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“Machine systems and the human brain perform similar tasks, such
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as speech recognition and computer vision, but the machines still fall
far short of the human brain in these tasks, especially in the areas of
power consumption and efficiency.

”

- Christopher Rozell, assistant professor in the School of Electrical and
Computer Engineering
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If you give people a better clock, they will use it. For most applications, the
“atomic
clocks we have are precise enough. But there are other applications

”
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where having a better clock would provide a real advantage.
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- Alex Kuzmich, professor in the School of Physics
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Our study demonstrates that the decrease in Arctic sea ice area is
“linked
to changes in the winter Northern Hemisphere atmospheric
circulation. The circulation changes result in more frequent episodes of
atmospheric blocking patterns, which lead to increased cold surges and

”

snow over large parts of the northern continents.

18

- Judith Curry, chair of the School of Earth and Atmospheric Sciences

Each reaction to a gamma ray takes a very short time – a fraction of a
“microsecond.
By looking at the number and the intensity of the pulses,
along with other factors, we can make informed judgments about the

”

type of radioactive material we’re dealing with.
- Brent Wagner, GTRI principal research scientist
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What makes this different from most other
“bird-song
research is that we’re not listening
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to individuals, we’re listening to sounds in the
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aggregate. It’s like trying to understand what
people are saying in a restaurant, when all you hear
are the murmurings of a hundred diners.

”

- David Anderson, associate professor in the School of
Electrical and Computer Engineering
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here is to fundamentally change the
“wayTheinaim
which complex systems are taken from

34

concept to reality. By enabling many designers in
varied locations to work together in a distributed
manner, we’re confident that vehicles – and
eventually other systems – can be developed
with greater speed and better results.

”

- Jack Zentner, GTRI senior research engineer

“

As a university, Georgia Tech is uniquely

positioned to take this white hat role in between
industry and government. We want to bring

36

communities together to break down the walls
between industry and government to provide a
trusted, sharing platform.

”

- Andrew Howard, GTRI research scientist
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Researchers have shown the
feasibility of a nuclear clock
that would be accurate to
within a tenth of a second
over 14 billion years – the
age of the universe. The
clock would get its extreme
accuracy from the nucleus

Building a Better Clock:
Researchers Develop Blueprint for Nuclear Clock Accurate

of a single thorium ion.

Over Billions of Years
By John Toon

Photo: Alexander Radnaev
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This RF ion trap is used to
capture individual thorium
ions for laser-cooling to near
absolute zero for the nuclear
clock.
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A

clock accurate to within a tenth of a second over 14 billion years – the age of the
universe – is the goal of research reported
in the March 22, 2012, issue of the journal Physical
Review Letters. The paper provides the blueprint for
a nuclear clock that would get its extreme accuracy from the nucleus of a single thorium ion.
Such a clock could be useful for certain forms
of secure communication – and perhaps of greater
interest – for studying the fundamental theories
of physics. A nuclear clock could be as much as
100 times more accurate than current atomic
clocks, which now serve as the basis for the global
positioning system (GPS) and a broad range of important measurements.
“If you give people a better clock, they will use
it,” said Alex Kuzmich, a professor in the Georgia
Tech School of Physics and one of the paper’s coauthors. “For most applications, the atomic clocks
we have are precise enough. But there are other
applications where having a better clock would
provide a real advantage.”
Beyond the Georgia Tech physicists, scientists in the School of Physics at the University of
New South Wales in Australia and at the Department of Physics at the University of Nevada also

contributed to the study. The research has been
supported by the Office of Naval Research, the
National Science Foundation, and the Gordon
Godfrey fellowship.
Early clocks used a swinging pendulum to
provide the oscillations needed to track time.
In modern clocks, quartz crystals provide highfrequency oscillations that act like a tuning fork,
replacing the old-fashioned pendulum. Atomic
clocks derive their accuracy from laser-induced
oscillations of electrons in atoms. However, these
electrons can be affected by magnetic and electrical fields, allowing atomic clocks to drift ever
so slightly – about four seconds in the lifetime of
the universe.
Because neutrons are much heavier than electrons and densely packed in the atomic nucleus,
they are less susceptible to these perturbations
than the electrons. A nuclear clock should therefore be less affected by environmental factors than
its atomic cousin.
“We have shown that by using lasers to orient
the electrons in a very specific way, we can use the
neutron of an atomic nucleus as the clock pendulum,” said Corey Campbell, a research scientist in
Kuzmich’s laboratory and the paper’s first author.

“Because the neutron is held so tightly to the
nucleus, its oscillation rate is almost completely
unaffected by any external perturbations.”
To create the oscillations, the researchers
plan to use a laser operating at petahertz frequencies – 1015 oscillations per second – to
boost the nucleus of a thorium 229 ion into
a higher energy state. Tuning a laser to create these higher energy states would allow
scientists to set the device’s frequency very
precisely, and that frequency would be used
to keep time instead of the tick of a clock or
the swing of a pendulum.
The nuclear clock ion will need to be
maintained at a very low temperature – tens
of microkelvins – to keep it still. To produce
and maintain such temperatures, physicists
normally use laser cooling. But for this system, that would pose a problem because
laser light is also used to create the timekeeping oscillations.
To solve that problem, the researchers
included a single thorium 232 ion with the
thorium 229 ion that will be used for timekeeping. The heavier ion is affected by a
different wavelength than the thorium 229.

The researchers then cooled the heavier ion,
which also lowered the temperature of the
clock ion without affecting the oscillations.
“The cooling ion acts as a refrigerator,
keeping the clock ion very still,” said Alexander Radnaev, a graduate research assistant in
Kuzmich’s lab. “This is necessary to interrogate this clock ion for very long and to make
a very accurate clock that will provide the
next level of performance.”
Calculations suggest that a nuclear clock
could be accurate to one part in 10-19, compared to 10-17 for the best atomic clock.
Though the research team believes it has
now demonstrated the potential to make a
nuclear clock – which was first proposed in
2003 – it will still be a while before they can
produce a working one.
“Our research shows that building a nuclear clock in this way is both worthwhile
and feasible,” Kuzmich said. “We now have
the tools and plans needed to move forward
in realizing this system.” rh
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“

If you give people a better
clock, they will use it. For
most applications, the atomic
clocks we have are precise
enough. But there are other
applications where having a
better clock would provide a
real advantage.

”

- Alex Kuzmich,
professor in the School of
Physics
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Research scientist Corey Campbell (right) and graduate research assistant Alex Radnaev make adjustments to optimize the
overlap of laser beams used to cool trapped atoms. The work is aimed at developing an ultra-precise nuclear clock.
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In collaboration with
colleagues from Emory
University, MIT and other
institutions, Georgia Tech

Biology of the Brain:

researchers are studying

Georgia Tech Researchers Seek a Better

the biology of the brain.

Understanding of the Brain

In addition to examining
fundamental questions,

By Abby Robinson

they are also developing
new tools to help scientists
learn more about complex
brain processes.
Image: MIT

W

hen you look at a color, hear a sound or
smell a favorite aroma, what part of your
brain goes into action? When you drive
a car or recognize a face, which part of your brain
comes alive with the electrical impulses of firing
neurons? If your brain is injured, how does it work
differently?
Scientists and engineers at Georgia Tech are
applying their expertise, tools and techniques to
address questions like these – and to explore on a
fundamental level how the brain works.

Because the human brain is immensely complex, the researchers are pursuing many levels of
inquiry – from molecules to cells to circuits to the
mystery of the mind itself – and also studying brain
disorders and development, along with daily feats
of brain activity, such as vision, speech, movement
and memory.
Georgia Tech researchers are also developing
better interventions for brain injuries and disorders.
They are designing tools to help neuroscientists
better probe and record the activity of neurons in

RESEARCH HORIZONS

Researchers from Georgia
Tech and MIT have automated
the process of finding and
recording information from
neurons in the living brain.
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Ravi Bellamkonda, a professor in the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory
University, is developing ways to limit the activity of proteins that prevent recovery from spinal cord injuries.

tissue samples and living animals. And they
are using brain imaging techniques, such as
magnetic resonance imaging (MRI) and electroencephalography (EEG), to peek inside the
skull and examine how the brain reacts differently when cognitive tasks are completed
by the young and the old, or the healthy and
those with injuries.
This article provides a snapshot of Georgia
Tech’s research in the biology of the brain.

Developing Better
Interventions for
Brain Disorders and
Injuries
Reducing Epileptic Seizures
Researchers at Georgia Tech and Emory

University are investigating the use of electrical stimulation to reduce or eliminate seizures
associated with epilepsy, a disorder that affects approximately 2 million people in the
United States. Seizures are temporary disturbances in brain function in which groups of
nerve cells in the brain fire abnormally and excessively.
To perform their studies, the researchers
have created an animal model for temporal lobe epilepsy. Using this model, they can
examine different approaches for preventing
seizures associated with epilepsy. For one approach, they are implanting tiny electrodes
in the animal’s brain that can be used to
stimulate neurons and record their activity.
The team is also trying to utilize the field of
optogenetics – a mix of optical and genetic
techniques – to stop the seizures by stimulating the brain with light.
“Our goal is to better understand what
causes epileptic seizures and try to find a way

C O N TA C T S
Ravi Bellamkonda
ravi@gatech.edu

Audrey Duarte

audrey.duarte@psych.gatech.edu

Craig Forest

cforest@gatech.edu

Maysam Ghovanloo
mgh@gatech.edu

Jennifer Hasler

ph67@mail.gatech.edu

Shella Keilholz

sk233@mail.gatech.edu

Hang Lu

hang.lu@gatech.edu

Steve Potter

steve.potter@bme.gatech.edu

Justin Romberg

jrom@ece.gatech.edu

James Ross

jross@axion-biosystems.com

Christopher Rozell
crozell@gatech.edu

Eric Schumacher

eschu@gatech.edu

Minoru Shinohara

minoru.shinohara@ap.gatech.edu

Garrett Stanley

garrett.stanley@bme.gatech.edu

Brent Wagner

brent.wagner@gtri.gatech.edu

Lewis Wheaton

lewis.wheaton@ap.gatech.edu

Spring/Summer 2012 • Vol. 29, No. 2

Photo: Gary Meek

7

Photo: Gary Meek

RESEARCH HORIZONS

Associate professor Garrett Stanley (standing) and research scientist Qi Wang, both from the Wallace H. Coulter Department of
Biomedical Engineering at Georgia Tech and Emory University, are examining how different parts of the brain simultaneously
communicate with each other.
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to respond to those bursts in activity with stimulation and reduce
the number of seizures an individual experiences,” said Steve Potter, an associate professor in the Wallace H. Coulter Department
of Biomedical Engineering at Georgia Tech and Emory University.
The stimulation techniques could be a possible alternative
for individuals who do not respond to drug therapies and may
therefore require surgical resection of the portion of the brain
causing the seizures.
Potter is collaborating on this project with Robert Gross, an
associate professor in the Departments of Neurosurgery and
Neurology at Emory University, and a member of the program
faculty in the Coulter Department. Their graduate students,
Sharanya Desai and Neal Laxpati, are developing and testing

these new brain stimulation therapies in the epileptic rat model. This work has been funded in part by the Wallace H. Coulter
Foundation, the National Institutes of Health, Citizens United for
Research in Epilepsy (CURE) and the American Epilepsy Society.
Improving Recovery from Spinal Cord Injuries
Following an injury to the brain or spinal cord, a glial scar begins to form. While the scar signifies the beginning of the healing
process, neuron extensions – called axons – cannot regenerate
through the glial scar, thus preventing repair and recovery.
The inhibitory characteristics of the scar have been attributed to an increase in proteins known as chondroitin sulfate
proteoglycans at the injury site. This family of proteins prevents

regeneration of damaged nerve endings.
In a recent study, a research team led by Ravi Bellamkonda,
a professor in the Wallace H. Coulter Department of Biomedical
Engineering at Georgia Tech and Emory University, examined the
influence on central nervous system recovery of a chondroitin
sulfate proteoglycan called chondroitin sulfate-4,6 (CS-E). The
researchers found that expression of CS-E increased following a
central nervous system injury. In cell culture experiments, CS-E
inhibited the growth of neurons, and when researchers reduced
the amount of CS-E, the inhibition of neuron growth was significantly alleviated.
“Our findings showed that CS-E is a big player in inhibiting
nerve growth following an injury, and its expression needs to be
reduced as much as possible,” said Bellamkonda.
One strategy to overcome the inhibitory effects of proteins
like chondroitin sulfate-4,6 is to enzymatically digest them. In
2009, Bellamkonda developed an improved version of an enzyme capable of digesting chondroitin sulfate proteoglycans.
The researchers eliminated the thermal sensitivity of the enzyme – called chrondroitinase ABC (chABC) – and developed a
delivery system that allowed the enzyme to be active for weeks
without implanted catheters and pumps. In animal studies, when
the thermostabilized enzyme was delivered, the scar at the injury
site was significantly degraded for at least six weeks, and enhanced axonal sprouting and recovery of nerve function at the
injury site were observed.
“These results brought us a step closer to repairing spinal
cord injuries, which require multiple steps including minimizing
the extent of secondary injury, bridging the lesion, overcoming inhibition due to scar, and stimulating nerve growth,” said
Bellamkonda, who is also the Carol Ann and David D. Flanagan
Chair in Biomedical Engineering and a Georgia Cancer Coalition
Distinguished Cancer Scholar.
Robert McKeon, an associate professor in cell biology at Emory University, Georgia Tech senior research scientist Lohitash
Karumbaiah and graduate student Hyun-Jung Lee also contributed to this work, which was supported by the National Institutes
of Health and the Wallace H. Coulter Foundation.

