton in  Sausalito.
Labs has invented 2 WOBURN, MASS. 25 1988 | Calif
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“the same desk—with the ability

electronic documents
back and forth. Some visionaries
even predict the adveni of highly re-
shistic computerired sex.

even 0

Fantselic stuff, and it siready Is ~

sralsing questions about whether vie-
tual reslity csn be sbused, like 8
drug, to create akernate psychedelic
environments in which users could
disappear from the resl world. “Elec-
tronic LSD,” some
call it. There even
are fears among
some in the VR
field that the gov-
emment will seek
to reguiste virtusl
reality.

“The problem
with virtual reali-
ty Is that it'a a
door to another
world.” said Mi-
chael McGreevy,

a pioneer in the
{ield. “People
might walk
through it and
choose not to
come beck.”

Even in Ita
more conserva-
tive forms, virtual
reality can pro-
duce a disorient-
ing and nauseat-
ing feeling known
23 "simolator sick-
nesa.” In which
the eyes tell the
brain the body is
rooving, based on
the images from
the VR system—
contrary to the
signals fron: the
inner ear, which
thinks the body is
stationary.

But experts say
the positive attri-
butes of VR far
outweigh any po-
tential negatives.
Virtual reality,
they say, is the
best example yet
of how powerful
computers will
change life—quite
literally, in this

case.

“In virtuaf reali-
ty, what happens is this: We're put-
ting the observer inside tre medi-
um,” said Thomas A. Furness {ll,
who began working on virtual reafity
technology for the Air Force more
than 25 years ago and now is direc-
tor of the Human Interface Technol-
ogy (HIT) Laboratory at the Univer-
sity of Washington in Seattle, one of
the leading virtual reality research
facilities. *Boy, let me tell you, i
changes the whole rules.”

Some of these new worlds will be
more than 8 kittle surrealistic. “New-
romancer,” 3 1984 novel by science

has been the inspiration for many in
the virtual veality field, imagined a

hallucinatory woeid known aa “cyber-

space,” in which usera connected
their brains to gigantic graphical
databases and wandered about them
tehle:muidy in search of inferme-

That's not 90 farfetched. Many
personal computer programa now
can convert from spresd-
sheets into sophisticated three-
dimensional charts. Virtua! reality
puts the user into the middle of
those graphs und animates them.

“You might see ebbing and flowing
of the tide {of data), oceans rising
and falling, trees growing, some sort
of organic model” of data, McGreevy
said. Appiied to the anatysis of finen-
cial markets, 8 virtual reskity-based
aystem could be a powerful tool. *If
you liked program trading, you'll
love virtusl reality trading,”
McGreevy said

Other virtual reality exsmples are
a little more hke real e, There ol

computer-
ized plans into three-dimensional
computer-generated models of bulld-
ingy ond then we virtual reality to
“wak" through them. Unlike a biue.
print or even a computer-generated
design, virtual reality ellows srchi-
tecta 10 experience what 3 building

B0 LNEE HELY - T SARENE POt
i m

giant, has set up a virtual reality ar-
chitectursl system in 3 Tokyo de-

¢ partment store (o ygive customers
fiction novelist Wiltiam Gibeon that * b

lifetike previews of what remodeling -
their kitchens.

Hgpant
;ggi
. Esg

working on lighter, more comlort-
sbie devices, most motably replace-
ments for the bulky heimet. “Hel-
meta sre Stone Age.” declared Ken
Pimental, product manager at
Sense8, a Sausalito, Calil.-based
company that writes computer mit- .
ware uwsed in VR systems. including
the stock-trading system, which is
viewed on a regular television
screen rather thas from a heimet.

The goal is to
come wp with a
virtwl reality in-
terface that is as
easy to wear st 8
pair of glasses, “1f
the consumer
market comes out
with some elfec-
tive, lightweight
glasses, it could
drive the market,
even If It's low
quality,” said John
Latts, president
of Fourth Wave
Inc.. an Alexan-
dris consulting
firm active In vir-
wal reality work.

‘The University
of Washington's

JHIT fab je testing
& visusl device
known as a "virtu-
al reting display.”
in which a filtered
laser draws imag-
es on the user's
retina—a scarily-
ing and currently
crude techiology
that experts none-
theless believe
holds great prom-
ise. Another siter-
native does sway
with head-mount-
ed displays entire-
Iy by cinstructing
virtual reality
viewing rooms
with large-projec-
tion TV screens
as the walls, ceil-
ings and floors.

