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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, 2017, through
September 30, 2018. Please note that these activities reflect
the Federal policies of that time and do not include subsequent

events or changes in policy.

On the title page, clockwise from the top left: 1. Image of the full moon with topographical shadows
added using elevation data derived from measurements by the Lunar Orbiter Laser Altimeter (LOLA)
aboard the Lunar Reconnaissance Orbiter (LRO). Credit: NASA/Goddard Space Flight Center
Scientific Visualization Studio. 2. Artist’s concept of NASA’s X-59 Quiet Supersonic Technology
Low-Boom Flight (QueSST) Demonstrator in flight. Credit: NASA/Lockheed Martin. 3. The Global
Precipitation Measurement (GPM) Core Observatory, launched in 2014, is a joint international project
with the Japan Aerospace Exploration Agency (JAXA). It is part of an international satellite constel-
lation producing global observations of rainfall and snowfall. Credit: NASA. 4. The unbarred spiral
galaxy NGC 5033, located about 40 million light-years away in the constellation of Canes Venatici
(The Hunting Dogs). Credit: Hubble/European Space Agency (ESA). 5. On June 14, 2018, Ricky
Arnold, pictured here, and Station Commander Drew Feustel completed the sixth spacewalk at the
International Space Station in 2018. Credit: NASA 6. The Orbital ATK Antares rocket, with the
Cygnus spacecraft onboard, launches from Pad-0A, Sunday, November 12, 2017, at NASA’s Wallops
Flight Facility in Virginia. Credit: NASA/Bill Ingalls.
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THE NATioNAL SpAcE CouNcIL

Since its revival by Executive Order on June 30, 2017, the National Space
Council has advised and assisted the President on national space policy and strat-
egy and fostered close coordination and cooperation among the domestic civil,
national security, and commercial space sectors, as well as advising on international
space activities. The Council’s Chair, Vice President Mike Pence, is supported by
the National Space Council members, which include the heads of the agencies,
offices, and departments responsible for the United States space enterprise.

The Council held its first meeting on October 5, 2017, at the Smithsonian
National Air and Space Museum’s Steven F. Udvar-Hazy Center in Chantilly,
Virginia. At the meeting, Vice President Mike Pence articulated the
Administration’s direction for space exploration, and the Council adopted a recom-
mendation to the President to return American astronauts to the Moon, and then
send crewed mission to Mars and other destinations. Space Policy Directive—1,
signed by President Donald Trump on December 11, 2017, adopted this recom-
mendation, calling for “an innovative and sustainable program of exploration with
commercial and international partners to enable human expansion across the solar
system and to bring back to Earth new knowledge and opportunities.”

The Council met again on February 21, 2018, at the Space Station Processing
Facility at the John F. Kennedy Space Center on Merritt Island, Florida. This meet
ing resulted in four recommendations focusing on regulatory reform to advance
the commercial space industry. In an effort to modernize existing regulatory
frameworks, Space Policy Directive—2, signed by President Trump on May 24, 2018,
directs the transformation of launch and reentry licensing for spacecraft; the eleva-

tion of space functions within the Department of Commerce; the review of a wide
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variety of new issues to enable efficient and predictable regulation of space activi-
ties; the protection of radiofrequency spectrum for space activities; and an update
to commercial space-related export controls.

The Council met for a third time on June 18, 2018, in the East Room of the
White House, where the Council adopted a recommendation to change the way
that space traffic management is conducted in the United States. Space Policy
Directive-3, signed at the third meeting of the Council, was issued to address the
challenges of operating in a congested space environment by establishing clear
roles and responsibilities for U.S. Government departments and agencies. The
foundational principles of the new space traffic management policy include safety,
stability, and sustainability; timely and actionable space situational awareness data;
accessible data and user interface; and a framework that consists of best practices,
technical guidelines, safety standards, behavioral norms, pre-launch risk assess-
ments, and on-orbit collision avoidance services.

On February 18, 2018, it was announced that the Council would be supported by
a Users’ Advisory Group comprised of non-federal senior leaders from industry, aca-
demia, and other non-governmental organizations. The Users’ Advisory Group met
for the first time on June 19, 2018, to focus on strengthening public engagement,
increasing commercialization activities in low Earth orbit, accelerating a return to
the moon, identifying opportunities for international cooperation, and strengthen-
ing the relationship between science and exploration. The Users’ Advisory Group
has established six subcommittees: exploration and discovery, national security
space, economic development and the industrial base, technology and innovation,

outreach and education, and space policy and international engagement.



NATIONAL AERONAUTICS AND
SPACE ADMINISTRATION
NASA

Human Exploration and Operations Mission Directorate
Exploration Systems Development

The Exploration Systems Development (ESD) programs—Space Launch System
(SLS), Orion, and Exploration Ground Systems (EGS)—continue to make steady
progress toward the first missions of the Orion spacecraft and the SLS rocket that
will lead the next steps of human exploration to the Moon and beyond, extend-
ing human exploration farther into space than ever before. Exploration Mission—1
(EM-1) will be the first integrated test of Orion, SLS, and the supporting ground
systems launching from Kennedy Space Center (KSC) in Cape Canaveral,
Florida, in 2020 (date under review) and will pave the road for future missions

with astronauts.
Orion

Orion will serve as the exploration vehicle that will carry the crew to space, pro-
vide emergency abort capability, sustain the crew during space travel, and provide
safe reentry from deep space return velocities. Orion will launch on NASA’s new
heavy-lift rocket, the SLS.

The Orion team has completed the majority of the work to assemble the EM-1

crew module. Thousands of components like Orion’s windows, avionics, wire
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harnessing, and parachutes, which make up more than 30 subsystems, have been
integrated and tested through evaluations like thermal cycle testing, proof tests
on propulsion lines, and functional tests to ensure that systems work as planned.
The team recently installed the heat shield that will protect the EM-1 crew module
upon reentry from the lunar vicinity through Earth’s atmosphere.

Testing on a structural test article in Denver for sound and vibration evalua-
tions has confirmed that Orion can withstand the extreme acoustic and vibration
environments of the launch and separation event in space. At sea, NASA and the
Department of Defense (DOD) have honed the procedures and skills they will
use to recover Orion upon splashdown in the Pacific Ocean. Flight controllers
also conducted tests to ensure that Orion can communicate with Mission Control
through NASA's satellite network. Welding of the Orion Exploration Mission—2
(EM-2) crew module pressure vessel was completed at Michoud Assembly Facility
(MAF), and the assembly has been shipped to KSC for outfitting.

The Agency tested Orion’s parachute system for the final time in mid-Septem-
ber 2018, bringing NASA another step closer to verifying that the spacecraft is
ready to bring crews home in any scenario. Work is progressing at several NASA
Centers in preparation for a test of Orion’s launch abort system in the summer
of 2019 that will verify that the crew can be carried to safety in an emergency

during launch.

Space Launch System

The SLS is the most powerful, most capable launch system in the history of
spaceflight. NASA is designing and implementing a manufacturing capability to
efficiently produce, test, and qualify spaceflight hardware for long-term use, to
human-rating standards, on a scale never achieved before, and this work represents
a national investment in a long-term commitment to deep space exploration.

This year, NASA’s Super Guppy aircraft delivered the EM-1 Orion stage adapter,
the second of five major elements of the first SLS flight vehicle, to KSC. At MAF,
the five major structural pieces of the SLS core stage are completing final outfitting
and assembly. Construction of the forward skirt and intertank are complete, and

the liquid-oxygen and -hydrogen tanks are nearing completion. The structural test



article for the hydrogen tank is planned to be completed by the end of the calendar
year and will be ready for shipment to Marshall Space Flight Center (MSFC) for
testing that will simulate the forces of flight. Structural qualification testing of
the engine section was completed some time ago, and intertank structural quali-
fication is under way. Teams have also been applying the thermal insulation to
flight hardware for protection from the extreme temperatures it will face during
launch. Improvements to the application process are reducing the time needed for
this work.

The SLS team is putting the finishing touches on the 30-foot-tall launch vehicle
stage adapter that will connect the core stage to the interim cryogenic propulsion
stage, which was delivered to KSC last year. All four EM-1 RS-25 core stage engines
are complete and ready for shipping to MAF for integration with the EM-1 core
stage. The SLS booster team in Utah has finished nine of the ten EM-1 solid rocket
motor segments. EM-2 flight hardware fabrication and assembly are also well under
way on the SLS core stage, boosters, and core-stage engines. The liquid engines
team is green-run hot fire testing engine controllers to be used as far out as the
fourth flight of SLS, as well as testing new hardware made with advanced manufac-

turing technologies that will reduce engine costs by better than 33 percent.

Exploration Ground Systems

The Exploration Ground Systems Program is responsible for overseeing ground
systems upgrades and modifications to support the launch of the SLS and Orion
spacecraft for EM-1, deep space missions, and NASA’s journey to Mars.

During 2018, major critical launch infrastructure neared completion in prepara-
tion for launch. EGS completed construction on the main flame deflector at the
launch pad, and launch control teams conducted realistic launch simulations. Over
the summer, software teams completed critical updates to use for command and
control from the firing room to support the first mission.

In August 2018, EGS installed the final umbilical on the mobile launcher. In
September 2018, for the first time since the mobile launcher was modified for the
SLS, the massive tower rolled out atop the Crawler-Transporter 2 to Launch Pad

39B for a fit check that verified all physical connections between the launcher and
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pad systems before rolling into the Vehicle Assembly Building for further analysis

and detailed adjustments.

Commercial Crew Program

During FY 2018, NASA, Boeing, and SpaceX continued making technical and
programmatic progress in maturing and certifying our partners’ commercial crew
transportation systems. This year has seen our commercial partners transition from
final systems design and development efforts to flight hardware production, certi-
fication, and final acceptance testing as both partners prepare for their demon-
stration flights and Post Certification Mission (PCM) flights to the International
Space Station (ISS). Boeing, SpaceX, and NASA continue to work issues identified
during testing as both partners move closer to flight.

Along with NASA, both partners are finalizing and approving Phase II1 hazard
reports, conducting verification events, and closing out requirements verification clo-
sure products. Critical flight and ground infrastructure are in final work or have been
completed, including the manufacture of spacecraft and launch vehicles and key
ground systems, such as crew access arms required for crew ingress prior to launch.

Boeing completed several critical programmatic and technical milestones during
FY 2018, including Integrated Parachute System Drop Tests 1 and 2, the start of
ISS Software NASA Docking System (NDS) test development, the completion of
Crew Seat Incline, NDS range-of-motion test, and Orbital Flight Test (OFT) Flight
Operations Review (FOR).

SpaceX completed several programmatic and technical milestones during
FY 2018, including the Demo-1 Dragon Integration Checkpoint; the Certification
Checkpoint; the Integrated System Review, Phase 11, Hazard Reports Checkpoint;
Parachute Qualification, Part 1; the F9 Launch Vehicle Integration Review; and
the Merlin Engine Qualification Checkpoint.

Through the Commercial Crew Program, NASA is ensuring that the Agency’s
commercial partners’ crew transportation systems are safe, reliable, and cost-
effective. The certification process assesses progress throughout the production and
testing of the partners’ systems, which include launch vehicle, spacecraft, ground

systems, and all aspects of operations.



Collaborations for Commercial Space Capabilities

The objective of the Collaborations for Commercial Space Capabilities (CCSC)
is to advance private-sector entrepreneurial space activities. All CCSC partners
continue making technical and programmatic progress in maturing their respective

commercial space capabilities.

International Space Station

The International Space Station continued its focus on research and technol-
ogy development in such disciplines as biology, human research, biotechnology,
Earth science, physical science, and astrophysics during FY 2018. Enabling such
research are frequent Commercial Resupply Services (CRS) flights from Northrop
Grumman (formerly Orbital ATK) and SpaceX. Prior to Northrop Grumman’s
purchase of Orbital ATK, Orbital ATK completed two cargo flights, and SpaceX
completed three cargo flights to the ISS. In June 2018, Northrop Grumman
completed its purchase of Orbital ATK, creating a new business unit named
Northrop Grumman Innovation Systems. These cargo missions were comple-
mented by those of our International Partners, particularly Roscosmos, which
provided three Progress cargo missions, and the Japan Aerospace Exploration
Agency (JAXA), which was responsible for the H-II Transfer Vehicle (HTV-7)
mission during FY 2018. Additionally, NASA and Bigelow Aerospace extended
Bigelow Expandable Activity Module (BEAM) presence on the ISS in order to
provide additional performance data on expandable habitat technologies and
enable new technology demonstrations. The module will also increase onboard
stowage capability.

Three Soyuz crew rotation missions were accomplished in FY 2018. The depar-
ture of Soyuz 51S in December 2017 marked the end of Expedition 53. Their time
aboard marked the first long-term increase in crew size on the U.S. segment of the
ISS from three to four, allowing NASA to maximize time dedicated to research
on the Station. Less than a week after the 51S crew landed, Soyuz 53S and the
remaining members of Expedition 54 arrived on the ISS. This crew continued the

long-term increase in crew size on the U.S. segment, enabling NASA to double the
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time dedicated to research and achieve a record-setting week of research that sur-
passed 100 hours. Through the end of Expedition 54 (February 2018), the ISS had
hosted over 2,500 investigations from more than 105 countries/areas. Soyuz 54S
and 55S docked to the Station in March and June 2018 respectively. Expeditions 55
and 56 (which ended October 4, 2018) marked the completion of NASA’s Year of
Education on Station. In that timeframe, the ISS crew reached more than 200,000
students in 29 states.

Eight U.S. extravehicular activities (EVAs) were conducted during FY 2018.
A trio of EVAs in October 2017 successfully replaced and lubricated one of two
Latching End Effectors (LEEs) on the Station’s robotic arm, Canadarm2, as well as
removing and replacing the arm’s camera system. The two end effectors on each
end of the arm are used as “hands” to grapple visiting vehicles (such as Dragon)
and components during a variety of operational activities. The next pair of EVAs,
on January 23 and February 16, 2018, respectively, replaced another LEE each and
installed them in their long-term operational locations. An EVA in March 2018
installed wireless communications antennas and removed hoses from a cooling
system. U.S. EVA #50 in May 2018 moved the Pump Flow Control Subassembly
(PFCS) from a spare parts platform on the Station’s truss to the Special Purpose
Dexterous Manipulator (also known as Dextre), a maintenance robot that can be
attached to Canadarm2. The PFCS controls the flow of ammonia through the
exterior portions of the Station’s cooling system. In June 2018, the final spacewalk
of FY 2018 successfully installed new high-definition cameras that will provide
enhanced views during the final phase of approach and docking of the SpaceX
Crew Dragon and Boeing Starliner commercial crew spacecraft that will soon
begin launching from American soil.

Orbital ATK’s eighth contracted cargo mission, OA-8, arrived at the ISS on
November 14, 2017, following a November 12 launch on an Antares rocket from
the Mid-Atlantic Regional Spaceport, a complex owned by the state of Virginia at
NASA’s Wallops Flight Facility. The Cygnus spacecraft delivered over 7,400 pounds
of crew supplies, science experiments, spacewalk gear, Station hardware, and com-
puter parts. Some of the research payloads delivered investigated the space impacts on
microbiology and botany. The advanced space research will explore the effectiveness

of antibiotics on astronauts and observe how plants absorb nutrients in microgravity.



Orbital ATK launched its ninth contracted cargo mission, OA-9, to the ISS on
May 21, 2018. The Cygnus spacecraft, carrying 7,400 pounds of cargo, was berthed
at the ISS three days later. During Cygnus approach, it became the first spacecraft
to use the new Common Communications for Visiting Vehicles (C2V2). This com-
munication system unifies all communications through a single system and provide
a more reliable communication link for future cargo and commercial vehicles. In
addition to delivering a variety of research investigations, the Cygnus vehicle also
performed a thruster firing to increase the Station’s altitude. This was the first
reboost of the ISS by a U.S. spacecraft since the retirement of the Space Shuttle.

SpaceX launched its 13th contracted cargo mission, SpX-13, to the ISS on
December 15, 2017. The Dragon spacecraft was successfully berthed to the ISS
on December 17, 2017. This commercial resupply mission delivered more than
4,800 pounds of supplies and payloads to the Station. Among the research materi-
als delivered was an investigation demonstrating the benefits of manufacturing
fiber optic filaments in a microgravity environment. Designed by the company
Made in Space, and sponsored by the Center for the Advancement of Science in
Space (CASIS), the investigation pulled fiber-optic wire from ZBLAN, a heavy-
metal fluoride glass commonly used to make fiber-optic glass. Results from this
investigation could lead to the production of higher-quality fiber-optic products for
use in space and on Earth. The Dragon spacecraft departed the Station on January
13, 2018, and returned to Earth with nearly 4,100 pounds of research, hardware,
and crew supplies.

Two days after its launch from Florida on April 2, 2018, the SpaceX-14 mis-
sion’s Dragon cargo spacecraft was grappled and berthed on the Harmony module
of the ISS. This 14th contracted commercial resupply mission delivered about
5,800 pounds of cargo to the ISS. Among the research arriving for the U.S.
National Laboratory was a Metabolic Tracking investigation to evaluate the use
of a new method to test, in microgravity, the metabolic impacts of pharmaceutical
drugs. This work could lead to more-effective, less-expensive medicines on Earth.
The Multi-use Variable-g Platform (MVP) will serve as a new test bed aboard the
Space Station, able to host 12 separate experiment modules with samples such as
plants, cells, protein crystals, and fruit flies. The Center for the Advancement

of Science in Space (CASIS), which manages the U.S. National Laboratory,
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sponsored the investigation and the MVP. Dragon remained attached to the ISS
until May 5, when it returned to Earth with more than 4,000 pounds of cargo.

A SpaceX-15 Falcon 9 rocket launched from Space Launch Complex 40 at
Cape Canaveral Air Force Station in Florida on June 29, 2018, with more than
5,900 pounds of research, equipment, cargo, and supplies that supported dozens
of investigations aboard the orbiting laboratory. Among the cargo was a spare
Latching End Effector. This was the 30th grapple of an arriving spacecraft and
the 15th time the Canadarm?2 has captured a Dragon. Among the research arriv-
ing on Dragon was a cellular biology investigation (Micro-12) to understand how
microgravity affects the growth, gene expression, and ability of a model bacterium
to transfer electrons through its cell membrane along the bacterial nanowires it
produces. Such bacteria could be used in microbial fuel cells to make electric-
ity from waste organic material. Additionally, an Earth science instrument called
the ECOsystem Spaceborne Thermal Radiometer Experiment on Space Station
(ECOSTRESS) was delivered with expectations to provide a new space-based mea-
surement of how plants respond to changes in water availability. These data can
help society better manage agricultural water use.

The HTV-7 cargo mission was launched from the Tanegashima Space Center in
southern Japan on September 22, 2018, and was berthed to the ISS five days later.
The cargo spacecraft began its trip to the orbiting laboratory with a launch on an
H-IIB rocket from the Tanegashima Space Center. The cargo delivery includes more
than five tons of supplies, water, spare parts, and experiments for the crew aboard the
ISS. The spacecraft also carried a half dozen new lithium-ion batteries to continue
upgrades to the Station’s power system. After its release in early FY 2019, a new,
small reentry capsule was deployed from the unpiloted HT V-7 vehicle. The conically
shaped capsule was a technology demonstration designed to test JAXA’s ability to

return small payloads from the Station for expedited delivery to researchers.

Space Life and Physical Sciences Research and Applications (SLPSRA)

Human Research Program (HRP)
In 2018, NASA sponsored research to mitigate human health and perfor-

mance risks associated with long-duration spaceflight. NASA ISS crewmembers



conducted 11 biomedical investigations during each of the ISS mission increments;
completed three major ISS flight investigations; initiated six new flight investiga-
tions; and continued two ongoing investigations that included pre-flight baseline
data collection, in-flight ISS data collection, and post-flight data collection as
required. These long-duration spaceflight studies included research on standardized
behavioral measures for detecting potential behavioral health risks during future
exploration missions, assessment of exploration food technology for long-term
food stowage and fresh food production, and physiological research on vertebral
strength and injury risk. Additionally, NASA implemented the ISS Spaceflight
Standard Measures project to collect a set of core measurements during and after
long-duration ISS missions; these measurements can be used to study many of the
astronaut health risks. The goal is to ensure that an optimized set of measures is
consistently captured from all ISS crewmembers in order to characterize the health
of a human in space in preparation for exploration missions.

NASA is continuing analysis of the ISS One-Year Mission and Twins Study data
to support the future publication of research results in 2019. For more than a year,
identical twin brothers Scott and Mark Kelly participated by providing physiologi-
cal samples and performing psychological tests. For Scott, samples were collected
before, during, and after his one-year ISS mission. This approach allowed for a
more complete and accurate assessment of how genes may be expressed differently
due to environmental factors over time during the year of spaceflight. This com-
prehensive biological, physiological, and psychological analysis will allow NASA
to better understand the health risks associated with space travel and develop
strategies to mitigate these risks. Further, NASA is also assessing ISS plans and
recommendations regarding additional future One-Year Missions to gain a better
understanding of the effects of these longer-duration spaceflights, as well as how
to use the ISS as an exploration operational analog to assess the impacts of crew
isolation during exploration missions.

NASA’s Translational Research Institute for Space Health (TRISH), headquar-
tered at Baylor College of Medicine in Houston, Texas, is charged with developing
innovative approaches to reducing risks to humans during long-duration explora-
tion missions. TRISH continued to solicit from the national biomedical research

community’s cutting-edge terrestrial research to translate their findings into
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mitigation strategies for exploration missions. This translational interdisciplinary
research model focuses on rapidly translating fundamental research concepts into
practice, thereby generating tangible health outcomes—in this case, for astro-
nauts. During 2018, TRISH identified biomedical innovations and has 22 projects
selected through two research announcements: 1) Biomedical Research Advances
for Space Health solicited six deep space—relevant topic areas and 2) the industry
solicitation requested proposals from small U.S.-based companies for technologies
essential for self-reliant healthcare in deep space. TRISH also initiated an industry-
focused partnership with the Consortia for Improving Medicine with Innovation
and Technology, solicited and funded outstanding postdoctoral fellows, and sup-
ported training for future NASA flight surgeons.
In 2018, the HRP completed the following key milestones:

e The Galactic Cosmic Ray (GCR) Simulator Project went operational at
the NASA Space Radiation Laboratory at the Department of Energy’s
Brookhaven National Laboratory. NASA will use the GCR simulator to
rapidly switch between ion species and energies, allowing for a more realistic
simulation of the actual radiation environment found in space. This process
will help NAS to better understand the radiation health risks to astronauts.

e The Effects of Isolation on Behavioral Health and Performance Project
completed four 45-day isolation study campaigns using the Human
Exploration Research Analog (HERA) facility located at NASA Johnson
Space Center. HERA is a unique three-story habitat designed to serve as
an analog for isolation, confinement, and remote conditions in explora-
tion scenarios. Each HERA campaign puts crews of four through simu-
lated deep space missions and is supported by a mission control team. A
variety of experiments are conducted during each 45-day simulated mis-
sion. Additionally, NASA is continuing preparations for long-duration
isolation and confinement studies at the Nazemnyy Eksperimental'nyy
Kompleks (NEK) facility in Moscow, Russia, in collaboration with the
Russian Academy of Sciences Institute for Biomedical Problems. The col-
laboration included a two-week SIRIUS-17 mission, which commenced in
early FY 2018, to test the feasibility of systems in support of a longer four-

month SIRIUS-18 mission, which will commence in the spring of 2019.



e The Advanced Twin Lifting and Aerobic System (ATLAS) Project com-
pleted the preliminary design review in preparation for the development
and validation of a deep space exercise device on the ISS and is scheduled
to be launched in the 2020 timeframe. ATLAS is an advanced servomotor-
based exercise device for resistance and aerobic training, designed to sup-
port long-duration space missions where mass and volume are severely
limited. It meets aerobic and resistance exercise functional performance
requirements needed to maintain crew health and performance for explo-
ration missions, such as those envisioned for the Gateway and habitat

concepts, and accomplishes this in an extremely compact footprint.

