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The National Aeronautics and Space Act of
1958 directed the annual Aeronautics and
Space Report to include a “comprehensive
description of the programmed activities and the
accomplishments of all agencies of the United
States in the field of aeronautics and space
activities during the preceding calendar year.”
In recent years, the reports have been prepared
on a fiscal-year basis, consistent with the
budgetary period now used in programs of the
Federal Government. This year’s report covers
activities that took place from October 1, 2001,

through September 30, 2002.
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NATIONAL AERONAUTICS
AND SPACE ADMINISTRATION
NASA

Fiscal Year (FY) 2002 brought advances on many fronts in support of NASA’s new
vision, announced by Administrator Sean O’Keefe on April 12, “to improve life
here, to extend life to there, to find life beyond.” NASA successfully carried out
four Space Shuttle missions, including three to the International Space Station
(ISS) and one servicing mission to the Hubble Space Telescope (HST). By the end
of the fiscal year, humans had occupied the ISS continuously for 2 years. NASA
also managed five expendable launch vehicle (ELV) missions and participated in
eight international cooperative ELV launches.

In the area of space science, two of the Great Observatories, the Hubble
Space Telescope and the Chandra X-Ray Observatory, continued to make spec-
tacular observations. The Mars Global Surveyor and Mars Odyssey carried out
their mapping missions of the red planet in unprecedented detail. Among other
achievements, the Near Earth Asteroid Rendezvous (NEAR) Shoemaker space-
craft made the first soft landing on an asteroid, and the Solar and Heliospheric
Observatory (SOHO) monitored a variety of solar activity, including the largest
sunspot observed in 10 years. The education and public outreach program stem-
ming from NASA's space science missions continues to grow. In the area of Earth
science, attention focused on completing the first Earth Observing Satellite series.
Four spacecraft were successfully launched. The goal is to understand our home
planet as a system, as well as how the global environment responds to change.

In aerospace technology, NASA conducted studies to improve aviation

safety and environmental friendliness, progressed with its Space Launch Initiative
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Program, and explored a variety of pioneering technologies, including nanotech-
nology, for their application to aeronautics and aerospace.

NASA remained broadly engaged in the international arena and concluded
over 60 international cooperative and reimbursable international agreements
during FY 2002.

In FY 2002, the Office of Space Flight continued to support NASA'S mis-
sion to understand and protect our home planet, explore the universe and search
for life, and inspire the next generation of explorers by providing safe and reliable
access to space for crew and a variety of payloads. NASA's space flight missions and
our astronauts are the most visible face of NASA and play a key role in inspiring
the public. The Space Shuttle provides transportation to the ISS, where scientific
research is constantly underway. NASA's Earth and space science missions, as well
as other external missions, launch aboard expendable launch vehicles and the
Space Shuttle. Our Advanced Systems programs enable us to look beyond low-
Earth orbit to a time when humans can explore our solar system and beyond.

NASA successfully accomplished four Space Shuttle missions during FY 2002.
One mission was a spectacular and highly successful fourth servicing mission to the
Hubble Space Telescope (HST). The servicing not only repaired the telescope, but
also improved its capabilities, allowing us to look even deeper into the universe.
Three of the missions delivered crew, supplies, and assembly hardware to the ISS. At
the end of the fiscal year, the 1SS had received 14 Space Shuttle dockings and had
continuous human presence on board for 2 years. The Expedition Four crew broke the
U.S. record for time in space with a stay of 196 days.

The three Space Shuttle missions to the ISS in FY 2002 focused on assem-
bling the truss, which provides the primary structure and a distribution system for
many of the key utilities essential for onorbit operations, and Station logistics.
Wires, cables, and cooling lines will snake through the truss, circulating energy,
information, and fluids throughout the ISS. Canada’s Mobile Servicing System
will move its robotic arm along tracks attached to the truss.

The first Space Shuttle launch in FY 2002 was in December 2001. Major
elements of the STS-108 flight (ISS Utilization Flight 1) of the Space Shuttle
Endeavour were a new ISS crew, the fourth flight of an Italian-built Multipurpose

Logistics Module (MPLM), and an ExtraVehicular Activity (EVA) to install ther-



mal blankets over two pieces of equipment at the bases of the Space Station’s solar
wings. The ISS Expedition Four crew (ISS Commander Yury Onufrienko and
Flight Engineers Daniel Bursch and Carl Walz) replaced the Expedition Three
crew (ISS Commander Frank Culbertson, Flight Engineer Mikhail Tyurin, and
Pilot Vladimir Dezhurov), who were launched to the Station in August 2001.

The Space Shuttle Columbia was used in March 2002 as the foundation for
the latest HST servicing mission (STS-109), the fourth since HST was launched
in 1990. Two astronaut teams accomplished five demanding and spectacular EVAs.
They installed additional durable solar arrays, a large gyroscopic assembly to help
point the telescope properly, a new telescope power control unit, and a cooling
system to restore the use of a key infrared camera and spectrometer instrument that
had been dormant since 1999. The telescope’s view of the universe has been dra-
matically improved with the addition of the newest scientific instrument—the
Advanced Camera for Surveys (ACS). The spacewalks and specific tasks to
upgrade Hubble’s instruments were more intricate and challenging than astronauts
had encountered in previous servicing missions, and its successful repair is a
notable achievement for the U.S. space program.

In April 2002, the Space Shuttle Atlantis expanded the ISS on mission
STS-110 (ISS Assembly Flight 8A), installing the initial section of a framework
that eventually will hold systems needed to provide power and cooling for future
research laboratories. Atlantis’s mission was one of the most complex 1SS assembly
flights NASA has accomplished. It included four EVAs and operations with both
the Shuttle’s robotic arm and the Station’s robotic arm. The Station’s Canadarm2
robotic arm was used to hoist the 13-ton truss section, called the S-Zero (S0)
Integrated Truss Structure, from Atlantis’s payload bay and attach it to the ISS. The
flight marked the first time that the Station’s arm was used. This was also the first
Space Shuttle flight in which all spacewalks originated from the ISS’s airlock.

The next mission, STS-111, aboard the Space Shuttle Endeavour in June,
delivered the Expedition Five crew (ISS Commander Valery Korzun and Flight
Engineers Peggy Whitson and Sergei Treschev) to the ISS and returned the
Expedition Four crew, who had been in space since December 2001. During
docked operations, the crew transferred several thousand pounds of logistics and
equipment to the ISS. There were three successful spacewalks during which the

Mobile Remote Servicer Base System was removed from Endeavour’s cargo bay
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and installed on the Mobile Transporter on the ISS. Endeavour delivered replace-
ment parts for a faulty wrist joint on the I1SS’s robot arm, Canadarm?2. The suspect
parts were successfully replaced on this mission, enabling use of this key piece of
ISS assembly hardware.

At the end of FY 2002, after 2 years of continuous occupation, the 1SS had
seven research racks on orbit with 25 investigations underway, representing U.S.
and international partner research from government, industry, and academia. This
work represents approximately 1,000 hours of crew time dedicated to research,
leveraging almost 90,000 hours of experiment run time.

Basic research is being conducted in biology, physics, chemistry, ecology,
medicine, manufacturing, and the long-term effects of space flight on humans.
Several commercial experiments are also being conducted on bone loss treatments,
plant growth, pharmaceutical production, and petroleum refining. Some of the
first ISS experiments are still ongoing, and some earlier experiments have already
returned to Earth. Detailed postflight analysis continues on these experiments.
Additionally, a significant component of the research has involved hundreds of
primary and secondary school students who loaded experiments, assigned Earth
photography targets, followed science activities via the Internet, and used the
results in their classroom studies.

NASA Administrator Sean O’Keefe continued to increase the Agency’s
emphasis on research, which is the ISS’s main mission. In September 2002, he
named Dr. Peggy Whitson the first NASA ISS Science Officer.

During FY 2002, NASA continued work on the Space Shuttle Safety
Upgrades Program. This program’s goal is to improve flight crew safety, to protect
people both during flight and on the ground, and to increase the overall reliabil-
ity of the Shuttle system. The Cockpit Avionics Upgrade (CAU) design will
significantly improve crew performance margins in safety-critical, high-workload
scenarios and mitigate risk of crew error throughout all critical flight operational
phases. The CAU project completed its Preliminary Design Review in April 2002
and is proceeding toward project implementation at the end of FY 2002. The
Space Shuttle Main Engine Advanced Health Monitoring System (AHMS) is
proceeding on schedule for its first flight in mid-2004. AHMS will provide real-
time vibration monitoring of the Space Shuttle Main Engine (SSME) and

improved engine anomaly response capabilities.



The Space Shuttle Supportability Upgrade Program delivered and flew the
Device Driver Unit (DDU) and the Modular Memory Unit (MMU) in FY 2002.
The DDU, which flew aboard Columbia on STS-109 in March 2002, eliminates
spurious outputs during power-up and power-down and simplifies crew procedures
in the orbiter cockpit. The MMU, which flew aboard Atlantis on STS-110 in
April 2002, replaces the old magnetic tape units in the orbiter with solid-state
technology. The MMU is lighter in weight, uses less power, and provides greater
storage and faster data transfers.

In March 2002, the Space Shuttle program began an assessment to identify
upgrades and supportability investments that may be required to maintain the
Space Shuttle fleet capability to fly safely through 2020. Evaluating and prioritiz-
ing upgrade candidates were scheduled to take place after the end of FY 2002.

As a result of the 2020 assessment, the upgrades program has been restruc-
tured, and the new name for the program is the Service Life Extension Program
(SLEP). The primary objective of the SLEP is to reduce risk and to keep the Space
Shuttle safe and viable until a new human space flight transportation system is
available. The program is a well-integrated prioritization process aligned with
NASA's goals, the Integrated Space Transportation Plan, and customer require-
ments. It addresses systemwide investments in safety, supportability, obsolescence,
infrastructure, and ground systems. The prioritization process criteria include
safety, reliability, maintainability, supportability, performance, and cost reduction.
The first half of FY 2003 will be used for detailed review of potential improvement
projects, each of which will be reviewed based on the nature of the identified issue
and its attendant risk, the systems engineering impacts of the proposed improve-
ments, the alternative strategies and solutions, and the cost and schedule
projections and reserve strategies.