Al crude, for
the moment, are
the imagea pro-
jected of the vir-
tusl wotld. Be-
cauae of

imitations of even
the most powerful
computer graph-
fcs aystema, the
world of virtust reality often looks
like a schematic drawing populated
by 8 handful of slightly more reslistic
cartoon charscters; the
tiy- liquid-crystal video displays
weed in most helmet systems make
the' views even fuesier. For instance,
Victuality, 2 victual reslity game that
siready has appeared in several

video srcades around
the mation, Including Springfield
Mall, festures cartoon-lke charac-
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RESEARCH

The Scientist
March 18, 1991

Researchers See A Wealth Of Applications For Virtual Reality

By ROBIN EISNER
X-ray crysullographer Vivian Cody

has found a way t0 sit—vistually—
1n the midst of enzyme drug binding
sttes. She especially likes to experi-
cnce the feel of itall—the pushesand
pulls that a drug goes through as it
finds the coziest place to rest on 8
protein. Although this kind of mo-
lecular space exploration sounds like
fun and games, some saentists in
academia. industry, and government
sec itas amost serious andadvanced
application of “virtual reality,” an
emerging computer technology that
1ts most enthusiastic advocates sug-
gest could change the entire com-
plexion of rescarch.

While vinual reslity has been
used by the military and by space
scientists for the last decade, phar-
macologists, molecular biologists,
and theoretical physicists are begin-
mngto venture ino its domain. Sim-
ply speaking. the technology
provides heightened represemtation
of the real, physical attributes of sci-
entific models, It is a too! that takes
visualization and interpretation of
data 10 a new dimension—io the
point at which a researcher, in a
sense. touches. interacts with, or is
engulfed by the model that he or she
has created.

Unlike the usual interfaces be-
tween humans and computers, such
as the mouse or the keyboard, virtual
rcality  hardware—head-mounted
displays and gloves—asliows people
to feel as if they are entering the
warld inside a computer display, fly-
ing around and manipulating the ob-
jects they encounter (sce accom-
panying story). Indeed. it promises
to accelerate scientific understand-
ing by enabling researchers to refine
therr hypothesized models of the
mystenes of nature.

“Science moves by its ability to
sec and model,” says Myron Krue-
ger.one of L ~innovators of the tech-
nology. “Althugh we downplay our
intuitive grasp of things and think
mathematical equations are more
correct, our intuition is more highly
developed than our symbolic sens
of the world. New perceptions and
perspectives create radical sources
fordiscovery andinsight inscience.”

Other scientists sgree. Crystal-
lographer Cody, head of drug design
at the Medical Research Foundation
of Buffalo, is one of the small but
growing number of academic, basic
science  researchers—from  biolo-
g1sts 1o physicists—who have begun
10 use or investigate the use of VR in
their work. Cody sad other non-
computer, nonspace, and nonmili-
tary scientists arc being introduced
1o VR through colisborations with
phivaie and public facilities special-
izing in the echnology.

Cody felt the power of VR tech-
nology last year atone of the centers
doing research on it in the United
States. the depantment of computer
crone at the University of North

© 12, Chapel Hill, As editor of
E MC 1mal of Molecular Graphics,
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Cody says. “loften gettobe
the first kid on the block to
play with new foys like
{these).” And because the
facility is considered a spe-
cial resource center, funded
by the Nationat Institutes of
Health, part of the $300,000
a year it gets must g0 10- FREA
ward collaborative work.

Cody went to the center
to see if the university’s
peototypic VR force-feed-
back, drug-docking pro-
gam could reproduce
results she gets withthe cur-
rent siandard computer
software and hardware. She
left with a ot more. She
found new binding orients-
tions for one of the drugs
she works with—the en-
zyme dihydrofolate reduc-
tase (DHFR), a2 major
chemctherapy  target
anticancer agents in cells.
Now she intends to deter- g

\

\

. FEELING FOR THE
mine if what she ssw in the tist Fred Brooks uses &

E ~/

virtual worldcanexistinthe between a drug and ks target.

real world by crystllizing
the drugs and the earymes in these
mew configurations.