Biological and Physical Sciences (BPS)

Under the management of the Space Life and Physical Sciences Research and
Applications Division, BPS at NASA continues its strategy to explicitly align
research on two primary thrusts, Enabling Exploration and Pioneering Scientific
Discovery. This structure is in keeping with the framework for research prioritiza-
tion recommended by the National Research Council in its Decadal Survey for Life
and Physical Sciences at NASA and reaffirmed in its mid-term assessment report
released in 2018.

SLPSRA has made several focused efforts to connect research it sponsors under
the theme of Enabling Exploration with organizations responsible for integrating
technologies into exploration missions. One such effort, the Zero Boil-Off Tank
(ZBOT) experiment, is a research project developed and operated by SLPSRA on
the ISS in 2018. It was identified by the Space Technology Mission Directorate as
“Exploration Critical” in recognition of the value of the data from the experiment
for the design of future cryogenic fuel storage facilities in space. ZBOT provided
archival data for benchmarking and improving computational fluid dynamics
(CFD) models and codes used by the cryogenic fluids management community and
aerospace companies for future (ground-tested-only) tank designs.

SLPSRA research in 2018 is also part of NASA’s commitment to develop the
potential of low-Earth orbit (LEO) through pioneering scientific discovery. The
continuing success of the ISS partnership hinges on NASA’s continuing leader-

ship in space research and development. An example of how SLPSRA work in

—
P—

uorjesisiutwpy 2oedg pue SOIINEUOIdY [BUOIIEN



N}

Aeronautics and Space Report of the President ¢ Fiscal Year 2018 Activities

2018 helped maintain the vitality of the ISS partnership is in cold atom research.
Working with a team of distinguished physicists that includes three Nobel
Laureates, NASA is operating the Cold Atom Laboratory (CAL) on the ISS. In
the weightless environment of the ISS, CAL is able to create the coldest atoms in
the observable universe, atoms so cold and nearly motionless that, following the
Uncertainty Principle, each atom will be almost observable with the naked eye.
Physicists working in German laboratories have been using microgravity for several
years now and have been eager to get access to facilities on the ISS. In 2018, the
German Aerospace Center (DLR) and NASA have entered into an agreement that
will see a German-developed follow-on to CAL on the ISS in the early 2020s. In
2018, a joint U.S.-German Science Definition Team defined the capabilities and
technical objectives for the new facility, called Bose-Einstein Condensate Cold
Atom Laboratory (BECCAL) at the System Concept and Requirements Review, an
important early milestone in the development of the ISS payload. BECCAL will
be an important contribution to the scientific productivity of the ISS for European
and American scientists in the next decade of ISS operations.

Scientific discovery is also the pioneering effort for future commercial develop-
ments. Throughout the history of science, basic research has created opportuni-
ties for commercial application. In 2018, SLPSRA and CASIS, which manages
the ISS National Laboratory, cosponsored the Advanced Colloids Experiment-
Temperature-6 (ACE-T-6), which was led by a Principal Investigator employed by
Proctor and Gamble and which studied the microscopic behavior of colloids in the
absence of sedimentation effects in microgravity. This experiment provided new
and valuable insights into fundamental interactions that can improve the shelf life
of various products, such as paints, gels, and creams.

In 2018, NASA made significant progress to enable exploration in the area of
space biology. The Micro-12 experiment was completed, advancing the poten-
tial use of bioelectrochemical systems for wastewater processing and synthesis of
products such as biofuels, food products, and therapeutics on future long-duration
missions. Use of bioelectrochemical systems for wastewater processing and product
synthesis also has potential applications on Earth, particularly in remote and harsh

environments or critical situations such as natural disasters.



A new series of Veggie experiments was conducted in 2018. The Veg-03 series
expanded on previous validation tests to enable crew to grow cabbage, lettuce,
and other fresh vegetables. Future long-duration missions will require a fresh food
supply to supplement crew diets, which means growing crops in space. Tests deter-
mine which types of microorganisms are present in space-grown cabbage, providing
baseline data for future crop-growing efforts. Behavioral health surveys assess the
impact of growing plants on crew morale and mood.

The Rodent Research-7 (RR-7) experiment examined how the space environ-
ment affects the community of microorganisms in the gastrointestinal tract of
mice (also known as the microbiome). It also looked at microgravity’s effects on
multiple physiological systems known to be affected by the microbiota, including
the gastrointestinal, immune, metabolic, circadian, and sleep systems. Rodent
Research-7 advanced knowledge of the role of gut microbiota in mammalian health
and how spaceflight affects it over time. The study evaluates relationships between
system changes such as sleep-wake cycle disruption and imbalance of microbial
populations, identifying contributing factors and supporting the development of
countermeasures to protect astronaut health during long-term missions. Many dis-
orders of human gastrointestinal, immune, metabolic, and sleep systems on Earth
are affected by a person’s microbiota. The RR-7 investigation provides new insight
to guide the development of interventions targeting an imbalance of microbial
populations within the body.

The open science initiative, GeneLab, released version 2.0 of the publicly avail-
able data system. This 2018 release includes enhanced search capabilities, data
federation, new metadata-tabbed user interfaces, a data-visualization dashboard,
a collaborative workspace, and helpful user guides. GeneLab also formed Analysis
Working Groups with researchers from around the country to best utilize the
more than 200 datasets that are housed in the system. By using systems biology
approaches to identify cross-species relevance, mechanisms, biomarkers, and
potential health risks, GeneLab increases NASA’s scientific return on investment
by accelerating the pace of scientific discovery and enabling exploration and the

development of countermeasures.
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Human Spaceflight Capabilities

During FY 2018, Rocket Propulsion Testing (RPT) safely performed 1,056 tests of
rocket engines and components at various levels of thrust. Hot fire test time totaled
12,765 seconds. In addition to the hot fire tests, RPT facilities performed 326 hours
of thermal vacuum testing for vehicle certifications and facility checkouts in prepa-
ration for the vehicle certifications. These tests were completed with only seven
facility-caused test delays, resulting in a 99.3 percent test stand availability, exceed-
ing the Agency performance goal of 90 percent as defined in Space and Flight
Support (SES) section 15-1 of the NASA Management and Performance report.

RPT performed six RS-25 engine tests on the Stennis Space Center (SSC) A-1
test stand. The tests accounted for 2,209 seconds of hot fire test time in a multi-
year effort to certify the engine for use on the SLS core booster stage. In addi-
tion to the RS-25 tests performed on the A-1 test stand, SSC performed ten tests
within 240 hours in support of the Defense Advanced Research Projects Agency
(DARPA) XSP program. Other test activities included testing support for SpaceX,
Aerojet Rocketdyne, other NASA programs, and DOD projects such as the U.S.
Aiir Force (USAF)-designed and —developed Hydrocarbon Boost components. The
Hydrocarbon Boost Program is a critical effort to support the DOD objective of
replacing the RD-180 engine used in the Atlas V launch vehicle. In addition to
supporting the USAF hydrocarbon program, NASA continued performing Aerojet
Rocketdyne hydrocarbon component testing on E-1 Test Stand, Cell 2.

At the Johnson Space Center (JSC) White Sands Test Facility (WSTF), engi-
neers conducted tests to support NASA’s Orion and Commercial Crew Programs,
Aerojet Rocketdyne, the Missile Defense Agency, and the USAF Peacekeeper
missile-safing project, as well as hot fire testing for the USAF Minuteman missile
life-extension program. On Test Stands 301, 301A, 401, and 406, RPT continued
testing the Orion service module (provided by the European Space Agency [ESA])
and the Boeing CST-100 service module, the launch abort engines, the reaction
control system, and the orbital maneuvering and attitude control thrusters.

At Glenn Research Center (GRC) Plum Brook Station (PBS), following refur-
bishment in 2017, the In Space Propulsion Facility (ISPF) validated the updated sys-

tems and performed the thermal vacuum certification testing for the Commercial



Crew Program SpaceX Dragon Crewed Capsule. RPT also continued collaborating
with GRC to refurbish the ISPF to perform propulsion-related testing for systems of
up to 30 kilopound-force with 300 seconds of run time.

At MSFC, RPT continued testing rocket engine components manufactured
using select laser melting and other additive manufacturing processes, furthering
the capabilities of both NASA and RPT.

The RPT Program Office also pursued two initiatives to meet the changing needs
of the propulsion systems developers. The first initiative is the development of two
small test capabilities that can be operated with a minimum crew for development
projects. The first of these test capabilities is the completion of a 5,000-pound-
force portable test rig. The second capability is a collaborative initiative utilizing
early-career engineers from the participating RPT centers to design and develop a
larger 10,000- to 15,000-pound-force-thrust portable test capability. In addition to
the chance to design a test capability, the early-career engineer initiative offers the
participants an opportunity to gain critical experience in NASA’s design processes,
enhance communications skills, and build relationships amongst the Centers.

The second initiative being pursued by the RPT Program Office is the RPT
Benchmarking Initiative for Test Efficiencies and Affordability. The goal is to
identify best practices that could be implemented at the participating RPT centers
to identify tangible changes that could improve RPT operational efficiencies and
decrease costs for the RPT Program Office and for test customers.

Results of the benchmarking initiative will be used to assist in planning activi-
ties by the RPT Program to ensure that efficient and affordable RPT test services

are available to current and future test customers.

Launch Services

The Launch Services Program (LSP) successfully launched six missions aboard
six different launch vehicle configurations from both the East and West Coast
launch bases in FY 2018: the Joint Polar Satellite System—1 (JPSS-1) aboard a
Delta II 7920 on November 18, 2017, from Vandenberg Air Force Base (VAFB) in
California; the Geostationary Operational Environmental Satellite-S (GOES-S)

aboard an Atlas V 541 on March 1, 2018, from Cape Canaveral Air Force Station
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(CCAFS) in Florida; the Transiting Exoplanet Survey Satellite (TESS) aboard a
Falcon 9 on April 18, 2018, from CCAFS in Florida; the Interior Exploration using
Seismic Investigations, Geodesy and Heat Transport (InSight) aboard an Atlas V
401 on May 5, 2018, from VAFB in California; the Parker Solar Probe (PSP) on
August 12, 2018, aboard a Delta IV Heavy from CCAFS in Florida; and the Ice,
Cloud, and land Elevation Satellite (ICESat)-2 on September 15, 2018, aboard the
final Delta 11 7420 from VAFB in California. The LSP also continued to provide
launch-related systems engineering, launch integration, and mission design and
analysis support to over 60 NASA-sponsored missions in various phases of devel-
opment. To learn more about these and other NASA science missions, see the
Science Mission Directorate (SMD) section in this report.

The LSP continued its efforts to expand the selection of launch vehicles, work-
ing across the launch-vehicle industry to support the continued growth of the
U.S. commercial space sector by offering competitive opportunities to U.S. com-
mercial launch providers. Currently, launch services task order acquisitions are
in work for four science missions: the Geostationary Operational Environmental
Satellite (GOES)-T, the Imaging X-ray Polarimetry Explorer (IXPE), Lucy, and
the Double Asteroid Redirection Test (DART) missions. In addition, NASA and
LSP continue to partner with several universities and NASA Centers to launch
small research satellites through the CubeSat Launch Initiative (CSLI), providing
rideshare opportunities for small-satellite payloads to fly on upcoming launches
when space is available. These partnerships have provided regular educational
opportunities for students in science, technology, engineering, and mathemat
ics (STEM) disciplines, thereby strengthening the Nation’s future workforce. To
date, CubeSats have been selected from 39 states across the United States, with
70 missions launched and 49 manifested on NASA, National Reconnaissance
Office, U.S. Air Force, and commercial missions. In FY 2018, 21 CSLI CubeSats
were launched. The Venture Class Launch Services (VCLS) contracts for
CubeSats foster a commercial launch market dedicated to flying small-satellite
payloads by serving as an alternative to the current rideshare approach, in which
one or more CubeSats take advantage of excess payload capacity on a rocket
whose primary mission is to launch a larger satellite. Rocket Lab USA has the

first VCLS launch scheduled for the end of 2018 aboard the Electron launch



vehicle. Virgin Galactic will follow with a scheduled launch in the first half
of 2019 aboard the LauncherOne launch vehicle. In addition, in January 2018,
SpaceX successfully completed “Category 2” certification of the Falcon 9 “Full
Thrust,” which supported the launch of the NASA TESS mission in March 2018.
LSP will continue to work toward certifying new commercial launch vehicles
to launch high-value payloads. Pre-certification activities are ongoing with
Blue Origin’s “New Glenn,” United Launch Services’ “Vulcan,” and Northrop
Grumman’s “Omega” launch vehicles.

Along with full end-to-end launch service management, the program contin-
ues to offer advisory support, expertise, and knowledge to NASA programs and
projects utilizing launch services not procured and managed by LSP. The program
is currently providing these advisory services to several programs and missions,
including ISS Cargo Resupply Service missions; Gateway; the Commercial Crew
Program; SMD’s James Webb Space Telescope (Webb), and the NASA-Indian
Space Research Organization Synthetic Aperture Radar (NISAR) missions.

Advanced Exploration Systems (AES)

The Advanced Exploration Systems Division pioneers new ways to rapidly
develop prototype systems, demonstrate key capabilities, and validate operational
concepts to reduce the risk and cost of future human exploration missions. In
FY 2018, the AES Division continued the successful execution of 28 research
and technology development activities employing about 470 civil servants spread
across all NASA Centers. The activities are grouped into four domains: Habitation
Systems, Vehicle Systems, Foundational Technologies, and Robotic Precursors.

Activities in the Habitation Systems domain develop systems to enable the crew
to live and work safely in deep space, including beyond-Earth-orbit habitats as well
as life-support, radiation protection, fire safety, and logistics-reduction systems.

e The Bigelow Expandable Activity Module (BEAM) completed its two-
year mission on the ISS in May 2018. NASA and Bigelow Aerospace
completed structural analysis to certify that BEAM could be used for the
storage of ISS equipment during an extended mission lasting until the

retirement of the ISS.
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AES continued the Phase 2 Next Space Technologies for Exploration
Partnerships (NextSTEP) contracts with Bigelow Aerospace, Boeing,
Lockheed Martin, Orbital ATK, and Sierra Nevada Corporation to
develop prototype deep space habitats for ground testing, as well as a
contract with Nanoracks to study concepts for converting an expended
upper stage into a habitat. These partnerships require the companies to
contribute at least 30 percent of their own funding to the efforts. The
contractors completed the designs and began assembly of the habitats
in preparation for the ground tests that are planned to start in January
2019. The ground tests will assess human factors, subsystem integration,
interoperability standards, and common interfaces.

The Life Support Systems activity launched a second flight of Aerosol
Samplers to the ISS and returned samples for laboratory analysis. The
Spacecraft Atmosphere Monitor (SAM) Development Unit was assem-
bled and tested in an environmental chamber. SAM will measure trace
contaminants in the ISS air. The Critical Design Review for a Brine
Processor Assembly (BPA) that will enable recovery of 98 percent of the
water from urine was completed. An integrated test of a Plasma Pyrolysis
Assembly (PPA), Sabatier reactor, and hydrogen separator was conducted.
The PPA recovers hydrogen from the waste methane produced by the
Sabatier reactor.

The Radiation Sensors activity delivered the Hybrid Electronic Radiation
Assessor (HERA) flight unit for EM-1 and conducted proof-of-concept
experiments to assess the feasibility of using an electrostatic dipole to
deflect incoming charged particles for active radiation shielding.

The Spacecraft Fire Safety activity began the assembly of the Saffire-IV
flight experiment that will fly on the Cygnus vehicle. Saffire-IV will
investigate the effects of reduced pressure on fire propagation and monitor
combustion products and postfire cleanup.

The Logistics Reduction activity conducted ground integration tests
of the Radio Frequency Identification (RFID)-Enabled Autonomous
Logistics Management (REALM) system and the Astrobee free flyer.
REALM and Astrobee will track ISS inventory and can be used to locate



missing items quickly. This activity also continued the development of the
Universal Waste Management System, which is a compact toilet that will
be flown on the ISS and Orion. The toilet stall hardware was delivered for
launch to the ISS. Two companies (UTAS and Sierra Nevada Corp.) were
awarded NextSTEP contracts to develop prototype Trash Compaction

and Processing Systems.

Activities in the Vehicle Systems domain develop systems to enable human and

robotic exploration vehicles, including advanced in-space propulsion, lander tech-

nology, and modular power systems.

AES is developing high-power electric thrusters for the next genera-
tion of solar electric propulsion systems via three NextSTEP Advanced
Propulsion activities. Ad Astra Rocket Company is developing the
Variable Specific Impulse Magnetoplasma Rocket (VASIMR); Aerojet
Rocketdyne is developing a nested Hall thruster; and MSNW is devel-
oping an Electrodeless Lorentz Force plasma thruster. In the final year
of their three-year contracts, the companies assembled their thrusters,
upgraded their test facilities, and began short-duration tests. The goal is
to test the 100-kilowatt thrusters in a vacuum chamber for 100 continuous
hours. The MSNW contract was de-scoped because they could not meet
thruster performance targets.

The Lander Technology activity assembled a brassboard system to dem-
onstrate liquefaction of cryogenic propellants produced by in situ resource
utilization. The Lunar Cargo Transportation and Landing by Soft
Touchdown (Lunar CATALYST) initiative continued to provide engi-
neering and test support for three companies developing robotic lunar
landers: Astrobotic, Moon Express, and Masten Space Systems.

NASA issued a Request for Proposals for Commercial Lunar Payload
Services (CLPS). CLPS will be used to procure end-to-end commercial
launch and landing services for transporting small payloads to the surface
of the Moon.

The mockup Crew Module (CM) for the Orion Ascent Abort flight test
vehicle completed acoustics testing, and the CM was mated with the

Separation Ring. A mockup of the Orion capsule and an active Launch

—
\O

uorjesisiutwpy 2oedg pue SOIINEUOIdY [BUOIIEN



)
&)

Aeronautics and Space Report of the President ¢ Fiscal Year 2018 Activities

Abort System will be launched on a booster rocket in May 2019 to dem-

onstrate boost phase abort capabilities.

Activities in the Foundational Technologies domain enable more-efficient mis-

sion and ground operations and those that allow for more Earth independence,

including autonomous mission operations, avionics and software, in situ resource

utilization, in-space manufacturing, synthetic biology, and communication

technologies.

The Avionics and Software activity conducted an integrated test of a ref-
erence avionics architecture that uses three voting computers and time-
triggered Ethernet to control life support, power, communications, and
other subsystems for a deep space habitat.

The In-Space Manufacturing activity awarded contracts to three compa-
nies (Interlog, Techshot, and Tethers Unlimited) to develop a prototype
Multi-Material Fabrication Lab for demonstration on the ISS. This activ-
ity also delivered the Refabricator payload, which will recycle plastic parts
on the ISS and produce feedstock for an integral 3D printer.

The In-Situ Resource Utilization (ISRU) activity selected ten contracts
via a NextSTEP Broad Agency Announcement to conduct ISRU system
studies and develop critical components and subsystems for the acquisi-
tion and processing of extraterrestrial resources to produce water, oxygen,
and methane fuel.

The Disruption Tolerant Networking (DTN) activity conducted interop-
erability tests with the Korea Aerospace Research Institute (KARI) in
preparation for their Korea Pathfinder Lunar Orbiter mission and demon-
strated DTN on the 21-meter antenna at Morehead State University for

communicating with CubeSats.

Activities in the Robotic Precursor domain develop robotic missions and payloads

to acquire strategic knowledge on potential destinations for human exploration to

inform systems development, including CubeSats launched on EM-1, technology

demonstrations on the Mars 2020 mission, and instrument development.

AES continued the development of three payloads for the Mars 2020

mission. The Engineering Model for the Mars Oxygen In-Situ Resource

Utilization Experiment (MOXIE) was assembled and tested. NASA



provided a sky camera for the Mars Environmental Dynamics Analyzer
(MEDA) that is being developed by Spain. The Mars Entry, Descent, and
Landing Instrumentation-2 (MEDLI-2) payload completed its Critical
Design Review. MOXIE will demonstrate the production of oxygen from
the Mars atmosphere; MEDA is a surface weather station; and MEDLI-2 is
a suite of temperature and pressure sensors on the Mars 2020 heat shield
to validate aerothermal models.

e AES plans to launch five CubeSats on EM-1 to fill gaps in our knowledge
about space environments and the availability of lunar resources. These
activities completed their design and safety reviews and began spacecraft
integration. BioSentinel will investigate the effects of deep space radia-
tion on yeast DNA. Lunar Flashlight will search for ice from lunar orbit
using lasers to illuminate permanently shadowed lunar craters. Near-
Earth Asteroid Scout will use a solar sail to fly by an asteroid. The Lunar
Infrared (LunIR) CubeSat is a NextSTEP partnership with Lockheed
Martin to fly by the Moon and test a new infrared sensor. Lunar IceCube
is a NextSTEP partnership with Morehead State University to detect
water and other volatiles from lunar orbit using a broadband infrared
spectrometer.

e AES selected Arizona State University to develop the ShadowCam
instrument for flight on the Korea Pathfinder Lunar Orbiter. ShadowCam
will image ice in permanently shadowed lunar craters. The instrument
Preliminary Design Review was completed.

The AES Division is leading the definition of system concepts, requirements,
and design standards for the Gateway concept that will be launched into lunar
orbit around 2023. The Gateway may consist of a habitat, a solar electric propulsion
and power element, logistics capabilities, and an airlock/docking node. Orion will
dock with the Gateway, and a crew will stay onboard to gain experience in living
and working in deep space and to test critical life-support and logistics manage-
ment technologies for long missions.

Two design and analysis cycles were completed to refine the Gateway con-
figuration and concept of operations. A Formulation Synch Review was held

to coordinate activities supporting Gateway formulation, including allocating
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functions to the Gateway elements, defining system requirements and interoper-
ability standards, developing an integrated master schedule, and establishing an
acquisition strategy.

NASA initiated the development of the Power and Propulsion Element (PPE),
which is the first element of the Gateway ready to be launched in 2022. The
PPE consists of a commercial spacecraft bus and a high-powered Solar Electric
Propulsion (SEP) system. A solicitation was issued for PPE development and flight

demonstration. Contract awards are targeted for March 2019.

Power Propulsion Element

In FY 2018, NASA made substantial progress toward the development of the
PPE planned as the first element of the Gateway. The PPE will utilize advanced
50-kilowatt-class SEP to provide relocation capabilities for the Gateway as well
as orbit maintenance, electrical power, communications, and research payload
accommodations. In November 2017, NASA competitively awarded five contracts
to U.S. industry to study PPE concepts and address key questions. These studies,
conducted by Boeing, Lockheed Martin, Orbital ATK, Sierra Nevada Corporation,
and Space Systems Loral, helped inform a PPE acquisition approach that leverages
existing industry capability and plans for a high-powered SEP. Final study briefings
were completed on March 23, 2018.

During FY 2018, the process of PPE requirements definition was conducted in
coordination with the Gateway and in interactions with potential International
Partners. A study of a potential International Partner—provided payload to be
hosted on the PPE was completed, including inputs from the five PPE study con-
tractors. The PPE, the Gateway, and a potential International Partner have also
held discussions to address interfaces and operations concepts between the PPE
and the possible next Gateway element, which could be docked to the PPE. NASA
requirements for the PPE were set, supporting the PPE acquisition.

On November 30, 2017, NASA issued a sources-sought notice for a PPE. A syn-
opsis was published on February 20, 2018. A draft Broad Agency Announcement
(BAA) for Spaceflight Demonstration of a PPE was released on June 21, 2018,

for industry comment. An industry day was held at Glenn Research Center on



July 10, 2018. Many of the industry participants expressed their appreciation for
a high-quality draft BAA and a very productive and useful industry day event.
Industry comments were submitted by July 20, 2018. The final BAA was posted
on September 6, 2018. Through this solicitation, NASA is seeking one or more
partnerships with industry for the development and spaceflight demonstration of
a PPE. At the completion of the demonstration, the BAA includes the option for

NASA to acquire the PPE for NASA’s use as the first element of the Gateway.

Space Communications and Navigation

NASA’s Space Communications and Navigation (SCaN) Program continued
to provide programmatic oversight and management of the Agency’s space com-
munications and tracking capabilities and served as the Agency’s representative
in domestic and international fora in the areas of spectrum management; space
communication architectures and data standards; and positioning, navigation,
and timing policy. SCaN continued to lead the development of advanced space
communication and navigation technology for the benefit of scientific and
human exploration missions in near-Earth and deep space and commercial space
enterprises.

