Making the Unseen Seen

Making sense of the data involved in increasingly complex problems is one of the biggest challenges in

computational research. Virtual reality offers researchers remarkable advantages for the task.

ur world is dynamic and

multi-dimensional. In the
midst of such complexity, we
human beings have the ability to
discern, immediately and intu-
itively, order in our surroundings.
This innate ability to perceive
order in complex sensations allows
us to traverse what otherwise
might be little more than a sea of
meaningless stimuli—it helps put
the sense in our sensations.
Visualization employs these innate
human perceptual abilities to
facilitate a better or more immedi-
ate understanding of the objects of
our study.

Consider rudimentary bar
charts or scatter plots: either
representation encodes numerical
data visually, so that they may be
more easily—i.e. immediately,
intuitively, perceptually—under-
stood. Trends or gross relationships
among data are more readily
apparent in a visual representation
than they may be via review of the
numerical values behind the image.

We can think of the graphical
representation as being perceptu-
ally accessible whereas the
numerical representation is
cognitively accessible. The
advantages of visual approaches to
data analysis take on increased
significance with increases in the
complexity of the problems or data
under study.

As the processing power of
high-performance computing

using such systems. Numerical
simulations of natural phenomena
such as climatological modeling,
molecular dynamics, and engineer-
ing dynamics can produce very
large, multi-dimensional, time-
series arrays of data. These data
can be extremely unwieldy, some
would say inaccessible, for
cognitive analyses. Visualization

review of products, before they are
built, to streamline or otherwise
improve the overall design process.
Ongoing improvements in graphics
computing systems have allowed
CAD representations of increas-
ingly higher fidelity and

interactivity than previously
available on any but the most
sophisticated graphics

techniques can be used to represenisupercomputers. Today’s sophisti-

such data graphically. By imposing
a graphical representations on the
data, sometimes animating such

cated graphics technology allows
designers in various disciplines to
review realistic CAD models of

representations to evaluate changesproposed designs early in the
in a system over time, researchers
can “see” immediately the results
of their simulations, helping to

Visitors to the CAC's November 6,
1998, 12 day ImmersaDesk™
demonstration view VR images of
Susquehanna River Basin
climatological data from the GeoVista

Project.

identify critical events or relation-
ships for further scrutiny. Visual-
ization techniques can render
patterns in the data immediately
and intuitively perceptible, patterns
which otherwise might only be
discerned through comparatively

systems has increased steadily overlaborious cognitive methods.

recent years, so has the complexity
of the problems that are studied
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Industrial previsualization or
virtual prototyping utilizes
computer aided design (CAD)

02.

design process. Evaluating designs
in interactive 3-D can reveal
potential problems such as mis-
alignment of parts or design
elements that interfere with one
another. Problems observed then
can be resolved before committing
to costly development of physical
prototypes or otherwise proceeding
with the project.

As the capabilities offered by
graphics systems approach fluid,
effectively real-time interaction
with realistic objects or worlds, we
approach the realm of virtual
reality or VR. Virtual reality
aspires to the convincing illusion
of experiencing synthetic environ-
ments in much the same way as
one experiences the physical
environment. The synthetic world
feels “real” to those who experi-
ence it. Users become “immersed”
in VR experiences in much the
same way as we all are immersed
in the physical world in which we
live.

Among the most highly
publicized uses of VR systems is
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location-based entertainment, such
as arcade games or virtual thrill
rides. But VR systems have been
developed for use in a wide range
of research disciplines. As with a
virtual thrill ride, one of the
greatest promises of VR is the
ability to do in virtual space things
that would otherwise be very
difficult or impossible. Flight
simulators for instance, have been
employed in pilot training for
years. Using a simulator, pilots can
develop at least rudimentary skills
without risking either very expen-
sive airplanes or very precious
lives. Similarly, virtual surgical
training, currently a burgeoning
area for VR research, holds the
promise of conducting preliminary
training for surgeons without
unduly putting patients at risk, or
placing undo training burden on
the efficient use of an actual
operating theatre.