Although the centcr has energy
data availabie only for DHFR, the
sechnology represents a major ad-
vance over what is currently avail-
able, Cody and others say. “The
fastest way 10 do all the energy mes-
surements between a drug and a sub-
sirate is 10 use a supercomputer,”
says Cody. But since the super-
computer caiculates every energy
possibility between the atoms, it
takes a fong time to do the analysis
and is costly. VR puts s human being
into the loop o both visualize and
feel the interaction hetween the mol-
ecules. “The mind is still the best
pattern recognition system  avail-
able,” says Cody. What the super-
computer wastes time on doing by

rote, a person can quickly do by
using sight and touch, she says.
Although the technology prom-
ises to be revolutionary, “there is still
a trade-off between resolution and
speed of transmission of images.”
says Michael McGreevy, head of the
National Acronsutics and Space
Administration’s Virual Environ-
ment Research Laboratory a1 Ames
Research Center in South San Fran-
cisco, Calif. At the current tevel of
commercially available virtual real-
ity, for exampic, a biologist could
develop a highly stylized model of 2
cell and poke around inside. But the
technology at the centers and on the
market has not been refined to the
point at which a biologist can enter
into sn image of a living ceil and
watch the chromosomes divide.

MOLECULE: Computer
roboMC 2 10 feel the forces

Not yet, that is. The vir-
tua] landscape is expected
1o become more refined in
five years. There are some
S0 VR startups, a number
of major corporations,
about five centers in the
US., and more in Japan
doing rescarch on VR. ac-
cording to  William
Bricken, 3 scientist at the
Human Interface Technol-
ogy Laboratory in Seattle,
one such center. But these
firms and  indtitutions
aren’t focusing on refining
the technology for bench
researchers. Most of the re-
cent applications of virtual
reality have been in render-
ing 3-Darchitectursl draw-
ings, landing astronauts on
Venusian landscapes. med-
ical imaging, and telecom-
munications.  Acsdemic
scientists make up a small
percentage of VR's poten-
tial user market and there-
fore don’t provide a sub-
stantial economic incen-
tive for product development.

But sccording to NIH computer
specialist Richard Feldmann and
others, designing affordable, mass-
market consumer products, such as
virtual video games or virtual tele-
communication systems, are driving
the VR marketpiace. In such appli-
cations. people would be able to
“walk™ intoa computer game, Of two
people separsted by distance could
“occupy” a computer-generated
spece and interact in it.

Spin-offs from these consumer

and advances in super-
computers should eventually de-
crease the cost of VR software and
hardware, say computer experts. And
then scientisis can benefit. “Scien-
tists arc pamsites in that sense.” says
Feldmann, of NIH's Division of

scion-

the heroine might have used 8
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you are ia s life-size, 3-D
world. Each scresn has 8
different view 80 you see

wido-

- 77 =% .HEAD-MOU
£ Alice Through the Looking Glass were writtea todey,
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datsbasc what coord:nates the vertices of polygons cre-
sting the virtual world should occupy. 1t geoerates an
image for each of your eyss 30 times per md. s0

ing  Walter’

ammwmm.&nmgm—ny_n i8to the sceme. The stuff in froat of you gets closer. If

P

push your head

you turp your boad, the
stuffthat was is froal goss
off 1o the side.”

Computer Research and Technol-
ogy. In five 1o 10 years, say the ex-
pens. virtual experimentation on 2
wider scale could become a reality.

The computer graphics and vir-
tual reality center at North Carolina,
under principal investigator Fred
Brooks, has been cvolving since the
carly 1970s. Years of support from
NIH. the Office of Naval Research.
the university. and Burroughs Well-
come Co. of Research Triangie Park.
N.C., have finally begun to pay off.
“The [force-feedback] drug docking
project allows a researcher to feel in
his or her hands the clectrostatic
forces that exist between a drug and
its substrate—in real time. No small
task.” says Richard Dullois. direcux
of the computer technology section
of biomedical research in NIH's Na-
tionsl Center for Rescarch Re-
sources in Bethesda. Md.

To dock drugs at the North Care- o
lina center. the rescarcher stands i £
front of a 4" x 3° screen. upon which
is displaycd a mode] ¢t 3 drug meol-
ecule and its target protein. By using
a robotic arm that acts as 3 grystich.
he of she can move the drug up and
down, beft and right. and backward
and forward. An encrgy histogram
displayed on the screen allows the
investigator 10 eyeball whether the
fit between the drug and its substrate
is energetically stable. At the same
time, the tobotic amm fesponds to
repulsive forces between the molc-
cules depicted on the screen.

Other projects at the center. in-
cluding the drug-docking program
without force feedback. involve one
of the more populat interiaces of VR
technology. called the  head-
moumed display. Force-feedback
drug docking using head-mounicd
displays is not possible yet. “The
technology is just not here” sav<
Waiter Robinett, chief of the head-
mounted display project. But he and
otheis =r= working on it.