NASA’s three space communication networks—the Near Earth Network
(NEN), Deep Space Network (DSN) and Space Network (SN)—composed of a
ground network and its on-orbit Tracking and Data Relay Satellites (TDRSs)—
continued their long record of providing their services at an average proficiency
level of 99 percent or better, well above the 95 percent requirement. In this capac-
ity, NASA served as a reliable partner to a wide range of external customers (other
U.S. and international government agencies and commercial entities) for human
exploration, robotic spaceflight launches, low-Earth and deep space science, and
SmallSats (including CubeSats and NanoSats).

Astronauts and spacecraft depend on this reliable uplink and downlink of com-
munications for the delivery of commands and essential crew instructions, as well
as the retrieval of health and safety information and science data, with delivery of
the data to individual mission control centers. During FY 2018, SCaN networks

provided communication and navigation (C&N) services to 71 missions, including
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human spaceflight C&N requirements of the International Space Station. Several
of these missions have more than one spacecraft, although these are counted as a
single mission. Also, several missions are supported by more than one of the three
networks; these are also counted as single missions. The networks provided launch
and early-orbit telemetry, tracking, and communication (TT&C) services to 25
expendable launch vehicles (ELVs) in FY 2018.

With the completion of an Independent Review Team study of the progress made
in the SN Ground Sustainment System (SGSS) project and approval to proceed,
SCaN continued the construction of this major ground system upgrade activity,
completing the factory Systems Acceptance Test at the end of FY 2018. SCaN’s
DSN Aperture Enhancement Project continued the addition of two 34-meter
antennas at the Madrid Deep Space Communications Complex in Spain, which
will increase the DSN’s capacity.

NASA continued its leading role in coordinating the development of inter-
national space communication architectures and standards, which enable cross
support and interoperability of systems. This translates into reduced risk for
missions and hundreds of millions of dollars in savings over a decade for NASA
without reducing services and coverage for space missions. SCaN’s Data Standards
Manager was elected to serve as the chairman of the Management Council for
the Consultative Committee for Space Data Systems (CCSDS), an international
organization of 11 spacefaring nations chartered in 1982 to develop standards to
solve common problems in the development and operation of space data systems.
The CCSDS works closely with the Interagency Operations Advisory Group
(IOAQG) to ensure that standards are developed in coordination with Agency
architecture plans and are responsive to Agency space missions. As NASA’s rep-
resentative to the IOAG, SCaN engaged in key discussions and studies related to
interoperability and cross support for future Moon and Mars missions, mission
operations, optical communications, space internetworking, and other key issues.
During FY 2018, NASA supported the IOAG’s efforts to develop an interoperable
lunar communications and navigation architecture, including standards which
were internationally approved by the ISS Program as the set of communications
and navigation standards for the Lunar Gateway Program. NASA contributed

to the IOAG’s preparations for an Interoperability Plenary of the IOAG member



agencies’ senior leadership; the plenary provides strategic oversight and guidance
for the IOAG.

In FY 2018, SCaN continued building two Optical Ground Stations (OGSes)—
OGS-1 at the Jet Propulsion Laboratory in California and OGS-2 in Hawaii, the
U.S. locations with the least interfering cloud coverage. Through participation in
the IOAG and the CCSDS, NASA reached agreements with JAXA and Centre
National d’Etudes Spatiales (CNES) on optical communications standards, making
interoperability between the participating agencies possible.

SCaN continued to serve as the Agency’s spectrum manager, with responsibility
for representing NASA's spectrum interests and negotiating on its behalf with the
White House, Congress, relevant Government agencies and national regulators,
and interagency partners in the determination of spectrum allocations. As part
of the State Department-led U.S. delegation, SCaN continued coordination on
agenda items on spectrum issues of interest and concern to NASA that will be
addressed at the World Radiocommunication Conference 2019.

SCaN continued sponsoring the National Space-Based Positioning, Navigation,
and Timing (PNT) Advisory Board, an independent Federal Advisory Committee
Act (FACA) board, and, as Executive Director, coordinated its biannual sessions
and an additional intersession meeting. Key FY 2018 deliverables to the National
Space-Based PNT Executive Committee, chaired by the Deputy Directors of
Defense and Transportation, include a recommendation on Global Positioning
System (GPS) spectrum protection as well as a Topics Paper describing the benefits
of GPS across areas of the U.S. economy and with recommendations to preserve
them. NASA also assisted the Air Force in the procurement process for GPS-IIIF
to protect capabilities available to users within the Space Service Volume (SSV),
which covers altitudes above LEO and up to Geosynchronous Earth Orbit (GEO)
altitude. NASA has also continued working with foreign Global Navigation
Satellite Systems (GNSS) service providers to develop an Interoperable Multi-
GNSS SSV that expands the PNT capabilities available to space users well beyond
what any one GNSS can provide on its own. A key FY 2018 deliverable is the
United Nations’ “The Interoperable Global Navigation Satellite Systems Space
Service Volume” booklet developed through cooperation at the International

Committee on GNSS (ICG), now available in printed form at the United Nations
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Headquarters in New York and online. This is a new international baseline for mis-
sion planners of partner space agencies and commercial space to use GPS/GNSS
for cis-lunar operations. Finally, the NASA Search and Rescue (SAR) program
continues to implement the GPS Search and Rescue (GPS SAR), the U.S. contri-
bution to the GNSS-based Medium Earth Orbit Search and Rescue (MEOSAR)
to locate emergency beacons. Key events included qualifying the emergency loca-
tion beacon for the Orion crew life-preserver units and successfully tracking the
October 11, 2018, Soyuz launch abort and emergency landing with only 1.7 kilome-

ters (a little over one mile) in location error.

Science Mission Directorate

NASA’s Science Mission Directorate (SMD) seeks new knowledge and under-
standing of our planet Earth, our Sun and solar system, and the universe. Working
with the scientific community, industry, and other partners, SMD develops the
world’s leading space observatories, as well as air-based and ground-based platforms,
to provide unique data and imagery, enabling scientists to conduct scientific stud-
ies and advance the frontiers of discovery. In FY 2018, SMD operated more than
100 space missions and sounding rocket, balloon, and Earth-based investigations.
Altogether, SMD worked with more than 10,000 U.S. scientists.

SMD organizes its work into four broad scientific pursuits: Earth Science,
Planetary Science, Heliophysics, and Astrophysics. Science is an interconnected
enterprise, and within SMD, discoveries and capabilities in one scientific discipline
help to inform and enable those in the others. SMD’s science activities follow three
core elements: First, SMD is discovering the secrets of the universe through studies
of the Sun and its effect on the solar system, Earth, other planets and solar system
bodies, and the universe. These fundamental scientific discoveries enhance our
understanding of the nature of the universe, shed light on some of most pressing
and existential questions facing humankind, and help us to prepare for human
and robotic exploration further into the solar system and beyond. Second, SMD
searches for life elsewhere through research on the habitability of locations in the
solar system, such as Mars and Europa, as well as through studies of the thousands

of potentially habitable worlds around other stars. Finally, SMD is safeguarding and



improving life on Earth by detecting and studying near-Earth asteroids and comets,
investigating the cause and effects of severe space weather events, and develop-
ing applications for use in improving life on Earth—efforts ranging from natural
disaster response and recovery to applications for agriculture and transportation.

SMD also takes an integrated approach to technology development and science
activation. SMD makes targeted technology investments that enable NASA to
build the challenging and complex missions that accomplish its groundbreaking
science. In FY 2018, SMD continued to make important investments in small
spacecraft platforms that offer the potential to reduce the cost or broaden capa-
bilities for scientific discovery through faster development times and innovative
mission architectures, including constellations of small satellites. Investments are
also helping to develop new optical systems that could contribute to the search for
exoplanets around stars other than our Sun; a heatshield that would enable mis-
sions to withstand the intense atmospheric heating on Venus, Saturn, and Uranus;
and many other technologies.

SMD’s Science Activation program leverages unique NASA infrastructure
and scientific experts to engage with learners of all ages. In FY 2018, the Science
Activation program continued its work through 25 cooperative agreements lever-
aging over 200 partners. SMD’s activities reach a broad audience, enabling STEM
education and improving scientific literacy in the United States by working with
community-based institutions, including libraries, museums, science centers, and

planetariums, as well as digital and online platforms.

Earth Science

Earth is a complex, dynamic system that we do not yet fully understand. The
Earth Science Division (ESD) studies Earth’s land, atmosphere, and oceans and the
connections between them across spatial and temporal scales to advance knowl-
edge of Earth as a system, to meet the challenges of environmental change, and
to improve life on our planet. ESD develops and operates a coordinated series of
satellite and Earth-based missions for long-term global observations. It also spon-
sors research that answers fundamental science questions and supports efforts to

develop applications that leverage NASA observations to provide practical benefits
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for society in a wide range of areas, including weather, natural disasters, climate,
oceans and water management, and agricultural production. The program invests
in innovative new technologies and works closely with global partners in govern-
ment, industry, and the public.

NASA launched a number of important new Earth Science missions in FY 2018.
The joint U.S.-German Gravity Recovery and Climate Experiment Follow-On
(GRACE-FO) mission launched in May 2018; it succeeded the highly successful
GRACE mission, which ended just seven months earlier, in October 2017, after
15 years in orbit. Like its predecessor, GRACE-FO consists of twin satellites that
operate in tandem to provide unique measurements of Earth’s gravitational pull.
These measurements reveal the movement of mass around Earth, which can be
used to understand changes in global groundwater resources, identify the location
of dry soils that can contribute to drought, and measure the amount of ice being
lost from the Greenland and Antarctic ice sheets.

On September 15, 2018, NASA launched the Ice, Cloud and land Elevation
Satellite—2 (ICESat-2) mission. The mission measures elevation to see how much
glaciers, sea ice, and ice sheets are rising or falling and will help to narrow the
range of uncertainty in forecasts of future sea level rise. It also measures the height
of ocean and land surfaces, contributing to flood and drought forecasts, wildfire
response, and maritime navigation. ICESat-2 represents a significant advance-
ment over its predecessor, carrying the most advanced laser instrument of its kind.
ICESat-2’s laser will fire 10,000 times in one second, compared to a rate of 40 fir-
ings per second on the original ICESat. This higher rate will result in more detail
in the measurements of height around Earth—ICESat-2 is able to measure the
average annual change in vast ice sheets down to the width of a pencil.

After its launch onboard NOA A’s Joint Polar Satellite System—1 (JPSS-1) satel-
lite in November 2017, the Clouds and the Earth’s Radiant Energy System Flight
Model 6 (CERES FM6) became the sixth in a family of instruments dating back to
the 1990s to monitor Earth’s energy budget—the balance between the solar radia-
tion arriving at Earth from the Sun and the reflected solar radiation and thermal
emissions leaving Earth. Earth’s radiation budget provides a key measurement in
understanding the warming of Earth—if you have more energy coming in than

going out, the system will heat up.



The Total and Spectral solar Irradiance Sensor (TSIS-1), launched in December
2017 and installed on the International Space Station two weeks later, became
fully operational, with all instruments collecting science data, by March 2018.
TSIS measures the total amount of light energy emitted by the Sun and mea-
sures how the Sun’s energy is distributed over the ultraviolet, visible, and infrared
regions of light. The instrument helps to better understand the Sun’s influence on
Earth’s radiation budget, ozone layer, atmospheric circulation, and ecosystems and
provides insight into the effects that solar variability has on the Earth system and
climate change. TSIS continues 40 years of measurements of energy emitted by
the Sun—measurements that can only be taken from the vantage point of space.

In addition to these space-based missions, SMD engaged in airborne studies
of Earth. Operation IceBridge, an aircraft campaign designed to bridge the gap
between the ICESat-1 and ICESat-2 missions, continued to carry out flights in the
Arctic and Antarctic. Several flights included collaborations with international
missions, such as underflights of the European Space Agency (ESA) Sentinel 3A
and CryoSat-2 satellites over sea ice, or overflights of the U.S. Navy’s 2018 Ice
Exercise (ICEX) campaign exploring sea ice north of Alaska.

In partnership with the National Science Foundation (NSF), NASA embarked
on the Export Processes in the Ocean from Remote Sensing (EXPORTS) oceano-
graphic campaign. EXPORTS is the first coordinated multidisciplinary science
campaign of its kind to study the life and death of the small organisms—micro-
scopic plankton—that play a critical role in removing carbon dioxide from the
atmosphere and in the ocean’s carbon cycle.

In April 2018, NASA'’s North Atlantic Aerosols and Marine Ecosystems Study
(NAAMES) mission began its fourth and final deployment, making it the first
research mission to conduct an integrated study of all four distinct phases of the
world’s largest phytoplankton bloom in the North Atlantic and how they impact the
atmosphere. NAAMES makes use of both measurements taken aboard ships and air-
craft to investigate the links between the oceans, atmospheric particles, and clouds.

In 2018, NASA flew the last deployment of the Atmospheric Tomography
(ATom) mission. ATom used advanced instruments aboard a DC-8 research air-
craft to sample over 400 different gases and a broad range of airborne particles,

improving our understanding of how gases and pollutants travel around the globe.
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In addition to adding new missions, NASA has been taking full advantage of the
missions already operating. Imagery from Landsat 8 and the Aqua satellite showed
summer phytoplankton and cyanobacteria blooms in the Baltic and Barents Seas.
These images can help to identify the location and size of potential “dead zones”—
areas where these tiny organisms consume nutrients in the water and grow at a rate
that depletes the oxygen content of the water, harming fish and other marine life.

Satellites contribute to our understanding of the atmosphere, as well as the
ocean. A study of air pollution over China that used data from NASA’s CERES
instrument showed that the smog not only makes it harder to breathe but also
reduces the amount of sunlight reaching China’s solar panels. Other studies, based
on satellite and ground-based sensors monitoring air pollution in China, showed
that while levels of air pollution in China continue to be among the highest in the
world, key pollutants have been decreasing in recent years. Scientists also found
that India’s emissions are on the rise—at least in the case of sulfur dioxide. This
finding was based on inventories of the number of factories, power plants, and
other contributors to sulfur dioxide, as well as data from the Ozone Monitoring
Instrument (OMI) on NASA’s Aura satellite.

The NASA Earth Science Disasters Program mobilizes NASA resources to assist
with the detection of, response to, and/or recovery from wildfires, earthquakes,
floods, severe weather, and other disasters. NASA instruments are often the first to
detect actively burning fires in remote areas. They can help to track the transport
of smoke from fires, provide information for fire management, and map the extent
of changes to ecosystems, based on the extent and severity of burn scars. In 2018,
California experienced its largest fire in recorded history—the Thomas Fire, which
burned for more than six months. Satellites, including the National Oceanic and
Atmospheric Administration (NOAA)-NASA Suomi National Polar Partnership
(NPP) satellite and NOAA’s JPSS-1 satellite, known as NOAA-20 now that it is
in orbit and operational, were used to monitor the extent of the flames, hot spots,
and smoke.

NASA’s ability to monitor flooding received a boost in 2018 as scientists evalu-
ated the first year of data from the Cyclone Global Navigation Satellite System
(CYGNSS) mission. Researchers found that GPS reflection data over land, a mea-

surement used by CYGNSS, are very sensitive to the amount of water either in the



soil or on the surface, making that type of measurement useful for the creation of
flood maps.

NASA is also applying its technology and expertise in another life-saving appli-
cation: prevention of disease outbreaks. In August, measurements from NASA
Earth-observing research satellites were used to help combat a potential outbreak
of life-threatening cholera. Humanitarian teams in Yemen targeted interventions
in areas identified by a NASA-supported project that precisely forecasts high-risk
regions based on environmental conditions observed from space. The forecast tool
analyzes a variety of NASA satellite observations, including precipitation data
from the Global Precipitation Measurement mission, air and ocean temperatures
from the Moderate Resolution Imaging Spectroradiometer (MODIS) instruments
on NASA’s Terra and Aqua satellites, and measurements of phytoplankton concen-
trations in nearby coastal ocean areas.

Through technology development, research, and development of new applica-
tions, NASA’s Earth Science program enhances our fundamental understanding
of our home planet and improves everyday life on Earth. Below are five research

highlights from FY 2018.

NASA Soil Moisture Data Advances Global Crop Forecasts

Data from the first NASA satellite mission dedicated to measuring the water
content of soils are now being used operationally by the U.S. Department of
Agriculture to monitor global croplands and make commodity forecasts. The Soil
Moisture Active Passive mission, or SMAP, launched in 2015 and has helped map
the amount of water in soils worldwide. Direct measurements of soil moisture avail-
able from SMAP replaced estimates of this critical variable based on precipitation

and temperature, increasing accuracy.

NASA Satellites Reveal Major Shifts in Global Freshwater

In the first study of its kind, scientists combined data from multiple NASA sat-
ellites with data on human activities to map locations where freshwater is chang-
ing around the globe and determine why. The study, published in May 2018 in the
journal Nature, finds that Earth’s wetland areas are getting wetter and dry areas

are getting drier due to a variety of factors, including human water management,
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climate change, and natural cycles. The study relied on data from the Gravity
Recovery and Climate Experiment (GRACE), the Global Precipitation
Measurement (GPM) mission, and the NASA-U.S. Geological Survey (USGS)

Landsat mission.

Pollutant Emissions Leveling Off a Bit in the U.S.

A study by NASA-supported researchers showed that while air quality in the
United States has improved since the 1960s, it has not improved as quickly as pre-
dicted by models. Data from the OMI instrument on NASA’s Aura satellite and the
Measurement of Pollution in the Troposphere (MOPITT) instrument on NASA’s
Terra satellite were used to provide global, standardized views of emissions, not sub-
ject to differences in regional and national ground-reporting. These measurements
showed that decreases in carbon monoxide and nitrogen oxide—chemicals emitted

by vehicles and industrial sources—have leveled off in recent years.

Global Study of World’s Beaches Shows Threat to Protected Areas

A study of the world’s sandy shorelines with satellite data found that they have
increased slightly on a global scale over the past three decades but decreased
in protected marine areas, where many beaches are eroding. Researchers used
machine learning techniques to analyze data from the NASA-USGS Landsat
mission, resulting in a study of annual shorelines between 1984 and 2016 for the
entire world. Differences in beach erosion seem to be largely influenced by human

interventions along the coast.

NASA Study: First Direct Proof of Ozone Hole Recovery Due to Chemicals Ban
Scientists were able to use direct satellite observations of the ozone hole to show
that levels of ozone-destroying chlorine are declining, reducing ozone depletion.
The decline in chlorine is due to the international ban on chlorine-containing
humanmade chemicals called chlorofluorocarbons (CFCs). Past studies have used
statistical analyses of changes in the ozone hole’s size to argue that ozone depletion
is decreasing. This study is the first to use measurements of the chemical composi-
tion inside the ozone hole to confirm that not only is ozone depletion decreasing,

but that the decrease is caused by the decline in CFCs.



Joint Agency Satellite Division

In addition to its own Earth observation satellites, NASA also develops and
launches instruments and satellites on behalf of NOAA on a reimbursable basis
through the Joint Agency Satellite Division (JASD). NASA launched NOAA’s
JPSS-1 and Geostationary Operational Environmental Satellite 17 (GOES-17) in
November 2017 and March 2018, respectively. Descriptions of these satellite pro-

grams can be found in the Department of Commerce chapter of this report.

Heliophysics

NASA’s Heliophysics Division (HPD) aims to understand the Sun and its inter-
actions with Earth and the solar system, including space weather. The Heliophysics
Division operates a variety of missions between Earth and the Sun that collect data
to provide insight into these studies. It supports research to advance our fundamen-
tal understanding of the Sun and its impact on our solar system and to improve our
ability to understand and forecast the impacts of space weather events on people
and systems on Earth.

In August 2018, HPD launched the Parker Solar Probe, a spacecraft the size of a
small car that will fly closer to the Sun than any previous mission. When it makes
its first pass close to the Sun in November 2018, Parker will fly through the solar
atmosphere—the corona—and help to solve foundational mysteries of the Sun. It
will investigate the drivers of supersonic solar wind, which blows a steady stream
of solar material through the entire solar system, and help scientists to understand
why the corona is more than 300 times hotter than the Sun’s surface.

Earlier in the year, NASA launched the Global-scale Observations of the Limb
and Disk (GOLD) mission, the first NASA mission to fly as a hosted payload
aboard a commercial satellite. GOLD will study the little-understood region
where Earth’s uppermost atmosphere meets space—a critical boundary layer that
responds both to terrestrial weather below and space weather above. GOLD is
expected to be joined by NASA’s lonospheric Connection Explorer (ICON),
which will study the ionosphere and neutral upper atmosphere. ICON will fly
just 350 miles above Earth, where it can gather close-up images of this region.

Together, GOLD and ICON will provide the most comprehensive ionosphere
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observations gathered to date, enabling a deeper understanding of how our planet
interacts with space.

HPD also utilizes sounding rockets to advance science. In October 2017, HPD
launched the Focusing Optics X-ray Solar Imager (FOXSI). The sounding rocket
flight allowed for just six minutes of data collection, but within that time, the
cutting-edge instrument found the best evidence to date of a phenomenon sci-
entists have been seeking for years: signatures of tiny solar flares that could help
explain the mysterious extreme heating of the Sun’s outer atmosphere. A second
version of FOXSI, launched in September 2018, is further investigating this issue
by taking more precise measurements that will provide a more complete picture of
nanoflares and their contribution to coronal heating.

In FY 2018, NASA selected a team to implement the Interstellar Mapping and
Acceleration Probe (IMAP) mission, the highest priority in the National Academy
of Sciences (NAS) Heliophysics Decadal Survey, and are partnering with NOAA
to use a single launch vehicle for IMAP and a NOAA space weather monitoring
payload. The IMAP mission will help researchers better understand the bound-
ary of the heliosphere, a sort of magnetic bubble surrounding and protecting our
solar system.

The Geospace Dynamics Constellation (GDC) mission, which was in a defini-
tion phase in FY 2018, will provide key understanding of the interaction of various
regions in geospace where space weather has its greatest impact on space assets.
GDC, together with the proposed Explorer missions, will investigate fundamental
space physics energization and coupling phenomena in the Sun’s extended atmo-
sphere and in Earth’s magnetosphere and will develop observation techniques
directly applicable to space weather capabilities.

A number of missions continued to collect data throughout FY 2018, advanc-
ing our understanding of heliophysics. NASA’s Magnetospheric Multiscale (MMS)
mission consists of four satellites flying in formation at speeds of up to 22,300 miles
per hour. The first phase of the mission involved the study of the magnetosphere—
the magnetic bubble surrounding Earth—on the side of the planet closest to the
Sun. Phase two of the mission was an exploration of the magnetosphere on the
dark side of Earth. In January 2018, MMS began a new extended mission phase,

returning to the dayside but flying at a distance about twice as far from Earth as in



phase one. MMS data has already been used in 340 papers by scientists around the
world, and this extended phase will open doors to even more discoveries.

A study published in March 2018 used data from the Interstellar Boundary
Explorer (IBEX) spacecraft to better understand what happens when solar wind
suddenly begins to blow significantly harder. Researchers found that two years
after the solar wind pressure—a combined measure of its speed and density—had
increased by approximately 50 percent, it significantly expanded the size of the
heliosphere, the bubble of solar wind that encases all of the planets in our solar
system and much of the space beyond them, separating the domain of our Sun from
that of interstellar space.

Scientists used NASA’s Solar and Terrestrial Relations Observatory-A, or
STEREO-A, spacecraft, which circles the Sun between Earth and Venus, to take
longer, more frequent exposures of the solar corona than had been taken in the
past. After using unique processing methods, they were able to show in a publica-
tion released in July 2018 that the corona is structured, not smooth and homog-
enous, as previously thought. This structure may help to explain the variability
seen in the solar wind when it hits Earth’s magnetosphere.

Some studies make use of more than one Heliophysics mission to enable their
research. In a paper published in February 2018, scientists used data from both the
Solar and Heliospheric Observatory (SOHO) and the STEREO-A and -B satellites
to study two Coronal Mass Ejection (CME) events—explosions of plasma erupting
from the Sun. Using data from multiple spacecraft allowed scientists to develop a
3D view of the events, reconstructing their journey from space. This work helped
scientists to deduce important pieces of information for space weather forecast-
ing—in this case, for the first time, the density of the plasma around the shock, in
addition to the speed and strength of the energized particles. All of these factors
are key to assessing the danger CME:s present to astronauts and spacecraft.

