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FO rewo I’CI

s we move into the 21% century, NASA’s ambitious missions will require revolutionary
Anew technologies, and many of these technologies will dramatically improve people’s
lives here on Earth.

We do not know which future technologies will hold the most promise. We do know that
the innovative people at NASA and our partners in the entrepreneurial community will continue
to surprise and amaze us, and the products they deliver will continue to make our lives better
and safer.

From healthcare and advances in computing to improvements in everyday products, technolo-
gies derived from the space program provide incredible benefits to humankind.

There are three core technologies that will be essential to NASA’s future success: biotechnology,
nanotechnology, and information technology.

When you look through this year’s Spinoff, you will see a large number of computer technology
articles, and I am very pleased to see that. NASA has always been at the leading edge of techno-
logical development, and this trend in our technology spinoff program shows that we are still
leading the world in innovation.

In addition, I am pleased that more and more of the technologies highlighted in Spinoff are
resulting from NASA’s Small Business Innovation Research (SBIR) program. As we widen the
net we cast for industrial partners, NASA is able to draw on the full strength of America’s diversity
to enrich our missions and the innovative genius of America’s entrepreneurial community.

The pioneers of the Apollo era led America to the moon, and as we move to the stars and
beyond, a new generation of pioneers will lead the way. Many of the tools we develop to take them
there will have profound implications for the quality of our lives here on Earth.

Spinoff 2000 catalogs many of this year’s most exciting tools. Every one of us should take pride.

@M//&

Daniel S. Goldin
Administrator
National Aeronautics and Space Administration
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or the past 42 years, NASA has made special efforts to ensure the widest possible dissemination
F of its research and technology developments. We share the wealth of technology developed for

our missions with the nation’s industries to contribute to U.S. economic strength and quality of
life. For the past 27 years, this publication has provided you with over 1,200 examples of products and
services developed as a direct result of commercial partnerships between NASA and the business
community. Examples have covered products from fire retardant materials and air pollution monitors to
non-invasive cardiac monitors and sensors for environmental control.

Research and development across a broad range of technology disciplines, such as micro-devices,
fiber optics, lasers, enhanced imaging, and data communication, have generated technologies appli-
cable to many commercial products we have used for our benefit. The NASA Commercial Technology
Network is an excellent vehicle for easy access to use of these technologies. The application of NASA
technologies by the private sector increases productivity by contributing to the development of new
products and services that meet consumer demands, benefit the national economy, and enhance human
health and quality of life.

At the same time, application of NASA technology helps the U.S. meet international competitive
challenges and stay at the leading edge of technical innovation. The return benefits—spinoffs—
represent a significant dividend to the taxpayer and the nation’s investment in aerospace research.
Spinoff 2000 is an instrument of the NASA Commercial Technology program and documents the
outcome of our spinoff successes. It is a true measurement of NASA’s commitment to transfer as many
technologies to the private sector as possible.

In the Technology Transfer and Outreach section of Spinoff 2000, we highlight the activities of our
Ames Research Center’s Commercial Technology Office (CTO). Their efforts to facilitate and support
technology commercialization are representative of the CTO at each field center. Increased activities to
accelerate the dissemination of technologies, speed up the process of patent licensing, quicken the
release of software for beta testing, support and manage incubators, and hasten the collaboration with
commercial and academic organizations will continue to maximize the earliest potential commercial
utilization of NASA’s new inventions and technologies.

Spinoff 2000 is organized into three sections: 1) Aerospace and Development highlights major
research and development efforts currently carried out at the 10 NASA field centers; 2) Commercial
Benefits—Spinoffs describes commercially available products and services resulting from the transfer
of NASA technology; and 3) Technology Transfer and Outreach features this year’s center spotlight,
NASA’s Ames Research Center, and its commercialization efforts, as well as the mechanisms in place
nationwide to assist U.S. industry in obtaining, transferring, and applying NASA technology, expertise,
and assistance.

We hope that each year Spinoff continues to show, through a collage of NASA commercial suc-
cesses, the breadth of technologies resulting in transferable technology adopted by industry and the
mechanisms in place to affect commercialization.

It is with pleasure that we present Spinoff 2000 to make you aware of our Commercial Technology
program. Our efforts will continue to enhance all of our lives and contribute to the economic success
of the U.S. industry in a very competitive global environment.

e

Dr. Robert L. Norwood
Director, Commercial Technology Division
National Aeronautics and Space Administration
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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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AQI’OSP&CQ Research ancl Development

he research and development efforts
I encompassed in NASA’s Strategic Plan
are designed to ensure the continued success
and leadership of NASA in scientific and technical
advances that are beneficial to the scientific and
engineering community of the United States.

Through a network of 10 field centers, managed
by NASA Headquarters, NASA pioneers break
through technologies and scientific advances that
allow the agency to take the next steps in expanding
human knowledge of Earth and the universe. Studies
into new propulsion mechanisms, next-generation
aircraft and spacecraft, robotics, and many other
fields not only serve the research community, but
private industry as well.

The technologies of the future are being developed
today by NASA. They hold the promise to impact
private industry and result in commercially devel-
oped products and services for the benefit of all.
The efforts and activities at each of the NASA field
centers serve to maintain our economy’s global
leadership and better the lives of people everywhere.
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ASA Headquarters is the
manager for the agency’s
multi-pronged mission of

scientific research, investigating the
far reaches of outer space, and
developing new technologies. NASA
has evolved into an amalgam of four
strategic enterprises to coordinate
activities in pursuit of its mission.
The enterprises consist of Human
Exploration and Development of
Space, Space Science, Earth Science,
and Aerospace Technology. Each
serves as a piece of NASA’s puzzle to
solve the mysteries of not only outer
space, but the world we live in as
well.

Human Exploration and

Development of Space

, . A NASA astronaut takes a space walk during the
NASA’s Human Exploration and Develop- Space Shuttle’s STS-101 mission to deliver

ment of Space (HEDS) Enterprise includes the supplies to the International Space Station in
International Space Station, Space Shuttle, and preparation for the first inhabitants.

Expendable Launch Vehicles programs, as well

as Life and Microgravity Science Applications. The mission of the enterprise is to open the space frontier
by exploring, using, and enabling space development and to expand the human experience into the far
reaches of space.

The Space Station, which will expand our knowledge and help bring the benefits of space to Earth, is a key
element of the HEDS Enterprise. Scheduled for completion in the 2005-2006 timeframe, the Station will
greatly expand research opportunities, leading to exploration breakthroughs, scientific discoveries, technology
development, and new space products. Beginning in Fall 2000, a series of three-person international crews will
live aboard the Space Station, assisting with the assembly process and eventually conducting scientific re-
search. When complete, the Space Station will be able to accommodate crews of up to seven people and will
have a pressurized volume equivalent to that of a 747 jumbo jet.

The delivery of the U.S. Destiny Lab module, scheduled for launch in early 2001, will enable a full comple-
ment of scientific research. Research onboard could provide a better understanding of diseases like cancer,
diabetes, and AIDS. By unmasking the effects of gravity, the basic properties of materials can be studied,
perhaps yielding products of direct benefit to Earth. The Space Station will also serve as a valuable platform
for studying the long-term effects of microgravity on the human body. This international project, the largest
peacetime scientific and technological project in history, includes the U.S., Russia, and 14 other nations, who
are cooperating on this complex venture. The Space Station will require more than 38 Space Shuttle launches
to bring it to completion.

To double Space Shuttle safety by 2005, a series of high-priority safety enhancements are now being
studied or are under development. The new “glass cockpit,” which first flew in May 2000, features 11
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new full-color, flat-panel display screens, is 75 pounds lighter, and uses less power than before. Addi-
tional planned improvements for the Space Shuttle include a next-generation “smart cockpit,” which will
build upon the “glass cockpit” upgrade, as well as main engine improvements and new electric genera-
tors for the vehicle’s hydraulics. Other proposed enhancements will make steering systems for the solid
rockets more reliable, make the manufacturing of solid propellant safer, and increase the strength of
external fuel welds.

The HEDS Enterprise has also made great strides towards the commercialization of space. In June
2000, NASA announced an unprecedented partnership with Dreamtime Holdings, Inc., the first commer-
cial partnership of the Space Station era. As part of the agreement, Dreamtime will provide, for the first
time, high-definition television coverage of astronaut activities aboard the International Space Station
and on Space Shuttle missions. It will also create an easily accessible, web-searchable, digital archive of
the best of NASA’s space imagery.

Space Science

Human beings are players in the greatest drama of all, the story of cosmic origins, evolution, and
destiny. Now, for the first time, we truly have the opportunity to seek scientific answers to questions as
old as humanity itself: How did the universe begin? How did life on Earth arise? What fate awaits our
planet and our species?

We have begun to assemble answers to these grand questions using remarkable new tools on Earth
and in space. This is a Golden Age of discovery as exciting and significant as the time when humans
turned their first telescopes to the heavens.

The past few years have provided an opportunity to witness faint folds in the fabric of the universe,
the most ancient ancestors of all the galaxies, stars, and planets that surround us. Living creatures have
been found in extreme environments previously not thought capable of sustaining life—the dark depths
of Earth’s oceans and the dry valleys of the Antarctic. Recent studies of meteorites from Mars show
evidence of the presence of ancient water and the chemical building blocks of life, and—possibly—tiny,
fossilized microbes. Spacecraft have returned images of what may be ice floes above a liquid water
ocean on Jupiter’s moon, Europa, leading to speculation that life may begin on moons as well as planets.
Discoveries have concluded that the Earth’s climate, biosphere, and the workings of our entire techno-
logical civilization are profoundly influenced by the behavior of our varying Sun, a star we can study
close-up. Giant black holes have been detected that may be as massive as a billion suns at the center of
our galaxy and in other galaxies, turning centuries of theory into fact. Bursts of gamma rays from distant

Previously unseen
details of a
mysterious,
complex structure
within the Carina
Nebula.
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reaches of space and time have been detected, momentarily
more powerful than a million galaxies.