Head-mounted dispiays are the
window into the virtual world. They
create a stereoscopic, wide-angle
view of the virtual world that the
wearer can seemingly enter. Inside
the displays are two small televi-
sions, onc for each eye. The view
comes from a computer that gener-
ates images 1S5 to 30 times per sec-
ond. The picture changes depending
on the wearer's movements.

An input device aliows a person
10 be transported inside the virtual
world. Thesc devices enable a per-
s0n 1o make commands that he com-
puter imerprets. The computer then
changes the image that it sends to the
television screens in  the  head-
moumed display. The input device is
a joystick that has been transformed
ino a glove that a person wears on
the hand or a joyhall with buttons.

The glove was originally made
by computer scientist Tom Zimmer-
man because he wanied to play “air
guitar"—scwally producing  the
sound of strings with a flick of the
wrist. He licensed the glove to Jarc..

Lanwet, CEO of VPL Research inc.

(Connnaed on Pote Ih1
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Scientists Explore Uses Of Virtual Reality

" (Connamed frasn Page 14}
1n Redwood City, Calif.. one of the
50 or so VR startups.

Wide acceptance and spplication
of VR techmology isn’t going io hap-
pen overnight. While there are some
commercial VR software and hard-
ware products on the matket, the ma-
chines are ocostly, and only the
centers today have enough comput-
1ng power and expertise 10 creale a
believable, three-dimensional visual
reality in which a researcher can in-
teract. Before VR can be used more
widely, observers agree, a consider-
able number of technical and finan-
cial hurdles must be overcome.

One criticism of virtual reality as
it exists today is that the essential
equipment is uncomfortable and un-
refiable. The head-mounted dis-
plays, for instance. are said w0
nauseate peopie.

“The problem with the giove is
that it is made of sretchy material,
and it is hard to get it 10 work from
day to day with different sized
nands.” says Robinett. who uses the
hal! device. “But from the point of
view of sceing a live hand in an
environment and secing the scale of
things inside a virtual world in pro-
portion 1o your own body. the glove
is wondetful.”

An altemnative to virtual reality,
calicd anificial reality, overonmes
some of the equipment unfriendli-
ness. Invenied by Myron Krueger in
1969, it is a system that allows a
human heing to interact in computer
cvents unencumhered by gloves and
hewd-uwnnted  displays. In Krue-
por's adificiat seafity. video cameras

VPL Research Inc.’s
Lasko: “Many people
underestimate the
power of the technology
that does exist.”

send images of a person (0 & com-
puter. which transiates his or her
mavements and responds 10 them.

One of the fastest-growing man-
ufacturens in the U.S. of gloves and
other vinual reality hardware and
sofrware is Redwood City's VPL Re-
search. The firm was founded in
1985 by its president, Jean-Jacques
Grimaud, and CEO Lanier, who has
beocome a media celebrity of sons,
having been profiled in Plavboy,
Rolling Stonc. atad Smithsoman. In
June 1989, VPL performed alour de
force—the first commercial demon-
stration of two people in seperate
locationssharing a virtusl reslity ex-
perience.

Today VPL's customers include
telecommunicstions firms, eag-
neening designers, and forestry re-
searchers. And while VPL employees
acknowledge thet the technology i
still in its early stages, customers say
that it is worth getting in on the
ground floot 10 gain sn edge on what
they predict will become a widely
used technology in business.

Q e we maned seliing our
ERIC
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products, the only people whocould  phones and an electrical engineer Lo exist. It is a very creative software.

work in this ficid had 1o have all of  figure out the tracking. The system It is up to the uscr to soe its applics-

the skills and resources 10 build the  we sell is ready Lo go, 50 someone  tion to their system.” .

sysiem from the ground up,” stys can make their own virtual reality. VPL sells a vinual reality system

Annc Lasko, director of product de- “Byt there are misconceptions raompcponxhuinduduahad-

sign at VPL “They needed an opti-  sbout virtual reality. On the onc  moumed display, the glove, the two  researcher.
cal engineer 10 develop Uhe eye hand, people have greater expects-  advanced graphic worksiations, and

tions of the technology than is cur-
rently available. On the other hand,
many peopic underestimaic the
power of the technology that does

»

sccessorics for about $200.000. The
two  workstations account  for
$150.000 of the price. The giove
alone goes for $8.800.

