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Hi, I'm Stephen Jurczyk, associate administrator of NASA’'s Space Technology Mission
Directorate.

NASA expands the boundaries of human knowledge and exploration through its

space and aeronautics missions, and this cannot be done without continually pushing
the limits of what we are capable of achieving. Every day, NASA researchers and
engineers must constantly advance the Agency’s technological capabilities. The
Technology Transfer Program then takes on another critical part of the Space Agency’s
mission—to ensure that the entire country benefits from those advances.

From its earliest days, NASA has been known for commercialized spinoff technologies
making an impact in Americans’ lives, with the Agency’s Spinoff publication highlighting
the best examples of these technologies annually.

Spinoff has been published for more than 40 years and in that time has featured more
than 2,000 products and services demonstrating the secondary, practical applications
of the results of NASA's scientific and exploratory endeavors.

This app presents highlights from the latest issue of Spinoff, along with videos and
image galleries that let you explore the benefits of NASA technology for yourself.
Among my favorites in this year’s publication are a device that locates the survivors of
disasters who are stuck under rubble, a sterilizing fogger that makes ambulances safer,
and high speed cameras used to test a wide range of materials’ performance on impact.

If you’d like to learn more about any of the technologies in this app, or if you'd like to
request your own free print version of the full Spinoff publication, please visit us at

. To learn more about NASA'’s Technology Transfer Program,
where spinoff technologies get their start, please visit


http://spinoff.nasa.gov
http://technology.nasa.gov

NASA Spinoff Technology across the Nation

Health and Medicine @

1. Sterilizing Fogger Cleans Ambulances
with a Breeze (OH)

2. Biometric Sensors Optimize Workout (NY)

w

. Optimized Imager Tracks Cancer, Stem
Cells in Medical Research (OH)

4. Weightless “Weight’-Lifting Builds Muscle
on Earth (MO)

5. Virtual Therapist Offers Out-of-This-World
Depression Treatment (VT)

6. Compact Spectrometers Unveil Clues to
Diagnose Cancer (MA)

Transportation

!

7. Innovative Design Propels Small Jet Faster,
Farther with Less Fuel (NC)

8. Design Software Transforms How
Commercial Jetliners Are Built (WA)

9. Original Cryogenic Engine Still Powers
Exploration, Defense, Industry (FL)

10. Time-Triggered Ethernet Slims Down
Critical Data Systems (MA)

11. Simplified Aircraft Modeling Packs Weeks
of Analysis into Minutes (AL)

Public Safety @

12. Radar Device Detects Heartbeats Trapped
under Wreckage (MD)

13. Surveillance System Captures, Maps
Lightning Strikes (FL)

14. Virtual Reality Platform Helps Pilots Land
in the Sky (CA)

15. Autonomous Robots Take On Dangerous
Warehouse Jobs (MA)

16. Drone Traffic Forecasts Show Commercial
Skies of the Future (MD)

17. Offshore Oil Workers Learn Survival Skills
in Astronaut Training Pool (TX)

Consumer Goods @

18. Apollo 11 History Archive Helps Virtual
Reality Program Come to Life (lreland)

19. Light-Induced Oxidation Cleans Air,
Surfaces, Clothes (TX)

20. Ferrofluid Technology Becomes a Magnet
for Pioneering Artists (NJ)

21 The Martian Garden Recreates Red
Planet’s Surface (TX)

22. Aerogel Insulation Makes Thinner,
Warmer Outerwear (OH)

23. Space-Grade Insulation Keeps Beer
Colder on Earth (PA)

24. High-Efficiency LEDs Grow Crops,
Stimulate Alertness (FL)

25. Paired Sleep Tracker, Light Therapy Tools
Retrain Circadian Rhythms (CA)

Energy and Environment @

26. Organic Compound Turns Toxic Waste
into Harmless Byproducts (GA)

27.LED Lighting Improves Efficiency, Imaging,
Cuts Maintenance (OH)

28. Plant Food for Space Grows Crops on
Earth (FL)

29. Remote Sensing Technology Fights Forest
Fires Smarter (DC)

30. Earth Images Enable Near-Perfect Crop
Predictions (MA)

31. Micronutrient Formula Strengthens Plants,
Increasing Yields (FL)

32. Chemical Simulation Software Predicts
Climate Change, Air Quality (MD)

33. NASA Kite Invention Spurs Ever-Growing
Educational Program (Ml)

Information Technology @

34. Planet-Navigating Al “Brain” Helps Drones
and Cars Avoid Collisions (MA)

35. Early NASA “Dream Computer Program”
Still Optimizes Designs (CA)

36. 2D Analysis Software Clarifies Medical,
Weather, Intelligence Images (VA)

37. Quake Hunter Maps a Century of Quakes
Worldwide (CA)

38. Free Aerodynamic Simulation Code
Supports Industry, Education (MO)

39. Software Models Atmosphere for
Spacecraft (MO)

40. Software Takes Cost Estimating
to the Stars (MD)

41. Communication Devices Ease Contact
with Commercial Spacecraft (CO)

42. Mission Control Software Manages
Commercial Satellite Fleets (CO)

Industrial Productivity @

43. High-Speed Cameras Test Material
Performances on Impact (PA)

44 . External Platform Enables Space
Research (TX)

45. All-in-One Lab Device Gets New
Instruments via Software Update (Australia)

46. Gold Coating Keeps Oscars Bright (NY)

47. 3D Printer Aims to Accelerate Materials
Development (ID)

48. Silicon Diode Sensor Tracks Extreme
Temperatures (FL)

49. Tunable Filter Grabs Particles and Cells
Using Only Light (CO)



ometimes it's an innovation to meet the unique health
challenges of the space environment, Other times it's

a technology for analyzing distant objects or protecting
components from the harsh conditions of space that happens
to find a medical application on Earth. This section highlights
exercise equipment, sterilizers to prevent the spread of
infection and disease, and a device to improve cancer and
stem cell research, all built on innovations to support space
exploration or the deep expertise NASA's missions require.

