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Foreword

wo hundred years after President

Jefferson chose Lewis and Clark to

explore the vast Louisiana Purchase
lands extending to the Pacific, and 100 years
after the Wright brothers conducted the first
powered flight on a strip of Atlantic beach,
the spirit of exploration, discovery, and
invention is reaching ever farther into the new
ocean of space.

And the United States of America, through
NASA, proudly leads the way.

I am honored at this time in our country’s
history to lead America’s civil aeronautics and
space research efforts. Building on an extraor
dinary record of accomplishment, the people
of NASA continue to develop revolutionary
technologies needed to understand and protect
our home planet and explore the universe.
These technologies are helping NASA pioneer
the future on a daily basis as we improve
aviation safety and efficiency, probe more
deeply into the mysteries of the universe,
learn how to propel robotic emissaries more
swiftly throughout the solar system, and work
to better understand the dynamics of Earth’s
climatic system.

Our showcase project is the International
Space Station, a permanently crewed research
outpost in near-Earth orbit. Based on promis-
ing experiments already underway, Space
Station research will significantly advance basic
science, enable applications beneficial to
millions of people, and enhance our ability to
send explorers to other planets. Further, the
drama of seeing astronauts living and working
24/7 on the Space Station will no doubt
capture the imagination of students of all ages
and motivate them to excel in subjects that
will help them to become the next generation
of explorers.

I am similarly proud of NASA’s
longstanding role as an agent of invention
and technological progress in our society.

In 2002, NASA marks the 40%
anniversary of the Technology
Utilization Program, established
under congressional mandate to
promote the transfer of aerospace
technology to the private sector.
The program has been highly
successful. Through NASA’s
efforts and those of innovative
entrepreneurs, thousands of
“spinoff” products and processes
have been derived from NASA-
developed technology. Collectively,
they represent an immense contribution to the
Nation’s economy.

As NASA’s research and development activi-
ties expand to meet the demands of our
ambitious aeronautical and space research goals,
the possibilities of applying technology to
improve people’s lives continue to grow. In one
key area, medical research, NASA is teaming up
with the National Cancer Institute to develop
new biomedical technologies for cancer detec-
tion, diagnosis, and treatment, and with the
Biotechnology Industry Organization to expand
space-based biotechnology research and develop-
ment activities. Millions of people promise to
benefit from these important partnerships.

With compelling research like this, and with
each scientific discovery, telescope image, launch,
patent, and newly inspired child, the pursuit of
NASA’s new vision for the future—to improve
life here, to extend life to there, and to find
life beyond—will continue, I trust, to engage the
public in an adventure without end.

Sl

Sean O’Keefe
Administrator
National Aeronautics and Space Administration
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Introduction

ince its inception 40 years ago, NASA’s

Technology Transfer Program has led the

way for our Nation to benefit from
cutting-edge aerospace technologies. In addition
to contributing to U.S. economic growth, these
technologies are improving the quality of life on
Earth while finding new ways to protect and
preserve it. NASA’s research and development
efforts have advanced areas in medicine, com-
munications, manufacturing, computer technol-
ogy, and homeland security. These break-
throughs, translated into commercial products,
are enhancing the lives of Americans every-
where.

When a congressional mandate led NASA to
develop the Scientific and Technical Information
(STI) Program, the Agency began a wide
dissemination of its research and development
results. In doing so, NASA recognized that
many of its technologies were transferable to
industry for the development of commercial
products. As a result, the Technology Utilization
Program was born in 1962. The successful
program went through several changes over the
years, as its philosophy, mission, and goals
adapted into the Technology Transfer Program
we know today. The program strives to make
the latest technologies available to industry as
soon as they are developed.

Each year, NASA’s Spinoff publication show-
cases new products and services resulting from
commercial partnerships between NASA and
private industry. In the 2002 issue, the NASA
field centers reflect upon the growth that has

made these innovations available to the public.
The Research and Development section examines
past achievements, current successes, and future
goals for each of the 10 centers. The Commer-
cial Benefits section proudly highlights 51 new
spinoff products, including a heart pump for
patients needing a heart transplant, as well as
an air purifier that destroys anthrax spores. The
Technology Transfer and Outreach section
describes the outreach achievements and educa-
tional successes made possible through the
NASA Commercial Technology Network. Each
section of Spinoff 2002 provides compelling
evidence of the Technology Transfer Program’s
success and value.

With commercial products and successes
spanning from work on the Apollo missions to
the International Space Station, the 40%
anniversary of the Technology Transfer Program
invites us to celebrate our history while plan-
ning the future. I am proud to present the
Spinoff 2002 commemorative issue as a testament
to the benefits of NASA’s partnerships with
U.S. industry.

At it

Dr. Robert L. Norwood
Director, Commercial Technology Division
National Aeronautics and Space Administration

=
(=}
—
o
=
[=]
(=}
o
-
=

INTRODUCTION




Spinoff developments highlighted in this publication are based on information
provided by secondary users of aerospace technology, individuals, and manufacturing
concerns who acknowledge that aerospace technology contributed wholly or in part
to development of the product or process described. Publication herein does not
constitute NASA endorsement of the product or process, nor confirmation of
manufacturers’ performance claims related to the particular spinoff development.
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The research and development efforts initiated by NASA’s Strategic
Plan ensure NASA’s ongoing success and leadership in providing
scientific and technical advances.

These advances not only impact the scientific and engineering
communities, but also provide countless opportunities for private
industry to develop innovative commercial products and services.

NASA’s network of 10 field centers, empowered with the resources
for developing cutting-edge technologies and advancing scientific research,
strives to further expand our knowledge of Earth and the universe.
Breakthroughs in remote sensing technologies, propulsion mechanisms,
robotics, next-generation aircraft and spacecraft, advanced life support,
and yet to be discovered areas will open the door to new possibilities
on Earth and beyond.

NASA’s Technology Transfer Program turns 40 this year, leading
NASA Headquarters and the 10 field centers to explore the origin,
growth, and potential of their technology transfer efforts. Inspired and
guided by achievements that have made NASA a leader in aerospace
research and development, the field centers are building tomorrow’s
technologies today. As the history of NASA technology transfer proudly
demonstrates, the work of each field center serves to maintain the U.S.
economy’s global leadership while benefiting the lives of people around
the world.
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NASA Headquarters

ASA Headquarters oversees the Agency’s

multifaceted mission of ongoing scien-

tific research, investigating the reaches
of outer space, and developing new and
innovative technology. NASA developed five
strategic enterprises, as outlined in the Agency’s
Strategic Plan, to coordinate these activities in
pursuit of its mission. Each enterprise covers a
key area of NASA’s research and development
efforts. The five strategic enterprises are:
Aerospace Technology, Biological and Physical
Research, Earth Science, Human Exploration
and Development of Space, and Space Science.

Aerospace Technology

NASA is the Nation’s leading Government
agency for providing technological leadership
and advancements for the aerospace industry
and the traveling public. To address the major
needs for our future air and space transporta-
tion systems, the Aerospace Technology Enter-
prise has formulated 10- and 25-year objectives
in 10 areas. Achieving these objectives would
not only create a future system characterized by
many new capabilities, but would also continue
to contribute toward strengthening national
security and improving the quality of life for all
Americans. In addition to its role in advancing
air and space transportation, the Enterprise has
a role in developing basic technology for a

Advanced modeling, simulation, new materials and

structural concepts, and other technologies will enable
quieter, more efficient aircraft and more robust

and affordable spacecraft.

NASA HEADQUARTERS ‘

broad range of space applications, such as
aerospace communications, power and propul-
sion systems, microdevices and instruments,
information technology, nanotechnology, and
biotechnology. These advances will allow space
missions to expand our knowledge of the Earth
and the universe.

As we begin the 21* century, the Space
Program seeks to forge a “Highway to Space”
that will enable its citizens to travel, work, and
live in space as a matter of routine. NASA
research will make it possible for industry and
the private sector to make space transportation
economical. This, in turn, will create enormous
opportunities for commercial endeavors, new
services, scientific and medical research, and
other uses not yet imagined.

The main challenges for the space industry
continue to be reliability and cost. Space
launch is prohibitively expensive and risky for
all but missions of national importance and
the most lucrative commercial efforts, such as
worldwide broadcasting satellites. Whether doing
business in Earth orbit or exploring distant
worlds, the first few hundred kilometers of the
“Highway to Space” are the toughest part of
the journey. Half of the energy needed to go
to the farthest planets in our solar system is
devoted to escaping Earth’s gravity and getting
into low-Earth orbit.

Technology has a significant role in meeting
these challenges. Advanced physics-based model-
ing, simulation, new materials and structural
concepts, and other bold new technologies will
enable quieter, more efficient aircraft and more
robust and affordable spacecraft. A new infor-
mation network for a modernized National
Airspace System will allow greater flight effi-
ciency and capacity. As the space transportation
system grows, it will be increasingly linked with
the aviation system. In the future, a single
aerospace system will serve both air and space
transportation.

NASA has always been a leader in applying
advanced technologies. New technology will
drive the next wave of innovation, enabling
missions to be performed in completely new
ways and creating missions that were never
before possible. Technologies that enable
simplified space transportation operations,
robust design and operating margins, and near-
complete reuse of hardware have the potential




to reduce costs dramatically. Equally important
are new propulsion technologies that will enable
new in-space operations, such as economical
travel between low-Earth orbit and geo-stationary
orbits, faster travel to other planets, and
ultimately, the stars. Safe, low-cost transportation
will make space commercially accessible for both
passenger and cargo operations. It will also
allow the continued expansion of human and
robotic exploration throughout our solar system.

Biological and Physical Research

The Biological and Physical Research Enter-
prise was established in 2000 to affirm NASA’s
commitment to the essential role biology plays
in the 21% century, to establish the core of
biological and physical sciences research needed
to support Agency strategic objectives, to foster
commercial development in space, and to ensure
an effective management structure to optimize
implementation of the Agency’s scientific and
technological goals.

Revolutionary solutions to science and
technology problems are likely to emerge from
scientists and engineers who are working at the
frontiers of their respective disciplines and are
also engaged in dynamic interdisciplinary
interactions. The Enterprise fosters and enhances
rigorous interdisciplinary research, closely linking
fundamental biological and physical sciences. It
is dedicated to using the unique characteristics
of the International Space Station (ISS) environ-
ment to understand biological, physical, and
chemical processes, conduct science and technol-
ogy research required to enable humans to
safely and effectively live and work in space,
transfer knowledge and technologies for Earth
benefits, and support investment in space
research by the private sector.

Advances in biology, medicine, physics, and
chemistry; associated analytical tools; and
information systems have opened an era of
unprecedented opportunities for bringing space-

During a 6- to18-month validation flight, the
Geosynchronous Imaging Fourier Transform
Spectrometer instrument will take seasonal
measurements over the continental United States.
The mission will first orbit over the Atlantic
Ocean to monitor hurricane activity along the
East Coast, and then move to the Midwest during
what is known to be the region’s tornado season.

based knowledge to benefit human
life on Earth. This increased under-
standing will transform the techno-
logical foundations not only of the
space program, but also of our
society. NASA researchers stand on
the brink of using this knowledge to
develop “smart” materials and “intelli-
gent” spacecraft systems that are
programmed to sense changes and
adapt to them, a capability that will
enable widespread advances for
commercialization in Earth-based
technology, engineering, biomedicine.

Earth Science

Imagine lighting homes with solar energy at
night or having several days to prepare for a
hurricane developing out in the Atlantic Ocean.
Much of the technology studied by NASA’s
Earth Science Enterprise is being used to make
these scenarios possible, with the hope that
ongoing research and future projects will
continue to improve our way of life.

While many people are interested in the
scientific elements of the research data being
collected, many more are concerned with how
these data will impact their lives. Generally,
people are unaware of the benefits that satellite
research has already yielded for them. While
satellites have been in orbit studying weather
patterns for some time now, scientists and

(Continued)

Representation of DNA
struck by radiation, a
key concern for long-
duration space travel.
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An artist’s conception of
what the final
configuration of the
International Space
Station (ISS) will look
like when it is fully built
and deployed. The ISS is
a multidisciplinary
laboratory, technology
test bed, and observatory
that will provide an
unprecedented
undertaking in scientific,
technological, and
international
experimentation.

NASA Headquarters o

researchers have used resulting data to create a
detailed historical weather pattern, allowing them
to make relatively accurate predictions about
potential locations of inclement weather and
pinpoint likely destruction patterns within a
community not prepared for that weather.

NASA has contributed to this effort by
providing vital observations from space. The
Agency continues to improve their models and
methodologies, in order to achieve the best
space-based observations to improve prediction
techniques for certain weather patterns.

NASA’s advancement of satellite technology is
also assisting countries in locating food sources.
For example, in December 1999, NASA
launched the Moderate Resolution Imaging
Spectroradiometer (MODIS) aboard its Terra
satellite. Remote sensing instruments like the
MODIS have enabled fisherman to pinpoint fish
populations in the ocean based on clear pat-
terns of temperature and chlorophyll concentra-
tions observed at the surface.

Additionally, the progression of satellite
technology spawned the invention of the laser.
Once upon a time, lasers were only used in
space to conduct delicate technical procedures
on equipment; however, dentists are now using
this technology to make visits far less painful
for their patients. Instead of using the tradi-
tional dental drill, dentists and oral surgeons
can perform a variety of procedures using laser
technology. The laser has the ability to cut and
remove soft tissue for the treatment of gum

NASA HEADQUARTERS

disease, and can close off blood vessels to
eliminate visible bleeding.

As NASA forges ahead into the new millen-
nium, Earth science data will continue to be
usefully applied to our lives. The prospects look
hopeful with the scheduled 2005 launch of the
Geosynchronous Imaging Fourier Transform
Spectrometer-Indian Ocean METOC Imager
mission, which partners NASA, the National
Oceanic and Atmospheric Administration, and
the U.S. Navy. Substantial improvements in
current weather forecasting techniques are
anticipated from this mission.

Human Exploration and Development of Space

The goal of the Human Exploration and
Development of Space Enterprise is to open the
space frontier by exploring, using, and enabling
the development of space. The Enterprise’s
programs provide safe, assured transportation
to and from space for people and payloads,
and develop and operate habitable space
facilities in order to enhance scientific knowl-
edge, support technology development, and
enable commercial activity.

NASA serves as a catalyst for space develop-
ment. In exploring space, NASA brings people
and machines together to overcome challenges
of distance, time, and environment. Robotic
science missions survey and characterize other
bodies as precursors to eventual human mis-
sions. The Space Shuttle and the ISS serve as
research platforms to pave the way for sustained
human presence in space through
critical research on human
adaptation. These programs also
provide opportunities for research
with applications on Earth. The
Enterprise employs breakthrough
technologies to revolutionize
human space flight.

Utmost in the commercializa-
tion plans is the ISS, which
opened new frontiers in human
space exploration, technology, and
business. The ISS is an unparal-
leled international scientific and
technological cooperative venture
that has ushered in a new era of
human space flight with the
promise of economic benefits to
people on Earth. The ISS




provides more space for research, with greater
resources and flexibility than any spacecraft ever
built. It provides unprecedented, long-term
access to the microgravity and ultra-vacuum
environment of space, a flexible vantage point
for observational research, and a test bed for
new technologies.

The commercial development of the space
frontier is one of the greatest opportunities
facing America. It is the growth of business
into space that will bring the benefits of space
down to Earth and enrich the everyday lives of
all Americans. The Enterprise also is encourag-
ing businesses to seize this opportunity through
the Space Product Development Program and
its Commercial Space Centers, to help ensure
continued U.S. economic growth and to
bring the opportunities for new advances,
technological understanding, products, and jobs
to the public.

Space Science

The Space Science Enterprise offers a solid
foundation upon which to build, as well as
expand, new capabilities to explore the farthest
reaches of the universe and the solar system.

The Office of Space Science is looking for
answers to the following questions: How did
the universe, galaxies, stars, and planets form
and evolve! How can exploration of the
universe and our solar system revolutionize our
understanding of physics, chemistry, and
biology? Are there Earth-like planets beyond our
solar system! Does life in any form, however
simple or complex, carbon-based or other, exist
elsewhere than on planet Earth?

Longterm goals of the Space Science Enter-
prise are to establish a virtual presence through-
out the solar system and probe deeper into the
mysteries of the universe and life on Earth and
beyond; to pursue space science programs that
enable, and are enabled by, future human
exploration beyond low-Earth orbit; to develop
and utilize revolutionary technologies for
missions impossible in prior decades; and to
contribute measurably to achieving the science,
mathematics, and technology education goals of
our Nation.

To better study solar variability and under
stand its effects on humanity, NASA started a
program called “Living With a Star,” a set of
missions and enhancements to current programs

which will eventually encompass a number of
spacecraft and systems. “Living With a Star”
also will pursue partnerships with other Federal
agencies that are concerned with the effects of
the Sun on the Earth.

The “Living With a Star” initiative will:
1) observe the entire Sun simultaneously using
a few well-positioned spacecraft, including Solar
Sentinel spacecraft, which will observe the side
of the Sun away from the Earth—the first
spacecraft capable of doing so; 2) track solar
storm regions both above and below the solar
surface for the first time, using an advanced
spacecraft called the Solar Dynamic Observatory
(SDO), which will also probe the interior of the
Sun to help us understand the source of solar
variability; 3) use the Sentinels, the SDO, and
dozens of low-cost micro-satellites in critical
regions around Earth to track Earth-directed solar
mass ejections and their impact on the Earth’s
space environment; 4) use one of the most
intriguing and farreaching technologies currently
under development, the large solar sails that will
use the energy in sunlight rather than wind to
get to their stationary positions above the poles
of the Earth and in polar orbit about the Sun;
5) miniaturize spacecraft and instruments in
order to orbit numerous “space buoys” similar to
ocean buoys that will probe the Earth’s upper
atmosphere and space environment and their
response to solar storms.

