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a new Center for Visualization. A list of the projects the new
Visualization Center is enabling includes math education, 21st
century manufacturing, minimally invasive surgery, and novel
display methodologies. One of the key partnerships in the
new Visualization Center concerns the use of novel polygon
rendering techniques to reduce the computational requirements
of high-resolution architectural rendering. With core visualization
competencies in computer science, engineering, and
architecture, this partnership hopes to continue to flourish and
spawn further creative cross-disciplinary research.

2
1

Introduction

In June 2002, the University of Kentucky received a $5 million
grant to create an innovative and interdisciplinary Center for
Visualization within the College of Engineering. The following
project is applied research addressing both built form and the
fragments of information used to create inhabitable space. As
the first step in linking Architecture with Engineering, Astronomy,
and Physics, the design centers on data representation and
modulation using light as the occupied conduit for communicating
relationships between time, vision, and movement.

1.1

The Idea Festival

On 18-21 September 2002 over 5000 authors, artists,
scientists, idea enthusiasts, and students converged on the
city of Lexington, Kentucky, to discuss and present ideas at
an Idea Festival whose theme centered on “A Matter of Time.”
Brian Greene, a Columbia University Professor of Physics,
Mathematics, and the author of the Elegant Universe, set the

Center for Visualization

The title of the project, Deep-Time Probe, Investigations in
Light-Architecture, explores the use of an optically active-SETI
experiment that centers on the thematic of time, vision, and
movement through space. The realm of architecture was the
digital glue that united the varied disciplines. The deep space
time probe is just one of many exciting events occurring on our
campus. Our campus is also involved in a “New Economy”
initiative, which hopes to bring state government, the private
sector, and the university community closer together to work as
partners in spurring knowledge-based economic development.
The key to this successful “New Economy” partnership is to
identify emerging areas of mutual interest to both the private
sector and academic researchers.
One emerging area which will enable new science and
discovery in a number of cross-disciplinary research areas
is visualization. What is visualization? In layman’s terms,
visualization is defined as the methodology of using high
performance computers to generate visual representation of
complex data or virtual environments. This broad definition
covers the two main areas of visualization research: data or
scientific visualization and rendering of virtual environments.
Clearly, the concept of a deep space LASER time probe with
its representation of abstract data is an ideal candidate for
visualization as the probe passes through our solar system and
beyond.
Investment from “New Economy” funds, together with strategic
federal and private partnerships, has enabled the formation
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Figure 01. Deep-Time Probe Advertisement.
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tone for the Festival by challenging all participants to think
beyond the box in regards to time, memory, and movement. The
next day Leonard Shlain, a San Francisco surgeon and author
of Art and Physics: Parallel Visions in Space, Time and Light,
presented an overview of the integral relationship between art,
the physical world, and technology. Less then 100 yards from
these two pivotal presentations, the Deep-Time Probe (Figure 01)
and Mission Wall lay dormant waiting for night to fall.

2.1

The Collaboration Process

The intersection of the Deep-Time Probe with the Idea Festival
started as a challenge from Kris Kimel, the President of the
Kentucky Science and Technology Corporation (KSTC), to
design a “clock” for the Festival. The multidisciplinary nature
of the project dictated that it was best to work in collaborative
teams. During the course of the ensuing conversations, it
became clear that three of us were in accord. The “clock team”
comprises three faculty, Assistant Professor Gregory A. Luhan
of the College of Design, School of Architecture; Associate
Dean Bruce L. Walcott of the College of Engineering, Electrical
Engineering; and Dr. Suketu Bhavsar of the Department of
Physics and Astronomy.
Our first meeting together was more like a jam session on
time rather than a discussion about “what is clock?” It became
obvious that the issue of time and time travel was more
fascinating to us then the marking of time. Nevertheless, was
there a method of working that could give KSTC their clock and
allow each of us to define an adequate place of abstraction that
would be interesting to us individually? Our search for inspiration
narrowed the boundaries between thinking, meaning, and
making. In doing so, the traditional registers of architecture—
most notably through writing, drawing, modeling, and building—
became active. This project laid the framework for activating the
gravity-less space of the computer as a viable place to literally
make something from nothing.