Sterilizing Fogger Cleans Ambulances with a Breeze

hen paramedics come racing, the last thing anybody worries about is where the ambulance
was that morning. But traces could be lingering—and they could be spreading disease.

An innovative new product, designed with NASA'’s help, aims to sterilize the rig and gear to make
it safer for the patients and the paramedics.

The product uses atomic oxygen and
oxidation, two things NASA is familiar with,
explains Glenn Research Center’'s Sharon
Miller. In stable form, oxygen is made up
of two oxygen atoms bonded as a pair. In
contrast, atomic oxygen is a single O atom.
The atom will react with anything to find a
pair.

High in the atmosphere, atomic oxygen is
far more prevalent than here on the ground Emergency Products + Research consulted with NASA to determine

) _ the best way to deliver atomic oxygen in a device to sterilize ambulance
and it can become a destructive problem. interiors. This small, inexpensive device creates a mist that can kill close to

But atomic oxygen can also be harnessed for 99 percent of microorganisms in less than an hour.

good: sterilization. “Atomic oxygen removes

any hydrocarbon from a surface,” Miller explains, which includes most of the infectious material left on
surfaces.

Kent, Ohio-based Emergency Products + Research (EP+R) planned to make a device that used this process,
known as oxidation, to sterilize ambulances, which it had realized could contribute to spreading disease.

But the team had many questions and didn’t
know where to find the answers. (2

Enter NASA. Through the Regional Economic
Development Program, field centers offer
consulting. “If we can help a company make
a better product or create new jobs, improve
on a process they need help with, those are
all part of the goal,” explains Glenn’s Laurel
Stauber.

Stauber paired EP+R with Miller. “It was a NSNS,
Paramedics wear gloves to ensure their hands don’t spread germs, but

key turning point,” says EP+R Vice President  he rest of the equipment, from oxygen tubes to gurneys to the medic’s

Jason Thompson. uniform, could all carry traces of previous calls. EP+R’s device sterilizes
everything, making it safer for both patient and medics. An international
Just a few months following the NASA aid group has already expressed interest.

consultation, Thompson says, EP+R was
delivering its first units. EP+R has fulfilled orders across the United States, and the interest continues to
grow.

“Now we're getting courted by an international aid group for Liberia and Sierra Leone,” Thompson says. “I'm
really hopeful. Talk about making a difference around the world.”

Biometric Sensors Optimize Workouts

hat if, as a pilot was headed toward a blackout from heavy G-forces, a voice told him or
her to “pull out of the turn”? What if ground control got a warning when an astronaut’s
biometric readings indicated a danger zone?

It could be helpful, says astronaut Yvonne Cagle, not least because astronauts and fighter pilots tend not to
say that they’re feeling funny: “We’re very driven to complete the mission, and we may not be as aware of
physiologic urgencies until it actually interferes with our performance.”

That was the motivation behind a research project Cagle mentored with Omri Yoffe, an Israeli entrepreneur
whose team won the opportunity to work with NASA personnel in 2011 as part of a program run by
Singularity University. The organization, which has a Space Act Agreement with NASA’'s Ames Research
Center, aims to create “exponential technologies to tackle the world’s biggest challenges.”

Yoffe and his team came up with a prototype
during the three-month Singularity program,
which he says helped when they decided to
create a commercial biometric sensor.

“It really set the bar, to be able to measure
biometrics in a very noisy, very dynamic
aerospace environment,” Yoffe says. That
experience “trained the team and trained
our know-how to be able to approach the
consumer market in an easy way.”

New York City-based LIfeBEAM has

now incorporated that know-how into the

ificially intell t ise trai Vi Lik Based in part on expertise gained through a NASA-linked program,
artilcially intelligent exercise trainer vi. Like LifeBEAM built an artificially intelligent “personal trainer” that aims to use
the biometric sensor the team worked on at a biometric sensor to maximize the impact of exercise.

Singularity University, Vi tracks heart rate, but
since it is designed for exercise rather than aerospace, it also tracks steps, mileage, weather, elevation, and
more. It is built into voice-activated earphones, so it can communicate directly with the user.

An initial funding round through Kickstarter raised nearly $1.7 million and sold more than 8,000 units.

Optimized Imager Tracks Cancer, Stem Cells in Medical
Research

fter earning his doctorate, Debashish Roy set about creating a business from the biological

imaging device he’'d helped invent as a graduate student. The system held promise for cancer

and stem cell research, among other possible applications. But he soon realized he could use
some help.

