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OPEN LAB SPACE Laboratory space in the new
Engineered Biosystems Building is designed to
encourage collaboration, with labs and offices
located close together. Shown is the lab of
Biomedical Engineering Professor Tom Barker,
who is working with his students and post
doctoral fellows to understand how the micro
environment of cells directs their phenotype
and initiates pathological programs. Photo by
Rob Felt.

CORE FACILITIES The Engineered Biosystems Building includes facil
ities designed to be used by multiple research groups. Shown in the
Optical Microscopy Core are Haylee Bachman and Aaron Lifland. Part
of the Parker H. Petit Institute for Bioengineering and Bioscience, the
facility provides users with access to state-of-the-art systems for fast 3-D
imaging of live cells and whole organisms. Available in the Core are two
PerkinElmer UltraVIEW VoX spinning disk confocal microscopes along
with a Carl Zeiss Lightsheet Z.1 microscope. These systems can be used
for studying subcellular trafficking, cell migration, embryogenesis and
development, deep tissue and organ imaging, whole animal imaging,
neurite outgrowth, and more. Photo by Rob Felt.
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Shane Griffith, a
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CROSS TALK

LAND,
SEA, AIR,
AND
SPACE

Georgia Tech expects to launch
six small satellites into Earth orbit
over the next five years. Shown
here in a clean room assembly
area are components of the first,
Prox-1, which is scheduled to
launch in September 2016.

GEORGIA TECH ADVANCES AUTONOMOUS MACHINES
AND SMALL SPACECRAFT

R O B F E LT

Steve Cross is
Georgia Tech’s executive vice president
for research.

Georgia Tech is advancing automation on the land, sea, and
air, while developing smaller and less expensive spacecraft to
track space debris and gather information about other planets
and their moons. Our researchers are also connecting the dots
for law enforcement, justice, and other agencies — and trying to
understand how complex chemistry developed to support life
on the early Earth. This issue of Research Horizons shows the
broad impact our faculty members and students are having on
land, sea, air, and space.
Our cover story explores the many ways in which we’re
advancing autonomous machines, making them smarter and
more capable — from a submersible able to explore the icy waters
of Antarctica, to new classes of boats and air vehicles that may
help humans avoid dull, dirty, and dangerous missions. With
sponsors such as the Air Force Office of Scientific Research,
DARPA, the Office of Naval Research, and many others, we’re
developing the next generation of vehicles able to operate without
human operators.
Also in this issue, you will learn about Georgia Tech’s exciting
work on spacecraft as small as a few kilograms that are helping
drive down the cost of space exploration, both in Earth orbit
and in missions beyond our planet. And you’ll also read about
how researchers at the Georgia Tech Research Institute (GTRI)

have helped law enforcement, justice, and homeland security
agencies securely share data to help keep us safe.
Finally, at the smallest of size scales, you’ll see how we’re
leading a group of scientists exploring how the complex chemistry necessary to support life developed over time — and how
we might make today’s chemical production more sustainable
by using simple processes such as wet-dry cycles that may have
taken place on the early Earth.
Georgia Tech fuels an impressive innovation ecosystem that
facilitates transformative opportunities, strengthens collaborative
partnerships, and maximizes the economic and societal impact
of the Institute’s research.
As you read this issue of Research Horizons, you’ll see how
we’re leveraging these collaborative partnerships to create
game-changing solutions to society’s most challenging problems. We truly are creating the next generation of autonomous
vehicles, small spacecraft, chemical processes, and secure information sharing systems.
As always, I welcome your feedback. Enjoy the magazine!
Steve Cross
Executive Vice President for Research
December 2015
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Perchlorates have previously been discovered on Mars. The
Phoenix lander and Curiosity both found them in the planet’s
soil, and some scientists believe that the Viking missions in the
1970s measured signatures of these salts. However, this study
of RSL detected perchlorates in entirely different areas from
where the landers explored.
“We’re only able to receive data on these RSL locations in
mid-afternoon, when the air is dry and the morning humidity
is almost gone,” said James Wray, a Georgia Tech assistant
professor in the School of Earth and Atmospheric Sciences.
“When future spacecraft arrive in the planet’s orbit, we could
see larger, wetter RSL at earlier times of the day. This could just
be the tip of the iceberg.”
The findings were reported in the journal Nature
Geoscience. — Jason Maderer

NASA/JPL/UNIVERSITY OF ARIZONA

A study led by Georgia Tech scientists has provided the strongest evidence yet that there is intermittent flowing water on
modern Mars.
Using instruments on NASA’s Mars Reconnaissance Orbiter
(MRO), researchers measured spectral signatures of hydrated
minerals on slopes where mysterious, possibly water-related
streaks have been found on the red planet. These streaks, known
as recurring slope lineae (RSL), form and snake down the planet’s
steep slopes during warm seasons when temperatures exceed
-10 degrees Fahrenheit. They disappear at colder times during
the Martian year.
“Something is hydrating these salts, and it appears to be these
streaks that come and go with the seasons,” said Lujendra Ojha, a
Ph.D. student in Georgia Tech’s School of Earth and Atmospheric
Sciences. “This means the water on Mars is briny, rather than
pure. It makes sense because salts lower the freezing point of
water. Even if RSL are slightly underground, where it’s even
colder than the surface temperature, the salts would keep the
water in a liquid form and allow it to creep down Martian slopes.”
The researchers believe that the signatures are caused by
hydrated minerals called perchlorates. Some perchlorates have
been shown to keep liquids from freezing even when conditions
are as cold as -94 degrees Fahrenheit. On Earth, naturally produced perchlorates are concentrated in deserts, and some types
of perchlorates can be used as rocket propellant.

(Above) A falsecolor image shows
streaks, believed to
be flowing water, at
the Hale Crater on
Mars. (Left) Image
shows dark narrow
streaks called recurring slope lineae
flowing out of the
walls of Garni Crater
on Mars. The streaks
are up to a few
hundred meters in
length.

WHY ALFRED HITCHCOCK
GRABS YOUR ATTENTION

Eric Schumacher
is an associate professor in Georgia
Tech’s School of
Psychology. He studies cognition and
brain science.

The movies of Alfred Hitchcock have
made palms sweat and pulses race
for more than 65 years. Georgia Tech
researchers have now learned how the
Master of Suspense affects viewers’ brains.
Their study measured brain activity while people watched clips from
Hitchcock and other suspenseful films.
They found that during high suspense
moments, the brain narrows what people
see and focuses their attention on the
story. During less suspenseful moments,
viewers devote more attention to their
surroundings.
“Many people have a feeling that we
get lost in the story while watching a
good movie and that the theater disappears around us,” said Matt Bezdek, the
Georgia Tech postdoctoral psychology
researcher who led the study. “Now we
have brain evidence to support the idea
that people are figuratively transported
into the narrative.”
In the study, participants lay in an
MRI machine and watched scenes from
10 suspenseful movies, including Hitchcock’s North by Northwest and The Man
Who Knew Too Much, as well as Alien and

Misery. As the movies played in the center
of the screen, a flashing checkerboard
pattern appeared around the edges.
The researchers discovered an ebb
and flow of brain activity in the calcarine
sulcus: the first brain area to receive and
process most visual information.
When the suspense grew, brain activity
in the peripheral visual processing areas of
the calcarine sulcus decreased and activity
in the central processing areas increased.
For example, during the famous North by
Northwest scene, the brain narrowed its
visual focus as the airplane bore down on
Cary Grant. When he hid in the cornfield
and suspense decreased, the neural activity
reversed course and attention broadened.
“It’s a neural signature of tunnel
vision,” said Eric Schumacher, an associate professor in Georgia Tech’s School of
Psychology. “During the most suspenseful
moments, participants focused on the
movie and subconsciously ignored the
checkerboards. The brain narrowed the
participants’ attention, steering them to
the center of the screen and into the story.”
The study will be published in the
journal Neuroscience. — Jason Maderer

This image shows
the self-folding
process of smart
shape-memory
materials with
slightly different
responses to heat.
Using materials
that fold at slightly
different rates
ensures that the
components do not
interfere with one
another during the
process.

HITCHCOCK: WIKIMEDIA COMMONS; FOLDING: QI LABORATORY

Complex Objects Fold Themselves
Using a set of smart shape-memory materials that each respond
in a slightly different way to heat, researchers have demonstrated
a four-dimensional printing technology that creates complex
self-folding structures.
Developed by researchers at Georgia Tech and the Singapore
University of Technology and Design (SUTD), the technology can
produce 3-D structures that sequentially fold themselves from
components that had been flat or rolled into a tube for shipment.
Initiated by temperature, moisture, or light, the self-folding
process can be precisely timed to create space components,
deployable medical devices, toys, and other structures.
The researchers used shape memory polymers (SMPs) with
the ability to remember one shape and change to another
programmed shape upon the application of heat. The ability
to create objects that change shape in a controlled sequence
over time is enabled by printing multiple materials with dif
ferent dynamic mechanical properties in prescribed patterns
throughout a would-be 3-D object. When these components
are then heated, each polymer responds by changing its shape
at a different rate, following its own internal clock. By carefully
planning these changes, 3-D objects can be programmed to
self-assemble.
“Previous efforts to create sequential shape-changing com
ponents involved placing multiple heaters at specific regions

in a component and then controlling the on-and-off time of
individual heaters,” explained Jerry Qi, a professor in the George
W. Woodruff School of Mechanical Engineering at Georgia Tech.
“We turned this approach around and used a spatially uniform
temperature and then exploited the ability of different materials
to internally control their rate of shape change through their
molecular design.”
Published in the journal Scientific Reports, the research
was funded by the U.S. Air Force Office of Scientific Research,
the National Science Foundation, and the Singapore National
Research Foundation. — Jerry Qi/John Toon
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Shown is a sample
holder used to test samples of lithiated silicon
to determine their nano-
mechanical properties.
The device was used
to develop a detailed
nano-mechanical understanding of mechanical
degradation processes
in silicon thin films.

Factoid
On Oct. 13, 1885,
the Georgia School
of Technology — now
known as Georgia
Tech — was founded
as part of a plan to
help transform the
agrarian South into an
industrial economy.
The university officially opened three
years later, enrolling
84 students in just
one degree program — mechanical
engineering. This
year, 130 years later,
U.S. News & World
Report ranks Tech
one of the top 10 U.S.
public universities.

IN CHARGE

A detailed nano-mechanical study of degradation processes
in silicon structures containing varying levels of lithium
ions offers good news for researchers attempting to develop
reliable next-generation rechargeable batteries using
silicon-based electrodes.
Anodes, the negative electrodes, could theoretically store
up to 10 times more lithium ions if they were based on silicon.
This dramatic improvement over conventional graphite electrodes makes silicon attractive for use in high-performance
lithium-ion batteries. However, the brittleness of the material
has discouraged efforts to use pure silicon in battery anodes,
which must withstand dramatic volume changes during charge
and discharge cycles.
Using a combination of experimental and simulation
techniques, researchers from the Georgia Institute of Technology and three other research organizations have reported
surprisingly high damage tolerance in electrochemically
lithiated silicon materials. The work suggests that all-silicon
anodes may be commercially viable if battery charge levels are
kept high enough to maintain the material in its ductile state.
“Silicon has a very high theoretical capacity, but because of
the perceived mechanical issues, people have been frustrated
about using it in next-generation batteries,” said Shuman Xia,
an assistant professor in Georgia Tech’s George W. Woodruff
School of Mechanical Engineering. “But our research shows
that lithiated silicon is not as brittle as we may have thought.
If we work carefully with the operational window and depth
of discharge, our results suggest we can potentially design
very durable silicon-based batteries.”
Ting Zhu, a professor also in the Woodruff School of
Mechanical Engineering, conducted detailed molecular dynamics simulations to understand what was happening in the
electrochemically lithiated silicon. As more lithium entered
the silicon structures, he found, the ductile lithium-lithium
and lithium-silicon bonds overcame the brittleness of the
silicon-silicon bonds, giving the resulting lithium-silicon
alloy more desirable fracture strength.
Supported by the National Science Foundation, the
research was reported in the journal Nature Communications.
— John Toon
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Combining information about electric power plant operation
with real-time air quality predictions has allowed researchers
to create a new capability for minimizing the human health
effects of air pollution from power generating facilities.
The Air Pollutant Optimization Model, described in the
journal Proceedings of the National Academy of Sciences,
provides a new approach for reducing the health effects of
ozone and fine particulate pollution. By considering health
impacts and generating costs together, the hybrid model
may provide a new tool for utility companies seeking to
meet air quality standards.
In a test case for the state of Georgia, the model sug
gested that health impacts could have been reduced by $176
million, while increasing generating costs by $84 million.
“We looked at what would be the least expensive way
of running these power plants if you take into account both
the generating costs and the health impact costs,” said Val
erie Thomas, a professor in the H. Milton Stewart School of
Industrial & Systems Engineering and School of Public Policy
at Georgia Tech. “You would still be operating plants that
emit pollutants, of course, but you would reduce operations
at the ones having the greatest impact and increase the
use of facilities that have less impact or are in other areas.”
The new approach depends on the use of “reduced
form” air quality predictions. Comprehensive air quality
models typically require days of computer time to calculate
concentrations of pollution for one emissions scenario, but
the new format uses only the “sensitivities” derived from the
full model to accurately produce predictions in less than a
second. This capability would allow utility companies, for
the first time, to test many possible scenarios in evaluating
how air quality would change with different combinations
of generating plant operations.
“This is really all about ‘smart generation,’” said Athana
sios Nenes, a professor in Georgia Tech’s School of Earth
and Atmospheric Sciences and School of Chemical & Bio
molecular Engineering. “This shows there’s a way to meet
the standards by controlling who emits what and at what
time, and that may change the amount of investment you’d
need to make in new emission control equipment. Hourby-hour, we’ll be able to determine what makes the most
sense.” — John Toon
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INTENSIVE CARE
KHATEREH HADI
LOOKS AT HOW TO
IMPROVE HEALTH
CARE THROUGH
DESIGN

Khatereh “Kati” Hadi is a Ph.D. student in Georgia
Tech’s College of Architecture. She’s part of the SimTigrate Design Lab, an interdisciplinary research
effort to drive health care innovation through
evidence-based design and simulation. Her research
interests include improved design for intensive
care units.

WHY DID YOU CHOOSE GEORGIA TECH?
Once I realized where I wanted to focus my research,
I started looking for a program on health care design.
The SimTigrate Design Lab is one of the best programs in the country, and I knew Craig Zimring (the
lab’s director) is doing some really important and
cutting-edge research in this area.

WHERE ARE YOU FROM?
I am from Iran. I earned my bachelor’s and master’s
degrees in architecture from the Art University of
Isfahan. I came here in 2011.

WHAT GOES INTO THE DESIGN OF A
HOSPITAL? HOW CAN IT BE IMPROVED?
You want to look at certain patient or staff outcomes.
For example, in intensive care units (ICUs), visibility
is a major issue for patient safety. Patients are in
critical condition, and their lives are at risk. Nurses
need more opportunities to observe patients. Where
do you put the nurses’ stations and position nurses so
they have maximum visibility? How can you design
the rooms to allow for greater visibility?
Another example is lighting. How can you design
a better lighting environment to give patients the
amount of light they need for regulation of their
sleep/wake cycle during the day, but not disturb
their sleep at night?
It’s about taking what we know about what
patients and care providers need and translating that
evidence into real design. It’s about solving real health
problems that affect us all. — Laura Diamond

HOW DID YOU GET INTERESTED IN
HOSPITAL DESIGN?
For my master’s thesis, I worked on a project looking
at the design of an office building. I wanted to know
what staff thought of their work environment and
what they liked and didn’t like. I thought if I could
design a better office environment, they’d be happier
and more productive. They were thrilled with the
suggested changes, and that was when I realized how
important design is to people’s daily lives.
If office buildings have impact to this extent, I
wondered what impact design could have in hospitals
where patients are in critical situations. For them,
design can be a matter of life or death.
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OPTICAL SENSORS MAKE
ENVIRONMENTAL SENSE

Researchers from
the Georgia Tech
Research Institute
(GTRI) patented a
photonic sensor in
1990. Today, that
work provides the
basic technology
behind products
being produced
by Lumense, an
Atlanta-based
developer of realtime sensors.