2.2

Making Something from Nothing

Between the real and the perceived lies the process of discovery.
However, where do ideas come from? The struggle to find
a starting point often leads architects outside of the realm of

Figure 02. Lighthouse at Alexandria.
Figure 03. Alexander Graham Bell, Photophone Invention.
Figure 04. Fresnel Lens designed by Augustin Jean Fresnel, 1822.

Figures 05 and 06. Theodore Harold Maiman, 1960 visible light
experiments; Laser Communication hypothesis.

architecture. As professors we provide a unique opportunity
for our students to play in innovative ways—not only outside
of the box, but in directing the seeing of the inside of the box
in new ways. Architecture students, in particular, link the
elastic qualities of the imagination to understanding precedent,
exploring analytical methods, and deploying design methodology.
The hope of this process is for students to develop their own
philosophy upon which to base a design.
It became apparent that we needed to design an infrastructure
framework that addressed security, liability, siting, scale, and
material selection. By addressing these issues upfront, it would
allow the students to hone rather than limit their investigation.
The first task was to clearly define guidelines for putting three
faculty together. It was agreed by the three faculty that we would
take a lead role in each one of these categories and present
the core ideas and issues in the form of daily seminars. This
would therefore allow the design studio to be a dynamic place of
interaction, deliberation, and conversation.
The nucleus of the project contains three intrinsically linked
components. The components align with each of the three
disciplines: Engineering, Architecture and Astronomy/Physics.
[Engineering] data representation—collection, storage,
communication, and modulation—information that is encoded
and transformed from audio and graphics and uses light as
the conduit for exchange; [Architecture] the Project Mission
Wall—schematic, site, materials, and public art; and [Astronomy/
Physics] the resultant Light Architecture or Deep-Time Probe—
fragments of information.

2.3

Terrestrial Optical Communication

Communication is a fundamental component of any civilizationterrestrial or extraterrestrial. Using light and digital modulation
to communicate is not unique to the modern world. In fact,
communication via light can be traced back to the dawn of
civilization. The seventh wonder of the ancient world was the
lighthouse at Alexandria (Figure 02), whose mirrored light source
could be seen from 35 miles off shore.
The roots of today’s extensive optical communication networks
can be traced to Alexander Graham Bell. While renown for his
telephone patents, Bell received four of his eighteen U.S. Patents
for the photophone. The photophone (Figure 03) was similar to
his telephone with the notable exception that the device used
sunlight in lieu of electrical current to transmit information. While
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Bell did not adequately insulate the device from changes in
ambient lighting, the photophone is considered the forerunner of
today’s fiber optical communication network. Current estimates
list the amount of traffic over these networks at over 10% of the
world’s messages, and this number is increasing.

2.4

Light Amplification

Critical to communicating via light over long distances are
practical methods to amplify light. For over 2000 years, glass
has been used to bend and magnify light. The famous “Lanyard
Lens” dates to 700 years BC. However, it was not until the 1600s
that multiple glass lenses were used in tandem to create optical
instruments such as the telescope and the microscope.
Of course, the optical telescope is still used as a means to
amplify a received terrestrial or extraterrestrial light. But, what
about advancements in ways to amplify light transmission? In
1822, a frail French mathematician named Augustin Jean Fresnel
fashioned a lens from a series of stacked prisms. The resulting
“Fresnel” lens (Figure 04) could focus and retain 83% of a given
light source and enabled ships to navigate treacherous straits
and rocky harbors. Nearly a century and a half later in 1960,
Theodore Harold Maiman built the first visible light laser (Figures
05, 06) building upon the theory of photons as espoused by
Einstein. The acronym, L.A.S.E.R., stands for Light Amplification
by Stimulated Emission of Radiation.