The program’s goal is to provide an exciting
new capability for understanding, and ultimately
predicting “solar weather” which affects Earth. [

The “Living With a Star” program will pursue partnerships
with other Federal agencies that are concerned with the

effects of the Sun on the Earth.

NASA HEADQUARTERS

—
=
o)
=
o.
(=]
—
)
=
)
a
[=]
=
=T
==
(&)
o=
=T
)
(%]
)
[~
()
(&)
=3
o
(7]
(=]
[~
)
=T




—
=
o]
=
[~
(=]
—
o]
>
o]
(=]
[=]
=
=<
==
(&)
o=
=T
L
(%]
]
o=
i)
(=)
=3
o
(7]
(=]
(=
]
=<

Ames Research Center

stifying before the Senate Committee on

Aeronautical and Space Sciences in 1972,

Daniel J. Harnett, head of NASA’s Office
of Industry Affairs and Technology Ultilization,
mentioned a Denver Research Institute study
that investigated NASA contributions to indus-
trial technology and identified examples of
successful technology transfer throughout the
Agency. In many instances, Ames research and
development (R&D) was cited as the basis for
the advances, with much of it contributing to
spinoff technology. The Centet’s contributions
ranged from the exotic to the mundane, but
the very assortment underlines the wealth of
applications Ames research embraces as a basic
R&D center.

Today, Ames’ R&D focus includes advances
coming from information technology, biotechnol-
ogy, and nanotechnology, lending to a strong
technology transfer and commercialization
mission. Throughout the 1970s and 1980s, the
Technology Ultilization Office at Ames main-
tained an active program, assisting both the
internal researcher and outside organizations

ﬂ.Ellllll

AMES RESEARCH CENTER

with technology transfer. In 1994, NASA
Headquarters released the “Agenda for Change”
program, announcing a new way of accomplish-
ing technology transfer with emphasis on
commercialization. Priorities shifted from
providing technology assistance programs for
businesses to providing outreach for licensing
patented technologies. Currently, the Ames
Commercial Technology Office actively supports
the traditional activities of fostering NASA/
industry technology development partnerships,
executing licenses, and administering a Small
Business Innovation Research (SBIR) program. In
addition, it is tapping into the new NASA
Research Park at Moffett Field—a growing
initiative co-located with Ames. The Office has
partnered with the Girvan Institute of Technol-
ogy, a non-profit organization chartered to foster
research, technology development, and technol-
ogy commercialization for NASA. Girvan will
also provide services for companies pursuing
new relationships with Ames and will manage
the small business incubator activities.

An artist’s rendering of the
new NASA Research Park
at Moffett Field depicts the

bold new wvision proposed




Over the last 40 years, one example of a
farreaching technology transfer story dates back
to 1966 when Ames awarded Stencel Aero
Engineering Corporation a contract to develop
a safer seating system for commercial aircraft.
This project produced temper foam—a new foam
for aircraft seat cushions that would absorb
great shocks. Throughout the 1970s and 1980s,
the foam found additional uses from hospital
beds to improving sports equipment. In the
1990s, temper foam became the basis for a new
material for bed mattresses and pillows commer-
cialized under the name “Tempur-Pedic” by the
company with the same name.

In 1998, NASA’s temper foam was inducted
into the U.S. Space Foundation’s Space Tech-
nology Hall of Fame. Following this event,
Robert Trussell, chief executive officer of
Tempur-Pedic, Inc., presented former NASA
Administrator, Daniel Goldin, with the
company’s one millionth pillow. Other busi-
nesses are still making temper foam-based
products, such as Dynamic Systems, Inc. The
company’s owner, Charles Yost, collaborated on
temper foam’s final formulation and was
honored as one of the original innovators.
Temper foam remains a leading Ames success
story, having commanded a spot in the market-
place for over 30 years.

Seats in the cockpit of the
Wing Derringer twin-
engine lightplane have
temper foam padding to
reduce pilot and passenger
fatigue on long flights.

The Ground Processing Scheduling System
(GPSS) software, originated at Ames, is another
successful transfer from aerospace to commercial
markets. Mr. Monte Zweben, a former deputy
branch chief, designed and developed several
planning and scheduling systems, including a
software system for complex, multifaceted
operations known as the Gerry scheduling
engine. Since Space Shuttle flow managers at
Kennedy Space Center needed a more efficient
scheduling system, Kennedy brought Ames,
Lockheed Space Operations Company, and
Lockheed Missiles and Space Company together
to transfer the technology of the Gerry schedul-
ing engine to the Space Shuttle program. The
GPSS successfully became the accepted general
purpose scheduling tool for operations. The
system was also adopted for scheduling Space
Shuttle orbiter refurbishing, saving NASA about
$4 million annually.
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(Continued)
Temper foam’s
applications have spanned
from wheelchairs to
sporting equipment.
AMES RESEARCH CENTER
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Ames Research Center coi

Zweben left NASA in 1993 and applied for
and received the copyright license to commer-
cialize the GPSS. He then founded Red Pepper
Software Company (RPS) in 1994 with Daniel
T. Doles. RPS emphasized the real-time respon-
siveness in the modern manufacturing environ-
ment as a primary benefit of its product. In
1995, RPS was one of five winners of Industry
Week magazine’s Technologies of the Year
Award. RPS, with a rapidly growing list of
customers that included Sun Microsystems, Inc.,
Hewlett-Packard, Coors Brewing Company, and
Cheseborough-Ponds, was purchased in 1996 by
PeopleSoft Inc., for $225 million. Building RPS
was only the beginning for Zweben, who started
a new venture, Blue Martini Software, aimed at
providing companies with software to personal-
ize their products for customers. The story of
Monte Zweben and the NASA scheduling
software illustrates the positive economic impact
that can result from spinning off space-based
applications for industry solutions.

AL
{
1)

Red Pepper Software Company, founded by former NASA

employee Monte Zweben, commercialized Ames’ Ground

Processing Scheduling System software.

AMES RESEARCH CENTER

A look at Ames’ technology transfer history
would not be complete without recognizing the
value remote sensing technology has brought to
government entities and the business commu-
nity. Remote sensing yields unique data benefit-
ing public safety, conservation, disease preven-
tion, and improving agricultural methods and
crop yields. Spinoff 1983 published a story on
the Airborne Thematic Mapper (ATM) that
Daedalus Enterprises developed for Ames for
agricultural studies and data validation from
the Landsat 4 Thematic Mapper. Daedalus then
commercialized both systems for sale, lease, or
data collection services. One data collection
program, sponsored by 13 energy and mining
companies, used ATM data to map exposures
of clay minerals and to segregate iron oxides;
such exposures are associated with deposits of
gold, silver, uranium, copper, lead, and zinc.
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Although remote sensing data determine the
extent of disasters like fires and hurricanes, and
map the spread of diseases like malaria, some
of the greatest benefits are found in agriculture.
In the 1980s, Ames partnered with CROPIX,
Inc., to make crop acreage estimates and to
calculate a field-by-field vegetative index number.
In 1993, the Ames Research Center Ecosystem
Science and Technology Branch collaborated
with industry and university partners to use
remote sensing and associated computerized
technologies as a tool for vineyard managers to
address the phylloxera infestation and to
improve crop uniformity in the winegrape
harvest. Robert Mondavi Winery produced high
quality reserve wines from the studied vineyard
for the first time.

In May 2002, Ames signed a Memorandum
of Understanding to embark on a remote
sensing project for the U.S.’s largest coffee

The Ames C-130 took
photographs of the 1988
Yellowstone fires in a
composite of visible and
thermal channels.

plantation, and to explore the establishment
of an “Unmanned Aerial Vehicle (UAV)
Applications Center” in the NASA Research
Park. The new center’s charter is to conduct
collaborative R&D to enhance scientific and
commercial utilization of UAVs as high-resolu-
tion imaging platforms in national airspace.
The Ames-based research team is currently
conducting a $3.76 million project for NASA’s
UAV Science Demonstration Program.

The effort will provide the first-ever test of the
commercial use of a solar-powered UAV operat-
ing in national airspace.

Looking forward, Ames’ Commercial Technol-
ogy Office has many exciting prospects under-
way. Looking to the future with anticipation,
but without forgetting the past, Ames remem-
bers its rich history of contributions to the
mission of technology transfer by celebrating
the successes of the past 40 years. [

AMES RESEARCH CENTER
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Dryden Flight Research Center

he Dryden Flight Research Center,
I located at Edwards Air Force Base,
California, is NASA’s primary installation
for flight research. Projects at Dryden over the
past 50 years have led to major advancements
in the design and capabilities of many civilian
and military aircraft.

The history of the Dryden Flight Research
Center is the story of modern flight research in
this country. Since the pioneering days after
World War II, when a small, intensely dedi-
cated band of pilots, engineers, and technicians
dared to challenge the sound barrier in the X-1,
Dryden has been on the leading edge in
aeronautics, and more recently, in space technol-
ogy. The newest, the fastest, the highest—all
have made their debut in the vast, clear desert
skies over Dryden.

Although NASA is celebrating 40 years of
technology utilization, Dryden’s foray into the
world of spinoffs did not officially start until
1995, after NASA’s “Agenda for Change” placed
new emphasis on technology transfer. While
Dryden is known primarily for its flight test

capabilities, closer inspection of these technolo-
gies led to the development of an office
devoted to the full-time protection and dissemi-
nation of these valuable assets.

Dryden’s successes are farreaching and
supported by customers from industry, universi-
ties, and other government organizations. New
research and technology directions are moving
toward revolutionary aeronautics, intelligent
systems, space access, and airborne sciences.

One of Dryden’s earliest aeronautics success
stories celebrates its 30" anniversary this year.
Most modern aircraft utilize a digital flight
control system (DFCS). Dryden engineers
pioneered this system in 1972, with the F-8
Digital Fly-By-Wire aircraft research project. The
DFCS concept incorporated an electronic flight-
control system coupled with a digital computer
to replace conventional flight controls. Dryden’s
work paved the way for the DFCS now used in
the Space Shuttle and today’s military and
civilian aircraft, making them safer, more
maneuverable, and more efficient.

Most modern aircraft
use digital flight control
systems (DFCS). Dryden
engineers pioneered
DFCS, and the 30th
anniversary of the first

~ flight of Dryden’s F-8
Digital Fly-By-Wire
aircraft was May 25,
2002.

DRYDEN FLIGHT RESEARCH CENTER




Digital systems make aircraft more maneu-
verable because computers command more
frequent adjustments than human pilots.
Aircraft designers are no longer confined to
designing features that make the aircraft more
stable, thus harder to maneuver. For commercial
airliners, computerized flight controls ensure
a smoother ride than a human pilot alone
could provide.

Another Dryden success story involves an
uninhabited aerial vehicle. The Center is rightly
proud of its participation in the solar-powered
aircraft Helios prototype, which recently set an
altitude record at 96,863 feet and made a run
as a candidate for one of aviation’s greatest
prizes, the Collier Trophy. The project team
also has new plans to fly the Helios at night,
without solar power in 2003. The aircraft, a
solar wing that resembles a yardstick with a
wing span of 247 feet, or larger than that of
NASA’s Boeing 747, will demonstrate a newly
developed fuel-cell-based power system. The
Helios spent about 7 hours above 50,000 feet

on its record-breaking, high-altitude flight
August 13, 2001. This 2003 mission is
expected to stay aloft for at least 14 hours
above 50,000 feet, with different systems and
procedures.

“Technically it's a very challenging mission.
We fully expect to see some problems that
require us to go back to the shop and test
facilities and fix them and come back and fly,”
said John Del Frate, solar-powered aircraft
project manager. “This is a whole new
ballgame for us because we are trying to
conquer the night.”

AeroVironment, Inc., NASA’s partner and
the aircraft’s builder, is developing the fuel-
cell-based power system—a step toward “flying
an eternal airplane that could be sent on
missions spanning months,” said Del Frate.
These capabilities are developed as part of
Dryden’s Environmental Research Aircraft and
Sensor Technology (ERAST) Program that

began in 1994.
(Continued)

The solar wing Helios
aircraft spent about 7
hours above 50,000 feet
on its record-breaking,
high-altitude flight
August 13, 2001.
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Dryden Flight Research Center ...

AeroVironment has commercial plans
underway as well. The company is training
people for work on another high flying solar
wing, the Pathfinder Plus, in Kauai, Hawaii.
Scheduled for two commercial demonstration
missions outside of the ERAST program, the
Pathfinder Plus will provide a flight platform
for a Japanese agency that wants to test some
of their communications payloads in the
stratosphere. The aircraft also will carry a
remote sensing instrument to monitor Hawai-
ian coffee crops, a project sponsored by Clark
University of Worchester, Massachusetts.

“It’s gratifying to see commercial use of the
solar flying wings. Ultimately the real commer-
cialization of the airplane will blossom when
it can routinely fly extreme duration flights
because that’s how you get the costs down,”
the project manager added. An aircraft with
multi-week to multi-month flight capability
opens the door to a new way of Earth
monitoring. Helios could serve as a platform

DRYDEN FLIGHT RESEARCH CENTER

for disaster relief and crop monitoring, or
follow the eye of a hurricane.

Another important Dryden spinoff is improv-
ing communications systems on Earth and in
space. In 1997, NASA needed help in talking
with the orbiting Space Shuttle. Due to an
ever increasingly congested radio spectrum, the
ability to hear the orbiter’s radio signals
required greater receiver sensitivity. Dryden
partnered with Angle Linear, of Lomita,
California, a manufacturer of linear radio
frequency products and peripherals, to solve the
problem. The solution was a receiving preampli-
fier specially crafted for NASA that made
Shuttle communications more reliable. The
company’s preamplifier line was greatly ex-
panded to cover a broader range of frequencies,
providing the same improvement to other
communication markets in trucking, land
mobile, broadcast media, and cellular telephones.

Originally developed for NASA Space
Shuttle communications, Angle Linear’s
receiving preamplifier has a very
sensitive high dynamic range.

The system is used in a variety of
communications applications, including
business, government, tracking, and
cellular telephones.




As always, Dryden’s research produces
cutting-edge technology in aviation. How about
an airplane that can heal itself and land safely
following a catastrophe!? A special NASA
airplane that can alter its own computerized
flight software to meet inflight emergencies is
getting ready for research flights next year.
Dryden will operate the highly modified
NF-15B aircraft in a series of flights in the
Intelligent Flight Control System (IFCS)
research project. IFCS is designed to incorpo-
rate selflearning neural network concepts into
flight control software to enable a pilot to
maintain control and safely land an aircraft
that has suffered a major systems failure or
combat damage. Flight evaluation of first- and
second-generation self-learning neural network

control software is expected to occur in 2003.
Preliminary flight tests of an IFCS neural
network that was pre-trained to the NF-15B’s
aerodynamic database were flown in spring 1999.
NASA and the Nation have seen the
benefits on a daily basis of Dryden’s contribu-
tions to aerospace research-derived technologies.
Even though Dryden’s Commercial Technology
Office opened just 7 years ago, modern avia-
tion—and the entire U.S. Space Program—could
not have prospered without the Center’s heroic
efforts over the past 50 years. As one Dryden
engineer said, “If you've been on an airplane,
you've benefited from Dryden technology.” [

NASA Dryden Flight
Research Center will
operate a highly
modified NF-15B
aircraft in a second
series of flights in the
Intelligent Flight
Control System (IFCS)

research project.

DRYDEN FLIGHT RESEARCH CENTER
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Glenn Research Center

f a NASA technology improves the daily
Ilives of people nationwide, and even

worldwide, then commercialization has
achieved its goal.

Over the last 40 years, technology developed
at the Glenn Research Center has been com-
mercialized to the extent that most people in
the United States and in many other parts of
the world come into contact with Glenn-
developed technology every day.

Many serendipitous spinoffs resulted from
NASA’s work in the early 1960s. The Agency
realized that industry could benefit from the
vast amount of research performed at the
Cleveland facility (then the Lewis Research
Center) and began to proactively apply its
efforts to assist industry with their technical
needs. The Technology Urtilization Office was

The NASA John H. Glenn Research Center
at Lewis Field is located in Cleveland, Ohio.

GLENN RESEARCH CENTER

established at the Lewis Research Center in
1963 as a result of the National Aeronautics
and Space Act of 1958, and also as an avenue
for public access to NASA technologies.

Glenn has made significant contributions in
the spinoff arena since the inception of the
Spinoff publication in the early 1970s. During
the Apollo era, before the publication was
established, the Center’s technology innovations
included rechargeable batteries for small tools,
such as cordless drills. In the late 1970s,
technology for textured medical implants and a
cataract removal tool were developed. More
recent spinoffs include the Atomic Oxygen Art
Restoration process, Moen’s LifeShine® faucet
finish, and the Tempest/Embedded Web
technology, originally developed for Internet use
on the International Space Station, but later




transferred to industry with a variety of uses
for remote monitoring.