12

An optical sensing apparatus and sensing method that offered
better stability and lower cost was developed by Georgia Tech
Research Institute (GTRI) researchers, Nile Hartman and Dan
Campbell, in the late 1980s. By the time the invention was patented
in 1990, the research team was already taking its research to the
next level. It was developing an integrated optic interferometric
sensor that could quickly detect even the smallest amounts of
various contaminants in air, groundwater, and food.
The sensor Hartman and Campbell designed was based on
laser technology originally conceived for optical communication
applications. That technology allows a multichannel micro-sensor
fitted with the proper chemical coatings to simultaneously detect multiple contaminants.
The sensor works like this: The speed of light increases or decreases when passing through materials
of differing optical properties. Detection of contaminants becomes possible by measuring a contaminant’s
influence on the optical properties of the sensor. Then, researchers observe the effects on these properties
through changes in the transmitted laser light.
The sensors were integrated into an environmental monitoring system for detecting and analyzing various
chemical contaminants, including benzene, industrial solvents in groundwater, explosives, and chemical warfare
agents. The system operated in real time to measure concentrations of substances in the parts-per-billion range.
An additional application of the photonic sensor technology was a rapid-response biosensor for detecting microbial contamination, like Salmonella, Listeria, or E. coli, in the water used to wash and chill food.
Another biosensor developed at GTRI could detect avian influenza infection in live poultry in just minutes.
The biosensor incorporated integrated optics, immunoassay techniques, and surface chemistry skills.
Hartman and Campbell developed it in collaboration with Paul Edmonds, an associate professor of biology
at Georgia Tech. After Hartman left GTRI in 2000, Campbell changed the basic design to one he thought
was more easily manufactured.
After years of additional development, the general sensing approach has found commercial success
with Lumense, an Atlanta-based developer of real-time sensors capable of continuously measuring the
concentration of trace chemicals and biologicals in gases and liquids. The company, where Campbell is chief
scientist, recently announced that it is shipping a poultry ammonia sensor that provides growers with current, trending, and historical ammonia levels, allowing them to better manage the grow house environment.
— Georgia Tech Research Institute
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How Joiners
Differ from
Founders in
Startups

SENSOR: GARY MEEK; CORAL: CODY CLEMENTS

FOES BECOME FRIENDS
ON THE CORAL REEF
On the coral reef, knowing your friend from
your enemy can be a little complicated.
Take seaweed, for instance. Normally,
it’s the enemy of coral, secreting toxic chemicals, blocking the sunlight, and damaging
the coral with its rough surfaces. But when
hordes of hungry crown-of-thorns sea stars
invade the reef, the seaweeds appear to
protect the coral from the marauding creatures, reported a study published in the
journal Proceedings of the Royal Society B.
The findings demonstrate the complexity of interactions between species in
ecosystems, and provide information that
could be useful for managing endangered
coral reefs.
“On the reefs that we study, seaweeds
reduce coral growth by both chemical and
mechanical means,” said Mark Hay, a professor in the Georgia Tech School of Biology.
“But we found that seaweeds can benefit
corals by reducing predation by the crownof-thorns sea stars. Corals surrounded by
seaweeds were virtually immune to attack
by the sea stars, essentially converting the
seaweeds from enemies to friends.”
Crown-of-thorns sea stars are a major
problem in the Pacific. On the Great Barrier Reef, coral cover has declined by more
than 50 percent over 25 years, and the
voracious spine-covered creatures get
much of the blame.
“You don’t have to see the crown-ofthorns to know they have been on the
reef,” said Cody Clements, a Georgia
Tech graduate student in Hay’s lab and
the paper’s first author. “You can see where
they have been because they leave trails
of bleached white coral.”
To study the relationship between
sea star attacks and seaweed cover, Clements photographed the amount of sea

star damage to different coral colonies,
and related the damage to the amount of
seaweed on corals in the attacked areas.
Coral colonies that had been attacked had,
on average, just eight percent seaweed
coverage, while nearby colonies of the
same species that had not been attacked
averaged 55 percent coverage of seaweeds.
Experimentally, Clements fabricated
10 cages in which he placed two Montipora coral colonies, one surrounded by

Researcher Cody
Clements places
bottle caps into
the rocky sea
floor off Votua
Reef on the
Coral Coast of
the Fiji Islands.
The caps are
used to anchor
small colonies of
coral for experimentation to
understand how
crown-of-thorns
sea stars and seaweed affect coral
growth. The bottle caps allow for
the coral colonies
to be removed
for accurate
weighing.

A crown-ofthorns sea star
is shown eating
a coral from the
genus Acropora,
which is a preferred meal for
the organism.

varying levels of seaweed and the other
lacking adjacent seaweeds. Into each cage
he placed a sea star, then observed how
much of each coral would be eaten. At the
highest levels of seaweed, the sea stars were
completely deterred from eating the coral.
The research was supported by
the National Science Foundation, the
National Institutes of Health, and the
Teasley endowment at Georgia Tech.
— John Toon

A growing interest in startups has
focused attention on company found
ers who often take great risks to launch
new ventures. But what about the peo
ple who join these founders to help
them develop new companies?
Research reported in the journal
Science analyzed these “joiners”
and noted that while they resemble
founders in their willingness to take
risks and their desire for the free
dom of a startup, there are import
ant differences. For
instance, joiners
are less interested
in management
and more inter
ested in func
tional roles such
as research and
development,
Henry Sauermann making them more
is an associate
like those who go
professor in
to work for estab
Georgia Tech’s
lished companies.
Scheller College
of Business. His
“ S o m e ti m e s
interests are
you
can have a
in science and
single founder
innovation, and
entrepreneurial
who handles the
strategy.
full range of activ
ities for a startup,
but — especially in
technology — you need additional
people to research and develop the
products,” said Henry Sauermann, an
associate professor in Georgia Tech’s
Scheller College of Business. “There
are many people who are interested
in working for startups but who don’t
want to be founders.”
Sauermann and co-author Michael
Roach, an assistant professor in the
Dyson School of Applied Economics
and Management at Cornell Univer
sity, found the differences while exam
ining the entrepreneurial interests of
4,200 Ph.D. candidates who were
within two years of obtaining degrees
in STEM fields. Nearly half of these
scientists and engineers reported
an interest in joining a startup as an
employee, while slightly more than
one in 10 said they expected to found
their own companies. — John Toon
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Two structures
paired in the
"zippered tube"
configuration
are stiff enough
to hold weight,
yet can return to
their flat states for
easy shipping or
storage.

INTO THE FOLD
ORIGAMI ADDS A NEW WRINKLE TO THE
CREATION OF STURDY STRUCTURES
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The two tubes are put together so
that they are both interlocking and
deployable.

3

2

The tubes are individually folded out
into three dimensions before they are
paired into one structure.

From shipping and construction to outer space,
origami could put a folded twist on structural
engineering.
Researchers from Georgia Tech, the University
of Illinois at Urbana-Champaign, and the University
of Tokyo have developed a new “zippered tube” origami configuration that makes paper structures stiff
enough to hold weight yet able to fold flat for easy
shipping and storage. Their method could be applied
to other thin materials, such as plastic or metal, to
transform structures ranging from furniture and
buildings to microscopic robots.
Origami structures would be useful in many engineering applications, such as robotic arms that could
reach out, construction cranes able to fold to pick
up or deliver a load, and pop-up furniture. Glaucio
Paulino, a professor in Georgia Tech’s School of Civil
and Environmental Engineering, sees particular
potential for quick-assembling emergency shelters, bridges, and other infrastructure in the wake
of natural disasters.
“The geometry is what really plays a role,” Paulino
said. “We are putting two tubes together in a strange
way. What we want is a structure that is flexible and
stiff at the same time. This is just paper, but it has
tremendous stiffness.”
The researchers use a particular origami technique called Miura-ori folding. They make precise,
zig-zag folded strips of paper, then glue two strips
together to make a tube. While the single strip of
paper is highly flexible, the tube is stiffer and does
not fold in as many directions.

Each tube is made of two zig-zag
folded pieces of paper glued
together to make a single tube.

1
The tubes start as flat structures and
can return to that state easily.

“Origami became more of an objective for engineering and a science just in the past five years or so,”
said Evgueni Filipov, a graduate student from the
University of Illinois. “A lot of it was driven by space
exploration, to be able to launch structures compactly
and deploy them in space. But we’re starting to see
how it has potential for a lot of different fields of
engineering. You could prefabricate something in
a factory, ship it compactly, and deploy it on site.”

MIURA-ORI
The "zippered tube" configuration is based on
Miura‑ori, a folding technique that allows flat,
foldable surfaces to be expanded rapidly and easily.
It was named for Japanese astrophysicist Koryo
Miura, who was studying the configuration of solar
panels for spaceflight, while working at NASA.

The researchers tried coupling tubes in different
configurations to see if that added to the structural
stiffness of the paper structures. They found that
interlocking two tubes in zipper-like fashion made
them much stiffer and harder to twist or bend. The
structure folds up flat, yet rapidly and easily expands
to the rigid tube configuration.
The work, supported by the National Science
Foundation, was reported in the journal Proceedings
of the National Academy of Sciences. — Liz Ahlberg,
University of Illinois

A comparison between the second and
third figures shows that the material exhibits a negative Poisson’s ratio — meaning it
dilates when stretched.
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Amy Sharma is a
senior research engineer in the Georgia
Tech Research Institute’s Information
and Communications
Laboratory.

Dave Ediger is a
research engineer
in the Georgia Tech
Research Institute’s
Information and
Communications
Laboratory.
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A new analytics framework called Diamond Eye could
help businesses monitor massive amounts of data in a userfriendly way.
Developed by the Georgia Tech Research Institute
(GTRI), Diamond Eye is a platform for one-stop data analytics. Before creating the program, researchers had built a
series of analytics tools for individual customers, such as an
application-specific tool for monitoring Twitter and open
source data for first responders.
Diamond Eye takes advantage of the expertise developed
for these projects. The platform enables data ingestion, processing, and visualization in a single package, and is able to
adapt to new data sources, new analytics, or new visualizations.
Developing a flexible application program interface (API)
helped make it user-friendly.
“Before Diamond Eye, it was difficult to share analytics
because only the developer who had created it had the access
or the know-how to use it,” said Amy Sharma, a senior research
engineer at GTRI. “With this new framework, anyone can
utilize the analytics, and any developer can add new data,
analytics, or visualizations.”
The system was designed to help users answer historical
and real-time questions with their data. It can also provide
situational and predictive results, using information about the
past to help forecast future conditions. The team’s analytics
work uses open data sets, such as those from social media
platforms like Twitter, as well as proprietary data provided
by partners.
“One of the possible applications of our technology is to
help companies better understand who is out there in social
media, how you should interact with them, and how your
interactions are being received,” said David Ediger, a GTRI
research engineer. — Brett Israel

The biosensor uses genetically engineered Escherichia
coli (E. coli), which has a transcriptional system that responds
to the level of zinc in its environment. The researchers have
tuned the system to trigger the production of purple, red, or
orange pigments in the presence of different zinc concentrations. Genetic machinery for producing those pigments was
introduced into the E. coli.
Health workers in the field would obtain blood samples
from persons suspected of having a zinc deficiency. The samples
would be spun on a simple mechanical device resembling an
eggbeater to separate the plasma from the blood cells. The
plasma would then be placed into a test tube or other container
with a pellet containing the modified E. coli. The bacterium
would then produce a color indicating the zinc level.
The proof-of-concept work was reported in the journal Metabolic Engineering. The research was supported by
the Bill and Melinda Gates Foundation, the National Science Foundation, and the National Institutes of Health.
— John Toon
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EYEING THE DATA

A bacterium engineered to produce different pigments in
response to varying micronutrient levels in blood samples could
give health officials an inexpensive way to detect nutritional
deficiencies affecting human populations in resource-limited
areas of the world. This “bacterial litmus test,” which currently
measures levels of zinc, would make results visible as simple
color changes — without using any sophisticated equipment.
More than a billion people worldwide may be at risk for
inadequate zinc intake, but measuring zinc levels currently
requires sophisticated testing equipment not available in many
affected areas. If field tests show the biosensor can successfully
measure zinc levels, the researchers hope to extend the concept
to other micronutrients, including vitamins.
“We think this is just enough technology to meet the needs,”
said Mark Styczynski, an assistant professor in the Georgia
Tech School of Chemical & Biomolecular Engineering. “The
information we can provide could one day help nutritional
epidemiologists and non-governmental organizations determine the populations of people that may need interventions
to address nutritional deficiencies.”

FRONTOFFICE

LIQUID COOLING MOVES ONTO THE CHIP
Water-based technique cuts operating temperatures by 60 percent

Muhannad Bakir is
an associate professor in the Georgia
Tech School of Electrical and Computer
Engineering.

Using microfluidic passages cut directly into the backsides of
production field-programmable gate array (FPGA) devices,
Georgia Tech researchers are putting liquid cooling right where
it’s needed most — a few hundred microns from where the transistors are operating.
Combined with connection technology that operates through
structures in the cooling passages, the new technologies could
allow development of denser and more powerful integrated
electronic systems that would no longer require heat sinks or
cooling fans atop chips. Working with FPGA devices made by
Altera Corp., the researchers have demonstrated a monolithically cooled chip that can operate at temperatures more than
60 percent below those of similar air-cooled chips.
“We believe we have eliminated one of the major barriers
to building high-performance systems that are more compact
and energy efficient,” said Muhannad Bakir, an associate professor in the Georgia Tech School of Electrical and Computer
Engineering. “We believe that reliably integrating microfluidic
cooling directly on the silicon will be a disruptive technology for
a new generation of electronics.”