2.5

Optical SETI

Simultaneous to Maiman’s invention, Frank Drake—today’s
Chairman of the Board of the SETI Institute—conducted the first
search for extraterrestrial intelligence. Drake used an 85-foot
radio telescope (or antenna) to detect radio waves at a frequency
of1420 MHz from alien civilizations. A year after Drake’s
experiment, Robert Schwartz and Charles Townes proved that
LASERS could be used for interstellar communication and the
debate between the optimal means to detect extraterrestrial
intelligence ensued. Proponents of Radio SETI argue that the
presence of alien life can be detected from radio transmissions
not necessarily aimed into space such as our radio and
television broadcast signals. Communication via LASERS
from extraterrestrial civilizations would have to be intentional.
Analogous to a message in a bottle, aliens would aim LASERS
toward stars and clusters believed to have a high probability of
intelligent life.
While the above argument seems to favor radio detection as
the better means of detection, if one considers power and density
variables, optical SETI has a clear advantage. The fundamental
unit of either radio or optical transmission is the photon. The
energy associated with a photon is inversely proportional to
the wavelength of the electromagnetic transmission. Thus, the
photons of the green light used in the Deep Space Time Probe
launch have nearly half a million more times the energy than that
of a typical radio wave. There is also a great deal of background
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noise or static in the universe as well as man-made and natural
static in radio frequencies. Interstellar communication via optical
frequencies has no such problem.
Another argument in favor of LASER communication is the
amount of information that could be carried in such a signal.
Literally, the entire library of congress could be sent to other
civilizations via LASER communication. Perhaps the most
compelling argument in favor of searching the heavens for signs
of optical communication is the fact that two of the U.S. most
prestigious universities, Berkley and Harvard, have now started
research programs in Optical SETI.

2.6
Data Representation – Collection, Storage,
Communication, and Modulation
After designing the framework for our discussions, nearly fifty
“Time Probe Reporters” from elementary schools in Fayette
County and its three surrounding counties gathered information
through oral interviews of University faculty, local and state
politicians, local entrepreneurs, and fellow students. Each
reporter asked the same question: “If you could communicate
with another intelligent life form, what would you say and what
would you want them to know about our civilization”? In addition
to messages linked to the interviews, the Deep-Time Probe
contained verbal and graphic information, images depicting the
design and fabrication processes, and seminar presentations.
The College of Engineering then modulated this information in
both real-time and analog.

3

Light Architecture or Deep-Time Probe

Our universe is a space-time continuum. Events happen in
space-time. Each event has three spatial coordinates and
one time coordinate, thus a four dimensional continuum. It is
impossible to imagine four dimensions. Let us visualize spacetime in two dimensions. We will use a representation where one
axis of our coordinate system (say x) measures length and the
other (y) measures intervals (or time). Therefore, a diagonal line
in the x-t plane would represent moving from A to B along a line
in a few seconds.
An example of a three dimensional representation is the orbit
of the earth around the sun, which is planar, an ellipse, nearly
a circle. Suppose we define the spatial plane of earth’s orbit
by the x-y plane and plot the position of the earth at different
times along the z time axis. We get a spiral describing the
motion of the Earth around the Sun. This is the earth’s world
line. This spiral shaped world line of our home planet formed
a basis for the idea of the structure. The resulting form blends
the relationship between landscape and architecture—between
structure, surface, and contour (Figures 07, 08, 09).
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Figures 07, 08, and 09. Project Mission Wall Component Assemblage,
2002.

3.1

Project Mission Wall
Machines in the modern age showed that a “well stated
problem” always met its solution as in the car or the airplane,
but that the “problem” of the dwelling went far beyond utility.
Clean lines, sharp light, and fresh air were to nourish the
mind and the body of the modern citizen, and no doubt, to
foster the same clarity of thought that Le Corbusier found
endemic among engineers and so foreign to architects.
All the same, satisfaction of the intellect was not enough,
and the architect had to prove himself a plastic artist and
no “mere engineer” by his mastery of profile and contour,
through which measure alone architecture could touch the
heart. (Hogben 1991)