The task of selecting and configuring optical
and robotic parts required a high level of
expertise, as well as sophisticated equipment
and a lab, which Roy’s fledgling company,
BiolnVision, lacked. NASA'’s Glenn Research
Center, just on the other side of Cleveland
however, had that lab, equipment, and
expertise.

The system Roy had developed was a device

that could take a frozen block containing a

biological sample—typically a mouse—and Help from an electro-optical engineer at Glenn Research Center let the
lice off extremelv thin sections while takin BiolnVision company make its CryoViz imaging device more sensitive,
S y g more efficient, and cheaper to manufacture. The optimized optics design
multiple high-resolution images of the block will also figure into a smaller desktop version the company is working on.

face to capture any cells tagged with a
fluorescent marker, creating a digital three-dimensional version of the specimen with locations and counts of
all the tagged cells. The goal is to track the movement of cells, especially cancer and stem cells, through the
body.

Roy wanted to develop a smaller, cheaper
version of his CryoViz device, and it was with
this in mind that he applied for Glenn’s first
round of the Adopt a City program. Under the
program, Glenn, local municipalities, and the
Manufacturing Advocacy and Growth Network
selected local businesses to receive 40 free
hours of technical expertise from NASA
scientists.

In the case of BiolnVision, that expert was the

head of Glenn’s optics lab, who put together a A CryoViz image shows stem cells tagged with fluorescent markers in a
mouse liver. After a specimen, usually a mouse, is frozen in a block, the

spreadsheet of several possible configurations geyice shaves thin slices off the block, taking multiple high-resolution

of existing, commercial optical components. images of the block face to create a threedimensional image showing the
_ _ _ _ location of every tagged cell within the body.
While the company is still working on the

desktop version, it immediately applied Lewis’ designs to its original product, resulting in a version that is
more sensitive, more efficient, and cheaper to make than the original.

Weightless “Weight”-Lifting Builds Muscle on Earth

n the 1990s, it was common for

astronauts to be carried off spacecraft

after lengthy stays in space, due to loss
of muscle and bone density in zero-gravity. |

As it prepared for the International Space
Station, NASA knew this was a problem " e i
it needed to address. The Russian space , MNP ~ y
station Mir had a bicycle and treadmills with ’*‘ Tk .“ @.-\
elastic harnesses that attached users to them, “"' o > { « \“ n
but these weren’t maintaining the muscles R “’

people use to simply stand around on Earth.

P '

».\,\:.r

In zero gravity, the human body quickly loses significant muscle and
Johnson Space Center put out a call for bone mass, making a rigorous workout schedule crucial to long-term

health. OYO Fitness founder Paul Francis worked with NASA to develop
a resistive exercise device suitable for use on the space station, pictured
That call for solutions caught the attention of here in use by NASA astronaut Garrett Reisman. The innovation led to

) ) ) several lines of Earth-bound exercise devices, most recently OYO Fitness’
inventor Paul Francis, who was developing DoubleFlex Silver portable gym.

exercise equipment using rubber elastomer

springs for resistance. He called it SpiraFlex.

countermeasures.

After Francis demonstrated the system to NASA personnel, it was selected for development. Through
contracts with Lockheed Martin and Wyle
Labs, Francis’ new company created the , B
Interim Resistive Exercise Device (IRED). ' _ 2= N ‘
SpiraFlex core units, or FlexPacks, were m— — T
stacked inside canisters, each with a spiral '
pulley system that enabled up to 300 pounds
of resistance.

Following that work, Francis licensed the
technology to Nautilus, a fithess device
company that incorporated SpiraFlex into its
Bowflex Revolution exercise equipment.

't

NASA, meanwhile, kept working with him to The DoubleFlex uniquely applies resistance to both sides of a muscle

d | liab| intainabl d group through one motion, which Francis claims greatly improves the
evelop a more refiable, maintainable, an efficiency and of workouts. It boasts an extremely portable form factor,

durable version of the technology. Eventually, and, while the device itself weights just 2 pounds, it provides up to 25
Francis used royalties from the Nautilus pounds of resistance.

license to develop his own line of SpiraFlex-based equipment, which he sells through his new venture, OYO
Fitness. OYQO’s first product, the DoubleFlex Silver portable gym, launched in 2016, followed quickly by Black
and Pro versions.

The DoubleFlex weighs only 2 pounds but produces up to 25 pounds of resistance and fits in a backpack.
Users add resistance by snapping on FlexPacks.

Francis says his is the only exercise device that applies resistance to both sides of muscle groups in one
motion, enabling balanced bodybuilding in half the time.

Virtual Therapist Offers Out-of-This-World Depression
Treatment

magine being stranded with just a few coworkers for months at a time. Now imagine someone, or

several people, start to feel depressed

or anxious or annoyed at a colleague.
NASA has done more than imagine it,
because these could be very real problems
on long-duration missions, and help could
be tens of thousands of miles away.

Researcher and psychologist James Cartreine
was interested in creating video-based
software to increase access to mental health
treatment on Earth, but when looking for

funding, he realized his project was of interest
to the Johnson Space Center-funded National ,Ior: Aphl 2017, astronaut Peggy Whitson brolke a recerd, becon‘jlng the
merican who has spent the most cumulative days in space. “Working
Space Biomedical Research Institute (NSBRI) aboard the space station for long duration is definitely a challenge,” she
as well. wrote in a Tumblr post a few weeks later, adding that “psychological and
emotional support is extremely important in space.”