As part of NASA's implementation of the President’s Management Agenda,
NASA began considering competitive sourcing of Space Shuttle operations during
FY 2002. To obtain a private-sector perspective, NASA commissioned the RAND
Corporation to lead an independent task force of representatives from the business
community to identify and evaluate possible business models for future Space
Shuttle operations. The RAND study found that there is a very tight linkage
among the Space Shuttle, the ISS, and the Space Launch Initiative programs. Any

major decision on one program could have a profound effect on the others. In
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addition, a decision on the future of the Space Shuttle program could significantly
alter the options available to address future human space exploration and any
potential military space requirements. The RAND Study Task Force offered
numerous other findings and recommendations, including the following:
= Safe operations must remain the top priority.
= Market demand for Space Shuttle exists, but is very limited.
= The transfer of civil service personnel to a private-sector company has lim-
ited viability.
= Liability concerns affect Space Shuttle asset ownership, but not operations.
= The Space Shuttle program remains structured as a development program
in a form that is not conducive to independent operation by a private firm.
NASA began to factor the study findings and recommendations into its delibera-
tions as the Agency sought to develop a preliminary Space Shuttle competitive
sourcing plan at the end of FY 2002.

Of the 15 U.S. expendable launch vehicle launches in FY 2002, 5 were
NASA-managed missions. The first launch of the Atlas V launch vehicle ushered
in a new family of Atlas vehicles for use by commercial, civil, and national defense
for the next decade. All of the U.S. launches successfully deployed their payloads;
however, communication with the NASA Comet Nucleus Tour (CONTOUR)
spacecraft was lost weeks after the spacecraft deployment. A spacecraft anomaly
investigation was initiated and was underway at the end of the fiscal year.

NASA was involved with eight international cooperative Expendable
Launch Vehicle launches in FY 2002. Six of the eight launches were Russian-pro-
vided Soyuz and Progress launches to the ISS. The remaining two launches carried
NASA scientific spacecraft aboard Russian (Rockot) and Ukrainian (Zenit)
launch vehicles as part of an international scientific collaboration.

NASA and the national defense organizations involved in space launch
continued to build on their collaborative relationship by sharing launch vehicle
technical information and resources for technical penetration into current and
evolved launch vehicle systems.

In the area of Space Communications, NASA's Space Network, Ground
Networks, Deep Space Network, and Wide Area Network successfully supported
all NASA flight missions and numerous commercial, foreign, and other U.S.

Government agency missions. Included were four Space Shuttle missions, the



launch of Earth Observing System (EOS) Aqua on a Delta booster, and the launch
of NOAA-M. Over 15 ELVs were supported, including Delta, Atlas, Titan, Sea
Launch, Ariane, H-1lA, and Pegasus. Space Communications successfully sup-
ported 30 sounding rocket campaigns from Wallops Flight Facility’s (WFF) Poker
Flat Research Range and other remote sites.

The Consolidated Space Operations Contract completed the 45th month of
a 5-year basic period of performance. Operations support continued at the Johnson
Space Center (JSC), Jet Propulsion Laboratory (JPL), Goddard Space Flight Center
(GSFC), Marshall Space Flight Center (MSFC), and Kennedy Space Center (KSC).

The first of three second-generation Tracking and Data Relay Satellite
(TDRS) satellites, TDRS-H, was transitioned into operations. TDRS-1 was
launched in March 2002, and preparations were made for the launch of TDRS-J.
The Data Services Management Center at White Sands Complex (WSC) was tran-
sitioned to operations, providing cost savings and centralized scheduling capabilities
for the Space Network and Ground Network. Other cost-saving initiatives com-
pleted by Space Communications in FY 2002 included Data Services Automation at
WSC, Mission Data Storage Consolidation at JSC, and Operations Support Team
Automation at JSC. Several Wide Area Network services for the Space Shuttle and
ISS were reengineered to reduce operations costs, including replacing a domestic
communications satellite circuit between WSC and GSFC with a terrestrial circuit.
Space Communications implemented a 5.4-m Ka/S-band antenna at WFF to sup-
port Ka-band technology testing and interoperability demonstrations with the U.S.
Air Force. Commercialization continued in FY 2002 with expanded contracts with
Space Data Services (Norway) and Honeywell/DatalLynx, as well as issuance of a
subcontract to a Satellite Applications Center in South Africa.

Office of Space Flight personnel also implemented several initiatives
involving educational institutions, including the transition of selected mission
services operations for the Wide-field Infrared Explorer (WIRE) and Fast Auroral
Snapshot Explorer (FAST) spacecraft to universities (Bowie State and UC-
Berkeley) and the establishment of a Space Communications contractor
“storefront” presence at Prairie View A&M, University of Texas-El Paso, Oakwood
College, and Alabama A&M. Each storefront involves setting up a mentoring
environment near or on selected university campuses, where students are then

trained and hired to perform engineering work under the supervision of one of
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NASA's contractors. In FY 2002, Space Communications conducted international
telemedicine demonstrations between the University of Mississippi Medical
Center and doctors in Japan. Space Communications also received a Federal
Energy and Water Management Award at the Merritt Island Launch Annex.

Throughout FY 2002, NASA continued to define potential human and
robotic exploration architectures and technologies through the efforts of an inter-
agency planning team. NASA's Exploration Team (NEXT) updated a family of
strategic research and technology roadmaps that establish future directions,
options, and opportunities for Technology for Human and Robotic Exploration
and Development of Space (THREADS). NEXT also implemented a series of
highly focused technology concept validation activities ranging from new plane-
tary mobility applications, to advanced multibandgap solar arrays, to highly
redundant and reconfigurable wireless avionics boards. Finally, NEXT developed
new concepts and investigated prospects for applications of a wide range of emerg-
ing technologies for future human and robotic exploration and development of
space. These studies have changed the way NASA approaches exploration and
will be continued in FY 2003.

In partnership with NASA’s Office of Space Science and Office of
Aerospace Technology, the Office of Space Flight's Advanced Systems Office con-
tinued to identify and define common Agency space exploration goals and fund
space research initiatives such as propulsion, communications, and space power.

The Office of Space Science (OSS) ended calendar year 2001 with the suc-
cessful launch of the TIMED (Thermosphere, lonosphere, Mesosphere Energetics
and Dynamics) mission in December. TIMED is studying a region of Earth’s
atmosphere that has never been the subject of a comprehensive, long-term scien-
tific investigation. As we entered FY 2002, the Microwave Anisotropy Probe
(MAP) completed its 3-month journey and arrived at its L-1 destination, half a
million miles from Earth. MAP is a NASA Explorer mission that is measuring the
temperature of the cosmic background radiation over the full sky with unprece-
dented accuracy. This map of the remnant heat from the Big Bang will provide
answers to fundamental questions about the origin and fate of our universe.

On February 5, 2002, NASA launched the High-Energy Solar
Spectroscopic Imager (HESSI), which is a mission to study solar flares and the

gamma rays they emit. Just over 1 month after launch, HESSI made its debut by



observing a huge explosion in the atmosphere of the Sun. The solar flare was equal
to 1 million megatons of TNT and gave off powerful bursts of x rays. The new solar
flare satellite was renamed RHESSI—the Reuven Ramaty High-Energy Solar
Spectroscopic Imager—in honor of the late NASA scientist who pioneered the
fields of solar-flare physics, gamma-ray astronomy, and cosmic-ray research.

A pair of spacecraft, the Mars Global Surveyor and the Hubble Space
Telescope (HST), teamed up to provide astronomers with a ringside seat to the
biggest global dust storm seen on Mars in several decades. The Martian dust storm,
larger by far than any seen on Earth, raised a cloud of dust that engulfed the entire
planet for several months. The Sun-warmed dust raised the atmospheric tempera-
tures by 80 degrees Fahrenheit while the shaded surface chilled precipitously. The
Mars Odyssey 2001 spacecraft successfully achieved orbit around Mars following a
6-month, 286-million-mile journey. (Following aerobraking operations, Odyssey
entered its science-mapping orbit in February 2002 and began characterizing the
composition of the Martian surface at unprecedented levels of detail.)

In March 2002, the HST got its fourth and most challenging servicing to
date from the STS-109 astronaut crew. The result of their extraordinary efforts was
a Hubble that was more scientifically robust than at any other time of its 12-year
life. 1t gained new, more efficient solar arrays, a new power control unit, a resusci-
tated Near Infrared Camera and Multi-Object Spectrometer (NICMOS), and a
powerful new resource called the Advanced Camera for Surveys (ACS). The first
results from this new instrument were released on April 30, 2002, and made news
around the world. The remarkable images let us see deep into the universe with
unprecedented detail. One image of the Tadpole galaxy had a bonus: a background
that showed approximately 6,000 other galaxies—twice the number of galaxies that
are visible in the now-famous Hubble Deep Field image.

Our Far Ultraviolet Spectroscopic Explorer (FUSE) spacecraft returned to
life and full operations in March 2002, when the team developed an innovative
new guidance system. The system used a complex new set of procedures that let
controllers use electromagnets in the satellite to push and pull on Earth’s magnetic
field. Experts had speculated about such an approach as a fallback for failing satel-
lite guidance systems, but it had never been employed to steer a satellite with the

exacting accuracy needed for scientific observations.
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The Chandra X-Ray Observatory, launched aboard the Space Shuttle
Columbia in July 1999 during STS-93, continued its impressive performance and
delivered data and images, which have enhanced our current understanding of
black holes on many fronts. Chandra took the deepest x-ray images ever and found
the early universe teeming with black holes. It probed the theoretical edge of a
black hole known as the event horizon and captured the first x-ray flare ever seen
from the supermassive black hole at the center of our own Milky Way galaxy. The
Chandra observations, together with ultraviolet observations, are a major advance
in our understanding of how the universe evolved over the last 10 billion years.

The Near Earth Asteroid Rendezvous (NEAR) Shoemaker spacecraft
achieved the first soft landing on an asteroid—the culmination of a yearlong
orbital mission at the asteroid Eros during which it returned enormous quantities
of scientific data and images.

The Sun-Earth Connections program accomplishments in 2002 included the
Solar and Heliospheric Observatory (SOHO), which continued to observe the largest
sunspot in 10 years—a sunspot with a surface area as big as that of 13 Earths. This
area proved to be a prolific source of stormy solar activity, hurling clouds of elec-
trified gas known as coronal mass ejections (CME) toward Earth. SOHO also
provided the first clear picture of what lies beneath sunspots: swirling flows of elec-
trified gas that create a self-reinforcing cycle, holding the sunspot together.

July 2002 began with the loss of the Comet Nucleus Tour (CONTOUR)
Discovery mission that was to visit and study at least two comets. A failure review
team was formed, and the team members began analyzing data to determine the
cause of the loss.

Slowly rising from the Northwest region of Manitoba, Canada, near a small
gold-mining town called Lynn Lake, a massive NASA balloon began a journey on
August 25, 2002, that took it to the fringes of space. The balloon carried a solar
and heliosphere experiment called Low Energy Electrons (LEE) that weighed
1,500 pounds (690 kg). Aside from the fact that this balloon established a new
record for balloon volume (50 percent greater than NASA's standard balloon
designs), this flight should help establish a new platform for science such as ultra-
violet and x-ray astronomy.