Supported by the Defense Advanced Research Projects Agency
(DARPA), the research is believed to be the first example of
liquid cooling directly on an operating high-performance complementary metal oxide semiconductor (CMOS) chip. Details
of the research were presented at the IEEE Custom Integrated
Circuits Conference in San Jose, California.
To make their cooling system, Bakir and graduate student
Thomas Sarvey removed the heat sink and heat-spreading materials from the backs of stock chips. They etched cooling passages
into the silicon, incorporating silicon cylinders approximately
100 microns in diameter to improve heat transmission into the
liquid. A silicon layer was then placed over the flow passages, and
ports were attached for connecting water tubes.
In tests with a water inlet temperature of approximately
20 degrees Celsius and an inlet flow rate of 147 milliliters per
minute, the liquid-cooled FPGA operated at a temperature of
less than 24 degrees Celsius, compared to an air-cooled device
that operated at 60 degrees Celsius. Microfabrication was done
in facilities of the Georgia Tech Institute of Electronics and
Nanotechnology. — John Toon

R O B F E LT

Liquid ports carry cooling water to specially designed passages etched into the
backs of FPGA devices to provide more
effective cooling. The liquid cooling provides a significant reduction in operating
temperature.
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DEFORMATION
DISCOVERIES

A molecular dynamics simulation
shows deformation twinning in a
tungsten nanocrystal. In conjunction
with dislocation slip, the twinning
allows nanomaterials to permanently deform without breaking.
18

YAN LIANG

Transmission electron microscopy (TEM) and computer modeling have combined to
produce an understanding of how atomic-scale deformation mechanisms determine
the structure and properties of nanomaterials. Researchers from Georgia Tech, the
University of Pittsburgh, and Drexel University engineered a new way to observe and
study these mechanisms.
Deformation twinning is a type of deformation that, in conjunction with dislocation slip, allows materials to permanently deform without breaking. In the process of
twinning, the crystal reorients, which creates a region that is a mirror image of the
original crystal.
In research reported in the journal Nature Materials, the Pittsburgh researchers
observed atomic-scale twinning in the material tungsten by welding together two
small pieces of the material to create a wire about 20 nanometers in diameter.
This wire was durable enough to stretch and compress while being observed
using high-resolution TEM.
Ting Zhu, a professor in the George W. Woodruff School of Mechanical Engineering at Georgia Tech, studied the process from a different
perspective, using molecular dynamics simulation to view the
deformation in three dimensions.
“If you reduce the size to the nanometer scale, you can
increase strength by several orders of magnitude,” Zhu
said. “But the price you pay is a dramatic decrease
in the ductility. We want to increase the strength
without compromising the ductility in developing these nanostructured metals and
alloys. To reach this objective, we need
to understand the controlling deformation mechanisms.” — Joe Miksch,
University of Pittsburgh
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This Message
Will Self Destruct
In the television drama Mission
Impossible, instructions for the mis
sion were delivered on an audiotape
that destroyed itself immediately after
being played. If that series is ever
revived, its producers should talk
with Georgia Tech Professor Andrei
Fedorov about using his “disappear
ing circuits” to deliver the instructions.
Using carbon atoms deposited
on graphene with a focused electron
beam process, Fedorov and collab

An open-source
technology called
the optoclamp
closes the loop
in optogenetic
systems. The technique uses a computer to acquire
and process the
neuronal response
to optical stimulus
and provides feedback control.
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LIGHT IT UP
Optogenetics provides a powerful tool for
studying the brain by allowing researchers
to activate and suppress neurons using
simple light-based signals. But until now,
these optical stimulation techniques have
been “open loop,” meaning they lack the
kind of feedback control that most biological and engineering systems use to
maintain a steady operating state.
Optogenetics technology places genes
that express light-sensitive proteins into
mammalian cells that normally lack such
proteins. When the proteins are illuminated with specific wavelengths of light,
they change the behavior of the cells. But
without a feedback loop, scientists could
only assume that the optical signals were
having the effects desired.
To address that shortcoming, researchers have created an open-source technology called the optoclamp, which closes the
loop in optogenetic systems. The technique
uses a computer to acquire and process the
neuronal response to the optical stimulus
in real-time and then vary the light input to
maintain a desired firing rate. By providing

this feedback control, the optoclamp could
facilitate research into new therapies for
epilepsy, Parkinson’s disease, chronic
pain — and even depression.
“Our work establishes a versatile test
bed for creating the responsive neurotherapeutic tools of the future,” said Steve Potter, an associate professor in the Wallace
H. Coulter Department of Biomedical
Engineering at Georgia Tech and Emory
University. “Neural modulation therapies
of the future, whether they be targeted
drug delivery, electrical stimulation, or
even light-plus-optogenetics through fiber
optics, will all be closed loop. That means
they will be responsive to the moment-tomoment needs of the nervous system.”
Feedback control already exists for
neural stimulation systems based on electrical inputs; the optoclamp will provide
similar control for optical stimulation.
The research, supported by the National
Institutes of Health and the National Science Foundation, and including researcher
Jon Newman, was published in the journal
eLife. — John Toon

Steve Potter is an
associate professor
in the Wallace H.
Coulter Department
of Biomedical Engineering at Georgia
Tech and Emory
University. He develops neuroscience
technologies for
studying learning
and memory in vitro.

orators have demonstrated a tech
nique for creating dynamic patterns
on graphene surfaces. The patterns
could be used to make reconfigurable
electronic circuits that evolve before
ultimately disappearing into a new
electronic state of the graphene.
The project began as a way to
clean up hydrocarbons contaminating
the surface of the graphene. But the
researchers soon realized they could
create negatively charged dopant
patterns with carbon.
The researchers were perplexed
to discover that their newly formed
patterns disappeared over time. They
used electronic measurements and
atomic force microscopy to confirm
that the carbon patterns had moved
on the graphene surface to create a
uniform surface coverage.
Reported in the journal Nanoscale,
the research was primarily supported
by the U.S. Department of Energy’s
Office of Science, and involved col
laboration with researchers from the
Air Force Research Laboratory (AFRL),
supported by the Air Force Office of
Scientific Research.
“We will now be able to draw elec
tronic circuits that evolve over time,”
said Fedorov, a professor in Georgia
Tech’s George W. Woodruff School of
Mechanical Engineering. “You could
design a circuit that operates one way
now, but after waiting a day for the
carbon to diffuse over the graphene
surface, you would no longer have
an electronic device.” — John Toon
R E S E A R C H H O R I ZO N S 1 9
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Research on autonomous
technology is developing
increasingly sophisticated
capabilities in air, marine,
and ground robotic vehicles
By Rick Robinson
Photos by Rob Felt
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information on conditions beneath the ice. Icefin was designed
and built in just six months by a team led by researchers from
the Georgia Tech School of Earth and Atmospheric Sciences
collaborating with an engineering team from the Georgia Tech
Research Institute (GTRI).
“GPS signals are blocked by water and ice under the Ross Ice
Shelf, and, at the same time, the water is quite murky, making
navigation with optical devices a challenge,” explained Mick
West, a principal research engineer who led the GTRI development team and participated in the recent Icefin mission in
Antarctica. “In some ways, this kind of marine application is
really helping to push robotic autonomy forward, because in
an underwater environment unmanned devices are completely
on their own.”
The research team used tools suited to underwater navigation including Doppler velocity detection; sensors that perform
advanced sonar imaging; and conductivity, temperature, and depth
(CTD) readings. They also added inertial navigation capability
in the form of a fiber optic gyroscope.
The sensors were supported by a software-based technique
known as simultaneous localization and mapping (SLAM) —

As a team of unmanned quadrotor aircraft hovers above, six small ground
robots roll into an unfamiliar twostory structure. Soon, the rotorcraft
are darting about mapping the upper
floor, while the ground vehicles chart
the lower floor, process both teams’
data, and produce a full building plan
for computers outside.
Notably absent are human beings
and radio control devices. This little
squadron is fully autonomous.
In robotics, autonomy involves enabling unmanned vehicles to
perform complex, unpredictable tasks without human guidance.
Today, in the early stages of the robotics revolution, it’s among
the most critical areas of research.
“The move to true autonomy has become highly important,
and progress toward that goal is happening with increasing speed,”
said Henrik Christensen, executive director of the Institute for
Robotics and Intelligent Machines (IRIM) at Georgia Tech and
a collaborator on the mapping experiment. “It won’t happen
overnight, but the day is coming when you will simply say to a
swarm of robots, ‘Okay, go and perform this mission.’”
Traditionally, robotic devices have been pre-programmed
to perform a set task: Think of the factory robot arm that automatically performs a repetitive function like welding. But an
autonomous vehicle must be fully independent, moving — without
human intervention — in the air, on the ground, or in the water.
Well-known examples include the prototype self-driving vehicles
currently being tested in some U.S. cities.
Vehicular autonomy requires suites of sensors, supported
by advanced software and computing capabilities. Sensors can
include optical devices that use digital camera technology for
robotic vision or video reconnaissance; inertial motion detectors
such as gyroscopes; global positioning system (GPS) functionality; radar, laser and lidar systems, pressure sensors, and more.
At Georgia Tech, researchers are developing both commercial
and defense-focused technologies that support autonomous
applications. This article looks at some of the Georgia Tech
research teams focused on improving performance of autonomous surface, air, and marine systems.

Autonomous in Antarctica

Radio-controlled devices have been replacing humans in hazardous situations for years. Now, autonomous vehicles are starting
to take on complex jobs in places where radio frequency signals
don’t work.
An autonomous underwater vehicle (AUV) known as Icefin has
already ventured deep under the vast Ross Ice Shelf in Antarctica,
simultaneously testing a unique vehicle design and gathering new
22

Icefin’s robust electronics enabled it
to navigate under
Antarctica’s Ross
Ice Shelf and
explore to a depth
of 500 feet.

computer algorithms that help an autonomous vehicle map an
area while simultaneously keeping track of its position in that
environment. Using this approach, Icefin could check its exact
position at the surface via GPS, and then track its new locations
relative to that initial reference point as it moved under the
ice. Alternatively, it could navigate using local features such as
unique ice formations.
Icefin successfully ventured down to 500 meters under the
Ross Ice Shelf and found that the frigid waters were teeming
with life. On this expedition, data was sent back from under the
ice via a robust fiber-optic tether; novel technologies to transmit
information wirelessly from under the water are being studied.
West’s GTRI team was part of a team led by Britney Schmidt,
an assistant professor in the School of Earth and Atmospheric
Sciences and principal investigator on the Icefin project. Technologies developed for Icefin could someday help search for
life in places like Europa, Jupiter’s fourth-largest moon, which
is thought to have oceans similar to Antarctica’s. (See page 36,
“Instruments to Europa.”)
“We’re advancing hypotheses that we need for Europa and
understanding ocean systems here better,” Schmidt said. “We’re
also developing and getting comfortable with technologies
that make polar science — and eventually Europa science —
more realistic.”

GTRI principal research engineer Mick
West, graduate student Jacob Buffo of the
School of Earth and Atmospheric Sciences,
and undergraduate Matthew Meister of the
School of Mechanical Engineering handle
the 210-pound Icefin at Georgia Tech’s
Underwater Acoustics Research Laboratory.
R E S E A R C H H O R I ZO N S 2 3

Fumin Zhang,
associate professor
in the School of
Electrical and Computer Engineering,
works with small
airborne blimps that
can simulate the
behavior of underwater vehicles for
research purposes.
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Real-World Performance

Autonomous technologies are generally developed in laboratories. But they must be tested, modified, and retested in more
challenging environments.
Cédric Pradalier, an associate professor at the Georgia
Tech-Lorraine campus in Metz, France, is working with aquatic
vehicles to achieve exacting autonomous performance.
“I’m an applied roboticist. I bring together existing technologies and test them in the field,” Pradalier said. “Autonomy
really becomes useful when it is precise and repeatable, and a
complicated real-world environment is the place to develop
those qualities.”
Pradalier is working with aquatic robots, including a 4-foot
long Kingfisher unmanned surface vessel modified with additional
sensors. His current research aim is to refine the autonomous
vehicle’s ability to closely monitor the shore of a lake. Using video
technology, the craft surveys the water’s edge while maintaining
an exact distance from the shore at a consistent speed.
As currently configured, the boat performs a complex mission involving the taking of overlapping photos of the lake’s
periphery. It can autonomously stop or move to other areas of
the lake as needed, matching and aligning sections of the shore
as they change seasonally.
Applications for such technology could include a variety of
surveillance missions, as well as industrial uses such as monitoring
waterways for pollution or environmental damage.
One of the advantages of autonomy for mobile applications
is that a robot never gets tired of precisely executing a task,
Pradalier said.
“It would be very tedious, even demanding, for a human to
drive the boat at a constant distance from the shore for many
hours,” he said. “Eventually, the person would get tired and start

Graduate students
Dmitry Bershadsky
and Pierre Valdez
of the School of
Aerospace Engineering prepare
a 16-foot wave
adaptive modular
vehicle (WAM-V) for
testing at Georgia’s
Sweetwater Creek
State Park.

making mistakes, but if the robot is properly programmed and
maintained, it can continue for as long as needed.”

Ocean-Going Software

An autonomous underwater vehicle (AUV) faces unknown and
unpredictable environments. It relies on software algorithms
that interact with sensors to address complex situations and
adapt to unexpected events.
Fumin Zhang, an associate professor in the Georgia Tech
School of Electrical and Computer Engineering (ECE), develops
software that supports autonomy for vehicles that delve deep
into the ocean gathering data. His work is supported by the
Office of Naval Research and the National Science Foundation.
“Underwater vehicles often spend weeks in an ocean environment,” Zhang said. “Our software modules automate their
operation so that oceanographers can focus on the science and
avoid the stress of manually controlling a vehicle.”
The ocean is a challenging and unpredictable environment, he
explained, with strong currents and even damaging encounters
with sea life. Those who study underwater autonomy must plan
for both expected conditions and unexpected events.
Among other things, the team is using biologically related
techniques, inspired by the behavior of sea creatures, to enhance
autonomous capabilities.
Zhang has also devised an algorithm that analyzes collected
data and automatically builds a map of what underwater vehicles
see. The resulting information helps oceanographers better
understand natural phenomena.
In 2011, a Zhang student team designed and built an AUV
from scratch. Working with Louisiana State University, the team
used the craft to survey the Gulf of Mexico and assess underwater
conditions after a massive oil spill off the U.S. coastline.
R E S E A R C H H O R I ZO N S 2 5

It won’t happen
overnight, but the
day is coming when
you will simply say
to a swarm of robots,
‘Okay, go and perform
this mission’
Among other novel AUVs developed by Zhang’s team is one
constructed entirely of transparent materials. The design is
aimed at testing optical communications underwater.
To facilitate underwater testing of AUVs, Zhang and his
team have developed a method in which autonomous blimps
substitute for underwater vehicles for research purposes. The
blimps are flown in a large room, lessening the time needed to
work in research pools.
“The aerodynamics of blimps have many similarities to the
conditions encountered by underwater vehicles,” Zhang said.
“This is an exciting development, and we are going full speed
ahead on this project.”

Undergraduates Tackle Autonomy

At the Aerospace Systems Design Laboratory (ASDL), numerous
Georgia Tech undergraduates are collaborating with professors,
research faculty, and graduate students on autonomous vehicle
development for sponsors that include the Naval Sea Systems
Command (NAVSEA) and the Office of Naval Research (ONR).
For instance, student teams, working with the Navy Engineering Education Center (NEEC), are helping design ways to enable
autonomous marine vehicles for naval-surface applications.
This year, the researchers plan to work on ways to utilize past
ASDL discoveries in the areas of autonomy algorithms and the
modeling of radio frequency behavior in marine environments.
The aim is to exploit those technologies in a full-size robotic boat,
enabling it to navigate around obstacles, avoid other vehicles,
find correct landing areas, and locate sonar pingers like those
used to identify downed aircraft.
Among other things, they are working on pathfinding
algorithms that can handle situations where radio signals
are hampered by the humid conditions found at the water’s
surface. They’re developing sophisticated code to help marine
networks maintain communications despite rapidly shifting
ambient conditions.
In addition to the NEEC research, ASDL undergraduates regularly compete against other student teams in international autonomous watercraft competitions such as RobotX and RoboBoat.
“The tasks in these competitions are very challenging,” said
Daniel Cooksey, a research engineer in ASDL. “The performance
achieved by both Georgia Tech and the other student groups is
really impressive.”
26
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These competitions have inspired other spin-off undergraduate research efforts. In one project, an undergraduate team is
developing autonomous capabilities for a full-size surface craft.
The resulting vehicle could be used for reconnaissance and
other missions, especially at night or in low-visibility conditions.
“Basically, we study the ways in which adding autonomy
changes how a vehicle is designed and used,” said Cooksey. “We’re
working to achieve on the water’s surface some of the performance
that’s being developed for automobiles on land.”
ASDL, which is part of the Daniel Guggenheim School
of Aerospace Engineering, is directed by Regents Professor
Dimitri Mavris.