In total, he spent 13 years developing a
“Virtual Space Station” for NASA with grants from the NSBRI and feedback from flight surgeons at Johnson.
It included multiple interactive modules to help astronauts diagnose and treat mental health issues and
interpersonal conflicts. However, Cartreine says, all along it was “with the idea that everything I’'m building is
very easy to convert into something that can
benefit thousands and millions of people” on
Earth.

In 2009, he negotiated to transfer the ,
intellectual property to his private company, ' - Making Your Problem List
which he later merged with another company q < -
he founded with a colleague, called everMind.

In 2015, the Norwich, Vermont-based

Making Your Problem List Senion 1: Rating e Prodiees

Tony mah Lima w0 sl x

company released a direct translation of the b % AL T R e St
Virtual Space Station module for depression. [EASE S B BREES . o rmetecnmh (X

ePST, for electronic problem-solving Wlth the psychologlcal challenges of long-duration space missions in

treatment, “was the first software cleared by ~ mind, the Johnson Space Center-funded National Space Biomedical
Research Institute supported an initiative to develop video-based software

the FDA for depression treatment,” Cartreine to help diagnose and treat mental health and interpersonal issues.

notes. everMind has adapted the depression module for the ground, aiming to

_ ~ greatly expand access to evidence-based treatment.
Problem-solving treatment has been shown in

trials to be very effective for most people and translates well to software because the treatment is brief, often
just six sessions, and extremely structured.

A desktop version of ePST is available at Michigan State University health center, and the company is
working to expand access elsewhere. everMind also plans to upgrade in 2018 to a web-based version that
patients can use from their own devices—but they intend to continue to make it available through clinical
settings to ensure oversight from health professionals.

Compact Spectrometers Unveil Clues to Diagnose Cancer

rsen Hajian builds small but mighty spectrometers—he likes to say his company’s
hyperspectral imagers pack the high resolution of machines nearly 30 times larger and as
much as 10 times more expensive.

He has been working on spectrometers

for more than 20 years, since he started

at the U.S. Naval Observatory. Although
spectroscopy had been around since the
1800s, the existing tools weren’t precise
enough to get the results astronomers wanted
to search for distant planets. Hajian was one
of the engineers working to make better ones.

“Back when Arsen was first working on some
of this stuff, exoplanets were really something
of a new field,” recalls Goddard Space Flight
Center astrophysicist Stephen Rinehart.

Hindsight Imaging Inc.’s spectrometers are nearly 30 times smaller than
conventional instruments with similarly high resolution.

Hajian, who received multiple NASA grants, including through the Advanced Technology Initiative (ATI) and
ROSES, or Research Opportunities in Space and Earth Sciences, made his breakthrough by breaking what
he calls “one of the basic rules of optics,” which was that most spectometers were either small and low-
resolution or very large and high-powered.

Because his background was in radio astronomy, Hajian was open to looking for a new approach. He found
one, essentially adding two extra reflecting surfaces to the standard optical design to change the shape of
the light as it enters from a round point to a
long and skinny ellipse, without changing the
focal ratio.

“It allowed us to build spectrometers that are
a bit more than three times smaller in all three
directions than conventional instruments,”
Hajian says.

For now, Boston-based Hindsight mainly sells
spectrometers as components to be integrated
into larger instruments, and the company has
quickly amassed “a wide variety of customers Hindsight recently released one of its first complete spectroscopy

systems, designed to detect melanoma in the skin without a biopsy.
in multiple spectrometry markets,” Hajian

says.

In mid-2017, the company also released its first two complete spectroscopy systems, one for detecting drugs
and explosives at a short distance and another for detecting skin cancer. Down the road, he envisions using
spectrometers like his melanoma-detecting device to diagnose tumors underneath the skin and for needle-
less blood tests.
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air and space-travel, and we all ‘benefit from these steady

improvements to flight technology, from software.to ease
aircraft design to advanced avienics capabilities.that apply to
planes, wind turbines, and selfdriving cars. Also’in this section
IS the highperformance.rocket engine that's put countless
commercial and defense satellites in'space and the specially
outfitted NASA facility ¢that tested the worldis fastest light
business jet.

Technoogy Is never finjshed confronting the.challenges of

Innovative Design Propels Small Jet Faster, Farther with
Less Fuel

onda is best known for budget-
H friendly, fuel-efficient family

cars, not high-powered jets. But
that’s just what its new Honda Aircraft
subsidiary sells: high-speed business

jets—that are also fuel-efficient and
budget-friendly.

The plane body and its breakthrough over-
the-wing engine mount were designed after

“extensive research using computational . |
: S . : NASA is using the National Transonic Facility (NTF) to test the Hybrid Wing
fluid dynamics, explalns.Honda .Alr.craft Bodey airlifter, which could be more fuel-efficient and aerodynamic than the
Company CEO and President Michimasa  traditional airplane shape. The NTF is pressurized and can pump in pure
Fujino. “We found that if we put the engine nitrogen gas, which makes it better able to mimic real conditions in the air
than other wind tunnels.

at the optimum location relative to the wing,
we find a sweet spot to reduce wave draft.”

But before Honda was ready to invest in
building the planes, it needed to test design
variables in real-world conditions. That'’s
where NASA came in.