With a focus on precollege education and the public understanding of science,

NASA's Space Science Education and Public Outreach (E/PO) program is now one



of the largest programs in astronomy and space science education ever undertaken.
E/PO activities are embedded in every OSS flight mission and research program.

NASAs Aerospace Technology Enterprise sought to improve air and space
travel, space-based communications, and high-performance computing through
fundamental research and technology development during FY 2002. The
Enterprise’s technical accomplishments were organized around three of its strate-
gic goals: revolutionize aviation, advance space transportation, and pioneer
technology innovation.

Its first strategic goal was to revolutionize aviation by enabling its safe, envi-
ronmentally friendly expansion. In FY 2002, Aerospace Technology examined
aviation accident trends and identified technologies that would improve the safety
of the national airspace system. In cooperation with the Federal Aviation
Administration (FAA) and the aviation industry, Aerospace Technology looked
into accidents and incidents involving hazardous weather, controlled flight into
terrain, human-performance-related causal factors, and mechanical or software
malfunctions. Aerospace Technology identified and assessed the situations and
trends that led to accidents and then developed information technologies for
building a safer airspace system.

These safety technologies included a self-paced, computer-based training
program to help pilots detect, avoid, and minimize exposure to icing. The program
explains the effects of icing on aircraft performance and describes how to detect
and recover from icing-related wing and tail stalls (loss of lift). Pilot testimonials,
animation, case studies, interactive demonstrations, and ice accretion images from
NASAs icing research aircraft and icing research tunnel enhance the presenta-
tion. U.S. and European airline operators, Cessna Aircraft Company, Transport
Canada, United Express, the Ohio Civil Air Patrol, and the U.S. Army Safety
Center received copies of the program, which is also available online. Originally
released on videotape in 2000, a computer-based training program for pilots of
larger aircraft became available on compact disc in FY 2002 with additional train-
ing exercises and content for student pilots. The Agency collaborated with the
FAA, the Air Line Pilots Association, and the University of Oregon on this effort.

Several weather-related safety technology demonstrations took place in
FY 2002. One, a forward-looking, turbulence warning system, completed its 20th

flight in NASA's commercial-transport-size research aircraft. The system’s per-
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formance has been excellent, demonstrating an 81-percent probability of detect-
ing severe turbulence more than 30 seconds before it happens and a nuisance
alarm rate of only 11 percent.

In addition, Aerospace Technology demonstrated software designed to help
airlines schedule flight crews for long-haul flights. Aerospace Technology based this
scheduling-assistant software on neurobehavioral, subjective, and operational
measurements collected during commercial long-haul flights. The software predicts
the effects of acute sleep loss, cumulative sleep loss, and circadian desynchrony
(disruption of the normal 24-hour cycle) on waking performance. Airlines can also
use this software to minimize practices that lead to in-flight fatigue.

In FY 2002, the first tests of a low-emission aircraft engine combustor sector
(a segment of a full combustor design) produced a nitrogen oxides reduction of 67
percent below 1996 International Civil Aircraft Organization standards. This
result is just 3 percentage points short of NASA's goal of a 70-percent reduction,
40-percent fewer nitrogen oxides emissions than current commercial aircraft
engines, and 17-percent fewer than the combustor design Aerospace Technology
demonstrated last year.

A new ceramic thermal barrier coating increases the ability of turbine
blades in aircraft engines to tolerate high temperatures. At higher temperatures,
fuel burns more completely and with fewer emissions. Turbine blades located
directly behind the engine’s hot combustor section must withstand these high tem-
peratures. In FY 2002, NASA’s coated test blades withstood temperatures 300 °F
higher than standard blades. They survived 1,200 cycles (100 hot hours) at surface
temperatures of 2,480 °F. This new coating will significantly increase the ability of
both high-pressure turbine and combustor liner components to withstand high
temperatures.

The Enterprise completed two feasibility studies in FY 2002. One consid-
ered using fuel cells to power a state-of-the-art aircraft and predicted that such an
aircraft would have a 54-nautical-mile range with a 140-pound payload. Fuel-cell
technology developments currently on the horizon may allow a fuel-cell-powered
craft to exceed the payload and range of current piston-powered aircraft. The
second study considered using liquid hydrogen to fuel a transport aircraft at today’s
state of the art, at 2009, and at 2022 technology levels, and it predicted that by

2022, hydrogen-powered transport aircraft could have a 52-percent lower gross



weight at takeoff, lower nitrogen oxides emissions, and no carbon dioxide emis-
sions while maintaining the same payload and range as conventionally powered
aircraft.

System-level noise assessments are critical to determining which technolo-
gies have the highest potential for reducing community noise. In FY 2002, a beta
version of the Advanced Vehicle Analysis Tool for Acoustics Research software
showed great promise in providing these assessments. The software had all the pre-
diction capabilities of NASA's Aircraft Noise Prediction Program and ran on the
Linux operating system. It also corrected for propagation of jet noise, could predict
noise from advanced high-bypass ratio engines and airframe subcomponents, and
accounted for wind and temperature gradient effects on noise propagation. With
these enhancements and its physics-based modeling capability, the software could
allow designers to treat the various airframe and engine noise sources as an inter-
related system and find the best set of components for noise mitigation.

In FY 2002, Aerospace Technology conducted a simulation of the interop-
erability of two new graphical traffic automation tools: the Surface Management
System and the Traffic Management Advisor. Both proved their worth to FAA
tower controllers, including the traffic management coordinator from Dallas/Fort
Worth International Airport. In the simulation, the coordinator used the tools to
decide when to switch a runway from departures to arrivals. The coordinator found
that the tools’ timelines showing predicted arrivals and departures were the most
helpful aid in determining when to change the runway configuration and in bal-
ancing departures.

The Traffic Flow Automation System, a decision-support tool for predicting
traffic loads, was developed and evaluated in FY 2002. As much as a minute ear-
lier than current tools, this tool tells FAA controllers how much air traffic will be
entering their sector of the sky. The software, running on a Unix-based computer
cluster, processed all of the air traffic in the national airspace system’s 20 Air Route
Traffic Control Centers simultaneously. The new tool predicts sector loading more
accurately than the current tool and is 15 to 20 seconds faster.

New technologies to increase small aircraft safety in nearly all weather con-
ditions can greatly increase the capacity of the Nation’s air system. The Small
Aircraft Transportation System project will develop such technologies. In

FY 2002, the project partners (NASA, the FAA, and the National Consortium for
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Aviation Mobility) began work to develop, evaluate, and demonstrate four new
operating capabilities for small aircraft.

The Aerospace Technology Enterprise’s second strategic goal was to
advance space transportation by creating a safe, affordable highway through the air
and into space. FY 2002 produced solid achievements in the development of space
launch technologies. The Enterprise achieved all of its annual performance goals.
The Space Launch Initiative Program, after extensive analyses, narrowed archi-
tecture designs and conducted stringent systems engineering evaluations to ensure
that selected designs will be viable and that NASA's future technology invest-
ments are relevant to those designs.

In FY 2002, the Space Launch Initiative program narrowed its potential
architecture designs—from hundreds to the 15 most promising—and aligned tech-
nology development investments to support them. Stringent systems engineering
evaluations ensure that designs are viable and that technology investments are rel-
evant. The Enterprise has created an advanced engineering environment to
analyze and validate data in order to ensure that the Government is a smart buyer.
Interrelated technology projects focus on such innovations as long-life rocket
engines, robust thermal-protection materials, and sophisticated diagnostic soft-
ware. Aerospace Technology has completed designs for a crew transfer/return
vehicle and has several options for near-term development.

Propulsion is one of the keys to improving space access. In FY 2002, the
Enterprise tested flight engine prototypes and components. A new liquid-
oxygen/kerosene engine may afford quick turnaround and be fully reusable. An
integrated vehicle health-management system demonstrates the potential to use
model-based reasoning software to monitor the condition of the entire space
launch system in every phase of operation.

In FY 2002, the Space Transfer and Launch Technology program completed
critical tests and established partnerships with industry and academia. Materials sci-
entists improved airframe materials, and research engineers established design
requirements for the rocket-based combined-cycle engine. The X-43C vehicle’s pre-
liminary and systems-level requirements will provide the project’s baseline goals, a
decision that moves NASA closer to procuring X-43C demonstrator vehicles.

Aerospace Technology awarded two University Research Education and Technology



Institute grants: the Universities of Maryland and Florida will each receive $5 mil-
lion annually for work in airframe and propulsion technologies research.

In FY 2002, research engineers demonstrated a 10-kilowatt ion engine
designed for use in nuclear electric propulsion systems. Such an engine, with its
nearly constant propulsion, could greatly reduce trip times for interplanetary mis-
sions. The high-power ion engine with titanium ion optics increased power by a
factor of four and produced a 62-percent greater specific impulse than the state-of-
the-art ion engine.

The Aerospace Technology Enterprise’s third strategic goal was to pioneer
technology innovation to enable a revolution in aerospace systems. In FY 2002, the
Enterprise developed engineering tools and computational architectures to reduce
system design and analysis time, link geographically distant researchers in collabo-
rative environments, speed software verification, provide adaptive capabilities for
flight control systems, reduce mission risk, and streamline mission operations.

Several demonstrations in FY 2002 showed the potential of advanced engi-
neering tools to reduce system design and analysis time and to streamline mission
operations. Engineers rapidly redesigned a crew return vehicle (to bring back
Station crews in emergency conditions) using a flight-simulation environment
while pilots provided real-time feedback on handling qualities. A high-perform-
ance computing algorithm allowed mission designers to generate a database of
reusable launch vehicle concepts without extensive numerical simulation. This
cut the time required to evaluate vehicle concepts from several months to a week
and reduced design cycle time to less than one-third that of state-of-the-art tech-
niques. An adaptive grid generator for computational fluid dynamics analysis
decreased computation time by a factor of 15.

Aerospace Technology developed a collaborative workspace to streamline
mission operations for the Mars Exploration Rover. The workspace allows dis-
persed scientists, engineers, and mission operators to interactively develop mission
plans and monitor mission status. Collaborative engineering environments could
substantially reduce the time needed to conduct tests and plan mission operations.

The Enterprise conducted a successful proof-of-concept demonstration for a
goal-oriented autonomous architecture tool. This software allowed prototype Mars
rovers to plan their own paths and determine ideal instrument placement. The

software also reduced the number of command cycles needed to direct the rover to
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reach objects of scientific interest. An intelligent flight-control system using adap-
tive neural networks—an artificial brain that learns from experience—improved
aircraft performance and reconfigured the control system to maintain vehicle sta-
bility when failures occurred. Such intelligent systems will result in safer, more
efficient flight.