Filling the
Neuroscience Toolbox
Device for Probing Neurons in Tissue Samples
Axion BioSystems, a startup company based on intellectual
property developed at Georgia Tech, offers neural interfacing
technologies for basic science, and for pharmaceutical and clinical
research applications. The company has developed microelectrode arrays (MEAs) that allow simultaneous stimulation and
recording of neural tissue, and include low-power chips that can
service hundreds of channels.
“Our objective has been to develop devices that can precisely
manipulate and monitor electrically active cells and tissues of
many types – including brain, spinal, muscle and cardiac – and
provide real-time access to complex electrophysiological information,” said James Ross, the company’s chief technical officer.
“Researchers using Axion’s technology capture biological models
of human heartbeats and brain waves in a dish, which opens the
door to a wide range of drug development and safety tests.”
In addition to Ross and company CEO Tom O’Brien, Axion
BioSystems was founded by School of Electrical and Computer
Engineering professor Mark Allen, Department of Biomedical Engineering professor Stephen DeWeerth, research engineer Edgar
Brown and Swami Rajaraman, a recent Ph.D. graduate.
Axion has raised more than $9 million from private investors,
grants from the National Institutes of Health’s Small Business Innovation Research (SBIR) program and early-stage funding from the
Georgia Research Alliance (GRA). The company resides in labora-
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Uncovering the Neural Basis of Rapid Brain Adaptation
Your brain is able to quickly switch from detecting an object
flying toward you to determining what the object is through a
phenomenon called adaptation.
Garrett Stanley, an associate professor in the Wallace H.
Coulter Department of Biomedical Engineering at Georgia Tech
and Emory University, published a study in the journal Nature
Neuroscience that detailed the biological basis for rapid adaptation: neurons located at the beginning of the brain’s sensory
information pathway that change their level of simultaneous

firing. This modification in neuron firing alters the nature of the
information being relayed, which enhances the brain’s ability to
discriminate between different sensations – at the expense of degrading its ability to detect the sensations themselves.
“Previous studies have focused on how brain adaptation influences how much information from the outside world is being
transmitted by the thalamus to the cortex, but we showed that it
is also important to focus on what information is being transmitted,” said Stanley.
Recording how neurons in different parts of the brain simultaneously communicate with each other in different situations is a
big step in the neuroscience field. The researchers plan to use the
techniques from this study to probe the effects of brain injury,
which can change the degree of synchronization of neurons in
the brain, resulting in harmful effects.
In addition to Stanley, Coulter Department research scientist
Qi Wang and Harvard University researchers contributed to this
work, which is supported by the National Institutes of Health.

9

tory and office space at the Advanced Technology Development
Center (ATDC) biosciences incubator on Georgia Tech’s campus.
The company is currently working to increase the sales and
adoption of its products by pharmaceutical companies, contract
research organizations and academic institutions. Since it was
founded in 2007, the company has grown from two to 20 employees and launched two commercial products – the Muse and
the Maestro.
“The technology we licensed from the Georgia Tech Research
Corporation allows us to provide two MEA systems that reduce
the cost and complexity of conducting neuroscience research,”
explained Ross. “Both systems consist of low-cost, disposable multielectrode arrays, and integrated circuits that eliminate stimulation
artifacts and enable simultaneous stimulation and recording.”
The Muse is a bench-top system containing 64 channels for
stimulating and recording electroactive tissue. The high-throughput Maestro contains 768 stimulating and recording channels,
accommodates multiwell plates of up to 96 wells and is suited
for large-scale cellular analysis in commercial drug screening applications.
While the company’s current efforts are focused on pharmaceutical drug screening, ongoing development is expected to
result in products in the medical diagnostic and medical device
arenas, Ross said.
Devices for Probing Neurons in Living Animals
When high-fidelity recording of individual neurons in live
animals is required, whole-cell patch clamp electrophysiology of
neurons in vivo is the gold-standard, but it requires great skill to
perform. The technique utilizes a glass micropipette to establish
electrical and molecular connections to the insides of neurons
embedded in intact tissue to record synaptic and ion-channelmediated events.
Researchers at Georgia Tech and the Massachusetts Institute
of Technology (MIT) have developed a simple robot that automatically performs whole-cell patch clamping in vivo. Using the
robot, the researchers have demonstrated high throughput and
recording quality in the cortex and hippocampus of small animals.
“With the robot, neuroscientists can achieve high-quality recordings with yields that exceed those of skilled humans
at speeds sufficient to enable an unskilled human operator to
clamp dozens of cells or more per day and collect data about
each one’s gene expression, shape and electrical behavior,” said
Craig Forest, an assistant professor in the George W. Woodruff
School of Mechanical Engineering.
Applications for the autopatching robot include studying the
effects of drugs on neuron electrophysiology; examining neuron
behavior in disease states, such as epilepsy and narcolepsy; and
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classifying neuron cell types on a high-throughput scale.
The robot was designed by Forest; Georgia Tech graduate
student Suhasa Kodandaramaiah; Edward Boyden, an associate professor of biological engineering and brain and cognitive
sciences at the MIT Media Lab and MIT McGovern Institute; MIT
graduate student Giovanni Franzesi; and MIT postdoctoral researcher Brian Chow.
The researchers recently created a startup company, Neuromatic Devices, to commercialize the device. Development of the
new technology was funded primarily by the National Institutes
of Health, the National Science Foundation and the MIT Media Lab.
Maysam Ghovanloo, an associate professor in Georgia Tech’s
School of Electrical and Computer Engineering, has developed
a wireless system that collects neural signals from awake, freely moving animals during behavioral neuroscience research
experiments. The Wireless Implantable Neural Recording (WINeR) system can simultaneously record from 32 channels for an
unlimited period of time using a wireless inductive power transmission system.
“The WINeR system removes the need to tether a small animal via cable to a neural recording device during behavioral
neuroscience research experiments and relieves the animal from
carrying bulky batteries, thus eliminating two major sources of
motion artifacts and bias,” said Ghovanloo.
WINeR is powered by the EnerCage system, which consists of
an array of overlapping spiral planar coils that cover the bottom
of the experimental area and enable inductive power transmission. A mobile unit attaches to the animal to regulate and deliver
a constant amount of inductive power to the WINeR device and
any other electrophysiology sensors used to collect data during
an experiment, despite animal movements. The mobile unit also
contains a small magnet that allows the animal’s location to be
tracked in real time.
The researchers plan to add the functionality of wirelessly
stimulating neurons to the WINeR device and increase the number of channels it provides.
Ghovanloo is collaborating with Joseph Manns, an assistant
professor in the Emory University Department of Psychology, and
Karim Oweiss, an associate professor in the Michigan State University Department of Electrical and Computer Engineering and
the Neuroscience Program, to test the WINeR and EnerCage systems. This work is supported by the National Science Foundation
and the National Institutes of Health.
To alleviate the need for electrodes implanted in the brain,
researchers in the Georgia Tech Research Institute (GTRI) are collaborating with Neural Signals Inc. to explore the potential use
of near-infrared fluorescent probes to wirelessly transmit neural
signals from inside the brain to an external recording device.

Photo: Gary Meek

James Ross, chief technical officer of Axion BioSystems, a
startup company based on technology developed at Georgia
Tech, displays the company’s high-throughput Maestro
microelectrode array system.

Researchers in the Georgia Tech School of Chemical and
Biomolecular Engineering are building devices to help neuroscientists better understand how neurons in the brain contribute to
an organism’s behavior.
Using inexpensive components from ordinary LCD projectors,
associate professor Hang Lu can control the brain and muscles
of freely moving tiny organisms, including the Caenorhabditis elegans worm that is commonly used for biological studies. Red,
green and blue lights from the projector activate light-sensitive microbial proteins that are genetically engineered into the
worms, allowing the researchers to switch neurons on and off like
light bulbs and turn muscles on and off like engines.
The inexpensive illumination technology allows researchers to stimulate and silence specific neurons and muscles of the
worms, while precisely controlling the location, duration, frequency and intensity of the light.
Use of the LCD technology to control small animals advances
the field of optogenetics – a mix of optical and genetic techniques
that has given researchers unparalleled control over brain circuits
in laboratory animals. Until now, the technique could be used
only with larger animals by placement of an optical fiber into an
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A team led by GTRI principal research scientist Brent Wagner
is investigating the possibility of connecting neurons to a wireless neural interface system that could respond to low-voltage,
low-frequency electrical signals in the brain. The system would
consist of a grid of gold nanoparticles, each linked via flexible
strand of DNA to a semiconductor quantum dot.
With this system, when a neural cell is at rest, the quantum
dot and gold nanoparticle are in close proximity, so no light is
emitted from the quantum dot. When a neural cell fires, the voltage change on the neuron’s surface pushes the quantum dot
away from the gold nanoparticle, allowing the quantum dot to
emit light. The precise location of the quantum dot’s near-infrared luminescence can be detected using an infrared camera.
“The sensing mechanism for the system is based on energy
transfer between the quantum dot and the gold nanoparticle,”
said Wagner. “We think one of the major advantages of this type
of system is its potential to transmit a high throughput of neural
signals from multiple recording sites at the same time without
the use of bulky cables or implanted electrodes.”
This project is supported by the GTRI Independent Research
and Development (IRAD) program.
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MIT researcher Ed Boyden (left) and Georgia Tech researchers Suhasa Kodandaramaiah (seated) and
Craig Forest have developed a way to automate the process of finding and recording information
from neurons in the living brain.
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animal’s brain, or by illumination of an animal’s entire body.
For another project, Lu developed a microfluidic device that
enables genetic studies on small organisms to be performed
more quickly. An addition to the system since its original development is a laser beam that can destroy individual neurons.
By monitoring the animal’s behavior after the laser ablation, the
researchers can infer the function of each neuron. The process
takes only 20 to 30 seconds, much less than the half hour it can
take to ablate neurons using other techniques.
Lu and collaborators at the Queensland Brain Institute and
the University of Queensland in Brisbane, Australia, have also
adapted the original design of the microfluidic device to a curved
geometry that enables positioning C. elegans bodies into lateral
orientations. This alignment makes it easier to analyze neuronal
developmental and disease processes that travel from the worm’s
head to end or laterally across the worm’s body. Results of this research were published in April 2012 in the journal PLoS ONE.
“These systems have many applications in developmental and
behavioral neuroscience of model organisms,” said Lu. “Our challenge
is to make them as easy to use as possible so that the technology
can make an impact in biological and medical research.”

Lu’s research is supported by the National Science Foundation,
the National Institutes of Health and the Alfred P. Sloan Foundation.
Models of How the Brain Processes Information
Christopher Rozell, an assistant professor in the Georgia Tech
School of Electrical and Computer Engineering, uses mathematical models and signal processing technologies to understand
how the brain organizes and processes images and sounds.
“Machine systems and the human brain perform similar
tasks, such as speech recognition and computer vision, but the
machines still fall far short of the human brain in these tasks,
especially in the areas of power consumption and efficiency,”
said Rozell.
In the brain, information about a stimulus in the outside world
is communicated to higher centers in the brain by a collection
of electrochemical signals present in groups of neurons. Recent
evidence indicates that these groups of neurons may represent
information by activating only a few of these units – known as a
sparse code – and never centralizing the information in a single
decision-making unit.
While sparse coding in neural systems is not well understood,

Rozell and School of Electrical and Computer Engineering professor Jennifer Hasler and associate professor Justin Romberg
are developing neurally plausible analog circuits to quickly find
sparse codes. This approach could potentially solve problems relevant for many engineering applications much faster, while using
less power than a traditional digital system.
“We don’t have the time or capability to record the characteristics and properties of each of the billions of neurons in the
brain to validate our models, but we know our models of neural
coding for sensory information are biophysically realistic because
we verify them against published results of electrophysiology experiments,” said Rozell.
Researchers in Rozell’s laboratory are also examining what
advantages a sparse code might have for the brain, which is making perceptual judgments based on visual data. By investigating
how the brain transforms the outside world into meaningful representations it can work with, Rozell hopes better brain-machine
interfaces can be designed, more efficient signal processing
systems can be developed, and vision and hearing deficits can
be corrected. This research is supported by the National Science
Foundation and the National Institutes of Health.

Monitoring Activity in the
Brain During Cognitive Tasks

Predicting an Individual’s Attentiveness
Shella Keilholz’s long-term research goal is to build a model of
spontaneous activity in the brain. As an engineer, she views the
brain as a collection of hierarchical networks, with local networks
of cells that work together and larger networks where information is transferred between different areas in the brain.
Keilholz is part of a team that is using the fMRI scanner at
the Georgia State/Georgia Tech Center for Advanced Brain Imaging to probe the functional connectivity of the brain while an
individual is performing a cognitive task requiring vigilance. The
researchers are investigating whether the complex neural interactions between spatially distinct brain regions can be used to
predict how well an individual will perform on cognitive tasks.
Funding for this work is provided in part by the U.S. Air Force
through the Bio-nano-enabled Inorganic/Organic Nanostructures and Improved Cognition (BIONIC) Air Force Center of
Excellence at Georgia Tech.
The team’s goal is to find a stable marker in the fMRI signal that is
associated with cognitive processing and alertness. Initial results of
their experiments show that the level of brain activity preceding the
presentation of a visual stimulus can predict how fast an individual
will respond to the stimulus during a vigilance task.
“U.S. Air Force analysts must remain attentive to computers
and controls for hours at a time, so we are trying to develop a
noninvasive way to measure the current state of an individual’s
brain and determine if that person is getting off task,” said Keilholz, an assistant professor in the Wallace H. Coulter Department
of Biomedical Engineering at Georgia Tech and Emory University.
“With that information, one might be able to develop a way to
refocus that person and get him or her back on task, which would
optimize work effectiveness and possibly save lives.”
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Picking Out the Right Tool
Choosing how to use tools to accomplish a task is a natural
and seemingly trivial aspect of our lives, yet it can be very difficult
for persons with certain brain injuries.
“In my laboratory, I study cognitive motor control,” said Georgia Tech School of Applied Physiology assistant professor Lewis
Wheaton. “I want to understand the neural system that allows
us to select the best tool to accomplish a task, pick that tool up
and use it correctly to complete the task without overloading our
brains with information.”
In a recent study, Wheaton identified neural activation patterns in the brain associated with watching tools used in correct
and incorrect contexts. He used the functional MRI (fMRI) scanner at the Georgia State/Georgia Tech Center for Advanced Brain
Imaging, along with electroencephalography (EEG), to record
neural activations in the brain as healthy individuals identified
whether tools shown in photographs were being used in correct
or incorrect contexts. For example, a participant might be shown
a hammer and nail, which is a correct tool use, or a hammer and
coffee mug – an incorrect tool use.
The fMRI results revealed that when participants identified correct tool use, different parts of the brain became active

compared to when they identified incorrect tool use. The EEG
recordings provided additional information about the evolution
of these activations over time. Activation occurred between 300
and 400 milliseconds after a correct tool use image was shown,
but more quickly following onset of an incorrect tool use image.
These findings were published in the journals Brain Research and
Frontiers in Human Neuroscience.
Wheaton is now using the information he learned about
the neural mechanisms of tool use in healthy brains to better
understand tool learning and why some individuals experience
impaired tool-related behavior following a stroke – a deficit
called apraxia.
“In conceptual apraxia, we think the network that codes for
incorrect tool use may be selectively damaged and incorrect
contextual information is being passed to the areas of the brain
activated by correct tool use. Because no error signal arises, contextually inappropriate use becomes possible,” said Wheaton.
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School of Electrical and Computer Engineering associate professor Maysam Ghovanloo (right) and
graduate student Seung-Bae Lee have developed a wireless system that collects neural signals from
awake, freely moving animals during behavioral neuroscience research experiments.