Glenn’s work in the 1990s with General
Electric on the GE90 turbofan engine is
considered to be one of its most significant
spinoffs. The overwhelming majority of travelers
using commercial transportation for long
distance travel now fly in jet transports. Glenn
has been NASA’s lead center for gas turbine
(jet) engines. In recent years, emphasis has been
on quieting these engines, both to improve
passenger comfort and reduce ground noise
around airports. Thanks in no small part to
quiet engine technology developed at Glenn,
the aircraft flying today are much quieter than
the aircraft flying in the 1960s. Beginning with
the Energy Efficient Engine program in the
1970s, the Center developed fuel-efficient
technology used in current jet engines, like the
GE90 high-bypass turbofan. In addition, jet
engine emissions, particularly nitrogen oxides
(NOx), have been significantly reduced. This
research resulted in commercial jet aircraft that
are more environmentally friendly, and allow for
lower costs for the flying consumer.

Air travel in bad weather is safer due to
improvements in aircraft icing detection and

inflight ice removal developed by Glenn’s
Aircraft Icing Research group. One of the
Center’s Small Business Innovation Research
(SBIR) contractors, Cox & Company, worked
with Glenn researchers to develop the first new
aircraft ice protection system to be approved

by the Federal Aviation Administration in

40 vyears.

General aviation has not been ignored.
Glenn recently completed a program to help
develop a new generation of general aviation
aircraft engines. One of these is the Williams
International EJ22, which will power the new
“air taxi” currently being developed by Eclipse
Aviation Corporation, of Albuquerque, New
Mexico. The company developed the
groundbreaking Eclipse 500 aircraft, creating a
new class of twinjet light aircraft that could
allow passengers to use smaller, less congested
airports closer to their homes.

Glenn-developed technology in the area of
satellite communications may affect the life of
the average person more than anything else.
The Commercial Technology Satellite (CTS)
launched in 1976 increased the power of
satellite-relayed signals by a factor of 20 over
previous commercial satellites (COMSATS),
and produced the technology that made
possible the explosion in satellite television
(TV) channels. For its efforts, Glenn was
awarded an “Emmy” award by the television
industry. Traveling-wave-tube technology devel-
oped for CTS was applied to “Klystron” power
tubes used in ultra high frequency (UHF) TV
transmitters, doubling their efficiency and
making it possible for UHF stations to signifi-
cantly increase their broadcast range with no
additional power usage.

(Continued)

The Multi-depressed
Collector Klystron cuts the
electric power consumption
of UHF TV transmitters in
half, allowing a UHF TV
station to save 50 percent
of its electricity cost.

GLENN RESEARCH CENTER
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Glenn Research Center <o

This pioneering work was further developed
by the Advanced Communications Technology
Satellite (ACTS) Program. ACTS opened new
communications frequency bands, greatly
increasing the number of messages COMSATS
could carry. This is particularly important for
geosynchronous (stationary) satellites, because
they all occupy a single orbit where there is
limited space. The efficiency of COMSATS is
increased by spot beam antenna technology
pioneered on ACTS. Instead of blanketing an
area, a spot beam antenna can concentrate its
beams on more important areas, such as
populated regions as opposed to lakes and
desert lands.

A fact not normally appreciated by the
general public is that the service life of a
stationary satellite is limited more by the fuel
supply needed for its attitude-adjusting rockets

The Advanced Communications Technology

Satellite Program opened new frequency bands,
allowing commercial satellites to greatly increase
the number of messages they could carry.

GLENN RESEARCH CENTER

than by the durability of its components. These
satellites have to be kept in line with the
millions of stationary satellite dish antennas in
use. However, gravitational forces from the
Moon, Sun, and other planets can skew the
satellites out of line. Several times a year, small
rocket engines are fired to realign them. The
NASA Glenn Onboard Propulsion Branch has
improved the efficiency of these small rockets
and developed new types of small attitude
rockets that have increased the useful lives of
satellites by 50 percent. Considering that it
costs between $500 million and $750 million to
build and launch a communications satellite
into geosynchronous orbit, this increase in
service life results in a considerable cost savings
to the COMSAT companies, and the savings
are passed on to the consumer in the form of
reduced rates.




Much new Glenn technology has spun off to
the medical field. In the early 1970s, work on
advanced rocket and gas turbine materials
helped improve the biocompatibility of artificial
hip and knee joints. Research on ion rocket
engines led to pioneering the texturing of
implants to encourage human tissue to grow
into the implant. More recently, turbopump
design technology originally developed for
cryogenic fuel turbopumps in rocket engines
was used to help develop a small turbopump
that will be installed in humans to assist
damaged hearts.

Several new biotechnology and biomedical
applications are being developed at Glenn. One
microgravity researcher is currently developing
“space-vision goggles” to be used by astronauts
and other future space travelers to allow physi-
cians to remotely monitor their health. Glenn’s
ACTS project has demonstrated the ability to
transmit high-resolution mammograms and
echocardiographic images from remote regions to
major medical clinics. This has the potential to
give people living in rural, low-population, and
economically depressed areas direct access to the
best medical teams in the world. Also, an
atomic oxygen process developed at Glenn is
being used in a partnership with the Cleveland
Clinic Foundation, employing a polymer lattice
for the growth of cellular tissue for reconstruc-
tive surgery.

Glenn’s spinoff applications are vast and
delve into many technology areas. From aero-
space, transportation, and biomedical applica-
tions to materials and sensor development,
our technology transfer projects touch lives
every day. O

LifeShine® is a registered trademark of Moen, Inc.

Glenn’s work on advanced rocket and

gas turbine materials was translated to
the medical field, where it helped
improve the biocompatibility of
artificial hip and knee joints.
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Goddard Space Flight Center

amed after rocket research pioneer
NDr. Robert H. Goddard, NASA

Goddard Space Flight Center was
established in 1959. Goddard employs hundreds
of premier scientists and engineers who are
devoted to research in Earth science, space
science, and technology. The Technology Com-
mercialization Office (TCO) at Goddard was
established to encourage broader utilization of
Goddard-developed technologies in the American
industrial and academic communities.

One of Goddard’s most noteworthy examples

is the NASTRAN® (NASA Structural Analysis)
software application, written to help design
more efficient space vehicles such as the Space
Shuttle. NASTRAN was released to the public
in 1971 by NASA’s Office of Technology
Utilization. The commercial use of NASTRAN
has helped to analyze the behavior of elastic
structures of any size, shape, or purpose. For
example, the automotive industry uses the
program to design front suspension systems
and steering linkages. It is also used in design-
ing railroad tracks and cars, bridges, power
plants, skyscrapers, and aircraft. The program
alone was estimated to have returned
$701 million in cost savings from 1971
to 1984. NASTRAN was inducted into
the U.S. Space Foundation’s Space
Technology Hall of Fame in 1988, one
of the first technologies to receive this
prestigious honor.

GODDARD SPACE FLIGHT CENTER ‘

Since the beginning of the technology
transfer program at Goddard, several technolo-
gies have made significant contributions to the
medical industry. The Implantable Cardioverter
Defibrillator (ICD) was conceived in the mid-to-
late 1960s, and tested at Sinai Hospital, of
Baltimore, Maryland, in 1969. This heart assist
system was derived from NASA’s space circuitry
technology. In 1985, after a number of years of
pre<clinical testing, the device entered clinical
trials and received U.S. Food and Drug Admin-
istration approval. The ICD is a fully implant-
able device, not much larger in size than the
implantable pacemaker. The success of this
therapy became regarded as the “gold standard”
in the treatment of malignant arrhythmias.

Another spinoff application enabled by
Goddard is the charge coupled device (CCD).
This technology has made great strides in the
area of non-invasive breast cancer detection.
The stereotactic breast biopsy system incorpo-
rated the charge coupled technology as the key
component of a digital camera that scans the
breast structure with X-rays. The device images
suspicious breast tissue more clearly and

The automotive industry uses
NASTRAN® to design front
suspension systems and
steering linkages.




efficiently, saves women time and money,
reduces pain and radiation exposure, and
eliminates the scarring of more invasive
techniques. With more than 500,000 women
undergoing breast biopsies each year, the
system has dramatically reduced annual health
care costs. The system that first made possible
this new technique is the LORAD Stereo
Guide™ Breast Biopsy System, which incorpo-
rates Scientific Imaging Technologies, Inc.’s
CCD as part of its digital camera system. The
technology breakthrough that spawned the
LORAD system originated at Goddard, where

The LORAD Stereo
Guide™ Breast Biopsy
System incorporates
Goddard’s charge coupled
device technology as part
of a digital camera system
that “sees” a breast
structure with Xray
vision.

scientists developed the Space Telescope

Imaging Spectrograph for the Hubble in 1997.
Goddard is supported by the Small Business

Innovation Research (SBIR) program in its

commercialization efforts. This program,

established by Congress in 1982, provides

increased opportunities for small businesses

to participate in R&D. Legislation enacted

in 2000 extended and strengthened the

SBIR program and increased its emphasis on

pursuing commercial applications of SBIR

roject results.
pro) (Continued)
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Goddard Space Flight Center ..o

The Small Business Technology Transfer
(STTR) program awards contracts to small
business concerns for cooperative R&D with
a non-profit research institution, such as a
university. Modeled after the SBIR program
with the same basic requirements and phased
funding structure, the STTR program is a
separately funded activity.

Since its inception, the SBIR program at
Goddard has made great strides in bringing
small businesses and NASA innovation
together. For example, Foster-Miller, Inc., a
company that developed a high performance,
low cost substrate for printed circuits under
an SBIR contract, collaborated with NASA to
develop better, more cost effective satellite-
and land-based applications. The commercial
product that resulted from the agreement led
to the start of a spinoff company called
Superex Polymer, Inc. The resulting product,
called liquid crystal polymers, proved to be
exceptionally strong and ideal for food and
beverage packaging, high performance tubing,
barrier layers for cryogenics, and high tem-
perature electrical insulation.

Through a series of SBIR contracts with
NASA, a company called Creare, Inc., has
become a leader in advanced cryogenic
systems. This collaboration at Goddard has

GODDARD SPACE FLIGHT CENTER

resulted in the development of a Miniature
Cryogenic Turboalternator. This low temperature
cooler for NASA was used in the Next Genera-
tion Space Telescope, Constellation-X. Long-term
commercial applications include cryocoolers for
low and high temperature superconducting
medical and electronics instruments. This
technology was also integrated with the Near
Infrared Camera and Multi-Object Spectro-
meter instrument on the Hubble Space Tele-
scope in 2001. Creare is currently developing
components and systems for specialized
cryogenic applications.

Goddard’s fundamental mission is to expand
our current knowledge of the Earth and its
environment, the solar system, and the universe
through observations from space. Goddard
manages and implements flight programs and
projects, including the Hubble Space Telescope
and Next Generation Space Telescope, Geosta-
tionary and Polar Operational Satellites, “Living
With a Star” and Solar Terrestrial Probes, the
Earth Observing System, Explorers and Earth
Explorers, Structure and Evolution of the
Universe missions, and a portion of the New
Millennium Program. Goddard also oversees the
development and operation of the Tracking
and Data Relay Satellites, and Space and
Ground Networks.

Liquid crystal polymers
proved to be exceptionally
strong and ideal for food and
beverage packaging. Their
broperties can prevent oxygen
from deteriorating the taste of

precooked and packaged food.




The Center also manages about two dozen
Sun-Earth Connection and Structure and
Evolution of the Universe missions currently in
operation, including the Advanced Composition
Explorer and the Microwave Anisotrophy Probe.
Goddard is currently building the Swift mission
to determine the nature of gamma ray bursts,
considered the largest explosions in space since
the Big Bang. Additionally, it is building next-
generation Xeray and gamma-ray detectors for
future NASA missions.

Goddard plans, organizes, and evaluates a
broad program of scientific research in the
Earth sciences, ranging from basic research to
flight experiment development, mission opera-
tions, and data analysis. The Center conducts
missions that obtain highly accurate and
frequent measurements of the Earth, as well as
advanced computer networks that transmit data
and the resulting information to a wide variety
of global users. Scientific investigations include
studying the internal structure, dynamics, and
material variations of the Earth, as well as
research to better understand the effects of
climate change on ecosystems and the effects of
land surface vegetation change on the climate.

Goddard is an important resource for
observing, understanding, and modeling the
global oceans and related research that focuses
on the links between all aspects of the water
cycle, as well as global weather and climate.
Scientists develop and apply microwave and
multispectral optical remote sensing to measure
and define the abundance of water, ice, and
snow on land surfaces; oceanic salinity; precipi-
tation; the exchange of water between soil,
biosphere, and atmosphere; and oceanic
biological productivity.

In the next 10 years, Goddard will provide
leadership in the systematic measurement and
NASA/National Oceanic and Atmospheric
Administration transition missions to under-
stand how the Earth is changing and the
primary causes for such change. 0

NASTRAN® is a registered trademark of National

Aeronautics and Space Administration.

LORAD Stereo Guide™ is a trademark of LORAD

Corporation.

Peering into our stellar backyard, the Near Infrared
Camera and Multi-Object Spectrometer peeled back the
outer layers of the Cone Nebula to see the underlying dusty
“bedrock” in this stellar “pillar of creation.”
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Jet Propulsion Lahoratory

or millions of Americans, 1963 began

with the New Year’s Day Tournament of

Roses Parade broadcast from Pasadena,
California, led by Grand Marshall Dr. William
Pickering, the Jet Propulsion Laboratory’s (JPL)
director. Pickering was followed by a float
honoring JPL's Mariner 2 space probe. Their
prominent positions in the parade reflected the
success of Mariner 2, the first spacecraft to
encounter another planet, Venus, just 1 month
earlier in December 1962. That success laid the
groundwork for 40 more years of planetary
exploration, from the 1960s manned lunar
missions and the 1970s Mars Viking missions,
to the Mars Odyssey mission’s discovery of
enormous subsurface frozen water deposits in

May 2002.

In the 1960s, JPL workers used teletypes to print out
information for the Mariner 2 space probe, the world’s

first successful interplanetary spacecraft.

JET PROPULSION LABORATORY

Since the initial success in 1962, JPL space-
craft have visited every planet in our solar
system, with the exception of Pluto. The
laboratory also manages the worldwide Deep
Space Network, which communicates with
spacecraft and conducts research from its
complexes in California’s Mojave Desert, Spain,
and Australia.

With every new space probe and discovery
comes technology that leads to products with
practical applications for industrial and commer-
cial use on Earth. JPUs Commercial Technology
Program, established in 1963 as the Office of
Industrial Applications, was created to manage
such developments. Since the program’s incep-
tion, more than 200 U.S. companies have taken
advantage of JPLs innovations. Some of the
most significant technological contributions have
been in communications, digital imaging,
miniaturization, remote sensing, and robotics.
From exploring the birth of the universe to
mapping the interior of the human body, JPL
instruments have achieved new breakthroughs.

JPL technology affects the lives of Americans
every day. For example, the laboratory led
the way in developing the capability to send
and receive data within our solar system.

This data transmission required a longterm
series of technology developments of deep space
antennas, precision timing systems, signal
detection, and digital processing. Today, these
technologies are widely used for wireless
communication products.

Digital image processing was pioneered at
JPL in the late 1960s, when analog signals from
the Ranger spacecraft were converted to digital
images with computer enhancement. The Ranger
series was designed solely to take high-quality
pictures of the Moon and transmit them back
to Earth in real time. The images were used
for scientific study, as well as for selecting
landing sites for the Apollo Moon missions.
The Mariner 4 probe, visiting Mars in 1965,
was the first spacecraft to send digital images
back to Earth. Today, digital imaging has a
wide range of applications, with particular
emphasis in medicine. Well-known uses include
Computed Aided Tomography (CAT) scanning
and ultrasounds.

Miniaturization is a crucial part of JPLs
research and development efforts. Creation of
ever smaller devices not only helps NASA




s/

miniaturize all aspects of its space systems,
making space exploration more manageable and
affordable, but also yields significant technology
advances. JPL engineers have developed powerful
sensors as small as a coin and computer chips
no bigger than the period that ends this
sentence. Doctors and patients already benefit
from some of these technologies used in surgery
and non-invasive procedures. A miniature

sensor that images in the infrared and locates
cancerous tumors is in clinical trials for non-
invasive mammography. OmniCorder Technolo-
gies, Inc., has licensed JPLs Quantum Well
Infrared Photodetector camera technology for
detection of breast and skin cancer. The sensor,
which helped JPL locate hot spots during fires
and observe volcanoes, may potentially benefit
other surgical or therapeutic procedures that
require rapid and precise monitoring of blood
perfusion changes.

JPL engineers assisted in developing a tiny
camera chip placed in a pill. Once ingested,
this camera-pill photographs the inside of the
digestive system and provides doctors with

The Robot Assisted
MicroSurgery
workstation enables new
procedures for the brain,
eye, ear, nose, throat,
face, and hand. The
device uses computer
compensated motion
control to dramatically
reduce the effects of
operator muscle tremor.

enhanced diagnostic information. The pill’s
Active Pixel Sensor expands on charge coupled
device (CCD) technology (high-resolution
imaging that revolutionized the field of as-
tronomy and is now found on many scientific
Space
Telescope) by consolidating functions and

space vehicles, such as the Hubble

reading images more efficiently. The sensor
requires one-hundredth the power of a CCD
system and is less susceptible to radiation
damage in space. Photobit Corporation, a spin-
off company from JPL, obtained licensing rights
to the technology and continues to develop
and market it for use in camcorders and
digital cameras.