In FY 2002, the Enterprise developed technology to make possible high-
data-rate space communications from small ground stations in order to provide
advanced aircraft with simplified high-lift systems using active flow control and to
demonstrate nanotechnology applications for chemical sensors and high-strength
composites. The 622-megabit-per-second space communications link provides
direct access to scientific data from satellites in low-Earth orbit using only a small,
portable ground station. The ground station uses a digital modem and is about one-
fourth the size of the ground station presently required. This affordable way for
users to communicate directly with spacecraft substantially reduces the time and
expense needed to acquire and distribute data. These small ground stations can
also supplement the existing space communications infrastructure to increase cov-
erage or redundancy.

In FY 2002, Aerospace Technology demonstrated that an active-flow-con-
trol technology could improve lift and stability on advanced aircraft. Active flow
control allows aircraft to use simpler high-lift systems that can reduce noise and
allows transport-sized aircraft to access smaller airports. Because these systems are
typically lighter, they can also reduce fuel use and emissions. In addition, a simu-
lation demonstrated how flow-control technology could affect aircraft stability.
This flow-control system used a porous wing, sections of which could reconfigure
to maintain stability when other aircraft components failed. The porous wing may
one day replace conventional control surfaces to reduce weight and improve safety.

Nanotechnology (the science of manipulating materials on an atomic or
molecular scale) may change our lives in a multitude of ways. NASA is engaged in
nanotechnology research with potential applications to aeronautics and aerospace.
For example, in FY 2002, Aerospace Technology demonstrated that it is possible
to fabricate ultrasensitive chemical sensors from carbon nanotubes by attaching
nucleic acids and other probe molecules to the nanotube’s tip. When specific
chemicals bonded with the probe molecule, a measurable change occurred in the

nanotube. Potential applications for nanosensors include the search for life on



other planets, medical diagnostics such as detecting cancer cells, and the detection
of biological and chemical threats to the Nation’s security.

In FY 2002, the Enterprise also aligned carbon nanotubes in a polymer
matrix by extrusion. This is an important first step in developing carbon-nan-
otube-based composite materials. Nanotube fibers are usually produced in tangled
bundles. Materials scientists believe that carbon-nanotube-based composites with
their fibers aligned in a single direction may be stronger than steel by a factor of
100 at one-sixth the weight. If these materials can be developed, they will signifi-
cantly reduce the weight of aircraft, launch vehicles, and spacecraft.

NASAs Earth Science Enterprise (ESE) remained dedicated to under-
standing the total Earth system and the effects of natural and human-induced
changes on the global environment. From the vantage point of space, NASA pro-
vides information about Earth’s land, atmosphere, ice, oceans, and life that is
obtainable in no other way, providing unique insights into our environment as
only NASA can. NASA continued to use the measurements from satellite systems
to study the interactions among these Earth system components to advance the
discipline of Earth system science and contribute sound scientific knowledge for
the development of environmental policy and economic investment decisions that
serve our society and improve life here. In addition to purely scientific contribu-
tions, NASA continued to develop innovative technologies and science-based
applications of remote sensing for solving practical societal problems in agriculture
and food production, natural hazard mitigation, water resources, regional plan-
ning, and national resource management in partnership with other Federal
agencies, industry, and State and local governments.

ESE science activities in FY 2002 focused on the completion of the first
Earth Observing Satellite (EOS) series and characterization of the forces acting on
the Earth system and its responses. The Earth Science Enterprise successfully
launched four spacecraft in FY 2002. Jason-1, a joint mission with France, makes
precision ocean topography measurements begun by TOPEX-Poseidon and is now
employed in weather and climate forecasts. The Stratospheric Aerosol and Gas
Experiment (SAGE I11), launched in a joint mission with Russia, measures ozone
and aerosols in the upper atmosphere. The Gravity Recovery and Climate
Experiment (GRACE), a joint mission with Germany, uses a microwave beam

between twin satellites to make precise measurements of Earth’s gravity field,
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allowing for improvement in ocean topography and enabling inferences about the
distribution of mass in Earth’s interior. Aqua, launched in May 2002, acquires pre-
cise atmospheric and oceanic measurements to enable the study of the global water
cycle, leading to the next generation of climate and weather forecasts. NASA'
unique space-based observations of the variability inherent in the Earth system
have enabled Earth scientists both to extend their view of previously observed
global environmental parameters and to extend their measurements over a pro-
gressively longer period of time using state-of-the-art observational techniques. For
the first time, NASA Earth scientists have demonstrated new global environmen-
tal observations that were not previously available. Particular advances in FY 2002
have occurred in the areas of sea ice, ocean biology, and polar ice sheets.

The extent of ice in the Arctic has been shown to have decreased by sev-
eral percent per decade from 1979 to 2000, while in the Antarctic, sea ice has been
shown to have increased slightly over roughly the same period. Moreover, the
thicker perennial ice cover in the Arctic has been observed to be decreasing by a
factor of three, which has the potential to impact ocean circulation significantly.

In the area of ocean biology, ESE gathered new data sets from two different
satellite instruments and plans to combine them to improve NASA's knowledge of the
phytoplankton distribution in the ocean. This microscopic organism serves as the base
for the marine food chain and plays an important role in the exchange of carbon
between the biosphere and the atmosphere. The exchange that takes place affects the
buildup of carbon dioxide in the atmosphere that can, in turn, affect climate.

New results from aircraft-based remote-sensing campaigns over polar ice
sheets in Greenland and Antarctica provided ESE with the ability to make a quan-
titative assessment of changes in ice cover, especially at the margins between ice
sheets and the ocean. Quantitative knowledge of the behavior of ice sheets is
important for testing climate models and improving our ability to provide assess-
ments of potentially hazardous changes in sea level and sea ice distributions. In
FY 2002, ESE completed development of the first space-based laser altimeter for
ice sheet topographic mapping for launch in FY 2002.

NASA continued to provide global observations of some of the primary
drivers of global change, including global distributions of radiatively and chemi-
cally active trace gases and aerosol particles, top-of-the-atmosphere observations

of solar irradiance, and global observations of land cover and land use change.



Particular highlights of FY 2002 achievements were made in the studies of
atmospheric aerosols and in land cover.

The most comprehensive evaluation of the global distribution and proper-
ties of atmospheric aerosols became available in FY 2002. Using data from several
NASA spacecraft, including two instruments from the Terra spacecraft launched
in 1999, the Sea-viewing Wide Field-of-view Sensor (SeaWiFS) satellite launched
in 1997, and the Total Ozone Mapping Spectrometer (TOMS) instrument
launched in 1996, an unprecedented database was created. These data also are
combined with ground-based data that can help scientists understand the impact
of atmospheric aerosols on the solar radiation that reaches Earth’s surface and thus
impacts local weather, agricultural productivity, and air quality.

Scientists used high-resolution land cover studies carried out with the
Landsat series of satellites to study how land use and changes in land cover may
impact regional and local economies. In the past year, several such studies focused
on the Mojave Desert region, rangelands in the U.S. Southwest, and metropolitan
and nonmetropolitan Michigan were completed and published. These data also
form the basis for studies of how land use change can impact the distribution of
carbon between the atmosphere and the biosphere and thus provide a rigorous
basis for future approaches to accounting for carbon emission and uptake.

Understanding how the Earth system responds to natural and human-
induced change is paramount in ESE’s efforts to accurately model potential future
climate change. NASA continued to provide the observational and modeling
tools needed to characterize and generalize these response and feedback processes
that will play such a large role in determining the future of our planet. Particular
areas of substantial advances in FY 2002 have been made in NASA studies of
clouds, oceans, and the atmosphere.

One of the major uncertainties in climate change models is the way they
represent clouds. In FY 2002, NASA made great progress in linking satellite and
in situ measurements of clouds with their effects on atmospheric radiation. In par-
ticular, data from several cloud and radiation instruments aboard the Terra
spacecraft have been useful in mapping the global distribution of clouds and their
impacts on atmospheric radiation, especially for thin cirrus clouds that have been
difficult to observe in the past. Detailed in situ observations of clouds were made

during a NASA-led campaign carried out in Florida in the summer of 2002. One
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aircraft platform, NASA's WB-57F, used a suite of more than two dozen instru-
ments to make what is the most comprehensive measurement of cloud-particle
properties ever made.

Earth’s oceans have been one of the most undersampled regions of the
global environment because of the difficulty associated with making repeated
measurements in the open ocean, away from coastal regions and islands. In
FY 2002, the results of several years of observations of Earth’s oceans became avail-
able and incorporated into models. Accomplishments of particular interest include
the completion of more than a decade of observations of sea surface height meas-
ured with the TOPEX/Poseidon satellite and the launch of its successor, Jason-1,
as well as the completion of 3 years of observations of the wind field at the ocean
surface, which drives ocean circulation, that came from the SeaWinds instrument
aboard NASA's QuikScat satellite. These data have been utilized in ocean data
assimilation models, increasing NASA's knowledge of the processes by which
ocean circulation affects climate, including the processes by which the Pacific
Ocean transitions from an EI Nifio to a La Nifia state.

The exchange of material and energy between Earth’s troposphere and strat-
osphere has an important impact on Earth’s climate. In FY 2002, satellite and
theoretical studies carried out by NASA have improved humankind’s knowledge
of the processes by which water is transported from the troposphere into the strat-
osphere and the role that high-altitude cirrus clouds can play in this process.

Although Earth science is a global science, and global-scale changes are of
great scientific interest, what may be most strongly perceived by individuals, gov-
ernments, and industry are changes at much smaller spatial scales, especially local
and regional scales. Similarly, although changes in the mean state of Earth are
important and of interest, changes in extreme events (such as droughts, floods, and
fires) may be of greater impact because of the role they play in the sustainability of
ecosystems, communities, and economic sectors. NASA has made particular
advances in precipitation studies and coastal studies in FY 2002.

Until recently, surprisingly little has been known about the extent of pre-
cipitation over much of Earth’s surface, especially tropical regions over Earth’s
major oceans. However, the precipitation in these regions has major impacts on
several elements of the Earth system, including atmospheric circulation and

oceanic conditions. In FY 2002, data from several years of operation of the



Tropical Rainfall Measuring Mission (TRMM) satellite were available, and as a
result, uncertainty about the global rainfall distribution on the tropics has been
reduced by a factor of two, and NASA's knowledge of the variation in precipita-
tion from year to year has been dramatically enhanced. Further, through data
assimilation techniques that include TRMM precipitation data and QuikScat
ocean surface wind data, short-term prediction models that account for the track,
intensity, and precipitation of tropical cyclones have been improved.

The coastal regions of the world are becoming ever more populated and,
therefore, more vulnerable to negative environmental impacts, especially those
associated with flooding from severe storm events. NASA satellite observations
are playing an increasing role in documenting the natural and human-induced
changes taking place along coastal regions and in coral reefs. Data from Landsat,
SeaWiFS, and NASA's EO-1 technology satellite are all being used to map coral
reef areas. Data from these satellites, especially SeaWiFS and EO-1, are being used
to provide information on turbid coastal waters, especially the documentation of
the amount of suspended sediments. These observations are playing an increasing
role in studies of local water pollution. NASA's altimetry observations over the last
decade have monitored sea level rise and its distribution globally.