As with the more conventional
methods of visualization, VR
enables “impossibilities” that have
less to do with tangible risks or
expenses than they have to do with
extending our senses or capabili-
ties. Like X-ray telescopes, VR
simulations can make things that
are otherwise unseen seen, either
because they are beyond our
spectral sensitivities, such as heat
or pressure distributions on the
surface of an aircraft—or outside
our place in space and time, such
as cosmic simulations of the
formation of galaxies which take
longer than any of us will be
around to observe, or microscopic
simulations of molecular events
that occur in minute fragments of
time that we cannot directly
apprehend.

VR systems and devices can
be as varied as the application
areas they address. Most VR
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systems employ a primary, visual,
usually stereoscopic, display.
Displays may be projection

faces for various tasks is a fertile
area for research in and of itself.
Another area of VR research

screens, monitors or head-mounted that is now the center of much

displays and may use active (e.qg.
LCD shutter) or passive (e.g.
polarized lens) eyewear for
binocular separation of stereo
images. But available VR devices
(and the stimuli enabled by their
use) include not only the visual,
but also aural (spatial sound) and
tactile (various implementations of
motion tracking or haptic feedback
devices). Novel approaches to VR
interaction emerge regularly from
research labs and companies vying
for their product to become a VR
standard, just as the mouse and
keyboard have become standards
for more traditional computing.
Collectively, these systems and
devices can allow direct and multi-
sensory interaction with various
representations that make up a VR
world.

VR approaches extend the
metaphor of visualization and
visual computing to what might
more appropriately be called
“experiential” computing. Ideally,
VR users can experience their data
directly, with natural modes of
interaction that are transparent for
the user. Modes of interaction and
metaphors for data representation
theoretically can be as varied as
human perceptual sensitivities. But
the reality is that many VR devices
are quite awkward to use. The high
incidence of user discomfort or VR
sickness is testimony to the
inadequacy of many VR interfaces.
Conceptually appropriate user
interfaces and display metaphors
are just beginning to be worked out
in many fields. At these early
stages of VR development, Human
Computer Interface (HCI) study of
the efficacy of various VR inter-
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activity is networked tele-collabo-
ration. By connecting remote VR
systems using high-speed net-
works, distributed participants can
evaluate data or designs together in
virtual space. Collaborative VR
usually employs simple graphical
representations of participants in
the virtual space, called avatars,
which allow users to point to
objects or to “go together” to
locations of interest in the virtual
world. In a typical scenario,
accompanying audio channels
allow voice communication among
participants. Remote networked
collaboration in persistent shared
VR worlds is considered promising
for global work teams, potentially
transcending time and space as
obstacles for collaborative endeav-
ors.

The promises of VR are that
users can extend their senses and
transcend their place in space and
time; they can have direct and
multi-sensory interaction with the
objects of their study; they can
share their data dynamically with
collaborators at a distance; and
such comparatively richer modes
of interaction will offer more
natural, compelling or insightful
experiences than are presently
available using more established
interactive techniques.

The practical application of
VR has already been demonstrated
in areas such as flight simulation
and virtual prototyping for manu-
facturing design. Data visualization
techniques are now integral to
computational research in the
physical sciences and engineering.
The challenge for VR research is to
develop systems and interfaces that
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best take advantage of human
sensibilities for learning and
exploration in whatever context
they are ultimately deployed.

The
ImmersaDesk™

VR’s popularity is on the rise. A recent
CAC initiative can help Penn State
researchers participate in the growing
national community that uses
projection-based VR systems to
facilitate research in the sciences,

engineering, and the arts.

Mention “Virtual Reality” to
an audience and you likely will
get reactions that range from
enthusiasm to disinterest to
disdain. Virtual Reality, or VR for
short, has become a marketing
“buzz word” for just about any-
thing 3-D that offers even a hint of
interactivity. Arcade games, 3-D on
the World Wide Web, theme-park
thrill rides, CAD systems, simula-
tion-based training, and immersive
scientific data visualization all
have been squeezed under the
single moniker of VR. Amidst such
divergent applications and view-
points, VR research within the
worldwide high-performance
computing community has bur-
geoned in recent years, largely due
to its perceived potential for
enhancing research, training,
design methodologies and collabo-
ration, across many disciplines.