These discoveries have altered our understanding of the
universe forever. While much has already been learned, many
questions remain. How could an ordered universe emerge from
a formless beginning? Is life in our solar system unique to
Earth, or might there be evidence of past or present life on
other moons and planets? Can we forecast space weather by
better understanding the forces that drive our Sun? Will a “Big
Crunch” follow the Big Bang, billions of years from now, or
will our Universe expand endlessly?

In the decade ahead we have the opportunity to address
many of these exciting and engaging issues, developing
missions to gain new answers and enrich the story. NASA’s
Space Science Enterprise will provide more precise answers to
fundamental questions about the formation and evolution of
the universe, how the Sun influences the Earth, the history of
planets and satellites in our solar system, and the occurrence of
life either in our tiny region of space or in the larger neighbor-
hood of our galaxy.

Earth Science

NASA'’s Earth Science Enterprise has been organized to
better understand the entire Earth system and the effects of

natural and human-induced changes on the global environ- This radar image shows the area of Death
ment. To this end, the field of Earth System Science is being Valley, California, and the different
pioneered. An emerging interdisciplinary field, this research surface types in the area.

considers Earth’s land surface, oceans, atmosphere, ice sheets,
and life as both dynamic and highly interactive.

The Earth Science Enterprise is structured to study five major Earth System Science areas: land-cover
and land-use changes, seasonal-to-interannual climate variability and prediction, natural hazards research
and applications, long-term natural climate variability and change research, and atmospheric ozone
research.

To comprehend our changing planet, new knowledge and tools for better weather forecasting, urban
and land-use planning, agriculture, and other areas that yield both economic and environmental benefit
are being sought. Space-, air-, and ground-based platforms are providing the scientific foundation for
policies that strive for sustainable development of Earth.

The space agency’s Earth Observing System (EOS) era was initiated with the launch of the Landsat 7, to be
followed by the EOS-AM-1. This scientific duo, along with others being readied for orbit, will collect needed
data to help answer key questions about Earth. With EOS, changes in land and coastal regions over time can
be evaluated. Also, it may be feasible to forecast precipitation a year in advance. Furthermore, by determining
the probabilities of floods and droughts, predicting changes in Earth’s climate a decade to a century in advance
will be a reasonable expectation. Lastly, plans exist to monitor ozone depletion to determine the effectiveness
of efforts to control harmful chemicals. EOS launches will continue into the second decade of the 21% century.

NASA SPINOFF 2000



A series of lightweight, low-cost science missions dubbed Earth System Science Pathfinders (ESSP) are
also being prepared. The first two ESSP missions are scripted, with one designed to make the first global
inventory of the world’s forests, and the other focused on measuring the variability of Earth’s gravity field. As
part of NASA’s New Millennium program to validate cutting-edge technology, an Earth Orbiter-1 mission will
demonstrate an advanced land imaging system with multispectral capabilities. Another technology validation
mission is the Space-Readiness Coherent Lidar Experiment to be flown aboard the Space Shuttle in 2001. This
experiment will test the ability of a space-based sensor to precisely measure atmospheric winds from the
Earth’s surface up to a height of 10 miles.

NASA’s goals are to predict the weather, climate, and natural disaster with a much higher accuracy and
make forecasts on a seasonal and interannual basis.

Aerospace Technology

The Aerospace Technology Enterprise strives to deliver the long-term, high-payoff aerospace technologies
that will add value to improve people’s quality of life by strengthening the nation’s economy, improving the
environment, increasing our mobility and safety, and ensuring the continued national security. NASA relies on
partners such as the Federal Aviation Administration (FAA), U.S. industry, the Department of Defense, and the
university community to help establish requirements, participate in our technology development, and imple-
ment those technologies in civil and military air and space transportation products.

The projected increase in the number of air travelers makes the need for improved aviation safety more
pressing. The Advanced Subsonic Technology (AST) program aims to reduce the aircraft accident rate.
Strategies to achieve this objective include technologies to identify, understand, and correct aircraft system
problems before they lead to accidents; technological interventions to address specific accident causes such as
human error and weather; and aircraft modifications to minimize injury in the event of an accident.

NASA is committed to helping the aviation community achieve significant reductions in nitrogen oxides
and carbon dioxide. Without effective action, carbon dioxide emissions from aviation are projected to increase,
with the potential to accelerate climate change. Similarly, aviation-generated nitrogen oxides are a suspected
cause of ground-level ozone at airports, a key contributor to air pollution problems in those localities. NASA’s
goal is to reduce the impact of aviation-related emissions despite the projected increase in aircraft operations.

Moving from runways to the launching pad, NASA is also working to make space travel as safe as today’s
air travel, moving space travel out of the realm of the extraordinary into the mainstream. Specifically, NASA is
working to reduce the risk of crew loss by integrating intelligence into vehicle systems for improved health
management and self repair, improving reliability, and using advanced engineering environments to design,
test, and verify the entire vehicle system and mission, before the first piece of hardware is cut. Safe space
travel will not only help make space accessible to all, but enhance the development of the commercial space
sector.

NASA aims in ten years to reduce the cost of taking payloads to orbit through improved reusable launch
vehicle concepts and advanced launch systems and operations. New propulsion systems along with improved
materials and structures for lightweight and durable in-space transportation vehicles will open opportunities
for near-Earth operations and commercialization. By developing launch capabilities for both medium/heavy
and small payloads, NASA will create a true “Highway to Space.”

NASA intends to develop and apply cutting-edge technologies that will change the definition of what is
possible in aeronautics and aerospace. NASA will increasingly look to fields such as biotechnology, informa-
tion technology, and nanotechnology, for the ability to create new structures by building them at the molecular
level, atom by atom—enabling advanced performance attributes such as self-corrective maintenance, system
compensation in emergencies, or even capabilities such as changing shape. Space vehicles can also be enabled
by the same technologies. Self-configuring systems, self-repairing skins on a vehicle to “heal” damage from
micrometeorites, and intelligent agents that control flight paths or acquisition of scientific data at the
spacecraft’s destination may become a reality if this objective is realized.

NASA is committed to providing the best possible space and aeronautics program in the world. Through
the diversity of its missions and research activities, the agency continues to look forward, building on existing
knowledge and anticipating the next challenge the universe has to offer.

NASA SPINOFF 2000

13



AEROSPACE RESEARCH AND DEVELOPMENT

NASA HEADQUARTERS AND CENTERS

iA\mes Research Center

14

However, Ames also plays an even more fundamental role central to the conduct of all NASA

missions. Specifically, all agency missions, in both aeronautics and space exploration, require
order-of-magnitude forward leaps in many areas of scientific research and technology development. The
most critical among the enabling technologies required is that group known collectively as Information
Technologies (IT). To ensure that NASA fully exploits this vital and enabling set of tools, Ames, located
in the heart of California’s Silicon Valley, serves as NASA’s Center of Excellence for Information Tech-
nology.

NASA has a long history of leadership in high-performance computing for both scientific and engi-
neering applications. Today, the field of high-performance computing is changing rapidly. On the high
end, new architectures are under development that combine the performance gains of massively parallel
machines with the flexibility of shared-memory multiprocessor approaches. On the low end, powerful
microprocessor-based systems are now performing computations that would have required a specialized
supercomputer until very recently. Ames researchers are also playing an important role in developing
tomorrow’s networking capabilities, up to 1,000 times faster than today’s.

The emerging concept of “human-centered computing” represents a significant shift in thinking about
information technology in general and about intelligent machines in particular. It embodies a “systems
view,” in which the interplay between human thought and action and technological systems is understood
to be inextricably linked and an equally important aspect of analysis, design, and evaluation. Within this
framework, Ames researchers are inventing and deploying sophisticated computational aids designed to
amplify human cognitive and perceptual abilities.

The next generation of robotic explorers must exhibit an unprecedented level of autonomy. They will
need to be smart, adaptable, curious, and self-reliant in harsh and unpredictable environments. Ames
research on automated reasoning for autonomous systems will enable a new generation of spacecraft to
do more exploration at a much lower cost than traditional approaches. An impressive example developed
by Ames, the Remote Agent Autonomy Architec-
ture, has already demonstrated its utility during the
Deep Space 1 mission.

The projected growth in air traffic over the
coming decade will strain already congested
management systems. In collaboration with the
Federal Aviation Administration (FAA), Ames is
developing advanced information technology
systems that will play a major role in expanding
the capacity of the national (and world’s) aviation
system. These tools will enable NASA to realize
the twin national goals of safer aircraft operation
and higher throughput of the airport and ground
control infrastructure.

ﬁ mes Research Center conducts critical NASA missions in both aeronautics and space research.

The satellites in the Earth Observing Systems
(EOS) will be laden with sensors to monitor
global climate change.
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NASA is responsible for launching and gathering data from progressively more sophisticated orbital and
deep space instruments. For example, the Earth Observing System (EOS) is being deployed to monitor global
climate change. When fully operational, the sensor-rich satellites will generate about one terabyte of data per
day. Equally important is the development of tools aimed at facilitating human understanding of these im-
mense data sets. Emerging results from Ames’ IT research is the key to enabling scientists to better understand
our world, as well as distant ones.