In another study, scientists combined data from 16 separate NASA and Los
Alamos National Laboratory spacecraft to understand how a particle phenomenon
in the magnetic environment around Earth occurs. Data from each individual mis-
sion are only able to provide a snapshot of what the environment looks like at a
specific place and a specific time. While this snapshot allows scientists to under-

stand some space plasma phenomena in detail, it is difficult to get a comprehensive
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picture of where the particles came from and where they are going. However, by
combining datasets from spacecraft situated in locations spread around Earth,
researchers were able to address big-picture questions about particle movement.
The Heliophysics Division collects data and supports technology development
and research that improve our understanding of the Sun and its effects on Earth and

other planets in our solar system. Below are five research highlights from FY 2018.

NASA Spacecraft Discovers New Magnetic Process in Turbulent Space

Scientists working with MMS uncovered a new type of magnetic event in the
near-Earth environment by using an innovative technique to squeeze extra infor-
mation out of the data. Scientists discovered that magnetic reconnection—which
occurs when crossed magnetic field lines snap, explosively flinging away nearby
particles at high speeds—occurs not only in relatively calm areas, as originally
thought, but also in turbulent zones. This discovery could help scientists better
understand this important phenomenon and potentially improve forecasts of space

weather events in the future.

NASA’s Solar Dynamics Observatory Reveals How a Magnetic Cage on the Sun
Stopped Solar Eruption

Using data from NASA'’s Solar Dynamics Observatory (SDO), researchers pro-
vided insight into why some strong solar flares—intense bursts of radiation and
light—are followed by a CME—a massive, bubble-shaped eruption of solar material
and magnetic field—while others are not. SDO data regarding the magnetic fields
at the Sun’s surface showed that in the area where a large solar flare had occurred
in 2014, a twisted magnetic “rope”—known to be associated with the onset of
CMEs—had formed, but it had been covered by a dense “cage” of magnetic fields.
The scientists found that this magnetic cage physically prevented a CME from

erupting that day.

Mystery of Purple Lights in Sky Solved with Help from Citizen Scientists
In March 2018, scientists published a study providing insight into a phenom-
enon with help from citizen scientists. The phenomenon, referred to as the Strong

Thermal Emission Velocity Enhancement (STEVE), did not look like a normal



aurora. Rather than being oval-shaped and green, blue, or red, STEVE was a
purple line. Using data contributed by citizen scientists, as well as data collected
by observing systems on the ground and in space, researchers demonstrated that,
like aurora, STEVE was caused by charged particles from the Sun interacting with
Earth’s magnetic field lines. However, these field lines were closer to Earth’s equa-

tor, and the particles were fast-moving and extremely hot.

Pulsating Aurora Mysteries Uncovered with Help from NASA'’s Time History of Events
and Macroscale Interactions during Substorms Mission

Auroras typically appear as shimmering green, blue, or red areas in the sky,
but another type of aurora, called a pulsating aurora, appears less frequently and
produces a dimmer display. Scientists using data from NASA’s Time History of
Events and Macroscale Interactions during Substorms (THEMIS) mission and
Japan’s Exploration of energization and Radiation in Geospace (ERG), also known
as Arase, satellite found that pulsating auroras are caused by a particular type of
plasma wave, called a whistler mode chorus. This wave hits the magnetosphere,
scattering electrons down to Earth’s atmosphere, causing the aurora. The results
also help scientists better understand how plasma waves can influence electrons—

something that occurs in processes across the universe.

Predicting the Corona’s Appearance During the August 21, 2017, Total Solar Eclipse
Researchers used data from the Solar Dynamics Observatory to develop a model
that simulates the Sun’s corona. They used measurements of magnetic fields on
the Sun’s surface to predict the structure of the magnetic field that shapes the
corona. The eclipse offered the scientific community a unique opportunity to test
the model because the coronal region near the Sun can be examined in more detail
during an eclipse than at any other time. Researchers found that the structure of
the magnetic field during the 2017 total solar eclipse predicted by the model bore a
striking resemblance to the actual corona observed at that time. The results from
this model can help to provide context for the Parker Solar Probe mission as it

travels through the corona later in 2018.
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Planetary Science

NASA’s Planetary Science Division (PSD) aims to ascertain the content, origin,
and evolution of the solar system and the potential for life elsewhere. PSD develops
spacecraft that travel to other objects within our solar system, conducting flybys,
orbiting around or landing on these objects, and sometimes returning samples to
Earth. PSD develops innovative new technologies to enable spacecraft to travel to
locations ranging from the innermost planet, Mercury, to the edges of the solar
system, and it supports research to enhance our understanding of our solar system.
PSD also supports efforts to identify, characterize, and develop responses to poten-
tially hazardous near-Earth objects (NEOs).

In December 2017, President Trump released Space Policy Directive 1, a change
in national space policy that provides for a U.S.-led, integrated program with
private-sector partners for a human return to the Moon, followed by missions to
Mars and beyond. In alignment with the plan, NASA is preparing to conduct more
research on the Moon’s surface ahead of a human return and intends to purchase
new small lunar payload delivery services. In September 2018, NASA released a
Request for Proposals encouraging the U.S. commercial space industry to introduce
new technologies to deliver payloads to the Moon. This request for Commercial
Lunar Payload Services (CLPS) will further expand efforts to support development
and partnership opportunities on the lunar surface.

Long-term exploration and development of the Moon will give us the experience
for the next giant leap—human missions to Mars and destinations beyond. NASA'’s
Science Mission Directorate continues to make important progress in our studies
of the Red Planet. In May 2018, NASA launched the Interior Exploration using
Seismic Investigations, Geodesy and Heat Transport (InSight) lander. Insight is
scheduled to land on Mars in November 2018 and study for the first time what lies
deep beneath the surface of the planet. The InSight lander will probe and collect
data on Martian earthquakes, heat flow from the planet’s interior, and the way
the planet wobbles to help scientists understand what makes Mars tick and the
processes that shaped the four rocky planets of our inner solar system.

Launched along with InSight were two CubeSats, called Mars Cube One A
(MarCO-A) and MarCO-B. They are designed to trail InSight on the way to Mars,



aiming to relay data about InSight as it enters the planet’s atmosphere and attempts
to land. The MarCO mission is a test of miniaturized communication and naviga-
tion technology that can blaze a path for future CubeSats sent to other planets.

When InSight arrives at Mars, it will join numerous NASA missions already
there. In March 2018, Mars Curiosity celebrated its 2,000th Martian day, or sol, on
the Red Planet. In June, the rover analyzed drilled samples in one of its onboard
labs for the first time in more than a year, using a technique designed by NASA
engineers to overcome a mechanical issue that took the drill offline in December
2016. Elsewhere on Mars, NASA’s Opportunity rover went silent in June 2018 when
a planet-encircling dust storm cut off solar power for the nearly 15-year-old rover.
Scientists will not know the status of the rover until the skies clear and the rover
recharges enough to attempt to “phone home.” At the time of writing, the dust
storm has largely dissipated, however, Opportunity still has not responded.

In the meantime, NASA’s Mars Reconnaissance Orbiter (MRO) used two
instruments to study the dust storm. Each day, the Mars Color Imager (MARCI)
mapped the entire planet in midafternoon to track the evolution of the storm.
Meanwhile, MRO’s Mars Climate Sounder (MCS) instrument measured how the
atmosphere’s temperature changes with altitude. NASA’s Mars Atmosphere and
Volatile Evolution mission (MAVEN) continues to examine how the dust storm
affects Mars’s upper atmosphere.

NASA has also continued to develop the next round of scientific Mars mis-
sions, announcing in May 2018 that the Mars 2020 mission will include the Mars
Helicopter, a small, autonomous rotorcraft, to demonstrate the viability and poten-
tial of heavier-than-air vehicles on the Red Planet. As a technology demonstration,
the Mars Helicopter is considered a high-risk, high-reward project. If it does not
work, the Mars 2020 mission will not be impacted. If it does work, helicopters may
have a real future as low-flying scouts and aerial vehicles to access locations not
reachable by ground travel.

In July, NASA’s Juno mission marked two years of studying Jupiter and its moons,
continuing to enable a wide array of research findings. Juno collected data on a
new heat source close to the south pole of the moon lo that could indicate a previ-
ously undiscovered volcano. The mission continued to monitor Jupiter’s Great Red

Spot, showing that the iconic feature penetrates well below the clouds. The spot
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has been shrinking for a century and a half, and scientists found that the storm
seems to be growing taller as it gets smaller in diameter.

NASA’s Dawn spacecraft entered its lowest-ever orbit in June 2018 for a close-
up examination of the inner solar system’s only dwarf planet—Iless than 30 miles
above the surface of Ceres. Besides the high-resolution images, the spacecraft is
collecting gamma-ray and neutron spectra, infrared and visible spectra, and gravity
data. The main goal of the observations is understanding the evolution of Ceres
and testing for possible ongoing geology.

After an almost-two-year journey, NASA’s asteroid sampling spacecraft, the
Origins, Spectral Interpretation, Resource Identification, Security-Regolith Explorer
(OSIRIS-REx), caught its first glimpse of asteroid Bennu in August 2018 and began
the final approach toward its target. New images are being released as they are avail-
able. OSIRIS-REx is NASA’s first mission designed to visit a near-Earth asteroid,
survey the surface, collect a sample, and deliver it back to Earth. The spacecraft has
traveled approximately 1.1 billion miles (1.8 billion kilometers) since its September
2016 launch and is scheduled to arrive at Bennu in December 2018.

OSIRIS-REx is NASA’s first asteroid sample return mission; however, the
Agency has been observing these and other near-Earth objects (NEOs) for more
than 20 years. NEOs are asteroids and comets in orbits that bring them into the
inner solar system, within 121 million miles (195 million kilometers) of the Sun,
and also within roughly 30 million miles (50 million kilometers) of Earth’s orbit
around the Sun. There are now over 18,000 known NEOs, and the discovery rate
averages about 40 per week. No known asteroid poses a significant risk of impact
with Earth over the next 100 years; however, researchers continue to study and
characterize these objects and assess the danger they may pose in the future. In
June 2018, the U.S. Federal Government released the “The National Near-Earth
Object Preparedness Strategy and Action Plan,” which organizes efforts related to
NEOs within the Federal Government over the next 10 years to ensure that the
Nation can more effectively respond should circumstances warrant.

NASA’s Planetary Science Division uses an array of spacecraft to help us under-
stand our solar system and the potential for life elsewhere and undertakes efforts
to understand and prepare for potentially hazardous NEOs. Below are five research

highlights from FY 2018.



Ice Confirmed at the Moon’s Poles

In a study published in August 2018, a team of scientists used data from NASA’s
Moon Mineralogy Mapper (M3) instrument to identify three specific signatures
that definitively prove that there is water ice at the surface of the Moon. M3 was
launched aboard the Chandrayaan-1 spacecraft by the Indian Space Research
Organization in 2008. Not only did it collect data that picked up the reflective
properties we would expect from ice, but M3 also was able to directly measure the
distinctive way the ice molecules absorb infrared light so that it could differentiate

between liquid water, vapor, and solid ice.

NASA Finds Ancient Organic Material, Mysterious Methane on Mars

NASA’s Curiosity rover found organic molecules—preserved in rocks on Mars—
that suggest that the planet could have supported ancient life. Curiosity also found
seasonal variations in the levels of methane in the Martian atmosphere that could
have biological or nonbiological origins. Data from Curiosity reveal that billions
of years ago, a water lake inside Gale Crater held all the ingredients necessary for
life, including chemical building blocks and energy sources. While not necessarily
evidence of life itself, these findings are a good sign for future missions exploring

the planet’s surface and subsurface.

Complex Organics Bubble Up from Ocean World Enceladus

Data from NASA’s Cassini spacecraft revealed complex organic molecules origi-
nating from Saturn’s icy moon Enceladus, strengthening the idea that this ocean
world hosts conditions suitable for life. Powerful hydrothermal vents mix up mate-
rial from the moon’s water-filled, porous core with water from the moon’s massive
subsurface ocean—and it is released into space, in the form of water vapor and ice
grains. Scientists analyzed the makeup of the ejected ice and identified fragments
of large, complex chemicals. Complex molecules comprising hundreds of atoms
are rare beyond Earth. The presence of the large, complex molecules, along with
liquid water and hydrothermal activity, bolsters the hypothesis that the ocean of

Enceladus may be a habitable environment for life.
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Juno Solves 39-Year-Old Mystery of Jupiter Lightning

Lightning bolts act like radio transmitters, sending out radio waves when they
flash across the sky. But lightning signals on Jupiter collected by Voyagers 1 and
2, Galileo, and Cassini were limited to either visual detections or signals from the
kilohertz range of the radio spectrum, rather than the megahertz range as scientists
would expect. The Juno mission, which arrived at Jupiter in July 2016, carried the
Microwave Radiometer Instrument, and it was able to detect lightning discharges
in the megahertz and gigahertz range. Scientists think the detections were possible
because Juno was flying closer to the lightning than ever before and was searching

a radio frequency that could pass easily through Jupiter’s ionosphere.

Icy Dunes on Pluto Reveal a Diverse and Dynamic Dwarf Planet

Newly discovered dunes on Pluto tell us that the dwarf planet’s geology and
atmosphere are far more dynamic than previously expected, with the winds of its
thin and multi-layer atmosphere helping shape the landscape. These formations
appear to be quite young in geological terms, on the scale of decades or centuries
old. NASA New Horizon’s scientists found these evenly spaced ridges on Pluto’s
surface using imagery from the 2015 flyby. The ridges appear to have formed out
of particles of methane ice as small as grains of sand, arranged into dunes by wind

from the nearby mountains.

Astrophysics

The goal of NASA’s Astrophysics Division (APD) is to discover how the universe
works, explore how it began and evolved, and search for life on planets around
other stars. It collects data using an array of space-based observatories, as well as
sounding rockets, high-altitude balloons, and the world’s largest airborne observa-
tory. ADP supports research that provides insight into our universe and advances
the search for life elsewhere.

In April 2018, NASA launched the Transiting Exoplanet Survey Satellite
(TESS), a mission to find worlds beyond our solar system, including some that
could be potentially habitable. TESS began its science operations in July 2018.

The mission will spend the next two years monitoring the nearest and brightest



stars for periodic dips in their light. These events, called transits, are caused by
a planet passing in front of its star. Using this method, TESS is expected to find
thousands of planets, many of which can then be studied in more detail by the
Hubble Space Telescope and the James Webb Space Telescope, as well as ground-
based observatories.

Astrophysics is utilizing innovative methods to collect data. HaloSat, a CubeSat
designed to detect the halo of hot gas surrounding the Milky Way, was released
from the International Space Station in July 2018. The measurements made by
HaloSat will help scientists investigate the location of heretofore invisible matter
within the universe in the form of x-ray-emitting hot plasma. The High-Resolution
Microcalorimeter X-ray Imaging Rocket (Micro-X) launched in July aboard a sound-
ing rocket to test new detector technology. Scientists showed that the sensor could
successfully act as a highly sensitive thermometer capable of detecting the energy of a
single photon of x-ray light—making an ideal detector for a future x-ray observatory.

NASA'’s Neutron-star Interior Composition Explorer (NICER) mission, which
was installed aboard the International Space Station in June 2017, rapidly made
interesting discoveries. Using NICER, researchers discovered two stars located
closer together than Earth and the Moon, revolving around each other every
38 minutes. The discovery, published in May 2018, bestows the stellar pair with
the record for the shortest known orbital period for a certain class of pulsar binary
system. NICER’s ongoing mission is to provide high-precision measurements to
further study the physics and behavior of neutron stars.

NASA’s collection of long-operating space observatories continued to make
important contributions to astrophysics. In October 2017, after nearly a decade
in space, Fermi contributed to the first joint observations of light and gravita-
tional waves produced by the same event. Fermi was the first observatory to pick
up the pulse of high-energy light, which was immediately reported to astronomers
around the globe as a short gamma-ray burst. The scientists at the National Science
Foundation’s Laser Interferometer Gravitational-Wave Observatory (LIGO)
detected gravitational waves from the gravitational wave source, a pair of merging
neutron stars, tied to the gamma-ray burst. The detection of light from a gravi-
tational-wave-emitting event has revealed details of the event that complement

information obtained from gravitational waves.
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Scientists used data from NASA’s Nuclear Spectroscopic Telescope Array
(NuSTAR) space telescope to show that Eta Carinae, the most luminous and
massive stellar system within 10,000 light-years, is accelerating particles to high
energies—some of which may reach Earth as cosmic rays. Scientists know that
high-energy cosmic rays come to Earth from beyond the solar system, but because
their paths are affected by galactic magnetic fields, determining the origin of these
particles is challenging. The study showed that extreme environments, such as that
at Eta Carinae, are one source of these particles.

Observations by NASA’s Swift spacecraft, renamed the Neil Gehrels Swift
Observatory in 2018 after the mission’s late Principal Investigator, have captured
an unprecedented change in the rotation of a comet. In a paper published in
January 2018, scientists showed that images taken in May 2017 reveal that comet
41P/Tuttle-Giacobini-Kresdk was spinning three times slower than it was in March,
when it was observed by the Discovery Channel Telescope at Lowell Observatory
in Arizona. The abrupt slowdown is the most dramatic change in a comet’s rota-
tion ever seen. Scientists believe the change may be caused by jets of dust particles
and icy grains that erupt as the comet nears the Sun. The increased heat causes its
surface ice to change directly to a gas.

NASA’s Chandra X-ray Observatory, which has been operating for nearly
20 years, was used to study a cold front, located in the hot intergalactic gas that
pervades the Perseus galaxy cluster, that extends for about two million light years,
or about ten billion billion miles. The enormous cold front studied with Chandra
formed about five billion years ago and has been traveling at speeds of about
300,000 miles per hour ever since. Surprisingly, the front has remained extremely
sharp over the eons, rather than becoming fuzzy or diffuse. Scientists are continu-
ing to study what makes this cold front so resilient.

Nearing 30 years on orbit, NASA’s Hubble Space Telescope continued to provide
a window to amazing phenomena within our universe, detecting the farthest star
ever seen, a globular cluster full of the oldest stars in our galaxy, a collection of
“homeless” stars strung out between galaxies, and many other interesting phenom-
ena. In May 2018, an international team of astronomers released the most com-
prehensive, high-resolution ultraviolet-light survey of nearby star-forming galaxies,

based on Hubble data. One of the key questions the survey may help astronomers



answer is the connection between star formation and the major structures, such as
spiral arms, that make up a galaxy.

NASA’s next large space observatory, the James Webb Space Telescope, com-
pleted its cryospheric testing in November 2017. Subsequently, it was determined
that final integration and testing will require additional time, and following a
review by an Internal Review Board, a revised launch date was established for
March 2021. The first telescope of its kind, and an unprecedented feat of engineer-
ing, Webb is at the very leading edge of technological innovation and develop-
ment. When complete, Webb will shed light on many mysteries of the universe,
from detecting the light of the first stars and galaxies in the distant universe to
probing the atmospheres of exoplanets for possible signs of habitability.

NASA’s Astrophysics Division has advanced our understanding of our universe

and the search for life throughout FY 2018. Below are five research highlights.

Dark Matter Goes Missing in Oddball Galaxy

Astrophysics theory suggests that every galaxy has dark matter and that dark
matter is how a galaxy begins. However, researchers faced a challenge to that
theory when data from the Hubble Space Telescope, as well as ground-based tele-
scopes, showed a galaxy that is missing most, if not all, of its dark matter. The
unique galaxy, called NGC 1052-DF2, contains at most Yoo the amount of dark
matter that astronomers had expected. The Hubble image also showed that the
galaxy is so sparse that one can see all of the galaxies behind it. It does not have
characteristics of a spiral, elliptical, or other traditional galaxy shape. Further
analysis of this mysterious galaxy will help scientists better understand the role of

dark matter in galaxy formation.

NASA Finds a Large Amount of Water in an Exoplanet’s Atmosphere

Researchers using data from the Hubble and Spitzer Space Telescopes detected
water in the atmosphere of a hot, bloated, Saturn-mass exoplanet about 700 light-
years away. Although the planet is similar to Saturn in size, it is 20 times closer to
its star than Earth is to the Sun, and it has significantly more water, which sug-
gests that it must have formed differently. The research demonstrates that studying

exoplanets can help us to better understand our own solar system and suggests
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that planet formation is more complicated than we originally thought. Scientists
hope to use the Webb Space Telescope to gather more detailed information on the

exoplanet to better understand where and how the planet formed.

Improved Hubble Yardstick Gives Fresh Evidence for New Physics in the Universe
Astronomers have used NASA’s Hubble Space Telescope to make the most pre-
cise measurements of the expansion rate of the universe since it was first calculated
nearly a century ago by Edwin Hubble himself, the Hubble Space Telescope’s name-
sake. The team’s new study extends precise geometric measurements of stellar dis-
tance to stars up to ten times farther into space than previous Hubble studies. The
value reinforced the disparity with the expected value derived from observations
of the early universe’s expansion, 378,000 years after the Big Bang, made based on
measurements from the European Space Agency’s Planck satellite. The difference
between the two values is about 9 percent. This finding is forcing astronomers to
consider that they may be seeing evidence of something unexpected at work in

the universe and may signal the need for new physics to explain the inconsistency.

New Clues to TRAPPIST-1 Planet Compositions and Atmospheres

It has been a year since scientists discovered the TRAPPIST-1 system of seven
Earth-sized planets. In that time, scientists have used a combination of space- and
ground-based telescopes to learn more about this planetary system. Using data
from NASA’s Spitzer and Kepler Space Telescopes, along with detailed computer
models, researchers determined that all of the planets are made of mostly rock.
Additionally, some have up to five percent of their mass in water, which would be
250 times more water than the oceans on Earth. For the planets closest to the star,
this water is likely in vapor form, while for those farthest away, it is probably frozen
as ice on the surface. At least one of the exoplanets is in the habitable zone, and

this has a surface temperature conducive to hosting liquid water.

No Planets Needed: NASA Study Shows Disk Patterns Can Self-Generate
Young stars are often surrounded by disks of dust and gas. When scientists detect
patterns in the debris—such as rings, arcs, and spirals—they believe these are

caused by an orbiting world. However, new analysis shows that these features may



form without the involvement of planets. NASA scientists using complex computer
simulations found that high-energy ultraviolet light might drive the creation of
patterns in the gas and dust that make up circumstellar disks. The light heats the
gas, which causes it to capture more dust, which in turn heats more gas. This cycle
can work in tandem with other forces to create some of the features astronomers

have observed in debris disks.

Aeronautics Research Mission Directorate

NASA’s Aeronautics Research Mission Directorate (ARMD) remained commit-
ted to fulfilling its critical research commitments during FY 2018, all of which are
intended to transform aviation in ways that directly meet the ever-evolving needs
of industry, sustain the highest levels of safety, and maintain the Nation’s reputa-
tion as the world’s leader in all things related to flight operations and aeronautical
innovation.

Those research commitments continue to be dominated by the long-term inves-
tigations necessary to achieve improvements in aircraft design and propulsion
methods (including revolutionary use of electric propulsion) that will enable new
opportunities for passenger mobility and cargo, significantly reduce the Nation’s
reliance on petroleum-based fuel, diminish the amount of potentially harmful
emissions released into the atmosphere, and shrink annoying noise levels—espe-
cially those heard immediately next to airports during takeoffs and landings.

NASA also remains steadfast in its commitment to working with industry and
academia in supplying technical solutions to the Federal Aviation Administration
(FAA) for its Next Generation Air Transportation System. More efficient methods
for managing air traffic using NASA-developed software were tested in the field
during FY 2018 and, in one case, officially transferred to the FAA for further test-
ing and implementation.

Key highlights of NASA’s aeronautical achievements during FY 2018 include
awarding Lockheed Martin Aeronautics Company a contract to build the X-59
Quiet Supersonic Technology (QueSST) aircraft as the Agency works toward
enabling commercial supersonic air travel over land. Another major focus was

NASA’s ongoing leadership in the fast-growing demand for safely integrating the
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use of Unmanned Aircraft Systems (UAS), commonly called “drones,” throughout
the National Airspace System, including above densely populated areas—what is

now called Urban Air Mobility.