Most  scademic  researchers
would be hard-pressed to find
money irom their university or from
a federal agency to use VR in their
lah, some obscrvers say. “If a lonc
independert  of the
groups doing this son of thing. put in

- “..a powerful
new tool for

final product. The RF3—a powerful new dimen-
sion for proten purification.
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4 grant to the govenment even to do
cullaborative VR, it would be impos-
e 1o get it peer-reviewed.” says
NIH computer specialist Feldmann.
“There just isn't enough of a base of
scienusts with expertise in applica-
uons of thistechnology toncw arcas.
“Peer review is a control mecha-
nism that is somewhat repressive
and reactionary. But once you get
some brave souls who show the tech-

nology isn't just whiz-bang, but can
. new and interesting results.
you migh: et some funding. This
has happenesdbefore with other tech-
nologies that people  originally
thought were just toys.”

Right now. in fact. the 18-month-
old Human Interface Technology
(HIT) Laboratory in Seattle is in the

of convincing the National
Science Foundation to help fund its

. With Tom Fumess at its
helm. getting money should be no
problem. say colleagues. Fumess
used10 headthe Dayton, Ohio-besed
Wright Paterson Air Force Base VR
flightsimulation project.a VR appli-
cation used to train pilots.

“HIT is a state-funded institution
whose purpaciswmmfenedmol-
from the states’ universities to

the private sector,” says Bob Jacob-

son, associate director of the centet,
bhased at the University of Washing-
ton. HIT is also soliciting $50.000-
a-year membershipsina consonium
program from industry investors.
The pooled money from the mem-
bers of the consortiumn supposts gen-
eral research in the iab. In return,
indusiry members gain an advantage
over competitors, since they have
sccess 1o (he initial stages of the VR

a peptide synthest
my Iab‘c"apgggrd-
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sechnology. Current memhe.s of ¢ 2
consortium include Digital Equip-
ment Corp. of Maynard, Mass.. Sun
Microsystems of Mountain View.
Calif.. and VPL Rescarch.

For those academic rescarchers
who want to ride the VR train it
cannot afford it. collaboration with
industry may be the ticket. John
Joannopoulus. a theoretical physi-
cist at the Massachusents institute of
Technology in Cambridge. has such
an ammangement with IBM’s Veridi-
cal Laboratory in Yorkiown Heights.
N.Y. Hoping eventually touse VR as
a visualization tool. Juannopoulus
and colleagues arc in the process of
developing 8 machine that could
simulate the structure of solids. This
machinc would create three-dimen-

R

NIH’s Feldmann: “if a
lone researcher putin a
grant [to use VR], it
would be impossible to
get it peer-reviewed.”

sional. clectron-density maps ol sol-
ids upon heing provided onty with
the atomic numbwer of an clement.

“Now | do the calcudations on the
supercomputers at MIT and Carne-
gic Mcllun Universin.” he says
“Office of Naval Rewarch nuwicy
pays for them. The sisualizations of
the solid structures 1 do at IBM.” T
the near future. he wants to be able
t0 cnter into the structure of o sdid
and sce whin an clectron sees with
VR. By disturhing the structure of o
pure solid with a contannnant. he
wants s sz the clicet Trom invik
the solil.

But with alf the money in the
world. Joshua  Zimmerherp <l
couldnt o what he wams tein vir-
tual realits. Zimmesherg, clict ot the
Laboratory of Theoretical and Phys-
ical Biology at the National instituie
of Child Heaith and Human Desel-
opment. wanted to tahe his twomdi-
mensional fluorescent michineone
images. translate them inta a three-
dimensional voiume. and kol at @
cell as a wholc. instcad of sction-
ally. ~We would nced a supercompu-
ter that docsn 't exist vet to allow me
10 sec the cell in 3-D through & head-
mounted display.” say< Zimmer-
berg, wha studies the hiophysics o
membrane fusion. AL the current
time. VR is only gond tor people
who work with computer-gencrated
images. But to do the hind of work |
and others want to du is a goad rea-
500 10 push supercompater develon-
ment.”

Maintaining U.S. competitise:
ness in supercompaters and virual
reality prompeed Sen. Alben (e
(D-Tenn.) to visit North Caroling
this past January. Gore is concerned
that the Japanese will exploit the VR
market before the U.S. His concemn
may he wamanied. Accurding to
HIT's Jacobson. the Japanesc have
10 times as many facilities research-
ing VR as the U.S. NIH'< DuBlois i
concerned as well. He says, “If we
want W siay at the forefront of thiv
fickd. we must he commutied to keep-
ing our technical base 50 we aren’t
scooped by the Japanese.™ =]
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EXPERIENCING SCIENCE WITH COMPUTER-CREATED ‘VIRTUAL REAULITIES'

’ LT ITY Y™™
U. of Northh Carolina’s Russ Taylor uses a robot arm 10 sense simuisted molecular
force fieids around computer-generatad images of protains. Story on Page AS6.
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By DAVID L WHEELER

Computer-gencrated eivironments that
create the illusion of three-dimensional
worlds are pving scientists the ability 0
work surrounded by images of molecuies
and other objects that they once had to use
an clectron mucroscope to study.