Miniaturization is not the only way JPL
technology has contributed to medical advances.
Building on established NASA technology in
telerobotics, JPL collaborated with
MicroDexterity Systems, Inc., to develop a new
robotic microsurgery device for delicate surger-
ies. Designed in cooperation with leading
microsurgeons, this Robot Assisted

(Continued)
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Jet Propulsion Laboratory oo

MicroSurgery workstation, or robot arm, will
enable new procedures for the brain, eye, ear,
nose, throat, face, and hand.

Another significant contribution from JPL is
in the remote sensing field. JPL scientists and
engineers have turned that knowledge Earthward
to learn more about our own planet. In 1997,
JPL gave the world an early warning of the El
Nifio phenomenon, saving thousands of lives
and millions of dollars worth of property.
Using the Global Positioning System (GPS) and
altimeter data received from the JPL-managed
Topex/Poseidon satellite, JPL scientists measured
the height of the ocean and predicted the
season of storms brought on by El Nifo. GPS
technology also monitors tiny slips along fault
lines, and their strain in Southern California.
Understanding this seismic activity will lead to
better earthquake preparedness.

Last year, farmers put a new GPS system to
the test. NavCom Technology Inc., a division of

JET PROPULSION LABORATORY ‘

the John Deere Company, licensed the
technology and equipped tractors with receivers
providing instant location information. The
GPS allows farmers to navigate fields at night
and during poor visibility. With soil sensors
and other monitors, they can precisely map
where fields may need more water, fertilizer, or
weed control, saving both time and money.

Other advances from the exploration of
Mars will be plentiful. In another sensing
application, a landmark discovery by JPLs Mars
Odyssey spacecraft revealed frozen water on the
Red Planet. This year, scientists were surprised
to find enormous quantities of buried ice lying
just under the surface of Mars—enough frozen
water to fill Lake Michigan twice. The detec-
tion technologies used on Odyssey may have
applications for remote detection of materials
on Earth.

A landmark discovery by JPL’s
Mars Odyssey spacecraft
revealed frozen water on the

Red Planet.




Future Mars explorers may include a giant
“beach ball” rover rolling along the surface of
the planet. Called the “tumbleweed rover,” the
lightweight, two-story-tall ball may be used to
traverse the tough, sloping Martian terrain.
Other rovers may literally hang “on the edge”
to give scientists a good look at the planet’s
nooks and crannies. The new “cliff-bot” rover
can do just that. Artificial intelligence software
drives a team of rovers able to set up camp
and work independently. “Bulldozing” rovers
may scoop up the Martian soil. Basic research
on these robotic explorers may support future
Mars missions to look for life or to sustain a
human presence and lead to new innovations
in commercial technology. [

In the future, “bulldozer”
rovers and other robotic
explorers may be used to
look for life and build a
Mars outpost to sustain a
human presence.

—
=
i
=
[~
(=]
—
o]
>
]
a
(=]
=
=<
=
(&)
o=
=z
L
(%]
]
o=
[
(&)
=3
o
(7]
(=]
[~
]
=<

JET PROPULSION LABORATORY




[
=
[
=
o.
(=]
—
]
=
(]
a
[=]
=
=T
=X
(&)
o=
=T
L
(7]
(]
o
L
(&)
=T
o
(%]
(=]
(=]
(e
=T

Johnson Space Center

or more than 4 decades, the Lyndon B.
F]ohnson Space Center has been the leader
in human spaceflight operations for

NASA. Established as the Manned Spacecraft
Center in 1961, the Center was renamed in
honor of the late president in 1973. Located
just outside of Houston, Texas, Johnson pro-
vides the planning and operation of the
International Space Station (ISS) and Space
Shuttle flights, and is the site of Mission
Control. The operations at the Center include
the development and integration of experiments
for human spaceflight activities; the application
of space technology and its supporting scientific
engineering and medical research; the selection
and training of astronauts; and the operations
of human spaceflights.

Driven by the desire to expand the frontiers
of space and knowledge and improve life here
on Earth, Johnson set the pace for exploring,
using, and enabling the development of space
for human enterprise. As a result, Johnson
achieved unprecedented accomplishments and
delivered numerous benefits to America and the
rest of the world through human exploration
and development of space initiatives.

Johnson is the leading force of the ISS,
which has grown from a 70-ton, efficiency
apartment-sized foothold in orbit to a space
laboratory of boundless capability. The
assembled ISS provides the first laboratory
complex where gravity, a fundamental force on
Earth, can be controlled for extended periods.
This ability to control gravity opens up
unimaginable research possibilities that will
enable discoveries that may benefit people
around the globe.

Space-based technology has already enriched
a wide range of human activities—how we
communicate with one another, process
information, travel, and study our planet’s
biosphere, to name a few. It has improved our
quality of life by showing us new ways to treat
our sick and injured, grow our food, and even
correct our vision.

Johnson engineers collaborated with famed
heart surgeon Dr. Michael DeBakey to
develop the MicroMed DeBakey VAD.®

JOHNSON SPACE CENTER

Johnson supports a wide range of responsi-
bilities, including technology evaluation, intellec-
tual property, commercialization, patent licens-
ing, joint development partnerships, Small
Business Innovation Research (SBIR) and Small
Business Technology Transfer (STTR) programs,
grants, and Space Act Agreements. These
functions enable the Center to more closely
align its way of doing business with that of the
private sector, and help identify the Agency’s
technology needs and leverage its resources.

Johnson continually strives to research
and develop technology with meaningful real-
life applications here on Earth, as well as in
space. Johnson has contributed to major
medical advances, including the development
of a ventricular assist device called the
MicroMed DeBakey VAD,® which assists
people with congestive heart failure awaiting
heart transplants.

Other advancements in cardiology that
resulted from NASA-developed technology
include the Digital Cardiac Imaging (DCI)
System and the Heart Rate Monitor. The DCI
system, designed by Philips Medical Systems
International, significantly improves angioplasty




with better real-time imaging and the ability to
employ image enhancement techniques to bring
out added detail. The Heart Rate Monitor,
developed under a NASA grant by researchers
at Texas Technical University, incorporates a
new type of electrocardiographic electrode. The
dry, reusable electrode works upon contact with
the skin and is not affected by heat, cold,
light, perspiration, or rough and oily skin.
Johnson’s unvarying force of discovery also
led to the development of a bioreactor to study
the impact of microgravity on cellular and
tissue growth on Earth and in space. NASA
granted biotech startup Synthecon,™ Inc., an
exclusive license to develop a rotating
bioreactor, called the Rotary Cell Culture
System™ (RCCS), that allows researchers to
grow more accurate, three-dimensional cells they
can then use to test new medical treatments
without risking harm to their patients.
Scientists and clinicians worldwide are using
the RCCS bioreactors for a variety of applica-
tions, such as growing normal human tissue in
vitro for testing of therapeutic drugs or for

Many firefighting tools, such as
protective clothing, are spinoffs from
NASA-based technologies that were

first developed for astronauts.

The Rotary Cell Culture
System™ grows accurate,
three-dimensional cells which
resedarchers use to test new
medical treatments.

growing replacement tissue such as liver, skin,
and bone marrow. The RCCS bioreactor
provides the research community with an
excellent in vitro environment for culturing
cells such as human tumor, viruses, and cells
that produce valuable bio-products including
proteins, enzymes, and hormones. Research

(Continued)
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Johnson Space Center

centers currently using the RCCS bioreactor
include the Cell & Gene Therapy Institute in
San Antonio, Texas; the National Institutes of
Health in Bethesda, Maryland; the U.S. Food
and Drug Administration; and the U.S. Army
Medical Research Institute of Infectious Diseases
at Fort Detrick, Maryland.

At Johnson, the goal is to ensure that safety
and health are inherent in all that is under-
taken. Since human spaceflight is a primary
focus at the Center, it has concentrated on
technologies that prove to be safe and benefi-
cial to astronauts during space exploration.
Firefighters, like astronauts, often brave danger
ous and hostile environments protected mainly
by the technology on their backs. Numerous
technologies first developed for space explora-

(Continued)

tion have proven beneficial for firefighting

and prevention here on Earth, such as a
portable firefighting module, protective clothing,
flame-resistant fabrics, and the breathing
apparatus worn by firefighters throughout the
United States for protection from smoke
inhalation injury.

Another Johnson-developed technology that
has a meaningful real-life application here on
Earth is the ultraviolet (UV) blocking suit and
cooling vest. Developed for the Hypohidrotic
Ectodermal Dysplasia (HED) Foundation, the
suits and vests use spacesuit technology to help
improve the quality of life for children suffer-
ing from HED, Sun and Light Reaction
Syndrome, Xeroderma Pigmentosum, and related
disorders that affect the body’s ability to cool

Thousands of children with disorders that affect the
body’s ability to cool itself have benefited from cool suits
developed for the Hypohidrotic Ectodermal Dysplasia
(HED) Foundation.

JOHNSON SPACE CENTER




itself. An 8yearold boy from Magnolia, Texas,
suffers from four skin diseases that kept him
out of the sun and its potentially harmful UV
radiation. However, that has all changed thanks
to NASA and the HED Foundation. In April
2001, the boy received a special UV blocking
suit that was developed from NASA space-based
technology. The suit, which covers him from
head to toe, allows him to go outside protected
from harmful light. To date, thousands of
children now enjoy their newfound outdoor
freedom. More than 120 suits and about

3,000 cooling vest packs have been distributed
through HED.

Taking technology a step further, Johnson
collaborated with the Defense Advanced Re-
search Projects Agency to create Robonaut—a
humanoid robot. The Robonaut project seeks to
develop and demonstrate a robotic system that
can function as an Extra Vehicular Activity
astronaut assistant. The dexterous manipulation
technology used in the Robonaut’s hands might
some day be used in other applications such as
human prosthetic development.

A key to Johnson’s technology transfer
success is the Mid-Continent Technology
Transfer Center. The center helps market
NASA/Johnson technologies and aids in identi-
fying commercial opportunities. Johnson also
participates with Clear Lake Area Economic
Development Foundation to attract space-related
business and industry or open operations in the
local area. The Technology Outreach Program at
Johnson helps small business access and utilize
NASA technologies in beneficial commercial
applications. The program provides up to 40
hours of engineering assistance at no cost to a
business seeking technical assistance, which helps
to accelerate the transfer of technology to the
marketplace.

[t has been another exciting year for technol-
ogy development at Johnson Space Center. And,
for the next 40 years, the Center will continue
to focus on enhancing the quality of life in
space, as well as on Earth through research
partnerships and technical advancements. [

The MicroMed DeBakey VAD® is a registered trademark of
MicroMed Technology, Inc.

Synthecon™ is a trademark of Synthecon, Inc.

The Rotary Cell Culture System™ is a trademark of
Synthecon, Inc.

Robonaut is a humanoid robot being developed to function

as an astronaut assistant. The dexterous manipulation
technology in its hands might one day be used in
applications such as human prosthetic development.
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Kennedy Space Center

n 2002, NASA’s John F. Kennedy Space
Center, home to Space Shuttle launches and
gateway to the universe, celebrates its 40-year
anniversary—and 40 years of technology utiliza-
tion. Because NASA believes that advancing
space technology is vital to U.S. economic
health, the Agency recently designated Kennedy
as the Spaceport Technology Center, a world-
class resource for the emerging space transporta-
tion industry. No other site in the world
processes and launches as many different types
of reusable and expendable space vehicles.
Kennedy is responsible for NASA’s launch
and payload processing systems. It is also the
lead center for acquisition and management of
expendable launch vehicle services and payload
carriers. Kennedy and its neighbor, the U.S. Air
Force’s 45th Space Wing at Cape Canaveral Air
Force Station, share a rich history of coopera-
tion in perfecting space launch technologies. To
recognize this partnership and to better serve
the commercial space industry, the two organiza-

tions recently merged various support activities
to establish the Cape Canaveral Spaceport.
With so many spacerelated programs underway,

KENNEDY SPACE CENTER

it is no wonder that Florida’s Space Coast is
now helping to set the standard for future
spaceports around the globe.

This was not always the case. Prior to
official establishment of the Center in 1962,
NASA and numerous private contractors were
fully occupied with developing the technology
and equipment necessary to put the Project
Mercury astronauts into space atop Redstone
and Atlas rockets. Commercial transfer of new
technologies was not a priority. Research grants
and contracts were the primary means of
sharing information on space-related innovations.

During the Gemini and Apollo Moon
missions, a new era of innovation began. NASA
soon realized the commercial benefits of these
innovations and in 1962 established the Tech-
nology Utilization Program. In that same year,
President Lyndon B. Johnson renamed the Cape
Canaveral Launch Operations Center in honor
of President John F. Kennedy, whose vision of
space travel was realized in July 1969 when
three Americans landed on the Moon. During
this era, a noteworthy technology was developed:
a rocket fuel tank gauging system that helped
land the astronauts safely on the Moon. Its
commercial application eventually earned it a
place in history with a NASA Space Act Award.

Known as the Liquefied Natural Gas (LNG)
Custody Transfer System, this Apollo-born
technology is used by more than three-quarters
of the world’s LNG tankers and is manufac-
tured by the Foxboro Company of Massachusetts
(now Invensys Process Systems/Foxboro). The
original technology, developed by Robert
Blanchard and Arthur Sherburne of Trans-
Sonics, Inc., provided precise capacitance liquid-
level gauging, a capability required by NASA for
real-time rocket fuel gauging on the Saturn V
and lunar landing modules. The accurate
readout of remaining fuel was critical to the
performance of the rockets, as was shown in
1969 when Apollo 11 achieved the first manned

The Apollo 11 Lunar Module “Eagle,” in a landing
configuration is photographed in lunar orbit from the
Command and Service Modules “Columbia.”




lunar landing. Although recent technologies are factors engineering; range technologies; com-
now starting to replace this LNG system, the mand, control, and monitoring technologies; =
innovation is still used on 115 tankers world- and biological sciences. Kennedy innovators, %
wide with a trade valued at $20 billion a year. with expertise in ground support equipment, =

NASA’s Advanced Technology Program was contributed greatly to the effort, which in turn =
launched in 1976, which led to Kennedy's generated numerous commercial spinoffs. %
Technology Outreach Program and the creation The development of one important safety- =
of Regional Technology Transfer Centers, all related technology began in 1979, when E
aimed at more vigorously transferring space engineers designed a Lightning Detection and &
technologies to the public. The Space Shuttle Ranging (LDAR) system to protect Shuttle g
era was here, and Americans became familiar launch personnel and equipment during §
with the concept of a Space Transportation thunderstorms. Global Atmospherics, Inc., of =
System. As a result of the Technology Transfer Tucson, Arizona, later joined with NASA in a
Acts of the 1980s, even stronger transfer strate- Space Act Agreement to upgrade and commer-
gies began to emerge to publicize and dissemi- cialize the LDAR. The three-dimensional system
nate Shuttle-related innovations. pinpoints the location and altitude of in-cloud

The complexity of the Space Transportation and cloud-to-cloud lightning by measuring the
System spawned the development of many new exact arrival times of electromagnetic pulses.
technologies related to fluid systems; launch pad | LDAR locates lightning in near real time. The
structures and materials; process and human data are then used to define the existence and

extent of the lightning hazard
and to provide more accurate
lightning warnings to Space-
port workers. The company
focused its product on mul-
tiple markets, including
electric utilities, the aviation
community, commercial rocket
launches, recreational facilities,
construction, atmospheric
research, and meteorology.
Another successful spinoff
resulted from the development
of a lubricant for the six-
million-pound crawler/trans-
porter used to move the

Space Shuttle and Mobile

(Continued)

An electrical storm created a tapestry
of light in the skies near Launch
Complex 39A at the Kennedy Space
Center prior to launch of the Space
Shuttle Mission STS-8. In this view, a
bolt of lightning appears to be striking
the complex itself while the Orbiter sits
on the pad, illuminated by flood lights.

KENNEDY SPACE CENTER
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Kennedy Space Center <o

Launcher Platform from the Vehicle Assembly
Building to the launch pad. Kennedy contacted
Sun Coast Chemicals of Daytona, Inc., to help
develop a more environmentally friendly
lubricant. Working in cooperation with
Kennedy, Sun Coast Chemicals developed the
X-1R® Crawler Track Lubricant in just 8
months. Infrared thermography testing on the
crawler revealed that the lubricant brought
about the significant reduction in wear and
heat that NASA was looking for. Sun Coast
Chemicals went on to successfully market
dozens of lubricating products and was chosen
by the U.S. Space Foundation as a Space
Technology Hall of Fame winner in 2000.

In 1994, NASA’s Agenda for Change placed
new emphasis on technology transfer. Respond-
ing to this new agenda, Kennedy’s Technology
Commercialization Office began using a wider
range of resources to disseminate information
to the public. The outsourcing of support
functions, the development of Internet tools,
and mission-related partnerships are some of
the steps taking Kennedy-developed technologies
in new directions. With new emphasis on the
International Space Station (ISS), the Spaceport
Technology Center, and next-generation manned
spaceships, new technologies continue to appear
in support of these plans, including advanced
computer software tools.

KENNEDY SPACE CENTER

The X-1R® Reel Lube & Grease is an environmentally safe
cleaner and lubricator, one of many lubricating products
available from Sun Coast Chemicals of Daytona, Inc.