In order to provide Penn State
researchers with a venue for such
study, the CAC Visualization
Group is currently developing a
Visualization and Immersive
Environments Testbed in the
Computer Building. The center-
piece of the new facility is an
ImmersaDesk2 projection-based
VR system. The facility also
includes several graphics worksta-

Academic Computing Newsletter

The ImmersaDesk

tions (IRIX, NT and Mac) and
applications for off-line develop-
ment as well as for faculty investi-
gations into other, cross-platform,
visualization tools and approaches.
The “Idesk,” as the Immer-
saDesk is more informally called,
was developed in 1994 at the
Electronic Visualization Labora-
tory (EVL) of the University of
lllinois at Chicago lfttp://
www.evl.uic.edd. The Idesk
evolved from its EVL predecessor,
the CAVE (Cave Automatic Virtual
Environment). Developed at EVL
in 1992, the CAVE is a “virtual
reality room” bounded by three
rear-projection screen walls
positioned at right angles from one
another to form a 10 x 10 x 10 foot
cube. Users enter the CAVE
through the open fourth side of the
cube. The floor of the CAVE
provides a fourth projection
surface. Synchronized stereo
images are projected simulta-
neously onto the three walls and
floor of the CAVE, surrounding
participants with the seamless
illusion of 3-D space through
which a lead viewer can “navigate”
using a “wand” (a combination
joystick, mouse, and pointing

o/e

device). Viewers wear stereo
glasses to perceive depth in the
images that surround them. The
position and orientation of the
glasses worn by a lead user are
tracked, so that the view displayed
in the CAVE responds to motions
of the lead user’s head (i.e. as the
lead user “looks around” the view
is updated accordingly). The wand
can be programmed as a havigation
controller, to allow user interaction
with objects in the virtual environ-
ment (selecting and moving things,
for example) or to perform control
functions using menus or other
graphical user interface elements
displayed in the virtual environ-
ment.

CAVE applications require
eight images (one stereo pair per
each of the three walls and the
floor) to be computed and dis-
played at a constant frame rate, at
or very near the refresh rate of the
display — between 15 and 45
frames per second. The images
often are the result of
computationally intense processes
(e.g. rendering dense volumetric
data or a complex CAD databases).
To accommodate problems of such
complexity, the CAVE is usually
paired with a graphics
supercomputer from Silicon
Graphics.

The ImmersaDesk is effec-
tively a one-wall CAVE. ldesk
images do not completely envelop
the viewer as they do in the CAVE.
But the 4 x 5 foot Idesk display is
sufficiently large to fill a viewer’s
field of vision, offering a semi-
immersive VR experience. The
angle of the display can be
adjusted to provide a “drafting
table” or “large screen TV”
orientation, depending on the
needs of the application. Idesk
users, like those in the CAVE, wear
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liquid crystal shutter glasses to
perceive the stereo depth effect of
the image on the screen. The
glasses alternately block the left
and right-eye perspectives in sync
with the alternating stereo-pair
images shown on screen. The
glasses are synchronized with the
display by means of an infrared
signal so that the correct viewpoint

1998,USA Todayestimated that
there were over 100 CAVE or
CAVE-like installations world-
wide. Like Penn State, all univer-
sity members of the Committee for
Institutional Cooperation (CIC)
have projection-based VR installa-
tions in place or underway on their
respective campuses.

Competitive alternatives to

is always presented to each eye. As CAVEs and ldesks, including

in the CAVE, both the wand and
the glasses worn by the lead user
are tracked, and the wand can be
programmed for navigation and/or
interaction with the application.

display systems, interactive
devices and software development
environments, are offered by
several vendors. But CAVE library
systems have a long track record

Stereo spatial sound can add to the for such a new field and have

ambience of the environment or
provide other perceptual cues for
the application.