“We were searching for a wind tunnel all
over the world,” Fujino recalls. NASA’s

National Transonic Facility, or NTF, housed |
at Langley Research Center, was the clear
choice. »

Greensboro, North Carolina-based Honda HondaJet was tested at the NTF to see whether the computer models of its

Aircraft negotiated to conduct a week of innovative over-the-wing engine mount were accurate in real flying conditions.
_ The successful test results gave the company more confidence to move to
testing at the NTF. The team also worked  the commercial phase.

with NASA wind tunnel experts in advance
to ensure their model was properly — c)
designed to withstand the high-speed ‘b,_\‘_ |

testing and could interface with all the
instruments.

“Because | could confirm my concept from
test results, | had more confidence to go
into the commercial phase,” Fujino says.

The Hondadet has the fastest maximum
cruising speed in its class, 422 knots Pah
(nearly 500 miles per hour), and can fly at § | k" g

a maximum altitude of 43,000 feet, also The over-the-wing engine mount design allows the plane to fly faster using
highest in its class. The lower drag also less fuel, but it also increases space and comfort in the cabin, since the

_ L o engine is no longer attached to the plane body.
increases the jet’s fuel efficiency by up to

17 percent, which makes it less expensive to operate than other light jets.

The company markets to owner pilots, attracted by the high performance, and to small business owners
who need to travel frequently. Since late 2015, it has already sold more than 100 planes, with prices starting
around $5 million, in North and South America and Europe. The company recently expanded to Central
America and is looking to the Middle East as well.

Design Software Transforms How Commercial Jetliners
Are Built

sight. As people in all kinds of fields pondered how to use this power, Stuart Rogers began

working on Pegasus 5—software to
dramatically transform how airplanes
and spacecraft are designed and built.

I n the late 1990s, computers were becoming vastly more powerful, with no slow-down in

The software is a preprocessor for overset-
grid computational fluid dynamics (CFD)
simulations. This CFD approach divides
large domains into smaller, more workable
segments. Pegasus 5 reassembles the
pieces, stitching together the parts of this

complex geometry for what's called a flow | ’ . @0 ™.
solver. The solver then computes the fluid Boeing has used the Pegasus 5 software widely, including on its 777X, which

dynamics for the problem at hand. Before 'S Sated to fly in 2020.
Pegasus 5, piecing these segments together was a painstaking process consuming much more time and
user input and creating opportunities for errors.

Rogers, an engineer at Ames Research
Center, began work on Pegasus 5 in

1998 at NASA'’s Advanced Subsonic
Technology (AST) Program, a joint
research effort with Boeing that supported
the program’s development for two years.
Boeing, which helped define the project’s
technical requirements, was one of the first
companies to apply Pegasus 5 to aircraft
configurations.

Rogers went on to use Pegasus 5 on
numerous NASA projects, including the illustrate the complex geometry capabilities of the Pegasus 5 software.
Space Shuttle and the upcoming Orion

capsule and Space Launch System, and has continued to develop and add features to it, releasing new
versions every so often.

The code has been distributed to more than 470 organizations in industry, academia, and the Department
of Defense, with the latest version available on NASA's online software catalog. It won the 2016 NASA
Software of the Year Award.

Boeing has used the software to develop and support its commercial airplanes, military aircraft, and
spacecraft. While Pegasus 5 has saved Boeing untold time and money, the company says, the most
important benefit has been the reduction in potential user errors.

Original Cryogenic Engine Still Powers Exploration,
Defense, Industry

t a time when cell phones and automobile features are outdated after a few short years, it

may seem impossible that any technology would remain virtually unchanged over decades.

But the world’s first cryogenic fuel-powered rocket engine remains the most-used upper-
stage rocket engine in the United States more than 50 years after its creation.
The RL10 engine has been crucial to NASA'’s space U WERR D e ST Wi e
exploration and has also put hundreds of commercial I 3}&\ wlﬁ@@ﬁ,‘ 'l B.é 7
and military payloads into orbit, enabling satellite ' RNy '
communications and satellite-based defense
operations. After half a century, only a handful of
countries have cryogenic engine technology.
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In the 1940s, Lewis Research Center, then part
of NASA'’s predecessor, the National Advisory :
Committee for Aeronautics, and now known as Glenn | ;
Research Center, carried out extensive research and
testing on harnessing cryogenic fuels. The project of |
building the world’s first cryogenic upper-stage rocket, -
the Centaur, and the RL10 engine that would power #

it began at the Department of Defense, passed to | \
Marshall Space Flight Center, and ended up at Lewis, l o "’K |
led by an engineer who had worked on cryogenics ,;,/ ) 4-:;",4\.;“
there in the 1940s. The primary contractor was Pratt & ke |

Whitney Aircraft, now part of Aerojet Rocketdyne. Aeroelasticity engineer Walt Silva examines an aircraft model
undergoing testing in the Transonic Dynamics Tunnel at Langley

The company still builds RL10s in West Palm Beach, Research Center. Silva created innovative software that speeds

Florida, just as Pratt & Whitney did up computational modeling of aircraft to reduce the need for
’ ' costly wind tunnel tests.
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Much of the current model’s heritage can be traced
back to the partnership with Lewis, the company says, including the capability for multiple restarts in space,
which greatly increases operational flexibility.