Diverse Robots Team Up

A major goal of today’s autonomous research involves different robots cooperating on complex missions. As part of the
Micro Autonomous Systems and Technology (MAST) effort,
an extensive development program involving 18 universities
and companies, Georgia Tech has partnered with the University
of Pennsylvania and the Army Research Laboratory (ARL) on
developing heterogeneous robotic groups. The work is sponsored by the ARL.
In the partners’ most recent joint experiment at a Military
Operations on Urban Terrain (MOUT) site, a team of six small
unmanned ground vehicles and three unmanned aerial vehicles autonomously mapped an entire building. Georgia Tech
researchers, directed by Professor Henrik Christensen of the
School of Interactive Computing, developed the mapping and
exploration system as well as the ground vehicles’ autonomous
navigation capability. The University of Pennsylvania team
provided the aerial autonomy, and ARL handled final data integration, performance verification, and mapping improvements.
“We were able to successfully map an entire two-story structure that our unmanned vehicles had never encountered before,”
said Christensen. “The ground vehicles drove in and scanned
the bottom floor and the air vehicles scanned the upper floor,
and they came up with a combined model for what the whole
building looks like.”
The experiment used the Omnimapper program, developed
by Georgia Tech, for exploration and mapping. It employs a system of plug-in devices that handle multiple types of 2-D and 3-D
measurements, including rangefinders, RGB-F computer vision
devices, and other sensors. Graduate student Carlos Nieto of the
School of Electrical and Computer Engineering (ECE) helped
lead the Georgia Tech team participating in the experiment.
The research partners tested different exploration approaches.
In the “reserve” technique, robots not yet allocated to the scanning
mission remained at the starting locations until new exploration
goals cropped up. When a branching point was detected by an
active robot, the closest reserve robot was recruited to explore
the other path.
In the “divide and conquer” technique, the entire robot
group followed the leader until a branching point was detected.
Then the group split in half, with one robot squad following the
original leader while a second group followed their own newly
designated leader.
In other work, mobile robots’ ability to search and communicate is being focused on ways that would promote human safety
during crisis situations. Technology that can locate people in an
emergency and guide them to safety is being studied by a team that
includes GTRI research engineer Alan Wagner, ECE Professor
Ayanna Howard, and ECE graduate student Paul Robinette.
Dubbed the rescue robot, this technology is aimed at locating
people in a low-visibility situation such as a fire. Current work is

Professor Henrik
Christensen of the
School of Interactive Computing
follows a rescue
robot designed to
guide people to
safety in a low-visibility crisis situation
such as a fire.
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Eric Johnson, associate professor in the
School of Aerospace
Engineering, holds
a 1.1-pound quad
rotor designed and
built by his students
that can replicate
the autonomous
navigational and
sensing performance of the 200-lb.
commercial helicopter behind him.
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concentrated on optimizing how the rescue robot interacts with
humans during a dangerous and stressful situation.
When development is complete, the robot could autonomously find people and guide them to safety, and then return to
look for stragglers. If it senses an unconscious person, it would
summon help wirelessly and guide human or even robotic rescuers to its location.

Eric Johnson, who is Lockheed Martin Associate Professor
of Avionics Integration, pursues ongoing research efforts in
fields from collaborative mapping to autonomous load handling. Sponsors include Sikorsky Aircraft, the Defense Advanced
Research Projects Agency (DARPA), National Aeronautics and
Space Administration (NASA), and the National Institute of
Standards and Technology (NIST).
“An early major research effort in aerial robotics was the
DARPA Software Enabled Control Program, which used autonomy
to support vertical takeoff and landing of unmanned aircraft,”
Johnson said. “Many of our subsequent projects have been built
on the foundation started at that time.”
Johnson and his student team are pursuing multiple projects
in areas that include:

Controlling Robot Swarms

Magnus Egerstedt, Schlumberger Professor in the School of
Electrical and Computer Engineering (ECE), is focused on cutting-edge methods for controlling air and ground robotic vehicles.
He’s investigating how to make large numbers of autonomous
robots function together effectively, and how to enable them to
work harmoniously — and safely — with people.
In one project for the Air Force Office of Scientific Research,
Egerstedt is investigating the best methods for enabling autonomous robots to differentiate among interactions with other
robots and humans. Another important issue: getting robots
to organize themselves so they’re easier for a person to control.
“Think about standing in a swarm of a million mosquito-sized
robots and getting them to go somewhere or to execute a particular
task,” he said. “It’s clear that somehow I need to affect the entire
flow, rather than trying to manipulate individuals. My research
shows that the use of human gestures is effective for this, in
ways that can resemble how a conductor guides an orchestra.”
Egerstedt is using graph theory — mathematical structures
used to model relations between objects — and systems theory
to design multi-agent networks that respond to human prompts
or similar control measures. He’s also concerned with preventing

A research quad
rotor built by
Associate Professor
Eric Johnson and
graduate students
Dmitry Bershadsky
and Stephen
Haviland is being
used at the School
of Aerospace Engineering to study
obstacle avoidance
and mapping using
vision sensors.
Here it maneuvers
during a flight test
at the Fort B
 enning
Army base in
Georgia.

Vision-aided inertial navigation — This technology uses
cameras, accelerometers, and gyroscopes to allow an autonomous aerial vehicle to navigate in conditions where GPS
information isn’t available. Such situations include navigating
inside buildings, flying between buildings, and operating
when satellite signals are jammed or spoofed — falsified — by
hostile forces.
Sling load control — Delivering large loads suspended underneath an aircraft is tricky even for manned rotorcraft; autonomous vehicles can encounter major stability issues during
such missions. Johnson and his team are tackling these load
control challenges, and are even working on a project that
involves an autonomous aircraft delivering a load to a vehicle
that’s also moving.
Collaborative autonomy — Johnson and his team recently
demonstrated a collaborative mapping application that lets
two autonomous rotorcraft use onboard laser scanners to
cooperatively map an urban area. In a flight experiment at
Fort Benning, Georgia, the two aircraft succeeded in not only
sharing the mapping chores, but were also able to warn each
other of hostile threats nearby.
Fault tolerance control — These techniques allow aircraft
to autonomously recover from major unanticipated failures
and continue flying. In one demonstration, Johnson and his
team enabled an unmanned aircraft to remain aloft after
losing half of a wing.

QUADCOPTER: GARY MEEK

The Georgia Department of Transportation — Johnson and
Javier Irizarry, associate professor in the School of Building
Construction, are studying ways in which the state of Georgia
might use unmanned vehicles to perform routine functions
such as inspecting bridges and monitoring regulatory compliance in construction.

malicious takeover of the robotic swarm. To address this issue,
he’s programming individual robots to recognize and reject
any command that could lead to unacceptable swarm behavior.
One of Egerstedt’s major goals involves establishing an
open access, multi-robot test bed at Georgia Tech where U.S.
roboticists could run safety and security experiments on any
autonomous system.

Developing Aerial Autonomy

At the Daniel Guggenheim School of Aerospace Engineering (AE),
faculty-student teams are involved in a wide range of projects
involving autonomous aerial vehicles.

Meanwhile, AE student teams have placed strongly in recent
competitions involving autonomous aerial vehicles, noted Daniel Schrage, an AE professor who is also involved in autonomy
research. They have secured first place finishes in:
The American Helicopter Society International 3rd Annual
Micro Air Vehicle Student Challenge. Directed by Johnson, the
Georgia Tech team reproduced the functionality of a 200-pound
helicopter in a tiny 1.1-pound autonomous rotorcraft, which
accurately completed the competition’s required tasks.
The American Helicopter Society International 32nd Student Design Competition. Along with a team from Middle East
Technical University (METU), the Georgia Tech undergraduate
team developed an autonomous rotorcraft capable of delivering
5,000 packages a day within a 50-square-mile area.
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Bio-Inspired Autonomy

Certain self-guiding aerial robots could someday resemble insects in multiple ways. Professor
Frank Dellaert of the School of Interactive Computing and his team are taking inspiration from
the world of flying creatures as they develop
aerial robots.
The research involves mapping large areas
using two or more small unmanned rotorcraft.
These autonomous aircraft can collaboratively
build a complete map of a location, despite taking
off from widely separated locations and scanning
different parts of the area.
This effort includes Dellaert’s team and a
team directed by Nathan Michael, an assistant
research professor at Carnegie Mellon University. The work is part of Micro Autonomous
Systems and Technology (MAST), an extensive Army Research Laboratory program in
which Georgia Tech and Carnegie Mellon are
participants.
“This work has a number of bio-inspired
aspects,” Dellaert said. “It supports the development of future autonomous aerial vehicles
that would have size and certain capabilities
similar to insects and could perform complex
reconnaissance missions.”
Called Distributed Real-Time Cooperative
Localization and Mapping, the project’s technology uses a planar laser rangefinder that
rotates a laser beam almost 180 degrees and
instantaneously provides a 2-D map of the
area that’s closest to a vehicle. As the quadrotor
flies, it collaborates by radio with its partner
vehicles to build an image of an entire location,
even exchanging the laser scans themselves to
co-operatively develop a comprehensive map.
This work can be performed outdoors —
and indoors where receiving GPS signals is a
problem. Using built-in navigational capability,
the collaborating vehicles can maneuver autonomously with respect to each other, while also
compensating for the differences between their
takeoff points so they can create an accurate
map. This performance was made possible by
novel algorithms developed by the two teams
and by Vadim Indelman, an assistant professor
at Technion - Israel Institute of Technology.
Rick Robinson is a science and technology writer
in Georgia Tech’s Institute Communications.
He has been writing about defense, electronics,
and other technology for more than 20 years.
Research projects highlighted in this article are supported by sponsors that
include the National Science Foundation (NSF), Office of Naval Research
(ONR), U.S. Navy (USN), Air Force Office of Scientific Research (AFOSR),
Army Research Laboratory (ARL), Defense Advanced Research Projects
Agency (DARPA), National Aeronautics and Space Administration (NASA),
National Institute of Standards and Technology (NIST), Georgia Department
of Transportation (GDOT), and Sikorsky Aircraft. Any opinions, findings,
conclusions, or recommendations expressed in this publication are those
of the principal investigators and do not necessarily reflect the views of the
NSF, ONR, USN, AFOSR, ARL, DARPA, NASA, NIST, GDOT, or Sikorsky.
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on the air
Collaboration with CNN Investigates
Use of UAVs for Newsgathering

B Y T. J . B E C K E R

In June 2014, the Georgia Tech Research Institute (GTRI) and CNN launched a joint
research initiative to study the use of unmanned aerial vehicles (UAVs) for newsgathering.
In January 2015, CNN signed an agreement with the Federal Aviation Administration
(FAA) to share the results of the research. The project is now gaining momentum as
researchers shift their focus from evaluating UAV equipment to developing potential
protocols for safe operations.
The issue: Hobbyists can fly drones without FAA oversight as long as the aircraft
weighs 55 pounds or less, flies in unpopulated areas, and remains within line of sight of
the operator. Yet flying drones for commercial purposes requires review and approval
by the FAA. The only way to get a thumbs-up from the FAA is to pursue airworthiness
certification (an expensive and complicated process that can take up to a year), or secure
a “Section 333 exemption.”
A Section 333 exemption allows the FAA to waive the airworthiness requirement
as long as the commercial UAV flights are conducted under a number of restrictions.
Among these restrictions: Drone operators must notify local aviation authorities two
or three days prior to flight — and operations over people or near airports are off-limits.
“Securing a 333 exemption is doable for the movie industry since obtaining aerial
footage can be planned far in advance,” observed Mike Heiges, a GTRI principal research
engineer who leads the CNN project. “Yet journalists can’t operate under these rules
for breaking news and chaotic situations where there may be emergency responders,
police helicopters, or the National Guard.”
Granted, drones aren’t needed for every news story, but they provide a unique
perspective in many situations, said Greg Agvent, senior director of news operations
for CNN/US.
“Being able to fly over an area after an earthquake or tornado hits would provide
a deeper understanding of how widespread the devastation is,” Agvent explained and
pointed to the May 12 Amtrak train derailment in Philadelphia. “Part of the issue with
the accident was the speed going into the curve. The ability to get footage from 200 feet
in the air would have presented a better sense of the curve — context that you simply
couldn’t get from the ground.”
Safety of news personnel is another benefit of drone journalism, Agvent added. “In
many cases, such as a flood, safety would trump context. We could capture footage of
an event without putting our people in harm’s way.”
Some of the research that comes out of the project will be helpful beyond newsgathering, observed Dave Price, a GTRI senior research technologist working on the project.
“Commercial drones are of interest for crop monitoring and inspection of bridges and
railroad tracks,” he explained. “Railroads and agriculture agencies will be able to see
the results of CNN’s camera selection and stabilization systems and take advantage of
this for their own applications.”

The Right Stuff

During the past year, the researchers, including GTRI and CNN staff, have been investigating different UAVs that could carry the type of camera systems journalists need to
shoot and transmit aerial footage.
That’s easier said than done. For one thing, the commercial drone industry is in its
infancy. Manufacturers come and go, and there aren’t a great number with a long track
record. Another challenge is finding the right equipment — airframes and payloads that
match up. “It’s a trade-off,” Heiges explained. “You have to factor in size, weight, and
power of what you want to put on the aircraft with what the aircraft can carry.”

Advancing to Operational Protocols

R O B F E LT

The Georgia Tech
Research Institute
(GTRI) and CNN
have been working together to
study the issues
affecting the use of
unmanned aerial
vehicles for newsgathering. Shown
in CNN’s World
Headquarters are
(left) Greg Agvent,
senior director of
news operations
for CNN, and Cliff
Eckert, a GTRI senior
research associate
who’s working on
the project. They are
shown with an AirRobot AR 180, one
of the devices that
may be suitable for
CNN’s use.

Flight times for many commercial drones aren’t long enough
for CNN’s purposes, nor is video quality high enough. “To install
a better camera, you need a bigger vehicle for endurance,” Heiges
said. “And that means stepping up to UAVs that were developed
for the military, which dramatically increases price.”
GTRI has been testing drones since 2006 through the FAA’s
certificate of authorization process, which enables public institutions to operate drones in national airspace for research purposes.
Currently, GTRI holds 28 certificates of authorization for specific
locations in five states. For the project with CNN, GTRI provides
pilots to fly the drones in approved areas, plans the flight tests
with CNN’s participation, collects data, and prepares reports
with recommendations.
One of CNN’s takeaways from the flight tests: Drone journalism is no one-person show. “In most cases, especially for
live video, you need three people,” Agvent said. This includes
a pilot to guide the actions of the UAV and an operator for the
camera, which is usually suspended under the drone and sits on
gimbals for stabilization.
“The third person, a spotter, is particularly important in
urban areas,” Agvent continued. “The spotter focuses solely on
situational awareness and communicates to the pilot about people and other aircraft that may be in the area. In some cases, you
could get by with a two- person team — a pilot/cameraman and a
spotter — but a trio is best to ensure both high quality and safety.”