One tool, the Control Monitor Unit, pro-
vides a comprehensive array of capabilities for
controlling and monitoring complex systems of
equipment developed for the ISS. A Florida-
based company, Command and Control Tech-
nologies (CCT) Corporation, licensed the
technology and enhanced the software. The
resulting product is now automating commercial,
multivehicle spaceport launch control systems in
four states. Three products are currently on the
market: the Command and Control Toolkit™
(CCT’s signature product), the T-Zero™ launch
control software, and the Spaceport RangeNet™
software. The company, recognized as NASA-
Kennedy’s 1998 Small Business Subcontractor of
the Year, was named one of the 100 fastest-
growing Florida companies in 2000.

Also in 2000, the NASA Headquarters

Inventions and Contributions Board bestowed

Spaceport RangeNet™ provides
intuitive present position and
instantaneous impact prediction
displays to support flight operations.




another Shuttle-based innovation the Commer-

cial Invention of the Year Award, for a system
that turns rocket fuel into fertilizer. The Nitro-
gen Oxide (NOx) Scrubber Liquor to Fertilizer
system was installed at Shuttle Pad 39A.
NASA’s Dr. Clyde Parrish, Dr. Dale Lueck, and
Andrew Kelly, and Dynacs Inc.’s Paul Gamble
developed the new process in response to an
Agency request to reduce the hazardous waste
stream captured in a scrubber when a toxic
oxidizer is transferred back and forth from
storage tanks into the Shuttle’s Orbital Maneu-
vering Subsystem and Reaction Control System.
The innovation converts NOx into potassium
nitrate, a primary fertilizer material. NASA
licensed the technology to Phoenix Systems
International Inc., of McDonald, Ohio, an
engineering firm that develops utility and
industrial fossil fuel technologies.

Launching ventures beyond our own planet
has called forth the best efforts of America’s
scientists, engineers, and managers. Meeting this
challenge has expanded knowledge and skills in
virtually every field of science and technology.
Kennedy’s Technology Commercialization Office
helps businesses avoid the costly process of

Liquor to Fertilizer
system installed at
Shuttle Pad 39A at
Kennedy Space Center.

“reinventing the wheel” by making them
aware that the technology they need may
already be available.

The Center’s research efforts are expanding to
include the Space Experiment Research and
Processing Laboratory, a research facility under
construction at the new International Space
Research Park. The laboratory will serve the ISS
as the primary gateway for ground-based investi-
gations in fundamental and applied biological
science. The 400-acre park is cosponsored by
NASA and the State of Florida to facilitate new
opportunities emerging for expanded involvement
by industry and academia.

For 40 years, Kennedy has successfully
developed new technologies in support of the
space program. Today, the Center stands ready
to meet the challenges of the 21 century as a
major partner in the construction and operation
of spaceports on Earth, in orbit, and beyond. O

X-1R® is a registered trademark of Sun Coast Chemicals of
Daytona, Inc.

Command and Control Toolkit,™ T-Zero,™ and Spaceport
RangeNet™ are trademarks of Command and Control
Technologies Corporation.
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Langley Research Center

or over 40 years, Langley Research Center

in Hampton, Virginia, has been leading

the way to beneficial partnerships between
industry, academia, and the Government. From
the opening of the first National Advisory
Committee on Aeronautics’ wind tunnel at
Langley Memorial Aeronautical Laboratory in
1922, the facility now known as Langley
Research Center has been consistently involved
in the dissemination of aerospace research-
derived technologies to the Nation. While
playing a pivotal role in the development of
aircraft for defense and commercial uses
through the 1930s, 40s, and 50s, the Center
also was instrumental in the successful new
assighments for the “Space Race” that the
newly reorganized National Aeronautics and
Space Administration (NASA) was tasked with
in the 1960s and 1970s.

NASA’s Industrial Applications Program, later
renamed the Technology Ultilization Program
(TUP), was started in 1962 with the plan to
foster greater utilization of beneficial, new
innovations beyond their initial aerospace
applications. The Langley Technology Utilization
Office, formed in 1964, was the first organiza-

tion at the Center tasked with the transfer of
aerospace technology to commercial industry.
Increased emphasis on the importance of
technology transfer and commercialization
resulted in the formation of the Technology
Application Group (TAG) in 1994. TAG was
charged with proactively improving the effective-
ness of the Langley Commercialization Program.
This organization has been known as the
Technology Commercialization Program Office
since 1999, and has been instrumental in many
successful transfers of technology to industry.
Industries that have benefited from the transfers
run the gamut from medical, transportation,
construction, and manufacturing, to energy
generation, and even recreation.

One of the TUP’s most notable contribu-
tions was to the transportation safety industry.
Most drivers are familiar with grooved highway
surfaces, but few realize that these grooves were
the result of Langley aeronautical research. This
safety enhancement concept was developed
through the hydroplaning program that began
at Langley in 1962 with the goal of improving
the control of aircraft touching down during
wet weather. Surface grooves in concrete

The introduction of the National Advisory Committee
on Aeronautics’ wind tunnel in 1922 set the stage for

the transfer of aerospace research-derived technologies to
other industries.

LANGLEY RESEARCH CENTER




significantly improve wet weather traction for
stopping and steering. It was easy for Langley
engineers to see the need for the benefits of
their research in public roadway systems. As a
testament to the TUP’s work, every state in the
Nation today has miles of grooved pavement to
enhance the safety of its roadways during wet
weather. Also, research shows that the grooves
increase the life of the pavement by 5 to 10
percent, decreasing the frequency of expensive
repaving projects. Grooves on potentially
slippery surfaces also benefit pedestrian areas,
industrial factories, pools, and playgrounds.
Grooved surfaces may affect people more than
any other NASA spinoff application to date.
Another Langley technology that contributes
to the safety of aircraft landing is the airborne
wind shear detection system that was developed
and refined at the Center. Wind shear occurs
when invisible bodies of air are traveling in
different directions to each other at different
speeds. When an aircraft encounters this
disturbance, the pilots can have severe difficulty
in correcting the resulting changes in flight
path, particularly when they are close to the
ground for landing. This invisible aviation
hazard is so dangerously unpredictable that
about 26 aircraft crashed, resulting in over 500
fatalities between 1964 and 1985. After a Delta
Airlines jetliner was brought down by wind
shear near Dallas in August 1985, it was
evident that something had to be done to
provide pilots with greater advance warning of

From the runway to the
roadway, grooved surfaces in
concrete significantly
improve wet weather traction
for stopping and steering.

wind shear situations. The Federal Aviation
Administration and Langley combined forces to
develop better wind shear detection capabilities
for airlines and the military. The first challenge
was to learn how to model and predict the
phenomenon. Langley developed the F-factor
metric that is now the standard for determining

(Continued)

Langley’s 737 flying
laboratory flew over 130
missions into extreme
weather situations,
learning how to hunt
invisible wind shear
elements 2 to 3 miles
ahead of the aircraft.
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Langley Research Center <o

if the airflow ahead of an aircraft is dangerous
wind shear. The next step was to determine
what sort of detector was the most effective in
detecting the wind shear 10 seconds to

I minute ahead of a flying aircraft. Langley’s
737 flying laboratory flew over 130 missions
into extreme weather situations, learning how
to hunt the invisible hazards 2 to 3 miles
ahead of the aircraft. The resulting technologi-
cal advances have enabled aircraft to read the
speed and direction of invisible particles of
water vapor or dust in the wind and provide
pilots the necessary advance warning of wind
shear conditions. Doppler radar-based systems
were also developed based on the Langley
research. This type of system has been commer-
cially certified by several companies and was
first flown on commercial aircraft by Continen-
tal Airlines less than 2 years after the Langley

Langley’s Boeing 737 research aircraft is fitted with a
Doppler radar wind shear detection system that sends a
beam well ahead of the airplane to detect microbursts,
evidenced by sudden large changes in raindrop velocities.

LANGLEY RESEARCH CENTER

Wind Shear Program declared “mission accom-
plished!” and concluded testing.

As a result of this pioneering work,
aircraft manufacturers throughout the world
today are mandated to supply new airliners
with wind shear detection systems as standard
safety equipment.

Not to be outdone, Langley materials
researchers have been developing revolutionary
materials over the past 40 years as well. Some
materials, such as the colorless polyimide, have
been qualified for use in space flight. Others,
such as the rp-46 high-temperature (600 °F)
polymer, are used in lightweight bearings for
the Boeing 777. With new materials constantly
entering commercial use, it is difficult to cull a
single one for consideration. If sales figures are
used as a measure of significance, a Langley-
developed, flexible, high-temperature adhesive

——— -




stands out from the pack. The polyimide
adhesive is used on flexible circuit boards
produced by one of the Nation’s largest circuit
board manufacturers, the Rogers Corporation.
The flexible circuits are used in many applica-
tions, but primarily in high-speed computer disk
drives. This advance in adhesive technology has
resulted in cumulative sales of over $135
million in less than 10 years and is expected to
produce a total of over $300 million prior to
patent expiration.

As advances are made in the new fields of
materials, such as shape memory materials,
morphing technology, and nanotechnology,
Langley plans to partner with companies much
earlier than it had done so in the past. This

will ease the transition from government
development to industry manufacture and speed
up the prototype to manufacture cycle. It is
expected that NASA will also benefit from the
resulting acceleration in technology development
and the reduced costs of technologies as they
progress from exclusively high-tech applications
to broad commercial uses. [J

Langley’s high-temperature, polyimide adhesive is used to

bond film to copper foil conductor materials in flexible
circuits produced by one of the Nation’s largest circuit
board manufacturers.
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Marshall Space Flight Center

ince its inception, the Marshall Space

Flight Center, in Huntsville, Alabama, has

promoted an active program to transfer
technology designed for the space program into
products to improve life on Earth.

Early on, Marshall set the pace in the emer
ging field of technology transfer with specialized
welding technology developed for giant rockets.
Welding was the first NASA technology offered
to private industry, marking the start of NASA’s
technology transfer efforts. Some of the welding
techniques were developed at Marshall because
existing methods were not adequate in meeting
stringent specifications necessary in the building
of large booster rockets.

In 1963, NASA produced a publication
titled Welding Tips, dealing with the industrial
applications of space research. Welding Tips
became the first of a series of publications that
NASA would issue periodically. The 26-page
magazine was an instant hit with industry. By
July 1964, NASA received 6,900 requests for
the publication.

Throughout the 1960s and 1970s, the
Marshall Technology Utilization team worked
diligently to ensure proven technology was

MARSHALL SPACE FLIGHT CENTER

offered to business and industry. The term
“spinoff” became a common reference to the
technologies and discoveries derived from NASA’s
Technology Utilization Program. For example, the
“power factor controller” was invented by a
Marshall engineer under NASA’s Solar Heating
and Cooling Program in the late 1970s and
patented in the early 1980s. The device senses
fluctuations in the amount of power needed by
an alternating current electric motor and then
varies the power supply to meet the need.
Laboratory tests show 6- to 8-percent savings
under normal demand conditions, and as much
as 65 percent when a motor is idling.

These tests resulted in a flood of interest.
More than 20 companies were granted non-
exclusive licenses for commercial use of the
power factor controller technology. In 1998,
an exclusive agreement was reached with a
licensee for the specific purpose of controlling
motors not in existence when the device was
first patented.

In the 1980s, the technology utilization
mission at Marshall continued to evolve,
focusing on consulting, while providing a think-
tank atmosphere for solving difficult problems.

Two companies have
successfully commercialized a
specialized welding tool
developed at Marshall for the
friction stir welding process,
marking another success for
the Center’s technology
transfer program.




The Center developed working relationships
with academia and industry in eight
southeastern states.

At the same time, Marshall again led the way
in transferring welding technology—this time with
a special-purpose arc welding torch, designed to
provide better quality welds with less room for
human error. The torch was developed by
Marshall engineers and B&B Precision Machine,
Inc., for the difficult variable polarity plasma arc
welding of the Space Shuttle External Tank. The
company still sells this spinoff product today to
aerospace and research organizations needing to
weld complex aluminum alloys and titanium.

In 1994, Marshall’s Technology Utilization
Program changed its name to the Technology
Transfer Department and continued its work to
identify and transfer space innovations. In 1997,
Marshall expanded its role to include manage-
ment of NASA’s Small Business Innovation
Research (SBIR) program, working on commer-
cialization and technology development collabora-
tions based on Space Act Agreements, technol-
ogy investment programs, and community
investment programs. The Center’s mission
evolved from a consulting role to a formal
commercialization and licensing role. Working
closely with the Center’s Patent Counsel and
the Research Triangle Institute of Research
Triangle Park, in Raleigh, North Carolina,
Marshall’s Technology Transfer Department now
performs technical, business, and legal assess-
ments to determine commercial potential, trends,
and marketability of candidate technologies. The
ultimate goal is to advance the technology
readiness level of Marshall innovations into near-
future and obtainable commercialization.

Today’s approach results in a wide variety of
benefits, from law enforcement to cancer
treatment. One example, the Video Image
Stabilization and Registration (VISAR) system, is
a computer software invention that uses technol-
ogy developed for enhancing images of the Sun
to improve poor quality video. The Federal
Bureau of Investigation was the first non-NASA
beneficiary, using VISAR to analyze home video

footage of the deadly 1996 Olympic Summer
Games bombing in Atlanta, Georgia. VISAR
was inducted into the U.S. Space Foundation’s
Space Technology Hall of Fame in 2001, and
won the Excellence in Technology Transfer
award in 2002 from the Federal Laboratories
Consortium. Intergraph Government Solutions
and BARCO Inc. Display Systems have inte-
grated VISAR into video enhancement system
products for law enforcement, the military, and
even home computers.

In another area, the need for a flexible tool
to analyze rocket engine fluid flow prompted
Marshall engineers to invent the Generalized
Fluid System Simulation Program. Its flexibility,

(Continued)

Video made with a
handheld camcorder from
police cars chasing
criminals can result in
shaky footage, making
license plates unreadable
(bottom). When NASA
scientists at Marshall
Space Flight Center

| enhanced the video with

the VISAR software, they
produced a clear, sharp
image, (top) allowing the
license plate to be read.

MARSHALL SPACE FLIGHT CENTER
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Marshall Space Flight Center o

ease of use, and applicability to a wide variety
of commercial industries earned it NASA’s Co-
Software of the Year for 2001. Concepts ETI,

Inc., holds an exclusive license agreement for

the software.

Product identification technology, pioneered
at Marshall to track Space Shuttle parts, is used
by the private sector to mark items ranging
from groceries to automobile parts. Capable of
storing 100 times more information than a
barcode, the two-dimensional Data Matrix
symbol resembles a small checkerboard. Acuity
CiMatrix and its parent company, Robotic
Vision Systems, Inc., formed an alliance with
Marshall to develop commercial applications.
Data Matrix symbology was inducted into the
Space Technology Hall of Fame in 2001,

and has been endorsed for NASA-wide
application by the NASA Technical Standards
Program Office.

Examples of Marshall’s contributions to the
medical field are abundant. Light emitting diode
(LED) technology, originally developed for
growing plants in space, has successfully treated
cancer patients who have exhausted traditional
therapies. Doctors at the Medical College of
Wisconsin, Milwaukee, are applying this technol-
ogy in photodynamic therapy, using pinhead-
sized LEDs to illuminate or activate light-
sensitive, tumor-treating drugs called photosensi-
tizers. The process allows the drugs to find and
destroy cancerous cells, leaving surrounding
tissue undamaged. In another application of the
same technology, Quantum Devices Inc., is

A simulation of the light emitting diode probe

being surgically implanted into a patient at the
Children’s Hospital of Wisconsin, Medical
College of Wisconsin, Milwaukee.

MARSHALL SPACE FLIGHT CENTER




collaborating with physicians to use LEDs in
treating hard-to-heal wounds such as diabetic
skin ulcers, serious burns, and severe oral sores
caused by chemotherapy and radiation.

Another Marshall-developed medical advance,
ocular screening technology from space tele-
scopes, is helping detect eyesight problems in
school children. Vision Research Corporation
integrated the technology into an ocular
screening system used to test over 1.5 million
children. The company placed these systems in
pediatric offices and health clinics in more
than half of the United States with mass
screening operations in 10 states.

Activity in welding technology—the area
where Marshall technology transfer first flour-
ished nearly 40 years ago—continues today. The
Retractable Pin Tool for Friction Stir Welding,
developed at Marshall, virtually eliminates the
pesky “keyhole” associated with this type of
welding. The technique involves slowly plunging
a rapidly rotating pin into the joint between
two materials to be welded and moving it
along the joint. At the end of the weld, the
single-piece pin tool is retracted, which in the
process would leave a “keyhole.”

MTS Systems Corporation integrated the pin
tool into its advanced friction stir welding
process for welding high-strength alloys for
automotive, shipbuilding, and other industries.
It uses a computer-controlled motor to automati-
cally retract the pin into the shoulder of the
tool at the end of the weld. MCE Technologies,
Inc., also successfully commercialized the
Stirwelder product incorporating the pin tool.
It provides virtually flawless welds in nearly
all applications using high-performance
aluminum alloys, including those previously
considered “unweldable.”

These are just a few of the hundreds of
technologies that have come from Marshall in
the past 40 years. Through its ongoing work in
the Space Shuttle and International Space
Station programs, as well as the cutting-edge
Space Launch Initiative, Marshall will continue
to play an important role in transferring NASA
technology to improve the life of every citizen

here on Earth. O

The probe, which is
approximately 9 inches long
and about one-half inch in
diameter, was developed for
photodynamic cancer
therapy under a NASA
Small Business Innovation
Research program grant.
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Stennis Space Center

ative Mississippian and Nobel laureate

William Faulkner once described the

Mississippi Gulf Coast as an area in
which “The pines and moss-hung live oaks give
way to grassy marshes so flat, low, and treeless
that they seem less of Earth than water. More
of a beginning to the sea than an end to the
land.” Faulkner’s prose may not represent the
heartiest of endorsements for the area selected
as the future home of the John C. Stennis
Space Center, but nonetheless, beginning in
1963, roads were built, buildings were con-
structed, and massive test facilities were erected,
at an initial cost of $200 million.