Future NASA space exploration missions, such as probe and human missions to Mars, pose extremely
difficult design and engineering challenges. Early in the design cycle, complex trade-offs between spacecraft
characteristics and mission concepts must be performed. Ames IT researchers are making it possible for
geographically distributed teams of experts to perform these trade-offs working together — in a virtual
environment or so-called “collaboratory.”

In the area of space research, Ames is NASA’s lead center for astrobiology, the study of the origin, evolu-
tion, distribution, and destiny of life in the universe. In this capacity, Ames develops science and technology
requirements for current and future flight missions relevant to astrobiology research. Ames also leads NASA
in information technology applications and astrobiology education and outreach programs that inform and
inspire the American public.

Ames scientists conduct basic research, participate in flight missions, and facilitate the participation of the
national science community in astrobiology. Ames led in the development of a NASA astrobiology “roadmap”
and continues to bring together the science and technology communities to identify research priorities and
translate them into appropriate NASA programs, technology challenges, and flight missions. Through its
Center for Mars Exploration, Ames is continuing to support planning for future Mars missions.

In the area of aeronautics, Ames is NASA’s lead center for Aviation Operations Systems (AOS). In this
capacity, Ames champions NASA research efforts in air traffic control and human factors; leads agency
research in rotorcraft technology; creates design and development process tools; and operates wind tunnel and
simulation facilities. AOS encompasses those ground, satellite and aircraft systems, and human operators that
control the operational safety, efficiency, and capacity of aircraft operation in the airspace and airports.

In December 1999, Ames opened FutureFlight Central, the world’s first virtual airport control tower.
Constructed at a cost of $10 million, the two-story facility was jointly funded by NASA and the FAA.
FutureFlight Central will permit integration of tomorrow’s technologies in a risk-free simulation of any airport,
airfield, and tower-cab environment. The facility
provides an opportunity for airlines and airports to
mitigate passenger delays by fine-tuning airport hub
operations, gate management, ramp-movement
procedures, and various other airport improvements.

The facility’s tower cab provides a three-dimen-
sional visual model of an airport which can be viewed
out of the tower cab’s 360-degree windows in stun-
ningly realistic detail. It is anticipated that airport and
airline management and researchers will want to look
primarily at the feasibility, safety and reliability, and
cost benefits of technologies prior to incorporating
them into airports.

Through its leadership roles in AOS and
astrobiology, and through its Center of Excellence
responsibility for Information Technology, Ames is
playing a fundamental and crucial role within NASA,
central to agency programs and success throughout
the foreseeable future.

Astrobiology, the study of life in the universe,
will hinge on future advancements in
information technology.
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developments, along with the atmospheric flight characteristics of future space vehicles, in relentless

pursuit of aerospace technology breakthroughs at the NASA Dryden Flight Research Center. NASA’s
earth science aircraft call Dryden their home, that is, when they are not ranging the globe in pursuit of
environmental data to expand the body of knowledge about the evolving Earth. Located at Edwards,
California, Dryden’s charter is to research, develop, verify, and transfer advanced aeronautics, space, and
related technologies. Dryden also supports the Space Shuttle program as a back-up landing site and as the
facility for testing and validating design concepts and systems used in the orbiters.

Co-located with Edwards Air Force Base at the edge of vast Rogers Dry Lake, Dryden’s legacy reaches back
to its role in developing the first aircraft to break the sound barrier, the X-1. Dryden has a long, storied history
in aeronautics research and testing. Today, Dryden works to expand the envelope in aeronautics with projects
including the ongoing X-Planes, Revolutionary Concepts (RevCon), Environmental Research and Sensor
Technology (ERAST), and Airborne Science. Vast test ranges over the desert and the presence of the huge
omnidirectional landing field provided by Rogers Dry Lake, coupled with a flying schedule that can count on
345 days of good weather a year, make Dryden the ideal site for this exciting work.

The Hyper-X program is a joint project between Dryden and Langley Research Center to develop an
unpiloted research aircraft, the X-43A, which can fly up to 10 times the speed of sound. The first of three
X-43As is expected to reach Mach 7 this year. The current series of X-Planes includes the X-33, X-34, X-37,
X-38, X-43, and X-45. The X-38 project is providing technology for an emergency crew return vehicle, or
“lifeboat,” for crews aboard the International Space Station. The X-38 is poised to become the first new human
spacecraft design in two decades. It is an economical concept, building upon atmospheric lifting body technol-
ogy proven in the X-24A program in the 1960s.

The X-38 prototype vehicle No. 132 completed its longest, highest, and fastest test flight in March 2000
when it was released from a B-52
carrier aircraft at 39,000 feet over .

Dryden. Simulating re-entry from r

space, the X-38 was slowed from
500 miles an hour to 70 miles an
hour by a 60-foot parachute. A 5,500-
square foot parafoil, using a new
design, then performed a phased
unreefing, or opening, that culmi-
nated in a smooth touchdown
squarely on the targeted landing spot
on Rogers Dry Lake. This milestone
mission also gave engineers their
first test of the X-38’s automatic
flight control software, which
performed flawlessly.

In the western Mojave Desert of California, NASA evaluates cutting-edge aircraft and aeronautical

L
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The X-38 with its parachute deployed
after a successful flight test in the
California desert.
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Most of the new X-Planes are part of NASA’s goal to develop reusable launch vehicles (RLVs) for low-
earth orbits at a reduced cost per payload pound. Dryden is testing these vehicles to collect data and evaluate
their characteristics and capabilities, especially during the atmospheric portions of their flights.

The RevCon program seeks to accelerate the development of revolutionary aeronautical concepts. RevCon,
a program of the NASA Office of Aerospace Technology, with input from the Langley, Ames, and Glenn
research centers, will prove its various revolutionary concepts in the skies over Dryden. To give the RevCon
adventure a running start, three projects were identified for first emphasis. These Quick Start projects include:

* Autonomous Formation Flight (AFF): A quest to fly aircraft in close formation, using autonomous
flight control to maintain precise positions that may result in significant fuel savings for the aircraft
following the leader by taking advantage of wake conditions conducive to fuel economy.

* Blended Wing Body-Low-Speed Vehicle (BWB-LSV). This scaled version of a possible future
transport aircraft will explore technologies intended to permit new efficiencies and carrying
capacities by using a design that blends the wing and fuselage of the aircraft.

* Pulse Detonation Engine (PDE). Increased efficiency and fewer moving parts are benefits
expected from this radical engine technology. The program at Dryden is intended to demonstrate
PDE performance in actual flight conditions, and to establish opportunities for its application.

Nine additional RevCon projects have entered the systems analysis and feasibility study phase. Preliminary
evaluation of the nine projects will be completed in May 2001. From these nine, some may be selected for
further development.

Another aeronautics goal of NASA is to develop the technology for a family of remotely or autonomously
operated uninhabited aerial vehicles (UAVs). UAVs can be effective for long-duration earth science and
environmental missions at high altitudes. Aircraft developed under the project have achieved an unofficial
altitude record of 60,200 feet for single-engine, propeller-driven craft, as well as a world record for both
propeller-driven and solar-powered aircraft of 80,201 feet.

Two goals have been set for the solar-powered Helios Prototype aircraft, one of several ERAST designs.
The Helios Prototype is scheduled to reach 100,000 feet in 2001 and remain aloft for four days by 2003. The
key to meeting the endurance goal is development of an energy storage system using a regenerative fuel cell
that would allow an aircraft like Helios to fly for up to six months at a time. This developing fuel cell technol-
ogy could have wide applications.

Dryden is also the operations base for the Airborne Science program for NASA researchers, as well as other
government agencies, the academic community, and private industry. Three planes are used for this research:
two ER-2 variants of the U-2 and a DC-8 jet transport. The ER-2s carry high altitude experiments, while the
DC-8 flying laboratory is used for sensor develop-
ment, satellite sensor verification, and basic
research about the Earth’s surface and atmosphere.

Dryden Flight Research Center has grown
substantially since its beginnings in 1946 as a
group of five engineers. As it has grown so has its
mission, while never straying from the core focus
on aeronautics and flight. As NASA moves
forward with a new generation of flight vehicles,
Dryden will play a crucial role in developing new
ideas for air travel and testing those ideas to see if
they will fly.

The cockpit of the ER-2, one of the planes used in
NASA's Airborne Science Program.
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Ohio, is responsible for developing technologies applicable to fans, pumps, compressors,

ﬁ s NASA’s Center of Excellence in turbomachinery, Glenn Research Center, located in Cleveland,

Flywheel
technology offers
an alternative
energy source with
the potential to
replace chemical
batteries.

turbines, and air-breathing propulsion needed to propel NASA into the next century. Additional
research activities in power generation, propulsion, and communications make Glenn a very busy place
these days. With support roles in aviation safety, the International Space Station, microgravity research,
and advanced space transportation, Glenn has a hand in practically all of NASA’s research and develop-
ment activities.

A recent breakthrough at Glenn in power generation systems may
find its way to the Space Station. In March 2000, researchers at
Glenn in collaboration with industry partners, announced that they
had achieved full-speed operation at 60,000 revolutions per minute
of a flywheel energy storage system. This achievement, the highest
speed ever demonstrated for a flywheel spun on magnetic bearings,
makes flywheel technology a viable candidate for replacing chemical
batteries on the Space Station. Flywheel energy sources have a
longer life expectancy than chemical batteries, are more efficient,
provide more power, and operate over a wider temperature range.