14

Also contributing to this project are School of Psychology associate professor Eric Schumacher, and Air Force Research Laboratory
biomedical engineer Andrew McKinley and integration manager
Lloyd Tripp.
Recalling Memories
Audrey Duarte, an assistant professor in Georgia Tech’s School
of Psychology, is a cognitive neuroscientist – someone who looks
at the neuroscience that supports human behavior. Duarte’s research is focused on episodic memory, which is the memory of
specific events, situations and experiences. Your first day of school,
attending a friend’s birthday party and what you ate for dinner last
night are examples of episodic memories.
Episodic memory can be affected by a number of disorders
– including stroke, dementia and Alzheimer’s disease – and even
healthy aging. Through her research, Duarte is trying to understand what happens as the brain ages to cause decline in memory
abilities over time.
“We want to determine if there are specific areas in the brain
or specific brain networks that are disproportionately affected
in a negative way by aging, causing lapses in episodic memory,”
she said.

Using the fMRI scanner at the Georgia State/Georgia Tech
Center for Advanced Brain Imaging, Duarte measures activity from thousands of neurons in the brain at the same time
and assesses the patterns of activity while young and older
adults examine and subsequently retrieve pictures of common
objects from memory. Using this data, Duarte is developing
strategies to help older adults better encode and retrieve episodic memories.
“By finding out where an individual’s attention is drawn
when looking at a picture, we can better understand the relationship between attention and memory and look for ways to
remediate impairments in episodic memory,” said Duarte.
This research is supported by the National Science Foundation, the National Institutes of Health and the American
Federation for Aging Research.
Accomplishing Fine Motor Tasks
In another project, Georgia Tech researchers are studying the
effects of aging on the neural connectivity between the motor
cortex and muscles during tasks that require fine motor skills.
“We know that aging and dual-task paradigms often deCONTINUED ON PAGE 16

Center for Advanced Brain Imaging

T

explore topics from autism and learning disabilities, to applied
physiology, brain signals and brain-computer interfaces.
The Center for Advanced Brain Imaging also includes facilities for transcranial magnetic stimulation, which is a strong
magnet that applies bursts to the outside of the head to temporarily disrupt a portion of the brain, giving researchers a way
to study the roles of different brain regions.
— Abby Robinson

Lewis Wheaton, assistant professor in the School of Applied Physiology, says access
to the Center for Advanced Brain Imaging was a major reason why he joined the
faculty at Georgia Tech.
Photo: Gary Meek
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he Center for Advanced Brain Imaging, a joint venture of Georgia State University and Georgia Tech, is a
6,000-square-foot facility in midtown Atlanta dedicated
to understanding brain function.
The center, which opened in 2009, operates a functional
MRI (fMRI) scanner that serves not only researchers from
Georgia State and Georgia Tech, but also scientists from other
institutions who wish to use it.
The $2.3 million fMRI scanner was funded by the Georgia State University Research Foundation, the Georgia Tech
Research Institute, and the Georgia Research Alliance. The
machine’s magnetic power is rated at 3 Tesla – a unit measuring the strength of a magnetic field – which provides the
power to observe details of electrical impulses and pathways
in the brain. The fMRI scanner is twice as powerful as conventional MRI scanners and 60,000 times stronger than the earth’s
magnetic field.
Scans from fMRIs tell researchers about areas of the brain
that are active while an individual performs cognitive or
xx behavioral tasks. Researchers are using the imaging system to

15

Photo: Gary Meek

RESEARCH HORIZONS

Alison Hirsch, a graduate student in the laboratory of Hang Lu, an associate professor in the School of
Chemical and Biomolecular Engineering, tests a microfluidic device designed to help neuroscientists
xx
better understand how neurons in the brain contribute to an organism’s behavior.
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grade fine motor performance, so we wanted to compare the
performance of young and older adults during the execution of
a fine motor task alone and concurrent tasks that required substantial divided attention,” said Minoru Shinohara, an associate
professor in the Georgia Tech School of Applied Physiology.
For the study, two groups of healthy adults, one group between the ages of 18 and 38 and the other between 61 and 75,
performed tasks involving one-finger motor, two-finger motor,
cognitive and concurrent motor-cognitive skills.
As the participants completed the tasks, Shinohara and
School of Electrical and Computer Engineering graduate student
Ashley Johnson examined the synchrony between two signals
– an electroencephalogram (EEG) acquired from the primary motor cortex in the brain and an electromyogram (EMG) acquired
from a muscle in the hands. The synchronous measurement is
called corticomuscular coherence.
In the study, the older adults demonstrated higher corticomuscular coherence than the young adults during performance of both
unilateral and dual tasks. Corticomuscular coherence was highest in
the older adults, especially during the dual motor-cognitive task and
increased with an additional task for both groups of subjects. But
during the motor-cognitive task, corticomuscular coherence was
negatively correlated with motor output error across young, but not

older, adults. The results of the study were published online in
January 2012 in the Journal of Applied Physiology.
“The findings demonstrate that older and younger adults don’t
need to use the same neural strategy to accomplish the same motor performance,” said Shinohara. “We are seeing changes in neural
strategies for accomplishing fine motor skills with aging.”
In addition to aging, these types of changes in neural strategies could be valuable for rehabilitation applications. Individuals
with neurological deficits might benefit from using a different
strategy to perform motor tasks, rather than using the same strategy they used before the deficit occurred.
Georgia Tech’s extensive involvement in neuroscience research – from basic to clinical science – reflects the interests of
researchers from multiple academic departments and the Georgia Tech Research Institute (GTRI). The researchers are working
to better understand how the brain works and apply this knowledge to improving brain function, which has applications for
those who have sustained losses due to injuries or disease. rh
Research reported in this publication was supported by the National Institute of Neurological
Disorders and Stroke (NS054809, NS079268, NS043486, NS48285, NS062031 and NS058465), the
National Institute of Biomedical Imaging and Bioengineering (EB009437 and EB012803), the
National Institute on Aging (AG035317 and AG016201), the National Institute of General Medical Sciences (GM088333), the National Eye Institute (EY019965), the National Science Foundation
(ECCS-0824199, CBET-0954578, DBI-0649833, CCF-0905346 and BCS-1125683), and the U.S. Air
Force (FA9550-09-1-0162). The content is solely the responsibility of the principal investigators and
does not necessarily represent the official views of the NIH, NSF or U.S. Air Force.

Photo: Gary Meek

Audrey Duarte, an assistant professor in the School of Psychology, uses the functional MRI scanner at the
Georgia State/Georgia Tech Center for Advanced Brain Imaging to measure activity from thousands of
neurons in the brain at the same time while subjects try to retrieve episodic memories.
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A new study provides
further evidence of a relationship between melting

Unusual Weather:

ice in the Arctic regions and
widespread cold outbreaks
in the Northern Hemisphere.

Arctic Sea Ice Decline May Be Driving

The findings could help im-

Snowy Winters Seen in Recent Years

prove seasonal forecasting
of snow and temperature
anomalies across northern

By Abby Robinson

continents.
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This map shows the percent
change in winter blockings
relative to the long-term
average. Blocking patterns
favor more frequent
movement of cold air masses
to middle and lower latitudes,
leading to increased heavy
snowfall in Europe and the
Northeast and Midwest
regions of the United States.
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A

new study provides further evidence of a relationship between melting ice in the Arctic
regions and widespread cold outbreaks in
the Northern Hemisphere. The study’s findings could
be used to improve seasonal forecasting of snow and
temperature anomalies across northern continents.
Since the level of Arctic sea ice set a new record
low in 2007, significantly above-normal winter snow
cover has been seen in large parts of the northern
United States, northwestern and central Europe, and
northern and central China. During the winters of
2009-2010 and 2010-2011, the Northern Hemisphere
measured its second- and third-largest levels of snow
cover on record.
“Our study demonstrates that the decrease in
Arctic sea ice area is linked to changes in the winter
Northern Hemisphere atmospheric circulation,” said
Judith Curry, chair of the School of Earth and Atmospheric Sciences at Georgia Tech. “The circulation
changes result in more frequent episodes of atmospheric blocking patterns, which lead to increased
cold surges and snow over large parts of the northern continents.”
The study was published in the March 13, 2012,
issue of the journal Proceedings of the National Academy of Sciences. The research was supported by NASA
and the National Science Foundation.
In the study, scientists from Georgia Tech, the Chinese Academy of Sciences and Columbia University

expanded on previous research by combining observational data and model simulations to explore
the link between unusually large snowfall amounts
in the Northern Hemisphere in recent winters and
diminishing Arctic sea ice.
The researchers analyzed observational data collected between 1979 and 2010 and found that a
decrease in autumn Arctic sea ice of 1 million square
kilometers – the size of the surface area of Egypt –
corresponded to significantly above-normal winter
snow cover in large parts of the northern United
States, northwestern and central Europe, and northern and central China.
The analysis revealed two major factors that
could be contributing to the unusually large snowfall in recent winters – changes in atmospheric
circulation and changes in atmospheric water vapor
content – which are both linked to diminishing Arctic sea ice. Strong warming in the Arctic through the
late summer and autumn appears to be enhancing
the melting of sea ice.
“We think the recent snowy winters could be
caused by the retreating Arctic ice altering atmospheric circulation patterns by weakening westerly
winds, increasing the amplitude of the jet stream
and increasing the amount of moisture in the atmosphere,” explained Jiping Liu, a senior research
scientist in the School of Earth and Atmospheric
Sciences at Georgia Tech. “These pattern changes

enhance blocking patterns that favor more frequent movement of cold air masses to middle
and lower latitudes, leading to increased heavy
snowfall in Europe and the Northeast and Midwest regions of the United States.”
Diminishing Arctic sea ice can cause changes in atmospheric circulation that lead to a
circulation pattern that is different than the
“negative phase” of the Arctic Oscillation.
In addition to analyzing observational data,
the researchers also assessed the impact of the
diminishing Arctic sea ice on atmospheric circulation by comparing the results of model
simulations run with different sea ice distribution.
They ran one experiment that assumed seasonally varying Arctic sea ice and utilized sea ice
concentration data collected between 1979
and 2010. Another simulation incorporated prescribed sea ice loss in autumn and winter based
on satellite-derived Arctic sea ice concentrations.
The simulations showed that diminishing Arctic sea ice induced a significant surface
warming in the Arctic Ocean and Greenland/
northeastern Canada, and cooling over northern North America, Europe, Siberia and eastern
Asia. The models also showed above-normal

winter snowfall in large parts of the northern
United States, central Europe, and northern and
central China.
The consistent relationships seen in the
model simulations and observational data
illustrate that the rapid loss of sea ice in summer and delayed recovery of sea ice in autumn
modulate snow cover, winter temperature and
the frequency of cold air outbreaks in northern
mid-latitudes.
Huijun Wang and Mirong Song of the
Chinese Academy of Sciences Institute of Atmospheric Physics and Radley Horton from the
Columbia University Center for Climate Systems
Research also contributed to this work. rh
This project was supported by the NASA Energy and Water Cycle Study and
the National Science Foundation (NSF) (Award No. ANT-0838920). The content is solely the responsibility of the principal investigators and does not
necessarily represent the official views of NASA or the NSF.
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“

 ur study demonstrates
O
that the decrease in Arctic
sea ice area is linked to
changes in the winter
Northern Hemisphere
atmospheric circulation.
The circulation changes
result in more frequent
episodes of atmospheric
blocking patterns, which
lead to increased cold
surges and snow over
large parts of the northern
continents.

”

- Judith Curry, chair of
the School of Earth and
Atmospheric Sciences

These maps show the differences in snow cover relative to the long-term average for
the winters of (left) 2009-2010 and 2010-2011. During these two winters, the Northern
Hemisphere measured its second and third largest snow cover levels on record.
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In quantum physics,
the Heisenberg Uncertainty Principle states

Squeezing Atoms:

that measurements of
properties such as the
momentum of an object

Scientists Score Another Victory Over

and its exact position
cannot be simultaneously

Uncertainty in Quantum Physics

specified with arbitrary
accuracy. Scientists have

By John Toon

learned to cheat a bit on
this uncertainty through
a process called “squeezing,” which has now been
extended to new type of
measurement.