Quiet Supersonic Flight Over Land

Involving teams from the Advanced Air Vehicles Program and the Integrated
Aviation Systems Program, the Low-Boom Flight Demonstration mission was
active in preparing for its comprehensive, scientifically driven effort to provide
U.S. and international regulators with statistically valid data required to approve
new rules that will allow commercial supersonic flight over land. The centerpiece
of this mission is the X-59 QueSST, an experimental supersonic aircraft shaped to
reduce the loudness of a sonic boom reaching the ground to that of a gentle thump,
if it can be heard at all. Once completed, the X-59 will be flown above select
U.S. communities to measure public response to its noise while flying supersonic.
A one-of-a-kind airplane, the X-59 officially received its historic X-plane number
designation from the Air Force during FY 2018, shortly after NASA awarded the
construction contract to Lockheed Martin. More information is available online at
hteps:/fwww.nasa.gov/lowboom/new-nasa-x-plane-construction-begins-now and hetps://
www.nasa.govlaero/nasa-experimental-supersonic-aircraft-x-59-quesst.

In preparation for flying the X-59 in about three years, NASA in FY 2018 used
its F/A-18 supersonic research jet in ongoing flight tests to better understand how
sonic booms propagate through the turbulent atmosphere. Having already con-
ducted a series of research flights during 2016 in the dry air over Edwards Air Force
Base in California, the Sonic Booms in Atmospheric Turbulence research team
deployed for two weeks in August 2017 to fly in the humid air over Kennedy Space
Center in Florida. Repeating the same series of supersonic flights in the tropical
environment helped researchers validate tools and models necessary for aiding in
the design and operation of the X-59. The Florida visit also provided valuable expe-
rience in managing public awareness and reaction to the sonic booms, experience
that will be fruitful when the F/A-18 is deployed to Galveston, Texas, in FY 2019
to test methods for gathering public response to any supersonic-related noise they

might or might not hear. More information is available online at https:/fwww.nasa.


https://www.nasa.gov/lowboom/new-nasa-x-plane-construction-begins-now
https://www.nasa.gov/aero/nasa-experimental-supersonic-aircraft-x-59-quesst
https://www.nasa.gov/aero/nasa-experimental-supersonic-aircraft-x-59-quesst
https://www.nasa.gov/centers/armstrong/features/sonic_boom_tests_set_for_ksc.html

gov/centersfarmstrong/features/sonic_boom_tests_set_for_ksc.html and https:/lwww.

nasa.gov/aero/nasa-prepares-to-go-public-with-quiet-supersonic-tech.

Urban Air Mobility

NASA aeronautical innovators representing all four of ARMD’s programs at the
four NASA Field Centers where aeronautics research is dominant came together
in FY 2018 to address how the Agency can best serve the needs of industry when it
comes to UAS. Particular emphasis was placed on the convergence of technologies
and new business models enabled by the digital revolution that is making it possible
to explore new ways for people and cargo to move within cities—an idea increas-
ingly known as Urban Air Mobility (UAM).

Public-private partnerships are essential to ensuring safe, efficient UAM operations
in populated areas. To that end, NASA during FY 2018 signed its second Space Act
Agreement with Uber Technologies, Inc. Under this agreement, Uber will share its
plans for implementing an urban aviation rideshare network. NASA will use the lat
est in airspace management computer modeling and simulation to assess the impacts
of small aircraft—from delivery drones to passenger aircraft with vertical takeoff and
landing capability—in crowded environments. This is NASA’s first such agreement
specifically focused on modeling and simulation for UAM operations.

More information is available online at https://www.nasa.gov/aeroftaking-air-
travel-to-the-streets-or-just-above-them and  https:/lwww.nasa.gov/press-release/

nasa-uber-to-explore-safety-efficiency-of-future-urban-airspace.

Electric Propulsion

NASA engineers reached a major milestone in FY 2018 with the successful test-
ing of the battery system that will power NASAs first all-electric X-plane, the X-57
Maxwell. The testing validated that the battery system has the necessary capacity
to safely power NASA’s first piloted X-plane in two decades for an entire flight
profile. The test also confirmed the battery design’s ability to isolate potential over-
heating issues to single battery cells, preventing unsafe conditions from spreading

to the rest of the battery system.
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The first test performed was a battery functional test, which examined the bat-
tery’s capacity, demonstrating the ability of the battery to power the aircraft for the
duration of a flight without overheating to unsafe levels. The X-57 will be powered
using lithium-ion batteries that will warm up as they discharge during flight. The
second test, known as a thermal runaway and propagation test, was critical in vali-
dating the redesign of the battery system, which took place following the results of
similar testing in December 2016. While the tests were successful, subsequent data
analysis and tests of the redesign prompted further study and refinements. NASA
has contributed significantly to community understanding of the challenges and
solutions to using these technologies in aviation through extensive publication of
research and community engagement.

More information is available online at https://www.nasa.gov/centersfarmstrong/
feature/X-57_battery_major_milestone.html and https://www.nasa.gov/centers/

armstrong/news/FactSheets/FS-109.html.

Highlights from NASA ARMD’s Programs

Advanced Air Vehicles Program

NASA’s Commercial Supersonic Technology project in FY 2018 continued
developing technologies focused on reducing the noise produced by the exhaust of
a supersonic aircraft’s jet engines, especially during takeoff and landing. Acoustics
experts in NASA’s Aero-Acoustic Propulsion Laboratory completed an evaluation
of a small-scale model of a jet engine in a simulated environment. Results helped
researchers determine how well noise levels produced in a laboratory can be com-
pared to noise data gathered during actual flight tests. More information is available
online at https:/lwww.nasa.gov/image-featurelevaluating-the-noise-of-future-aircraft.

In FY 2018, NASA flight tests successfully demonstrated technologies that
significantly reduce aircraft noise over communities near airports. The tech-
nologies, collectively known as Acoustics Research Measurements, addressed
airframe noise produced by nonpropulsive parts of an aircraft during landing.
Using a Gulfstream III research aircraft, NASA tested experimental designs
on several airframe components. These included NASA’s Landing Gear Noise

Reduction technology, which featured sound-absorbing foam and porous fairings


https://www.nasa.gov/centers/armstrong/feature/X-57_battery_major_milestone.html
https://www.nasa.gov/centers/armstrong/feature/X-57_battery_major_milestone.html
https://www.nasa.gov/centers/armstrong/news/FactSheets/FS-109.html
https://www.nasa.gov/centers/armstrong/news/FactSheets/FS-109.html
https://www.nasa.gov/image-feature/evaluating-the-noise-of-future-aircraft

that reduce noise without increasing drag, and the Adaptive Compliant Trailing
Edge wing flap, a seamless, flexible design that reduced noise by eliminating
gaps between flaps and the wing body during takeoff and landing. During test-
ing, the aircraft flew at an altitude of 350 feet over an array of 185 microphones.
The technologies tested produced a greater-than-70-percent reduction in airframe
noise. More information is available online at https:/fwww.nasa.gov/press-release/
nasa-technologies-significantly-reduce-aircraft-noise.

In FY 2018, NASA and the German Aerospace Center (DLR) continued
their collaborative research into alternative aircraft biofuels. In a series of
flight tests to analyze engine performance, emissions, and contrail formation,
DLR’s Advanced Technology Research Aircraft A320 burned alternative biofu-
els while NASA’s DC-8 “Flying Laboratory” trailed behind to gather emissions
samples and take measurements. The data will be analyzed to determine how
soot from emissions affects contrail ice particles. Previously, the two agencies
collaborated in the NASA-led Alternative Fuel Effects on Contrails and Cruise
Emissions | and Il programs. Those flight tests determined that using a 50/50
blend of biofuel and regular fuel to power jet engines significantly reduced soot
emissions. More information is available online at https:/fwww.nasa.gov/aero/

nasa-takes-international-aviation-research-to-the-max.

Airspace Operations and Safety Program

NASA and Alaska Airlines during FY 2018 tested cockpit-based software
developed to help pilots determine the most fuel-efficient routes during flight.
The Traffic Aware Strategic Aircrew Requests (TASAR) research project
employed the Agency’s Traffic Aware Planner (TAP) software, which merged
and evaluated real-time data to obtain optimized flight plan options. TASAR
improved the process pilots used to request flight paths and altitude modifica-
tions based on changing flight conditions as directed by Air Traffic Control
(ATC). Typically, pilots make these requests with limited awareness of local
flight conditions. Consequently, some requests are denied, resulting in no flight
improvements and unnecessary increases in workload for both pilots and the
ATC. During testing, TAP software onboard Alaska Airlines aircraft success-

fully made rerouting recommendations that saved fuel; lowered emissions; and
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reduced flight time, operating costs, and environmental impact of the test planes.
More information is available online at https://fwww.nasa.gov/feature/langley/
nasa-and-alaska-airlines-test-software-that-saves-time-fuel.

A three-year-long demonstration of a new suite of air traffic management tech-
nologies at the Charlotte-Douglas International Airport in North Carolina suc-
cessfully concluded its first year of operations during FY 2018. Known as Airspace
Technology Demonstration—2, the software solutions are designed to better manage
air traffic to and from an airport, with an emphasis on more efficiently handling
aircraft movements between the terminal gate and runway. The shakedown of
technology and new procedures involved NASA closely working with the Federal
Aviation Administration, the air traffic controllers union, American Airlines, and
officials at Charlotte. More information is available online at https:/fwww.nasa.gov/
aero/nasa-air-trafficcmanagement-demo-goes-live.

NASA partnered with Honeywell in FY 2018 to test an aircraft engine in a
high-altitude environment to explore ice crystal icing, a phenomenon that
occurs when ice crystals enter an engine’s core and accrete. The accumu-
lated ice can cause loss of thrust, stall, surge, and potential damage when ice
particles break up and pass through the engine’s fan. During testing, research-
ers identified conditions under which engine ice forms and manipulated vari-
ables like temperature and engine fan speed to observe how icing behavior
changes. More information is available online at https://www.nasa.gov/feature/

nasa-glenn-tests-aircraft-engines-in-an-ice-crystal-environment.

Integrated Aviation Systems Program

The centerpiece of the Low-Boom Flight Demonstration mission—the
X-59 QueSST aircraft—evolved in FY 2018 from its beginning as a theoretical
design on paper to the next step in producing a real flying machine when the
Low-Boom Flight Demonstration project awarded a $247.5 million construction
contract to Lockheed Martin Aeronautics Company of Palmdale, California.
The contract award was a significant milestone in NASA’s historic return to
flying experimental aircraft. In addition to the fabrication and assembly of the
X-59, the contract also calls for Lockheed to orchestrate the initial flight tests

that will demonstrate that it is safe to fly and meets all of NASA’s performance
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requirements. More information is available online at https:/fwww.nasa.gov/
lowboom/new-nasa-x-plane-construction-begins-now.

NASA in FY 2018 selected three companies to collaborate in the area of UAS
flights in the National Airspace System. They will work together to tackle key
challenges that prevent routine commercial UAS operations today, including the
development, integration, and certification of unpiloted aircraft and avionics.
Known as Systems Integration and Operationalization, this research is to cumulate
in multiple flight demonstrations in 2020 that focus on UAS missions occurring
at altitudes greater than 500 feet above ground level and include integrated Detect
and Avoid and Command and Control technologies. More information is available
online at https:/fwww.nasa.gov/centerslarmstrongmews/newsreleases/2018/18-18.html.

NASA’s remotely piloted lkhana aircraft successfully flew its first mission in
the National Airspace System without a safety chase aircraft. The milestone
flight was conducted to help the United States normalize and open new uncrewed
aircraft operations in the airspace used by commercial and private pilots. The
Ikhana flew into airspace typically reserved for commercial airliners and com-
municated in real time with airport air traffic controllers throughout various
points of its flight. Prior to the Ikhana’s inaugural solo flight, the FAA granted
NASA special permission to use the latest Detect and Avoid technologies, which
enabled the remote pilot on the ground to see and avoid other aircraft during the
flight. More information is available online at https:/fwww.nasa.gov/press-release/

nasa-flies-large-unmanned-aircraft-in-public-airspace-without-chase-plane-for-first.

Transformative Aeronautics Concepts Program

In the fourth year of NASA’s Convergent Aeronautics Solutions (CAS) project,
which is designed to identify and nurture “out-of-the-box” thinking about technol-
ogy that might help transform aviation, three new ideas were selected for study to
determine if they are technically feasible and perhaps worthy of additional pursuit
within NASA or industry. The selections represented a broad range of research
topics, yet each could significantly contribute to building future aircraft that
are more energy-efficient, produce fewer emissions, and are quieter. The selected
projects involved developing a new assembly technique with composites, finding

ways to reduce and shed heat generated by an electric motor, and exploring the
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use of a water-based solution for generating electricity to replace lithium-based
batteries. More information is available online at https:/fwww.nasa.gov/aero/
nasa-selects-three-ideas-to-pursue-that-could-transform-aviation.

Significant advances in electric propulsion technology took place in FY 2018, as
NASA tested motors and motor controllers that will power the first fully electric
X-plane, the X-57 Maxwell. Engineers used a test stand called Airvolt to mea-
sure system voltage, current, temperature, vibration, torque, and thrust. These
data were used to analyze electric propulsion system efficiency and to determine
whether motor components can operate within high- and low-temperature limits.
One objective of Airvolt testing and future X-57 research flights is to help the
flight certification community identify and establish airworthiness standards for
the future. The data gathered by these efforts will be provided to the certification
community to help establish airworthiness standards for future electric aviation.
More information is available online at https:/fwww.nasa.gov/centersfarmstrong/
feature/All-electric_X-57_Cruise_Motors_Begin_Testing.html.

As part of the Spanwise Adaptive Wing (SAW) project, NASA researchers in
FY 2018 conducted flight tests using new technology that allowed a small UAS to fold
its wings during flight for improved aerodynamics. The technology employed a light-
weight, thermally triggered shape memory alloy to fold the outer portions of wings
from zero to 70 degrees to obtain optimal angles for improved fuel efficiency and con-
trollability, as well as reduced drag. During the tests, researchers flew the small UAS
called Prototype Technology-Evaluation Research Aircraft, a “flying laboratory” that
is ideal for gathering SAW data. More information is available online at https:/fwww.

nasa.gov/centerslarmstrong/feature/nasa-tests-new-alloy-to-fold-wings-in-flight.html.

Space Technology Mission Directorate

The Space Technology Mission Directorate (STMD) develops and incorporates
transformative space technologies to enable NASA’s future missions. STMD has
developed a diverse technology portfolio, creating a pipeline to solve the Nation’s
most difficult challenges in space. Space technology is an investment in our
Nation’s high-tech economy, spurring innovation and building partnerships across

the aerospace sector and beyond.
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In FY 2018, STMD made significant progress toward advancing NASA’s current
and future deep space exploration missions. In order to enable and enhance the
Agency’s capabilities, investments focused primarily on five strategic thrust areas:

Presently, STMD has over 1,000 active project activities led by more than 400
companies and over 360 activities led by more than 120 academic institutions. In
addition, STMD is partnered with 15 other Government agencies or departments
as well as four international organizations. In FY 2018, STMD evaluated over 3,600
proposals and funded new technology selections, amounting to over $380 million
in award investments.

In 2018, NASA’s investments in space technology advanced capabilities for
future exploration missions. New technology demonstrations, challenges, and
partnerships helped solve complex challenges needed to land, live, and explore the

Moon and Mars.

Tipping-Point Partnerships

In August, STMD announced its partnerships with six U.S. companies to
develop 10 “tipping point” technologies that have the potential to significantly
benefit the commercial space economy and future NASA missions, including
lunar lander and deep space rocket engine technologies. These awards focus on
technology collaborations with the commercial space sector that leverage emerg-
ing markets and capabilities to meet NASA’s exploration goals. While these key
technologies will support NASA’s science and human exploration missions in the
future, these awards also showcase NASA’s commitment to the Nation’s growing

commercial space industry today.

Technology Demonstration Missions (TDMs)

Deep Space Atomic Clock (DSAC): The DSAC project will fly and validate a
miniaturized, ultra-precise, mercury-ion atomic clock that is orders of magnitude
more stable than today’s best spacecraft clocks, potentially changing the way we
conduct deep space navigation. The clock will provide enhanced navigation accu-

racy, increased science data bandwidth, and improved gravitational measurements
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necessary for future planetary science and exploration missions. In FY 2018, the
DSAC payload successfully completed its final integrated verification testing and
successfully passed the Mission Readiness Review (MRR). DSAC remains in clean
room storage, awaiting a 2019 launch on the U.S. Air Force’s Space Test Program
(STP)-2 mission aboard a SpaceX Falcon Heavy.

Green Propellant Infusion Mission (GPIM): The GPIM spacecraft—designed
to test the unique attributes of a high-performance, nontoxic, “green” fuel on
orbit—completed all flight system integration and test activities and is ready for
launch next year. The propellant, a hydroxyl ammonium nitrate—based fuel/oxi-
dizer mix also known as AF-M315E, can replace the highly toxic hydrazine and
complex bipropellant systems in use today, providing enhanced performance and
volumetric efficiency. The spacecraft is being maintained in readiness for a launch
to low-Earth orbit in 2019 in partnership with the U.S. Air Force’s STP-2 mission
aboard a SpaceX Falcon Heavy.

Laser Communication Relay Demonstration (LCRD): The LCRD mission
proposes to revolutionize the way we send and receive data, video, and other infor-
mation, using lasers to encode and transmit data at rates 10 to 100 times faster than
today’s fastest radio-frequency systems, with significantly less mass and power. The
LCRD project continues to meet developmental milestones on its way to a launch
in 2020 to demonstrate bidirectional optical communications from geosynchronous
orbit, providing critical performance data and operational experience. In FY 2018,
the project completed system integration and functional and environmental test-
ing, and it is preparing to deliver the flight payload to the spacecraft integrator in
FY 2019 to support a No Earlier Than (NET) April 2020 Launch Readiness Date.

In-Space Robotic Manufacturing and Assembly: The three project teams
have completed the final year of the two-year Phase 1 effort. The Made In
Space Archinaut team completed thermal-vacuum testing of the Ground Based
Manufacturing and Assembly System Hardware (GBMASH) to demonstrate addi-
tive manufacturing and assembly of structures in a relevant, spacelike environ-
ment. The Space Systems Loral (SSL) Dragonfly team completed reviews of system
requirements, verification plans, performance, interfaces, and hardware robotic
assembly designs, and they successfully demonstrated in-space manufacturing

mechanisms and conducted a successful Phase 1 closeout review. The Northrop



Grumman Commercial Infrastructure for Robotic Assembly and Services (CIRAS)
project advanced in-space assembly components and processes, including demon-
strations of a robotic arm, end effectors, assembly tools, reversible joining meth-
ods, control software, a quick-disconnect interface, and modular truss structures.
Phase 2 selections are pending.

Robotic Refueling Mission 3 (RRM3): RRM3 builds on the first two phases
of International Space Station (ISS) technology demonstrations that tested tools,
technologies, and techniques to refuel and repair satellites in orbic. RRM3 will
demonstrate innovative methods to store, transfer, and freeze standard cryogenic
fluid in space. The project completed payload integration and environmental test-
ing on all hardware. The hardware will launch on the SpaceX CRS-16 mission in
December 2018.

Restore-L: The Restore-L mission’s objective is to refuel a U.S. Government
satellite in low-Earth orbit, demonstrating a suite of satellite-servicing technolo-
gies and potentially enabling the burgeoning U.S. satellite-servicing industry. The
project has been working on integrated design, development, testing, and evalua-
tion. In FY 2018, the project successfully completed an end-to-end demonstration
of an autonomous capture with a LandSat 7 mock-up and a payload simulator. The
project has begun a suite of subsystem reviews as it is readying for mission-level
review in FY 2019.

LEO-based Flight Test of an Inflatable Decelerator (LOFTID): The LOFTID
project became part of the TDM portfolio in FY 2018. The objective is to dem-
onstrate a Hypersonic Inflatable Aerodynamic Decelerator (HIAD) to mature
inflatable aeroshell technology for future NASA heavy down-mass missions and
commercial applications. In early FY 2018, contractors were selected: Airborne
Systems, Inc., to provide the reentry vehicle inflatable structure and Jackson-Bond
Enterprises to supply the flexible thermal protection system. An agreement has also
been finalized with industry partner United Launch Alliance (ULA). The proj-
ect defined functional and performance requirements and developed preliminary
project plans, culminating in a successful System Requirements Review in May.
Fabrication of the reentry vehicle Engineering Development Unit (EDU) is under
way, as well as the avionics subsystem design. The preliminary design of the system

is also in progress, with the Preliminary Design Review scheduled for February 2019.
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Evolvable Cryogenics (eCryo): In FY 2018, the eCryo team conducted ground
testing of the Radio Frequency Mass Gauge (RFMQG) flight hardware with RRM3.
Final testing and reporting on advanced cryogenic insulation systems was com-
pleted as part of the Improved Fundamental Understanding of Super Insulation
(IFUSI) task. Preparations for FY 2019 Structural Heat Intercept, Insulation
Vibration Evaluation Rig (SHIIVER) testing continued. The foam-insulated
SHIIVER tank, thermal test support stand, forward skirt (with vapor-cooling heat-
intercept channels) and skirt multi-layer insulation have been delivered to Plum
Brook Station for assembly and integration. Fabrication of the remaining SHIIVER
components is under way. Cryogenic Fluid Management modeling and analysis

collaboration with JAXA continued in 2018.

Game Changing Development (GCD)

The Kilopower project objective is to demonstrate a compact, safe, scalable
space fission power system to enable crewed surface missions on planetary bodies.
The NASA and Department of Energy team successfully completed the Kilopower
Reactor Using Stirling Technology (KRUSTY) full-power test of a I-kilowatt reac-
tor over a two-day period in March at the Nevada National Security Site (NNSS).
The project employed the novel integration of available uranium-235 fuel form,
passive sodium heat pipes, and flightready convertors. The KRUSTY experiment
is the first fission nuclear reactor test in over 50 years.

The Adaptable, Deployable Entry and Placement Technology (ADEPT)
project’s objective is to advance heat shield technology for planetary landers and
sample return missions. The ADEPT flight test was conducted on September 12
aboard an UP Aerospace sounding rocket. It achieved full deployment and per-
formed as expected, and all data sources were recovered. The team will continue to
analyze the data in the coming months.

The Low-Cost Upper Stage-Class Propulsion (LCUSP) project was a five-year
effort to develop and demonstrate additive manufacturing processes to produce
rocket propulsion components in less time and at a lower cost than conven-
tional manufacturing methods. The LCUSP was a very successful project, hav-

ing achieved a number of technology firsts, including the use of Selective Laser



Manufacturing (SLM) and Electron Beam Free Form Fabrication in the fabrication
of two different combustion chambers. The project successfully achieved its goals
and culminated in a successful hot fire test of a 35,000-pound-force combustion
chamber and nozzle at NASA’s Marshall Space Flight Center on March 2. The
team has been successful in infusing technology into industry, leading to growth in
advanced manufacturing jobs. Major aerospace prime contractors, such as SpaceX,
Orbital ATK, Aerojet-Rocketdyne, ULA, and Blue Origin, are investigating the
use of SLM in the production of propulsion components for their vehicles.

Bulk Metallic Glass (BMG) Gears technology offers to develop planetary and
strain wave (a.k.a. Harmonic Drive) gearboxes capable of reliable operation at
or below 100 kelvins without the use of heaters. The product capability offers a
viable gearing technology for power-constrained missions in cryogenic environ-
ments such as the Moon during lunar night, permanently shadowed craters, or icy
bodies such as Europa. Once fully matured, the technology will enable operation
for low-temperature, power-constrained missions such as missions to the Moon. In
FY 2018, the project successfully completed cold life testing of planetary gears, both
unlubricated and dry-lubricant operation at <100 kelvins and >1 hour.