Glenn’s propulsion research, in cooperation with NASA’s Jet
Propulsion Laboratory, was recognized with Discover s Award for
Technology Innovation in 1999 for the ion propulsion system used
on Deep Space 1. The award went to NASA’s Solar Electric Propul-
sion Technology Application Readiness (NSTAR) program team, a
partnership formed in the early 1990s between JPL and Glenn. Test
results from research on Glenn-built xenon ion engines for use on
deep space missions were used to refine the design for the flight
hardware for Deep Space 1. lon drives provide 10 times more thrust
per pound of fuel than liquid or solid fuel engines. Researchers
believe ion engines will open the door to future deep space and
Earth-orbiting missions that are otherwise impractical or too costly
using conventional propulsion methods.

While looking to advance space flight, researchers at Glenn are
never far removed from working on ways to make aviation safer.
Glenn’s newest addition is its ballistic impact test facility. The
facility features a 40-foot-long gas gun that ejects projectiles at speeds in excess of 1000 miles per
hour and a high-speed camera that can capture 2.5 million images per second. The facility’s main
task will be to test the ability of new, lighter airplane engine housings to withstand high-speed
impacts with hail or birds that can occur during flight and damage the engine or, worse, cause the
engine to separate from the wing of the airplane. Similar research over the last 20 years at Glenn
contributed to proving the worth of ballistic materials used today in jet engines as well as in
bulletproof vests.

In addition to making aircraft safer, Glenn researchers are exploring new technologies to design
advanced turbine engines. To achieve these state-of-the-art engines, Glenn has performed research
in a variety of disciplines, including new high-temperature materials, coating and lubrication
systems, flow physics and heat transfer, and combustion physics.
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Other research activity at Glenn has taken on a unique perspective. As part of its efforts under the
turbomachinery and combustion technology program, Glenn has been working on a “smart green en-
gine,” with the principal aim of developing technologies to minimize all environmentally harmful engine
emissions, such as nitrous oxide, carbon dioxide, aerosols, and particulates. A key to accomplishing the
program’s goals is the creation of low-fuel-burn, low-emissions flight. Currently Glenn is pursuing a
number of technologies to attain this goal, including magnetic bearing suspension, active combustion
controls, computational fluid dynamics tools and models, and coolant flow management.

The year 2000 marks the completion of Glenn’s seven years of technology verification experiments
for the Advanced Communications Technology Satellite (ACTS). ACTS explored the possibility of using
the previously untapped high frequency Ka-band technology for satellite communications. The goal was
to relieve orbital crowding and demonstrate a wide-band frequency capable of carrying simultaneous
services at optical fiber rates. After 81 months of operation, far in excess of the intended 24-month
mission, the knowledge gained from ACTS achieved remarkable milestones with 103 experiments,
paving the way for the next generation of communications satellites. Launched in 1993, ACTS has been
yet another step in Glenn’s long history of developing advanced communications technology.

Glenn is also active in researching new materials for use in a wide array of applications from heavy
industry to space missions. Last December, some of Glenn’s knowledge in material design was taken up
to the Hubble Space Telescope during the last servicing mission. Following a previous servicing mission,
NASA scientists became aware of cracks in Hubble’s multilayer insulation blankets, which protect
equipment from temperature extremes when the telescope moves in and out of Earth’s shadow. A review
board of Glenn and Goddard Space Flight engineers evaluated 100 potential replacement materials by
subjecting them to space environmental simulations equivalent to 10 years in low Earth orbit. The team
selected the same material as before, but
with modifications to retard crack growth
and help keep the outer layer in place
even as it becomes brittle. The new
blanket material was added to Hubble
and is expected to last for the remaining
life of the mission, until 2010.

The research at Glenn exemplifies the
diversity of NASA’s knowledge and
interests. In the not too distant future, the
results of the work at Glenn will open
new worlds and possibilities for space
missions and travel, enhance communi-
cation systems, and improve the quality
and safety of terrestrial aviation.

Data captured from a turbine shows the deformation
that occurs when a blade is out.
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center was named after rocket research pioneer Dr. Robert H. Goddard. Since its inception,

Goddard has played a major role in space and Earth science. The center is involved in implement-
ing suborbital programs as well, using aircraft, balloons, and sounding rockets. This function is located at
the Wallops Flight Facility on Wallops Island, Virginia.

In the realm of astronomy, a spectacular morning launch of the Space Shuttle Discovery ten years ago,
on April 24, 1990, ushered in a new golden age in star gazing. The payload in Discovery’s cargo bay,
NASA’s Hubble Space Telescope, was released by the crew into Earth orbit the next day and the universe
has not looked the same since.

On Earth, the Goddard team is made up of some of the world’s premier scientists and engineers de-
voted to research in Earth science, space science, technology, and space communications. Goddard’s
fundamental mission is to expand our knowledge of the Earth and its environment, the solar system, and
the universe through observations from space.

Recent missions, like the Solar and Heliospheric Observatory (SOHO), with its scientific and operational
nerve center at Goddard, continue to reveal surprising new details about the Sun’s complex behavior. SOHO, a
joint mission by NASA and the European Space Agency, has already found hot, electrically-charged gas, called
plasma, flowing like a river beneath the Sun’s
surface. It has also helped scientists solve a
mystery about why the Sun’s high-speed solar
wind travels twice as fast as theory predicts,
showing that the solar wind “surfs” magnetic
waves in the Sun’s outer atmosphere.

The Advanced Composition Explorer (ACE)
spacecraft has become the world’s primary
sampler of extraterrestrial matter. Goddard’s
Transition Region and Coronal Explorer
(TRACE) spacecraft has revealed frictional forces
in the Sun’s outer layer, or corona, that are
hundreds of times stronger than expected. This
friction, or viscosity, may help explain why the
corona is more than 100 times hotter than the
Sun’s surface.

Since the first days of observing Earth from
space in the early 1960s, NASA and Goddard
have been pioneers in helping scientists,
policymakers, and the general public gain a better
understanding of how Earth’s land, atmosphere,
oceans, and life interact with each other.

The most extensive archive of images of
Earth—nearly four million of them—originates
from a series of orbiting, Goddard-managed

l ocated in Greenbelt, Maryland, NASA’s Goddard Space Flight Center was established in 1959. The

The Hubble Space Telescope has spied a giant celestial
“eye,” known as planetary nebula NGC 6751.
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satellites called Landsats. This archive is an invalu-
able record of changes in the land surfaces of Earth,
from natural causes like volcanic eruptions to acceler-
ating human development of urban areas, where more
than 60 percent of the world’s population will live by
the year 2025. Landsat data has been used for every-
thing from agricultural planning, real estate forecasts,
forestry management, and mapmaking to oil explora-
tion and airline pilot training.

The successful launch of the Landsat-7 mission in
April 1999 was another major step forward in our
investigation of Earth’s land surfaces. Operated under
the joint leadership of Goddard and the U.S. Geologi-
cal Survey, a key feature of this program is the
decrease in costs for images. This is making the
information more easily accessible to a wider range
of users.

Recent successes in measuring and modeling
rainfall patterns and biological properties of the land
surface, as well as important ocean studies, are the
building blocks for more precise 14-day weather
predictions and projections of biosphere changes.

The Tropical Rainfall Measuring Mission
(TRMM), launched in 1997, is providing new insights
into how and where rainfall occurs during El Nifio
and La Nina events. These extreme weather patterns,
which occur every three to five years, have far-
reaching effects on people and property. In addition,
incorporation of weather pattern data into global
predictive models improves their predictive capabili-
ties. Rainfall estimates by Goddard scientists are
growing much more precise. Information from
TRMM has significantly improved hurricane track
predictions, and the NASA Seasonal Interannnual
Prediction Project is developing techniques to use satellite observations of the ocean and land surface to
improve predictions of El Nifio and its impact on North America.

Future Goddard-sponsored missions will include the Swift Gamma Ray Burst Explorer, to be launched in
2003. Swift will be a three-telescope space observatory for studying gamma ray bursts. Although gamma ray
bursts are the largest known explosions in the universe, outshining the rest of the universe when they explode
in distant galaxies, the underlying cause of the explosions is an astrophysical mystery. Swift will have the
unique ability to rotate in orbit and point its gamma ray telescope, X-ray telescope, and ultraviolet/optical
telescope at gamma ray bursts within minutes of a burst’s first appearance. Because gamma ray bursts are
believed to originate billions of light years away, Swift will use these sources as a beacon to probe distant
regions of the universe.

Also among Goddard’s upcoming telescopes is the Next-Generation Space Telescope (NGST), set to be
launched in 2009. NGST represents challenges on numerous engineering fronts, from light-weight structures
to multi-segmented, deployable mirrors. The powerful NGST will be built to see objects 400 times fainter than
those currently studied with larger ground-based infrared telescopes or their spaceborne counterparts. More-
over, NGST will study objects with the image sharpness achieved by the Hubble Space Telescope.

Whether making fascinating discoveries about the Sun’s corona and how it affects our planet and the solar
system, designing new ways of understanding the Earth’s complex atmosphere and biosphere, or revolutioniz-
ing how we see the universe, Goddard is expanding the scientific knowledge that is enhancing our lives.

The Atlas IIAS expendable launch vehicle
with the Solar Heliospheric Observatory
(SOHO) before launch.
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lead center for the robotic exploration of the solar system. Knowledge gained in such fabled missions

as Voyager, Galileo, and the Mars Pathfinder has led to an exciting future in space. JPL director Dr.
Edward Stone has projected this future as a time to send probes into deep space for detailed exploration
and, in some cases, to return samples to Earth. At the dawn of the 21% century, innovative scientists and
engineers at JPL are creating the missions that will bring our space neighborhood closer.