Photo: Gary Meek
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This photograph shows
atom-trapping apparatus,
magnetic coils and some of
the optical elements used to
create the squeezed states
in the laboratory of Michael
Chapman.
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M

ost people attempt to reduce the little uncertainties of life by carrying umbrellas on
cloudy days, purchasing automobile insurance or hiring inspectors to evaluate homes they
might consider purchasing. For scientists, reducing
uncertainty is a no less important goal, though in the
strange realm of quantum physics, the term has a
more specific meaning.
For scientists working in quantum physics, the
Heisenberg Uncertainty Principle says that measurements of properties such as the momentum of an
object and its exact position cannot be simultaneously specified with arbitrary accuracy. As a result,
there must be some uncertainty in either the exact
position of the object or its exact momentum. The
amount of uncertainty can be determined, and is often represented graphically by a circle showing the
area within which the measurement actually lies.
Over the past few decades, scientists have
learned to cheat a bit on the Uncertainty Principle
through a process called “squeezing,” which has the
effect of changing how the uncertainty is distributed
between two properties. Changing the circle to an
ellipse and ultimately to almost a line allows one
component of the complementary measurements
– the momentum or the position, in the case of an
object – to be specified more precisely than would
otherwise be possible. The actual area of uncertainty
remains unchanged, but is represented by a different
shape that serves to improve accuracy in measuring

one property.
This squeezing has been done in measuring properties of photons and atoms, and can be important
to certain high-precision measurements needed by
atomic clocks and the magnetometers used to create magnetic resonance imaging views of structures
deep inside the body. For the military, squeezing
more accuracy could improve the detection of enemy submarines attempting to hide underwater or
improve the accuracy of atom-based inertial guidance instruments.
Now Georgia Tech physicists have added another measurement to the list of those that can be
squeezed. In a paper appearing in the April 2012
issue of the journal Nature Physics, they reported
squeezing a property called the nematic tensor,
which is used to describe the rubidium atoms in
Bose-Einstein condensates, a unique form of matter in which all atoms have the same quantum state.
The research was sponsored by the National Science
Foundation (NSF).
“What is new about our work is that we have
probably achieved the highest level of atom squeezing reported so far, and the more squeezing you
get, the better,” said Michael Chapman, a professor in Georgia Tech’s School of Physics. “We are also
squeezing something other than what people have
squeezed before.”
Scientists have been squeezing the spin states of
atoms for 15 years, but only for atoms that have just

two relevant quantum states – known as spin
one-half systems. In collections of those atoms,
the spin states of the individual atoms can be
added together to get a collective angular
momentum that describes the entire system
of atoms.
In the Bose-Einstein condensate atoms being studied by Chapman’s group, the atoms have
three quantum states, and their collective spin totals zero – not very helpful for describing systems.
So Chapman and graduate students Chris Hamley, Corey Gerving, Thai Hoang and Eva Bookjans
learned to squeeze a more complex measure
that describes their system of spin one atoms:
the nematic tensor, also known as the quadrupole tensor.
Nematicity is a measure of alignment
that is important in describing liquid crystals,
exotic magnetic materials and some high-temperature superconductors.
“We don’t have a spin vector pointing in a
particular direction, but there is still information in
where this collection of atoms is pointing,” Chapman explained. “That next higher-order description
is the quadrupole, or nematic tensor. Squeezing this
actually works quite well, and we get a large degree
of improvement, so we think it is promising.”

Experimentally, the squeezing is created
by entangling some of the atoms, which takes
away their independence. Chapman’s group
accomplishes this by colliding atoms in their
ensemble of some 40,000 rubidium atoms.
“After they collide, the state of one atom is
connected to that of the other atom, so they
have been entangled in that way,” he said. “This
entanglement creates the squeezing.”
Reducing uncertainty in measuring atoms
could have important implications for precise magnetic measurements. The next step
will be to determine experimentally if the
technique can improve the measurement of
magnetic fields.
The new squeezed property could also
have application to quantum information systems, which can store information in the spin
of atoms and their nematic tensor.
“There are a lot of things you can do with
quantum entanglement, and improving the
accuracy of measurements is one of them,”
Chapman added. “We still have to obey Heisenberg’s Uncertainty Principle, but we do have
the ability to manipulate it.” rh
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you can do with quantum
entanglement, and
improving the accuracy of
measurements is one of
them. We still have to obey
Heisenberg’s Uncertainty
Principle, but we do have the
ability to manipulate it.
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- Michael Chapman,
professor in the School of
Physics

Michael Chapman, a professor in the School of Physics, poses with optical equipment in his laboratory.
Chapman’s research team is exploring squeezed states using atoms of Bose-Einstein condensates.
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The Tongue Drive System
is a wireless device that

Mouth Gear:

enables people with highlevel spinal cord injuries to
operate a computer and

Tongue Drive System Goes Inside the Mouth

maneuver an electrically
powered wheelchair simply

to Improve Performance and User Comfort

by moving their tongues.
Researchers have developed

By Abby Robinson

a new version that allows
users to wear an inconspicuous dental retainer
embedded with sensors to
control the system.

Image: Maysam Ghovanloo
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The new intraoral Tongue Drive
System interprets commands
from seven different tongue
positions to operate a
computer or maneuver
an electrically powered
wheelchair.
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T

he Tongue Drive System is getting less conspicuous and more capable. The system is
a wireless device that enables people with
high-level spinal cord injuries to operate a computer
and maneuver an electrically powered wheelchair
simply by moving their tongues.
The newest prototype of the system allows users
to wear an inconspicuous dental retainer embedded
with the sensors that control the system. The sensors
track the location of a tiny magnet attached to the
tongues of users. In earlier versions of the Tongue
Drive System, the sensors that track the movement
of the magnet on the tongue were mounted on a
headset worn by the user.
“By moving the sensors inside the mouth, we
have created a Tongue Drive System with increased
mechanical stability and comfort that is nearly unnoticeable,” said Maysam Ghovanloo, an associate
professor in the Georgia Tech School of Electrical and
Computer Engineering.
The new intraoral Tongue Drive System was presented and demonstrated on Feb. 20, 2012, at the
IEEE International Solid-State Circuits Conference in
San Francisco. Development of the system is supported by the National Science Foundation, the
Christopher and Dana Reeve Foundation, and the
National Institute of Biomedical Imaging and Bioengineering at the National Institutes of Health.
The new dental appliance contains magnetic
field sensors mounted on its four corners that detect
movement of a tiny magnet attached to the tongue.
It also includes a rechargeable lithium-ion battery

and an induction coil to charge the battery. The circuitry fits in the space available on the retainer, and
is covered with an insulating, water-resistant material
and vacuum-molded inside a standard dental acrylic
material. In use, the retainer rests against the roof of
its user’s mouth.
“One of the problems we encountered with the earlier headset was that it could shift on a user’s head and
the system would need to be recalibrated,” explained
Ghovanloo. “Because the dental appliance is worn inside the mouth and molded from dental impressions
to fit tightly around an individual’s teeth with clasps, it is
protected from these types of disturbances.”
When in use, the output signals from the sensors are wirelessly transmitted to an iPod or iPhone.
Software installed on the iPod interprets the user’s
tongue commands by determining the relative position of the magnet with respect to the array of
sensors in real time. This information is used to control the movements of a cursor on the computer
screen or to substitute for the joystick function in a
powered wheelchair.
Ghovanloo and his team have also created a universal interface for the intraoral Tongue Drive System
that attaches directly to a standard electric wheelchair. The interface boasts multiple functions: it not
only holds the iPod, but also wirelessly receives the
sensor data, delivers the data to the iPod, connects
the iPod to the wheelchair and charges the iPod. The
interface includes a container where the dental retainer can be placed at night for charging.
In preliminary tests, the intraoral device exhibited

an increased signal-to-noise ratio, even when a
smaller magnet was placed on the tongue. That
improved sensitivity could allow additional
commands to be programmed into the system.
The ability to train the system with additional commands – as many commands as an
individual can comfortably remember – and
having all of the commands available to the
user at the same time are significant advantages over the common “sip-n-puff” device that
acts as a simple switch controlled by sucking or
blowing through a straw.
The researchers plan to begin testing the usability of the intraoral Tongue Drive System with
able-bodied individuals soon and then move to
clinical trials to test its usability by people with
high-level spinal cord injuries.
In recent months, Ghovanloo and his team
have recruited 11 individuals with high-level
spinal cord injuries to test the headset version
of the system at the Atlanta-based Shepherd
Center and the Rehabilitation Institute of Chicago. Trial participants received a clinical tongue

piercing and tongue stud that contained a tiny
magnet embedded in the upper ball.
“During the trials, users have been able to
learn to use the system, move the computer
cursor quicker and with more accuracy, and
maneuver through the obstacle course faster
and with fewer collisions,” said Ghovanloo. “We
expect even better results in the future when
trial participants begin to use the intraoral
Tongue Drive System on a daily basis.”
Georgia Tech graduate students Abner
Ayala-Acevedo, Xueliang Huo, Jeonghee Kim,
Hangue Park and Xueli Xiao, and former postdoctoral fellow Benoit Gosselin also contributed
to this work. rh
This project was supported in part by the National Science Foundation (NSF)
(Award Nos. CBET-0828882, IIS-0953107 and IIS-0803184) and the National
Institute of Biomedical Imaging and Bioengineering at the National Institutes of Health (NIH) (Award No. RC1 EB010915-01). The content is solely the
responsibility of the principal investigators and does not necessarily represent the official views of the NSF or NIH.
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(Left) Georgia Tech researchers have designed a universal interface for the new intraoral Tongue Drive System. The system
attaches directly to a standard electric wheelchair, wirelessly receives the sensor data and delivers it to an iPod. (Above) The
Tongue Drive System dental appliance contains magnetic field sensors mounted on its four corners that detect movement of a
tiny magnet attached to the tongue, a rechargeable lithium-ion battery and an induction coil to charge the battery.
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Researchers have developed
a prototype radiationdetection system that

Homeland Defense:

uses rare-earth elements
and other materials at the
nanoscale. The system could
be employed to enhance

Novel Radiation Surveillance Technology Could

radiation-detection de-

Help Thwart Nuclear Terrorism

vices used at ports, border
crossings, airports and

By Rick Robinson

elsewhere.

A
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Researchers from the Georgia
Tech Research Institute (GTRI)
have produced scintillators
from molten glass.
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mong terrorism scenarios that raise the
most concern are attacks involving nuclear
devices or materials. For that reason, technology that can effectively detect smuggled radioactive materials is considered vital to U.S. security.
To support the nation’s nuclear-surveillance capabilities, researchers at the Georgia Tech Research
Institute (GTRI) are developing ways to enhance
the radiation-detection devices used at ports, border crossings, airports and elsewhere. The aim is to
create technologies that will increase the effectiveness and reliability of detectors in the field, while
also reducing cost. The work is co-sponsored by the
Domestic Nuclear Defense Office of the Department of Homeland Security and by the National
Science Foundation.
“U.S. security personnel have to be on guard
against two types of nuclear attack – true nuclear
bombs and devices that seek to harm people by
dispersing radioactive material,” said Bernd Kahn, a researcher who is principal investigator on the project.
“Both of these threats can be successfully detected
by the right technology.”
The GTRI team, led by co-principal investigator Brent Wagner, is utilizing novel materials and
nanotechnology techniques to produce improved
radiation detection. The researchers have developed
the Nano-photonic Composite Scintillation Detector,
a prototype that combines rare-earth elements and
other materials at the nanoscale for improved sensitivity, accuracy and robustness.

Details of the research were presented April 23,
2012, at the SPIE Defense, Security, and Sensing Conference held in Baltimore, Md.
Scintillation Versus Solid State
Scintillation detectors and solid-state detectors
are two common types of radiation detectors, Wagner explained. A scintillation detector commonly
employs a single crystal of sodium iodide or a similar material, while a solid-state detector is based on
semiconducting materials such as germanium.
Both technologies are able to detect gamma rays
and subatomic particles emitted by nuclear material.
When gamma rays or particles strike a scintillation
detector, they create light flashes that are converted
to electrical pulses to help identify the radiation at
hand. In a solid-state detector, incoming gamma rays
or particles register directly as electrical pulses.
“Each reaction to a gamma ray takes a very short
time – a fraction of a microsecond,” Wagner said. “By
looking at the number and the intensity of the pulses, along with other factors, we can make informed
judgments about the type of radioactive material
we’re dealing with.”
But both approaches have drawbacks. A scintillation detector requires a large crystal grown from
sodium iodide or other materials. Such crystals are
typically fragile, cumbersome, difficult to produce
and extremely vulnerable to humidity.
A germanium-based solid-state detector offers
better identification of different kinds of nuclear ma-

terials. But high-purity single-crystal germanium
is difficult to make in a large volume; the result
is less-sensitive devices with reduced ability to
detect radiation at a distance. Moreover, germanium must be kept extremely cold – 200 degrees
below zero Celsius – to function properly, which
poses problems for use in the field.
The Nanoscale Advantage
To address these problems, the GTRI team
has been investigating a wide variety of alternative materials and methodologies. After
selecting the scintillation approach over solidstate, the researchers developed a composite
material – composed of nanoparticles of rareearth elements, halides and oxides – capable of
creating light.
“A nanopowder can be much easier to
make, because you don’t have to worry about
producing a single large crystal that has zero

imperfections,” Wagner said.
A scintillator crystal must be transparent
to light, he explained, a quality that’s key to its
ability to detect radiation. A perfect crystal uniformly converts incoming energy from gamma
rays to flashes of light. A photo-multiplier then
amplifies these flashes of light so they can be
accurately measured to provide information
about radioactivity.
However, when a transparent material – such
as crystal or glass – is ground into smaller pieces,
its transparency disappears. As a result, a mixture
of particles in a transparent glass would scatter
the luminescence created by incoming gamma
rays. That scattered light can’t reach the photomultiplier in a uniform manner, and the resulting
readings are badly skewed.
To overcome this issue, the GTRI team reduced the particles to the nanoscale. When
a nanopowder reaches particle sizes of 20
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Georgia Tech Research Institute researchers Brent Wagner, left, and Bernd Kahn are using novel materials and
nanotechnology techniques to develop improved radiation detection devices.
Photo: Gary Meek
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Pictured above are examples of scintillators produced from molten glass by the GTRI researchers.
The wormlike blue structure seen here is an artifact from the glass-molding process.
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nanometers or less, scattering effects fade because the particles
are now significantly smaller than the wavelength of incoming
gamma rays.
“Think of it as a big ocean wave coming in,” Wagner said. “That
wave would definitely interact with a large boat, but something
the size of a beach ball doesn’t affect it.”
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Rare Earths and Silica
At first, the team worked on dispersing radiation-sensitive
crystalline nanoparticles in a plastic matrix. But they encountered
problems with distributing the nanopowder uniformly enough in
the matrix to achieve sufficiently accurate radiation readings.
More recently, the researchers have investigated a parallel
path using glass rather than plastic as a matrix material, combining gadolinium and cerium bromide with silica and alumina. Kahn
explained that gadolinium or a similar material is essential to scintillation-type particle detection because of its role as an absorber.
But in this case, when an incoming gamma ray is absorbed in
gadolinium, the energy is not efficiently emitted in the form of luminescence. Instead, the light emission role here falls to a second
component – cerium. The gadolinium absorbs energy from an incoming gamma ray and transfers that energy to the cerium atom,

which then acts as an efficient light emitter.
The researchers found that by heating gadolinium, cerium,
silica and alumina and then cooling them from a molten mix to a
solid monolith, they could successfully distribute the gadolinium
and cerium in silica-based glasses. As the material cools, gadolinium and cerium precipitate out of the aluminosilicate solution
and are distributed throughout the glass in a uniform manner. The
resulting composite gives dependable readings when exposed to
incoming gamma rays.
“We’re optimistic that we’ve identified a productive methodology for creating a material that could be effective in the field,”
Wagner said. “We’re continuing to work on issues involving purity,
uniformity and scaling, with the aim of producing a material that
can be successfully tested and deployed.” rh
This material is based upon work supported by the U.S. Department of Homeland Security under Grant
Award Number 2008-DN-077-ARI001-02. The views and conclusions contained in this document are
those of the authors and should not be interpreted as necessarily representing the official policies, either
expressed or implied, of the U.S. Department of Homeland Security.
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andStaff
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Recognition
Ali Adibi, electrical and computer engineering professor, was elevated to Fellow
of The Optical Society (OSA).
The American Statistical Association
elected mathematics associate professor
Liang Peng and industrial and systems
engineering associate professor Roshan
Vengazhiyil as Fellows.
Rigoberto Hernandez, chemistry and
biochemistry professor, was elevated to
Fellow of the American Physical Society.
Aerospace engineering professor J.V.R.
Prasad was elected Fellow of the
American Institute of Aeronautics and Astronautics.
Michael Dobbins, professor of the
practice of city and regional planning, was inducted into the College
of Fellows of the American Institute of
Certified Planners.