The High Performance Spaceflight Computing (HPSC) project is develop-
ing a next-generation flight computing system that addresses the computational
performance, energy management, and fault tolerance needs of NASA missions
through 2030 and beyond. The Boeing Company was contracted to develop and
provide the chiplet, a multicore hardware processor, associated system software and
software development environment, an evaluation board, and a software simulator/
emulator. In May 2018, the HPSC Project successfully completed the Preliminary
Design Review for the HPSC chiplet. This allowed the chiplet design team to
begin the register-transfer level (RTL) layouts of the HPSC chiplet subsystems. In
July 2019, the HPSC Project is expected to complete the RTL layouts of all chiplet
subsystems in preparation for a chiplet Critical Design Review in the fall of 2019.

The Safe and Precise Landing—Integrated Capabilities Evolution (SPLICE)
project is focused on the development, technology readiness maturation, flight
demonstration, and infusion of Precision Landing and Hazard Avoidance
(PL&HA) technologies into NASA missions and commercial spaceflight missions.

In FY 2018, the project completed the Hardware-in-the-Loop (HWIL) simulation.
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This HWIL simulation was integrated with the SPLICE Descent and Landing
Computer (DLC). The DLC incorporates a surrogate of the HPSC processor (see
above), which will accelerate the integration of the HPSC components on future
precision landing and hazard-avoidance demonstrations.

The Astrobee project is developing a set of three free-flying robots that will
operate inside the ISS alongside astronauts. Astrobee’s primary objective is to
provide a zero-g research facility for guest scientists. In FY 2018, the project com-
pleted building Certification and Flight Units of the Docking Station. The project
completed the Free Flyer Certification Unit build and procured and installed the
Ground Server that will provide storage for experiment data for the Astrobee facil-
ity. Astrobee free flyers will launch in spring 2019 on NG-11 and SpaceX CRS-18.

The In-Space Manufacturing (ISM) project is focused on the development and
demonstration of advanced manufacturing techniques, including additive manu-
facturing, to enable on-demand fabrication of components and spare parts in space.
ISM is demonstrating these capabilities on the ISS. In FY 2018, ISM awarded three
contracts to Techshot, Tethers Unlimited, and Interlog under the NextSTEP Broad

Agency Announcement to develop a Multi-material Fabrication Laboratory (FabLab).

Small Business Innovative Research (SBIR) and Small Business Technology
Transfer (STTR)

NASA awarded 555 contracts for a total of $180.1 million in FY 2018. Specifically,
304 SBIR and 44 STTR Phase I proposals were selected for award to 277 U.S.
small businesses to establish the scientific, technical, and commercial feasibility
of each proposed innovation. In addition, 144 SBIR and 24 STTR Phase 1l awards
were selected to further expand upon their Phase 1 work. Through the Phase 11
Extended/Expanded program, 39 options were exercised for $10.6 million in SBIR/
STTR funding, which was matched by over $7 million from investors outside the
program (other NASA programs, other Government agencies, and commercial
investors). Additionally, 32 Phase III awards were made leveraging over $7.8 million
in non-SBIR/-STTR funding.

A highlight for the year included Pancopia in Hampton, Virginia, who created an

innovative water-recycling process that leverages novel microorganisms to provide



cost-effective, closed-loop water purification on the ISS and on Earth. NASA SBIR
awarded Pancopia $885,000 to build and expand the prototype. Pancopia received
two commercialization awards with the United States Department of Agriculture
(USDA) for this new recycling system and has partnered with the USDA to license

its patented anammox bacteria.

Small Spacecraft Technology Program (SSTP)

The SSTP launched two successful technology demonstration missions on
November 12, 2017, on the Cygnus Resupply Mission (OA-8), later deploying them
to low-Earth orbit on December 6, 2017.

The Optical Communications and Sensor Demonstration (OCSD) mission,
developed and operated by the Aerospace Corporation, transmitted at an error-
free data rate of 200 megabits per second (approximately a 100x increase over
CubeSat state of the art) to a 30-centimeter telescope. A second demonstration
successfully completed by OCSD’s twin 1.5-unit spacecraft involved a propulsive
rendezvous with water-fueled maneuvering thrusters to rejoin the spacecraft after a
460-kilometer post-deployment drift to a closest approach of six meters.

The Integrated Solar Array Reflectarray Antenna (ISARA) mission, devel-
oped and operated by NASA’s Jet Propulsion Laboratory (JPL) and the Aerospace
Corporation, is the first in-space demonstration of a Ka-band reflectarray, which is
an integrated solar array and radio antenna structure. The reflectarray technology
is capable of data rate transmission of up to 100 megabits per second (Mb/s). By
integrating the solar panel and antenna structure together, more volume is made
available for payloads in the CubeSat structure. The technologies demonstrated on
these missions pave the way for high-value science missions and formation flying
missions that use distributed CubeSats and small satellites. The technology pio-
neered for use in spaceflight by the primary ISARA payload, the JPL reflectarray
antenna, was an integrated part of the successful data relay by the two MarCO
spacecraft during the Insight landing on November 26.

The Pathfinder Technology Demonstrator (PTD) project completed its pay-
load assessment of the Tethers Unlimited, Inc. (TUI), HYDROS water hydrolysis

thruster-based propulsion system. The HYDROS system separates onboard water
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into hydrogen and oxygen propellants by applying an electric current through the
water. The propulsion system uses the on-orbit power provided by the arrays to
power a miniature water electrolysis system. The in-space demonstration will test
propulsion performance through programmed changes in spacecraft velocity and
altitude executed by the water-fueled thrusters. This first PTD mission is slated for
launch in 2019.

The program awarded nine university teams to collaborate on the develop-
ment and demonstration of new technologies and capabilities for small spacecraft.
Proposals were awarded in three topic areas: instrument technologies for small
spacecraft; technologies that enable large swarms of small spacecraft; and tech-
nologies that enable deep space small spacecraft missions. This is the fourth round

of projects selected under the Smallsat Technology Partnerships initiative.

Flight Opportunities

In FY 2018, the Flight Opportunities program funded flights on four vertical
takeoff/vertical lander flight campaigns, two Suborbital Reusable Launch Vehicle
(sRLV) flight campaigns, five high-altitude balloon flights, and two parabolic
campaigns for researchers developing technologies that are of interest to NASA
and the commercial space industry. The program flew 28 technology payloads in
FY 2018 on 17 flights.

e Blue Origin had two successful test flights of its New Shepherd rocket in
FY 2018, each carrying Flight Opportunities—funded payloads. In April, a
sensor package developed at NASA’s Johnson Space Center to study the
internal environment of suborbital vehicles as test platforms was tested, as
well as wireless technology to perform the world’s first commercial tweet
from space. The July flight test carried five NASA-supported technologies
onboard, and for each of these payloads, the flight was one in a series of
suborbital demonstrations to facilitate technology development.

e UP Aerospace launched two of its SpaceLoft rockets for NASA within
five days. In addition to testing eight technology payloads, including the
ADEPT heat shield, the back-to-back launches demonstrated responsive

and rapid relaunch capabilities.



In May, Masten Space Systems Xodiac rocket-flight-tested HoneyBee
Robotics’ pneumatic sampler collection system, PlanetVac. PlanetVac is a
surface soil—collection system for a sample return mission. This flight pro-
vided HoneyBee with the opportunity to test in a situation more realistic
to what the payload might encounter on a space mission.

Two Research, Development, Demonstration, and Infusion (REDDI)
parabolic flights tested technologies in propellant gauging and optimizing
chilldown methods for cryogenic propellant tanks imperative for efficient
fuel transfer in deep space. Also tested were bio-inspired flexible probes for
interaction with and anchoring to the surface of asteroids and other low-
gravity bodies for sampling operations and collection for In-Situ Resource
Urtilization (ISRU). The capabilities sought by these technologies—ISRU
collection and subsequent storage and transfer of fuel in space—are criti-
cal for sustained exploration activities beyond Earth.

World View Enterprises balloon flights in March and September made
strides in advancing technology for understanding planetary evolution by
measuring how electromagnetic waves penetrate the surface—and what

information that might reveal.

Space Technology Research Grants (STRG)

Since its inception, STRG has funded exciting space technology research via
595 grants at 107 universities across 43 states and one U.S. territory. In FY 2018,
the program made 14 Early Stage Innovations awards, 11 Early Career Faculty
awards, and 56 NASA Space Technology Research Fellowship awards. The inaugu-
ral Space Technology Research Institutes—the Center for Utilization of Biological
Engineering in Space (CUBES), led by the University of California, Berkeley, and
the Institute for Ultra-Strong Composites by Computational Design (US-COMP),
led by Michigan Technological University—Dboth successfully completed the first

year of these multi-year awards.

CUBES, working to advance the practicality of an integrated, multi-
function, multi-organism bio-manufacturing system on a Mars mission,

demonstrated a microbial electrocatalysis system that reduces Martian
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dinitrogen (N,) levels to the levels needed for sustainable plant production
and developed a method to synthesize a bone-regeneration hormone in let-
tuce leaf tissue as a possible microgravity countermeasure for crew health.

e US-COMP, in its efforts to enable computationally driven development of
carbon nanotube (CNT)-based ultra-high-strength lightweight structural
materials, demonstrated an improvement in the microstructure of four-ply
core-spun yarns, completed preliminary mechanical tests, and fabricated
small yarn composite samples.

Other program research highlights include the following:

e Simon Vecchioni from Columbia University grew his own DNA-based
biowires, which are 20 times more conductive than normal DNA. Simon
demonstrated the first-ever electrically functional DNA nanoelectric
components and proved that successful fabrication of biowires is possible
in a low-resource environment, such as those that will be encountered on
future deep space missions.

e Carmel Majidi from Carnegie Mellon University was featured in a
Washington Post article for creating self-healing “Terminator skin” that
combines electronic circuits, soft sensors, and elastic conductive mate-
rial. The material can spontaneously repair itself after sustaining damage;
Carmel demonstrated the ability to power a clock while simultaneously
damaging the conductive connections using a sharp object. Stretchable
electronics have potential applications in planetary exploration where
resilient, lightweight, and flexible sensors can be worn by bio-inspired soft

robots in treacherous environments such as Mars.!

NASA Innovative Advanced Concepts (NIAC)

In 2018, NIAC awarded 16 Phase I and nine Phase Il awards across industry,
academia, and NASA Centers while completing 15 2017 Phase I studies and eight

1 Peter Holley, “Terminator Skin: Researchers Create ‘Self-Healing’ Material for Robots,”
Washington Post (May 24, 2018), available at https://www.washingtonpost.com/news/innovations/
wp/2018/05/24/terminator-skin-researchers-create-self-healing-material-for-robots/?utm_
term=.9a7a590f7cc9 (accessed July 26, 2019).
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https://www.washingtonpost.com/news/innovations/wp/2018/05/24/terminator-skin-researchers-create-self-healing-material-for-robots/?utm_term=.9a7a590f7cc9

2016 Phase II studies. In partnership with World Book, NIAC received approvals

for a second inspiring eight-book STEM series to further promote NASA science
globally, with a theme of “Out of This World.” In the series, NASA scientists share

their individual stories about how they grew from young students to scientists and

how they are working on solving some of NASA’s biggest challenges.

Centennial Challenges

The Centennial Challenges program conducted two competition events in

FY 2018, awarding $220,000 in prize money. A new competition was launched—the

CO, Conversion Challenge—and opened for registration. The program also began

the formulation and development of two new challenges slated to open in 2019.

The program began work on creating Phase 2 of the Space Robotics
Challenge. Phase 1 took place in FY 2017, and 23 teams won a total of
$555,000 over the course of the competition. The goal of Phase 2 is to
advance robotics software and autonomy, and the goal launch date is
in 2019.

With the preliminary Ground Tournaments ending in FY 2017, Cube
Quest teams are preparing their CubeSats for the in-space competitions
that will begin with the first flight of the Space Launch System, EM-1.
The purpose of these Deep Space and Lunar Derbies is to design, build,
and launch flight-qualified, small satellites capable of advanced operations
near and beyond the Moon.

Phase 3 of the 3D-Printed Habitat Challenge opened in November 2017,
and teams have competed in two of the five sublevels, winning a total of
$220,000 so far. The multi-phase challenge is designed to advance the
construction technology needed to create sustainable housing solutions
for Earth and beyond. It will culminate in April 2019 with a head-to-head
construction demonstration.

The newest competition—the CO, Conversion Challenge—launched
in August. It is a $1 million competition to convert carbon dioxide into
sugars such as glucose as a first step to creating mission-critical resources.

Such technologies will allow us to manufacture products using local,
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indigenous resources on Mars, and on Earth by using waste and atmo-
spheric carbon dioxide as a resource.

e The Vascular Tissue Challenge is ongoing, with 12 teams registered. The
goal is to advance the field of tissue engineering by successfully grow-

ing thick, vascularized human tissue for a major organ. The prize purse

is $500,000.

Technology Transfer

The Technology Transfer program continued to create value for NASA and
taxpayers by spinning out an unprecedented number of new technologies. For the
seventh year in a row, the program set new records for the volume of technologies
shared with partner companies—with 99 new patent licenses and 2,987 software
usage agreements. This year’s totals were helped along by the release of a new

software catalog and the launch of an automated online licensing application tool.

iTech

The iTech program—a collaborative effort that identifies and fosters innova-
tive solutions for solving challenges on Earth and also in space—conducted three
cycles of competitions in FY 2018, including one with the U.S. Department of
Energy’s Advanced Research Projects Agency—Energy (ARPA-E) to identify trans-
formational energy technologies that can improve energy generation, storage, and

distribution to the benefit of both space exploration and life on Earth.



DEPARTMENT OF DEFENSE
DOD

Aeronautics

Rotorcraft
Army

The United States Army (USA) is continuing its modernization efforts across
the entire aviation fleet. Rotary-wing aircraft fielding of the AH-64E Apache,
UH-60M Blackhawk, CH-47F Block II Chinook, HH-60V MEDEVAC Blackhawk,
and LUH-72 Lakota will ensure that Army aircraft will be capable for decades
to come.

The USA Joint Multi-Role Technology Demonstrator (JMR-TD) demonstrated
progress in support of technology development for Future Vertical Lift (FVL).
Although not flying demonstrators, vendors have produced significant technology
advancements in tiltrotor and coaxial rotor technology as well as actuator designs.
Additional efforts include the Mission System Architecture Demonstration. This
collaborative industry effort is developing an open system architecture for future

platforms across the Department of Defense.

Navy

The United States Navy (USN) CH-53K Super Stallion program reached a
major milestone as it began low-rate initial production. With nearly three times
the external lift capacity of the CH-53E and a mission radius of up to 200 nautical
miles, the CH-53K has the lift and range to support the future Marine Air Ground
Task Force. Flight Test Operations shifted from the contractor facility in West

Palm Beach, Florida, to Naval Air Station Patuxent River, Maryland.
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The VH-92 Presidential Helicopter Replacement commenced Integrated
Government Flight Test in August 2018. The program received a successful
Milestone C decision in May 2019 authorizing Low-Rate Initial Production of the
first six operational aircraft.

The V-22 Osprey has been in production for several years, with more than 350
aircraft delivered to the United States Marine Corps (USMC) and United States
Special Operations Command. This tiltrotor aircraft provides unique capabilities
to the warfighter, combining the flexibility of a helicopter with the speed and range
of a fixed-wing aircraft. In addition to the wide range of missions that the aircraft
can currently support, new capabilities continue to be developed, such as the abil-
ity to act as a tanker for aerial refueling. Other upgrades are being completed to
enable the aircraft to meet the USN requirements for carrier onboard delivery.

The USN has delivered 526 of 555 MH-60 helicopters and transitioned
all Helicopter Sea Combat and Helicopter Maritime Strike squadrons to the
MH-60R/S. Due to high operational demand and evolving warfighter needs, the
program has initiated a Service Life Assessment intended to evaluate requirements
for a Service Life Extension. These efforts will improve mission systems/sensors,
recapitalize current MH-60 investments to pace the threat out to 2040, and
establish the foundation to rapidly and affordably migrate to the Future Vertical
Lift platform.

In the fall of 2018, the United States commenced the effort to recapitalize its
Advanced Helicopter Training System. The Navy intends to pursue a nondevelop-

mental approach and procure a commercial helicopter.

Air Force

The United States Air Force (USAF) awarded a contract to Boeing on
September 24, 2018, to purchase up to 84 helicopters and associated training
devices and ground equipment to replace the legacy UH-INs. The replacement
helicopter meets the need to secure and defend the Nation’s intercontinental bal-
listic missiles (ICBMs) and provide continuity of operations, flights, training, test-

ing, and operational support airlift. The replacement is planned to reach Initial

Operational Capability (I0C) in 2023.



Fixed-Wing
Navy

The transition of the P3C to the P-8A continues to progress, with 74 P-8A air-
craft delivered to the USN and four aircraft delivered to the Royal Australian Air
Force under a cooperative agreement. The USN has transitioned nine of 12 fleet
squadrons with the tenth squadron currently in transition. With over 63 percent
of the aircraft delivered, the USN has flown nearly 25,000 sorties and logged over
135,000 flight hours.

DOD completed the System Development and Demonstration (SDD) flight test-
ing phase of the F-35 Joint Strike Fighter (JSF). Naval Air Station (NAS) Lemoore
stood up the first USN F-35 Master Jet Base in January 2017 and began training
the first operational F-35C squadron in January 2018. In June 2018, the first F-35Bs
operationally deployed aboard the USS WASP and USS Essex, conducting opera-
tions in the Indian Ocean and the Pacific. In September, USMC F-35Bs were the
first U.S. Joint Strike Fighters employed in combat. In August 2018, VFA-125 and
VFA-147 participated in the first integrated Carrier Air Wing Operations aboard
the USS Abraham Lincoln. In September, two F-35s successfully landed onboard
the HMS Queen Elizabeth for the first time, with both USMC and Royal Air Force
(RAF) aircraft participating. To date, 320 F-35 aircraft have been delivered, with 91
planned for delivery in calendar year 2019.

The USMC has delivered 54 of 104 KC-130J aircraft, transitioning four active-
duty squadrons and one reserve squadron. Concurrently, the USMC began install-
ing the NP2000 eight-bladed propeller on its legacy C-130 fleet.

The USN and USAF are working together on a joint Analysis of Alternatives
to determine the best material solution to recapitalize E-6B and other National
Command and Control Aircraft.

In March 2018, the USN awarded Boeing a contract to modernize the F/A-18
fleet, extending the life of existing Super Hornets from 6,000 to 9,000+ flight
hours. In the early 2020s, Boeing will begin installing initial updates to the aircraft
that will convert existing Block II Super Hornets to a new Block 11l configuration.
The Block III conversion will include enhanced network capability, longer range
with conformal fuel tanks, an advanced cockpit system, signature improvements,

and an enhanced communication system.
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The E-2D program has delivered 34 aircraft to date. The USN received approval
to award a multi-year procurement in fiscal year (FY) 2019 to build 12 E-2D air
craft. Upgrades to the platform continued in FY 2018 as the Navy released Delta

Software System Configuration 2, allowing the E-2D to pace the evolving threat.

Air Force

The USAF awarded a contract to Boeing on September 27, 2018, to purchase 351
aircraft, 46 associated training devices, and other ancillary supplies and service to
replace Air Education and Training Command’s fleet of T-38C training aircraft.
The Advanced Pilot Training program is expected to provide student pilots in
undergraduate- and graduate-level training courses with the skills and competen-
cies required to transition to fourth- and fifth-generation fighter and bomber air-
craft. The USAF plans to achieve Initial Operational Capability in 2024.

Low Cost Attritable Aircraft Technologies (LCAAT) is an Air Force Research
Laboratory (AFRL) effort focused on reducing the cost of building an aircraft
airframe by more than a factor of ten. LCAAT will enable a family of limited-
function, rapidly produced, low-cost, attritable Unmanned Aerial Vehicles (UAV5s)
to augment piloted weapon systems to force a cost-imposition effect on near-peer
adversaries. The effort completed vehicle build and is currently in testing, with first

flight test to occur in late 2018.

Unmanned Aircraft Systems (UAS)
Army

The USA continues to modernize the MQ-1C Gray Eagle and RQ-7B Shadow
UAS in stride with combat operations. In August 2018, the Army fielded its 14th
Gray Eagle Company (15 total) and has begun transitioning units to the new
Extended Range Gray Eagle, which increases the endurance to 41 hours. Gray
Eagle units are assigned to Active Army Divisions, the Intelligence and Securities
Command (INSCOM), and the 160th Special Operations Aviation Regiment. The
Shadow is nearing the end of its modernization in FY 2019 with the fielding of
the remaining RQ-7B V2. That upgrade includes a new universal ground control
station. Additionally, in FY 2019, the USA will begin experimenting on a future
tactical UAS initiative that will eventually replace the RQ-7 Shadows in Brigade



Combat teams. Currently, Shadows are assigned to all Brigade Combat Teams,

Special Forces Groups, and Combat Aviation Brigades.

Navy

The MQ-4C Triton (formerly Broad Area Maritime Surveillance UAS) will
develop maritime-capable UAS systems for operational deployment by providing
persistent maritime Intelligence, Surveillance, and Reconnaissance (ISR) services.
Along with the P-8A Poseidon, the Triton UAS is an integral part of the Maritime
Patrol and Reconnaissance Force family of systems, and it will provide combat
information to operational and tactical users such as the Expeditionary Strike
Group, Carrier Strike Group, and Joint Forces Maritime Component Commander.
Developmental testing on the baseline capability was completed in October 2017,
and Early Operational Capability is planned for 2018. The upgraded multiple intel-
ligence capability is on track to support the maritime ISR and targeting transition
plan in FY 2021.

The MQ-8 Fire Scout UAS program provides real-time and non-real-time ISR
data to tactical users without the use of crewed aircraft or reliance on limited joint
theater or national assets. An MQQ-8 system is composed of air vehicles (MQ-8B/
MQ-8C), a mission control station, tactical control system software, a tactical com-
mon data link, a UAV common automatic recovery system for takeoffs and land-
ings, payloads (electro-optical/infrared/laser designator-range finder, automated
information system, voice communications relay, radar, coastal battlefield recon-
naissance and analysis, and other specialty payloads), and associated spares and
support equipment. Fire Scout provides a 240-degree instantaneous field of view
and a range of digital modes to include Maritime Surveillance, Synthetic Aperture,
Inverse Synthetic Aperture, weather detection, and ground moving target indica-
tor. The MQQ-8 launches and recovers vertically and can operate from all suitably
equipped air-capable ships. MQ-8C Initial Operational Capability is scheduled for
FY 2019.

The MQQ-25 program is rapidly developing an uncrewed capability to embark on
CVNs (aircraft carriers with nuclear propulsion) as part of the Carrier Air Wing
(CVW) to conduct aerial refueling as a primary mission and provide ISR capability

as a secondary mission. MQ-25 extends CVW mission effectiveness range, partially
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mitigates the current Carrier Strike Group organic ISR shortfall, and fills the future
CVW-tanker gap, mitigating Strike Fighter shortfall and preserving F/A-18E/F
fatigue life. MQ-25 will achieve these goals through the use of a carrier-suitable,
semiautonomous (man-in-the-loop, air vehicle executes preplanned missions) UAS
(provided by the Air System segment) and controlled through existing Command,
Control, Communications, Computers, and Intelligence (C4I) networks from the
control systems integrated into the CVNs. MQ-25 will initially be integrated aboard
Nimitz-class aircraft carriers, followed by Ford-class. The Chief of Naval Operations
and Assistant Secretary of the Navy for Research, Development, and Acquisitions
have approved accelerated, streamlined processes for the program office to move the
IOC from FY 2028 to FY 2024. The Government executed this acceleration through
the conduct of source selection culminating with the August 2018 contract award
($805 million) to Boeing. The combined Government-industry team will use mod-
ern processes and advanced technology, such as Model-Based Systems Engineering
(MBSE) and embedded teaming, to keep the program on track to be the fastest

contract award-to-lOC of any modern major aviation program.

Weapons
Army

The USA is actively pursuing advanced precision munitions with longer ranges
to allow our aircraft to operate outside of threat weapon system effective ranges.
These precision munitions will make U.S. aircraft more survivable in a peer/near-
peer threat environment and help solve the anti-access, area denial challenge
posed by current threats, while operating in an enemy integrated air defense system
environment. USA Aviation is also developing smaller, more versatile modular
missile technology that allows a more scalable and tailorable precision munition
for soft/mid-range targets. Tailoring of the munitions will allow a more affordable
precision munition for our UAS. These smaller precision weapons will increase
lethality and provide more flexibility in targeting.