**You can take a stroil on an insect’s eye
or take a towr of an integrated circuit.”™
says Thomas A. Furness. director of the
Human Interface Technology Laboratory
at the University of Washington. His lab-
oratory hopes to bring " virtual realities.”
as the computer-created worlds are often
called. into broad public and scientific use.

in the simplest version of the virtual
worlds. computers generate images on
goggles worm by the users. creaung the
sensation they are in a different place.
Those deveioping the virtual realities hope
they will open up new intellectual vistas in
education. entertainment. art. and archi-
tecture. as well as in science.

Williarn Bricken. the chief sciestist at
the Unuversity of Washington laboratory,
says that the primary purpose of virtual
realities should be to go 1o *places that are
absolutely unreal.”

Mr. Bricken belicves virtual realities
couid let people expenence mathematical
equations. for instance. Peopic could act
as a vamable in an equation and wsich
forms. colors. or curves shift around them
L] lmpome to changes in the vanabie’s
value.

Used ic Cancer Therapy

At the University of North Carolina at
Chapel Hill. vanations on virtusl-worids
technology have been used to help phys:-
c1ans position the beams of radiation used
in cancer therapy and 10 aid biochemists
searching for targets on protein molecules
where they can sttach drugs.

Virtual worlds may also inform the re-
search of psychologicts who study percep-
uon. Psychology, says. Mr. Bricken “is
the physics of virtual reality.”

Computer scientists see virtual-workds
technology as a natural extension of their
work. *For 25 years,” says Henry Fuchs.
a professor of computer science at the Uni-
versity of North Carolina, *“the major
thrust in computer graphics has been to
convey a sense of reality s0 the usercannot

Aruitoxt provided by Eic:

Rich Helloway of the U. of Nerth Carelina shows how virtual reslities
might be spplied in the future 1o heip decinrs “sae” inside & pationt.

distinguish computer-simulated objects
from real objects.”

Researchers at the University of Wash-
inglon want 10 find more natural ways than
keyboards for people to communicate with
computers. *"In the past. human talent and
fexibility has been subserviemt (0 2 narrow
capability of compuung.” tays Mr. Brick-
en. " We need 10 reverse this. Now that we
have very sophisticated computational
shilities. we need to adapt them to the
needs of the human. ™

He adds that peopie also need to begin to
get used 10 the idea of “*weanng™ comput-
ers.
In one currently availabie version of vir-
tusl.reality technology. a user puts on gog-
gies that create images with liquid crystal

i

L

displays—the same technology used in tap-
10p COmMpuUer SCTeens.

'ﬂlepictureinfmmofmheyeo(the
goggic wearer is slightly different. creaung
the illusion of three dimensions. An elec-
tromagnetic field is generated around the
user. and wires runsing from a magnet on
the top of 2 heimet that the user wears lets
the computer generating the virtal reality
know where the person’s head is in the
clectromagnetic fielkd.
Gloves With Fiber-Optic Cables

As the user's head moves, the computer
adjusts the view being projected in the gog-
ﬁuwwmmeumwmﬂdbemiufmm
the new siance insde the virtual reslity. A
person viewing a *virtual tree” wou'd see

Scholarship

Computer-Created World of Virtual Reality’ Opening New Vistas to Sctentusts

its other side if he or she walked in a semi-
circle and looked back.

For help in steering themselves through
virtua) realities. users usualiy wear a glove
with Aber-optic cabies along the fingers
and thumb. The glove relays commands to
the computer. A ponting gesture. for ex-
ampie. lets z user fly through the virtual
reality and indicates the direction desired.

Those who have experienced virtual re-
ality say the illusions are successtul. but
they sometimes find that the motion of im-
ages are jerky and the computer-generated
objects look more like cartoons than the
real thing. Expens in computer graphics
who have seen the photo-realism possible
on the screens of high-resolution. color
monitors are generally disappointed when
they don virtual-reality goggies.

“The resolution s tetrible”” says Mr.
Fuchs.

Researchers are expenmenting with
adding three-dimensiona! sound and a
sense of touch to the virtual wotlds. Bio-
chemists Who use a “"GROPE ™ system at the
University of North Carolina can see moie-
cules ahead of them in three-dimensional
space and. through a hand grip. czn get a
crude sense of the physicai forces that
would be gencrated if the moiecules were
real.