The greatest benefit to society from NASA’s Earth Science Enterprise rests
in the improved predictive capability that comes from the synthesis of knowledge
of Earth system variability, natural and human-induced forcings, and Earth system
processes, together with the use of modeling tools and computational systems that
enable environmental prediction. NASAs unique contribution to the Nation’s
efforts center on the use of new kinds of environmental data, modeling approaches,
and data-assimilation systems for improving modeling capability. As new capability
is developed, it is NASA’s goal to transition this capability to operational agencies
within the Government, most notably (but not exclusively) the National Oceanic
and Atmospheric Administration (NOAA). Particular areas of accomplishment
for NASA in FY 2002 in the area of environmental prediction include weather
forecasting, seasonal climate prediction, and long-term climate prediction.

Data from NASA's TRMM and QuikScat satellites are now being regularly
used in weather prediction by NOAA and other national meteorological agencies.
Reductions in the uncertainty of hurricane-track forecasts have been demon-

strated through the use of these data and can lead to reductions in the size of the
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region for which evacuation orders may be issued in advance of the predicted land-
fall of a storm. The reduction in societal impact (including cost) of such reduced
evacuation areas associated with the improvement in forecasts is significant.

In order to accelerate and expand the application of NASA’s Earth science
results, data, and technology to practical problems that confront the U.S. and
Earth, the Applications Program developed an Applications Strategy: 2002-2012.
This Strategy defined the conceptual approach and strategic direction for the
Program. A cornerstone program planning accomplishment was the identification
of 12 national applications with agency partners such as NOAA, FEMA, and
USDA, which provide focus for the program implementation.

A major achievement in expanding the capability of scientific Earth obser-
vation has been the success of the Earth Observing-1 (EO-1) in meeting its
objectives of flight validating breakthrough technologies applicable to Landsat
follow-on missions. Specifically, EO-1 has validated the use of multispectral imag-
ing capability to address traditional Landsat user communities, hyperspectral
imaging capability to address the Landsat research-oriented community with back-
ward compatibility, a calibration test bed to improve absolute radiometric
accuracy, and atmospheric correction to compensate for intervening atmosphere.

Laser diodes are critical to the development of future Earth science laser-
based instruments for global measurement of ozone, water vapor, winds, carbon
dioxide, altimetry, and trace gas constituents. During FY 2002, a first-ever demon-
stration of a specialized laser system was achieved. This accomplishment is a key
to enabling the development of an eye-safe Differential Absorption Lidar system.

The Biological and Physical Research Enterprise (BPRE) seeks to exploit
the rich opportunities of the microgravity environment and space flight for funda-
mental research and commercial development, and to develop efficient and
effective technologies and methods for protecting human health in space. BPRE
continued to implement its ground and flight research programs at seven NASA
Centers and the Jet Propulsion Laboratory, as well as through the participation of
15 Commercial Space Centers (CSC), a National Space Biomedical Research
Institute, and a National Center for Microgravity Research on Fluids and
Combustion. BPRE also relied upon an extensive external community of aca-
demic, commercial, and Government scientists and engineers for the

implementation of its programs. Ground-based research precedes flight research



and employs such NASA equipment as drop towers, centrifuges, and bed-rest facil-
ities. The flight research programs used the full spectrum of platforms, including
free-flying satellites, the Space Shuttle, and now the ISS.

During FY 2002, three experiment racks, two “arctic freezers,” and the
Microgravity Science Glovebox were added to the research facilities. In addition,
48 research and technology development experiments were conducted. The BPRE
research portfolio (42 of these experiments) consisted of 11 human life sciences,
24 physical sciences, and 7 space product development experiments. In all, it was
a safe and highly productive year.

BPRE achievements included successful research on a method to reduce the
risk of kidney stones in flight, successful tests of a drug to reduce the light-head-
edness and inability to stand that can affect space travelers returning to gravity,
and suggestive new findings on the spinal cord and how reflexes change in space.
Taken together, these and approximately 20 other ongoing investigations continue
to expand our understanding of many physiological changes associated with space
flight, the risks of space flight, and the best methods for controlling these changes
and risks. NASA researchers used historical data to identify cataract risks from
space radiation and developed a statistical concept for defining the uncertainties
in space-radiation cancer risks, a concept that will allow for new research
approaches to risk assessment and mitigation to be evaluated.

Also in FY 2002, BPRE achieved several milestones in support of a radia-
tion protection plan for improved astronaut health and safety. Under the auspices of
the ISS Multi-lateral Medical Operations Panel (MMOP), the international partners
agreed to mission termination dose limits. The National Council on Radiation
Protection and Measurements has issued new recommendations on dose limits
that are being incorporated into the NASA medical requirements for astronauts.

During this past year, NASA increased the pace of ISS research to include
research in fluid physics, combustion science, materials science, and biotechnol-
ogy. Each ISS research investigation exploited the space environment to explore
questions that could not be explored on Earth. For example, researchers continued
to be excited by results from experiments on colloids in space. Colloids are mix-
tures of very small particles suspended in a liquid; paint and toothpaste are both
usually made of colloids. Physicists studying colloids in space continued to explore

the processes by which particles in colloids arrange themselves into regular pat-
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terns (crystal lattices). NASA researchers hoped that colloid experiments in space
will provide the critical information necessary for using colloids to make new
materials on Earth, establishing the new field of colloid engineering. These
processes are thought to be particularly important for developing three-dimen-
sional photonic materials, optical switches, and components for future computers.
Researchers report that they have been able to observe significant phenomena that
have never been observed on Earth.

One of the first materials science experiments on the 1ISS—the Solidification
Using a Baffle in Sealed Ampoules (SUBSA)—uwas delivered by STS-111 for mis-
sion UF2 (May 2002) and deorbited on STS-113 in November 2002. SUBSA was
conducted during Expedition Five inside the Microgravity Science Glovebox. The
Glovebox is the first dedicated facility delivered to the Station for physical science
research in microgravity, and this experiment is the first one operated inside the
Glovebox. The goals of this experiment are to identify what causes the motion in
melts processed inside space laboratories and to reduce the magnitude of the melt
motion so that it does not interfere with semiconductor production.

Early in 2002, NASA successfully demonstrated its Avian Development Facility
on Space Shuttle flight STS-108. The Avian Development Facility is designed to
incubate 36 quail eggs in flight. Eighteen of the eggs are exposed to microgravity
(very low levels of gravitational forces), and 18 are spun in a centrifuge to simulate
gravity. Researchers can use the developing quail embryos as models for exploring the
effects of the space environment on development. The initial flight of the facility
was focused on examining the growth and development of the balance system in the
inner ear, as well as on the development of the skeleton.

NASA also chartered the Research Maximization and Prioritization
(ReMaP) Task Force to help identify research priorities for BPRE. The task force
provided an interim report in July 2002 and presented its final report to the NASA
Advisory Council in September. ReMaP evaluated research productivity and pri-
orities for the entire scientific, technological, and commercial portfolio of BPRE.
The findings and recommendations in the ReMaP report provide a framework for
prioritizing a productive research program for BPRE and for the ISS. The report
identifies two overarching programmatic goals. The first involves research
enabling human exploration of space; the second involves basic research of intrin-

sic scientific interest.



In FY 2002, the CSC consortia attracted commercial funding in cash and
in kind by a factor of 2.7 as they received from NASA. Thirty-five new industrial
partners were reported, easily surpassing the goal of 10. The companies identified
are active in a variety of fields including technology development, human interest
proteins, paper products, education, and computer systems. Two products were
brought to market in FY 2002: the Space Rose fragrance product discovered on
STS-95 by the Wisconsin Center for Space Automation and Robotics (WCSAR)
as an ingredient in “Impulse Body Spray” and the variant “Moon Grass” marketed
by Lever Faberge (part of Unilever), launched in January 2002 in the United
Kingdom. Meanwhile, Flow Simulation Services, a Solidification Design Center
affiliate of CSC in Albuquerque, NM, began marketing software that will enable
improved process design for particulate molding processes. The software ARENA-
FLOW is initially being marketed to the metal casting manufacturing industry, but
future applications are being pursued in food and pharmaceutical production,
aerosol drug delivery, and other biotech applications.

BPRE outreach programs continued to involve students and educators in
space research opportunities in both formal and informal learning environments.
During the past year, five National Education Conferences, with a total atten-
dance of over 70,000 teachers, featured BPRE-sponsored workshops and
demonstrations. Additionally, BPRE was a full participant in each Conference’s
“One NASA” exhibit. Displays illustrated current research through demonstra-
tions of hands-on activities connecting space research to classroom curricula.
Numerous educational publications were distributed.

NASA's Office of External Relations continued its international activities,
expanding cooperation with NASA’s partners through new agreements, discus-
sions in multilateral fora, and support for ongoing missions. NASA concluded over
60 cooperative and reimbursable international agreements for projects across all of
NASA's Strategic Enterprises. These agreements included ground-based research,
aircraft campaigns, and satellite missions in the fields of space and Earth science.
Significant international agreements signed during this fiscal year included a
Memorandum of Understanding between NASA and the Norwegian Space
Center, signed November 14, 2001, for a variety of cooperative space activities,
including sounding rocket activity, space science, Earth science, and satellite data

acquisition and tracking. Another key agreement, signed July 5, 2002, established
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arrangements for NASA and the Institute for Space and Astronautical Sciences of
Japan to conduct balloon-borne experiments with a superconducting magnet spec-
trometer to search for antinuclei and measure antiprotons and other components
of cosmic rays. In addition, NASA and the European Space Agency (ESA)
extended the existing Memoranda of Understanding for the HST and for the
Ulysses mission.

NASA participated in numerous international meetings designed to review
ongoing cooperation or foster new cooperation. These included the Committee on
Earth Observation Satellites (CEOS) annual plenary meeting and meetings of the
United Nations Committee on Peaceful Uses of Outer Space and its subcommit-
tees. Throughout the year, NASA engaged in discussions with current and
potential future partners at the senior management level, hosting visitors from

around the world and visiting foreign space officials.



DEPARTMENT OF
DEFENSE
DOD

During FY 2002, the Department of Defense (DOD) engaged in a wide variety of
aerospace activities. In terms of environmental monitoring, the National Polar-
orbiting Operational Environmental Satellite System (NPOESS), a tri-agency
program among NASA, DOD, and the Department of Commerce (DOC) that
converges the DOD and DOC/NOAA polar-orbiting weather-satellite programs,
continued to progress. In FY 2002, the NPOESS Integrated Program Office (IPO)
awarded the Shared System Performance Responsibility contract to Northrop
Grumman Space Technology (formerly TRW), and the program moved into the
Key Decision Point-C (KDP-C) Acquisition & Operations phase. The NPOESS
Preparatory Project (NPP), an IPO/NASA joint mission to provide a crucial early-
flight and risk-reduction opportunity for several major NPOESS sensors, also
continued to progress in FY 2002. NPP is planned for an FY 2007 launch.