The USA began fielding and improving other munitions, including the Joint
Aiir-to-Ground Missile (JAGM) and the Advanced Precision Kill Weapon System
(APKWS). JAGM is a multi-mode guidance munition capable of precision point

and fire-and-forget targeting. These capabilities can be employed in adverse



weather and against countermeasures while also affording simultaneous engage-
ments on both moving and stationary targets with increased lethality. In 2018,
the USA had multiple successful engagements with the APKWS in operational

theaters, validating the capability and investments in lighter precision munitions.

Navy

During FY 2017, the USN matured its long-range Cruise Missile Strategy.
Key developmental and sustainment tenets of this strategy include support of
Tomahawk Land Attack/Block III and Tactical Tomahawk/Block IV (TACTOM)
through their anticipated service lives, integration of modernization and obso-
lescence upgrades to TACTOM during a midlife recertification program (which
extends the missile service life an additional 15 years), fielding of the Long-Range
Anti-Ship Missile (LRASM) as the Offensive Anti-Surface Warfare/Increment 1
material solution to meet near- to mid-term anti-access Anti-Surface Warfare
(ASuW) threats, and development of follow-on Next Generation Strike Capability
(NGSC) weapons to address future threats and targets. NGSC includes capabilities
for both the air-launched Offensive Anti-Surface Warfare (OASuW)/Increment 2
capabilities to counter long-term anti-surface warfare threats and a surface- and
subsurface-launched Next Generation Land Attack Weapon (NGLAW) to initially
complement, and then replace, legacy land attack cruise missile weapon systems.

LRASM continues to pioneer advanced semi-autonomous strike weapon capa-
bilities. In FY 2018, LRASM had multiple successes, including a two-weapon salvo
that demonstrated autonomous behaviors against multiple moving ships, culminat
ing in a direct hit on the intended target. The LRASM program also delivered the
first tactical rounds to support USAF B-1 Early Operational Capability.

The Advanced Anti-Radiation Guided Missile (AARGM)/Block 1 had formal
fleet release in the summer of 2017. AARGM is a cooperative development program
with the Italian Air Force to transform the High-Speed Anti-Radiation Missile
(HARM) into an affordable, lethal, and flexible time-sensitive strike weapon sys-
tem for conducting Destruction of Enemy Air Defense missions. AARGM adds
multispectral targeting capability and targeting geospecificity to its supersonic
fly-out to destroy sophisticated enemy air defenses and expands upon the HARM

target set.
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Using multi-mode seeker and two-way datalink capabilities, the Joint Small
Diameter Bomb II (SDB 1II) program provides an adverse-weather, day-ornight
standoff capability against mobile, moving, and fixed targets and enables target
prosecution while minimizing collateral damage. During FY 2017, SDB II contin-
ued Government confidence tests that had multiple program firsts, including con-
ducting a successful test employment against multiple advanced countermeasures
and hitting targets in a cluttered urban environment.

The APKWS guidance kit transforms an unguided 2.75-inch (70-millimeter)
rocket into a precision-guided rocket, giving warfighters a low-cost surgical-strike
capability. The APKWS rocket redefines precision by hitting the target with
pinpoint accuracy and minimal collateral damage. The rocket is proven in com-
bat for five years. The Advanced Precision Kill Weapon System 1l continued its
high level of reliability and lethality as this weapon has become one of the key

weapons in the current fight against the Islamic State (known variously as ISIS

and ISIL).

Aviation Survivability Equipment
Army

In 2018, the USA continued a concerted effort to modernize the infrastruc-
ture for its Aircraft Survivability Equipment in order to allow for more rapid
and responsive fielding of improved threat detection and defensive countermea-
sures. The Common Missile Warning System (CMWS) continues to provide
the USA’s fleet with infrared (IR) threat detection with the primary focus on
Man Portable Air Defense Systems (MANPADS). CMWS employs a range of
expendable countermeasures on all platforms, with the addition of the Advanced
Threat IR Countermeasure system on CH-47s to defeat incoming MANPADSes.
Army Aviation will begin receiving production systems of the Common Infrared
Countermeasure in early FY 2019.

Army Aviation is also developing requirements for the Advanced Threat
Detection System (ATDS) designated as the next-generation missile/threat warn-
ing system that will significantly increase the array of threats that can be detected
and defeated. ATDS is targeted for fielding in FY 2027 and will also provide greater

situational awareness to aircrews against additional threats, such as rocket-propelled



grenades, anti-tank guided missiles, and unguided ballistic projectiles such as
heavy, crew-served machine guns.

The USA is also investing in upgraded detection and countermeasures to address
Radio Frequency (RF) threats. Radar Warning Receiver (APR-39D[V]2) fielding
begins mid-FY 2019 and will continue through FY 2022 as a bridging solution
until the Modernized Radar Warning Receiver is fielded. Along with advances in
detection capabilities, the USA is also advancing its threat defeat capabilities with
the development of a family of Advanced Airborne Expendable Countermeasures.
Production on an improved counter-RF expendable countermeasure (chaff) has
also commenced and is expected to be fielded to the force in 2024. Upgraded chaff
and Electronic Countermeasures fielding will coincide with the improved detec-
tion initiatives. Essential to the protection of aircraft against emerging threats,
Army Aviation will pursue science and technology efforts to develop follow-on
systems that are able to detect and defeat a threat system regardless of its targeting

and guidance systems, propulsion means, or warhead type.

Propulsion
Army

The Army is developing the Improved Turbine Engine, a 3,000-shaft-horsepower
engine, designed to replace the current GE 701D engine that powers the AH-64E
and UH-60. This engine will bring new technologies that increase the engine’s
power and the overall fuel efficiency. This capability will enable the USA to
carry required payloads at increased ranges and greatly increased endurance while
decreasing the need for the logistics involved in resupplying fuel. The Improved
Turbine Engine will also reduce the cost of ownership by increasing engine design
life and overall engine reliability through advanced internal aerodynamics, hybrid
ceramic bearings, and improved inlet particle separation. Two competing prelimi-
nary engine designs were completed in 2018. The downselect to one vender for the
Engineering and Manufacturing Development Phase of procurement is expected

in January 2019.
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Air Force

The USAF Research Laboratory and Honeywell recently completed a pre-
liminary design and will complete a detailed design of the TPE331 Improved
Performance Technology Engine (IPTE) in the fall of 2018. The new advanced
technologies will take Honeywell’s existing TPE331 turboprop engine, which
has supported everything from modern-day general aviation aircraft to military
uncrewed systems (e.g., the MQ-9 Reaper), and give it 30 percent more power and
15 percent better fuel efficiency while keeping it in the same size and package as
the existing engine. With the TPE331 IPTE program, Honeywell’s next-generation
engine will have the performance and capabilities for continued use in future
military missions while finding success and new applications across the com-
mercial industry, such as upgrading twin-engine turboprop aircraft, accelerating
performance growth for single-engine platforms, and meeting large-load capacity
requirements for agricultural aircraft. The development and testing of the engine
will be completed by 2021.

The Supersonic Turbine Engine for Long Range (STELR) successfully completed
57 minutes of a durability engine testing at Mach 2.7. The objective of the STELR
project is to demonstrate robust, supersonic expendable turbine engine technolo-
gies. Engines using these technologies could be used for long-range supersonic
cruise missiles or be the basis for future reusable boosters for reusable hypersonic

vehicles in a Turbine-Based Combined Cycle propulsion system.

Hypersonics
Air Force

AFRL, with the Arnold Engineering Development Center (AEDC), success-
fully reactivated the Von Kdrmén Facility Wind Tunnel D for use in supersonic
and hypersonic research. The tunnel was originally operated from 1953 to 1977
as a low-cost research and customer test facility before lying dormant for nearly
40 years. AFRL led a 201618 return-to-service effort as part of a strategy to
improve technology transfer between the research and ground-test communities.
The building housing Tunnel D was renovated as a collaborative research facility
and equipped with new supply infrastructure, state-of-the-art controls, data, and

safety systems, as well as a full suite of advanced diagnostics. It now serves as one



of AFRDs platforms for diagnostics development and research in high-speed aero-
dynamics and fluid-structure interactions.

Building upon initial funding from the Small Business Innovative Research
(SBIR) program with Generation Orbit Launch Services, Inc., AFRL awarded a
follow-on contract (valued at $11.8 million) to finalize the design and conduct
the initial flight test of GOLauncherl (GOl). The USAF has designated the
GOl hypersonic flight research vehicle as X-60A. GOl is an air-dropped, liquid-
propelled rocket designed for routine and affordable hypersonic flight testing of key
hypersonic technologies that cannot be tested in current hypersonic wind tunnels.
AFRL completed hot fire testing of the GOl stage at AFRDLs Rocket Lab facilities
at Edwards Air Force Base (AFB), California, and a store separation wind tunnel
test in Calspan’s transonic tunnel in Buffalo, New York. The first flight test of
GOl is scheduled for spring 2019, when it will cruise at Mach 6. Flight testing is
planned to be based out of Cecil Field near Jacksonville, Florida. GO1 will provide
much more affordable, commercial testing capability available to all parties work-
ing on hypersonic technologies and wanting to conduct hypersonic testing. It will

become a critical test asset to the Nation.

Space

Science and Technology
Air Force

The Evolved Expendable Launch Vehicle (EELV) Secondary Payload Adapter
(ESPA) Augmented Geosynchronous Laboratory Experiment (EAGLE) multi-
mission spacecraft flight experiment was successfully launched on Air Force Space
Command (AFSPC)-11 by a United Launch Alliance Atlas V rocket from Cape
Canaveral, Florida, on April 14, 2018. ESPA is an AFRL innovative technol-
ogy that increases the number of satellites that can be put into space on a single
launch. Much like a train can just add extra cars to transport more cargo, one or
more ESPA rings can be added under the primary payload to launch more satellites.
EAGLE will demonstrate a maneuverable ESPA-based space vehicle design that
allows six or more deployable or hosted spacecraft in geosynchronous orbit. It will

also demonstrate the capability to provide low-cost access to geosynchronous orbit
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and geosynchronous transfer orbit for smaller-class space vehicles by using excess
weight and volume available on the EELV launch vehicle family. One of the EAGLE
payload experiments is another AFRL-developed spacecraft called Mycroft, which
is a separable, fly-away satellite. The Mycroft vehicle will deploy from EAGLE, drift
to approximately 35 kilometers away, and cautiously progress over several months
to ranges approaching 1 kilometer. While in orbit, the Mycroft spacecraft will be
supporting the Mycroft program’s three experimental objectives to advance Space
Situational Awareness (SSA) technology in near-geosynchronous orbit. It will
explore ways to enhance space object characterization and navigation capabilities,
investigate control mechanisms used for flight safety, and explore the designs and
data-processing methods for enhancing SSA. Other experiments hosted on EAGLE
will detect, identify, and analyze system threats such as humanmade disturbances,
space weather events, or collisions with small meteorites.

The University Nanosat Program (UNP) held the Nanosat-9 Phase-A downse-
lect meeting in January 2018. The teams from the University of Colorado Boulder
and the University of Georgia were selected to proceed to satellite build (Phase B).
In addition, preparation for the tenth round of the University Nanosat Program
(NS-10) are under way for a kickoff meeting in January 2019. Under NS-10, ten
U.S. universities will be building small satellites and exploring SmallSat technolo-
gies, including propulsion, small-satellite laser communications, advanced radio-
frequency communications, and rendezvous and formation flying, among others.
Founded in 1999, the UNP was the first federally funded research program to fund
small-satellite projects at universities. The objective of the UNP is to promote and
sustain university research and education focused on small satellites and related
technologies. The primary outcome of individual projects funded under this pro-
gram has been the design, fabrication, and functional testing of a small satellite.
Secondary objectives are to foster research in enabling technologies for small sat-
ellites and the design of experiments that can be performed by small satellites
in orbit.

The Shiver mission includes four 12U CubeSats and is sponsored by the USAF
Research Laboratory (AFRL). The Shiver mission is a formation-flying mission
intended to study the practices, processes, and methods of formation entry and

maintenance. Shiver will execute several formations and is testing autonomy on



the space vehicles by designing the vehicles to be able to maintain their own orbit.
There are several flight-of-opportunity payloads for the formation mission as well.

Shiver is scheduled to launch in late 2020.

Command and Control
Air Force

The Joint Space Operations Center (JSpOC) was redesignated as the Combined
Space Operations Center (CSpOC) on July 18, 2018. The CSpOC Mission System
(CMS) provides real-time, integrated Space Situational Awareness (SSA) to allow
informed, rapid decision making by the Commander, Joint Functional Component
Command-Space, including the ability to plan, direct, coordinate, and control
operations of assigned forces. It will allow increased capability, including a User
Defined Operational Picture (UDOP), a high-accuracy satellite positional data-
base/catalog, increased capacity for additional space objects, ability to leverage
nontraditional sensors/data sources, and automated satellite collision-avoidance
assessment/prediction services.

The CMS Increment 2 is the program of record to replace the aging and
sustainment-challenged Space Defense Operations Center, which met its design
end of life in 2002. Increment 2 employs agile elements in a net-centric, service-
oriented architecture (SOA) to allow

e capabilities to be incrementally deployed in service packs,

e loosely coupled capabilities/applications to enable the integration of the
latest commercial and Government-developed software and technologies,

e operators to utilize a User Defined Operational Picture via Web start,

e third-party software deployment via a Software Development Kit, and

e the ability to tailor certain content of Service Pack(s) based on warfighter
requirements and urgent needs.

The CMS Increment 2 Program Service Pack 9 is completing Operational
Testing and Evaluation (OT&E). Service Pack 11 development is under way.

DOD has a need to improve both its systems’ timeliness and accuracy and its
processes for managing multiple simultaneous events to better enable commanders
and decision makers to rapidly command and control (C2) space assets through-

out the range of operations. Enterprise Space Battle Management Command
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and Control (ESBMC?2) is a command and control software (SW) program. The
SW will be able to better integrate multiple streams of SSA, initial delivery of
Indications and Warning (I&W), and counter-space data to provide decision mak-
ers with a clearer picture of the contested space environment. The program is
specifically designed for the National Space Defense Center and aimed at manag-
ing any future space conflicts. ESBMC2 involves multiple lines of effort by the
AFSPC, the Space and Missile Systems Center (SMC), AFRL, and the Air Force
Rapid Capabilities Office (AFRCO) to quickly provide C2 capabilities across the
DOD Enterprise and leverage commercial capabilities to the maximum extent
possible. The ESBMC2 program will deliver an automated approach at multiple
classification levels to link disparate information across geographically separated
operations in order to direct forces on operationally relevant timelines. It will
provide commanders and decision makers with the tools needed to improve time-
lines and accuracy in commanding and controlling space assets simultaneously.
A Request for Information (RFI) for a Broad Agency Announcement (BAA)
contract was issued in January 2017 and opened in May 2017. Responses have
been received and will allow the ESBMC2 program to start developing initial
space Battle Management Command and Control (BMC2) applications. Multiple
Requests for Proposals (RFPs) will be going out based on RFI responses received.
ESBMC2 lines of effort include the following:

e Providing the initial National Space Defense Center (NSDC) infrastruc-
ture (through 2019).

e Spiral 1: Initial delivery of I&W and Course of Action (COA) tools to
the NSDC.

e Spiral 2: Infrastructure Initial Operational Capability (IOC), I&W, COA,
sensor tasking using a satellite experiment effort, and multiple operation
center collaboration.

e  Spiral 3: Standup of the Shadow Operations Center (ShadowOC) for con-
tinued training and experimentation with prototypes, as well as improved
Spiral 2 tools to meet top requirements.

The USAF Rapid Capabilities Office will develop enterprise open standards
using a consortium and will leverage lessons learned. Spiral 4 will demonstrate

space command and control using proven open, scalable, and interoperable



systems. The ESBMC2 program will also develop prototypes to address identified

capability gaps at space operations centers.

Environmental Monitoring
Air Force

The development of the USAF’s family of systems to meet future Space Based
Environmental Monitoring (SBEM) sensing needs progressed significantly in 2018.
All elements of the family of systems are on track to replace legacy sensing capa-
bilities in the early half of the next decade.

The Weather Satellite Follow-on (WSF) is a two-phased acquisition approach
that places the Compact Ocean Wind Vector Radiometer (COWVR) technology
demonstration in 2021 on the International Space Station (ISS). The COWVR
demonstration is intended to mature the technology and provide some residual
operational capability. The WSF-Microwave (WSF-M) program will collect
critical observations on ocean surface vector winds and tropical cyclone inten-
sity. WSE-M is the planned replacement for the legacy Windsat mission as well as
the Special Sensor Microwave Imager/Sounder (SSMIS) sensors that fly on the
Defense Meteorological Satellite Program (DMSP) satellites. The first of up to
two WSE-M satellites is in development with acquisition Milestone-B planned for
spring 2019 and initial launch capability in late 2022. Technical risk for WSF-M
development is being reduced via the Operationally Responsive Space-6 (ORS-6)
mission. The ORS-6 technology demonstration incorporates lessons learned from
the NASA Jet Propulsion Laboratory (JPL) COWVR payload development and
includes a potential flight aboard the International Space Station.

The Electro-optical/infrared Weather System (EWS) pre-acquisition activi-
ties were conducted throughout the year leading to the release of the system
Request for Proposals in late 2018. EWS will satisfy DOD’s two highest-priority
SBEM sensing needs from the family of systems’ “early-morning” orbit—Cloud
Characterization and Theater Weather Imagery. Initial launch capability for EWS
is predicted for late 2023. Additionally, to reduce the risk of coverage gaps between
the fly-out of legacy DMSP and the availability of EWS, the USAF is developing
the Operationally Responsive Space-8 (ORS-8) mission. ORS-8 was initiated in
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response to a United States Strategic Command (USSTRATCOM) urgent need
and is on track for initial launch capability in 2021.

Throughout 2018, the USAF and the National Oceanic and Atmospheric
Administration (NOAA) conducted various technical interchanges, site surveys,
and planning activities for the EWS-Geostationary (EWS-G—formerly WSF-G).
The intended purpose of EWS-G is to provide persistent weather monitoring of the
Central Command (CENTCOM) Area of Responsibility (AoR) from a dedicated
United States geostationary SBEM satellite. This coverage is currently provided
by the allied European Meteosat-8, which has a projected end of mission in 2020.
EWS-G will ensure that U.S. operations in the CENTCOM continue to be sup-
ported by timely and reliable SBEM capabilities when the current Meteosat-8

support ends.

Missile Warning/Attack Assessment
Air Force

The Space Based Infrared System (SBIRS) remains an unblinking eye for bal-
listic missile warning and defense, battlespace awareness, and technical intelli-
gence for the United States and its allies. SBIRS satellites and ground systems
provide operational capability today and will continue to incrementally deliver
additional capability to the warfighter in the future. The USAF is taking pro-
jected threats seriously and focusing investments on maturing resilient technology
now. An acquisition strategy is under development for a next-generation Overhead
Persistent Infrared (OPIR) space segment. The strategy is being discussed in pre-
decisional forums within the USAF and seeks to replenish the constellation and
address emerging resiliency requirements while addressing a rapidly changing

threat environment.

Positioning, Navigation, and Timing
Air Force

The Global Positioning System (GPS) program celebrated its 23rd anniversary
this year of providing uninterrupted Positioning, Navigation, and Timing (PNT)
data, free of charge, to users worldwide. GPS has been operational since July 1995.

The success of the GPS program can be reflected in the total number of GPS



receivers produced to date, estimated at four billion worldwide. The first GPS 111
satellite is scheduled for launch on December 2018. The second GPS 111 satellite
completed assembly and factory testing in August 2018 and is in storage await-
ing shipment to the launch base. GPS IlI satellites 3 through 10 are in various
stages of production. In addition, the GPS III Follow-on (GPS IIIF) contract was
awarded in September 2018. GPS IIIF satellites will provide an eightfold increase
in anti-jam performance over current GPS satellites. The GPS Next-Generation
Operational Control System (OCX) achieved its Milestone B recertification in
September 2018. This modernized ground system will enable the effective use of
the latest military and civilian GPS signals. For military GPS user equipment, the
first M-Code ground receiver card obtained security certification and completed
qualification tests in 2018. These military GPS receiver cards will provide users
with access to higher-power military signals and are more jam-resistant than pre-

vious generations.

Satellite Communications (SATCOM)
Air Force

The Advanced Extremely High Frequency (AEHF) is a joint-service satellite
communications system that provides global, survivable, secure, protected, and
jam-resistant communications for high-priority military ground, sea, and air assets.
Three on-orbit AEHF satellites augment the existing Milstar constellation, provid-
ing protected satellite communications for strategic users. Three additional AEHF
satellites are currently in production, with the next launch forecast to occur in the
first quarter of FY 2019.

The Family of Advanced Beyond-Line-of-Sight Terminals (FAB-T) program will
field nuclear-event-survivable terminals capable of communicating with the Milstar
and AEHF satellite constellations using jam-resistant, low-probability-of-intercept,
and low-probability-of-detection waveforms. On April 18, 2018, FAB-T received
Milestone Decision Authority approval to purchase the new ground transportable
antenna configuration. In total, 51 Low Rate Initial Production terminals are now
on contract and ten terminals have been installed.

The Enhanced Polar System (EPS) program now has two hosted payloads on
orbit that were launched in FY 2015 and FY 2017. Operational testing is slated for
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FY 2019, along with initial operational capability shortly thereafter. The EPS will
replace the Interim Polar System to ensure that critical protected communications
requirements above 65 degrees north latitude are satisfied for joint forces. The
USAF is procuring two replenishment EPS payloads to prevent a Military Satellite
Communications Systems Directorate (MILSATCOM) mission gap in the polar
region in the 2023 timeframe. A sole-source Request for Proposal for two func-
tional equivalent EPS payloads was released to Northrop Grumman Aerospace
Systems in November 2017 and was definitized on August 10, 2018.

The Wideband Global Satellite Communications (WGS) satellite program con-
sists of ten satellites with nine currently on orbit. WGS 10 is scheduled to launch
in 2019. The Consolidated Appropriations Act of FY 2018 includes a $600 million
congressional addition to “fully fund” WGS 11-12. The USAF released, on June
21, 2018, a sole-source Request for Proposal to Boeing for two WGS satellites.
WGS is the DOD SATCOM constellation with the highest capacity and was
declared at Full Operational Capability (FOC) with five satellites on May 12,
2014. The WGS system provides up to 3.6 gigabits per second (Gbps) per satellite
(13.7 Gbps worldwide as of April 2016) to support various missions of the Unified
Combatant Commanders, military services, other DOD agencies, and interna-
tional partners (Australia, Canada, Denmark, the Netherlands, New Zealand, and
Luxembourg).

The WGS system is composed of space, control, and terminal segments. The
space segment operates in the X-band and Ka-band with flexible connectivity
between bands and coverages to support and connect users operating worldwide.

The Protected Tactical Enterprise Service (PTES) is a ground system that will
provide anti-jam protection via WGS to tactical warfighters currently unable to
operate through interference in anti-access/area-denial operational environments.
The development contract Request for Proposal was released on March 29, 2018,
and is currently in source selection. On June 18, 2018, the USAF Acquisition
Executive designated PTES as an FY 2016 National Defense Authorization Act
(NDAA), Section 804, Rapid Prototyping activity and authorized PTES to pursue
a prototype capability (two Navy Carrier Strike Groups in the Pacific Theater) by
the end of the first quarter of FY 2022.



Space Access
Air Force

The Evolved Expendable Launch Vehicle (EELV) program continued to success-
fully place satellites into orbit during FY 2018. United Launch Alliance (ULA)
continued its record of 100 percent mission success with four National Security
Space (NSS) launches during FY 2018:

(Launch Date, Launch Vehicle Configuration, Payload)

e Qctober 15, 2017, Atlas V (421), National Reconnaissance Office Launch
(NROL)-52

e January 12, 2018, Delta IV Medium+ (5,2), NROL-47

e January 19, 2018, Atlas V (411), SBIRS Geostationary (GEO) 3—Flt 4

e April 14, 2018, Atlas V (551), AFSPC-11

In the next fiscal year, EELV will be retitled the National Security Space Launch
program in accordance with congressional direction contained in the FY 2019
National Defense Authorizations Act, enacted August 13, 2018.