The Circuit and District Courthouses constructed in 1998 in
downtown Lexington left an open green plaza at the heart of
the city. The plaza was the site of an International Design
Competition in 2000, but two years later, it remains a blank site.
The Idea Festival events surrounded the plaza or were along
Main Street, so it made sense that the plaza would be the site
for the Project Mission Wall (Figure 10). However, determining a
scale for the project within this 128’ wide x 224’ deep plaza that
has a grade change of 10’ from north to south became a central
issue, as did finding a way to construct the Mission Wall on the
plaza without being on site everyday, as well as general concerns
about liability and site security. The site of the launch created
an adequate interface for the public art structure at the scale of
an urban park. The scale of the Mission Wall (Figures 11 – 14)
addressed a variety of places, paces, and scales that mediated
between the laser, the context of the surrounding plaza, the
monument of the eternal flame located in Phoenix Park across
Main Street, and pedestrian and vehicular circulation, all while
concealing the laser from direct view.
We challenged the students to open up the plastic possibilities
of digital abstraction. We asked each individual student not to
abandon what he or she knew, rather to augment their familiar
ways of looking at things so that they could see the “problem” of
design in new ways. Simply put, the studio provided a unique

environment of place of abstraction where students could create
a critical distance between their ideas and the making of those
ideas.
A team of ten architecture students, under the direction of
Professor Luhan, designed the Project Mission Wall. For ease
of fabrication, part of the infrastructure framework called for
all components to be the same length and bolted together. (I
had hoped to use aluminum for the skeletal frame, but time
constraints and generous donation of materials dictated the use
of wood). By using standard materials in non-standard ways, the
resulting project embedded the spirit of invention.
Students designed their own prototype. The faculty design
team and Prototyping Specialists from the University of Kentucky
Manufacturing Center Product Development Division (CRMS),
then evaluated each prototype for structural integrity and
buildability. It became apparent that there were two types of
projects—objects and landscapes. To integrate rather than
negate each student option, it was determined that both object
and landscape schemas would be incorporated into the final
design proposal (Figure 15). The final project is essentially
one large 60’ long, 40’ wide truss that rises from 0” to a height
15’-0” off the ground. The ends of the truss are anchored 3’
into the ground and tied together at the “basket” at its core. We
designed the structure to negotiate the 10’ differential in slope
and withstand 75 mph wind loading. Once the final scheme was
designed and stereo-lithographic, rapid-prototype models built,
the project went before the Lexington-Fayette Urban County
Government and Architecture Review Board. The project was
unanimously approved.
The Robotics Department at the College of Engineering
provided CNC machinery to digitally mill and fabricate the
components. The components that could not be fabricated at
CRMS were milled in the Furniture Design Studio Woodshop
at the College of Design in Pence Hall. The studio received
material donations for the project from local manufacturers and
merchants. The design, fabrication, and sealing processes took
two weeks. The design team then assembled the 40’x60’x15’
structure in one day.

3.2

The Event – Earth Date 20.09.2002

The Mission Wall served three functions. It provided a housing
for the Deep-Time Probe laser. It created windows and
scaffolding for lighting. Moreover, it established a series of “View
Corridors” that provided the onlooker with multiple vantage points
and thus multiple-readings of information as architecture. It
was determined that a light structural diaphragm that enclosed,
but did not bound space would be the preferred method of
construction. Depending upon the viewer’s location, view
corridors either open or close deep or direct views into the space
(Figures 16 – 19). The plan of the structure, the accompanying
information wall, and the overall siting of the exhibit were
designed to structure the physical and psychological experience
of the visitors and include them as part of the spectacle.
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Figures 10. Lexington-Fayette County Courthouse Lawn.

Figures 11 – 14. Night and Day images of the Project Mission Wall on the
night of the Deep-Time Probe Launch, 20 September 2002.

Figures 15. 1/8” = 1’-0” Basswood Scale of the Final Design Solution.
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Figures 16 – 19. Images of the launch taken from four different “View
Corridors”.