“We’ve hit a lot of milestones in the past year,” Agvent said.
“Now, we begin to work on the finer points of flight operations
and coordinating with air traffic control.”
One of the FAA’s chief concerns with drones is getting the
word out to manned aircraft about a UAV’s presence in the area.
The current practice is to file a “notice to airmen” two or three
days in advance.
A new technology known as automatic dependent surveillance-broadcast (ADS-B) could provide a just-in-time alternative
to the notice to airmen. Developed by the FAA, this technology
enables aircraft to broadcast their GPS coordinates to anyone in
the local air space that has ADS-B, and vice-versa, so the drone
operator would be able to see other aircraft.
“It’s like having an air traffic radar map inside your cockpit,”
Heiges said. “Even better, unlike conventional radar, ADS-B
works all the way to the ground.” That’s important, because, in
some situations, journalists may need to cooperate with police
helicopters or medical aircraft flying at low altitudes to pick
up patients.
Geo-fencing technologies, which prevent UAVs from entering
airport and other restricted areas, could add another layer of
safety, Heiges added.
Because FAA rules prohibit drones from flying over people,
crowd-control issues must also be resolved. For example, are
journalists responsible for blocking off the area where they
wish to fly drones — or do they communicate with on-scene
commanders to find out where they can operate?
Over the next few months, GTRI and CNN will meet with
regional emergency responders and other stakeholders to address
these questions and develop an operational framework. Then
GTRI will work with law enforcement agencies to test the procedures at remote locations. “We’ll hold mock trials and simulate
circumstances that would happen in a breaking news situation,”
Heiges explained.
Creating appropriate regulations for various types of UAV
flights is important, as the flight landscape has changed dramatically in recent years.
“When people built radio-controlled airplanes out of balsa
wood, they learned the rules for flying and flew aircraft at sanctioned sites,” Heiges said. “Yet in the past few years, we now have
multi-rotors and quad-rotors with automatic stabilization that
don’t require the same skills. People are flying them out of the
box without knowing the rules. That can be dangerous if flown
beyond visual range. Any significant accident will set back the
industry, punishing those who do follow the rules.”
Even small drones could cause a helicopter or aircraft to go
down if it gets caught in a propeller or pulled into an engine.
Indeed, drones have been in the news this past summer for
interfering with firefighting efforts in California, including a San
Bernadino wildfire where drones operated by curious hobbyists
caused fire pilots to pull out of the fray for 30 minutes, allowing
the fire to spread.
“The one thing that doesn’t get talked about enough is the
differentiation between hobbyists and commercial drone users —
and that most of the problems are caused by laymen,” said Agvent.
“Our goal is to create a framework that allows for safe integration
of commercial drones for newsgathering. It’s about having trusted
vendors, trusted aircraft, and trusted procedures in place to act
in a safe manner.”
T.J. Becker is a freelance writer based in Michigan. She writes
about business and technology issues.
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THE FUTURE IS

SMALL
GEORGIA TECH RESEARCHERS ARE DEVELOPING
S M A L L S AT E L L I T E S A N D A D VA N C E D T E C H N O LO GY F O R
T H E N E X T G E N E R AT I O N O F S PA C E E X P LO R AT I O N
BY JOHN TOON
P H O T O S B Y R O B F E LT
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For three decades, the symbol

PROX-1 will be
Georgia Tech’s
first complete
spacecraft, a
fully functioning
vehicle that will
demonstrate auto
mated trajectory
control of one
spacecraft relative
to another.

of the U.S. space program was the mighty Space Shuttle, an
86-ton reusable spacecraft that hauled astronauts, equipment,
and supplies into orbit 135 times before being retired in 2011.
Among candidates for the next symbol might be the shiny
aluminum box located on a clean room assembly bench in
Georgia Tech’s Engineering Science & Mechanics (ES&M)
building. Made of space-grade metal, the 50 x 50 x 30 centimeter structure is rapidly being transformed into Prox-1, a micro
satellite that will itself become a launcher for an even smaller
satellite known as LightSail-B. Next fall, the two spacecraft will
orbit the Earth together to study automated trajectory control
required for close proximity flying in space.
Beyond studying control issues, Prox-1 will help its mostly
student crew learn how to design, build, launch, and operate
spacecraft. The 60-kilogram satellite will also be Georgia Tech’s
first entry into the era of small spacecraft — a phenomenon made
possible by the same miniaturization and capability enhancements that put smartphones into nearly everyone’s pockets.
And LightSail-B, designed and built by the Planetary Society,
will highlight the role of CubeSats — tiny satellites just 10 centimeters square that can be constructed for as little as $20,000
apiece. These spacecraft, built in a standardized template to hitch
rides on larger space vehicles, are giving universities and other
organizations the kind of space access once reserved for NASA,
the Department of Defense, and big corporations.
“Where the space sector once revolved around mammoth
spacecraft taking decades and billions of dollars to build, we are
now breaking complex space objectives into smaller chunks,” said
Robert Braun, a professor in Georgia Tech’s Daniel Guggenheim
School of Aerospace Engineering and director of its Center for
Space Technology and Research (C-STAR). “Working together, a
dozen small spacecraft might accomplish that same big objective
at a fraction of the cost. These small spacecraft might be the size of
a trash can or a night table, and they can be developed much more
quickly, providing opportunities to utilize the latest technology.”
In all, Georgia Tech researchers expect to launch six small
satellites into Earth orbit over the next five years. Beyond that,
they’re thinking about planetary exploration, and are helping
design the instruments aboard spacecraft that may visit Europa, a
moon of Jupiter whose ocean may harbor life. Other researchers
are looking toward Mars, with the idea that tiny spacecraft could
hitch a ride on larger probes to explore that planet or its moons.
But designing and building small spacecraft and their instruments isn’t the whole story of Georgia Tech’s growing presence
in space. Researchers are also improving the electric propulsion
systems that will power both large and small spacecraft — and
perhaps even help haul supplies to Mars. And in early 2016 on the
International Space Station, they expect to begin testing what may
be a future generation of photovoltaic cells to provide space power.

C U B E S AT L A U N C H E R A N D T R A C K E R

In June, Bill Nye — better known as the “Science Guy” — told
reporters what was happening in space aboard LightSail-A, a tiny
craft that was unfurling a 32-square-meter Mylar sail designed to
test the ability to move a spacecraft by capturing photons from
the sun. Nye is CEO of the Planetary Society, which designed
the CubeSat mission.
At about the same time, in a wood-beamed control room
in the ES&M building, Dave Spencer and a group of Georgia
Tech students were tracking LightSail-A — and cheering when
a photograph confirmed the sail’s opening. The Georgia Tech
role in LightSail-A encompassed mission planning, satellite
tracking, and mission operations. Spencer and the student team
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are currently building the Georgia Tech Prox-1 spacecraft that
will launch the follow-on mission to LightSail-A.
“The Prox-1 mission is to demonstrate automated trajectory
control of one spacecraft relative to another spacecraft,” explained
Spencer, a professor of the practice in the Georgia Tech School
of Aerospace Engineering. “We are actually bringing that other
spacecraft with us and deploying it from Prox-1.”
Georgia Tech’s first complete spacecraft, Prox-1 will be a fully
functioning vehicle with a single cold-gas thruster for propulsion.
Solar panels will provide power; faculty and students will operate
it from the ES&M control room. But the real novelty is a small
door on the side of Prox-1 that will release LightSail-B into space.
“Prox-1 will deploy LightSail-B, maneuver relative to it, and
demonstrate automated station-keeping to keep the two spacecraft in a desired formation,” explained Spencer, who served
as a mission designer and project manager for several Mars
missions at the Jet Propulsion Laboratory (JPL) before joining
Georgia Tech. “If all goes as planned, Prox-1 will provide on-orbit
inspection of the LightSail-B solar sail deployment, returning
visible and infrared images of the event.”
Launch of the $1.2 million spacecraft is scheduled for September 2016 aboard a Space-X Falcon Heavy rocket, which will
also carry two main spacecraft and about a dozen small satellites.
“Prox-1 is an ambitious mission that, if done by industry or
the Department of Defense, would have cost about $80 million,”
Spencer said. “We have driven down the cost by much more than
an order of magnitude by leveraging a lot of CubeSat technology,
involving students, and also testing new capabilities that haven’t
flown before in space.”
Prox-1 will space qualify a number of devices and instruments, including:
A thermal infrared sensor provided by Arizona State University. Using an uncooled commercial-off-the-shelf sensor, the
imager will help track LightSail-B.
Control moment gyroscopes provided by Honeybee Robotics
that will help control the spacecraft’s orientation.
A 3-D printed thruster produced at the University of Texas
at Austin.
In fall 2015, the team was conducting “Day-in-the-Life”
testing to verify functionality of the spacecraft subsystems and
flight software. Prox-1 will be fully integrated in early 2016,
prior to shipment to the Air Force Research Laboratory for
environmental testing and launch integration.
Significant funding for Prox-1 came from the Air Force Office
of Scientific Research University Nanosatellite Program. More
than 150 students have been involved in the project over the
past four years.

C ATA LO G I N G S PAC E D E B R I S

Space may be infinite, but some parts of it are getting crowded.
NASA reports that there are a half-million pieces of space debris
orbiting the Earth, and only objects larger than 10 centimeters —
about the size of a softball — can be reliably tracked on radar.
But smaller objects still pose a threat to spacecraft traveling at
17,500 miles per hour.
Georgia Tech’s RECONSO mission will help address that
problem by testing new technologies for identifying these hazards.
RECONSO’s wide field-of-view sensor will allow it to detect, track,
and characterize objects, adding to the information available for
collision avoidance.
“The relative velocity of these objects is typically between
5 and 12 kilometers per second,” said Marcus Holzinger, an
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assistant professor in the Georgia Tech School of Aerospace
Engineering and RECONSO’s principal investigator. “That’s
faster than any projectiles we shoot on Earth. Since the collision
energy depends on the square of the velocity, even small objects
can cause catastrophic failures.”
Should speeding space junk hit a large spacecraft, the collision
could create thousands of additional pieces of debris, worsening
the problem. The debris density is greatest in areas of space that
are especially useful, such as polar orbits.
RECONSO will be a six-unit CubeSat carrying a six-megapixel
CMOS imager with a field of view of 9 x 11 degrees. The imager
should be able to detect even very faint objects.
As with most very small spacecraft, power will be a challenge.
RECONSO’s solar panels will provide just 25 watts of power — less
than most home lightbulbs. But Holzinger expects that will be

Where the space sector once
revolved around mammoth
spacecraft taking decades and
billions of dollars to build, we are now
breaking complex space objectives
into smaller chunks. Working
together, a dozen small spacecraft
might accomplish that same big
objective at a fraction of the cost.
enough to operate an onboard computer to analyze the images
and reduce the amount of data that must be downlinked to Earth.
“When I set out to work in space situational awareness,
I never thought I would end up helping clean up space,” said
Holzinger. “With the number of space objects increasing and
economics pointing toward more launches, the space situational
awareness and space debris problems will need substantial
attention and investment.”
RECONSO, also funded through the University Nanosatellite
program, is expected to launch in 2017. About 40 students are currently involved in the program through the Space Systems Design
Laboratory in the Georgia Tech School of Aerospace Engineering.

F O R M AT I O N F LY I N G I N S PA C E

The sat phones that make calls from anywhere in the world
depend on an array of 66 Iridium satellites orbiting around the
globe. In the future, hundreds or even thousands of inexpensive
satellites could similarly provide global Internet access or realtime Earth observations such as imagery, precipitation data, or
climate change information.
Current large satellites often know their position in space
with great precision, but future inexpensive arrays will need
less costly ways to know where they are. The Ranging and Nanosatellite Guidance Experiment (RANGE), another planned
Georgia Tech satellite mission, seeks to address this issue with
a series of experiments involving two small CubeSats flying in

Dave Spencer,
principal investigator for the Prox-1
spacecraft, is shown
with the antenna
that will allow faculty and students to
operate the satellite from Georgia
Tech’s campus in
midtown Atlanta.
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a leader-follower formation. Each satellite will weigh less than
2 kilograms and will collect measurements of both their absolute and relative positions using a miniaturized inter-satellite
laser ranging system, as well as an onboard GPS receiver. These
measurements will be checked by a ground-based laser ranging
system operated by the Naval Research Laboratory.
“Some of the experiments we want to do with the mission,
such as the inter-satellite laser ranging, haven’t been done with
CubeSats before, so this presents some engineering challenges,”
said Brian Gunter, an assistant professor in the Georgia Tech
School of Aerospace Engineering who is the principal investigator for the project. “We’re asking these small satellites to do
a number of complex tasks, so the details can get complicated,
and there are a lot of things we have to get right.”
The two CubeSats will have no propulsion systems of their
own, but by rotating one of the satellites so that the atmospheric
drag on the solar panels is different, the relative distance between
the satellites can be controlled. To do this, the researchers will
use on-board magnetic torquers, which change the attitude of
the spacecraft by interacting with the Earth’s magnetic field,
as well as a reaction wheel that acts like a gyroscope to provide
better attitude control about one axis.
“We want to better determine the absolute and relative
positioning of the two satellites,” explained Gunter. “Once you
have that, you can think about having constellations or large
formations of satellites and coordinating where they are relative
to the Earth and one another. This would open up a range of new
possibilities for future CubeSat missions, to include missions
beyond Earth.”
RANGE will require the use of miniaturized atomic clocks,
GPS positioning systems, laser transmitters, and laser detectors.
Because laser light travels at a known and constant speed, the
satellites can determine how far apart they are by knowing how
much time it takes a laser pulse to travel between them. The same
timing systems can also be used to send binary communications,
creating a combined laser ranging and communication system.
Using this system, researchers also hope to achieve another
CubeSat first: using the satellites to complete a communications
loop, with a data packet going up to one CubeSat, being transmitted to the other, and then back down to Earth. Though a date
hasn’t been finalized, RANGE is expected to launch in late 2016.
Gunter is also working on proposals and initiatives to send
CubeSats along with larger missions to planetary destinations
such as Mars or Europa.
“CubeSats would be great for planetary exploration because
they are so small,” he said. “They could rideshare with a larger
dedicated spacecraft, requiring minimal extra resources. Their
low cost makes them expendable, so they can be used to explore
science objectives that are too risky or inaccessible to the primary mission.”
For example, the Martian moons Phobos and Deimos are
not likely to be the target of a dedicated mission in the near
future but could be excellent targets for CubeSats on one of the
upcoming Mars missions.

I N ST R U M E N T S TO E U R O PA

Europa, one of Jupiter’s moons, attracts special interest because
its icy surface is believed to harbor an ocean of liquid water
heated by expansion and contraction caused by Jupiter’s powerful gravity. That ocean is among the most likely locations for
hosting life elsewhere in our solar system.
Associate Professor Carol Paty and Assistant Professor
Britney Schmidt from the Georgia Tech School of Earth and
Atmospheric Sciences (EAS) are among the scientists helping
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develop the science components for two CubeSat missions being
planned for possible inclusion on the Europa flagship-class
mission recently started as an official NASA flight project.
Schmidt led a study funded by the Jet Propulsion Laboratory
(JPL) for the Europa Plume and Exosphere CubeSat (EPEC),
which involved Aerospace Engineering Professor Glenn Lightsey
and 16 student engineers and scientists collaborating with Baylor
University to develop an end-to-end study of the CubeSat. Paty
and Schmidt also served as science team members for the Jovian
Particles and Fields Mission (JPF), another Europa CubeSat
mission study, led by Aerospace Engineering’s Dave Spencer.
EPEC would fly a dust detector instrument and possibly a
mass spectrometer to study particles in the moon’s exosphere
that could have originated in plumes from its surface. JPF would
include a magnetometer and radiation dosimeter to study the
induction signal for Europa’s ocean as well as complete a study
of the magnetic and particle field environment around Jupiter.
Other Georgia Tech researchers who participated in the Europa
proposals are James Wray, Sven Simon, Paul Steffes, Thomas
Orlando, and Josef Dufek. While both CubeSat missions remain
in the study phase, the researchers hope they’ll advance to the
second phase — and, ultimately, that NASA will decide to launch
CubeSats as part of the larger flagship mission.
“I have chosen to focus on Europa because of its potential to
have what other places may not have: a stable source of energy
from the tides that can power geological cycles of the lifetime
of the solar system,” said Schmidt. “We hope to be able to one

Teresa Spinelli, an
undergraduate student in the School
of Aerospace Engineering, leaves a
clean room where
Georgia Tech’s
Prox-1 spacecraft is
being assembled.
(See the spacecraft
on page 56.)

Associate Professor Mitchell Walker
is shown in a vacuum chamber in the
High-Performance Electric Propulsion
Laboratory where electric thrusters are
tested under conditions simulating
space. These thrusters are used to help
satellites maintain their orbits, or move
between orbital levels.

R E S E A R C H H O R I ZO N S 3 7

E L E C T R I C A L LY P O W E R E D S PA C E
THRUSTERS

In space, there are no fueling stations to replenish supplies for
spacecraft propelled by chemical rocket engines. When they lift off
the ground, they’re carrying all the energy they’ll ever have. But
spacecraft using electrically powered thrusters replenish their
energy through photovoltaic panels. Though electric thrusters
lack the power to hurl spacecraft into orbit, they’re perfect for
keeping them in the right location or changing orbits over time
while in space.
With funding from NASA, Department of Defense agencies,
and industrial companies, Mitchell Walker and his students are
working to improve electric thrusters using a towering silvery
vacuum chamber in the High-Power Electric Propulsion Laboratory housed at Georgia Tech’s North Avenue Research Area.
About the size of a coffee can, electric thrusters must often
operate for thousands of hours, compared to just a few minutes
for the more powerful chemical rocket engines that launch vehicles into space. The vacuum chamber allows Walker to test the
thrusters long-term under conditions approximating space. It
also allows him to understand the physics required to improve
their performance, lifetime, and integration with spacecraft.
Walker’s thrusters use electricity to ionize a propellant gas:
xenon, which is inert, easy to ionize, and of sufficient mass. Once
ionized, atoms of the gas fly out of the thruster, applying the
same Newton’s Law as chemical engines. Electric thrusters are
already used in satellites that provide DirecTV and SiriusXM
Radio, and they can also move spacecraft into higher orbits —
even to other planets.
Beyond their ability to obtain additional energy in space,
electric thrusters reduce launch mass by requiring an order of
magnitude less propellant and utilizing the spacecraft’s existing
electrical system instead of a separate chemical system.
Walker is interested in small satellites and even CubeSat
arrays that might be assembled on orbit to make spacecraft
large enough to produce hundreds of watts of power to operate
revenue-producing sensors and obtain significant data transfer
rates — as well as switch on electric thrusters. New classes of
flexible photovoltaic arrays designed to be unfurled in space,
in concert with lightweight deployable structures, could help
provide the necessary power.
“When people talk about going to Mars, electric propulsion
will probably take their supplies there because the reduced
propellant mass enabled by electric thrusters would allow a significant increase in the supplies delivered by each launch vehicle.
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That would reduce the total number of launches required,” said
Walker, who’s an associate professor in the Georgia Tech School
of Aerospace Engineering. “Based on our current technology,
people will probably ride in a chemically powered spacecraft
because these provide shorter trip times.”
Beyond boosting power levels, Walker expects to see other
signs of maturity in small spacecraft: insurance on even the
smaller satellites and a growing role for industry.