In addition, JPL manages the worldwide Deep Space Network, which communicates with spacecraft
and conducts scientific investigations from its complexes in California’s Mojave Desert near Goldstone;
near Madrid, Spain; and near Canberra, Australia. JPL is NASA’s Center of Excellence in deep space
systems. Managed by the California Institute of Technology for NASA, JPL is also a leader in the space
agency’s Space Science Enterprise.

Almost 30 years ago, the Mariner 9 spacecraft found evidence that water flowed across the surface in
Mar’s ancient past. For decades, researchers have debated whether liquid water might have existed on the
planet’s surface. In what could turn out to be a landmark discovery in the history of Mars, imaging
scientists using data from NASA’s Mars Global Surveyor spacecraft have recently observed features that
suggest there may be current sources of liquid water at or near the surface of the red planet.

This exciting discovery moves the debate to present-day Mars. The new pictures suggest that some of
the water that flowed across Mar’s surface millions of years ago went underground, and is quite possibly
still there. NASA will continue to investigate using the Mars Global Surveyor and in 2001 will launch a
scientific orbiter with a high spatial resolution middle-infrared imaging system that will examine the
seepage sites in search of evidence of water-related minerals.

At the beginning of the year, the Shuttle Radar Topography Mission, with its science instruments, was
launched into space aboard the Space Shuttle Endeavour. With its radar sweeping most of the land
surfaces of the Earth, SRTM acquired enough data during 10 days of operation to obtain the most com-
plete near-global high-resolution database of
our planet’s topography.

In other developments, a tiny sensor has
been created that borrows its design from
nature’s spider webs. The sensors, known as
bolometers, can plot a map of cosmic back-
ground radiation. JPL bolometers, one hundred
times finer than a human hair, allow technolo-
gists to capture temperature variations of only
100-millionths of a degree (0.0001) Celsius in
just a few seconds of observation. The bolom-
eters are sensitive enough to detect the heat
given off by a coffee maker all the way from
the Moon. The measurement of temperature

In the mountains above Pasadena, California, is the Jet Propulsion Laboratory (JPL), NASA’s

Tiny bolometers, with a design inspired by spider
webs, can be used to detect cosmic radiation
which can lead to a better understanding of the
history of the universe.
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variations provides a snapshot of the universe when radiation formed about 300,000 years after the Big
Bang. Scientists theorize that in the first moments after the Big Bang, the universe went through a period
of extreme exponential inflation that could mean the universe was flat. Further study in this exciting field
is planned.

JPL scientists have gone back to the garden, “planting” wireless webs of small sensors in gardens here
on Earth in preparation for missions to help monitor biological activity on planets. Like satellites and
telescopes remotely “measuring” planets across the vast reaches of space, the webs allow large areas to
be monitored. Unlike remote operations, sensor webs are placed inside the environment, thus making
them capable of on-site detection not possible from afar. For example, satellite measurements cannot
penetrate deep below the ocean surface or detect extremely small quantities of gases coming off a plan-
etary surface. The sensor webs could combine the spatial coverage of a satellite with the precision of an
on-site instrument. Sensor webs like those being tested will help make possible a key NASA goal to
establish a virtual presence for exploration throughout the solar system.

Breakthroughs in ultralight, inflatable materials are helping to lead development of technologies that
will show the way to researchers at JPL in their quest to explore the farthest reaches of the universe. Very
light, very powerful telescopes will someday peer far into deep space, looking for Earth-like planets
around stars much like our own Sun. Solar-, laser-,
and microwave-powered sails weighing less than a
paperback book will propel spacecraft through the
stars. Robotic rovers with inflatable wheels will
explore planets and asteroids and tell us their
secrets.

Here on Earth, these same low-cost materials
offer potential uses such as portable clean rooms
that can be used by one person, perhaps to develop
pure drugs; small ultralight devices that can make
today’s cellular phones seem like rocks; flexible
devices for dispensing drugs such as insulin; and
lightweight, easily launched weather and commu-
nication satellites—all for a future that requires
initiative, innovation, and creativity.

being used to prepare for missions to monitor
biological activity on other planets.
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r I Yhere are probably no words more
emblematic of NASA and the space
program than “Mission Control.” Johnson

Space Center, home to the Mission Control Center

for every piloted U.S. space mission, is also

NASA'’s Center of Excellence for human opera-

tions in space. Located in Houston, Texas, Johnson

has played a critical role in the Gemini, Apollo,
and Skylab projects, as well as today’s Space

Shuttle and International Space Station flights.

As the principle center for NASA’s Human
Exploration and Development of Space (HEDS)
Enterprise, Johnson is focused on researching and
developing technologies for the Space Shuttle
program, the International Space Station, space
operations management, biomedical research,
extravehicular activity, robotics, space medicine,
and long-range exploration mission planning and
design.

As the lead center for the Space Station,
Johnson looks forward to continuing to oversee its

NASA SPINOFF 2000

assembly. The next big step in the Space Station’s
assembly took place in July 2000, with the launch
of the Russian-built Zvezda service module on a
Russian Proton Rocket. Zvezda will provide early
power, propulsion, communications, life support,
and living quarters for the station. With Zvezda in
place, Johnson will prepare for Shuttle mission
STS-106, scheduled for Fall 2000. The crew of
STS-106 will transfer supplies to outfit the station
in preparation for the first resident crew, scheduled
for arrival in the latter part of the year.

Assembly of the station’s more than 100 compo-
nents will require a combination of human space
walks and robot technologies. As a result, refine-
ments are underway at Johnson on a robotic
system aimed at assisting spacewalking astronauts.
A mechanical hand has been developed that
operates comparably to a human hand and can
operate tools used by people in spacesuits. With a
delicate touch capable of lifting items as small as
tweezers, combined with the strength to lift a 21-
pound weight, the hand has considerable
capabilities in a zero gravity environment. The
robotic hand will be part of the Robonaut
system, which includes two arms and a
swiveling head with cameras inside. NASA
has an eye on making use of this robotic
system in the future on the Space Station.

Work on the Space Station extends beyond
building the actual structure. Johnson is
working on assembling the X-38 Crew Return
Vehicle, which is intended to serve as an
emergency “lifeboat” for the crew of the Space
Station. Successful flight tests of the X-38
have been conducted at Dryden Flight Re-
search Center, with more planned for the
future. Johnson is to complete assembly of the
X-38 in time for a space flight test scheduled
for 2002.

The X-38 is being prepared for a space flight test
in 2002. The ship will serve as a “lifeboat” should
an emergency occur on the International Space
Station.



Occasionally, the history of the cosmos can be
studied without ever leaving Earth. Johnson
scientists have been studying the Yukon meteorite
that exploded over northwest Canada in January
2000. The 4.5-billion-year-old meteorite may
provide insight into the original composition of the
solar system before the formation of the planets.
As a carbonaceous chondrite, the meteorite is a
rare type with many forms of carbon and organics,
the basic building blocks of life. Johnson has
worked in cooperation with Canada to glean
information from the meteorite such as measuring
induced radioactivity to determine how much
exposure it had to space radiation. From these
measurements, the size of the meteoroid from
which the meteorite originated can be determined.

As the heart of NASA’s space medicine re-
search, it was a natural fit when the Heart Center at
Texas Children’s Hospital in Houston turned to
Johnson for assistance in designing a new
echocardiography lab. Because of Johnson’s
experience in responding to information quickly
without technical errors as Mission Control, the
Heart Center wanted to capitalize on the technolo-
gies and knowledge that enabled NASA to manage
complex missions such as a Shuttle flight. The
result is a cutting-edge facility that allows for

A Johnson scientist manipulates the Robonaut system,
which includes a mechanical hand capable of moving
with dexterity similar to a human.

integrated training and operation, expandability,
operating cost reduction, and better patient diagno-
sis and care. The main innovation of the lab is a
mission control desk modeled after its counterpart
in NASA’s emergency preparedness center.

The complexity of space travel and human
space missions has allowed Johnson to perform
research in a wide array of fields. Johnson is
developing technologies in disciplines such as
automation, biotechnology, computer hardware,
energy, environment, advanced materials, medi-
cine, photonics, software, computer hardware,
telecommunications, and transportation. With such
a diverse background, Johnson will surely continue
to serve as the center for NASA’s future in space.

NASA astronauts work to attach a Russian
crane to the International Space Station in
preparation of future assembly.
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John F. Kennedy Space Center, is as busy as ever with launches while adding a few new looks at

the same time. As NASA’s designated Center of Excellence in launch and payload processing
systems, Kennedy’s primary responsibilities are in acquisition and management of Expendable Launch
Vehicle launch services, payload carriers, payload processing, and support. In addition, Kennedy has
several other lead and support assignments, many of which are directly related to its areas of excellence.

Space transportation integrates many systems, such as launch and landing of spacecraft, payload
processing, vehicle ground processing, range systems, flight vehicle systems, and ground and flight crew
training systems. To facilitate this systems approach and provide a strong foundation for achieving the
maximum value from the investment in Kennedy’s Launch and Payload Processing Systems, Kennedy
has established the Spaceport Technology Center. The Spaceport Technology Center will be recognized as
the world’s preeminent source of information and technologies for systems used to process, launch, land,
and recover launch vehicles and payloads from spaceports on the Earth, Moon, Mars, and beyond.
Kennedy will benefit from the new Spaceport Technology Center’s ability to provide the knowledge,
expertise, and facilities to develop, test, and certify the continuous infusion of advanced spaceport tech-
nologies required for modern, state-of-the-art spaceport systems.