Both the CAVE and the Idesk
use the same programming
development environment on an
SGI graphics computer running
IRIX. CAVE applications typically
are developed in C or C++ using
GL, OpenGL or Performer for
graphics development and CAVE
library software to facilitate the
handling of motion tracking,
interaction events and display
parameters. By offering one of the
first development environments
for projection-based VR, the
CAVE library has become a de-
facto standard. Interest in projec-
tion-based VR has burgeoned over
the last few years. A partial listing
of VR installations maintained by
Visualization and Virtual Environ-
ments staff at the National Center
for Supercomputing Applications
(http://www.ncsa.uiuc.edu/Vig
lists about seventy institutions
using approximately forty CAVEs
(or equivalents), sixty Immer-
saDesks (or equivalents) and ten
Infinity Walls (large-screen
projection theatres driven by
multiple projectors). In October of
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attracted an active and open user
community. By capitalizing on
existing applications developed

and made available by others in the

CAVE user community, the CAC
has been able to “jump-start” Penn
State’s local projection-based VR
initiatives. The CAC’s Immer-
saDesk also provides an on-
campus point-of-entry to the larger,
inter-institutional, CAVE research
community. For example, applica-
tions developed on the Idesk at
Penn State can easily be trans-
ferred to a CAVE at another
institution, or collaborative CAVE/
Idesk applications can be run over
the network to link Penn State
researchers with researchers using
similar facilities at other institu-
tions.

The advantages of such
cooperative research were illus-
trated during the CAC sponsored
Internet2 (12) Day this past
November, when two collaborative
VR applications were showcased
on the CAC Idesk in the Computer
Building.

Both demonstrations involved the
visualization of data from Penn
State projects, using software
developed by others in the national

o5e

CAVE user community, to enable
tele-collaboration, shared virtual
experiences with other participants
at remote institutions.

One of the demonstrations
involved the networked visualiza-
tion of oceanographic and climato-
logical data sets. The project was a
joint effort of the CAC, the
Geographic Visualization Science,
Technology, and Applications
Center (GeoVISTA) in Penn
State’s Geography Department
(http://www.geovista.psu.edu)
and the Center for Coastal Physical
Oceanography (CCPO) at Old
Dominion University in Norfolk,
Virginia

(http://www.ccpo.odu.eduj.

Visualization of Susquehanna River
Basin precipitation data from Penn
State's Department of Geography
GeoVISTA Center.

Using VR software developed at
CCPO in conjunction with EVL,
Alan MacEachren, Penn State
professor of geography, CAC
Faculty Fellow, and the director of
GeoVISTA, and other GeoVISTA
researchers were able to represent
the topography of the Susquehanna
River basin, alongside climatologi-
cal data collected in the basin over
a 3-month period. Abstract
numerical data, representing daily
maximum temperatures and
precipitation, were represented as
tangible graphical objects in the
virtual space, along with the
physical topography of the study
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region. Temperature and precipita- could traverse the virtual space and imitates something we know, the

tion were visualized as 3-D slices
which the driver of the Idesk could
drag over the topographical model
using the wand, to discern dynamic
relationships among temperature,
precipitation events and topogra-
phy. Local copies of the dataset
were displayed simultaneously at
the CAC and at CCPO at Old
Dominion. Users at both locations
could talk to one another over the
network and, using virtual repre-
sentations of themselves called
avatars, point things out to each
other in the shared virtual space.
The other demonstration
involved the networked review of
an architectural CAD model.
Reggie Avilles, an architecture
student at Penn State, created a 3-
D model of a sculptural installation
designed for Berlin by the contem-
porary American architect Lebbeus
Woods. During the sessions, the
CAC ldesk was connected with
similar facilities at the University
of lowa’s Information Technology
Services
(http://www.uiowa.edu/its/)
Advanced Research Computing
Services group. As with the
collaborative climatological
visualization, remote participants

CAD model, produced by Penn State
Architecture student Reggie Avilles, of
a design proposal by Lebbeus Woods
for an architectural installation in
Berlin, Germany.
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interact with each other vis & vis
their respective avatars.

Woods’ architecture is perhaps
a perfect match for virtual reality
technique. Woods does not intend
for the structures he designs to be
built — he calls himself an
“anarchitect.” Equipment like the
Idesk provides an ideal venue to
experience the space Woods
creates with his architecture, says
Ray Masters, a Penn State affiliate
associate professor of architecture,
and visualization consultant in
CAC GEaRS Outreach Services,
who worked on model conversion
for the project. With the model
displayed in virtual space on the
Idesk, participants can explore the
inside and outside of the proposed
installation and thus take advan-
tage of their intuitive understand-
ing of space to appreciate Woods'’
design, an experience that other-
wise would remain inaccessible
outside the VR domain.