T E S T I N G P V O N T H E S PA C E S TAT I O N

Most spacecraft today depend on electricity from photovoltaic systems. Boosting the amount of electricity produced by
these systems could help address the critical problem of power
management in small satellites. These small spacecraft can’t
afford mechanical systems that align solar panels to catch the
most sunlight.
That’s where three-dimensional solar cells developed in the
Georgia Tech Research Institute (GTRI) could help. Built with
miniature carbon nanotube “towers” that capture sunlight from
all angles, the cells developed in Jud Ready’s lab could boost the
amount of power obtained from the small surface areas many
satellites have.
In early January 2016, an experimental module, including 20
photovoltaic cells, is scheduled to be launched to the International
Space Station (ISS), where it will be installed on the exterior to
study how well the 3-D cells operate and survive under space
conditions. The module will include four types of PV devices: 3-D
cells based on traditional cadmium telluride, 3-D cells based on
less costly copper-zinc-tin-sulfide (CZTS) materials, traditional
planar solar cells, and planar cells based on CZTS.

This artist’s rendering shows a
concept for a future
NASA mission to
Europa in which a
spacecraft would
make multiple
close flybys of the
icy Jovian moon,
which is thought
to contain a global
subsurface ocean.
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day characterize the subsurface of Europa using radar sounding,
landed seismology, or, perhaps, roving submersibles.”
Paty focuses on understanding the dynamics of planetary magnetospheres using space-based instruments such as the Cassini
and Galileo spacecraft and the Hubble Space Telescope. Being
able to obtain data on Europa from a small spacecraft could add
significantly to her understanding of how these systems operate.
“I’m thrilled to be involved in planning instrumentation that
would provide more information on Europa,” said Paty, whose
research has focused on the icy moons of Jupiter and Saturn.
“I’m interested in bridging the gap between magnetospheric
and atmospheric sciences in these strange worlds.”
Their involvement demonstrates another key aspect of Georgia
Tech’s growth in the space sector: multi-disciplinary involvement.
Beyond aerospace engineers, the program involves electrical and
mechanical engineers, computer scientists, planetary scientists,
chemists, physicists, policy experts, and researchers from the
Georgia Tech Research Institute (GTRI).

“We want to see both the light-trapping performance of our
3-D solar cells and how they are going to respond to the harshness
of space,” said Ready, who is a GTRI principal research engineer
and adjunct professor in Georgia Tech’s School of Materials
Science and Engineering. “We will also measure performance
against temperature, because temperature has a great influence
on the performance of a solar cell.”
Ready knows firsthand the risks of small spacecraft. A CubeSat
named ALICE, developed by the Air Force Institute of Technology,
was to have provided the first test of his “cold cathodes” — another
technology based on carbon nanotubes that could be useful
in spacecraft. ALICE was successfully launched in December
2013 but never established contact and has not been heard from
since. The 20-cell ISS payload has been scheduled — and then
bumped — from three previous missions, fortuitously including
one that later exploded on launch over Wallops Island, Virginia.

JON ROU

R I S E O F T H E S M A L L S AT E L L I T E

Through the Center for Space Technology and Research
(C-STAR), Georgia Tech is helping create a future in which
small satellites return significant scientific, economic, and
national security benefits to the United States. While continuing
to support traditional missions through NASA, Department
of Defense agencies, and corporate partners, Georgia Tech’s
initiative in small satellites offers an opportunity to get into
space faster, at a lower cost, using cutting-edge technology —
and in ways that can provide hands-on research experiences
for more students.
“The small satellite culture is well aligned with Georgia
Tech’s high-risk, high-reward research philosophy,” said Robert
Braun, who is former chief technologist at NASA. “You don’t
have to work for the government or a large company today to
build a spacecraft. Universities and small companies all over the
country are building spacecraft in rapid sequence, and the pace
of innovation in this area has been remarkable.”
Glenn Lightsey is among Georgia Tech’s newest faculty
members, but his background includes nearly 30 years of space
experience, including development of a half-dozen small satellite
projects during his time at the University of Texas at Austin.
He sees small spacecraft making space exploration available
to organizations that previously had been locked out by cost.
“There are only two ways to reduce cost,” he said. “One is
to reduce the cost of the delivery vehicles, and a lot of new U.S.
companies created in the last decade are doing that. The other
way is to accomplish the same function in a smaller package.
That has been enabled in the last 20 years by the miniaturization of components in the cellphone mass market. We’re taking
advantage of that.”
Beyond miniaturization has been the standardization of
the system used to launch CubeSats. Lightsey compares those
to the cargo containers that revolutionized worldwide logistics
by making it easier for goods to move from ships to trains and
trucks. “Because we have that standard, we get an economy of
scale we wouldn’t get otherwise,” he said.
And some missions can be improved by using multiple smaller
vehicles, which reduces the risk related to losing a single large
spacecraft. “You can have much more sophisticated missions with
smaller satellites than you could even five years ago,” Lightsey
said. “I’m riding that wave with many of my colleagues to see
what we can do with these smaller satellites.”
Among the greatest beneficiaries of the small satellite revolution may be students.
“We used to teach space systems engineering from a textbook,” noted Braun. “It was entirely theoretical. While we still
teach the fundamentals, now an individual student can help

Professor Robert Braun, director of
Georgia Tech’s Center for Space
Technology and Research, is shown
in the control room at the Jet Propulsion Laboratory in California. Braun is
former chief technologist for NASA.

conceive a space mission, build a space structure, integrate it
with an electronic system, do the necessary testing, and participate in space mission operations. These systems are going
from concept to flight in a time frame that is consistent with a
student’s academic degree milestones.”
In addition to NASA, Department of Defense agencies, and
the large aerospace companies, space missions are now being
performed by new companies like SpaceX, Planet Labs, Virgin
Galactic, Google, and Sierra Nevada. Today, there is a broad
range of opportunities across the growing civilian, military, and
commercial space sectors for space systems engineers.
“There is a fundamental change taking place, and our students
have the opportunity to get in on the ground floor and be part of
that innovation,” Lightsey said. “This is really an exciting time
to be starting a career in aerospace. We’ll see things happen in
the next 50 years that we can’t even imagine right now.”

Enjoying this
article? For more
Georgia Tech
research news,
subscribe to our
monthly e-newsletter: www.
rh.gatech.edu/
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follow us on Twitter
@gtresearchnews.

John Toon is director of research news at Georgia Tech and editor of Research Horizons magazine. He’s been writing about
Georgia Tech research and economic development activities for
more than 30 years.
Research described in this article has been sponsored by the Air Force Office of Scientific Research,
the Air Force Research Laboratory, and the National Aeronautics and Space Administration (NASA).
Any conclusions or recommendations are those of the principal investigators and may not represent the
official views of the sponsoring agencies.
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WHAT CAME BEFORE THE

EGG?
CHICKEN OR THE

THE CENTER FOR CHEMICAL EVOLUTION PROBES

THE DEVELOPMENT OF PREBIOTIC MOLECULES
B Y T. J. B E C K E R • I L L U S T R A T I O N B Y D AV I D C U R T I S

I N T H E I R QU E ST TO
U N DE R STA N D T H E

OR IG I N S OF

LIFE,
scientists have been able to produce small molecules
by modeling chemical reactions that could have
occurred on early Earth. Yet, the larger question
remains: How did these simple molecules give rise to
the functional biopolymers and complex structures
found in today’s living cells?
That’s the mystery researchers at the Center for
Chemical Evolution (CCE) are trying to unravel.
Chemical evolution is different from biological evolution, which is how species that reproduce
change over time and adapt to their environment.
“In contrast, chemical evolution refers to changes
in molecules that aren’t dependent on reproduction
or genetics,” explained Nicholas Hud, director of
the CCE and a professor in Georgia Tech’s School of
Chemistry and Biochemistry. “For example, polymers
(large molecules that are chains of smaller molecules)
can become more refined in their structure and gain
some ability to catalyze chemical reactions. Although
simpler than biological evolution, we believe the
ability for certain polymers to evolve in this way
was key to getting life started.”
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CCE launched in 2010 with a $20-million, fiveyear grant from the National Science Foundation and
NASA, and, in October 2015, funding was renewed for
another five years. The center’s multi-institutional
team is led by Georgia Tech and includes research
groups from the University of South Florida, Furman
University, Jackson State University, Kennesaw State
University, the Scripps Institution of Oceanography,
the Scripps Research Institute, the SETI Institute,
and Spelman College.
“A big part of our research strategy is to embrace
the concept that molecules on prebiotic Earth were
probably not limited to those found in life today,” Hud
said. With that in mind, CCE researchers set out to
investigate a broader inventory of molecules that
may have been present on early Earth and conditions
that could have helped these small molecules form
highly ordered assemblies and polymers.
In the past five years, CCE researchers have made
a number of important advances toward understanding the environments and molecules that may have
given rise to the first polymers of life. Of particular

significance, they have demonstrated how molecules that were
likely present on early Earth promote the formation of polymers
very similar to those found in today’s living organisms. In addition to pushing the envelope of prebiotic chemistry, some of the
researchers’ advances have implications for modern analytical
and green chemistries.

R O B F E LT

P AT H WAY T O P O LY P E P T I D E S
In a major discovery this summer, CCE researchers found a
more plausible prebiotic reaction that causes simple amino
acids to form peptides, which are smaller versions of proteins.
In the past, origins-of-life researchers have made short peptides, but this required high temperatures or using activating
chemicals to drive amino acid polymerization. Yet, there are
reasons to doubt that these scenarios would have occurred
on early Earth, Hud says. Taking a different approach, CCE
researchers mixed hydroxy acids with the amino acids and then
subjected the mixture to wet-dry cycles — a process that is not
only simpler but yielded far better results.
Combining hydroxy acids with amino acids is important,
Hud says, explaining that similar experiments with just amino
acids didn’t generate peptides. Introducing hydroxy acids results
in the formation of ester bonds, lowering the energy barrier
enough for peptide bonds to form. “At temperatures believed to
have been prevalent on early Earth, the energy barrier to make
a peptide bond is simply too high,” said Hud. “Ester bonds act
as a sort of halfway point on the way to peptide formation. If an
ester bond is formed first, it’s like a stepping stone from which
a peptide bond can form.”
The wet-dry cycles as a vehicle to drive polymerization is
appealing because they mimic conditions that happen on Earth
today: nighttime cooling and dew formation followed by daytime
heating and evaporation. In addition, earlier studies have shown
that amino acids and hydroxy acids are found together in some
meteorites, so these molecules could have co-existed on early
Earth and in many places around the universe.
“You can think of a realistic scenario where meteorites bring
in these chemicals, and with the sun shining and rain falling, the
wet-dry cycles would naturally lead to the conversion of these
amino and hydroxy acids into depsipeptides (polymers containing both amino and hydroxy acids), and then, as they continue
to recycle, grow into peptides,” pointed out Ramanarayanan
Krishnamurthy, a member of the research team and an associate

professor of chemistry at the Scripps Research Institute. “You
don’t have to invoke any magic or any special chemical or circumstances; this could have naturally occurred on early Earth.”
Other recent milestones include:
Identifying ancestors of RNA. Many researchers believe
that ribonucleic acid (RNA), a close chemical relative of DNA,
was the first polymer of life. In studying RNA origins, scientists
have struggled to find the chemical reaction that would have
initially formed the bond between the bases of RNA and ribose,
the sugar that is part of the RNA polymer backbone. Working
with a molecule called triaminopyrimidine (TAP), which is
similar to the bases of RNA, CCE researchers discovered that
TAP forms a bond with ribose when subjected to wet-dry cycles.
Then when researchers introduced cyanuric acid (another
molecule that could have been present on early Earth), the
ribose-linked TAP and cyanuric acid molecules assembled
into structures that resemble the structure of RNA. “These
are non-covalent polymers, so we still need to produce more
stable polymers that are held together by covalent bonds,”
Hud said. “Yet, these results may already be telling us how
the earliest molecules of life could have found each other in a
messy soup of molecules on prebiotic Earth.”

Nicholas Hud
is a professor
in Georgia
Tech’s School of
Chemistry and
Biochemistry,
and director of
the Center for
Chemical Evolution.
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Strides toward polysaccharides. Alternative sources of sugars
have not been heavily investigated in prebiotic chemistry. Until
recently, the only proposed building block for polysaccharides
has been formaldehyde, which after being subjected to a
number of chemical transformations can result in complex
sugars like ribose, needed for RNA. The drawback, however,
is that yields are quite low. Yet, a team of CCE researchers led
by Krishnamurthy and Charles Liotta, a Regents Professor
Emeritus in Georgia Tech’s School of Chemistry and Biochemistry, has discovered that glyoxylate is a better starting point.
When combined with dihydroxyfumarate (DHF) and other
prebiotic chemicals, glyoxylate undergoes a series of reactions
and produces ketoses, which can be converted into ribose
under the right conditions. “The advantages of glyoxylate over
formaldehyde are that the pathway is far more efficient, and
there are few side reactions,” said Krishnamurthy.
The researchers have also discovered that the same reactants produce dramatically different products just by changing
the pH of the reaction solution. “When we do certain reactions
near a neutral pH, we get a suite of products that are important
biologically, but when we change the pH to something more
alkaline, another suite of products is formed, which is also
biologically important,” Liotta explained. “That tells us we
have to be really cognizant of the environment in which we
carry out our reactions — that a simple change to the pH in a
solution can drastically change what happens reaction-wise.”
Phosphorylation sans enzymes. A group of CCE researchers
led by Matt Pasek, an associate professor of geochemistry at
the University of South Florida, has found that phosphorylation — a chemical reaction necessary for all forms of life —
could have occurred without enzymes, which weren’t present
on prebiotic Earth. Pasek’s team has identified minerals in
meteorites with phosphide compounds that can spontaneously phosphorylate molecules under certain conditions.

You can read
Research Horizons
on your tablet. Visit
r.gatech.edu/iPad
or r.gatech.
edu/android to
download.
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RAISING THE BAR
NSF funds eight other Centers for Chemical Innovation (CCI),
however, CCE is the only one jointly funded with another federal
agency, NASA. “The NASA Astrobiology Program is keenly interested in what we’re doing because it fits in very well with their
mission to determine if there is life on other planets,” said Hud.
Although other CCIs are pursuing specific applications,
such as solar fuels and sustainable materials, CCE is focused
on basic science and understanding prebiotic reactions. The
latter is particularly challenging because it restricts the type of
molecules and chemistries that CCE researchers can work with.
For example, biology uses enzymes to facilitate reactions.
“Yet, enzymes are made from proteins, and finding the origins
of protein is one of our central research questions,” observed
Martha Grover, a professor at Georgia Tech’s School of Chemical
& Biomolecular Engineering.
Since enzymes were off limits, the researchers had to find alternative building blocks and reactions to make desired polymers
under prebiotic conditions. “Now that we have a better hold on
the chemistry, we’re ready to build a system that demonstrates
the ability of these chemicals to evolve in a pre-biotically plausible
environment,” Grover said.
“Right now, we are driving reactions in a glass vessel, but
four billion years ago, there was no glass vessel,” pointed out
Krishnamurthy. “The question is what sort of context, metals,
temperatures, and humidity would have been present to affect
a reaction, which means moving on to experiments where we
make the mixtures more complex, and environmental conditions

Scientists have been able
to do a lot of amazing
things, but life still is the
best chemist. Nucleic
acids, proteins, and
polysaccharides are
amazing materials because
they have the ability to
evolve or to be evolved.
more believable. Of course, that raises the bar because there
are more variables to control and the reactions produce more
products. So, we’re ratcheting up the complexity of what we
are looking at.”
Mineral surfaces might have functioned as the first reaction
“vessels,” so CCE researchers, led by Thomas Orlando, a professor
at Georgia Tech’s School of Chemistry and Biochemistry, are also
investigating how different minerals can alter the products of
model prebiotic reactions.