The Centaur and the RL10 proved immensely popular from the late 1960s to the early '90s, when the United
States dominated commercial space launches. About 90 percent of commercial satellites launched in that
period used the RL10, which remains the military’s upper stage engine of choice, due to its unparalleled
performance and reliability. The engine has only failed once in its entire history.
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From the 1960s to the 1990s, most GPS, weather, and communications satellites were put into orbit with the help of RL10 engine-
powered upperstage rockets.

Time-Triggered Ethernet Slims Down Critical Data
Systems

easy to use, Ethernet has often connected astronauts’ noncritical devices in spacecraft.

Until recently, though, Ethernet
couldn’t be used for critical systems
like spacecraft electronics—known
as avionics—because it couldn’t
guarantee how long it will take to
transmit a message or even whether it
would arrive at its intended destination.

E thernet computer networks are virtually everywhere, including in space. Inexpensive and

Critical spacecraft subsystems have
traditionally been housed on separate
computers, creating a large, complex,
heavy, inefficient system. On the

. : TTTech products like this 24-port AFDX Switch A600 Pro, which meets civil
International Space Station, for example, aerospace standards for bandwidth-regulated traffic filtering and policing,

subsystems communicate indirectly by are built on Time- Triggered Ethernet technology the company refined and
sending messages up a tiered network zgzzied under a NASA subcontract to develop avionics for the Orion space

“tree” and back down.
TTTech Computertechnik AG developed a new approach.

The company, whose U.S. headquarters is in Andover, Massachusetts, has been building networks for
flight applications since a 2000 project under NASA'’s Aviation Safety Program that put the company’s Time-
Triggered Ethernet in several popular jet engines.

Time-Triggered Ethernet creates three classes for message transmission. The most critical data is time-
triggered—scheduled into time slots that
never interfere with each other. Less-critical
but high-priority data is transmitted reliably
within strict timing constraints. The rest of
the bandwidth is available for noncritical
messages.

TTTech was a subcontractor on Johnson
Space Center’s work to develop Orion’s
avionics. Under a 2009 Space Act
Agreement, Johnson helped develop

an official standard for Time-Triggered
Even before TTTech began developing avionics for the Orion capsule, the
Ethernet that would help others adopt the company’s work under NASA’s Aviation Safety Program applied its Time-
technology. Triggered Ethernet to a number of commercial airliners, including the double-
deck Airbus A380, the world’s largest passenger plane.

In Orion’s avionics, multiple functions can

be housed on the same computer, and subsystems communicate directly with each other. Functions can be
added or removed without affecting the rest of the avionics. All this makes the system far more efficient than
its predecessors.

The feedback and lessons learned from the Orion work—and the subsequent standardization—ensured
Time-Triggered Ethernet products that are more refined, robust, and marketable, the company says.
The technology is now in other spacecraft, wind turbines, and driver assistance systems, and it is being
developed to enable self-driving cars.

Simplified Aircraft Modeling Packs Weeks of Analysis into
Minutes

t wasn’t Walt Silva’s job to invent a technique to dramatically speed up computational modeling
of aircraft. But the NASA researcher did it anyway.

Over the last couple of decades, computational fluid dynamics (CFD)—software that models how an
aircraft performs while flying—has become increasingly relied on. But even supercomputers sometimes need
weeks to solve these incredibly complex scenarios.

One of the more demanding

is aeroelasticity: how much air
movement causes a structure to
vibrate or bend, and how that flexing
will impact the airflow. The two
factors can create a feedback loop,
or “flutter,” which, under certain
conditions, can destroy the structure.

A full analysis of aeroelasticity
requires running and re-running
the equations under different flight
conditions—which can take weeks.

Aeroelasticity engineer Walt Silva examines an aircraft model undergoing testing in
the Transonic Dynamics Tunnel at Langley Research Center. Silva created innovative
software that speeds up computational modeling of aircraft to reduce the need for
costly wind tunnel tests.

Between one thing and another—
and his actual day job at Langley
Research Center—Silva spent 20 years developing his idea for how to simplify the flutter modeling.

It finally started coming together in the early 2000s, culminating in a patent in 2011. In 2014, the work won
honorable mention for NASA'’s Invention of the Year, and Silva got a Space Act Award from NASA.

The software uses a mathematical
tool called system identification

to create a simplified version of a
structure, or a Reduced Order Model
(ROM), to model the aerodynamics.
That process could take hours, but it
makes the rest of the work go much
more quickly.

You don’t get 100 percent of the
information you’d get from running
the full CFD models, he says, but
“it allows you to capture 90 percent
of the essence,” and to pinpoint CFD Research Corporation used Silva’s Reduced Order Modeling software in a project

the specific areas that need further  to design aircraft with an extra-long wing span to increase fuel efficiency. Designs
investigation. were tested on the X-56 MUTT, which stands for multi-use technology test bed.

Now the code is starting to spread

beyond NASA, provided to big companies like Boeing and smaller ones like Huntsville, Alabama-based
CFD Research Corporation. The latter used it for a NASA project and is now adapting it for the Air Force for
its Digital Twin program, aimed at reducing maintenance costs and increasing safety.
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ability to protect astronauts in the harshest environments —

but even seemingly unrelated scientific missions can end
up keeping us safer here on Earth. Technology used to map
gravity is repurposed to find survivors trapped under rubble.
Software to direct a robot construction team improves warehouse
safety. These and more are featured in the following pages.