Today, Stennis has evolved into a
multidisciplinary, multiagency Federal facility
whose primary mission includes rocket engine
testing and Earth science application activities
integral to the Center’s Technology Transfer
program. Traditionally, the Office of Technology
Transfer provided support in the areas of
intellectual property management, licensing
activities, contracting or partnering efforts, and
development of success stories. But just as
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Work crews saw down one
of the first trees on

May 17, 1963, signaling
the beginning of
construction of the
Mississippi Test Facility
in Hancock County,
Mississippi. The tree was
cut in Devil’s Swamp
near the site where the
construction dock was
built on the turn basin of
Stennis’ man-made canal
system.

STENNIS SPACE CENTER

Stennis evolved from its humble beginnings, the
Office of Technology Transfer’s focus was
changed to meet the future needs and require-
ments of NASA.

Stennis implemented a technology develop-
ment and integration initiative to support the
specific new technology needs of its Propulsion
Test and Earth Science Applications directorates.
A Technology Development Pipeline was
established to utilize Inreach program activities,
Dual-Use partnerships, and the Small Business
Innovation Research (SBIR) program to accom-
plish the task. Inreach establishes new lines of
communication and strengthens existing ones to
identify future NASA technological needs. Dual-
Use and SBIR contracting activities yield
products that meet the technological require-
ments identified by each directorate. Results
include commercially available products meeting
NASA mission needs, and an increase in
partnerships, licenses, and success stories,
demonstrating the Office of Technology
Transfer’s relevance to Stennis’ directorates.




Inreach activities also provide the necessary
communication process to identify future NASA
technological needs or to fill the pipeline.
Referred to as a “contact sport” by Kirk Sharp,
Stennis’ Office of Technology Transfer manager,
Inreach activities present an opportunity for
interaction between the Technology Transfer
Office, directorate personnel, and other research-
ers to identify future technology needs and
requirements. This investment in time and
energy provides the critical starting point from
which new products are developed to support
the Propulsion Test and Earth Science Applica-
tions directorates. Without these initial interac-
tions, or filling of the pipeline, the Office of
Technology Transfer’s new direction efforts
would slowly sink into the proverbial swamps
that surround the Center.

Actively pursued by Stennis for over a
decade, the SBIR and Small Business Technol-
ogy Transfer (STTR) programs were redirected
toward more specific and higher priority
Propulsion Test and Earth Science Applications
technologies. These highly competitive

A Space Shuttle Main
Engine test lights up the
night sky at Stennis. The
Center implemented a
technology development
and integration initiative
to support the specific
new technology needs of
such propulsion testing.

multiphase programs provide small U.S. busi-
nesses with Federal funds reserved for conduct-
ing innovative research and development.
Through this new strategy of focus and rel-
evance, the programs are now providing innova-
tions matching specific NASA technology needs.
For example, a color hydrogen flame imaging
system manufactured by Duncan Technologies,
Inc., in response to NASA’s need for a hydro-
gen flame detection system, is being imple-
mented in the E complex test facilities. Stennis
uses the prototype system, developed to monitor
hydrogen flame stacks invisible to the naked
eye, during turbopump and other rocket
component testing at its E-2 facility. Stennis
also purchased six systems to conduct testing of
hybrid rocket motors, turbomachinery, and
small rocket engines at its E-1 facility. Bud
Nail, NASA’s technical systems lead engineer at
the time, stated that his job would be made
safer by using the system. “There’s simply
nothing else on the market that performs the
way this system does,” Nail said. “It takes the
guess work out of identifying a hydrogen fire.”

(Continued)
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Though Stennis’ Dual-Use program is
relatively new with a history of only 2 years,
new technology products are already available to
directorate users. Product development partner-
ships are based on the sharing of costs, risks,
and successes between the Government and its
partner. In these projects, NASA contributes
technology development, unique facilities and
expertise, engineering resources, and in some
cases, partial funding. In return, the commer-
cial partner contributes its unique resources,
facilities, manufacturing, and marketing capabili-
ties. The result is a flexible approach that
draws upon the capabilities of both parties.
NASA maximizes benefit, reduces risks and
costs, and receives a product with a specific
NASA application, while the partner earns an
opportunity to establish credibility, diversify its
existing product line, and increase overall
market visibility.

During rocket component testing, Stennis uses a prototype

of a color hydrogen flame imaging system developed by
Duncan Technologies, Inc., to monitor flame stacks
invisible to the naked eye.

STENNIS SPACE CENTER

Recently, Earth science applications users
benefited from a partnership with World Preci-
sion Instruments (WPI), Inc., that produced an
innovative instrument to accurately measure
color dissolved organic matter absorption while
testing offshore. Stennis’ Dr. Richard Miller of
the Earth Science Applications Directorate
partnered with WPI scientists Dr. Mathias Belz
and Dr. Suyi Liu to develop an instrument
that would meet the needs of both NASA and
the general scientific community. This success-
ful collaboration culminated in an exciting new
device, UltraPath,™ now commercially available
from the company.

The Propulsion Test Directorate also directly
benefited through a critical redesign of a valve
actuator. In partnership with BAFCO, Inc., an
existing commercial product’s size and weight
were reworked, reducing cost and delivery time.

The benefit to NASA on the 31 units already




purchased was a cost saving of over $260 thou-
sand. The redesigned product is commercially
available, and the company is experiencing
successful profit margins.

The Technology Development Pipeline
provides Stennis’ Office of Technology Transfer
with the unique opportunity of fulfilling
NASA’s mandate by lending “mission critical”
support through product and technology devel-
opment. Maximum benefit at reduced cost and
risk is being achieved through partnerships with
the private sector in support of NASA mission
needs. Working together, the Propulsion Test
Directorate, the Earth Science Applications
Directorate, and the Office of Technology
Transfer are answering questions and solving
problems critical to NASA’s future. As the
Agency moves forward to fulfill its mission, the
challenges continue to grow, and Stennis is
moving to meet those challenges. [

UltraPath™ is a trademark of World Precision Instruments,
Inc.

Stennis realized a cost
savings of over $260
thousand from its
partnership with
BAFCO, Inc., which
assisted the Center in
the reengineering of a
valve actuator.
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Drawing upon research and development investments and other leading
sources of technological innovation, NASA seeks to foster partnerships and
cooperative activities with U.S. commercial enterprises to develop technology
that is applicable to both NASA mission needs and commercial ventures in
global markets. Also, as part of the Agency’s mission, NASA facilitates the
transfer and commercialization of NASA-sponsored research and technology,
including the industrial use of unique capabilities and facilities.

Though NASA research and technology has been disseminated to the
public in many different ways over the past 40 years, one transfer program
has garnered significant recognition for its ability to provide small and socially
disadvantaged U.S. businesses with the necessary resources to reach new heights.
The Small Business Innovation Research (SBIR) program, established by the U.S.
Congress in 1982, promotes commercialization of innovations derived from federally
funded research. Each year, small businesses are encouraged to submit proposals in
response to technical topics listed in the annual SBIR program solicitation.

Strong SBIR partnerships and other extensive outreach activities have
translated into immeasurable benefits for humankind—from lifesaving medical
devices to industrial machinery that complete jobs in minutes, rather than days.
The following section highlights a vast assortment of commercial technologies
shaped by the minds and hands of NASA scientists, engineers, experts, and their
respective technology transfer collaborators. These products, known as spinoffs,
strengthen the Nation’s prosperity and quality of life.
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Moving Ahead With Eye Power

ye trackers have literally opened up the

world to many disabled people who suffer

with limited movement and speech. The
sophisticated devices track eye movements—
distinguishing the viewer’s precise gazepoint at a
computer screen—enabling communication and
environmental control through an array of
interface tools. For example, a man whose
motor control is limited to his eyes can write a
regular newspaper column, and a quadriplegic
girl can attend school and participate in class
with the help of an eye tracker.

While these systems have been available for
more than a decade, their considerable size and
weight have inhibited wider use. Recognizing
the potential public benefit, Congress funded
NASA in 1998 to help advance eye tracker
technology to reduce size and increase portabil-
ity, while preserving or improving its function.
As a result, NASA’s Jet Propulsion Laboratory
(JPL) collaborated with the eye tracker manufac-
turer LC Technologies (LCT), Inc., of Fairfax,
Virginia, to complete phase one of the Eye
Tracker Technology Development Task. This led
to the development of LCT’s improved Eyegaze
Communication System.

The collaboration aimed to advance eye
tracker technology while fostering its commercial-
ization for increased availability to the disabled.
JPLs team selected LCT’s existing Eyegaze
System as a baseline for the work since it was
both measurable and marketable. By completion
of phase one, the team reduced the weight of

HEALTH AND MEDICINE

the original system by 6 times and its volume
by nearly the same factor. The miniaturization
not only increases portability, but improves
energy efficiency by reducing the power require-
ments of the system by a factor of 4.

In the course of miniaturization, the Eyegaze
System’s functionality also improved. For
example, the JPL/LCT Pulser Board, a new
illuminator drive, lights up the user’s eye in a
series of tiny time intervals, enabling the
system’s video camera to capture eye movements
with very little blurring of the eye image.

A new combination of the illuminator and
light filter makes the camera more tolerant to
ambient light, allowing the system’s use in a
greater variety of lighting conditions.

The customized motion control unit, housing
the enhanced illuminator and camera, provides
real-time head tracking and more accurate

eye tracking.

As a result of this joint effort, LCT commer-
cialized the improved Eyegaze Communication
System, providing customers with a more
accurate, affordable, and portable product. To
operate the Eyegaze System, the user sits
approximately 24 inches from the computer
monitor, while the camera, mounted below the
monitor, focuses on one eye. A 15-second
calibration procedure is all that is needed to
get started. By looking at control keys on the
monitor for a fraction of a second, the user
can perform a broad variety of functions
including speech synthesis, environmental

The Eyegaze System enables
this boy to communicate
using only the movement of
his eyes. A video camera
focuses on the pupil of the
user’s eye, tracking its
mowvement. To “press” a key
on the screen, the user looks
at the key for a specified
time, prompting the computer
to take the appropriate
action.




control (controlling lights and appliances),
typing, operating a telephone, accessing the
Internet and e-mail, and running all Microsoft®

Windows® software. The camera continually
observes the eye movements, while specialized
image-processing software determines where the
user is looking on the screen. The system
predicts the gazepoint with an average accuracy
of better than onefourth inch, enabling the
user to control entire on-screen computer
keyboards. Nothing is attached to the user’s
head or body, and the improved size and
portability allow the system to be mounted on
a wheelchair.

Eyegaze Systems are enhancing the quality of
life of people with disabilities all over the
world. The system enables children with severe
cerebral palsy, muscular dystrophy, and other
motor disabilities to actively participate in their
education by giving them a voice for the first
time. Students who cannot talk or use a pencil
are using their system to “speak” during class,
as well as to research and write papers. With
only their eye movements, these students can
also chat with friends over e-mail and “talk” on
the phone.

LCT’s collaboration with
NASA’s Jet Propulsion
Laboratory reduced the
size and weight of the
Portable Eyegaze System,
which can be conveniently
mounted on a wheelchair.

The Eyegaze System also enables adults with
multiple sclerosis, strokes, brain injuries, spinal
cord injuries, and ALS (amyotrophic lateral
sclerosis, also known as Lou Gehrig’s disease),
to be productively employed. With the system,
employees who are paralyzed and unable to
speak are still able to do word processing, send
and receive e-mails, and make telephone calls.
Also, several books have been written and
published by authors using only eye movement
controls.

While phase one of the Eye Tracker Tech-
nology Development Task was successful, LCT
continues to work with JPL on phase two,
which concentrates on several other areas of
improvement that have commercial add-on
potential. With increased improvements in eye
tracker technology, more people can get ahead
using eye power. [

Microsoft® is a registered trademark of Microsoft
Corporation.

Windows® is a registered trademark of Microsoft
Corporation.
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llluminating Cell Biology

n instrument developed to help scientists

study cell biology onboard the Interna-

ional Space Station (ISS) is also benefit-
ing researchers here on Earth. The Cell Fluores-
cence Analysis System (CFAS), developed by
Ciencia, Inc., of East Hartford, Connecticut, is
a versatile, compact fluorometer designed to
perform cellular functional assays and in vitro
biochemical assays. The innovation will play an
important role in studying biological specimens’
long-term adaptation to microgravity.

With results from previous experimental
studies showing that space flight has a signifi-
cant impact on living cellular systems, NASA is
preparing the Life Science Research Facility on
the ISS to open a new era in gravitational
biology. Researchers at the space-based labora-
tory will study cell development, signal transduc-

tion, cytoskeleton organization, gene expression,
and many other cellular processes. To accom-
plish these goals, NASA recognized that fluores-
cence spectroscopy, one of the most powerful
methods available for cell biology research,

was a necessary technique within the facility,

as well.

A major roadblock to incorporating this tool
was the instrument’s massive size prohibiting its
deployment in the Space Station. With room
requirements of 20-to-60 cubic feet and a
weight of several hundred pounds, the typical
fluorometer exceeded the available space to
conduct experiments. Another problem was that
the instrument’s high power consumption might
make it inoperable within the available power
resources, and could cause power spikes leading
to possible interferences in equipment operation.

The Cell Fluorescence Analysis System assists scientists

conducting cell biology research on Earth and on the
International Space Station.

HEALTH AND MEDICINE




To solve these problems, NASA’s Ames
Research Center awarded Ciencia a Small
Business Innovation Research (SBIR) contract to
develop a system that would address the size,
mass, and power constraints of using fluores-
cence spectroscopy in the Life Science Research
Facility. Ciencia, successful in creating the CFAS
product to meet NASA’s needs, recently deliv-
ered the product to Ames and is progressing
with commercial sales. At Ames, researchers in
the bone and signaling laboratories plan to use
the CFAS to investigate the role of integrin and
extracellular matrix protein interactions in the
mechanotransduction of forces induced by
hypergravity and hydrostatic pressure. “We are
looking forward to using the CFAS to develop
fluorescence resonance energy transfer and
lifetime analysis assays for integrin clustering, an
important step in cell adhesion and gravity
mechanotransduction,” stated Dr. Eduardo
Almeida, research scientist in the Ames Gravita-
tional Research Branch. “The CFAS represents
an investment into future ISS analytical capabili-
ties that should enable cuttingedge spaceflight
cell biology consistent with NASA’s vision to
extend life into space,” explained Donald
Vandendriesche, ISS cell culture unit lead and
contracting officer’s technical representative for

CFAS development.

Commercial applications for Ciencia’s tech-
nology include diverse markets such as food
safety, in situ environmental monitoring, online
process analysis, genomics and DNA chips, and
noninvasive diagnostics. Ciencia has a U.S.
patent for its fluorescence lifetime sensing
technology and has licensed the technology to
HTS Biosystems, of Hopkinton, Massachusetts,
for applications in high-throughput screening for
drug discovery. Ciencia and HTS Biosystems are
jointly developing commercial products based on
the technology, including a fluorescence lifetime
microwell plate reader.

Ciencia has already sold the system to the
private sector for biosensor applications.

Dr. Jerome Schultz, the director of the Center
for Biotechnology and Bioengineering at the
University of Pittsburgh, purchased Ciencia’s
fluorometer technology in the form of a
minimally invasive fiber-optic glucose sensor. The
center, which has approximately 100 researchers
covering the fields of biosensors, molecular
biology, gene therapy, and artificial organs, is
using the system for clinical applications. [J
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Keeping Hearts Pumping

n estimated one million people

worldwide have heart conditions that

would benefit from a heart transplant.
However, the number of donor hearts available
is extremely limited, with less than 3,000 total
transplants performed each year in the United
States. Fortunately, for people with such heart
problems, a unique collaboration between
NASA, Dr. Michael DeBakey, Dr. George
Noon, and MicroMed Technology, Inc., has
resulted in a lifesaving heart pump for patients
awaiting transplants. The MicroMed DeBakey
VAD® is a ventricular assist device that
functions as a “bridge to heart transplant” by
pumping blood throughout the body to keep
critically ill patients alive until a donor heart is
available.

The concept for the tiny pump grew from

conversations between Dave Saucier, an engineer
at Johnson Space Center, and Drs. DeBakey
and Noon, famed heart surgeons at Baylor
College of Medicine. They discussed creating a
heart pump that would benefit patients with

HEALTH AND MEDICINE

congestive heart failure. Saucier and a team of
Johnson engineers joined with DeBakey, Noon,
and colleagues at the DeBakey Heart Center at
Baylor College to develop the initial design.
The Johnson team built several versions of the
device, based on the criteria and feedback
supplied by DeBakey’s medical team.

During the initial development of the
implantable axial rotary heart pump, engineers
found two major concerns. Friction led to
damaged blood cells, because the device created
high shear flows through pump parts. Also,
there were stagnant regions in the pump that
caused blood clotting, a major problem with
ventricular assist devices.