DOD, NASA, NOAA, and other Federal agencies continued to make good
progress in FY 2002 on implementing activities for the Space Weather
Architecture Transition Plan. DOD continued to participate in the NASA initia-
tive Living with a Star, a systems approach to studies of Sun-Earth connections.

The Global Positioning System (GPS) constellation consists of a total of 28
satellites providing unprecedented levels of accuracy in support of national secu-
rity, worldwide transportation safety, and scientific and commercial interests. In
2002, development efforts continued on the GPS modernization program to add
new military signals (known as the M-code) to Block IIR and IIF satellites, a
second civil signal on IIR satellites, and a third civil signal (L5) on IIF satellites.
Flexible power will enable the warfighter to adjust power levels between the new

military code (M-code) and the current military signal (PY Code). Flex power will
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give warfighters the flexibility to change power requirements as mission operations
dictate while providing significant additional antijam capability. In 2002, the Air
Force continued concept exploration of GPS 11, the next generation of GPS systems.

Of the 15 U.S. ELV launches in FY 2002, 4 were DOD-managed missions.
The Evolved Expendable Launch Vehicle (EELV) program had a successful first
launch for Atlas VV on August 21, 2002. Other significant launches included clas-
sified payloads for the National Reconnaissance Office (NRO) on a Titan 1V in
early October and an Atlas Il in late October 2001, as well as a Titan IV Milstar
launch in January and a NOAA-M Titan 2 launch in late June 2002.

The NASA/U.S. Air Force (USAF) Reusable Launch Vehicle Development
120 Day Study, out-briefed in February 2002, was chartered by the Secretary of the
Air Force and the NASA Administrator to investigate requirements and concepts
for a new generation of Reusable Launch Vehicles to meet our national needs. This
effort addressed concepts of operation, operational requirements, and technical
requirements from both the NASA and Air Force perspectives. The study set the
stage for cooperation between the two organizations on upcoming efforts such as
the Operationally Responsive Spacelift Analysis of Alternatives.

Construction began in June 2002 on a backup Space Based Infrared System
(SBIRS) operational ground station at Schriever Air Force Base (AFB), CO. The
first Highly Elliptical Orbit (HEO) payload completed integration in 2002 and was
on track for delivery in summer 2003; the first Geostationary Orbit (GEO) satel-
lite is planned for delivery in March 2006, with a planned launch in October 2006.
The Attack and Launch Early Reporting to Theater (ALERT) missile warning
mission was assumed by the SBIRS Mission Control Station at Buckley AFB, CO,
and ALERT was deactivated on September 25, 2002, after operational acceptance
of the Interim Mission Control Station Backup. The facility was turned over to the
Missile Defense Agency for use in the Ballistic Missile Defense System test bed.

The DOD Space Test Program (STP) continued to actively foster existing
and new partnerships between DOD and NASA. The $223.5-million Coriolis
satellite mission is a technical risk-reduction experiment for NPOESS. It was
acquired under NASA's Rapid Satellite Acquisition process.

STP had three successful Shuttle/ISS missions during 2002, with a total of
five experiments flown. In December 2001, STS-108 hosted the Ram Burn
Observation (RAMBO) Experiment and Shuttle lonospheric Modification with



Pulsed Localized Exhaust (SIMPLEX) experiment. These experiments flew again
on STS-110 in April 2002. RAMBO used an operational satellite to view Shuttle
engine firings to optimize band selection for SBIRS and improve the fidelity of
DOD plume models. SIMPLEX observed ionospheric disturbances created by
Shuttle engine burns via ground radar sites and supported plume technology,
plume signature, and space weather modeling. In June 2002, RAMBO was again
successful on STS-111 with a total of four Shuttle engine burns viewed. In 2002,
STP actively explored how it could cooperate with NASA in building experiment
pallets called EXPRESS for the ISS. Funding limitations prevented any concrete
agreements from being reached, and discussions will continue in 2003.

In late FY 2002, STP was working with DOD, NASA, the commercial
sector, and the Federal Communications Commission to obtain a 1-year radio fre-
quency license extension for the Picosat experiment. Picosat was launched in
September 2001, as part of NASA’s Kodiak Star mission, from the Kodiak Island

Launch Complex on an Athena booster.
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FEDERAL AVIATION
ADMINISTRATION
FAA

During FY 2002, the Federal Aviation Administration (FAA) continued its criti-
cal mission to ensure a safe, secure, efficient, and environmentally friendly civil air
navigation and commercial space transportation system. The year, however, saw
some significant changes in the FAA' research and development (R&D) program.
In the wake of the tragic events of September 11, 2001, the focus of aviation secu-
rity R&D was dramatically readjusted to meet the challenges of the new
environment, and responsibility for aviation security R&D moved to the newly
created Transportation Security Administration within the Department of
Transportation.

To accomplish its efficiency goal, FAA researchers have worked on devel-
oping new technologies and procedures to reduce system delays, improve
performance in bad weather, provide air-traffic services to a wider range of aircraft,
apply satellite-based navigation and positioning technology, and increase system
flexibility and adaptability.

A recent estimate by the FAA identified weather as causing 69 percent of
flight delays and approximately 30 percent of accidents. On March 27, 2002, the
FAA reached a milestone in ensuring the safety of the flying public: the Current
Icing Potential (CIP) weather-safety product became fully operational at the
National Weather Service Aviation Weather Center in Kansas City, MO. This
product, which generates around-the-clock support, provides information on cur-
rent in-flight icing conditions and is used for planning flights, determining route
changes, and selecting altitudes. The CIP, developed by the National Center for
Atmospheric Research in Boulder, CO, with funding from the FAAs Aviation

Weather Research Program, is derived from radar and satellite data, surface obser-
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vations, numerical models, and pilot reports. Users can access CIP information on
the Internet via the Aviation Digital Data Service (ADDS) Web site. Using the
ADDS Flight Path Tool, the user can select a flight route and view a cross-section
display that allows selection of flight altitudes that minimize the possibility of
encountering icing en route. CIP provides the user with information on icing
“potential” (likelihood of icing) and is updated on an hourly basis.

The FAA also completed the development and implementation of a newly
improved version of the Rapid Update Cycle (RUC) numerical weather model.
The RUC20, with its 20-kilometer resolution, provides improved aviation and sur-
face weather forecasts. It features increased horizontal resolution and 50 vertical
levels. This version improves the overall accuracy of weather data being fed into
aviation-weather applications. The smaller grid spacing used by the RUC20 pro-
vides better resolution of variations in terrain elevation, land-water boundaries,
and other land-surface discontinuities. This type of detail leads to improved fore-
casts of regional and local precipitation and surface wind phenomena important
for aviation operations. The RUC20 assimilates satellite cloud data to improve its
cloud, icing, and precipitation forecasts. It also handles convective and noncon-
vective clouds more effectively. The enhancements in the RUC20 for aviation
operations will result in more realistic frontal structures, including areas of poten-
tially hazardous turbulence and icing, and more accurate forecasts of surface winds,
temperature, and precipitation. RUC forecasts of jet-level winds and temperature,
critical for U.S. flight routing and air-traffic management, are also improved with
the RUC20. The RUC20 produces new analyses and short-range forecasts on an
hourly basis. The RUC20, developed by researchers from the National Oceanic
and Atmospheric Administration’s Forecast Systems Laboratory, with funding
from the FAAs Aviation Weather Research Program, is operated by the National
Weather Services’ National Center for Environmental Prediction.

The FAA' Free Flight Program encompasses two Phases. Between 1998 and
2002, the Free Flight Phase (FFP) 1 program deployed a number of tools, such as User
Request Evaluation Tool (URET), Traffic Management Advisor (TMA), and Surface
Movement Advisor, products of the R&D program. FFP2 began in FY 2000 as a vehi-
cle for further deployment and enhancement of URET, TMA, and Collaborative
Decision Making. FFP2 also has a mandate to pursue research into new automation

tools. During 2002, the FFP2 research program had several successes.



Direct-To, developed by NASA Ames Research Center, is a decision-sup-
port tool for the radar controller (R-side) that will provide advisories for
traffic conflicts and direct routes. It includes an interactive trial planning
function that allows the controller to quickly visualize, evaluate, and enter
route and altitude changes. In FY 2002, the FAA and NASA conducted
operational evaluations of Direct-To in the FAA Technical Center’s
Integration and Interoperability Facility with the FAA's Air Traffic Conflict
Probe Team and the Air Traffic Display System Replacement (DSR)
Evolution Team to further refine the FAA's operational concept.

Problem Analysis, Resolution and Ranking (PARR), developed by the
MITRE Center for Advanced Aviation System Development, is an exten-
sion of the FFP 1 URET. The Initial PARR Assisted Resolution Tool (ART)
will provide the radar associate controller (D-side) with a set of tools to sup-
port the development of strategic resolutions to URET-predicted
aircraft-to-aircraft and aircraft-to-airspace problems. In FY 2002, the FAA
conducted controller-in-the-loop simulations of initial PARR/ART to fur-
ther refine the operational concept of use for ART.

Traffic Management Advisor-Multi-Center (TMA-MC) is an extension of
the FFP 1 Traffic Management Advisor tool to a multifacility environment.
The purpose of TMA-MC is to assist traffic-management coordinators in
planning and managing streams of traffic into selected airspace, as well as
into selected Terminal Radar Approach Control (TRACON) facilities that
receive traffic from two or more en route centers. The FAA and NASA
Ames Research Center jointly managed the research and development of
TMA-MC, which is focused on the Northeast corridor, with the goal of
improving the arrival flows into Philadelphia International Airport, as well
as identifying the requirements for TMA-MC at the New York airports.
During Fiscal Year 2002, a TMA-MC test bed was established in the FAA
Technical Center’s Free Flight Technology Integration Laboratory (FFTIL).
Functional demonstrations and simulations were conducted both at NASA
Ames Research Center and in the FFTIL test bed. In addition, in prepara-
tion for the TMA-MC field evaluation planned for Fiscal Year 2003,
researchers established data feeds from Boston, Cleveland, New York, and

Washington Air Route Traffic Control Centers to laboratories at both
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NASA Ames Research Center and the FFTIL for continued development

and testing of the TMA-MC prototype. The FAA also conducted the first

Host Computer System/TMA-MC National Airspace System noninterfer-

ence demonstration in the FFTIL.

= In 2002, researchers successfully prototyped and evaluated the Slot Credit

Substitution (SCS) tool in conjunction with participating airlines. SCS

allows airlines greater flexibility in swapping aircraft between “slots” that

have been allocated to them in the ground-delay program.