Barbara Boyan, biomedical engineering professor, was elected to the National
Academy of Engineering (NAE).
GTRI principal research engineer Scott
Berger, senior research technologist Bill
Wilson and research technologist Karen
Everson were elevated to the rank of
IEEE senior member.
Lakshmi Sankar, Regents’ professor
in aerospace engineering, received the
Technical Fellow Award from the American Helicopter Society.

Dan Breznitz

Ioannis Brilakis

Mathematics assistant professor Grigoriy Blekherman, computer science
assistant professor Prasad Raghavendra and biology assistant
professor Frank Stewart were awarded
2012 Sloan Research Fellowships by the
Alfred P. Sloan Foundation.
Civil and environmental engineering assistant professor Kari Watkins received
the 2011 Charley V. Wootan Memorial Award from the Council of University
Transportation Centers and was invited
to participate in the NAE Frontiers of Engineering program.
Ian Akyildiz, electrical and computer
engineering professor, won the top academic award in the Republic of Turkey,
the 2011 TUBITAK Exclusive Award.
International affairs associate professor Dan Breznitz’s book Run of the Red
Queen was named Innovation Book of the
Week by the Belfer Center for Science and
International Affairs at Harvard’s Kennedy School.
Stavros
Garoufalidis,
mathematics professor, was awarded a
Guggenheim Fellowship.
Mechanical engineering professor
Suresh Sitaraman received the Thomas
French Achievement Award from the Department of Mechanical and Aerospace
Engineering at The Ohio State University.
Ravi Subramanian, associate professor of operations management, won

Michael Dobbins

Assistant professor of building construction Ioannis Brilakis received the 2012
CETI Outstanding Early Career Researcher
Award and the 2012 CETI Project Award
in the intelligent and automated construction job site category from Fiatech.
Three Scheller College of Business faculty members were ranked among the
world’s Top 100 Innovation Management
Scholars, according to a recent article in
the Journal of Product Innovation Management: Frank Rothaermel, Stelios
Kavadias and Sandra Slaughter.
Wayne Hodges, executive director of
the Global Center for Medical Innovation,
was inducted into the Technology Hall of
Fame of Georgia.
The National Data Exchange program
team led by GTRI senior research scientist
Jack Wallace won the Integrated Justice
Information Systems Institute’s annual
Innovation Award.
The Research News & Publications Office
– with John Toon, Abby Robinson and
Rick Robinson – received three awards
from District III of the Council for the Advancement and Support of Education.
Clifford Henderson, associate professor
in the School of Chemical & Biomolecular Engineering, received the 2012 Intel
Outstanding Researcher Award in
Lithography from the Semiconductor
Technology Council.
Aerospace engineering associate professor Marilyn Smith received the
AgustaWestland International Helicopter
Fellowship Award from the American Helicopter Society.
Chuck Smith and Fred McKeen,
GTRI principal research engineers, were
awarded the Missile Defense Agency

Mark Guzdial

Ling Liu

Technology Achievement Award.
Michael Filler, chemical and biomolecular engineering assistant professor,
was named a Camille and Henry Dreyfus
Environmental Chemistry Mentor for the
foundation’s postdoctoral program in environmental chemistry.
Donna Ennis, director of the Minority
Business Development Agency Business
Center-Atlanta, was selected as one of
Atlanta’s 100 Top Black Women of Influence by the Atlanta Business League for
the third time.
Physics assistant professor Daniel Goldman received a young faculty award
from the Defense Advanced Research
Projects Agency.
Zhong Lin Wang, Regents’ professor
in materials science and engineering,
received the Edward Orton Memorial
Lecture Award from the American Ceramic Society.
A paper authored by Baabak Ashuri, assistant professor of building construction,
was selected for a Highly Commended
Award from the 2012 Emerald Literati
Network Awards for Excellence.
School of History, Technology and Society
professor John Krige won the Doreen
and Jim McElvany 2011 Nonproliferation
Challenge.
Mary Lynn Realff, materials science
and engineering associate professor, won
the Preparing Students for College & Careers Impact Award from Atlanta Partners
for Education.
School of Public Policy assistant professor
Janelle Knox-Hayes received an Abe
Fellowship from the Japan Foundation
Center for Global Partnership.

— Compiled by Abby Robinson

Roshan Vengazhiyil

Kari Watkins
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The IEEE Computer Society awarded
interactive computing professor Mark
Guzdial its 2012 Computer Science and
Engineering Undergraduate Teaching
Award and computer science associate
professor Ling Liu its 2012 Technical
Achievement Award.

Professor of the practice of architecture
David Green received the 2012 Douglas E. Hunter Excellence in Economic
Development Planning Award from the
Economic Development Division of the
American Planning Association.

the 2012 Paul Kleindorfer Award in
Sustainability from the Production and
Operations Management Society.

AWARDS & HONORS

Professor of organizational behavior
Christina Shalley was inducted into the
Society for Industrial and Organizational
Psychology as a Fellow.

Douglas Flamming, professor in the
School of History, Technology and Society,
was named a 2012 Fellow by the John Simon Guggenheim Memorial Foundation.
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Poultry is a $20 billion industry in Georgia. Researchers from Georgia Tech and

Flock Talk:

the University of Georgia are
working together to help
ensure the health and wellbeing of chickens raised

Bird Vocalization Research Could Improve

in grow-out houses by

Poultry Production and Lower Costs

listening to and interpreting
the animals’ vocalizations
for signs of stress.

Photo: Gary Meek
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Researchers from Georgia
Tech and the University of
Georgia prepare to record bird
vocalizations with a small
flock of chickens.
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By Rick Robinson

C

hickens can’t speak, but they can definitely
make themselves heard. Most people who
have visited a poultry farm will recall chicken
vocalization – the technical term for clucking and
squawking – as a memorable part of the experience.
Researchers now believe that such avian expressiveness may be more than idle chatter. A
collaborative project being conducted by Georgia
Tech and the University of Georgia is investigating
whether the birds’ volubility can provide clues to
how healthy and comfortable they are.
And that could be valuable information. Economically, chickens rule the roost in Georgia, where
poultry is the top agricultural product with an estimated annual impact of nearly $20 billion statewide.
There is industry concern about the welfare of the
animals being raised. Anything that helps growers reap a maximum return on every flock – while
maintaining an environment conducive to their wellbeing – can translate to important dividends for the
state’s economy.
“Many poultry professionals swear they can walk
into a grow-out house and tell whether a flock is happy or stressed just by listening to the birds vocalize,”
said Wayne Daley, a Georgia Tech Research Institute
(GTRI) principal research scientist who is leading the
research. “The trouble is that it has proved hard for

these pros to pinpoint for us exactly what it is that
they’re hearing.”
Nevertheless, scientists are convinced that poultry farmers are detecting something real. Recent
research at the University of Connecticut’s Department of Animal Science indicates that it is indeed
possible to differentiate how the birds react to various conditions based on their vocalizations.
“The behavior of chickens is one of the best
and most immediate indicators of their well-being,”
said Bruce Webster, a University of Georgia poultry
science professor who is working on the project.
“Chickens are vocal creatures and produce different
types of vocalizations at different rates and loudness
depending on their circumstances.”
So the Georgia Tech/University of Georgia team
is working to identify and extract specific vocalization features that will bear out both the anecdotal
observations and the previous scientific work. The researchers are performing stress-related experiments
on small flocks, recording the birds’ reactions on audio and video, and analyzing the results.
GTRI is providing expertise in control-systems development and image processing,
while Georgia Tech’s School of Electrical and
Computer Engineering is contributing audio
signal-processing technology. The University of

Georgia is providing research facilities and
guidance in experimental design as they relate to animal behavior and welfare issues.
“If what experienced farmers hear and
sense can be defined and quantified, sensors
to detect cues from the birds themselves
could really make a difference in providing
real-time information on house environment, bird health and comfort,” said Michael
Lacy, head of the Department of Poultry Science at the University of Georgia.
The work is funded by the Agricultural
Technology Research Program, a state-supported effort to support the poultry and
food-processing industries.
Naturally, said Daley, the poultry industry
already has well-established guidelines covering optimal temperature, air quality and
stocking density. Nevertheless, costly problems can still crop up – control systems can
malfunction, or presumably ideal levels can
turn out to be problematic.
“That’s where being able to judge the
flock’s behavior can be so important,” Daley
said. “Your temperature sensors might say
that things are fine, but the birds could be

telling you that they think it’s a bit too warm
or other changes have occurred to make the
conditions less than ideal.”
From a poultry professional’s viewpoint,
the flock’s opinion is probably the definitive
one. Chickens take only six weeks to go from
hatching to finished weight; stressful conditions can retard their growth, reducing their
value when they go to market.
“Contract poultry producers are paid by
the pound of birds sent to market. Improving the overall health and productivity of the
birds will help to improve the bottom line
for individual producers,” said Casey Ritz, a
University of Georgia associate professor of
poultry science who is involved in the research.
The research team has conducted several
experiments in which they have exposed
flocks to mildly stressful environmental
changes. For example, temperature or ammonia levels might be increased from their
initial settings for a few hours, then returned
to the original level.
The researchers have recorded the flocks’
vocal reactions to the experiments, with vid-
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“

 hat makes this different
W
from most other bird-song
research is that we’re not
listening to individuals,
we’re listening to sounds
in the aggregate. It’s like
trying to understand what
people are saying in a
restaurant, when all you
hear are the murmurings of
a hundred diners.

”

- David Anderson,
associate professor in the
School of Electrical and
Computer Engineering

David Anderson, an associate professor in the School of Electrical and Computer Engineering,
analyzes chicken vocalizations digitally for clues that may help engineers and poultry scientists
better control environmental conditions for the birds.
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Wayne Daley, a Georgia Tech Research Institute principal research scientist, and Casey Ritz, a
University of Georgia associate professor of poultry science, prepare to record vocalizations of a
small flock of chickens at the University of Georgia’s Poultry Research Center.
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eo also collected in many instances. To date, more than four
terabytes of bird-vocalization audio have been gathered.
Almost at once, the researchers encountered a knotty problem as they recorded bird sounds. They discovered that the
large fans necessary for air circulation in a grow-out house can
be considerably louder than the chickens, making it difficult to
capture bird vocalizations effectively.
David Anderson, an associate professor in the Georgia Tech
School of Electrical and Computer Engineering, has been working
on the best methods for harvesting usable bird sounds from the
noisy environment. It’s a classic audio signal-processing problem,
he said, in which the signal of interest must be separated from the
noise that surrounds it.
“We have several approaches for extracting poultry voicing from the other noises, and we’ve been pretty successful in

achieving that,” he said. “What makes this different from most
other bird-song research is that we’re not listening to individuals, we’re listening to sounds in the aggregate. It’s like trying to
understand what people are saying in a restaurant, when all you
hear are the murmurings of a hundred diners.”
To decode mass poultry vocalizing, Anderson is extracting
particular features of the sound, such as speed, volume, pitch
and other qualities. Then he’s utilizing machine learning – in
which computers recognize complex patterns in data and make
decisions based on those patterns – to analyze the extracted
features and determine which characteristics may convey specific meanings.
“These are initial experiments, and we’re going to have to
test under a variety of conditions, but we’ve had considerable
success already,” Anderson said. “By listening to the flock we can

accurately tell when the birds are experiencing particular kinds
of stress, such as significant temperature changes.”
In addition to ensuring high-yield flocks, bird-vocalization
analysis could save poultry growers money in equipment costs
as well, Anderson suggested. For instance, he said, currently
available ammonia sensors are both expensive and short-lived.
If a system consisting of a few microphones and the right computer algorithms could take over ammonia-detection tasks, it
would help reduce costs for the entire industry.
To date, video of the flocks hasn’t produced results as useful
as the sound recordings, said GTRI’s Daley. But image processing of flock-reaction video continues and could yield significant
data down the road.

“This multi-disciplinary, multi-institution project highlights
the different skills necessary to tackle current problems,” Daley
said. “This approach will be valuable in years to come as we
tackle a variety of problems to help the industry continue to be
profitable and sustainable.”
To view a video describing this project,
please visit Georgia Tech’s YouTube channel at:
http://bit.ly/LnFTHy rh

A small flock of chickens is shown at the University of Georgia’s Poultry Research Center. Poultry scientists
from the University of Georgia are working with digital signal-processing specialists and food-processing
experts from Georgia Tech in an effort to assess the condition of flocks from their collective vocalizations.
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Researchers have conducted
the first direct comparison of two fundamental

Edge Treatment:

techniques that could be
used for chemically doping
sheets of two-dimensional

Study Compares Techniques for Doping Graphene

graphene for the fabrication
of devices and intercon-

in Devices and Interconnects

nects. Doping techniques
for graphene will be very

By John Toon

different from those used in
three-dimensional silicon.