The Space Agency is renowned for its culture of safety and

Radar Device Detects Heartbeats Trapped under
Wreckage

ASA has long analyzed weak signals to identify slight physical movements, such as minor
alterations in a satellite’s path that might indicate gravity fluctuations. Beginning in the early
2000s, a couple of federal agencies approached engineers at the Jet Propulsion Laboratory
(JPL), wondering about using this capability to remotely detect human vital signs.

JPL called the prototype it developed
FINDER.

By picking out the faint but correlating
movements of human breathing and
heartbeats, FINDER can detect up to five
separate victims buried under rubble in a
given area.

The founders of R4 Inc., based in
Edgewood, Maryland, came across

an article about FINDER when the
R4 is developing a model that can continually scan for trapped victims while

California Institute of Technology, which . .
_ 9y, passing over mounds of debris on an octocopter drone. Other models are
manages JPL, was looking for a company  meant to fit on a truck or a motorcycle.

to commercialize it. Before long, R4
had licensed FINDER, and the company spent the next couple of years developing it into a device first
responders could use in real-world situations.

A major success came when a 7.8-magnitude earthquake rocked Nepal just northwest of its capital of
Kathmandu in April 2015. One of R4’s founders arrived with two FINDER prototypes and detected four
victims trapped under debris. All four men, N NC

who had been buried as deep as 10 feet, {ga Awu™ it
survived.

FINDER has since proven capable of
detecting humans through 30 feet of
dense rubble with 80 percent accuracy.
The company is working on what it

calls “persistent detection”—continuous
scanning while the FINDER is in motion,
searching for survivors as it passes heaps

=
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of rubble. R4 has also designed prototype  After a magnitude 7.8 earthquake hit Ecuador in April of 2016, R4 President
versions that would mount on a remote- David Lewis Sr. brought the company’s FINDER system to look for victims
trapped under rubble. Here, Lewis, right, shows local firefighters how to

controlled octocopter, a pickup truck, and a operate the system.

motorcycle.

In October 2015, FEMA officially announced it would provide funding to municipalities that apply to purchase
FINDER units. Meanwhile, FINDER’s first official customers are the Army’s Intelligence and Information
Warfare Directorate and the Quito Fire Department in Ecuador.

Surveillance System Captures, Maps Lightning Strikes

ust one day before Space Shuttle

Atlantis was due to make the final

voyage of NASA’s 30-year Shuttle
program, lightning struck. Twice.

But where exactly did those strikes hit, and
were they close enough to do any damage
to the Shuttle’s electrical systems?

Neither of two existing lightning monitoring
systems at Kennedy Space Center had a
great track record—which is why NASA had
already begun working on a new system
focused directly on the launch pads: “to
make sure that if lightning struck within a

certain radius, we will detect it. Period,” In 2011, Space Shuttle Atlantis launched for the final voyage of the Shuttle

says Carlos Mata, who was lightning expert program—-but the launch was almost delayed because of a lightning storm
’ the day before. An advanced lightning detection system, then still under

at Kennedy for more than a decade before gevelopment, helped show that the bolts had not been close enough to
moving into the private sector. damage the spacecraft.

The new system incorporated a suite of
high-speed cameras designed to capture visual evidence of any lightning striking the pad directly or nearby.
The cameras are mounted on three lightning protection towers, as well as on the vehicle assembly building
seven miles away. Electromagnetic field
sensors are also installed at ground level
to measure both the intensity and strike
location.

.........
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In 2011, with the system partially installed
nearby, still pictures and video were able to
show the bolts did not directly hit the pad.
As a result, STS-135 was able to launch on
schedule.
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Mata since has founded Titusville, Florida-
based Scientific Lightning Solutions LLC,
which sells commercial versions of the
system he designed for NASA. Recently,

SLS released its Optical Jupiter Precision After debuting his lightning detection system at NASA, Carlos Mata left
Lightning Surveillance system, which and founded Scientific Lightning Solutions to develop a commercial model,

which includes high-speed video cameras powered by solar panels (inset).
detects 100 percent of strikes within the area The company also still maintains the system at Cape Canaveral, and in
under coverage, Mata says, a significant December 2016, it helped ensure the CYGNSS satellite launch could

_ o _ proceed on schedule despite a fierce lightning storm days earlier.
improvement over other commercial lightning

detection systems.

The solar-powered standalone units cover an area up to three kilometers in diameter and are useful on wind
farms and in the insurance industry. SLS also builds custom systems for customers including businesses that
provide lightning location services across wider areas.

Virtual Reality Platform Helps Pilots Land in the Sky

hen a plane overshoots the final approach for a landing, often the pilot’s natural—and
dangerous—instinct is to pitch up the aircraft to slow down and land.

It's one of the leading causes of
accidents, especially with small airplanes.
But what if that same mistake happened at
5,000 feet instead?

A new virtual reality tool, branded Fused
Reality and developed in cooperation with
NASA'’s Armstrong Flight Research Center,
can help pilots train for such potentially
dangerous scenarios in real life, in the air,
but with far less danger.