The adverse environmental byproducts of aviation—primarily noise and
emissions—are major constraints on the growth of aviation. Public concerns about
the environmental effects of aircraft and airport operations, as well as increasingly
strict requirements embodied in laws and regulations, can severely constrain the
ability of the aviation system to meet the Nation’s need for mobility, increased
trade/market access, and sustained economic growth. The FAA's environment and
energy program seeks to develop superior decision-support tools and ensure that
response strategies protect both the environment and aviation’s economic health.
On June 20, 2002, the FAA and NASA signed a new Memorandum of Agreement
(MOA) to leverage each other’s aircraft noise-reduction technology investments.
This MOA aims to form the basis upon which the FAA and NASA will build pro-
grams to achieve the joint long-term national goal of containing objectionable
aircraft noise within airport and compatible land-use boundaries. In August 2002,
the FAA executed a new interagency agreement with NASA in the amount of
$18,161,000 to commit to the tasks outlined in the MOA focusing on advancing
the technology readiness level of high-impact technologies.

During FY 2002, the FAA released an enhanced version of the Emissions
and Dispersion Modeling System (EDMS). EDMS assesses the air-quality impacts
of airport emission sources, particularly aviation sources, which consist of aircraft,
auxiliary power units, and ground-support equipment. The Environmental
Protection Agency (EPA) accepts this model as a “Preferred Guideline” model,
and it is crucial for the FAA to perform the air-quality analyses of aviation emis-
sion sources for airport expansion projects. This new version incorporates
enhancements resulting from a landmark aircraft plume study conducted by the
FAA, in coordination with the Department of Transportation’s Volpe National

Transportation System Center, the University of Central Florida, and the National



Oceanic and Atmospheric Administration. The study provided the first-ever
measurements of aircraft plume rise and spread from aircraft engine exhaust. The
results allow a significantly enhanced model of aircraft plume behavior, which
enables more prediction of local concentrations of pollutants, and greatly increase
the accuracy of current aircraft engine exhaust dispersion modeling.

The FAA also completed a first-time review and analysis of all available
data and research findings on particulate matter emissions from aircraft engines.
The effort enabled the FAA to develop a first-order approximation methodology
to estimate these emissions.

The FAA's aircraft safety technology R&D program addresses the many haz-
ards that face all aircraft, as well as special hazards endemic to select portions of
the civil aircraft fleet.

Bonded composite doublers offer airline maintenance facilities a cost-effec-
tive way to extend the lives of aircraft safely. Instead of riveting multiple steel or
aluminum plates to repair an aircraft, it is now possible to bond a single boron-
epoxy composite doubler to the damaged structure. During the FY 2002,
researchers at the FAAS Airworthiness Assurance Nondestructive Inspection
Validation Center (AANC) completed an experimental project in which they
installed composite repair doublers on inservice commercial aircraft. The project
validated a family of generic composite patches used to repair various types of
damage to metallic structures caused by dents, dings, lightning strikes, corrosion,
and certain cracks in nonpressurized areas. Researchers also identified necessary
guidance data needed to ensure the continued airworthiness of composite
doublers.

In conducting this program, the AANC focused its attention only on the
DC-10/MD-11 aircraft and worked collaboratively with FedEx, Boeing, and
Textron Specialty Materials. This project built upon research conducted with
Delta Airlines to validate the use of a composite reinforcement on an L-1011 door-
frame corner. Future users of this technology are all of the airlines and
maintenance depots that currently apply metallic repairs. Industry interest in using
composite doubler repair has grown considerably since the results from this study
have shown that the finished doublers are lighter in weight, corrosion-resistant,

stronger, and faster to install than a typical riveted aluminum plate repair.
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At the request of the FAA's Seattle Aircraft Certification Office, investiga-
tors from the AANC recently completed an experiment to asses the reliability of
a sliding probe eddy-current procedure for its effectiveness in finding second- and
third-layer cracks in certain Boeing 737 lap splice joints. Lap splice joints are an
area on the fuselage of an aircraft where two sheets of aircraft skin overlap and are
riveted together. The findings will be taken into consideration in the development
of revised and new lap splice inspections.

One of the current activities of the Engine Titanium Consortium is the
development of improved ultrasonic inspection capability for nickel alloys used in
jet engines. The Consortium is an FAA-funded group consisting of General
Electric Aircraft Engines, Honeywell, lowa State University, and Pratt &
Whitney. As a result of this effort, researchers have demonstrated a significant
improvement in inspection sensitivity. Billets of both Waspaloy and Inconel 718
were inspected. These are the primary nickel alloys used in critical rotating jet-
engine components. The program goal was to develop a fourfold improvement in
inspection sensitivity over conventional practice for billets up to 10 inches in
diameter. The researchers substantially exceeded this goal.

In FY 2002, the FAA continued its Operational Loads Monitoring Program,
which includes data collection for both flight and landing loads on civil transports.
During the year, the FAA Operational Loads Monitoring team provided special-
ized data and analysis for operational loads to the Aviation Rulemaking Advisory
Committee, which is developing recommendations for the certification criteria for
the A-380 airplane. Agency researchers also merged sink-speed data at touchdown
(collected during video landing-parameter surveys at the New York John F
Kennedy International, Honolulu International, and Heathrow International air-
ports) into a single database and presented the data to the Advisory Committee so
that it could assess whether or not to increase the limit load design sink speed of
25.475 above the stated 10-feet-per-second level for the new generation of super
heavy widebody airplanes.

Ice accretions, which disrupt the normal, smooth airflow over the wing, can
seriously affect the aerodynamic efficiency of an aircraft wing. The severity of
these aerodynamic effects (loss of lift, increase in drag) depends not only on the
ice accretion, but also on the aerodynamic characteristics of the wing cross section

(airfoil). Recent accidents and incidents in icing conditions have underscored the



need for a systematic study of the sensitivity of different airfoil types to ice accre-
tion and of the most critical ice shape locations for different types of airfoils. In
response to these and related concerns, the FAA has sponsored a long-term
research investigation at the University of Illinois at Urbana-Champaign. The
program includes aerodynamic testing in the university’s wind tunnel and in
NASA's low-pressure turbulence tunnel at the Langley Research Center in
Hampton, VA, as well as extensive computational fluid dynamics investigations.
An important conclusion of the investigation is that the severity of the aerody-
namic consequence of the ice is strongly dependent on the geometry of the airfoil
as reflected in its pressure distribution and lifting characteristics.

Because the possibilities for expanding existing airports or building new
ones is limited, FAA researchers are developing and evaluating new technologies
that will result in new safety standards, criteria, and guidelines for those who use,
design, construct, operate, and maintain this Nation’s airfields. As part of this
effort, in FY 2002, the FAA began a research effort to investigate operational prob-
lems resulting from the installation of in-pavement Runway Guard Lights (RGLS)
at entrances to the runways at Chicago O’Hare International Airport. Specifically,
pilots exiting the runways at locations where flashing yellow RGLs were located
reported seeing considerable reflected light from the recessed fixtures, to the
extent that several pilots halted short and informed air traffic controllers that they
were concerned about possibly entering a construction area. Researchers deter-
mined that changing the flash pattern of the system, thus eliminating the random
flashing appearance created from the rear side of the installation, would be the
most beneficial solution. As a result of the evaluation, it was determined that the
United States should change its specification for the system and standardize the
inset runway guard light configuration as a transverse array of simultaneously flash-
ing yellow lights in place of the current configuration.

The FAA requires that human factors be systematically integrated at each
critical step in the design, testing, and acquisition of new technology introduced
into the national aviation system. Through research in areas such as selection,
training, workload, and communication, the agency is identifying the most effec-
tive procedures to be used in combination with new technology applications and
a more capable workforce to make the global air transportation system of the future

safer and more efficient.
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FAA researchers and National Air Traffic Controllers Association (NATCA)
representatives conducted a beta test of JANUS, a technique for analyzing causal
human factors in operational errors. As a part of this process, the FAA and NATCA
signed a national Memorandum of Understanding for the beta test and validation
processes. Researchers trained in the use of the JANUS taxonomy collected data
from 79 operational errors at towers, TRACONSs, and Air Route Traffic Control
Centers (ARTCCs). Additionally, support was provided to the Runway Safety
Program during review of the runway incursion at Linate Airport in Milan, Italy.
Researchers used air traffic control (ATC) voice transcripts and other available
information to identify and classify potential human and contributing factors using
the JANUS technique. The FAA completed a draft version of JANUS for ground
operations, and data from existing FAA databases are currently being used to assess
the sufficiency of the available human factors information.

The FAA, working with the Department of Transportation’s Volpe National
Transportation Systems Center, developed a prototype CD-ROM training tool for
tower controllers. This interactive CD is based on the highly successful booklet
“Runway Safety: It’s Everybody’s Business.” The tool contains “learn-by-doing” mod-
ules on memory, communications, attention and perception, teamwork, and fatigue.
It also contains information on the limitations of short-term memory and the effects
of distractions, the effects of expectation and selective attention on information pro-
cessing, common errors in controller-pilot communications and how to avoid them,
effective teamwork strategies that can help mitigate the effects of individual errors,
and techniques for avoiding and managing the effects of fatigue.

In FY 2002, the FAA finalized reports for the congressionally directed shift
work and fatigue studies. The Civil Aerospace Medical Institute published and dis-
tributed to 20,000 FAA controllers a pamphlet describing the results of the survey
and a multimedia CD containing instructions and hints on how to cope with shift
work and fatigue. The agency also published three Office of Aviation Medicine
technical reports on shift work and fatigue. Researchers made presentations of data
from survey, field, and laboratory studies to the Annual Scientific Meeting of the
Aerospace Medical Association and the Annual Convention of the American
Psychological Association. To view these technical reports online, go to
http://www.cami.jccbi.gov/AAM-400A/Abstracts/2002/FULL%20TEXT/0208. pdf
and http://www.cami.jcchi.gov/AAM-400A/Abstracts/2002/FULL%20TEXT/0213.pdf.



FAA researchers and certification specialists began testing a new comput-
erized decision-support tool to help agency certification specialists and aircraft
designers ensure that aircraft flight-deck technologies are user-friendly. This deci-
sion aid has been designed to assist certification and design personnel in
identifying, assessing, and resolving potential design-induced human performance
errors that could contribute to aviation incidents and accidents. In addition to
enhancing the speed, accuracy, and repeatability with which certification engi-
neers can access relevant regulatory and human factors information to make their
decisions, this tool was designed to help designers identify possible design changes
to alleviate human performance issues and help researchers identify gaps in current
human factors knowledge. This PC-based software has been designed with three
major databases addressing regulatory information, flight-deck components, and
human factors considerations. In the current version, the information in the data-
bases focuses on flight-deck displays. In the next version, which will be completed
in 2003, the databases will be expanded to address flight controls.