N
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This scanning electron
microscope image shows
contacts placed onto a
graphene sheet.
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anotechnology researchers have conducted
the first direct comparison of two fundamental techniques that could be used for chemically doping sheets of two-dimensional graphene for
the fabrication of devices and interconnects.
Chemical doping is routinely used in conventional
three-dimensional semiconductors to control the
density of electron carriers that are essential to the operation of devices such as transistors. But graphene, a
semi-metal available in sheets just one atom thick, has
properties very different from traditional materials such
as silicon – though researchers say doping will still be
needed for producing electronic devices.
The bad news is that electronic designers working with graphene won’t be able to simply apply what
they’ve been doing with three-dimensional semiconductors. The good news, according to the study, is that
graphene doping need be applied only to the edges of
nanoscale structures, leaving the bulk pristine.
“We are learning how to manipulate these twodimensional sheets of carbon atoms to get some
very unusual results that aren’t available with any
other material,” said James Meindl, director of Georgia Tech’s Nanotechnology Research Center, where
the research was conducted. “Doping graphene to
try to influence its properties is important to being
able to use it effectively.”
Details of the research were published online in the
journal Carbon on Sept. 17, 2011. The research was supported by the Semiconductor Research Corporation
(SRC), the Defense Advanced Research Projects Agency
(DARPA) through the Interconnect Focus Center, and

the National Science Foundation (NSF).
Because graphene sheets contain so few atoms
by area, the substitution of elements such as oxygen
or nitrogen for carbon atoms throughout the lattice
– as in conventional doping – detracts from the high
electron mobility and other properties that make the
material interesting. So the researchers are rethinking
the doping process to take advantage of graphene’s
unique properties.
“When we work with a three-dimensional semiconductor, we embed the dopant species in the bulk
material and then fabricate it into a device,” said Kevin
Brenner, a graduate research assistant in the Georgia
Tech School of Electrical and Computer Engineering.
“With graphene, we will dope the material as we process it and fabricate it into devices or interconnects.
Doping may be done as part of other fabrication steps
such as plasma etching, and that will require us to reinvent the whole process.”
Using sheets of exfoliated graphene, Brenner and
collaborators Raghu Murali and Yinxiao Yang evaluated
the effectiveness of two different techniques: (1) edge
passivation by coupling electron-beam lithography
with a common resist material and (2) adsorption from
coating the surface of the material. They found that the
edge treatment, which chemically reacts with defects
created when the material is cut, was a thousand times
more efficient at producing carriers in the graphene
sheets than the surface treatment.
“We will only be working with the edges of the material,” Brenner explained. “That will allow us to leave the
center pristine and free of defects. Using this approach,

we can maintain very high mobilities and the
special properties of graphene while creating
very high carrier densities.”
Because of the two-dimensional nature of
the graphene, controlling the edge chemistry
can provide control over the bulk properties of
the sheet. “At nanoscale dimensions, the edge
atoms tend to dominate over surface adsorption
techniques,” Brenner added. “With a seven-nanometer-by-seven-nanometer graphene device,
passivating just one edge carbon atom provides
the doping equivalent of covering the entire surface.”
For doping the edge of a graphene structure,
the team applied a thin film of hydrogen silsesquioxane (HSQ), a chemical normally used as a resist
for etching, then used electron beam lithography
to cross-link the material, which added oxygen
atoms to the edges to create p-type doping. The
resist and electron beam system combined to
provide nanometer-scale control over where the
chemical changes took place.
Doping treatment could also be applied using plasma etching, Brenner said. Controlling the

specific atoms used in the plasma, or conducting
the etching process in an environment containing specific atoms, could drive those atoms into
the edges where they would serve as dopants.
“Anytime you create an edge, you have created a location where you can passivate using a
dopant,” he added. “Instead of needing to embed
it in the surface, you can just take the edge that
is already there and passivate it with oxygen, nitrogen, hydrogen or other dopant. It could be
almost an effortless process because the doping
can be done as part of another step.”
Beyond fabricating electronic devices,
Nanotechnology Research Center scientists are
interested in using graphene for interconnects,
potentially as a replacement for copper. As interconnect structures become smaller and smaller,
the resistivity of copper increases. Edge-doped
graphene sheets exhibit a trend of increasing
doping with reduced dimensions, possibly becoming more conductive as their size shrinks
below 50 nanometers, making them attractive
for nanoscale interconnects. rh
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Graduate research assistant Kevin Brenner holds a graphene sample under study in the Georgia Tech Nanotechnology
Research Center. The cryogenic probe station shown behind him is used to study doping effects in the material.
Photo: Gary Meek
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Researchers are developing

Complex Systems:

an online environment that
would let multiple design
teams work together to develop new military vehicles.

Online Collaborative Environment

The goal for the Vehicle-

May Change How Vehicles Are Designed

Forge project is to create
a secure central website

By Rick Robinson

and other web-based tools
and methods that would
facilitate such collaborative
development.

T
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he Georgia Tech Research Institute (GTRI) has
received a $1.5 million contract to produce an
online environment that would let multiple
design teams work together to develop new military
vehicles. The goal for the VehicleForge project is to
create a secure central website and other web-based
tools and methods that would facilitate such collaborative development.

The work is sponsored by the Tactical Technology Office of the Defense Advanced Research Projects
Agency (DARPA).
“The aim here is to fundamentally change the way
in which complex systems are taken from concept to
reality,” said Jack Zentner, a senior research engineer
who is leading the project for GTRI, along with research
scientist Nick Bollweg. “By enabling many designers in
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Researchers from the Georgia
Tech Research Institute
are developing an online
environment that would
allow multiple design teams
to work together on new
military vehicles.
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GTRI researchers Nick Bollweg, left, and Jack Zentner are principal investigators
for the VehicleForge collaborative online environment project.
Photo: Gary Meek

humans and machines. Each component
of a vehicle will be represented as a DVCSmanaged Web Ontology Language (OWL) file
containing component attributes in a machine-readable form.
A wiki-based front end will use open-source
wiki software to produce a website interface that
enables collaboration among multiple users. Features include word processor-like editors, access
control, forum-style discussions, and change and
version control on pages and file attachments.
Mashup apps – VehicleForge users could
continue to utilize the Internet’s many useful offerings, such as Flickr, YouTube, blogs and online
spreadsheets. The VehicleForge developers envision a family of mashup applications that will
combine data from different sources.
“The framework that is being built into VehicleForge will provide designers with tremendous
flexibility, yet security and version control can still
be tightly managed,” Zentner said. “The process
will be very open – many different designers
will qualify to access the website – but the distributed version-control system will require that
any change to an existing element be thoroughly
examined and tested before it’s incorporated into
the overall design.”
VehicleForge is part of the Adaptive Vehicle
Make (AVM) program, a $10 million, four-year
DARPA program announced in 2011. AVM’s goal
is to foster novel approaches to the design, verification and manufacturing of complex defense
systems and vehicles.
“Some open-source websites already allow
developers to work together on software, and
the technologies used by those sites can be very
valuable to VehicleForge,” said Joshua Davis, a research scientist who is principal investigator for
the HOST program at GTRI. “But the challenges of
online collaboration for physical systems like vehicles are greater than for software collaboration,
because designers of physical systems typically
use a wide variety of modeling languages and
data formats.” rh
This research is supported by the Defense Advanced Research Projects
Agency (DARPA) through contract HR0011-C-0099. Any opinions, findings
and conclusions or recommendations expressed in this publication are
those of the authors and do not necessarily reflect the views of DARPA.
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“

 he aim here is to
T
fundamentally change
the way in which complex
systems are taken from
concept to reality. By
enabling many designers
in varied locations to work
together in a distributed
manner, we’re confident that
vehicles – and eventually
other systems – can be
developed with greater
speed and better results.

”

- Jack Zentner, GTRI
senior research engineer

Spring/Summer 2012 • Vol. 29, No. 2

varied locations to work together in a distributed manner, we’re confident that vehicles – and
eventually other systems – can be developed
with greater speed and better results.”
The core website, to be called vehicleforge.
mil, would enable individuals and teams to
share data, models, tools and ideas to speed
and improve the design process. As part of supporting designer collaboration, the VehicleForge
approach would allow participants to reuse the
models, tools and other elements on the site.
Two companies, Red Hat Inc. and RadiantBlue Technologies Inc., are collaborating
with GTRI on VehicleForge. They will help GTRI
address several issues, including the development of intellectual property information and
governance models for designers using the vehicleforge.mil site.
The VehicleForge effort will draw on technology already being used to develop open
source software online. GTRI is involved in
open-source software development through
the five-year Homeland Open Security Technology (HOST) program, which is sponsored
by the Department of Homeland Security.
VehicleForge would expand cooperation
among diverse groups that traditionally have not
been able to collaborate easily. Vehicle designers from large corporations with significant tool
investments will be able to share ideas with small
innovative teams that possess diverse skill sets,
experience levels and tools. Student teams could
also participate at all levels.
To enable collaboration on a large scale, VehicleForge is utilizing several key components
to help create a secure collaborative environment.
A distributed version control system
(DVCS) will provide a master repository that
records changes to the design of vehicle systems and their components, simplifying the
interoperation of design models built with
different languages and supporting the merging of work products from one design project
to another.
Semantic design will use a single, flexible data-structure language to facilitate data
sharing and component reuse among both
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As malware threats expand
and increasingly focus
on industrial espionage,
Georgia Tech researchers are

Safety in Numbers:

launching a new weapon
to help battle the threats: a
malware intelligence system
that will help corporate

Threat Intelligence System Enables Organizations

and government security

to Share Malware Information

officials share information
about the attacks they are
fighting.
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The Titan malware
intelligence system will help
corporate and government
security officials share
information about the attacks
they are fighting.
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By John Toon
s malware threats expand into new domains
and increasingly focus on industrial espionage,
Georgia Tech researchers are launching a new
weapon to help battle the threats: a malware intelligence system that will help corporate and government
security officials share information about the attacks
they are fighting.
Known as Titan, the system will be at the center of a
security community that will help create safety in numbers as companies large and small add their threat data
to a knowledge base that will be shared with all participants. Operated by security specialists at the Georgia
Tech Research Institute (GTRI), the system builds on a
threat analysis foundation – including a malware repository that analyzes and classifies an average of 100,000
pieces of malicious code each day.
“As a university, Georgia Tech is uniquely positioned
to take this white hat role in between industry and government,” said Andrew Howard, a GTRI research scientist
who is part of the Titan project. “We want to bring communities together to break down the walls between
industry and government to provide a trusted, sharing platform.”
Members contributing information will do so anonymously so other members won’t know which specific
organizations have been attacked. GTRI will independently verify information provided to Titan and carefully
vet the members of the community before they are allowed to participate.
“People tend to think that if an organization gets
hit, it was because they had poor security measures,”
said Christopher Smoak, a GTRI research scientist who
heads up the Titan project. “That’s not necessarily true,

because a variety of factors contribute to intrusions. But
until we get to the point that there’s no longer a stigma
attached to having an infiltration, people are going to
want anonymity to participate.”
In addition to receiving information about attacks
and responses at other organizations, members will receive quick reports on malware samples they submit.
Based on what they have learned from the malware
repository and by reverse-engineering malicious code,
GTRI researchers will be able to provide information on
the potential harm from an attack, the likely source, the
best remedy for it and the risks to the organization.
“We hope to provide information about the trends
that organizations can expect to see, and help them
prioritize what they should do to address the risks,”
said Howard. “We have a significant system behind the
scenes to facilitate the exchange of information.”
Titan will be especially valuable to smaller organizations that lack the resources to operate their own
security evaluation labs, though all members will benefit from sharing information. GTRI information security
researchers collaborate with the Georgia Tech Information Security Center (GTISC), which expands the depth
of knowledge.
“GTRI will maintain the shared resources that companies can use to help solve their own problems,”Smoak
noted. “We’ll have many organizations contributing to
this community, and everyone getting information out;
it will really benefit everyone.”
Companies today have two primary concerns
about malicious software, Howard said. The first is for
the loss of intellectual property, such as plans for a new
product or bidding documents for a major project. The

second is a compromise of the web infrastructure
that many companies rely on to do business.
Titan will also help companies educate their
computer users about such risks as spear-phishing, which uses email that appears to be from
a trusted colleague or friend to trick users into
taking a risky action, such a opening an infected
attachment. The system will alert companies to
the newest threat trends so they can warn their
users, and identify the IP addresses that malicious
software is communicating with.
“Spear-phishing is very difficult to defend
against, because all it takes is one person clicking
on something that lets malware into the network,”
Smoak said. “It’s difficult to train a large workforce
with varying skill sets to identify the very small
nuances that indicate these emails are malicious.”
GTRI has been analyzing the malware attacking Windows-based computers for years. Now
the analysts are seeing an increase in malicious
code designed for Android-based devices –

and for Macintosh computers, which previously
hadn’t been high-priority targets.
“We see Android malware in its infancy right
now,” said Smoak. “We see what it is doing and
how it is working, and we can draw parallels to
what we saw earlier with the Windows-based
malware. We can probably expect to see the Android and Mac malware follow a similar path.”
Titan now includes half a dozen Fortune 500
members, along with other government and
nonprofit organizations. Smoak and Howard
have been getting feedback from those members as they’ve built the system, which will be
formally launched in a few months.
“We are looking for additional industry partners to help us use the tool and help refine the
system,” said Howard. “We believe that members
of this community will come together to help
each other strengthen defenses.” rh

C O N TA C T S
Christopher Smoak

christopher.smoak@gtri.gatech.edu

Andrew Howard

andrew.howard@gtri.gatech.edu

“

 s a university, Georgia
A
Tech is uniquely positioned
to take this white hat role
in between industry and
government. We want to
bring communities together
to break down the walls
between industry and
government to provide a
trusted, sharing platform.
- Andrew Howard,
GTRI research scientist

”
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Georgia Tech Research Institute researchers examine analytics data from their new Titan malware intelligence system.
Shown are research scientists Andrew Howard and Christopher Smoak, and graduate research assistant George Macon.
Photo: Gary Meek
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Using force generated by
magnetic repulsion, researchers have developed a

Preventing Failure:

new technique for measuring the adhesion strength
between thin films of materials used in microelectronic
devices, photovoltaic cells

Magnetic Technique Helps Ensure Reliability of Microelectronic
Devices and PV Cells

and micro-electromechanical systems (MEMS). The

By John Toon

fixtureless and noncontact
technique could help ensure
the long-term reliability of
electronic devices.