The capacity to represent the
abstract and the real in a way that
permits user interaction is one of
the Idesk’s prime attractions for Dr.
MacEachren. Turning data for
temperature and precipitation into
maneuverable 3-D objects reveals
relationships among study vari-
ables more quickly than possible
with the traditional number-
crunching required in data analy-
sis. A 3-D representation of
complex data takes advantage of
our human instinct to organize and
understand visual information, in

more easily we can apply learned
or instinctual knowledge about
phenomena in the real world.

Another potential advantage of
the Idesk for research, according to
Dr. MacEachren, is that it is
network enabled and has made
possible a new facility to serve
Penn State researchers working
with others from remote locations.
As shown in the 12 demonstrations
mentioned above, tele-collabora-
tion enables colleagues in different
parts of the country, or the world,
to observe and manipulate the
same data, and to communicate
with one another in synthetic
environments run simultaneously
on multiple, remotely located
CAVEs or Idesks.

The ImmersaDesk, like most
modes of VR display, is still early
in its development. Though there is
general optimism among its
proponents that the Idesk’s VR
capabilities can serve to bridge the
gap between data and understand-
ing, VR is not to be viewed as a
panacea. There will likely be
applications for which VR ap-
proaches prove invaluable, and
there will likely be equally
promising application areas that
just don’t pan out. VR as a field is
still very young. There have been
few formal studies regarding
whether and how VR equipment
like the Idesk can enhance learning
and research. Our hope is that the
Idesk’s availability at Penn State
will open the doors to several lines

the same way that a 3-D model of a of research, both within the subject

building helps the user “feel” the

areas to which Idesk visualization

space. VR proponents contend that is applied and into meta-questions

the abstract is understood more
easily when it is represented in a
way that imitates reality. The
hypothesis, as yet untested, is that
the more accurately an object
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regarding the efficacy or usability
of VR techniques themselves.
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Web Page Ingrediens
1. Basic knowledge dflyperText Markup Language, the language which gives a browser directions about how to
display a file on the Web.

2. A computer witha word processoror an HTML editor.
3. Space on a servera computer where your files will be stored.
4. An FTP client, software you use to transfer your files to the server.

¥  Free Web space is available on the CAC servers for the use of the Penn State community. Students and ptaff are

allotted two megabytes of free space, faculty members, six.

¥  If you donOt already have an Access Account, you must obtain one from the CAC. Then apply for your pqrsonal
space on-line akww.psu.edu/webspace/Additional space is available to faculty and students for academic use

¥  For free Web development seminars offered each semester by the CAC at the beginner to advanced levdls, check

the following URL:http://cac.psu.edul/training/outlines/indexdesign.htmbr pick up a copy of the CAC course
brochure available in the campus computer labs and the Computer building.

For more specific details on Web services available at Penn State, refer to the CACWEB Frequently Asked Questi
Web pagehttp://www.personal.psu.edu/fag/cacweb.html

word OpowerO on the buttons is
redundant and takes up space. By
shortening the labeling on the
buttons we can increase font size.
The ObackO link, usually
unneccessary since most browsers
have the same feature, is often
included as a convenience.flgure
2 this link is still positioned with
the navigational buttons but is less
prominent and in a different style
since it is not really related to the
other choices.
Visual Order

After eliminating the distract-
ing background ofigure 1we
could have gone to a plain solid
background. Idigure 2 however,
background tiling is used to create
two distinct visual blocks which
help organize the information on
the page. The left side is now used

Visual Balance

Visual balance is a little
tougher to define. Basically, if a
Web page, or a painting or postcard
for that matter, looks like itOs
weighted too heavily toward one
side, or the top or bottom, it lacks
visual balanceFigure lillustrates
several problems of balance. The
most glaring is the positioning of
the photographs toward the left
hand edge with Oempty spaceO to
the right. If we were keeping this
general design we could simply

overlaying text were created in
Photoshop, which allows the
freedom to rearrange the graphic
elements until a balanced OfeelO is
achieved. The elements were then
combined into one graphic for use
on the Web page. Placement of the
collage on the page seems to leave
extra empty space at the bottom,
but this depends entirely on the size
of the browser window. And, any
picture framer can tell you that a
little extra space at the bottom of a
OframingO job, which is what the

center the photos, as well as the top edges of a Web page function as,

line of text, on the page. This would
give us a symmetrically balanced,
though boring, design.