To solve these problems, help came from
researchers Cetin Kiris and Dochan Kwak in
the NASA Advanced Supercomputing (NAS)
Division at Ames Research Center. Kwak,
chief of the NAS Applications Branch,
explained that they were asked to help because
of their “experience with simulating fluid flow
through rocket engines.” According to Kiris,
“The speed of fluid flow through a rocket
engine is faster than blood flow, but very
similar in many ways.”

Using NASA supercomputers and computa-
tional fluid dynamics technology, which models
the fuel and oxidizer flow through rocket
engines such as the Space Shuttle main engine,
the Ames researchers analyzed blood flow
through the battery-powered heart pump. Based
on the results, they suggested design improve-
ments that reduced red blood cell damage to
an amount well below acceptable limits. The
improved blood flow pattern also reduced the
tendency for blood clots to form by eliminating
the stagnant regions. According to Kwak,
“There are three groups who made this initial
engineering effort successful—the medical team
led by Dr. Michael DeBakey and Dr. George
Noon, the systems engineers at Johnson Space
Center, and the Ames computational team that

The MicroMed DeBakey VAD®
functions as a “bridge to heart transplant”
by pumping blood throughout the body to
keep critically ill patients alive until a
donor heart is available.




used NASA supercomputer know-how to help
develop the VAD.”

The road to commercial success for the VAD
began in 1996, when NASA patented the heart
pump and licensed it exclusively to MicroMed
Technology, Inc., of Houston, Texas. MicroMed,
organized by President and Chief Executive
Officer Dallas Anderson to further develop the
pump for critically ill heart patients, faced the
challenge of converting the engineering device
into a medical appliance that could be im-
planted. Within 2 years, MicroMed obtained
international quality and electronic standards
certifications, developed the ancillary compo-
nents of the system, and received regulatory
permission to begin clinical trials in Europe. In
November 1998, a 56-.yearold male was the first
patient implanted with the MicroMed DeBakey
VAD. According to Anderson, the pump
functioned normally and to design specifications.

After 135 implants in Europe, MicroMed’s
product is commercially available at 12 Euro-
pean heart centers. In the United States, 25
patients successfully received the VAD as part
of the 178 implants planned for clinical trials
approved by the U.S. Food and Drug Adminis-
tration (FDA).

The device presents several advantages for
recipients. Weighing less than 4 ounces and
measuring 1 inch by 3 inches, the MicroMed
DeBakey VAD is approximately one-tenth the
size of other currently marketed pulsatile VADs.
This makes it less invasive and ideal for smaller
adults and children. Because of the pump’s
small size, less than 5 percent of the patients
implanted developed device-related infections,
compared to an approximate 25-percent infection

rate for larger VADs. Additionally, MicroMed’s

These illustrations show a visual comparison of
the original ventricular assist device, top, and the
unit after modifications by NASA researchers,
center and bottom. Adding an inducer to the
MicroMed DeBakey VAD® eliminates the
dangerous back flow of blood by increasing
pressure and making flow more continuous. The
device is subjected to the highest pressure around
the blade tips, shown in magenta.

VAD can operate up to 8 hours on batteries,
giving patients the mobility to do normal,
everyday activities.

Currently, over 160 patients have received
the MicroMed DeBakey VAD—with no incidence
of pump failure. Having successfully implanted
the device lasting for periods over 1 year in
individual patients, MicroMed is planning to
launch its DELTA ONE™ study to provide
evidence of its VAD as a heart transplant
alternative—which is also referred to as “destina-
tion therapy.” MicroMed is the first company to
use a next-generation, miniaturized device to
conduct a clinical trial to address the use of a
VAD for longterm destination therapy. Upon
FDA approval for its investigational device
exemption application, MicroMed will begin its
clinical study, which is projected to include 65
patients at up to 20 U.S. sites. With new
advances broadening the scope of the life-saving
VAD, which won the 2001 NASA Commercial
Invention of the Year award, thousands of
individuals with heart problems stand to reap
enormous benefits. [

The MicroMed DeBakey VAD® is a registered trademark of
MicroMed Technology, Inc.

DELTA ONE™ is a trademark of MicroMed Technology,

Inc.

Image courtesy NASA/Cetin Kiris

%)
[
[
o
=
o
%
%)
=
[
()
=
(¥
=)
—
=
o
==
()
=
=
=]
o

HEALTH AND MEDICINE




%
[
[
=
=
o.
%
%
=
[
L
=
Ll
)
—
=
S
[~
Ll
=
=
o
o

A New Cure for Medica

n 1999, the Institute of Medicine released a

report indicating that as many as 98,000

people die per year due to medical errors in
hospitals. This well-known report, titled “To Err
is Human: Building a Safer Health System,”
shook the American health care industry, and
fueled momentum for improved patient safety
measures across the country.

Even before the release of this report, the
U.S. Department of Veterans Affairs (VA) was
making strides to set new standards for patient
safety and further enhance the quality of health
care in the United States. The VA, which
operates 163 medical facilities across the coun-
try, formed an expert advisory panel in 1997 to
address patient safety. One year later, the
Department established the National Center for
Patient Safety in order to develop and maintain
safe practices throughout the organization.

With these prevention measures in place, the
VA was looking for a partner that could obtain
completely confidential information and act as a
“safety valve.” Therefore, it decided to call on
its Federal sister agency, NASA, to assist in the
development of such a punitivefree reporting
system. As an “honest broker,” NASA would
help the VA provide protections for health care
professionals who voluntarily report adverse
events or “close-calls.”

Errors

In May 2000, senior officials of the VA and
NASA signed an agreement that would commit
the two agencies to create the Patient Safety
Reporting System (PSRS) to report: events or
situations that could have resulted in accident,
injury, or illness, but did not, either by chance
or through timely intervention (close-calls);
unexpected serious occurrences that involved a
patient or employee’s death, physical injury, or
psychological injury; lessens learned; and safety
ideas. The VA provided NASA with funding
for the initial development of the new system,
which automatically removes all personal names,
facility names and locations, and other poten-
tially identifying information before entering
reports into its database.

Designed to complement the VA’s current
internal reporting systems, the PSRS is modeled
after NASA’s Aviation Safety Reporting System
(ASRS), which was established in 1975 under a
Memorandum of Agreement between the
Federal Aviation Administration (FAA) and
NASA, and began operation in 1976. The
ASRS, operated by NASA’s Ames Research
Center, collects, analyzes, and responds to
voluntarily submitted aviation safety incident
reports in order to decrease the likelihood of
aviation accidents. Pilots, air traffic controllers,
flight attendants, mechanics, ground personnel,

A report processing illustration portrays the various steps
taken when an adverse event or a “close call” is
voluntarily and confidentially submitted for review. The
new Patient Safety Reporting System automatically
removes all personal names, facility names and locations,

and other potentially identifying information before

entering reports into its database.

HEALTH AND MEDICINE ‘




and others in aviation operations can submit
reports to the ASRS when they are involved in,
or observe, an incident or situation that
compromises aviation safety. This system has
been lauded for its strict confidentiality proce-
dures, managed reports, easy retrieval of data-
base information, creation of safety products,
and distribution of safety information.
According to Linda Connell, NASA’s ASRS/
PSRS director, “the experience gained in
operating the ASRS for 26 years will be
invaluable in establishing the collection of
voluntary, confidential data reported by health
care providers on the front line of patient care
in VA facilities.” Connell also adds that the
relationship between NASA and the VA repre-
sents a “good blend” of expertise for the
purpose of learning about humans and safety.
NASA will help to incorporate the highly
successful aviation safety model and information
technology developments within the VA medical

Patient Safety
Reporting System

environment and the VA will identify
vulnerabilities from the information provided
by NASA.

After the joint agreement was signed, employ-
ees from Ames’ Human Factors Research and
Technology Division conducted intensive training
sessions for VA patient safety coordinators who
would be operating and maintaining the systems
across the country. At the conclusion of the
training, NASA and the VA launched a na-
tional roll-out for the PSRS in April 2002.

Presently, Ames is working on new mecha-
nisms to disseminate PSRS results and data;
nonconfidential reports and products are
expected to be publicly released as the roll-out
progresses. Ames officials anticipate that the
accomplishments of the PSRS will provide VA
hospitals with lessons learned and the funda-
mentals needed to eliminate errors and stream-
line overall health care operations. [J

Designed to complement the U.S.
Department of Veterans Affairs’ current
internal reporting methods, the Patient
Safety Reporting System is modeled after
NASA’s Aviation Safety Reporting System,
which Ames Research Center operates for
the Federal Aviation Administration.
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A Head Start to a Healthy Heart

udden cardiac death (SCD), or cardiac

arrest, is a leading cause of death

among Americans. The American Heart
Association estimates that SCD kills over
300,000 adults in United States each year, 95
percent of whom die before they reach a
hospital or another source of emergency aid,
such as defibrillation.

Often mistaken as a heart attack, SCD is
commonly triggered by an arrhythmic disorder
called ventricular fibrillation, which disturbs the
ventricles’ blood-pumping action and causes
them to contract in an irregular fashion.
Sudden death can also result from ventricular
tachycardia, which causes the ventricles to beat
too fast, ultimately affecting their ability to
pump blood; ventricular tachycardia may
develop into ventricular fibrillation. As serious
and as fatal as SCD is, cardiologists for years
have lacked the proper diagnostic tools needed
to gauge risk factors so that protective mea-
sures can be offered.

HEALTH AND MEDICINE

In response to the demanding need for an
enhanced assessment test—and in order to offer
reassurance to cardiologists and patients alike—
Bedford, Massachusetts-based Cambridge Heart,
Inc., has licensed the only U.S. Food and
Drug Administration (FDA)-cleared tool to
identify those at risk for SCD. The Microvolt
T-Wave Alternans Test™ was invented by Dr.
Richard J. Cohen, a professor at the Harvard-
Massachusetts Institute of Technology (MIT)
Division of Health Sciences and Technology,
with developmental support and funding from
NASA’s Johnson Space Center and the Na-
tional Space Biomedical Research Institute
(NSBRI) in Houston, Texas. In 1993, MIT
licensed the technology to Cambridge Heart,
Inc., a startup company that Dr. Cohen helped
to establish.

Cambridge Heart’s noninvasive technology
measures T-wave alternans, a change from one
heartbeat to the next that is too minute to be
detected by a standard electrocardiogram.
Cardiac patients with such a change in heart
beat regulation are faced with a much greater
risk of ventricular arrhythmia and SCD than
those without it. The company’s ability to
measure electrical alternans on a microvolt
level has been clinically proven to be just
as accurate as—and in some studies, more
accurate than—more costly and somewhat risky,
invasive procedures, such as electrophysiological
testing that involves the insertion of a catheter
into a patient’s heart to deliberately induce
ventricular arrhythmias.

While other noninvasive measurement tests
are performed during rest or normal activity,
the Microvolt T-Wave Alternans Test is adminis-
tered while patients’ heart rates are elevated,
during exercise or pharmacological stress.
Clinical studies have demonstrated that elevat-
ing the heart rate increases the sensitivity of

Unlike other noninvasive measurement
technologies performed during rest or normal
activity, the Microvolt TWave Alternans
Test™ is conducted while the heart rate is
elevated, generally during exercise or
pharmacological stress.




Microvolt T-Wave Alternans testing in identifying
patients at risk of SCD.

The predictive accuracy of Cambridge Heart’s
Microvolt T-Wave Alternans Test spawns from
the company’s Analytic Spectral Method,™
which determines precise microvolt measurements
well below normal noise levels, and its unique,
Micro-V Alternans™ Sensors, high-resolution
electrodes that allow for the analysis to be
performed in conjunction with noisy exercise
activity, such as treadmill or bicycle use.

The Microvolt T-Wave Alternans Test is
processed through Cambridge Heart’s
HearTwave™ System, which is compatible with
virtually all existing stress systems, electrophysiol-
ogy monitoring devices, or electrocardiogram
carts. The HearTwave simply collects and
computes the alternans data, and then automati-
cally prints out a realtime report.

The test has proved successful in multiple
clinical trials conducted around the world in a
wide variety of patient populations, including
those who have experienced heart failure or
myocardial infarction. It can also help physicians
manage the most difficult cases, such as the
analyses of young patients who appear to be in
good health. For example, in a clinical study of
130 syncope patients (those who experience
temporary impairment of blood circulation to
a part of the body, which often leads to loss
of consciousness), the Microvolt T-Wave
Alternans Test predicted SCD-related events with
a high relative-risk rate, whereas electro-physi-
ologic testing of these patients failed to achieve
statistical significance as a predictor of
such events.

Cambridge Heart’s original stress testing
machine, the CH2000, served as the platform
for the Microvolt T-Wave Alternans Test. The
company advanced the original CH2000 model
to detect T-wave alternans, and teamed up with
Netherlands-based Philips Medical Systems
International to market the technology exclu-
sively throughout the United States and Canada.

Additionally, Spacelabs Medical, Inc., a
leading provider of integrated healthcare infor-
mation systems and instrumentation, was
granted clearance from the FDA to incorporate
Cambridge Heart’s Microvolt T-Wave Alternans
Test within its Burdick® Quest® exercise stress
system. Used in conjunction with the test, the
Burdick Quest system, which combines innova-

tive touchscreen technology with leading-edge
diagnostic capabilities, will further help cardiolo-
gists in their efforts to predict the risk of life-
threatening arrhythmias associated with SCD.
NASA and the NSBRI are currently support-
ing research involving the Microvolt T-Wave
Alternans Test to determine whether space
flight increases the risk of severe ventricular
arrhythmias, and, if so, whether effective
countermeasures can be developed. [

Microvolt T-Wave Alternans Test,™ Analytic Spectral
Method,™ MicroV Alternans,™ and HearTwave™ are
trademarks of Cambridge Heart, Inc.

Burdick® and Quest® are registered trademarks of
Spacelabs Medical, Inc.

=

The HearTwave™
System computes
microvolt T-wave
alternans and provides
trend reports with guided

interpretation for quick,
accurate analysis.
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Battling Brittle Bones

uilding strong bones with exercise and a

balanced diet rich in calcium and

Vitamin D may be the best defense
against osteoporosis and low bone mass. While
osteoporosis is largely preventable for most
people, an estimated 44 million adults aged 50
years and older are considered to be at risk
for the debilitating disease, according to the
National Osteoporosis Foundation.

However, as a result of NASA know-how,
millions of Americans under and above the age
of 50 can rest assured with an early assessment
system that provides a quick, convenient, and
economical analysis to determine future fracture
risk. The accuDEXA® Bone Mineral Density
Assessment System, manufactured by Schick
Technologies, Inc., utilizes “camera on a chip”
sensor technology invented and developed by
NASA’s Jet Propulsion Laboratory (JPL) that
matches the abilities of costly, power-consuming
charge coupled device (CCD) cameras that are
considered the industry standard for high-
quality imaging.

JPL’s Complementary Metal-Oxide Semicon-
ductor Active Pixel Sensors (CMOS APS)

=

DEXA
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require one-hundredth the power of a CCD
system, are lighter in weight, and are less
vulnerable to radiation damage in space. These
attributes helped NASA realize its goal of
smaller, cheaper fabrications enabling affordable
future space missions.

Photobit Corporation, a Pasadena, California-
based spinoff company formed by JPL in 1995,
gained intellectual property rights to the
CMOS APS technology with the goal of
developing and commercializing the second-
generation, solid-state sensors. In 1997,

Long Island City, New York-based Schick
entered into an agreement with Photobit to
create the new accuDEXA diagnostic tool using
CMOS APS.

Schick’s accuDEXA system offers several
advantages over traditional osteoporosis tests,
which assess bone density loss in the hip and
spine, and require specialized personnel to
conduct. With accuDEXA, physicians can test
the entire body’s bone density at a peripheral
site, such as the finger, without applying gels
or having patients remove garments. Using
Dual Energy Xray Absorptiometry (DEXA), the

Patients undergoing
accuDEXA® tests are
exposed to significantly less
radiation than those
submitted to traditional bone
density testing methods.




results are achieved in 30 seconds and printed
out in less than a minute, compared to the
estimated examination time of 15 minutes for
hip and spine density analyses.

Patients undergoing accuDEXA tests are
exposed to significantly less radiation (.0003
USv) than those submitted to traditional bone
density testing methods (.1 HUSv to 5.9 PSv).
Effective radiation to the patient using
accuDEXA is also just 1/150,000" of a chest
Xeray, according to Schick. The system detects
the smallest fluctuations in bone density with a
precision that has a less than I-percent margin
of error. Additionally, accuDEXA’s cost-effective-
ness and compact size make it possible for
physicians to offer the test to atrisk patients
within the confines of their own offices,
meaning that patients will not be inconve-
nienced by having to travel to an offsite
radiology location.

Schick also applied the CMOS APS technol-

ogy to a new software product that performs

Utilizing an electronic sensor, Computed Dental

Radiography® delivers superior images instantly with no
chemicals to handle, no hassles with duplicating images,
and exposes patients to far less radiation than with film
methods.

dental radiography using up to 90-percent less
radiation exposure than conventional X-rays.
Called Computed Dental Radiography® (CDR),
the new digital imaging product utilizes an
electronic sensor in place of Xeray film to
generate sharp and clear images that appear on
a computer screen within 3 seconds, and can
be enlarged and enhanced to identify problems.
Because CDR saves and stores the images, it
eliminates costs incurred by film, processing,
and chemicals, and saves X-ray technicians and
other medical staff from waiting for develop-
ment and duplication. The product is compat-
ible with virtually all X-ray tubes, seamlessly
integrates with existing practice management
systems, and allows for the correction of
underexposed radiographs. [

accuDEXA® and Computed Dental Radiography® are

registered trademarks of Schick Technologies, Inc.
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Air Taxi at Your Service

n the past, only the rich and famous may

have had access to personal jets designed to

whisk travelers from city to city without the
inconvenience of crowded major airports. Now,
however, with NASA’s support and the work of
several companies determined to redefine
personal air transport, flying direct to nearly
any city from the closest local airport may soon
become a viable option for everyone.