Part of Kennedy’s agenda is to increase safety and reliability and dramatically reduce the cost of access
to space. Meeting these goals will require advanced technologies applied in a highly integrated manner to
all of the systems operated at Kennedy. Kennedy provides highly complementary, advanced technologies
in support of spaceport systems for current and future vehicle launches and landings at spaceports on
Earth and other planetary launch and landing sites. Spaceport Technology Development Initiatives cover
key technology areas in Fluids and Fluid Systems; Materials Evaluation; Process Engineering; Command,
Control, and Monitor Systems; and Range Systems.

In the Fluids and Fluid Systems area, the OmniBot Mobile Base is a project to develop a hazardous
duty mobile base as an advanced development test bed to research alternate technical approaches for
remotely controlled operations in hazardous areas. In addition, this base will be used to test various
automated umbilical technologies for autonomous mobile vehicles. In hazardous environments where it is
too dangerous to send in unprotected personnel, a
mobile base could be used to perform remote
inspections, site surveys, and operations. The
OmniBot has been selected to be the motion plat-
form for the Mars Umbilical Technology Demon-
strator project.

In the Command, Control, and Monitor Systems
area, Kennedy’s Navigation and Landing Aids
Laboratory was created initially to support the
Space Shuttle program’s requirement to certify the

l ocated on Florida’s central Atlantic coast, NASA’s premier space launch facility, the

The OmniBot Mobile Base can be used in hazardous
environments to perform remote inspections, site
surveys, and operations.
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Wheat plants growing “gray water” in a
growth chamber as part of waste water
processing tests for the Advanced Life
Support program.

accuracy of the navigation systems the
orbiter uses to find and land at desig-
nated sites. This effort led the labora-
tory to develop Global Positioning
System (GPS) applications, like the
X-34 Reusable Launch Vehicle’s
ground-based Differential GPS and
other research and development
projects for the Kennedy Weather
Office. The Navigation and Landing
Aids Laboratory is responsible for the design of the system hardware and software, fabrication of the
workstations, and the test and implementation of the Flight Inspection System for the flight checks at
Continental United States (CONUS) and Transatlantic Abort Landing (TAL) landing sites.

Environmental leadership is a guiding principle at Kennedy. The center is located on the Merritt Island
National Wildlife Refuge, where the sensitive ecosystem supports many threatened and endangered
species of flora and fauna, as well as many wildlife species. Operational requirements must be planned
and conducted to minimize the impact to the surrounding environment. To this end, process improve-
ments are continually sought that demonstrate environmental stewardship. For example, less toxic
materials are substituted to reduce human exposure health risks and the amount and type of hazardous
waste produced. Technologies are also developed to improve the environment, such as cleaning up
contaminated groundwater more efficiently or reducing air pollution from point sources.

The Life Sciences Research and Technology Development is focused on establishing excellence in
understanding and managing biological and ecological systems for applications in space and on Earth.
Developing the biological systems for life support during long-duration space flights is a research effort
in bioregenerative life support systems that is divided into two areas. One involves the development of
crop systems and the study of plants for the removal of carbon dioxide and the production of oxygen,
water, and food for the crew. This effort also develops and evaluates newly constructed plant flight
hardware to optimize the experimental systems and determine the biocompatibility of the flight hard-
ware. The other area investigates resource recovery systems, primarily microbial bioreactors, to deter-
mine the capacity to recycle water and solid waste. The ecological systems effort utilizes the unique
characteristics of the center’s ecology. The ecological effort maintains a comprehensive database that
includes air and water quality measurements; vegetation maps; wildlife distribution and population
dynamics; structural and functional data on selected habitats and communities; predictive habitat suit-
ability modes; and the effects that certain environmental factors such as fire, water level, and salinity
have on habitat sustainability.

The combination of pressures to achieve successful space launches while maintaining the integrity of
the fragile environment around it, has pushed Kennedy into new fields of study and research. As
Kennedy pushes forward into the 21* century, it is poised to bring us new knowledge not only about
outer space, but our own world as well.
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air travel delays, and increase the safety and performance of civilian and military aircraft.

Langley also has satellite “eyes” in the sky with its atmospheric science instruments and
programs to help us better understand our environment. It is the NASA Center for Excellence in struc-
tures and materials and has a lead role in airframe systems.

In addition, Langley plays an increasingly large role in supporting the nation’s space programs by
developing revolutionary technologies for affordable, advanced, space transportation systems, as well as
small spacecraft and instruments. This research includes spaceframe technologies that are synergistic
with the center’s airframe systems capabilities. Langley’s unique research facilities, located in Hampton,
Virginia, include more than 20 operational wind tunnels, an indication of the center’s dedication to
advancing and improving aerospace research.

Tapping into a wealth of knowledge and resources in structures and materials, Langley has provided
research support to the Reusable Launch Vehicle Program. Langley has performed research on cryogenic
propellant tanks, composite structures, metallic and composite thermal protection systems, vehicle
systems analysis, acrodynamic testing and analysis, and flight controls. Additionally, Langley has been
the site of extensive wind tunnel tests of the X-37, the first orbital experimental vehicle to be lifted to
orbit on the Space Shuttle and returned to Earth under its own power.

Langley researchers are developing the technologies to enable aircraft to fly faster, farther, safer, and
quieter, while making them less expensive to manufacture, more energy efficient, and more maneuver-
able. Langley participates in many projects aimed at achieving these goals, such as: The NASA Aviation
Safety Program (AvSP), Earth Observing System (EOS), Geostationary Imaging Fourier Transform
Spectrometer (GIFTS), and SAGE III Ozone Loss and Validation Experiment (SOLVE).

Through the AvSP, one need not look far to find a way NASA research can provide benefits to the
public. A partnership between NASA, the Federal Aviation Administration (FAA), the Department of
Defense (DoD), and the aviation industry, AvSP is working to develop advanced, affordable technologies
to make travel safer on commercial airliners and smaller aircraft. To meet the national goal of reducing
the fatality rate of aircraft accidents by 90 percent in 25 years, Langley researchers have gone looking for
danger.

‘ ’ r ith an eye to the sky, Langley Research Center is working to reduce frustrating

In June 1999, three aircraft, supported by a

team of government and industry researchers,
took to the skies over Colorado in search of
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turbulence associated with thunderstorms. Radar
onboard the planes and on the ground collected
atmospheric data to gain a better understanding of
turbulence and determine if airborne Doppler
radar can reliably detect it.

When not looking to fly into stormy weather,
Langley researchers can be found purposely
crashing aircraft. There is a method to the destruc-
tion, as researchers are looking for possible

The X-43 is part of NASA's research into
the next generation of advanced aircraft.
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design changes that could help pilots and
passengers better survive accidents. In
October 1999, engineers dropped a Lear
Fan composite aircraft from a height of 150
feet. The plane, which hit the ground at 60
miles an hour, was equipped with instru-
ments to record the conditions on impact
and 6 instrumented crash test dummies.
While one set of researchers study how to
make planes, another team of Langley
personnel is studying ways to prevent
accidents from ever occurring through
research into “self-healing” and “refuse-to-
crash planes.” The vision is for an integrated
computerized health management system

that oversees vital aircraft functions to prevent and reduce malfunctions, enhance flight crew Langley researchers
responses to problems, and reduce a pilot’s workload in an emergency situation. In addition perform various

to health management, NASA is also researching control upset management systems. Such crash tests on
technologies include advanced detection/prevention algorithms, display formats, pilot cueing, ~ 94¥/Planes, such as

the one shown here,
in an effort to
improve aircraft
safety performance.

and guidance and control methods to prevent accidents when failures occur.

Advancing aircraft technologies does not end there. Building on the gains of the highly
successful Advanced General Aviation Transport Experiment (AGATE) consortium, NASA is
planning a small aircraft technologies (SATS) program. SATS, in partnership with the FAA,
hopes to gain access to more communities in less time via air travel. The specific goal is to
reduce public travel times by two-thirds in 25 years at equivalent highway system costs. Bruce Homes,
manager of the NASA General Aviation Program at Langley, says, “imagine a third dimension for the
interstate highway system...a “virtual® interstate skyway system.”

Along with aeronautic ventures, NASA Langley is dedicated to Earth Science, which will benefit
society through the understanding of weather and climate forecasting, agriculture, natural resource
management, and urban and regional planning. One attempt to improve the knowledge of Earth’s atmo-
sphere is through the EOS’s Terra spacecraft, launched in late 1999. One of the instruments aboard Terra
is the Clouds and the Earth’s Radiant Energy System (CERES). CERES will collect data to study the
energy exchanged between the Sun; the Earth’s atmosphere, surface, and clouds; and outer space. CERES
EOS-Terra is the second CERES instrument to fly above Earth. The first, launched in 1997, is aboard the
Tropical Rainfall Measuring Mission (TRMM) observatory.

Langley scientists are also participating in an international effort known as the SAGE III Ozone Loss
and Validation Experiment (SOLVE) to expand present understanding of polar ozone dynamics and
improve ozone loss prediction forecasts over the North Pole. Additional data will be collected using
Langley’s future Stratospheric Aerosol and Gas Experiment (SAGE) I1I satellite, to be launched in the
summer of 2001. The second stage of SOLVE involved more than 350 researchers from the U.S.,
Canada, Europe, Russia, and Japan.

Meanwhile, Langley researchers are currently developing the Geostationary Imaging Fourier Trans-
form Spectrometer (GIFTS) for launch in 2003. Set to be the third Earth-observing mission under
NASA’s New Millennium project, GIFTS will test advanced technologies for measuring temperature,
water vapor, wind, and chemical composition of the atmosphere. The weather information to be obtained
by GIFTS will be equivalent to that obtained by launching 100,000 weather balloons every minute at
intervals of 2 miles.