The Launch and Test Range System (LTRS) provides public safety and assured
access to space. LTRS modernization efforts continue at both the Eastern and
Western Ranges, Patrick AFB/Cape Canaveral AFS, Florida, and Vandenberg
AFB, California, respectively, in support of DOD, civil, and commercial satellite
launches and DOD ballistic missile evaluation launches. LTRS comprises numerous
subsystem capabilities: Range Safety and Command Destruct, Radar and Optics
Tracking, Telemetry Reception, Communications and Data Handling, Timing and
Sequencing, and Planning and Scheduling.

The USAF continued to competitively award launch services in FY 2018. The
GPS I1I-4, -5, and -6 launch services awards were made on March 14, 2018, to
SpaceX, while AFSPC-8 and AFSPC-12 launch services awards were made on
March 14, 2018, to ULA. Additionally, AFSPC-52 launch service was competi-
tively awarded to SpaceX on June 20, 2018, and is scheduled to be launched on
the Falcon Heavy. The USAF’s program office released RFP 1A-6 on January 31,
2018. RFP 1A-6 includes six launch services (AFSPC-44, SBIRS GEO-5, SBIRS
GEQO-6, Silent Barker, NROL-85, and NROL-87) that will be awarded individually.
Proposals were received on April 16, 2018, with awards projected in the first quarter

of FY 2019.
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The USAF funded three providers to develop full launch systems through launch

service agreements (LSAs) in 2018 and ultimately select two providers for the next

generation of launch service procurements in late 2019. These LSAs remain a

key component in moving away from the use of non-allied space launch engines,

maintaining assured access to space with two or more fleets of launch vehicles,

and introducing sustainable competition for future EELV NSS launch services to

maintain a healthy space industrial base with more-affordable pricing.

Range modernization efforts continued in FY 2018 with the following

accomplishments:

The Western-Range Modernization of Network (WMN) contract was
awarded as a small business set-aside to upgrade the Western Range mis-
sion communications core, addressing obsolescence issues and improving
cyber protection. As part of WMN, the contract upgrades the Western
Range’s communications network from Asynchronous Transfer Mode to
Internet Protocol version 6 (IPv6).

Construction was completed on a new Range Communications Facility
(RCF) at the Eastern Range, and equipment installation has already
commenced. The purpose of the new building is to relocate communica-
tions capabilities from the XY building to a new RCEF, resolving building
deterioration, a high risk of flooding, software code noncompliance, and
other high-risk capability off-loading. The expected completion date is
November 2023 (FY 2024).

Modernization of the Range Command Destruct subsystem continues, in
order to employ a new secure command destruct code and the enhanced
flight termination system, the latter mandated by the National Security
Agency.

Autonomous Flight Safety System (AFSS) implementation is ongoing.
AFSS will transfer the most critical range and public safety requirements
to rocket and test vehicle onboard systems, enabling agile acquisition of
commercial off-the-shelf solutions for instrumentation needs.
Modernization of LTRS capabilities ensures that both ranges are bet-
ter able to sustain operations and respond more readily to a changing

space threat environment, enabling the facilities to rapidly integrate new



capabilities to make the ranges a more resilient warfighting force in a
contested battlespace.

In 2017, with changes in 2018, Congress redesignated the Operationally
Responsive Office as the Space Rapid Capabilities Office (Space RCO) within
USAF Space Command as a program office. The mission of the Space RCO is
1) to contribute to the development of low-cost, rapid-reaction payloads, busses,
launch, and launch control capabilities in order to fulfill joint military operational
requirements for on-demand space support and reconstitution; 2) to coordinate
and execute space rapid capabilities efforts across the Department of Defense with
respect to planning, acquisition, and operations; and 3) to rapidly develop and field
new classified space capabilities. This mission enables the ability to expedite the
fielding of critical space capabilities to the warfighter and to enhance the materiel
responses to Combatant Commander needs.

On May 31, 2018, ORS-5 was declared operational to meet validated urgent
needs. A Space Situational Awareness payload successfully launched in August
2017, ORS-5 accomplishes roughly 85 percent of the work of its predecessor, Space
Based Space Surveillance Block 10, freeing it to focus on higher priorities.

ORS-7 has demonstrated the ORS responsive manufacturing assembly line by
producing two CubeSats for the Coast Guard’s Arctic search-and-rescue mission.
These two ORS-7 CubeSats have completed final integration and testing and will
be integrated into the Department of Homeland Security’s Adaptive Space-based
Analytics Project when launched in November 2018.

ORS-8 continues its development to satisfy the Department of Defense—
validated urgent need for an interim capability for weather Gap 1 (cloud charac-
terization) and Gap 2 (theater weather imagery) with a planned launch in 2021.

On June 7, 2018, the Space RCO Executive Committee approved a new program,
ORS-9, to address the U.S. Strategic Command-validated urgent need for persis-

tent all-weather tactical intelligence, surveillance, and reconnaissance.

Space Control
Air Force
The Counter Communications System (CCS) provides expeditionary, deploy-

able, and reversible counter-space effects applicable across the full spectrum of
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conflict. CCS denies adversary satellite communications in an area of conflict in
ways that include command and control, early warning, and propaganda dissemi-
nation. Development was continued in 2018 for the purchase of seven new Counter
Communications Systems for the Air National Guard. The preplanned product
improvements, which transition the system to Increment 10.2, are on track and
progressing well. Nine of 16 systems have been delivered to date, with remaining
deliveries scheduled by the end of FY 2020.

The Space Security and Defense Program (SSDP) is a joint DOD and Office of
the Director of National Intelligence (ODNI) organization, established to function
as the center of excellence for options and strategies (materiel and non-materiel),
leading to a more resilient and enduring National Security Space Enterprise. In
FY 2018, SSDP completed efforts resulting in the delivery and implementation of
specific cyber and materiel solutions to emergent capability needs. These include
the following:

e Developing and accessing protection capabilities, architectures, and
requirements across the NSS enterprise.

e  Performing technical analyses, studies, and modeling to inform national,
DOD, and Intelligence Community (IC) policy for enhancing the U.S.
space protection posture.

e Designing and developing tools that provide actionable recommendations
to individual programs for increasing system resiliency and informing
investment decisions.

e Maturing analytical capability to evaluate the resiliency of proposed
architectures (both mission-specific and enterprise-wide).

e Developing experiments and exercises to advance space protection
Tactics, Techniques and Procedures (TTPs); Concept of Operations
(CONOPS); and SSA C2.

e Prototyping C2 and SSA integration solutions to speed information shar-
ing, streamline operations, and shorten decision timelines.

e Refining Space C2 requirements based on National Space Defense Center

experiment results, C2 prototypes, and SSA experiments.



Space Situational Awareness
Air Force

The Space Fence provides un-cued surveillance of small objects and satellites
primarily in Low-Earth Orbit (LEO), as well as Medium-Earth Orbit (MEO) and
Geosynchronous Earth Orbit (GEO) (secondary), to provide spaceflight safety,
early detection, custody of threats, and awareness to satellite operators in the
human spaceflight regime. Space Fence will be the most accurate high-capacity
radar in the Space Surveillance Network (SSN) and will provide extensive updates
to the space catalogue; increase sensitivity for new object discovery; and deliver
optimum orbital coverage, including coverage of much lower inclinations of orbit-
ing objects. Space Fence greatly increases the ability to understand the Space
Domain battlespace and inform warfighter decisions. The increased sensitivity,
coupled with increased computing capabilities of the Joint Space Operations
Center Mission System, improves understanding of the space operating environ-
ment and associated threats.

The acquisition strategy implements Better Buying Power—cost, capability, and
design trade studies; prototyping; and risk reduction in the System Development
and Preliminary Design Review phases. Current efforts are focused on the first
site and the operations center, which provide system IOC. The installation and
checkout at the operations center is complete, and the construction of the sensor
site is near completion. In addition, the radar hardware and software production
are near completion. Installation and checkout of the radar components are under
way at the sensor site. The program is on track to achieve IOC in the first quarter
of FY 2019.

The Geosynchronous Space Situational Awareness Program (GSSAP) vehicles
will operate in the nearrGEO regime and provide the United States with an
operational capability to support U.S. Strategic Command’s Space Surveillance
Operations as a dedicated space-based SSN sensor. The enhanced maneuverabil-
ity of GSSAP also allows rendezvous and proximity operations to enable on-orbit
object characterization and anomaly resolution. Two additional GSSAP space

vehicles were launched in August 2016.
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FEDERAL AVIATION
ADMINISTRATION
FAA

The Federal Aviation Administration (FAA) has achieved more milestones
in its ongoing Next Generation Air Transportation System (NextGen) effort.
NextGen is transitioning the National Airspace System (NAS) from analog and
ground-based communication, navigation, and surveillance systems to cutting-edge
digital and satellite-enabled technologies. NextGen is fundamentally changing the
way we see, navigate, and communicate in the Nation’s skies.

NextGen seeks to move away from the current system of air traffic control
(ATC)—based on knowing where an aircraft is using radar—to a time-based
management system that operates on shared knowledge of the precise location
of an aircraft at any given point in time along its projected trajectory. Trajectory
Based Operations (TBO) is an air traffic management (ATM) method for stra-
tegically planning, managing, and optimizing flights throughout the operation
by using time-based management, information exchange between air and ground
systems, and the aircraft’s ability to fly precise paths in time and space. TBO will
increase safety, reduce delays and congestion, decrease fuel burn, and lower aircraft
exhaust emissions.

NextGen is essential to protecting aviation’s contributions to U.S. economic
strength. A healthy aviation industry is vital to the Nation’s prosperity, as civil
aviation contributes 10.6 million jobs and $1.6 trillion a year to the U.S. economy.
In total, the FAA estimates that NextGen implementations from 2010 through

2018 have accrued $6 billion in early benefits to industry and society.
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Automation

Two cutting-edge automation systems are helping to modernize ATC. While
neither platform is a NextGen technology in and of itself, both enable critical
NextGen capabilities in terminal and en route airspace.

Under the Terminal Automation Modernization and Replacement (TAMR)
program, the FAA is replacing the Automated Radar Terminal System in ter-
minal radar approach control (TRACON) facilities with the Standard Terminal
Automation Replacement System (STARS). TRACONSs guide aircraft transition-
ing to and from high-altitude airspace.

STARS is replacing the automation in TRACONSs and their associated air traf-
fic control towers across the country and is operational at the 11 sites that control
80 percent of U.S. traffic:

e Atlanta

e Chicago

e Dallas/Fort Worth

e Denver

e Louisville

e Minneapolis—St. Paul
e New York

e Northern California
e Potomac (Washington, DC, area)
e St Louis

e  Southern California

STARS enables many NextGen technologies in terminal airspace, such as
Automatic Dependent Surveillance—Broadcast (ADS-B), the satellite-based suc-
cessor to radar, and the advanced terminal sequencing and spacing function for
Time Based Flow Management (TBFM).

The FAA completed deploying the En Route Automation Modernization
(ERAM) system to all 20 air route traffic control centers in the contiguous
United States in 2015. Like STARS, ERAM enables key NextGen capabilities in
the facilities that control traffic at cruising altitude, including ADS-B—which is

fully integrated—and Data Communications (Data Comm), which supplements



voice communications with digital text-based messages between controllers

and pilots.

Data Comm

Departure clearance tower service is active at 62 U.S. locations. The FAA fin-
ished the first 55 locations more than two years ahead of schedule in December
2016. The team then targeted seven additional sites and completed those additional
installations in August 2018—13 months ahead of the original 55-airport baseline.

Using Data Comm, controllers select and send departure clearance instructions
electronically to the cockpits of equipped aircraft instead of speaking them to pilots
over the radio. Air carrier flight operations centers simultaneously receive the same
information, giving all decision makers a shared awareness for faster reactions to
changes. Flight crews signal concurrence with the press of a button. Instructions
can then be automatically loaded into the aircraft’s flight management system. By
providing an air-to-ground data link, this transformational program is a critical
component of the FAA’s vision for TBO.

Data Comm is a priority focus area identified by the NextGen Advisory
Committee (NAC). Composed of senior Federal and industry aviation stakehold-
ers, the NAC provides independent advice and recommendations to the FAA
and responds to specific taskings from the agency. The NAC also recommends
consensus-driven standards relating to Air Traffic Management System moderniza-
tion for FAA consideration.

The FAA is taking the next step for Data Comm, beginning to implement en
route services that support the portion of flight at cruising altitudes. Data Comm
en route services will contribute to more efficient routes and a reduction in flight
delays, resulting in increased operational efficiency and enhanced flight safety—all
while reducing costs for airspace users. En Route Data Comm capabilities are cur-
rently being field tested at the first two Air Route Traffic Control Centers. The
FAA estimates that Data Comm will save aircraft operators more than $10 billion
over the 30-year life cycle of the program. The FAA expects to save about $1 bil-

lion in future operating costs.
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ADS-B

Aircraft flying in most controlled airspace must be equipped to transmit their
position using ADS-B Out by January 1, 2020. The Equip 2020 Government-
industry working group is trying to eliminate equipage impediments for commer-
cial and general aviation operators. As of October 2019, more than 93,000 U.S.
aircraft are equipped with properly functioning ADS-B Out avionics.

ADS-B uses GPS to determine aircraft position more accurately and with faster
updates than radar. Equipping with ADS-B In is not mandatory, but operators who
install it experience benefits such as seeing the same traffic picture on their cockpit
displays as controllers. General aviation operators who equip with ADS-B In also
can view graphical weather and flight information delivered to the cockpit at no
further cost.

To encourage ADS-B Out equipage within a portion of the general aviation
community, the FAA began offering a $500 rebate in September 2016 to operators
of U.S.-registered fixed-wing single-engine piston aircraft. The rebate is intended
to defray ADS-B equipment and installation costs. More than 10,200 pilots
claimed the offer that ended one year after its start. On October 12, 2018, the FAA
restarted the rebate program. It will run for one year or until funds are exhausted.
As of September 30, 2019, the program manager recorded

e 9792 reservations;
e 8,640 fly-outs to fly, test, and validate equipment; and
e 8482 rebate payouts by the FAA.

Performance Based Navigation

Performance Based Navigation (PBN) uses satellites and onboard equipment
for navigation procedures that are more precise and accurate than using standard
avionics and ground-based navigation aids. The types of routes and procedures an
aircraft can fly depend on equipment performance level and pilot training.

The FAA has published more than 9,300 PBN departure, arrival, and approach
procedures as well as low- and high-altitude PBN routes. These procedures pro-

vide precise flight paths across the United States that are much more direct than



the legacy flight paths they replace, which zigzag over ground-based navigation
aids. The PBN NAS Navigation Strategy 2016 (http:/lwww.faa.gov/nextgen/media/
PBN_NAS_NAV.pdf) outlines the FAA’s plans for moving to a PBN-centric NAS.

PBN benefits include the following:

e Increased safety through repeatable and predictable flight paths, when
accessing airspace near obstacles and terrain, and with vertical guidance
for more-stable approaches.

e Improved airport and airspace access in all weather conditions.

® Reduced delays at airports and in certain congested airspace by using new
parallel routes, newly enabled ingress/egress points around busy terminal
areas, and improved flight rerouting capabilities that make better use of
closely spaced procedures and airspace.

e Improved efficiency through more direct routes, especially at lower flight
altitudes.

PBN’s Area Navigation (RNAV) and Required Navigation Performance (RNP)
provide environmental benefits through reduced fuel consumption and emissions.
The FAA estimates that since airlines started flying new RNAV approaches into
Minneapolis in March 2015, PBN saved more than 5.8 million gallons of fuel and
prevented more than 57,000 metric tons of carbon dioxide from entering the atmo-
sphere. In Denver, RNP approaches save Southwest, United, and Frontier airlines

more than 100 gallons of fuel per flight.

System Wide Information Management

To function smoothly, NAS users must share an increasing amount of flight and
weather data. The System Wide Information Management (SWIM) information
network provides the infrastructure for the exchange of digital data for aviation
stakeholders. The digital data delivery platform provides the foundation for fully
implementing many NextGen operational improvements.

SWIM replaces many stand-alone computer interfaces that connected point-
to-point. SWIM offers a modern, universally recognized data exchange through
a single connection. The data format has been harmonized with domestic and

international aviation communities. SWIM provides registered users with
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unprecedented access to data products with improved bandwidth and enhanced

security. SWIM plays a critical role in the successful implementation of TBO.

Decision Support Systems

Controllers and traffic managers use decision support systems to help solve air-
space, weather, and other constraints and optimize traffic flow across the NAS.

The primary tools for strategic flow, en route flow, and airport terminal/surface
flow are Traffic Flow Management System (TEMS), Time Based Flow Management
(TBEM), and Terminal Flight Data Manager (TFDM). These systems are often
referred to as the “3Ts.”

Controllers and traffic managers use decision support systems to help solve con-
straints and optimize traffic flow across the NAS. A trio of major decision support
systems work together to provide these functions.

The first of these systems, TBFM, uses time-based metering to better utilize NAS
capacity by improving traffic flow management of aircraft approaching and depart-
ing congested airspace and airports. TBFM is operational at 20 air route traffic
control centers and adapted for many major airports served by those centers. TBFM
is a vital part of the NAS and enhances air traffic operations by reducing delays
and increasing the efficiency of airline operations. Departure scheduling and en
route metering functions of TBFM are in use across the NAS today and are being
expanded with additional deployments. Expansion of time-based management
tools to terminal facilities is planned over the coming years, with the development
and deployment of Terminal Sequencing and Spacing (TSAS).

TEMS supports the FAA’s Traffic Management personnel in providing
efficiency-critical NAS services. Each day, Traffic Managers use TEMS to maintain
near-real-time situational awareness and predict geographic areas that may experi-
ence congestion due to capacity reductions or unusual demand increase. TEMS is
used to facilitate collaborative planning and decision making to proactively plan
impact mitigation strategies between the Air Traffic Control System Command
Center, Traffic Management Units at all major air traffic control facilities (80 sites),
and flight operators. In addition to the air traffic control facilities, there are an

additional 89 remote sites located at other FA A, military, and civilian Government



installations. The FAA is working on TFMS enhancements to provide traffic man-
agers with further advanced decision support as we move toward TBO.

TFDM is in development to deliver decision support capabilities, including
a surface metering capability, for use by tower air traffic controllers and traffic
managers. TFDM will integrate flight, surface surveillance, and traffic manage-
ment information. TFDM will implement electronic flight strips and automate
manual flight data processes to enable enhanced data sharing between the tower,
en route, approach control, traffic flow management, and flight/airline operations
centers. The FAA completed early implementation of portions of TFDM, including
Advanced Electronic Flight Strips (AEFS). AEFS converts paper strips to electronic
strips displayed to the controller. AEFS prototypes are working at Phoenix, Arizona;
Cleveland, Ohio; and Charlotte, North Carolina. Full TFDM deployment will begin
in 2020. The FAA plans to deploy TFDM at 89 towers across the country.

Together, TBFM, TEMS, TFDM, and forthcoming enhancements to these sys-
tems are key to the delivery of TBO.

Interagency Collaboration

Besides the NAC, the FAA promotes the acceptance and adoption of NextGen
technologies and procedures through cooperation with industry and Federal part-
ner agencies.

Made up of senior executives from NextGen Federal partner agencies, the
NextGen Executive Board is one of two bodies that guide interagency NextGen
activities. The NextGen Management Board provides oversight of NextGen initia-
tives, including objectives, policy implications, and operational aspects of imple-
mentation. It approves new capabilities and makes recommendations to terminate
or amend concepts.

The NextGen Executive Weather Panel allows the FAA, NASA, and the
departments of Defense and Commerce to collaborate on weather-related research

and development, policy, and implementation activities.
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UAS

Just as NextGen is transforming the NAS, Unmanned Aircraft Systems (UAS)
are bringing unprecedented new opportunities for business and recreation. The
number of UAS pilots in the NAS has grown dramatically. The challenge is to
ensure that these new aircraft are integrated with crewed aircraft without compro-
mising safety to people and property on the ground or in the air.

The FAA is working with NASA and other Federal and industry partners to
safely integrate UAS into the NAS. Since the FAA implemented a new rule to per-
mit small UAS operations in U.S. airspace in August 2016, nearly 400,000 individ-
ual drones have been registered for various commercial and Government purposes.

In the second quarter of 2017, the FAA launched a prototype version of the Low
Altitude Authorization and Notification Capability (LAANC), which provides
drones with access to controlled airspace near airports through nearreal-time pro-
cessing of authorization requests. LAANC is an innovative partnership between
industry and the FAA in which the FAA supplies the source data and technical
requirements and industry builds apps (many of which are compatible with smart-
phones) for commercial drone operators to plan their flights and access controlled
airspace. The FAA developed the internal application that displays the authoriza-
tions to air traffic managers to provide awareness for authorized drone flights. Prior
to LAANC, the manually processed authorizations had drone operators waiting
more than 100 days. Since its 2017 launch at ten facilities, LAANC has expanded
to include 400 facilities covering nearly 600 airports. To date, LAANC has pro-
cessed over 100,000 authorization requests, and it processes nearly 90 percent of all
authorization requests to fly in controlled airspace. LAANC has vastly decreased
the wait time for UAS pilots to obtain authorizations. LAANC signals a new way
that the FAA is doing business with industry to solve new challenges.

The introduction of UAS affects existing and future aviation requirements from
aircraft certification to how the FAA manages airspace. NASA and the FAA
established a UAS Traffic Management Research Transition Team to define and
develop requirements and standards that will be necessary for safe and efficient

integration of UAS.



Additional information about the FAA Office of NextGen, updates, reports, and

other documents can be found at https:/fwww.faa.gov/nextgen.

Commercial Space Transportation

In FY 2018, the FAA’s Office of Commercial Space Transportation (AST)
licensed 35 commercial space operations, including three licensed reentries, five
cargo resupply missions to the International Space Station, and the first launch of
humans to space from U.S. soil since the end of the Space Shuttle Program in 2011.
Additionally, AST issued nine new launch licenses, including a Reusable Launch
Operator license to Blue Origin for suborbital launches of its New Shepard launch
vehicle, and 14 National Environmental Policy Act (NEPA)-related environmen-
tal documents. AST’s safety inspectors conducted 543 inspections to ensure that
launch and reentry operations did not jeopardize public safety.

In FY 2018, the FAA completed a number of successful demonstrations of the
agency’s Space Data Integrator (SDI) proof of concept, including demonstrations
featuring the first integration of live data from a vehicle in orbit and during reen-
try and the first integration of live launch vehicle data, integration of a complete
suborbital trajectory, and integration of data for multiple launch vehicle elements
(booster and capsule). The FAA’s Air Traffic Organization is leading the devel-
opment of an SDI to support launch and reentry operations in a way that will
allow the FAA to reduce the amount of airspace required to be closed in advance
of a mission, effectively respond to off-nominal scenarios in a timelier manner,
and quickly release airspace back to the National Airspace System as the mission
progresses. This technology is a building block for future technologies that will
allow the FAA to move away from accommodating commercial space operations
in the NAS to integrating them with other airspace users. Additional information
about the FAA Office of Commercial Space Transportation, regulations, reports,
and other documents can be found online at https:/fwww.faa.govlaboutfoffice_org/

headquarters_offices/ast].
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https://www.faa.gov/nextgen
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DEPARTMENT OF COMMERCE
DOC

During FY 2018, the Department of Commerce (DOC) took significant steps to
advance the U.S. commercial space industry while continuing its important role as
a leading civilian operational space agency.

In January 2018, Secretary of Commerce Wilbur Ross identified space commerce
as his top priority for DOC in his strategic plan for 2018-22. The plan includes
guidance for DOC to expand and elevate the Office of Space Commerce, to
actively participate in the National Space Council in advancing American leader-
ship in commercial space activities, and to support American companies operating
in space.

Consistent with this guidance, Secretary Ross attended all three FY 2018 meet-
ings of the National Space Council, submitted a package of regulatory reform
recommendations to the Council Chairman, and began completing multiple
tasks issued by President Donald Trump in Space Policy Directives (SPD) 2 and
3. SPD-2 directs DOC to review and revise its remote sensing regulations; con-
solidate DOC’s regulation of commercial sp