The new simulator hooks into any airplane

and layers a virtual reality scene over the Using virtual reality software designed and tested in part with NASA funding,
pilots can practice difficult maneuvers much more safely. The pilot here just

real world outside the COCkat. You aCtua"y landed the plane—on a virtual runway some 5,000 feet in the air.

get the dynamics of the exact airplane
you’re flying,” says Bruce Cogan, an aeronautical engineer at Armstrong.

With a virtual runway created by the software, “you can train for this landing task at 5,000 feet, so if you mess
up, you won’t hurt the airplane. You can go try again.”

Thanks to Small Business Innovation
Research contracts from Armstrong

Flight Research Center, Hawthorne,
California-based Systems Technology Inc.
(STI) turned a ground-based system first
developed for the Air Force into an in-flight
simulator.

The beauty of the Fused Reality platform,
says STI CEO David Landon, is that “going
forward, every aircraft can become its own

simulator.” The system is commercially ~ ALY
available. and STI has been in talks There are many possible applications for Systems Technology Inc.’s Fused

] ] ] Reality system, including in space. A new contract with Johnson Space
with airplane manufacturers interested Center investigates use of the system on the space station, to practice
in using Fused Reality both to evaluate complicated maneuvers of the robotic arm.

their planes—and potentially use it as a
marketing tool—as well as to help in designing new features.

Training academies are also interested, and the company has a new contract with Johnson Space Center to
investigate use of the system on the International Space Station, where astronauts could use it to practice
complicated maneuvers with the station’s robotic arm, among others.

Autonomous Robots Take On Dangerous Warehouse
Jobs

£C here does a 600-pound spider go? Anywhere she wants to.”

The spider in question, dubbed “Spidernaut,” was part of a prototype robot team built in 2005
to assemble a solar array on the moon, an effort led by Johnson Space Center. The goal was
not only to have robots do the manual labor

but for them to work cooperatively without —:"*-as 1_,“’!' !- { |m-“‘,‘::/_,w
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human direction. _ 4y e S, N e

To achieve that, engineers needed robots
optimized for various tasks as well as
software capable of directing the entire
operation from start to finish. This type of
work continues at NASA to this day, and
some of the team involved in programming
Spidernaut and her sisters have taken that

_ _ ] “Spidernaut” is part of a team of robots designed at Johnson Space Center
experience into the commercial sector, to autonomously assemble a solar array on the moon. Vecna Technologies

where their software is poised to automate senior research scientist Fred Heger honed his programming skills on the
difficult and dangerous drudge work in project, developing a system to ensure the robots completed the tasks in the

optimal order.
warehouses and beyond.

Fred Heger, who worked on the project as a graduate student at Carnegie Mellon University, is now a senior

research scientist at Cambridge, Massachusetts-based Vecna Technologies. The company recently released
a suite of robots designed to move items through warehouses, which is built in part on the work Heger did for
NASA.

“The physical shape is standard,
commercially available equipment that
people use today in warehouses. Except
today, people are riding them and controlling
them. Our computers, sensors, and robot
software based on artificial intelligence
enhance traditionally manual equipment to
automate that,” explains Vecna cofounder
and chief innovation officer Daniel Theobald.

The software, which Heger was integral
in developing, traces directly back to the

. Using expertise built on NASA projects, Vecna Technologies has built an
software he worked on for NASA. “The math «autonomy kit” for commercial warehouse equipment to automate, for
and the models are the same, but new lines €xample, package handling. Software coordinates the robot’s tasks to ensure

) ) ) packages are moved through the warehouse in the most efficient possible
of code have been written to implement it . ;1ner

in more modern frameworks,” Theobald
explains.

Vecna’s autonomy kit is designed to work in places like shipping warehouses, where one truck brings
packages that must be distributed to different delivery trucks. Beyond speeding up the process, the robots
also significantly reduce accidents, which cause thousands of injuries each year.

Drone Traffic Forecasts Show Commercial Skies of
the Future

he skies of the future will surely

host more drones than they

do today. Beyond the low-
flying delivery drones, higher-flying
autonomous aircraft will monitor air
quality, map floods, gather news, and
maybe even carry passengers as air
taxis.

Some of these activities are in development,
but they require permission from regulators
who haven't yet determined the details

detection of nascent wildfires. Intelligent Automation Inc. used burn
of how to let everyone fly safely at once. probability data to determine what types of flights would be useful and then

Regulators want large drones to operate mapped possible routes.
according to existing civilian aircraft rules,
but this requires specifications regarding what sensors and communication systems they should have.

To that end, a team at Ames Research Center worked with the Federal Aviation Administration (FAA) to
reduce barriers to introducing drones into the airspace.

The researchers focused on how drones might detect and avoid objects, and they opted to rely on
simulations. But they needed realistic
information about drone routes. It became
a chicken-and-egg problem: to write drone
regulations, they needed data on drone
flights, but until regulations were in place,
that data wouldn’t exist.

So, beginning in 2012, Ames funded Small
Business Innovation Research contracts
with Rockville, Maryland-based Intelligent
Automation Inc. (IAl) for research on future

drone traffic. The company contacted The skies of the future will likely host many drones doing tasks ranging

scores of experts at companies and other from package and food delivery to monitoring air quality, gathering news,
T , , and perhaps carrying passengers. Software developed by IAl has helped
organizations, expecting little more than a regulators predict future drone traffic and develop the regul