Image: Greg Ostrowicki
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Image shows an assembled
magnetically actuated peel
test specimen being prepared
for analysis. The silver cylinder
in the center is the permanent
magnet.
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aking advantage of the force generated by
magnetic repulsion, researchers have developed a new technique for measuring the adhesion strength between thin films of materials used
in microelectronic devices, photovoltaic cells and
micro-electromechanical systems (MEMS).
The fixtureless and noncontact technique, known
as the magnetically actuated peel test (MAPT), could
help ensure the long-term reliability of electronic devices and assist designers in improving resistance to
thermal and mechanical stresses.
“Devices are becoming smaller and smaller, and
we are driving them to higher and higher performance,” said Suresh Sitaraman, a professor in the
George W. Woodruff School of Mechanical Engineering at Georgia Tech. “This technique would help
manufacturers know that their products will meet
reliability requirements, and provide designers with
the information they need to choose the right materials to meet future design specifications over the
lifetimes of devices.”
The research has been supported by the National
Science Foundation, and was reported in the March
30, 2012, issue of the journal Thin Solid Films.
Modern microelectronic chips are fabricated
from layers of different materials – insulators and
conductors – applied on top of one another. Thermal
stress can be created when heat generated during
the operation of the devices causes the materials of
adjacent layers to expand, which occurs at different
rates in different materials. The stress can cause the
layers to separate, a process known as delamination

or debonding, which is a major cause of microelectronics failure.
“We need to find out if these layers will separate
over time as they are used and subjected to thermal
and other stresses,” Sitaraman explained. “These systems are used in a wide range of applications from
cell phones and computers to automobiles, aircraft
and medical equipment. They must be reliable over
the course of their expected lifetimes.”
Sitaraman and doctoral student Gregory Ostrowicki have used their technique to measure the
adhesion strength between layers of copper conductor and silicon dioxide insulator. They also plan to
use it to study fatigue cycling failure, which occurs
over time as the interface between layers is repeatedly placed under stress. The technique may also be
used to study adhesion between layers in photovoltaic systems and in MEMS devices.
The Georgia Tech researchers first used standard
microelectronic fabrication techniques to grow layers of thin films that they wanted to evaluate on a
silicon wafer. At the center of each sample, they
bonded a tiny permanent magnet made of nickelplated neodymium, connected to three ribbons of
thin-film copper grown atop silicon dioxide on a silicon wafer.
The sample was then placed into a test station
that consisted of an electromagnet below the sample and an optical profiler above it. Voltage supplied
to the electromagnet was increased over time, creating a repulsive force between the like magnetic
poles. Pushed upward by the repulsive force on

the permanent magnet, the copper ribbons
stretched until they finally delaminated.
Data from the optical profiler and knowledge of the magnetic field strength allowed
the researchers to accurately measure the force
required to delaminate the sample. The magnetic actuation has the advantage of providing
easily controlled force consistently perpendicular to the silicon wafer.
Because many samples can be made at the
same time on the same wafer, the technique
can be used to generate a large volume of adhesion data.
But device failure often occurs gradually
over time as the layers are subjected to the
stresses of repeated heating and cooling cycles. To study this fatigue failure, Sitaraman and
Ostrowicki plan to cycle the electromagnet’s
voltage on and off.
“A lot of times, layers do not delaminate in
one shot,” Sitaraman said. “We can test the interface over hundreds or thousands of cycles
to see how long it will take to delaminate and
for that delamination damage to grow.”

The test station is small enough to fit into
an environmental chamber, allowing the
researchers to evaluate the effects of high temperature and/or high humidity on the strength
of the thin-film adhesion. This is particularly
useful for electronics intended for harsh conditions, such as avionics or automobile engine
control systems, Sitaraman said.
So far, Sitaraman and Ostrowicki have
studied thin-film layers about one micron in
thickness, but say their technique will work
on layers that are of sub-micron thickness.
Because their test layers are made using standard microelectronic fabrication techniques in
Georgia Tech’s clean rooms, Sitaraman believes
they accurately represent the conditions of
real devices.
“As we continue to scale down the transistor sizes in microelectronics, the layers will get
thinner and thinner,” he said. “Getting to the nitty-gritty detail of adhesion strength for these
layers is where the challenge is. This technique
opens up new avenues.” rh

C O N TA C T
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 evices are becoming
D
smaller and smaller, and we
are driving them to higher
and higher performance.
This technique would help
manufacturers know that
their products will meet
reliability requirements, and
provide designers with the
information they need to
choose the right materials
to meet future design
specifications.

”

- Suresh Sitaraman,
professor in the George
W. Woodruff School of
Mechanical Engineering
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School of Mechanical Engineering professor Suresh Sitaraman (left) and doctoral student Gregory Ostrowicki examine a specimen
fabricated for the magnetically actuated peel test (MAPT). An enlarged image of the specimen is shown behind them.
Photo: Gary Meek
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Mechanical Stress Can Help and Hinder Wound Healing
Images: Joel Boerckel

xx

The images show blood vessel formation (left top) and bone formation (middle) in the area of a defect when it experienced no mechanical force for seven weeks and blood vessel
formation (left bottom) and bone formation (right) when mechanical forces were exerted on the injury site beginning after four weeks for a duration of three weeks. With delayed
loading, the researchers observed a reduction in quantity and connectivity of blood vessels, an increase in the average vessel thickness, an improvement in bone formation and
strong tissue biomaterial integration.
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new study demonstrates that mechanical
forces affect the growth and remodeling
of blood vessels during tissue regeneration and
wound healing. The forces diminish or enhance
the vascularization process and tissue regeneration depending on when they are applied during
the healing process.
The study found that applying mechanical
forces to an injury site immediately after the start
of healing disrupted vascular growth into the site
and prevented bone healing. However, applying
mechanical forces later in the healing process enhanced functional bone regeneration. The study’s
findings could influence treatment of tissue injuries and recommendations for rehabilitation.
“Our finding that mechanical stresses caused
by movement can disrupt the initial formation
and growth of new blood vessels supports the
advice doctors have been giving their patients for
years to limit activity early in the healing process,”
said Robert Guldberg, a professor in the George
W. Woodruff School of Mechanical Engineering at Georgia Tech and executive director of the
Parker H. Petit Institute for Bioengineering and
Bioscience. “However, our findings also suggest

applying mechanical stresses to the wound later
on can significantly improve healing through a
process called adaptive remodeling.”
The study was published Sept. 13, 2011, in
the journal Proceedings of the National Academy
of Sciences. The research was supported by the
National Institutes of Health, the Armed Forces
Institute of Regenerative Medicine and the U.S.
Department of Defense.
Because blood vessel growth is required for
the regeneration of many different tissues, including bone, Guldberg and former Georgia Tech
graduate student Joel Boerckel used healing of a
bone defect in rats for their study. Following removal of eight millimeters of femur bone, they
treated the gap with a polymer scaffold seeded
with a growth factor called recombinant human
bone morphogenetic protein-2 (rhBMP-2), a potent inducer of bone regeneration.
In one group of animals, plates screwed onto
the bones to maintain limb stability prevented mechanical forces from being applied to the affected
bone. In another group, plates allowed compressive loads along the bone axis to be transferred,
but prevented twisting and bending of the limbs.

The researchers used contrast-enhanced microcomputed tomography imaging and histology to
quantify new bone and blood vessel formation.
The experiments showed that exerting mechanical forces on the injury site immediately
after healing began significantly inhibited vascular growth into the bone defect region. But
the study found that the same mechanical force
that hindered repair early in the healing process
became helpful later on.
When the injury site experienced no mechanical
force until four weeks after the injury, blood vessels
grew into the defect and vascular remodeling began.
With delayed loading, the researchers observed a
reduction in quantity and connectivity of blood vessels, but the average vessel thickness increased. In
addition, bone formation improved by 20 percent
compared to when no force was applied, and strong
tissue biomaterial integration was evident.
- Abby Robinson
CONTACT:
Robert Guldberg
robert.guldberg@me.gatech.edu

Survey Shows Scientists Have Difficulty Accessing Stem Cell Lines

Graphics: Kay Lindsey
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(Left) U.S. human embryonic stem cell scientists said that availability, suitability for a specific project, familiarity with specific lines, a desire to reduce complications in the laboratory, cost, the extent of
relevant literature and the preferences of colleagues were the most common factors affecting their choice to use specific cell lines. (Right) U.S. stem cell scientists cited four main reasons for their problems
accessing human embryonic stem cell lines: difficulty obtaining material transfer agreements, failure to acquire research approval from internal institutional oversight committees, cell line owners that
were unwilling to share and federal policy considerations.

T

embryonic stem cells in their research, and their responses
were used in this study.
The surveyed scientists cited four main reasons for
their problems accessing human embryonic stem cell lines:
(1) difficulty obtaining material transfer agreements, (2)
failure to acquire research approval from internal institutional oversight committees, (3) cell line owners that were
unwilling to share and (4) federal policy considerations.
“Bureaucratic challenges may be inevitable in this
ethically contentious and politically sensitive field, but policymakers should attempt to mitigate these issues by doing
things like encouraging institutions to accept third-party
ownership verification and providing clearer guidance on
human embryonic stem cell research not eligible for federal
funding,” said Levine, who is also a member of the Georgia
Tech Institute for Bioengineering and Bioscience.
The broad patents assigned to the initial inventors
of the method used to isolate embryonic stem cells and
numerous narrower patents claiming specific human
embryonic stem cell-related techniques are also factors
complicating access to human embryonic stem cell lines,
according to Levine.
When survey respondents were asked how many of
the more than 1,000 existing human embryonic stem cell

lines they used, 76 percent reported using three or fewer
lines and 54 percent reported using two or fewer lines in
their research. More than half of the 130 respondents cited
access issues as a major reason they chose to use specific cell
lines in their research.
“These results illustrate that many human embryonic
stem cell scientists in the United States are not conducting
comparative studies with a diverse set of human embryonic
stem cell lines, which raises concern that at least some results are cell-line specific rather than broadly applicable,”
said Levine. “Federal and state funding agencies may want
to consider encouraging research using multiple diverse human embryonic stem cell lines to improve the reliability of
research results.”
Embryonic stem cell lines are being used to develop
new cellular therapies for various diseases, to screen for
new drugs and to better understand inherited diseases.
- Abby Robinson
CONTACT:
Aaron Levine
aaron.levine@pubpolicy.gatech.edu
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he promise of stem cell research for drug discovery and
cell-based therapies depends on the ability of scientists
to acquire stem cell lines for their research.
A survey of more than 200 human embryonic stem
cell researchers in the United States found that nearly four
in 10 researchers have faced excessive delay in acquiring a
human embryonic stem cell line and that more than onequarter were unable to acquire a line they wanted to study.
“The survey results provide empirical data to support
previously anecdotal concerns that delays in acquiring or an
inability to acquire certain human embryonic stem cell lines
may be hindering stem cell science in the United States,”
said Aaron Levine, an assistant professor in the School
of Public Policy in the Ivan Allen College of Liberal Arts at
Georgia Tech.
Results of the survey were published in the December
2011 issue of the journal Nature Biotechnology. Funding
for the study was provided by the Kauffman Foundation’s
Roadmap for an Entrepreneurial Economy Program.
Levine administered the Web-based survey in November 2010 to more than 1,400 stem cell scientists working at
U.S. academic and non-profit medical research institutions.
Almost 400 respondents from 32 states completed the
survey. Of those, 205 respondents reported using human
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Startup Receives $4 Million for Drug Delivery Targeted to the Eye

Photo: Gary Meek

Former postdoctoral fellow Samirkumar Patel displays a prototype microneedle used to inject therapeutics into specific locations in the eye. The image behind him on the
screen is a magnified view of a site where fluorescent particles were injected into the suprachoroidal space using a microneedle.
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echnology developed by researchers at Georgia Tech and Emory University for delivering
drugs and other therapeutics to specific locations in the eye provides the foundation for a
startup company that has received a $4 million
venture capital investment.
The Atlanta-based startup, Clearside
Biomedical, plans to develop micro-injection
technology that will use hollow microneedles
to precisely target therapeutics within the eye.
If the technique proves successful in clinical
trials and wins regulatory approval, it could
provide an improved method for treating diseases that affect the back of the eye, including
age-related macular degeneration.
The technology was developed in collaboration between the research groups of Mark
Prausnitz, a Regents’ professor in Georgia
Tech’s School of Chemical and Biomolecular
Engineering, and Henry Edelhauser, a professor in the Department of Ophthalmology at
Emory School of Medicine. Research leading
to development of the technology was sponsored by the National Institutes of Health
(NIH).

“We expect that targeting drug delivery
within the eye will be helpful because we
should be able to concentrate drugs at the
disease sites where they need to act, and
keep them away from other locations,” said
Prausnitz. “This could reduce side effects and
possibly also decrease the dose required.”
The technology developed by Georgia
Tech and Emory uses a hollow micron-scale
needle to inject therapeutics into the suprachoroidal space located between the outer
surface of the eye – known as the sclera –
and the choroid – a deeper layer that provides
nutrients to the rest of the eye. Preclinical research has demonstrated that fluid can flow
between the two layers, where it can spread
circumferentially around the entire eye, targeting structures such as the retina that are
now difficult to reach.
By targeting this suprachoroidal space
using microscopic needles, the researchers
believe they can reduce trauma to the eye,
make drugs more effective and reduce complications. The new delivery method could
help advance a new series of drugs being

developed to target the retina, choroid and
other structures in the back of the eye.
“This is a significant advance in the field
of ophthalmology,” said Edelhauser. “Until
now, it has been difficult to target drug delivery to specific locations within the eye. This
new microneedle technology enables precise
drug targeting to the suprachoroidal space
and other locations within the eye.”
Clearside Biomedical was formed with
the assistance of Georgia Tech’s VentureLab
program, which helped obtain early-stage
seed funding from the Georgia Research Alliance.
The $4 million in funding for Clearside
comes mostly from Hatteras Venture Partners, a venture capital firm based in Research
Triangle Park, N.C.
- John Toon
CONTACT:
Mark Prausnitz
mark.prausnitz@chbe.gatech.edu