N E W A N A LY T I C A L T O O L S
Although CCE researchers are focused on expanding the
knowledge base of prebiotic chemistry, there are some practical
applications to today’s world, especially in the line of chemical
analysis technology.
“A large part of the center’s effort goes into analyzing very
complex mixtures of chemicals,” explained Facundo Fernández,
a professor in Georgia Tech’s School of Chemistry and Biochemistry. “Imagine taking something that looks like crude oil, which
has thousands of different molecules and then identifying what
those molecules are. We’ve had to develop tools and techniques
to do that not only in a quantitative manner, but also faster and
more selectively to avoid false positives.”
Among analytical milestones, Fernández has shown that
polymers (especially those derived from malic acid) can be used
for calibrating high-end mass spectrometers and making these
sophisticated instruments even more accurate. “This is important
because mass spectrometers measure molecules on a relative
scale that can drift over time,” said Fernández. “By using these
polymers as references, we can set this scale true. In addition,
the polymers we describe are cheaper and easier to obtain than
traditional calibrants.”
These analytical tools and techniques could be used in a wide
variety of applications ranging from detecting explosives for
homeland security to finding contaminants in food production.
The reactions and processes that CCE is developing also have
potential commercial and industrial applications. For example,
while investigating a pathway to primitive nucleic acids, CCE
researchers developed a water-free solvent system that can
improve assembly of DNA nanostructures. This alternative
solvent, a mixture of glycerol and choline chloride, enables
more complicated designs with DNA and could prove useful in

DNA-based nanotechnology applications where water would
interfere with the functioning of a device.
Understanding chemical evolution could open the door for
significant advances in polymer chemistry, Hud said.
“Scientists have been able to do a lot of amazing things, but life
still is the best chemist,” he explained. “Nucleic acids, proteins,

A R T- I N F U S E D O U T R E A C H
Education is an important component of the Center for Chemical
Evolution (CCE). “An increasing number of public and personal
decisions rely on technical information, and yet our country
has a problem with science literacy,” said Christopher Parsons,
director of CCE’s education outreach and diversity. “The subject
of chemical evolution and where we came from is a unifying way
to excite people about science and to improve their appreciation
and literacy.”
In addition to communicating research findings through
traditional educational venues, CCE collaborates with a wide
variety of artists including painters, sculptors, musicians, anima
tors, and dancers to explain the concept of chemical evolution.
Some examples:
A N I M A T E D V I D E O S — Developed in collaboration with
Jon Perry, founder of Stated Clearly, CCE has created animated
videos about chemical evolution. Three are available online,
including a Spanish version.
E M E R G E N C E I N M O T I O N — Performed in March at the
Atlanta Science Festival, this trio of dances included an aerial
duet based specifically on CCE research. The duet, which took
place on a giant aluminum double helix, explored how natural
environmental cycles lead to the formation of proto-biopolymers.
O N T H E A I R — Working with science journalist Ari Daniel,
CCE has developed a series of audio stories about chemistry
called Small Matters. The stories are available online and have
been picked up by radio stations around the country.

COURTESY ATLANTA SCIENCE FESTIVAL

and polysaccharides are amazing materials because they have the
ability to evolve or to be evolved. If we can understand how this first
happened in life, then we could use the same principles to make
new types of polymers, including ones with catalytic abilities.”

U N I Q U E C U LT U R E
And though collaboration is critical in academic research, CCE
has taken it to a new level. Enthusiasm runs high among the more
than 50 professors, post docs, and graduate students who work
within the center, which they attribute in part to the compelling
research topic but also to the unusual camaraderie.
“The center is filled with people who are not only great scientists, but also easy to work with,” said Eric Parker, a graduate
student in Georgia Tech’s School of Chemistry and Biochemistry.
“Although beneficial to scientists of all ages and experience levels,
I think it’s especially important for early career scientists to be
exposed to this type of collaborative environment.”
“It’s one thing to have individual grants but quite another to
have a center that functions as such,” observed Fernández. “There
are many moving parts involved, and scientists from very different
backgrounds who literally speak different scientific languages.
Yet, we’ve been able to come together and make the center more
than the sum of its parts.”
In fact, participating in the center has changed him as a scientist, Fernández added: “We are working on very big questions
that transcend our individual fields. Yet, we’re all adapting to
whatever we need to be to answer the questions. The center has
taken all of us in directions we never anticipated.”
T.J. Becker is a freelance writer based in Michigan. She writes
about business and technology issues.

M U LT I M E D I A C O M P O S I T I O N — Steve Everett, one
of the center’s early artists-in-residence (now dean of the Uni
versity of Illinois-Chicago’s College of Architecture, Design, and
the Arts), composed First Life, based on an early CCE research
paper. The 75-minute multimedia work combines music for a
string quartet with video elements.
S C I E N T I S T S K E T C H E S — At this year’s Atlanta Science
Festival, the center hosted a booth where Georgia Tech graduate
students David Fialho and Christine He drew caricatures of chil
dren as scientists. “Some were depicted as astronauts, some had
computers, and others were hanging out with lizards,” Parsons
said. “The idea was to help children identify as scientists and
move beyond stereotypes of white lab coats and crazy hair.”
Chemistry and the arts may seem like a stretch, but artists have
connected quickly with CCE, said Martha Grover, a professor at
Georgia Tech’s School of Chemical & Biomolecular Engineering
and faculty lead for the center’s outreach program.
“Many nonscientific ideas about evolution revolve around
a survival-of-the-fittest theme: that there’s a single winner in
biology,” she explained. “To the contrary, we don’t have just one
kind of molecule in our body that outcompeted others — very
diverse molecules perform very different tasks. Artists readily
engage with the concept of diversity and cooperation being
important in evolution in order to build more complicated
system behavior.”
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THE ENGINEERING
LESSONS OF

KATRINA
As the nation marks the 10-year anniversary of Hurricane Katrina,
we reflect on the catastrophic impact the storm had on New Orleans
and the entire Gulf Coast region.
BY LAURA DIAMOND

AUGUST 28, 2005. By this time, Hurricane Katrina was set to
become one of the most powerful storms to strike the United
States, with winds of 257 kilometers per hour (160 miles per hour)
and stronger gusts. NASA image courtesy the MODIS Rapid
Response Team at Goddard Space Flight Center.

SEPTEMBER 15, 2005. In the two and a half weeks that had passed since Hurricane Katrina
flooded the city, pumps had been working nonstop to return the water to Lake Pontchartrain.
As much as 380 cubic meters of water were being pumped out of New Orleans every second.
Image courtesy the United States Geological Survey Center for Earth Resources Observation &
Science (CEROS).
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Katrina remains one of the deadliest and costliest hurricanes in U.S. history, with more than 1,800 lives lost
and damages estimated at over $100 billion. When the
levees failed, about 80 percent of New Orleans flooded.
More than 1 million people across the Gulf Coast were
forced to leave their homes — many never returned.

Georgia Tech
President Emeritus
G. Wayne Clough is
a civil engineer who
has studied flood
control systems.

Fatal Flaws

The powerful storm, combined with fatal engineering flaws,
had caused the flooding. The old system protecting the city had
little resilience, so when one part failed, others followed until it
all collapsed, Clough said.
The new levees and floodwalls have been designed to withstand
a 100-year storm — one with a 1 percent chance of occurring in any
year. This system is far more robust and resilient than the previous
one, but it still can be overtopped by a storm that is big enough or
follows a path that brings Katrina-like storm surges, Clough said.
Because there is a chance New Orleans will flood again, Clough
and his committee recommended that areas most at-risk for
flooding not be redeveloped. Despite this advice, people have
been allowed to rebuild across the city.
This makes it all the more important to keep viable and
up-to-date evacuation plans at hand, Clough said.
Unfortunately, Katrina didn’t serve as a warning to areas
beyond the Gulf Coast. New Orleans was considered unique
because the city was built below sea level; many expected it to
struggle during a hurricane.
Opinions changed after Hurricane Sandy in 2012, however.
“Sandy was a wake-up call that this could happen anywhere,”
Clough said.

Being Prepared

Still, too many cities operate on short-term memory, and if they
haven’t recently felt the impact of a disaster, they’re unlikely to
prepare, said Pinar Keskinocak, co-director of the Georgia Tech
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Center for Health & Humanitarian Systems.
The center’s quantitative approach for disaster preparedness
uses scientific models to demonstrate the trade-offs between
costs and outcomes, said Julie Swann, co-director of the center.
The center offers professional education classes for government,
industry, and non-governmental organizations on how to improve
disaster preparedness and response decisions.
Cities need to invest in stockpiles of food and water, or make
contractual agreements for supplies to be delivered in a timely
manner during an emergency, and think about evacuation plans
and transportation in and out of an area, added Keskinocak.
They must consider debris removal issues, such as how to
reopen blocked or damaged roads and in which order to open
them, she added. Debris must be cleared so relief supplies can be
delivered, and it must be properly disposed of to avoid health and
environmental threats. The solid waste created during Katrina
would have taken 100 million years to form under non-disaster
conditions. Clean-up efforts were about 25 percent of the total
disaster costs.
Communities must also pay special attention to at-risk populations. Nearly half of the Katrina victims from Louisiana were
over the age of 74.
To help leaders determine how to invest their resources
and time, Swann advises communities to consider an equation
related to disaster need: the magnitude of the disaster times the
vulnerability of the population divided by the capacity to respond.
“With disasters, you’re investing for what might happen,”
Swann said.

R O B F E LT

In the years since, the region has served
as a laboratory for Georgia Tech researchers who have traveled to New Orleans
and other locations to study the effects
of the disaster. Their work has helped
determine what went wrong; how best to rebuild the region; and
how to help the nation prepare for future calamities.
“The country as a whole is really not prepared for disasters
of this sort,” said Georgia Tech President Emeritus G. Wayne
Clough, who led Tech from 1994 to 2008.
As a young civil engineer, Clough worked with the Mississippi River Commission, which had governance of flood control
systems down into New Orleans. In the days following Katrina,
Clough was selected to lead a National Research Council team
that formed at the request of the Department of Defense to
assess what went wrong and how best to respond.
He was among the first group of experts to arrive post-Katrina.
The New Orleans he had known was a vibrant, active, and joyous
city. This was different. No other flights landed at the airport.
Few cars drove on the roads. Restaurants, hotels, and streets
were empty.
“It was a very strange feeling to go into a modern American
city and see it stripped bare, if you will, of its essence — and
knowing you want to bring it back,” he said.

Lessons in Safety

CLOUGH: COURTESY G. WAYNE CLOUGH; BEAU RIVAGE: COURTESY HERMANN FRITZ; TRAINING: COURTESY PAUL SCHLUMPER

G. Wayne Clough in
New Orleans after
Hurricane Katrina.

The Beau Rivage
Casino (and
lighthouse,
below) in Biloxi
demonstrates the
destruction caused
by the storm surge
during Hurricane
Katrina. Buildings
designed to be
hurricane-proof
withstood the wind
velocity but were
destroyed by the
storm surge.

Paul Schlumper
and Ray Doyle were
part of a team from
the Georgia Tech
Research Institute
that trained more
than 7,600 people
in the Biloxi, Mobile,
and Gulfport areas
on the occupational
and safety hazards
that disaster
recovery workers
and others would
encounter postHurricane Katrina.

Hurricane Katrina also showed the need to provide health
and safety training for disaster recovery workers.
In the hurricane’s aftermath, Paul Schlumper, a research
engineer with the Georgia Tech Research Institute, conducted
training sessions and developed communication materials to
address the occupational and safety health hazards that disaster
recovery workers and others could encounter.
He and his team trained more than 7,600 people in the
Biloxi, Mobile, and Gulfport areas through a one-year Susan
Harwood Training Grant awarded by the U.S. Department
of Labor’s Occupational Safety and Health Administration.
The training stemmed from the lessons of the Sept. 11
attacks, when rescue and response workers were exposed to
safety and health hazards. When Katrina hit, officials realized an
organized occupational response was needed, Schlumper said.
“There is a mindset that we want to rush in and respond
when something happens, but you have to also pay attention
to your own safety and health,” he said.
There were no classrooms or centers in the Gulf area where
Schlumper and his team could hold training classes, so they held
sessions in tents and spoke from the tailgates of pickup trucks.
They reviewed information about the proper protective
equipment and possible dangers associated with construction,
demolition, and removing debris — dangers such as falling,
mold, and electrical hazards.

Mitigating Circumstances

The challenge is preparing for events that happen infrequently
but have the potential to bring devastating consequences that
last for years. Findings from the research conducted after
Hurricane Katrina should convince government officials and
communities to invest in mitigation, said Reggie DesRoches,
the Karen and John Huff School Chair of Georgia Tech’s School
of Civil and Environmental Engineering.
He and a team supported by the American Society of Civil
Engineers surveyed the damage inflicted on about 25 bridges
in the Gulf Coast region.
The big difference between the bridges that sustained
damage and those that did not was the connection between
the deck and supporting piers, he said. Bridges that were either
rigidly connected or had lateral restraints performed well,
while those that did not failed. Also, bridges that had vents
in the bents, which are used to support beams and girders,
performed better because the vents reduced the uplift forces
from the water, DesRoches said.
DesRoches also studied the storm’s impact on the Port of
New Orleans through a National Science Foundation grant.
While physical damage to the port was limited, operations
were impacted, he said. Because communication systems were
down, workers could not contact the port to know if they were
needed. Employees couldn’t get to work because of extensive
damage in the surrounding areas. Also, there were not enough
provisions for backup power.
To prevent this type of scenario in the future, back-up systems for communication are needed. Also, critical equipment
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2005 aerial view
of the Bellaire
Drive levee break
following Hurricane
Katrina.

should be positioned above flooding levels, and officials should
stockpile emergency materials such as fuel.
“The research community can play a major role in really
helping officials understand what mitigation might do in terms
of outcome from a disaster,” DesRoches said. “We have to change
the culture and mindset.”

The Storm Surge Shift

One change is already in evidence when hurricane warnings
go out: Warnings now include storm surge forecasts along with
wind velocity, said Hermann Fritz, an associate professor in the
School of Civil and Environmental Engineering, who studied
the effects of storm surge post-Katrina, through a grant from
the National Science Foundation.
The Saffir-Simpson hurricane wind scale classifies hurricanes
into five categories based on the intensities of the sustained

KATRINA

winds. But wind only tells part of the story. Storm surges and
waves during Katrina led to extreme coastal flooding. Fritz measured high water marks exceeding 30 feet in between Waveland
and Biloxi.
His team, which included undergraduate and graduate students, surveyed the coastlines of Alabama, Florida, Louisiana,
and Mississippi and found that the high water marks for Katrina
surpassed those experienced with Hurricane Camille in 1969.
When Hurricane Katrina made landfall in New Orleans, it
weakened to a Category 3 storm. Some residents chose not to
evacuate because their homes had survived Camille, which was a
Category 5 storm. Unfortunately, Fritz observed, buildings that
were designed to be hurricane-proof withstood the wind velocity
but were destroyed by the storm surge. Even churches and other
buildings designed as hurricane evacuation shelters were washed
out by the storm surge, despite their wind-resistant design.