Whether it is developing new aircraft, making present air travel safer for everyone, or observing the
heavens to improve weather forecasting, Langley has the skies covered today and in the future.
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transportation systems and development, and its Center of Excellence for space propulsion. The

center also is NASA’s leader in microgravity research and space product development programs. This
unique field of science is conducted in the near-weightlessness of space, but holds the key to a broad range of
benefits on the ground.

As world leaders in access to space, Marshall’s scientists and engineers are defining the cutting edge of
technology to unlock the doors for space development and exploration. A key to doing so is the Space Launch
Initiative, a comprehensive, long-range plan to increase commercial development and civil exploration of
space. It is intended to enable at least two competitive second generation reusable launch vehicle concepts by
2005. It will do so by clearly identifying all the requirements for such a vehicle and making technology
investments needed to reduce risks associated with them.

A series of experimental, reusable launch vehicle demonstrator projects is focused on technologies for
dramatically increasing safety and reliability while slashing launch costs. These programs are tackling the
difficult task of lowering the current $10,000 per pound cost of putting payloads into space—first to $1,000
per pound, then to as low as $100 per pound.

The lightweight X-33, with its unmistakable wedge shape and revolutionary “linear aerospike” rocket
engines, will take off vertically, fly to altitudes of 60 miles, travel at up to 13 times the speed of sound, and
land horizontally.

The X-34 will be launched from beneath a modified jetliner and powered by a new reusable engine,
designed and developed by Marshall engineers and built by industry partners. Capable of 8 times the speed of
sound, the X-34 can fly to roughly 50 miles high and land on conventional runways.

Unlike the X-33 and X-34, the X-37 will make history as the first reusable demonstrator to fly in both
orbital and reentry environments, at up to 25 times the speed of sound.

Marshall also oversees a series of “Future-X” experiments, plus other space transportation technology
efforts, all pursuing the key goals of cost-reduction, greater safety, and reliability. Approaches being pursued
range from the relatively simple to some that are radically exotic.

While such future-focused programs aggressively seek to create a “highway to space,” Marshall has a
critical role in today’s flight operations by
helping to keep the nation’s flagship space
vehicle safely flying. The center provides and
manages propulsion elements for the Space
Shuttle: the vehicle’s reusable main engines,
the incredibly powerful solid-rocket boosters,
and the enormous external fuel tank required
for every Shuttle flight.

The Marshall Space Flight Center in Huntsville, Alabama, is NASA’s lead center for space

NASA engineer Zena Hester of the
Microgravity Research program monitors a
test run of an experiment designed to
predict the formation of tiny tree-like
crystals important to the study of physical
properties of materials used in the casting
of metals in turbine blades, industrial tools
and engine parts.
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One proposed alternative to the use of combustion
propellants for future space travel is solar sails that
would enable solar winds to propel a spacecraft away
from Earth and toward its destination.

Virtually no modern industry has been untouched
by four decades of space research and develop-
ment—and virtually every human life has benefited
from the scientific endeavors conducted at Marshall.
As world leaders in the use of space for research and
development to benefit humanity, center scientists
and engineers are helping industry create new
medicines and medical procedures, manufacturing
processes, and electronics and communications
breakthroughs.

As a prime example, Marshall is the lead NASA
center for use of microgravity—the near-weightless
environment of space—to conduct experiments that
would be all but impossible on Earth. This research
is advancing our understanding of key biological,
chemical, and physical processes. In the process, it is opening doors to commercial development of space,
improved health care, advanced alloys and composite materials, and new theories in physics.

The International Space Station is soon to become operational as the premier laboratory in which
microgravity researchers conduct experiments. The scope and complexity of these experiments will increase
dramatically when the primary U.S. research element—the Destiny Laboratory module—is launched. As one
of its array of facilities, Marshall is designing, developing, and testing the Microgravity Science Glovebox—
an enclosed miniature laboratory for permanent installation aboard the station.

Marshall is also providing several other components that are vital to making the station a fully productive
orbiting research facility:

* An Interim Control Module, as a backup or supplemental propulsion source for reboost and positioning
capabilities during the initial years of Station construction.

» The Station Propulsion Module, to provide long-term Station altitude and position propulsion—a key
part of the system to prevent the Station from crossing paths with potentially dangerous space debris.

* The Environmental Control and Life Support System, a water recycling and oxygen generation system
intended to eliminate the need to continuously resupply the Station crew with thousands of pounds of
life-sustaining air and water.

* The Deorbit Propulsion Stage—the primary source of propulsion for the Space Station Crew Return
Vehicle, a “lifeboat” to safely return the crew to Earth in emergencies.

In 1999, Marshall celebrated the spectacular results of many years of hard work on the Chandra X-ray
Observatory. The most powerful X-ray telescope ever built was launched and began several years of studying
violent, high-temperature objects in space—comets, exploded stars, even black holes at the heart of far-off
galaxies.

Unwilling to rest on its laurels, NASA is already looking ahead to the development and launch of even
more advanced telescopes. Marshall’s new Space Optics Manufacturing Technology Center is taking the lead
for NASA’s development of advanced, ultra-lightweight optics materials, fabrication technology, precise
measurement standards, and state-of-the-art testing facilities.

NASA’s Global Hydrology and Climate Center, located in Huntsville and managed by Marshall, is the
scientific powerhouse for climatology research in the southeastern United States. Benefits of its work and
expertise include improved hurricane and severe storm prediction, more reliable day-to-day weather forecast-
ing, and more effective urban planning.
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year for the men and women in rocket propulsion testing, commercial remote sensing, and Earth system
sciences.

All major test stands are now occupied with rocket engines for the Space Shuttle, the X-33 and X-34, larger,
more powerful hybrid rocket motors, hydrogen peroxide engines, and other new rocket engines being tested
for private industry. Expansion, improvements, and modifications to the test stands have been completed to
accommodate increased testing activities.

For the first time in Stennis’ history, the center is the site of an engine assembly facility. The Boeing
Company, in an unprecedented government/industry partnership, opened the RS-68 Engine Assembly Facility
in March 2000 that will produce the latest large, liquid-fueled engine developed at Rocketdyne Propulsion &
Power, a division of Boeing. The new assembly facility is located at the former Mississippi Army Ammunition
Plant at Stennis. The RS-68 is a 650,000-pound thrust engine that will power the Delta IV family of expend-
able launch vehicles.

The single-engine test phase for the XRS-2200 Linear Aerospike Engine, the engine that will power the
X-33 Advanced Technology Demonstrator, was completed in May 2000. The linear aerospike engine set a
new duration record of 290 seconds in an abbreviated test at Stennis.

Modifications to the test stand will be made to accommodate the next phase of testing on two aerospike
engines in a flight configuration, as they will be mounted on the X-33 vehicle. The dual engine testing will
begin in late summer 2000.

Stennis’ E-3 test facility is running at full pace, with both of its testing cells occupied. The facility has tested
new hybrid and hydrogen peroxide rocket technology propulsion systems, including a small-scale hybrid
rocket motor positioned horizontally in cell one. Testing was also performed in cell two on a low-cost, upper-
stage propulsion system that uses hydrogen peroxide as the oxidizer propellant.

The first test firing of the 250,000-pound thrust hybrid rocket motor, the largest hybrid rocket motor yet
tested at Stennis, occurred in July 1999. Longer duration tests were also conducted on the motor, designed and
constructed by a consortium of aerospace corporations.

The Hybrid Sounding Rocket
(HYSR) passed its first ground
test at Stennis in February 2000.
The HYSR project was per-
formed under a Space Act
Agreement managed by
Marshall Space Flight Center in
Huntsville, Alabama. The

John C. Stennis Space Center prepares for the 21* century on the heels of an ambitious and unprecedented

An ignition system test of the
XRS-2200 Linear Aerospike
Engine for the Lockheed
Martin X-33 prototype vehicle
was successfully conducted.
The ignition system serves as a
kind of “pilot light” to ignite
the combustible propellant and
oxidizer and literally “light”
the engine.
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HYSR, produced by Lockheed Martin Michoud Operations in New Orleans, is designed for suborbital space
and atmospheric science missions and will also be used as a flyable testbed for small-scale experiments.

NASA’s Commercial Remote Sensing Program (CRSP) at Stennis is continuing to explore new ways of
doing business to develop faster, better, and cheaper methods of acquiring data for scientific research and to
make the results available to the public. The CSRP and its partners, have recently developed a new website
devoted to sharing the practical uses of Global Positioning System (GPS) technology, called the GPS Applica-
tion Exchange. The GPS Application Exchange was developed at Stennis by NASA, members of the U.S. GPS
Industry Council, and the RAND Corporation. The website can be found at http://gpshome.ssc.nasa.gov.

From aiding the visually impaired in France to improving the efficiency and safety of taxicab service in
Australia, GPS has the ability to touch our everyday lives. Using survey systems that incorporate GPS mea-
surements, researchers developed models of the riverbeds and the water discharged into the waterways. These
models will be used to develop plans to alleviate damage caused by flooding in Bangladesh.

An agreement reached between Stennis and the Wolf River Conservation Society, Inc. has provided a new
champion for conservation management in southern Mississippi. This partnership will investigate how emerg-
ing commercial space technologies can help preserve the Wolf River, Mississippi’s first officially designated
scenic river. It is the Society’s responsibility to manage the easement, promote the river’s scenic and recre-
ational value, and collect baseline information on plants and animals within the easement.