The chemists say that feeling the atomic
attracuions and repulsions while they are

manipuiating the ill y molecules
helps them find the best way to attach one
molecule to the other.

Along with trying to plunge users into
complete virtual worlds. scientists are us-
ing the virtual-reality technology to aug-
ment the normal senses. Researchers are.
for example. deveioping systems that let

Continued on Page A2
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«Scientists Use Computers to Create “Virtual Realities’

Continved From Page A6
physcians see and touch a patied
rormally but also let them see.
wpenmposed on the patient. in-
formauon from medical imapng
equipment that shows what 15 un-
der the skin.

An Obscure Domain

Virtusi-reality research. once
the domain of a few laboratones
that isbored 1n reistive obscunty.
has suddenty come 1nto more wide-
sbread use. Two virtual.reality
newsletters and the discipline’s
firt scientific journal are staring
up this year. and scientists A3y Cof-
POrALONS gre expressing IRTErest in
paving for the research.

The corporst~ fimancing, com-
bined with commercially available
hardware—goggies and dova—-
has made it easier for more scien-
tS1s 10 SIAMT cXPETIments.

At feast one computer scien-
tist—ivan E. Sutheriand—envi-
sioned what he called “the Uli-
mate Display™ almost 25 years
ago. In 1968, Mr. Sutheriand. then
at the University of Utah. pub-
fished a paper describing the first
heimet that could project images in
front of the viewer's eyes.

Since then. researchers ifi the
Air Force. at the University of
North Carolina. at the Massachu-
setts Inztitute of Technology. and
a1 the Nationsl Acronautics and

Space Administration’s Ames Re-
senrch Cemter in Mountain View,
Cal.. mave worked to perfect the
technoiogies that have resuited ia
the first vintual worids.

Yousg and Chaotic

Virtual-reality research as a dis-
tinCt discipline is young and chaot-
ic, scientists say. Terms and their
definitions have yet 10 be agreed
on, and even the name of the field
is in dispute.

“The term ‘virtsal environ-
ments’ better fits a field of scien-
tific reseasch.”” says David
Zeitzer. an associate professor of
computer graphics at the Massa-
chusetts Institute of Technology 's

Media Laboratory. *Vinual reality
is £ uasitainabie goal. like artifi-

Those interested in virtual
worlds say they have sot been hin-
dered by the lack of a journal. Us-
branches of computer networks in-
tended for the builders of virtual
wodds. researchers have been en-

phy. references. aad reievant com-
puter programs. Owe scienust
printed out the virtual-reality dis-
cussions from one computer net-
work and found he had 800 pages of
reading ahead of him.

Although some companics are
marketing hard for

Sebolasship

chiefly related (0 research. “Any-
one who gets imo too much of 2
sales pitch is chastined.”” mys one
sofltware enganeer.

has theee chief components. says
Mr. Bricken. One part conmsts of
the effont to develop and improve
technolopres that make the com-
puter-generated worlds look.
sound. and feel more real.

In another pant. rescarchers are
writing COmMpULEr Programs to of-
gamze the vast amounts of data
that stream back and forth between
the peopic and the computers cre-
ating vinual worlds.

1n the third. screntiste are teying
lo improve their understanding of

virtual realitiex. the convcmnom
on the computer nelworks are

percep sothevcando s
hetier ,oh of tncking the sefves.
“"We're trying to tie these three

Scholarship

pants together as tightly as possr
ble.”" Mr. Bricken says.

The Birth of ‘Cyberspace’

As the concept of virtual worids
spreads. Mr. Bncken and others
believe it wiil be accompanied by a
new view of clectroncally stored
and communscaled information.

“in the space around me. there
are 8 dozen or 30 television chan-
nels and hundreds of radio chan-
neis and teiephone Corversations
on celiular phones.”* V.r. Bncken
says

“Perceptuaily they're invisi-
ble.”" headds. “'yet given an instru-
ment. I'm able to make them ap-
parent. What's the word for that
place '

That place has come to be calied
“cyberspace.” a term lifted from a

science-fiction novel that de-
scribed a common hallucnation
sustained electronscally.