Visual balance, however, does
not have to mean mirror-image
symmetry. In a divided design like
figure 2,each side can be balanced

as a OsidebarO to set off the naviga-individually and adjustments made

tional buttons, while the larger
remaining area to the right frames

afterward to balance the two sides
to one another. In this case, on the

in the main content of the page. The right side IOve added a third photo

page title runs across the top,
overlapping the two color blocks
and visually tying the whole page
together.
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and created a collage. For some
reason it is often easier to create a
design thatOs both interesting and
balanced using an odd number of
elements. The collage and the

¥o¥

usually looks good.

Contrast is also an important
issue, even outside of the specific
choice of colors. Too little contrast
makes text hard to read. figure 2
the navigational area on the left is
basically light against dark.

The right side reverses this scheme
with dark letters and photos against
a white background. Because the
header spans both areas, it pre-
sented a difficulty in choosing a
color for this line of text. The
solution was to use a gradient from
light to dark across the entire line of
text, and then to further set the
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letters off with a dark drop shadow.
All of these effects are easily
created in Photoshop.

Achieving visual balance can
often take some experimentation.
Learn to use tables to place
elements exactly where you want
them and then keep “tweaking”
things until they all fit together
well.

Consistent Style

This involves being consistent
throughout a Web page and quite
possibly throughout an entire site in
use of fonts, style of buttons,
selection of colors, and presentation
of graphics. Irfigure 1, for ex-
ample, the one photo has a border
and the other doesn't. figure 2
all three photos were given identi-
cal borders before the collage was
assembled.

The intended audience and
purpose of the site will, of course,
greatly influence the stylistic
decisions made.

Attractive Colors
A few simple rules should suffice
here:

* Avoid using vivid pure colors
on large areas. You wouldn'’t
paint your house lime green,
would you?

*  When two colors adjoin or
overlap, one should be obvi-
ously darker than the other,
especially if they are opposite
colors. Bright red and bright
green, if adjoining, will seem
to shimmer and dance and
generally drive your eyes
crazy.

»  Soft, low-contrast color
combinations look classy.
Bright, high-contrast combina-
tions look exciting and
cheerful. Find the best compro-
mise for your particular site.
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Effective Use of Graphics

Graphics are great, but overuse
can clutter a Web page and make
the actual information hard to find
and slow to download (see next
topic).

The number and size of photos and
other graphics should be based on
the question, “What is this graphic
going to do to make this a better
Web page?”

Fast Download

Nobody wants to wait for huge
files to download before they can
see your Web page. Graphics are
one of the main reasons for slow
download. HTML code itself adds
very little file size. Along with
being careful to use graphics
sparingly, learn to take advantage
of a process called optimization.
Optimization involves making the
file size as small as possible while
maintaining acceptable visual
quality. Web graphics are generally
in the form of either GIFs or
JPEGs. These formats use different
methods to shrink file size, and
different types of graphics will
optimize most effectively with one
or the other. A commonly cited rule
of thumb is to use JPEGs for
photographs and GIFs for graphics
with areas of flat uniform color.

The only sure test is to experiment
with the particular graphic.

There are several new software
packages that are specifically
designed for Web graphics prepara-
tion. One isAdobe’s ImageReady
(http://www.adobe.comm), another is
Macromedia’s Fireworkshftp://
www.macromedia.con). With

these packages you can experiment

using different file formats and
quality settings, and immediately
see the resulting image quality and
file size. It's not unusual to be able
to cut a graphic’s file size to one

10

third or less of the original without
noticeable image degradation.

For more information on
optimization see my design tips at
the following URL:http://
www.personal.psu.edu/kel5/
Design/index13.html

In summary, Web pages
operate under most of the same
basic principles of design that
printed media do. The Web does
add a few unique twists, with the
use of links to other pages and sites,
as well as the possibilities of
animated graphics and sound files.
A suggestion is to start out learning
the fundamentals of design that I've
covered here as well as the basics
of writing HTML code before
moving on to the use of more exotic
elements.

Karl Leitzel, Center for Academic
Computing
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