Figure 20. Photograph of the Launch of the Deep-Time Probe, 20
September 2002.
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In order to shoot the laser we had to work directly with the
FAA to shut down the flight patterns over Lexington during the
event. We had a 45-minute window with which to launch the
laser. The trajectory, calibration, and target selected by the
Department of Astronomy and Physics was the event horizon of
the closest known black hole to Earth (4000 light-years away).
It was our intent to aim the laser to hit the event horizon of the
black hole and have the DataStream ellipse back towards earth,
theoretically returning to Lexington in the year 10002. In order to
aim and direct a laser of this magnitude the laser was mounted
on a Global Positioning System that adjusted to the rotation
of the earth over time and held focus on the proposed target.
Without this device, the DataStream would be sprayed along
an arc in space and miss its mark. At the time of the launch,
the design team digitized, specially formatted, converted, and
modulated the data into a special high-powered laser that was
“launched” into space.
Modern science is still working to unlock the secrets of time
travel, but the crowd downtown Friday night got a possible
preview with the launch of the Deep Time Probe. A small
but powerful green laser (Figure 20) launched from the
Fayette County Circuit Courthouse lawn shot across the
inky night sky. Inventors, artists, and performers stood
watching the spectacle. They gazed at the green beam, six
inches in diameter that was packed with digitally modulated
information ready to be read by a civilization light years from
Earth. (Lannen 2002).

4

Beyond the Event – Public Reaction

Artist Pat Gerhard commented about the project:
It is obvious that Lexington is ready for such a site. The
recent Idea Festival erected a wonderful deep space probe
(Figures 21 – 25) that might be a work of scientific intent but
looks almost like public art. This project shows how a large
open space can immediately be adapted by our imaginations
and put to creative use. (Feedback 2002).
A typical design studio at the University of Kentucky is fifteen
weeks in duration. This project, with all of its collaborative
components and civic involvement, was designed, fabricated,
installed, and launched within four weeks. The pace of the
delivery of information was fast. One student commented,
“Complacency in this studio is not tolerated. The compaction in
time, made for a completely different type of design studio, one
where each student had to play a critical role in the built form.”
I would argue that this type of collaboration is necessary to the
architecture design curriculum. It is important for students to
realize that their ideas have actualizable consequences and that
by including outside of the box critique forces the architect to look
inside of the box in new ways.
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Figures 21 – 24. Photographs of
Project Mission Wall; Joinery Details,
Light Basket, Rib-like Structure, and
juxtaposition to the Courthouse entry
volume, 2002.
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5

Conclusion

Most art is a representation in space. Any particular piece
“moves” through time, as a whole unchanging. The spiral in the
time probe project represents space and time. The laser, which
is coherent, amplified light, is not confined by space or time.
According to Einstein, space is infinitely contracted and time
infinitely dilated for light.
With the act of the laser launch, we projected knowledge—both
information and image—into space and theoretically into the
future. An advanced civilization in the universe that has within
its technological tool kit the ability to travel through time could
theoretically receive and decode this information.
The structure remained in place for four months. Following the
launch of the Deep-Time Space Probe, the laser was removed
and replaced with mirrors that reflected the sun’s rays back into
the sky. In December 2002, the studio donated the structure to
Artcroft, Inc., a 450-acre sculpture park and retreat for artists. It
is in Kentucky, yet is similar to Storm King in New York State. In
Summer 2003, we will reassemble and permanently install the
structure at the entrance to Artcroft. This structure will be used
for other interdisciplinary experiments between the Colleges of
Architecture, Engineering, and Chemistry/Physics. Meanwhile,
the last encounter of the Deep-Time Probe has been with the
Oort Cloud that is more than three (3) light months from the
Earth . . . a distance of nearly 1.5 trillion miles.

Figure 26. Project Design Team, 2002. (From Front to Back) Sarah Reed,
Nick Dobson, Travis Roberts, Daniel Everhart, Tien-Li Cheng, Jennifer
Anderson, Chris Keelsing, Professor Gregory A. Luhan, Craig Jacobs,
and Nathan Speck.
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