Technique Uses Mass Spectrometry to Rapidly Detect Staph Infections

Photo: Gary Meek

CDC research chemist Carrie Pierce (left) and School of Chemistry and Biochemistry associate professor Facundo Fernández have developed a test that uses mass spectrometry to quantify the
number of Staphylococcus aureus organisms in a large number of samples in just a few hours.
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journal Molecular and Cellular Proteomics. Partial funding for this research was provided by 3M and the CDC/
Georgia Tech seed award program.
Fernández, together with Carrie Pierce, Jon Rees
and John Barr from the CDC’s Division of Laboratory Sciences, created this test.
“The simplicity of sample preparation, the low cost
of required reagents and the increased availability of
mass spectrometers in clinical laboratories make this
new method a cost-effective way to rapidly and effectively detect staph infections, which must be treated
quickly to prevent spread of the disease,” explained
Pierce, a research chemist at the CDC who also worked
on the project as a graduate student at Georgia Tech.
To run their test, the researchers first inject a known
amount of bacteriophage labeled with nitrogen-15 into
a sample. The phages – which are viruses that infect
bacteria – infect only live S. aureus cells, which then
multiply and amplify the phage signal. Following a
two-hour incubation, the researchers break up proteins
from the phage shell into component peptides using a
trypsin digest technique.
At this point, they analyze the sample using liquid
chromatography with tandem mass spectrometric detection. By detecting peptides from the protein shell of

the phage, the researchers can measure the concentration of S. aureus in the sample.
“The strength of this technique is coupling a wellcharacterized method for identifying bacteria with a
modern detection device, such as a mass spectrometer,” said Barr, biological mass spectrometry lead in
the CDC’s Division of Laboratory Sciences. “By labeling
input phage with heavy nitrogen isotopes, we were able
to use mass spectrometry to effectively distinguish between the parent and progeny phage, thus enhancing
the selectivity of the method.”
– Abby Robinson
CONTACT:
Facundo Fernández
facundo.fernandez@chemistry.gatech.edu
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esearchers from Georgia Tech and the Centers for Disease Control and Prevention (CDC) have developed a
new laboratory test that can rapidly identify the bacterium
responsible for staph infections. This new test takes advantage of unique isotopic labeling combined with specific
bacteriophage amplification to rapidly identify Staphylococcus aureus.
Quickly and accurately detecting infections caused
by S. aureus is critical because the pathogenic bacterium causes a broad spectrum of infections, ranging
from acute to chronic disease, which need to be treated
promptly with the correct antibiotic.
The test uses mass spectrometry to quantify the
number of organisms in a large number of samples in
just a few hours, compared to a day or two for culturing
techniques typically used to detect this bacterium.
“Our method for detecting staph infections using
mass spectrometry will be valuable in a variety of situations, but will be crucial when a large number of people
need to be tested very quickly, which will ultimately
improve treatment,” said Facundo Fernández, an associate professor in the Georgia Tech School of Chemistry
and Biochemistry.
Details of the new staph infection detection
method were published in the January 2012 issue of the
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New Data Visualization Tool Helps Find the “Unknown Unknowns”

Photo: Gary Meek

A

research team at the Georgia Tech Research
Institute (GTRI) has developed a software
tool that enables users to perform in-depth analysis of modeling and simulation data, then visualize the results onscreen. The new data analysis
and visualization tool offers improved ease of use
compared to similar tools, the researchers say,
and could be readily adapted for use with existing
data sets in a variety of disciplines.
The data analysis and visualization tool is a subset of the Test Matrix Tool (TMT), a multi-component
system developed by GTRI for designing, executing
and analyzing large-scale modeling and simulation
data sets. The visualization capability offers a graphical user interface that provides both on-screen
data-manipulation features like filters and the ability
to see query results in the form of graphical images
almost instantly.
“Data visualization supports data analysis
by letting users pose data-related questions onscreen with ease and then view the answers in
ways that go far beyond ordinary table formats,”
said Edward Clarkson, a GTRI research scientist
who is leading the data visualization work. “A
picture can be worth a thousand numbers, because visualizing data in a graph allows us to see
patterns that might not be apparent from purely
numerical results.”
Development of the Test MatrixTool and its components is being led by Greg Rohling, a GTRI principal
research engineer. Rohling’s team developed the TMT
to support modeling and simulation investigations
into the effectiveness and optimization of numerous
U.S. defense systems, including electronic warfare
equipment used to protect military aircraft. The work
is supported by the Warner Robins Air Logistics Center
at Robins Air Force Base.
In developing a simulation test, Test Matrix
Tool users can specify desired variations in input
parameters using multiple data filters. The TMT
system executes all possible combinations of
those parameters, creating a test matrix. It then
executes the simulations on a Sun/Oracle Grid
Engine and stores the resulting simulation output
data in a MySQL database.

Researcher Edward Clarkson leads development of the data analysis and visualization component of GTRI’s Test
Matrix Tool. Here he displays screens that show some of the capabilities of the new data-visualization tool.

At that point, TMT’s data analysis component,
which includes the data visualization tool, helps users
evaluate the often complex test results. By collating
the test matrix input and output, the data analysis
tools allow users to efficiently filter and visualize test
matrix data.
Designed for use on personal computers, the
TMT works under the Linux and Microsoft Windows
operating systems.
Some TMT capabilities, including the data
analysis and visualization components, could be
useful for scrutinizing information gathered in many
disciplines, Clarkson said. He mentioned health care
as one field where a multitude of existing data sets

could be mined for new insights.
“For example, there’s an enormous amount of
data out there on heart patients,” he said. “Our data
tools could be used to investigate existing patient
information and seek significant trends in the data.”
– Rick Robinson
CONTACTS:
Edward Clarkson
edward.clarkson@gtri.gatech.edu
Greg Rohling
greg.rohling@gtri.gatech.edu

Researchers Show How New Viruses Evolve and Become Deadly

Joshua Weitz, an associate professor in the School of Biology, co-authored a study demonstrating how a new virus evolves, which
shows how easy it can be for diseases to gain dangerous mutations.
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esearchers from Michigan State University (MSU),
Georgia Tech and the University of Texas at Austin have
demonstrated how a new virus evolves, providing information on how easily diseases can gain dangerous mutations.

sible between humans, it’s highly unlikely the virus
could naturally obtain all of the beneficial mutations all
at once. However, it might evolve sequentially, gaining
benefits one-by-one, if conditions are favorable at each
step, Meyer added.
Through research conducted at BEACON, MSU’s
National Science Foundation Center for the Study of
Evolution in Action, Meyer and his colleagues’ ability to
duplicate the results implied that adaptation by natural
selection, or survival of the fittest, had an important role
in the virus’ evolution.
When the genomes of the adaptable virus were
sequenced, they always had four mutations in common.
“The parallelism shown in the evolutionary history
of adaptable viruses was striking and was far beyond
what is expected by chance,” noted paper co-author
Joshua Weitz, an associate professor in the School of
Biology at Georgia Tech.
In contrast, the viruses that didn’t evolve the new
way of entering cells had some of the four mutations
but never all four together, said Meyer. “In other words,
natural selection promoted the virus’ evolution because
the mutations helped them use both their old and new
attacks,” he explained. “The finding raises questions of
whether the five bird flu mutations may also have multiple functions, and whether they could evolve naturally.”
Additional authors of the paper include Devin
Dobias, former MSU undergraduate; Ryan Quick, MSU
undergraduate; and Jeff Barrick, a former Lenski lab
researcher now on the faculty at the University of Texas
at Austin.
Funding for the research was provided in part by
the National Science Foundation, Defense Advanced Research Projects Agency, James S. McDonnell Foundation
and Burroughs Wellcome Fund.
This research was supported in part by the Defense Advanced Research Projects Agency
(DARPA) (Award No. HR0011-09-1-0055) and the National Science Foundation (NSF).
The content is solely the responsibility of the principal investigator and does not necessarily represent the official views of DARPA or NSF.

- Layne Cameron, Michigan State University
CONTACT:
Joshua Weitz
jsweitz@gatech.edu
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The scientists showed for the first time how the
virus called “Lambda” evolved to find a new way to attack host cells, an innovation that took four mutations
to accomplish. This virus infects bacteria, in particular
the common E. coli bacterium. Lambda isn’t dangerous
to humans, but this research demonstrated how viruses evolve complex and potentially deadly new traits,
said Justin Meyer, an MSU graduate student, who coauthored the paper with Richard Lenski, MSU Hannah

Distinguished Professor of Microbiology and Molecular Genetics.
“We were surprised at first to see Lambda evolve
this new function, this ability to attack and enter the
cell through a new receptor – and it happened so fast,”
Meyer said. “But when we re-ran the evolution experiment, we saw the same thing happen over and over.”
Information on the research was published in the
January 27, 2012, issue of the journal Science.
This paper comes on the heels of news that scientists in the United States and the Netherlands produced
a deadly version of bird flu. Even though bird flu is a
mere five mutations away from becoming transmis-
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Model Analyzes Shape-Memory Alloys for Earthquake Resistance
Image: Reza Mirzaeifar

Georgia Tech researchers used a thermal camera to record the variation in surface temperature (top) of a shapememory alloy experiencing loading and unloading. By inputting this information into a thermo-mechanical model
they developed, the researchers were able to accurately predict internal temperature and stress distributions for the
material, which is being investigated for use in constructing seismic-resistant structures.
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eorgia Tech researchers are analyzing
shape-memory alloys for potential use in
constructing seismic-resistant structures.
“Shape-memory alloys exhibit unique
characteristics that you would want for earthquake-resistant building and bridge design and
retrofit applications: they have the ability to
dissipate significant energy without significant
degradation or permanent deformation,” said
Reginald DesRoches, professor and chair of the
School of Civil and Environmental Engineering
at Georgia Tech.
Researchers have developed a model that
combines thermodynamics and mechanical
equations to assess what happens when shapememory alloys are subjected to loading from
strong motion. The researchers are using the
model to analyze how shape-memory alloys in
a variety of components – cables, bars, plates
and helical springs – respond to different loading conditions. From that information, they can
determine the optimal characteristics of the
material for earthquake applications.
The model was developed by DesRoches,
School of Mechanical Engineering graduate
student Reza Mirzaeifar, School of Civil and
Environmental Engineering associate professor
Arash Yavari, and School of Mechanical Engineering and School of Materials Science and

Engineering professor Ken Gall.
A paper describing the thermo-mechanical model was published in the International
Journal of Non-Linear Mechanics. This research
was supported by the Transportation Research
Board IDEA program.
To improve the performance of structures
during earthquakes, researchers have been investigating the use of “smart” materials, such
as shape-memory alloys, which can bounce
back after experiencing large loads. The most
common shape-memory alloys are made
of metal mixtures containing copper-zincaluminum-nickel, copper-aluminum-nickel or
nickel-titanium.
“For standard civil engineering materials,
you can use mechanics to look at force and displacement to measure stress and strain, but for
this class of shape-memory alloy that changes
properties when it undergoes loading and unloading, you have to consider thermodynamics
and mechanics,” explained Yavari.
The Georgia Tech team found that the generation and absorption of heat during loading
and unloading caused a temperature gradient
in shape-memory alloys, which caused a nonuniform stress distribution in the material even
when the strain was uniform.
To predict the internal temperature dis-

tribution of shape-memory alloys under
loading-unloading cycles, which could then be
used to determine the stress distribution, the
researchers developed a model that used the
surface thermal boundary conditions, diameter
and loading rate of the alloy as inputs.
Using their model, the researchers were
able to accurately predict internal temperature
and stress distributions for shape-memory
alloys. The model results were verified with experimental tests. In one test, they found that a
shape-memory alloy loaded at a very slow rate
had time to exchange the heat created with the
ambient environment and exhibited uniform
stress. If it was loaded very rapidly, it did not
have enough time to exchange the heat, leading to a non-uniform stress distribution.
“Our analytical solutions are exact, fast and
capable of simulating the complicated coupled
thermo-mechanical response of shape-memory alloys considering temperature changes and
loading rate dependency,” said Mirzaeifar.
In future work, the researchers plan to examine more complicated shapes and the effects
of combined loading - tension, bending and
torsion - to optimize shape-memory alloys for
earthquake applications.
This project is supported by the Transportation Research
Board of the National Academies (Award No. NCHRP-147).
The content is solely the responsibility of the principal investigators and does not necessarily represent the official
views of the National Academies.

- Abby Robinson
CONTACTS:
Reginald DesRoches
reginald.desroches@ce.gatech.edu
Ken Gall
ken.gall@mse.gatech.edu
Arash Yavari
arash.yavari@ce.gatech.edu

$8.5 Million Initiative Will Study Approaches for Quantum Memories

Photo: Gary Meek

This image shows experimental equipment used to study quantum information systems in the laboratory of Alex Kuzmich at Georgia Tech. Kuzmich is leading an $8.5 million research consortium
studying quantum memories.
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tion over long distances. We aim to create large-scale
systems that use entanglement for quantum communication and potentially also quantum computing.”
The MURI scientists will study three different physical platforms for designing the matter-light interaction
used to generate the entangled photons. These include
neutral atom memories with electronically-excited Rydberg-level interactions, nitrogen-vacancy (NV) defect
centers in diamonds, and charged quantum dots.
“A large body of work has been initiated in this
area over the past 15 years by our team members and
their research groups,” Kuzmich noted. “The physical approaches are different, but the goals are closely related,
so there are significant opportunities for synergistic activities. Through this MURI, we will be able to interact
more closely, communicate more quickly and provide
new opportunities for our students and postdoctoral fellows.”
Overall, the MURI has four major goals:
• To implement efficient light-matter interfaces using three different approaches to entanglement;

•

To realize entanglement lifetimes of more than
one second in both the nitrogen-vacancy centers and atomic quantum memories;
• To implement two-qubit quantum states
within memory nodes; and
• To integrate different components and physical implementations into small units capable
of significant quantum processing tasks.
“If we are successful with this over the next five years,
long-distance quantum communications may become
promising for real-world implementation,” Kuzmich added.
“Integrating these advances with existing infrastructure –
optical fiber that’s in the ground – will continue to be an
important engineering challenge.”
This material is based upon work conducted under contract
FA9550-12-1-0025. Any opinions, findings and conclusions or recommendations expressed are those of the researchers and do not
necessarily reflect the views of the Air Force Office of Scientific Research.

- John Toon
CONTACT:
Alex Kuzmich
alex.kuzmich@physics.gatech.edu
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he U.S. Air Force Office of Scientific Research (AFOSR)
has awarded $8.5 million to a consortium of seven U.S.
universities that will work together to determine the best
approach for generating quantum memories based on interaction between light and matter.
The team will consider three different approaches
for creating entangled quantum memories that could
facilitate the long-distance transmission of secure information. The five-year Multidisciplinary University
Research Initiative (MURI) will be led by Georgia Tech
and include scientists from Columbia University, Harvard
University, the Massachusetts Institute of Technology,
the University of Michigan, Stanford University and the
University of Wisconsin.
“We want to develop a set of novel and powerful
approaches to quantum networking,” said Alex Kuzmich,
a professor in Georgia Tech’s School of Physics and the
MURI’s principal investigator. “The three basic capabilities will be storing quantum information for longer
periods of time – on the order of seconds; converting
the information to light; and transmitting the informa-
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