Stennis will use the easement and the surrounding watershed as a testing site for new remote sensing
technologies and products. The first such products to be tested over the Wolf River will be produced from
images taken with IKONOS—the first commercial, high-resolution Earth observation satellite. Products will
be created from IKONOS images that can address the conservation management needs of the Society. As
NASA tests other products in a similar fashion against the Society’s needs, the Wolf River could become one of
the most often-imaged locations in the South.

The Earth System Science Office (ESSO) continued its study of the world’s oceans in partnership with the
Naval Oceanographic Office, also located at Stennis.

Scientists from the ESSO sailed from Pusan, South Korea, to Singapore to gather data from the South China
Sea on phytoplankton—microscopic ocean plant life. The data will be used to calibrate and validate ocean
color algorithms taken by the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) satellite. Subtle changes in
ocean color indicate various types and quantities of marine phytoplankton, which has both scientific and
practical applications. The SeaWiFS project will develop and operate a research data system that will process,
calibrate, validate, archive, and distribute data received from an Earth-orbiting ocean color sensor.

ESSO research scientists also helped the U.S. Navy and the University of West Florida’s (UWF) Archaeol-
ogy Institute uncover prehistoric American
Indian shell middens—dump sites—and
historic sites. . 1‘ :

Using Ground Penetrating Radar (GPR), a ¥58 The Wolf River|
team composed of members of UWF’s Archae-
ology Department and the U.S. Navy’s Coastal
System Station, was able to locate artifacts and
map nine midden sites used as refuse heaps by
Native American tribes in the Florida area
between 900 and 1200 A.D.

With a full slate of engine testing, the
development of new applications for remote
sensing, and a flood of Earth science data
pouring in, it is clear that all engines are go at
Stennis.

Airborne Terrestrial Applications Sensor
(ATLAS) imagery of the Wolf River was
acquired at 4-meter resolution from the
NASA Stennis Learjet on April 18, 1999.
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continues to flourish as it expands its services and
organization nationwide to promote commercializa-
tion of NASA technologies.

NASA’s Small Business Innovation Research (SBIR)
program has played a key role in the development and trans-
fer of new technologies through the partnerships it fosters
between NASA and private companies.

As we enter an era many refer to as the “New Economy,”
one constant is the value and applicability of the research
and development activities taking place at NASA. Whether
it is NASA working in tandem with private industry or the
commercial sector turning to NASA for technological assis-
tance, many of these activities have found their way into
new products and services—known as “spinoffs.”

The NASA Commercial Technology Network (NCTN)
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perating rooms are stepping into the 21+

century thanks to a robotic arm that can

assist surgeons in non-invasive, endo-
scopic procedures. Computer Motion, Inc., in
Santa Barbara, California, originally performed
research under a NASA Small Business Innova-
tion Research (SBIR) contract from the Jet
Propulsion Laboratory to develop AESOP,"”
(Automated Endoscopic System for Optimal
Positioning).

NASA hopes to make use of the technology
powering the robotic arm of AESOP to service
satellites and inspect payloads on the Space Shuttle in
the future. The hope is to use robotics on space repair
missions requiring exact and precise movements that
exceed human dexterity.

NASA SPINOFF 2000

Nearly a million endoscopic surgeries are per-
formed annually by inserting a slender camera into a
small incision in the patient to access the part of the
body targeted for the operation. The surgeon uses the
camera to monitor the operation, which requires long,
narrow instruments. This endoscopic approach
reduces the healing and recovery time needed by the
patient and lowers healthcare costs.

Now, with Computer Motion’s AESOP, surgeons
can control the motion of the camera, which is
attached to a robotic arm. AESOP eliminates the need
for surgical staff to hold the camera in place. The
robotic arm also allows for a steadier view of the
surgery and more precise and consistent movements
of the camera.

The AESOP arm uses Computer Motion’s voice
recognition software, which is pre-recorded onto a

Doctors seated in the
ZEUS™ Robotic Surgical
System can perform
minimally invasive
surgeries without suffering
from fatigue or stress
during lengthy operations.



voice card and inserted into the controller.
Computer Motion’s NASA-funded
research determined that voice controlled
commands are preferred in the operating
room as opposed to alternatives such as
eye-tracking and head-tracking, which
control motion in response to movements
of the surgeon’s head.

A second generation of this technology,
called the ZEUS™ Robotic Surgical
System, has the potential to make endo-
scopic procedures even more accessible.
Traditional endoscopic methods require a
long learning curve and a greater dexterity
than some possess. Also, suturing for
microsurgical procedures such as endo-
scopic coronary artery bypass graft often
exceeds typical human dexterity limits.

However, through the use of a master-
slave robotic system, surgeon motions are
scaled down, allowing the doctor to make
more natural movements. By manipulat-
ing additional robotic arms, the surgeon
can move the instruments with the
precision the procedure requires. Incisions
can be made smaller than the diameter of
a pencil as compared to the 12- to 15-inch
incision and cracked ribs traditional open-

heart surgery requires. . ) AESOP® a voice-controlled robotic endoscopic
One final benefit of the ZEUS system'ls that it ) positioning system, provides an absolutely steady picture
allows the surgeon to perform the operation seated in  gyring minimally invasive surgeries.

an ergonomic position, eliminating the problems of
fatigue and frustration resulting from leaning over the
patient in an awkward posture for hours.

Last summier, the first completely endoscopic
coronary artery bypass graft was performed using the
ZEUS system and has now been put in use at 19 sites.
Computer Motion hopes to use AESOP and ZEUS as
the cornerstone technologies for tomorrow’s Intelli-
gent Operating Room.™

AESOP® is a registered trademark of Computer Motion, Inc.
ZEUS™ and Intelligent Operating Room™ are trademarks of Computer Motion, Inc.
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Given the recent investigation into the physi-
ological effects of space on famed astronaut John
Glenn, it is evident that NASA scientists are
interested in researching how microgravity affects
the human body. Among the areas of interest is the
muscular performance of astronauts. Muscular
activity, however, is not easily monitored in space
with traditional and cumbersome electromyo-
graphic (EMG) machines. This has changed with
the assistance of Small Business Innovation
Research (SBIR) funding from NASA’s Johnson
Space Center. NASA, along with other government
agencies, has helped Delsys, Inc., of Boston,
Massachusetts, develop the MyoMonitor® EMG
system—a wearable 4-channel device that offers a
new dimension in electromyography. Delsys, a
spinoff company from the NeuroMuscular Re-
search Center at Boston University, is also devel-
oping an 8-channel version of the MyoMonitor.

Currently, the battery-powered device is capable
of storing over 3 hours of continuous 4-channel

The MyoMonitor® can monitor carpal
tunnel syndrome in a workplace setting
without negatively affecting workers’
ability to perform routine tasks.
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data and has a convenient carrying case that offers
the freedom to monitor muscle performance with a
portable cable-free unit. The MyoMonitor is being
marketed for monitoring rehabilitative therapy,
work place injury prevention, sports medicine,
ergonomics, exercise training, and motion studies.

Now muscle performance can be monitored
away from the laboratory in unconstrained envi-
ronments. The complete instrument can be worn
around the waist and weighs approximately one
kilogram. It is now possible to monitor muscle
activity during a tennis serve, a baseball pitch, or a
golf swing.

All of the company’s systems use an active
parallel bar electrode. This type of electrode
requires no skin preparation or conductive gel.
Two of these electrodes are offered for the Delsys
Bagnoli-series EMG systems: a two-bar differen-
tial electrode and a three-bar double differential
electrode. The three-bar electrode is particularly
useful for reducing the cross-talk from overlapping
signals of adjacent muscles. The Bagnoli-series in
the Delsys product line consists of 2-, 4-, and 8-
channel systems. The MyoMonitor uses a two-bar
single differential electrode.

During vigorous activity, the movement of the
skin causes electrode detection surfaces to become
compromised. Because of the accumulation of
sweat, for instance, EMG signals become contami-
nated. This makes the electrode-skin interface the
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limiting factor in traditional EMG equipment. The
MyoMonitor’s capacity for detection is significant
because it can monitor muscle activity, despite
rigorous conditions. The system has an easy-to-
apply, effective electrode-skin interface that
facilitates the uncontaminated detection of EMG
signals. The ability to make such recordings, for
example, enables novel experiments aboard the
International Space Station for investigating the
effect of microgravity on muscle performance.

Once collected, data can be transferred to a
regular personal computer and analyzed with the
EMGworks® software package, which provides
real-time data collection and a comprehensive suite
of analysis programs. These products are proof of
the company’s goal of providing the highest quality
EMG equipment and promoting the proper use of
surface electromyography. Additionally, the
company actively seeks partners for developing
EMG-based consumer products.

MyoMonitor® is a registered trademark of Delsys, Inc.

EMGworks® is a registered trademark of Delsys, Inc.

Hilw

The MyoMonitor® is being
evaluated to study the
muscles of astronauts in
the weightless environment

of space.

The Delsys system
can be used by
physical therapists
and sports medicine
clinicians to evaluate
the condition of a
patient recovering
from an injury.
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ecent statistics published by the American
RCancer Society show that approximately
one in nine women in the United States will

develop breast cancer. Now, early detection has a
new weapon. An advanced method for screening
breast cancer using technology developed at
NASA’s Jet Propulsion Laboratory (JPL) is ex-
pected to be widely available in U.S. medical
facilities and in selected foreign markets by the end
of the year. In December of last year, OmniCorder
Technologies, Inc., of Stony Brook, New York,
received 510K clearance from the Food and Drug
Administration (FDA) to market the company’s
innovative BioScan System.™

The BioScan System has been used to locate and
confirm the presence of a cancerous breast lesion
by detecting the cancer’s ability to recruit a new
blood supply—one of the hallmarks o