The FAA and aviation community are developing surface map displays that
will provide real-time information regarding traffic positions on the airport tarmac.
Human factors researchers completed a draft report entitled Human Factors
Considerations in the Design of Surface Map Displays. This document captures all the
human factors issues relevant to the design and development of surface map appli-
cations and will support Aircraft Certification in their review and evaluation of
surface map displays. The report was used as a source of material for human factors
guidance in the development of the RTCA SC-181 draft revision of the Minimum
Operational Performance Standards for the Depiction of Navigational Information on
Electronic Maps (DO-257).

Electronic flight bags (EFB) are quickly becoming multifunction devices sup-
porting an array of applications beyond those of a traditional flight bag, from
electronic messaging to displaying current weather. In order to help FAA evalua-
tors, system designers, manufacturers, and users understand the human factors
considerations that may be associated with EFBs, Human Factors Consideration in the
Design and Evaluation of EFBs, Version 2.0, was developed at the Volpe NTSC. This
publication supports FAA EFB Advisory Circular (AC 120-76) and covers human
factors system considerations and four EFB functions: electronic documents, elec-

tronic checklists, flight performance calculations, and electronic charts.
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The Human Factors Design Guide for Acquisition of Commercial Off-the-Shelf
Subsystems, Non-Developmental Items, and Developmental Systems is a comprehen-
sive compilation of human factors standards, principles, and guidelines integral to
the procurement, design, development, and testing of FAA systems, facilities, and
equipment. The FAA is updating this important human factors reference tool.
Soon to be released as a design “standard,” the guide will provide a single, easy-to-
use source of human factors design criteria oriented to the needs of the FAA
mission and systems. The new document, called the Human Factors Design
Standard, revises and expands upon the previously published material. It broadens
the focus to include both air traffic and airway facilities systems and has been mod-
ified into a set of standards instead of a set of guidelines, providing a common
source of FAA-specific design requirements. Chapter 5: Automation Guidelines is
now online at http://www.tc.faa.gov/ act-500/hfl/index.html.

The 2002 Access to Egress Study was the largest cabin-evacuation study ever
conducted by the FAA. A total of 2,544 people participated in various group trials
to determine passageway configuration, hatch disposal location, and aircraft evac-
uation through a Type Il exit (over the wing). Findings indicated that hatch
disposal location slowed egress in some access aisle width configurations but not in
others. Waist size, gender, and age all affected individual exit time. The findings
are consistent with prior research showing that passageway configuration has only
minimal effects on emergency egress as long as ergonomic minimums involving
hatch removal are respected. In contrast, differences in the physical characteristics
and level of knowledge of individual participants produced large differences in
emergency evacuation performance. The results of this research can be found
online at http://www.cami.jcchi.gov/AAM-400A/Abstracts/2002/FULL%20TEXT/
0216_low.pdf.

The FAAs cabin safety researchers completed an Evacuation Slide Study
research program to determine the most favorable methods for the evacuation of
infants using inflatable emergency evacuation slides and the Type Il (overwing)
exit. Researchers conducted simulated emergency evacuations from the Civil
Aerospace Medical Institute Aircraft Evacuation Facility using a Type | exit fitted
with a Boeing 737 evacuation slide. Agency researchers analyzed the results with
respect to speed of egress relative to the effects of the carrying and boarding posi-

tions. They also analyzed participant responses to a questionnaire regarding



comfort and safety. For speed of egress, the study demonstrated that jumping onto
the slide facilitated faster egress times than sitting to board the slide. Results also
suggested that appropriate carrying and boarding positions for small children
would be those most comfortable for the parent and those providing support for
the child’s head and neck. In some trials, the researchers instructed the partici-
pants on how to carry the dummy or to pass the dummy to another participant who
had already exited. Results confirmed the expectation that passing an infant to
another participant would produce slower egress than carrying the infant. The
results also suggested that the appropriate carrying position would depend on the
size of the infant. These research results will support cabin evacuation training and
procedures development for improved infant evacuation.

The FAA's Office of the Associate Administrator for Commercial Space
Transportation (AST) licenses and regulates U.S. commercial space launch activ-
ity, ensures public health and safety and the safety of property, and protects
national security and foreign policy interests of the United States. AST also
licenses operation of non-Federal launch and reentry sites and facilitates and pro-
motes commercial space launches by the private sector.

During Fiscal Year 2002, there were eight commercial launches that were
licensed by AST. Six orbital launches included the first Atlas V launch vehicle
built by Lockheed Martin with services provided by International Launch
Services. The remaining orbital launches were two additional Atlas launches, two
Boeing Delta Il launches, and one Sea Launch Zenit 3SL launch from a Pacific
Ocean launch platform. Two Orion-Terrier suborbital launches by Astrotech took
place from Australia. AST also issued a license for the first launch of Boeing’s
Delta IV launch vehicle. AST issued an advisory circular, Licensing Test Flight
Reusable Launch Vehicle Missions, and a Supplemental Notice of Proposed
Rulemaking on Licensing and Safety Requirements for Launch. The Air Force and the
FAA released a draft Memorandum of Understanding for Resolving Requests for
Relief from Common Launch Safety Requirements.

A report requested by Congress, the Liability Risk-Sharing Regime for U.S.
Commercial Space Transportation, was delivered to Congress and released to the
public. The report concluded that the current liability risk-sharing regime is ade-
quate, appropriate, and effective for the U.S. launch industry. Other reports

released by AST include FAA and Industry Guide to RLV Operations and Safety

JB9A | BOSIA h

c00¢

S9111A11DY



SN
N

President

Space Report of the

and

Aeronautics

Approval; 2002 U.S. Commercial Space Transportation Developments and Concepts;
Vehicles, Technologies, and Spaceports; and the 2002 Commercial Space Transportation
Forecasts. The forecasts, prepared by the FAA and its Commercial Space
Transportation Advisory Committee, projected an average worldwide demand of
20.5 launches per year to geosynchronous orbit and 6.3 launches per year to non-
geosynchronous orbits between 2002 and 2010. AST also hosted its fifth annual
commercial space transportation forecast conference. Reports and other docu-

ments can be found on the FAA/AST Web site at http://ast.faa.gov.



DEPARTMENT OF
COMMERCE
DOC

In FY 2002, the Department of Commerce (DOC) engaged in a wide variety of
activities that furthered U.S. interests in aeronautics and space, including satellite
operations and licensing, technology development, trade promotion, and civilian
and commercial space policy support.

A Department-wide activity of note was participation in the Space Policy
Coordinating Committee (PCC), established by the National Security Council. The
Office of Space Commercialization (OSC), the National Oceanic and Atmospheric
Administration (NOAA), and the International Trade Administration (ITA)
assumed active roles in interagency space matters under the Space PCC. Commerce
has two Space PCC representatives: ITA Assistant Secretary for Trade Development
Linda M. Conlin and NOAAs National Environmental Satellite, Data, and
Information Service Assistant Administrator Gregory W. Withee. President George
Walker Bush’s National Security Policy Directive 15, signed in June 2002, initiated
a review by the Space PCC of all U.S. space policies. Staff representatives from
OSC, ITA, and NOAA participated in both the remote-sensing and space-trans-
portation working groups, which were tasked to revise relevant U.S. Government
policy. In these efforts, the bureaus worked closely to emphasize and articulate the
key contributions of commercial interests to U.S. national and economic security. In
further support of this effort, ITA arranged briefings to U.S. industry by the National
Security Council to gain industry support for the new policies.

NOAA reported space-related activities across its organization in FY 2002.
In the area of geostationary satellites, two Geostationary Operational
Environmental Satellites (GOES)—GOES-8 or GOES-East, stationed at longi-
tude 75° W (launched in April 1994), and GOES-10 or GOES-West, stationed at
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longitude 135° W (launched in April 1997)—continued to provide the kind of
continuous monitoring necessary for intensive data analysis during severe weather
conditions such as hurricanes, tropical storms and depressions, tornados, and
floods. These satellites transmit full-disc views of the majority of the Western
Hemisphere that provide a constant vigil for the atmospheric “triggers” for severe
weather conditions. When such conditions develop, the components of GOES
satellites are able to monitor storm development and track storms’ movements. In
addition to satellite operations, NOAA continued to provide space-weather mon-
itoring and forecasts to protect spacecraft and power grids. NOAA's newest
environmental satellite, GOES-12, launched last year and currently being stored
in orbit, has successfully completed testing and is ready to replace one of the coun-
try’s older weather satellites when needed.

NOAA's National Environmental Satellite, Data and Information Service
(NESDIS) made preparations to strengthen Pacific geostationary satellite coverage
by preparing to use GOES-9 when failure occurs in the aging Japanese
Geostationary Meteorological Satellite (GMS)-5. Launched in 1995, GMS-5 is
past its useful life and is encountering imaging problems and fuel shortages.
GOES-9, also launched in 1995 and currently in storage mode, does not meet U.S.
weather-forecasting requirements but does have sounding and limited imaging
capabilities, which will supply data comparable to that of GMS-5. In preparation
for this operation, the Japan Meteorological Agency is providing upgrades to an
antenna at NOAAs Fairbanks Command and Data Acquisition Station and related
operations costs. These efforts have led to a subsequent agreement that provides
continuity of satellite services not only for Japan, but also for U.S. civilian and mil-
itary assets and U.S. territories in the western Pacific. The agreement with Japan
contains a provision for Japan to back up U.S. satellite coverage in case of an unex-
pected U.S. failure and will lead to a mutual backup agreement in the future.

Special satellite coverage was also provided for the firefighting community,
land managers, and air-quality-monitoring personnel during the extremely serious
outbreak of wildfires in the Western United States this year. Efforts included
switching channels on the Advanced Very High Resolution Radiometer
(AVHRR) to get better daytime infrared (IR) data for the Western United States
and integrating detections from GOES AVHRR and Moderate Resolution



Imaging Spectroradiometer (MODIS) automated algorithms to provide a twice-
daily product and a new Geographic Information System (GIS) Internet site.

NOAA played a critical role in handling data from the Defense
Meteorological Satellite Program (DMSP), a Department of Defense (DOD) pro-
gram run by the Air Force Space and Missile Systems Center (SMC). The Air
Force Weather Agency (AFWA) sent DMSP data to NOAA’s National
Geophysical Data Center’s Solar Terrestrial Physics Division (NGDC/STP) to be
archived. The data from the DMSP satellites were received and used at operational
centers continuously. Each DMSP satellite had a 101-minute, Sun-synchronous,
near-polar orbit at an altitude of 830 kilometers above Earth’s surface. The DMSP
visible and infrared sensors collect images across a 3,000-kilometer swath, provid-
ing global coverage twice a day. The combination o