The concept of Lyberspace—an
electronic dimension separate from
the physical worid—has enthralled
anthropolopsis. $0Ci0logists. phi-
losophers. and arusts. Michael
Benedikt. a professor of architec-
ture at the University of Texas at
Austin, orgamized the First Annual
Conference on Cyberspace last
spnng. It drew hardware builders
and software wnters as well as so-
cal saentsts. Mr. Benedikt says
he came to appreciate the concept
of cyberspace after a long penod of
ambivalence about the influence of
eHeCtroMc COMMUNICAIONn On =~
chitecture. But as he learned about
cyberspace and virtual realities.
Mr. Benedikt says he became con-
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winced that they would opess up an
imporant new fronier for design.

“1 became intngued by the idea
that architecture could exist 1n an
unreal space.’” says Mr. Benedikt.
who i1s editing a book calied Cyber-
space: First Steps that will be pub-
lishved iater this year by s17 Press.

This year's cyberspace confer-
ence is being orgamized by Alluc-
Quere Rosanne Stone. a lecturer in
sociology at the Umversny of Cali-
forrua at San Diego. Ms. Stone sees
virtual worids as a more elaborate
version of other electroruc media
that are used socially. such as com-
pvier bullein boards and tele-
FAONE 3EX SErVIces.

Ms. Stone says that virtual reali-
ty. like the other electronk media
before it. carnes the danger that
peopie will become 100 engrossed

in the cyberspace inage they pro-
ject. "No macter how besuuful 3
body you code for yourself in high
resoiutson. 3-D color—no matter
how seductive 8 space you enter.””
Ms. Stone says. ‘it will not siow
down by one second how quickly
you will die of a1Ds i you have nt.”

Limited and Expensive
For now. access to virtual reality

Mets eavisions a “virtual com-
mon—a three-dimensional tiiu-
sionary place where parucipants.
o their “wvintual bodics.” could
mingie. converse. and listen to bec-
tures of view entertnment. Mr.
Furness, who spent 23 years in the
Atr Force building “virtual cock-
pits.” has managed to interest at
least one telephone companv—
U.S. West Commurnical:ons—in

is limited and very exp
cost of stlart-up equipment alone is
about $300.000 to $400.000. and sc-
nous researchers will need o
spend more.

Virtual-reality researchers even-
tuaily hope to use teiephone lines
to allow users To enter virtual
worids even when they are away
from the powerful computers need-
od 10 generate the worids. Mr. Fur-

Difficuit 10 Focus

Nine other companies. inciuding
ATAT Network Systems. Dipitai
Equwpment Corporation. and Sun
Microsystems. are charer mem-
bers of a consortium that Mr. Fur-
ness has set up to further vinual-
reality research. The corporanons’
chief concern seems 10 be that the

lechnology has 30 manv appica.
tions that it will be difficuit for re-
searchers 1o focus therr etforts.
Many obstacies block realizing
the potential of virnual worlds.
Massine electronic “‘pipelines”
and fast hes will be ded to

tween peopie and computers. The
Uaiversity of Washington re-
SEArchers esurmate that the equiva-
lent of 15.625 crrcunts capabie of
cuTYIng the human voice wiil be
meeded (0 carTy informanon about

CafTy an enlarged flow of data be-

“In the past, human
talent and flaxibliity
has been subservient
to a narow capabliity
of computing. We need
to reverse this.”
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the p of a person’s entire
body wu\ccomaummdtobnng
mformauon back to thst person’s
semses of sight. touch. and sound.
At the Umversity of North Caro-
lina. Mr. Fuchs says generaing the
three-dimensional images for virtu-
a worids eats ¥p 50 much comput.
er power that the researchers have
10 search for ways 10 economze.
One way to cut down 13 to lower
the quality of the image a person
s when hrs or her head 15 mo-
g rapudly. but 10 mncrease the im-
age quality when the head 1s still

Asother developmestal barvver,
mys Mr. Fuchs. s the carrent
mwthod of wracking head posstion.
In slectromagnetic tracking. users
have 10 3tay within the confimes of

North Carolina woeld like 10 try
more fresdom of movermeat. They
woulk like architacts, for exampie.
%0 be able 10 walk around as ow-
door site wearing 3 belmet free of
amy wired conaectos (o the com-
puter. The architects would be abie
9 sec 80 image of the building they
are plannIng and the ae ‘s features.
mech 48 Lrees, al the same Ume.
Mr. Fuchs and his colieagues are
bogmning W0 creais aa optcal
tracking system (ut weuld allow

wenen

that kind of fresdom.

As virgml-reality cquipment be-
commes smailler. lighter. and chemp-
o, its wess will spread. sciewtsts
my.

*1 hope to kve loag enough to
ser the Walkmas version of this,”
says Mr. Pucha. L
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