In 1996, NASA initiated a program designed
to revitalize the U.S. light aircraft industry
through the development and commercialization
of more affordable propulsion systems, including
turbofan engines. Enlisted through this initia-
tive, known as NASA’s General Aviation
Propulsion (GAP) program, Glenn Research
Center conducted a small turbofan development
competition among major U.S. engine builders.
As a result, Williams International of Walled
Lake, Michigan, won a cooperative research and
development program with NASA, and work on
the new NASA/Williams GAP engine began.

A year later, Vern Raburn, a successful
entrepreneur in high technology, sought to
apply digital technology; efficient lightweight
engines, such as those being designed through
the GAP program; high volume manufacturing;

The EJ22 engine, which has a low noise level, light
weight, and low fuel consumption, delivers over 770

pounds of thrust while only weighing approximately 85
pounds.

and high technology business practices to a
whole new type of general aviation company.
Raburn met with Dr. Sam Williams, president
and founder of Williams International, and
created Eclipse Aviation Corporation of Albu-
querque, New Mexico, to provide alternatives in
air transportation.

NASA and Williams were then proceeding
with the FJX-2 turbofan engine demonstrator.
The FJX-2, the smallest commercial turbofan of
its time and weighing less than 100 pounds,
achieved a thrustto-weight ratio that would
enable the creation of a new, small, lightweight
aircraft. The turbofan power would allow this
new generation of aircraft to fly faster, have
longer range, and provide more comfort, while
setting new standards in general aviation safety.

The FJX-2 engine’s low noise level, light
weight, low emissions, low fuel consumption,
and low cost in quantity production made it a
perfect match for Eclipse. Under an exclusive
agreement with Eclipse, Williams will manufac-
ture the EJ22 engine, a commercial version of
the FJX-2, for the Eclipse 500 aircraft. The new
engine, which weighs approximately 85 pounds
and delivers over 770 pounds of thrust, pro-
vides a higher thrustto-weight ratio than any
commercial turbofan ever produced. Being the
smallest, quietest, and lightest commercial
aircraft engine currently available, the EJ22
engine makes a whole new class of twinjet light
aircraft feasible.

Eclipse is working closely with NASA and its
Small Aircraft Transport System (SATS) program
to reevaluate air transportation in the United
States. The goal of the SATS program is to
provide a safe travel alternative that will reduce
public travel time by 50 percent in 10 years
and by over two-thirds in 25 years at equivalent
highway systems costs. The concept is an “air
taxi” that will allow companies to provide fast
“point-to-point” air travel. Enlisting the Eclipse
500 as an air taxi, passengers are free to use
the small, uncrowded airports near their homes
to reach their destinations.




Powered by the EJ22 engine, the Eclipse 500 aircraft is

intended to provide “point-to-point” air taxi travel.

Eclipse’s vision of air passengers flying
directly between cities in a fast and affordable
way is quickly becoming a reality since The
Nimbus Group, Inc., of Fort Lauderdale,
Florida, has placed an order for 1,000 Eclipse
500 jet aircraft. The Nimbus Group will use
the Eclipse 500 to operate air taxi services
throughout North and South America. The
aircraft is capable of using approximately 10,000
airports in the United States, leading the
company to anticipate that the air taxi service
will take commuters as close to their final

destination as possible. The Nimbus Group
intends to make personal jet travel broadly
affordable throughout the Americas. Pre-
screened “Nimbus Jet Travel Card” members
will have the convenience of traveling at the
spur of the moment. The company is planning
on-demand service to its clients, similar to
calling a ground taxi service. With Eclipse’s
vision and The Nimbus Group’s execution,
perhaps catching that plane for a business trip
will be more like hailing a cab. O

%)
[
[
=
=
o
7
%)
=
[
()
=
()
=)
—
=
o
==
()
=
=
=]
o

TRANSPORTATION




%)
[
[
=)
=
o
72
%)
=
[
o)
=
ol
)
—
=
]
=
[
=
=
S
o

The Transparent Rigid
Mask, Facial Laceration
Mask, and Hybrid 111-50*
percentile Head and Neck
simulate effects of kibbled
windshield glass on a
Laceration Mask.

TRANSPORTATION

Intellectual Dummies

en NASA assisted in the

development of a robotic vision

system to determine the position and
orientation of bar code targets back in 1987,
little did anyone know that the innovation
would eventually be used to evaluate lacerations
and contusions in simulated car crashes.

The progression of this farreaching applica-
tion began during a Small Business Innovation
Research (SBIR)-funded project involving NASA’s
Goddard Space Flight Center and Triangle
Research & Development Corporation (Triangle
R&D), of Research Triangle Park, North
Carolina. The two entities collaborated to create
“Smart Eyes,” a charge coupled device (CCD)
camera that, for the first time, could read and
measure bar codes without the use of lasers.

The laserfree camera operated in conjunction
with software and algorithms created by
Goddard and Triangle R&D that could track
bar code position and direction with speed and
precision, as well as with software that could
control robotic actions based on vision system
input. This accomplishment was intended for
robotic assembly of the International Space

Station, helping NASA to increase production
while using less manpower.

After successfully completing the two-phase
“Telerobotic Rendezvous and Docking Vision
System Architecture” project with Goddard,
Triangle R&D was awarded a separate SBIR
contract from the U.S. Department of Transpor-
tation (DOT), which was interested in using the
newly developed NASA camera technology to
heighten automotive safety standards. In 1990,
Triangle R&D and the DOT developed a mask
made from a synthetic, plastic skin covering to
measure facial lacerations resulting from auto-
mobile accidents. Traditionally, scientists tested
for the severity of facial lacerations by tying
materials such as chamois and leather around
the heads of crash dummies. The strength and
characteristics of these materials, however, were
very questionable.

By pairing NASA’s camera technology with
Triangle R&D’s and the DOT’s newly devel-
oped mask, a system that could provide repeat-
able, computerized evaluations of laceration
injury was born.




The Soft Tissue Damage Assessment System
underwent further testing at a University of
Virginia crash laboratory, and was deemed ready
for the commercial world. The new measure-
ment device was licensed to First Technology
Safety Systems, Inc., the world’s largest creator
of sophisticated crash test dummies and com-
puter crash test models. The Plymouth, Michi-
gan-based company, which developed research
dummies for testing air and space craft ejection
seats as far back as the 1950s, applied the new
technology (now called the “Facial Laceration
Measurement System”) to its Hybrid III-50%
percentile product line.

The Facial Laceration Measurement System
encompasses a measurement cabinet with an
adjustable mounting for the laceration mask,
which fits over the head of a Hybrid III
Dummy, an illumination system, an imaging
camera with mirror, and electrical control. The
system also includes a personal computer with
one monitor for operation, and another high-
resolution, largeformat monitor for displaying
the lacerated mask.

During a simulated car crash, the laceration
mask is fitted over the Hybrid III head form.
After the impact occurs, the mask is removed
from the head and brought to the Facial
Laceration Measurement System for analysis.
Next, the mask is submitted to calibration
testing, where it is assembled onto a rigid
transparent head form. External illumination of
the laceration mask in the cabinet is switched
“on” in order to ensure that the imaging
camera can obtain the best image. The area of
interest on the mask and head form is then
positioned in the camera’s field of view with
the adjustable mounting fixture. Next, the
computer performs the menu-driven calibration
procedure, and the area of interest on the head
is delimited with a computerized window. Edge
sensitivity of the laceration image is selected to

A Laceration Mask is placed over
the head of a Hybrid 111-50*
percentile Crash Test Dummy in
laceration test configurations.

yield the best contrast at each defining corner
of the window. This step determines the end-
points of the measurement of each laceration.

Final analysis takes place after the calibration
process. The illumination system is now
switched to internal so that a bulb inside the
rigid transparent head form lights up the
laceration mask from within. Once again, the
area is delimited and edge sensitivity is selected,
so that the final data on size and number of
lacerations are stored for examination.

With inspiration from the robotic vision
system developed over a decade ago, First
Technology Safety Systems’ Facial Laceration
Measurement System is presently being used by
automobile and component manufacturers

worldwide in vehicle testing, including General
Motors, Fujijyu, and Autoliv. [
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A “Tread” Ahead of the Competition

echnology developed by NASA to evaluate

and develop composite materials for jet

engines has Goodyear Tire & Rubber
Co., of Akron, Ohio, turning its wheels in
high gear. Through a consortium formed by
NASA’s Glenn Research Center and the Great
Lakes Industrial Technology Center (GLITeC),
Goodyear acquired a software use agreement for
NASA’s Micromechanics Analysis Code (MAC),
in an effort to design stronger and safer tires.
Based on the Generalized Method of Cells
(GMC) micromechanics methodology, the MAC
technology has allowed Goodyear scientists and
engineers to perform structural analysis of
composite laminates for tires all in one step,
rather than the several steps previously required.

Back in 1995, Goodyear’s Akron Technical
Center became interested in improving tech-
niques used to model composites, fully aware
that outside of the tire industry, soft composites
and macro-micro analysis techniques were being
developed. Soon after, Goodyear was introduced
to Dr. Steven Arnold, a Glenn senior research
engineer, who in return introduced the
company to MAC software that dealt directly
with the problem that Goodyear was looking
to solve.

This leading-edge technology from NASA,
which could simulate the proper relationship
between the load and deflection (stress and
strain) of an object, was not tailored for tire
problems. At the time, the software code could

be applied to numerous materials, but not

the soft materials used in tire construction.
Recognizing the magnitude of the MAC
technology and its potential to set new stan-
dards for the future of tire design, Goodyear
joined Glenn and GLITeC as a member of the
Consortium for the Design and Analysis of
Composite Materials.

The MAC software code was in its infancy
when first adopted by Goodyear, according to
Dr. Mahmoud Assaad, a Goodyear research and
development associate involved in modifying the
NASA technology. Goodyear and NASA worked
jointly to tailor the MAC code to the specific
needs of the tire company, which at first used
it for simple applications to learn its capabili-
ties. In addition, NASA extended its knowledge
and expertise by providing Goodyear with
onsite training and education seminars. With
this assistance from NASA, Goodyear
transitioned from version 2.0 of the MAC
technology to version 3.0, which is more
sophisticated and better suited for pneumatic
radial and truck tire analysis.

Currently, the MAC code can assess and
optimize composite laminates; set cord-spacing
guidelines (the diameter and distance between
cords may impact the overall durability of a
tire); explain structural impact of geometrical
configurations; and compare the behavior of
the different wire constructions that make up a
tire. Furthermore, the MAC software contains a
built-in material database and several
representative volume elements for a
wider choice of composites to better
represent the plies and belts in a tire.
The end result of the process ulti-
mately reduces the time spent on
building, testing, and adjusting tires.

After successful implementation of
the enhanced code, Goodyear scien-
tists for the first time ever were able
to better understand the behavior of
each constituent at the local level,

Virtual simulation of tire performance
is conducted regularly before actual
laboratory testing.




and thus were able to provide the company’s
tire designers with opportunities to explore new

applications to enhance overall tire performance.

Further testing of the microanalysis code
demonstrated that the MAC tires achieved a
22- and 35-percent improvement in high speed
and low speed durability tests, respectively,
compared with conventional tires. The MAC
technology has been applied to composite
laminate designs for several commercially
available Goodyear models, including a Kelly-
Springfield passenger tire, and a LT235/85R16
Safari tire.

Goodyear is currently advancing its analysis
capabilities by utilizing the next level of MAC
technology known as FEAMAC, a NASA-
developed, seamless integration of MAC'’s
micromechanics analysis capabilities, within the
commercial, non-inear, finite element code
called ABAQUS. The anticipated future
applications for FEAMAC within Goodyear
are vast, since tasks that required several hours
to complete are now being accomplished within
45 minutes, on average. Goodyear scientists
believe that FEAMAC will substantially improve
the company’s evaluation process for the
structural behavior of tires, as well as the
overall longevity of its future line of
commercial tires.

While NASA’s MAC technology has been
provided to other companies, Dr. Assaad
proudly notes that Goodyear is driving the
software application to “uncharted areas”
regarding rubber composite materials. [

NASA’s Dr. Steven Arnold (left) and Goodyear Tive &
Rubber Co.’s Dr. Mahmoud Assaad inspect a MAC-

manufactured tive for surface appearance, after it had

been subjected to Xray examination.
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PUBLIC SAFETY

Deicing and Anti-lcing Unite

he Icing Branch at NASA’s Glenn

Research Center strives to increase

aviation safety through the development
of advanced ice protection and related technolo-
gies. Efforts began in 1944 with the opening of
the Icing Research Tunnel, which was desig-
nated an International Historic Mechanical
Engineering Landmark in 1987 for its leading
role in making aviation safer for everyone.
Taking advantage of this national asset and
funding from Glenn’s Small Business Innovation
Research (SBIR) program, Cox & Company,
Inc., of New York, New York, built an ice
protection system that innovatively combines
thermal anti-icing and mechanical deicing to
keep airfoils (wings and other lifting surfaces)
clear of ice.

In 1995, Cox proposed an ice protection
system equivalent to hot air or electro-thermal
anti-icing systems at a fraction of their costs. To
accomplish this, the system would need to
provide an effective means of protecting the
leading, or front, edge of aerodynamic surfaces
with limited use of power. Similar systems are
known as “low power.” Cox’s concept was to
combine an anti-icing system with a mechanical
deicer developed by NASA called the Electro-
Mechanical Expulsion Deicing System (EMEDS).
The anti-icing element of this hybrid would
reduce the aerodynamic losses associated with
deicing systems.

Using this idea, the firm developed the Cox
Low Power Ice Protection System. The anti-icing
element of the system heats the leading edge of
the airfoil, preventing ice from forming. Past
the leading edge, EMEDS functions to break up

Tests conducted at the Cox
& Company Icing Wind
Tunnel at LaClerc Icing
Research Laboratory helped
solve the problem of
removing ice from airfoils.

and remove ice. The system’s two parts are well
suited for airfoil leading edges where ice
contamination can degrade aerodynamic abilities.
Tested extensively at the Icing Research Tunnel,
the system uses much less energy than other
products that provide equivalent protection,
thereby decreasing the operating cost.

The design of the deicing actuator, which is
a rolled-up printed circuit, enables the system to
function on substantially less energy. Starting
out as a flat oval, the actuator’s shape changes
to a circle when electrical energy is applied.
This change causes the actuator to impact the
inside of the leading edge surface, which
responds with a small but rapid flex movement
that expels the accumulated ice from the
surface of the aircraft’s erosion shield.

Although no deicer can remove all accumu-
lated ice, EMEDS has shown to remove ice to
within 0.030 inches thickness. As soon as the
ice reaches a certain thickness, it is expelled.
Another advantage of the system is its resis-
tance to deterioration from sun exposure and
the harsh icing environment. While systems
with rubber leading edge surfaces require
periodic replacement, EMEDS’ metal leading
edge surface enables it to last for the life of an
airplane.




The Cox Low Power Ice Protection System is
the first new aircraft ice protection system that
has been approved by the Federal Aviation
Administration (FAA) for use on a business jet
in 40 years. According to Andrew Reehorst, an
icing research engineer at Glenn, “the FAA
approval culminates 20 years of NASA efforts to
foster the development of a practical, low power
ice-protection technology.” For Cox & Company,
the FAA certification gives them credibility in
the commercial marketplace.

The system is in production for Raytheon
Aircraft’s Premier I six-passenger business jet,
where it is used on the horizontal stabilizer.
VisionAire has also selected the system for its
Vantage business jet, and other companies are
considering its use. While the system is cur-
rently sized for Premier class aircraft, there are
no apparent constraints prohibiting its use on
aircraft of any size. The company is investigating
further applications, such as adapting the system
for unmanned aerial vehicles and other military
aircraft. EMEDS is also a viable candidate to
replace pneumatic boots and other forms of
ice protection. [J

Cox’s innovation, which
combines thermal anti-
icing and mechanical
deicing, was tested
extensively by Cox Ice
Protection Systems
engineers at Glenn
Research Center’s Icing
Research Tunnel.

PUBLIC SAFETY

(%)
[V
[
[=]
=
o
7
%)
=
[,
()
=
()
o
—
=
[&]
o=
()
=
=
[=]
(5]




(%]
[T
[
[=]
=
[~
7
%)
=
[
()
=
()
[-=]
—
=
[&]
o
()
=
=
[=]
[&]

PUBLIC SAFETY

Parachuting to Safety

n 1995, NASA’s Langley Research Center

awarded Ballistic Recovery Systems (BRS), Inc.,

the first of three Small Business Innovation
Research (SBIR) contracts to research and develop a
new, low-cost, lightweight recovery system for
aircraft that could be commercialized in both
civilian and military markets. The company,
based in South St. Paul, Minnesota, responded
with a unique ballistic parachute system that
lowers an entire aircraft to the ground in the
event of an emergency.

BRS parachutes are designed to provide a safe
landing for pilots and passengers while keeping
them in their aircraft. They currently fit ultralights,
kitbuilt aircraft, and certified small business
aircraft. The parachutes are lifesavers in cases of
engine fai