Residents lining up to
get into the Superdome,
August 28, 2005.

TIMELINE 2005
August 23
5 p.m.: The
National Hurricane
Center issues the
first advisory about
a tropical system
formed over the
Bahamas.

August 24
11 a.m.: The storm
strengthens and is
named Katrina. It
is about 230 miles
east of Miami,
Florida.

August 25
5 p.m.: Katrina
strengthens and is
now a hurricane.

August 26
1 a.m.: Katrina
weakens and is
reclassified as a
tropical storm.
5 a.m.: Katrina
strengthens back
into a hurricane.
During the day,
Louisiana and
Mississippi
declare states of
emergency.
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August 27
5 a.m.: Katrina’s
winds reach 115
miles an hour. It
is a Category 3
storm.

Reggie DesRoches, Karen and John Huff
School Chair of Georgia Tech’s School of
Civil and Environmental Engineering, surveyed the damage inflicted on bridges in
the Gulf Coast region.
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Not a single window was blown out at the high-rise Beau
Rivage Casino in Biloxi, but the casino floors where the croupiers
played roulette were gutted and washed away.
“Katrina was really the one that shifted the focus back to
storm surge,” Fritz said, adding that the destructive potential of
rising water was further emphasized by Hurricane Ike in 2008
and Hurricane Sandy in 2012.

Coming Together on Change

Clough said a deeper understanding of climate change would
affect how cities prepare for natural disasters. Climate change
is exacerbating sea level rise, which increases the frequency and
severity of coastal flooding.
This increase in sea level will take time, but in the meantime,
Clough said, engineers and others designing systems to protect
against hurricanes must factor this into the design.
Engineers, he said, can provide the data and research to get
the entire nation thinking about disaster preparedness. The
country came together to build the interstate highway system,
and a similar approach is needed now, he added.
“We need to have a national dialogue so we can think creatively
about these issues,” Clough said. “We need to think of this as a
common problem facing the country.”
Laura Diamond, of Georgia Tech’s Institute Communications,
writes about research, entrepreneurship, and student issues. She
is a former newspaper reporter.

August 28
9:30 a.m.: New
Orleans mayor
issues a mandatory
evacuation order.
11 a.m.: Winds reach
about 175 miles
an hour. It is now a
Category 5 storm.
Late night: New
Orleans residents
who don’t evacuate
go to Louisiana
Superdome.

August 31
Public health
emergency
declared for
Louisiana,
Mississippi,
Alabama, and
Florida.
August 29
11 a.m.: A major
levee fails in New
Orleans and water
pours through the
17th Street Canal.

August 30
New Orleans
floods from breaks
in the city’s levees.

Cars flooded on
New Orleans
streets, August 30,
2005.

September 1
New Orleans
mayor pleads for
help for evacuees
at the Superdome
and Convention
Center.

September 2
U.S. National Guard
troops and supply
trucks arrive in
New Orleans and
distribute food and
water.

INFOGRAPHIC SOURCE: NATIONAL WEATHER SERVICE,
NATIONAL HURRICANE CENTER, THE TIMES-PICAYUNE, AND
NATIONAL GEOGRAPHIC. PHOTOS: MARTY BAHAMONDE/FEMA
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John Wandelt, a
principal research
scientist who
directs the Information Exchange
and Architecture
Division of the
Georgia Tech
Research Institute
(GTRI), has been
helping agencies
share data for more
than 20 years. He’s
shown in the operations center of
the Georgia Tech
Police Department.

the long arm
of the data
The Georgia Tech Research Institute supports
adaptable, accessible information sharing for
justice and other government agencies
BY RICK ROBINSON
PHOTO BY ROB FELT
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oday, a far-reaching information sharing environment (ISE) is gaining momentum and allowing U.S.
justice agencies — law, law enforcement, criminal
and counter-drug intelligence, courts, corrections,
and others — to exchange information with one
another securely and seamlessly over the Internet.
Other security- and safety-related agencies —
including homeland security and disaster response entities —
participate in this ISE also. The result has been unprecedented
opportunities for inter-agency cooperation. Today, this ISE is
employed by all 50 states.
“Government justice agencies have faced challenging problems in exchanging their data online,” said John Wandelt, a principal research scientist who directs the Information Exchange
and Architecture Division of the Georgia Tech Research Institute
(GTRI). “It’s taken about two decades, and the involvement of
many different groups, to get to where we are today. And there
is still much to do. We generally move at the speed of agreement,
and reaching consensus at this scale can move slowly.”
The challenges have been two-fold, Wandelt explained. One
problem has involved major technical issues: By the time World
Wide Web technology made the Internet widely accessible in the
early 1990s, U.S. justice groups were already committed to many
diverse software systems that had trouble communicating. The
other problem centered on trust issues: Justice information is
extremely sensitive, and any approach to data exchange must
be unquestionably secure on every level.

Enjoying this
article? For more
Georgia Tech
research news,
subscribe to our
monthly e-newsletter: www.
rh.gatech.edu/
subscribe and
follow us on Twitter
@gtresearchnews.
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A GLOBAL STRATEGY
By the mid-1990s, a federal advisory committee called the
Global Justice Information Sharing Initiative (or “Global” —
www.it.ojp.gov/global), a “group of groups” representing more
than 30 independent bodies, was meeting to discuss ways to
address the issues.
Perhaps the most important strategy developed by Global
involved building a broad-based consensus for addressing both
the technical and the trust challenges. Soon, committees were
busy developing data, policy, and technology standards, as well
as best practices, based on members’ requirements.
Another key Global strategy involved finding ways to make
the new standards work in the real world. Jointly with the U.S.
Department of Homeland Security, Global commissioned GTRI to
develop a National Information Exchange Model (NIEM), a flexible information exchange framework aimed at the multi-domain
challenge of linking many agencies at all levels of government.
“Standards are at the heart of any information sharing
solution, especially one that serves as many groups and technologies as the justice information system does,” said Wandelt, who leads GTRI’s NIEM team. “And good standards are
community-driven — they’re developed by community members
working together on behalf of all the stakeholders.”
The NIEM framework is based on an important industry
standard — Extensible Markup Language (XML) — that’s been
in use for years. But NIEM adds extra capabilities to XML, providing novel information exchange characteristics that increase
interoperability and understandability, allowing translation
among justice and homeland security agencies’ many disparate
software systems and databases.
Today, any government agency that wants to share data or
expand its system capabilities can do so by going to www.niem.gov
to access a wide range of NIEM-based information sharing
building blocks. These tools facilitate development of exchange
standards that are tailored to a specific group, yet can conform

to and interoperate with other systems created using the NIEM
framework and specifications.

STARTING FROM SCRATCH
Initial efforts aimed at developing justice information sharing
technology go back more than two decades. In 1992, for instance,
four southwestern border states approached GTRI about sharing
counter-drug intelligence information with one another.
At that time, neither XML nor World Wide Web technology
was yet available, and the potential technical problems were
daunting, recalled Wandelt, who attended the early meetings.
Worse, there were no policies, procedures, technical standards,
or best practices in place to guide how law enforcement systems
should share this sensitive information.
“GTRI was trying to provide not just the technology piece
for the Southwestern initiative, but also ways to bring people to
the table and get cooperation among the parties,” Wandelt said.
Despite the challenges, by 1995, a GTRI team led by Wandelt
and senior research engineer Kirk Pennywitt had built the first
version of the Southwest Border States Anti-Drug Information
System, linking key drug enforcement entities in the four states.
NIEM: TAMING THE DATA
The powerful Extensible Markup Language made its debut in
the mid-1990s. In combination with the Internet and rapidly
expanding Web technologies, XML began to change the justice
information sharing landscape.
XML offers a set of rules for encoding documents in ways
that make them readable to both humans and computers. It is
a broadly applicable, one-size-fits-all structure, Wandelt said. It
contains no specific semantics — words and their meanings —
to let it serve as a translation layer between the many different
legacy systems that government agencies had independently
developed over the years.
In 2002, at the recommendation of Global, the U.S. Department of Justice sponsored a team of GTRI engineers led by
Wandelt to develop an XML-based information exchange
vocabulary and data model based on justice data sharing requirements. Known as the Global Justice XML Data Model, it was
specifically designed for sharing information across the justice
community, and it became highly successful. Driven by the
events of 9/11, other government agencies began searching
for a similar solution.
It was in 2005 that the U.S. Department of Homeland Security approached the Justice Department/Global, and struck an
agreement to jointly sponsor the development of NIEM, the new
technology that was an outgrowth of and leveraged the Global
Justice XML Data Model.
But NIEM was different. The new NIEM architecture allowed
for scaling and expansion to different kinds of agencies and lines
of business, as well as justice. Furthermore, it made it easy to set
up specialized governance bodies that could work together to
maintain respective specialized parts of the model.
“NIEM’s objective was to extend the Global Justice model
so that federal, state, and municipal justice, security, emergency
management, or other kinds of agencies would have a consistently
structured and semantically precise way of communicating with
one another electronically,” explained Wandelt.
To create NIEM, the GTRI team worked closely with and
facilitated detailed reviews with many subject matter experts.
At the same time, they painstakingly built an extended semantic
vocabulary into the existing Global Justice XML framework and

expanded it to accommodate information representations in
multiple business lines.

FINDING UNIVERSAL TERMS
Those additions enabled NIEM to tackle a complex real-world
problem — the fact that the hundreds of justice, homeland security, and other programs in the U.S. use many different terms
for the same thing.
For example, one agency might use the term “police officer,”
another might favor “law enforcement officer,” and another
might say “deputy.” NIEM can address many different synonyms
and yet identify them with a single universal term that all the
systems understand.
Another NIEM strength: It offers software tools that agencies
can use to build customized information exchanges. The NIEM
website provides a reference to a GTRI-built tool that lets users
specify their exact information exchange requirements and
build their own NIEM-based standard.
“Developers can literally type in their own requirements — give
me one of these and one of those,” Wandelt said. “So you’re able
to build your own information exchange
without starting from scratch, and it
will work with the other information
exchanges that use the NIEM framework
and specifications.”
And as members of the agency
community come up with new information requirements to represent,
the groups that oversee NIEM can add
them to upgraded versions of the model,
extending its capabilities. NIEM is also
self-documenting, meaning that its XML
representation is easier to understand
because it uses extensive descriptive
phrases that basically label and define
each component in the model.
“You could represent a piece of information in 10 possible ways, but NIEM tells you to represent it
this way,” Wandelt said. “Many different stakeholders worked
together with the GTRI team to identify the best way to represent
each piece of information in NIEM.”

using Security Assertion Markup Language (SAML), an XMLbased open-standard tool for exchanging authentication and
authorization data. GTRI and the pilot partners established a
NIEF Center at Georgia Tech, where it continues to support
justice and other government agencies.

DEVELOPING TRUSTMARKS
To facilitate interoperability between NIEF and other government trust frameworks — such as Federal Identity, Credential
and Access Management (FICAM) and GFIPM — GTRI also
developed Trustmarks technology.
Trustmarks was initiated as a NIST National Strategy Trusted
Identities in Cyberspace (NSTIC) pilot project for Scaling Interoperable Trust in a Trustmark Marketplace. The goal was to address
the fundamental “inter-federation problem” that was beginning
to emerge across the country.
Before establishment of the FICAM program, identities were
locked in application silos. Now, digital identities are increasingly
locked in independent trust framework or federation silos.
The objective of the GTRI-developed Trustmark framework

It’s taken about two decades, and
the involvement of many different
groups, to get to where we are today.
And there is still much to do.

NIEF: BUILDING SECURE ACCESS
The developers also faced another concern: how to keep the new
information sharing system safe from unauthorized users. The
key problem was how to offer ready but secure data access to
people from many decentralized agencies.
The winning concept — federated identity — established a
totally separate user-identity provider. Beginning in 2005, and
working closely with the Global Security Working Group, GTRI
formally defined the standard specifications for this approach,
referred to as Global Federated Identity and Privilege Management (GFIPM). By 2008, GTRI had implemented an operational
pilot for GFIPM, known as the National Identity Exchange
Federation (NIEF).
“NIEF provides for a trust framework that supports federated
identity, and credential and access management; it serves as a
trusted third party that performs the necessary due diligence and
conformance testing to support trusted interoperable exchange
of identity and authorization information among agencies,”
explained Wandelt, who serves today as NIEF’s executive director.
The GTRI GFIPM team built the NIEF trust framework

is to break down these silos and to bridge wide-scale trust. Today,
the Trustmark framework is fully deployed in NIEF.
Trustmarks uses XML to make the documents that list the
specifications for each framework machine-readable. That
capability facilitates pinpointing and resolving the differences
between these complex frameworks.
Recently, the U.S. General Services Administration (GSA),
which oversees the FICAM program, approved NIEF as a trust
framework provider for FICAM, establishing NIEF as a FICAM
TFS. This means that NIEF, which has been primarily focused on
serving justice, security, and public safety groups, can now act as
a qualified trust framework provider for any government agency.
“Thanks to past and present efforts by Global members and
others, we’ve established a robust, secure, trusted information sharing environment that allows all agencies needing to
share information to communicate readily with one another,”
Wandelt said.
Rick Robinson is a science and technology writer in Georgia Tech’s
Institute Communications. He has been writing about defense,
electronics, and other technology for more than 20 years.
Research projects mentioned in this article are supported by sponsors that include the Bureau of Justice
Assistance (BJA), the Department of Homeland Security (DHS), the National Institute of Standards and
Technology (NIST), and the Program Manager for the Information Sharing Environment (PM-ISE).
Any opinions, findings, conclusions, or recommendations expressed in this publication are those of the
principal investigators and do not necessarily reflect the views of BJA, DHS, NIST, or PM-ISE.
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Electric
Thrusters

PAGE 32, THE FUTURE IS SMALL

Most spacecraft use photovoltaic systems
to generate electricity from the sun. Some
of that electricity can be used to power
thrusters that operate by ionizing a propellant such as xenon carried onboard
the spacecraft. Ionized xenon exits the
device, providing thrust. Because the
energy comes from PV panels, spacecraft can carry less propellant, reducing
launch mass. Georgia Tech researchers
are working to improve these thrusters.

Swarming Robots
PAGE 20, ON THEIR OWN

Ants, bees, and other insects operate in
swarms, with many individual organisms
working together to accomplish a task.
Swarming robots are multi-robot systems
in which tens, hundreds, or even thousands of machines operate collectively.
Georgia Tech researchers are developing
control techniques in which the robots
themselves coordinate their activities
to accomplish the tasks they’re given.
Georgia Tech researchers are assembling Prox-1, a micro satellite that will
launch an even smaller CubeSat, known
as LightSail-B. Prox-1 will be Georgia
Tech’s first complete spacecraft when it is
launched in September 2016.

Chemical
Evolution

PAGE 40, WHAT CAME BEFORE THE CHICKEN
OR THE EGG?

CubeSats
PAG E 3 2 , T H E F U T U R E I S S M A L L

(KYÜB-SATS)

CubeSats are a class of very small satellites made up of
one or more 10 x 10 x 10 centimeter units. Designed to
be “hitchhikers” on larger space missions, they often
utilize commercial off-the-shelf components. Georgia
Tech is developing CubeSat missions to track space
debris, demonstrate accurate range finding between
spacecraft, and measure dust plumes and the magnetic
environment from the Jovian moon Europa.
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Chemical evolution is the formation of
complex organic molecules necessary for
the formation of life on early Earth from
simpler inorganic molecules. Georgia
Tech leads the Center for Chemical Evolution, a multi-institution research center
with the goal of demonstrating that small
molecules within a model inventory of
prebiotic chemistry can self-assemble into
polymers that resemble RNA and proteins.

National
Information
Exchange Model
PAGE 52, THE LONG ARM OF THE DATA

The National Information Exchange
Model (NIEM) is a flexible information
exchange framework aimed at the challenge of linking many agencies — such
as law enforcement, criminal justice,
and courts — at all levels of government. Researchers at the Georgia Tech
Research Institute (GTRI) helped develop
the infrastructure for NIEM.
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