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CROSSTALK
BUILDING TOMORROW’S GRID
When most people think of the power grid, they envision power plants, transmission lines and the electric meter they have at home. When they flip the switch,
the lights go on and life is good.
The reality is that tomorrow’s grid will be much more complex, and smarter.
It will take an army of scientists and engineers from different disciplines, teaming
with public policy experts, cyber security researchers and key industry partners to
realize this new grid.
Pulling together the right mix of people to tackle some of the world’s toughest
problems is part of the culture at Georgia Tech. The smart grid is the perfect area
to showcase how our innovation ecosystem works, and this issue of Research Ho-
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rizons will provide insight into how we do things differently, collaboratively.
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It all starts with the right people and infrastructure and Georgia Tech hosts several research groups that focus on the grid,
including the National Electric Energy Testing Research and Applications Center (NEETRAC) and the Strategic Energy Institute (SEI).
Building on that are researchers exploring how the grid will handle such issues as adding renewable power sources and charging
growing fleets of plug-in vehicles.
We have a long history of strategic partnerships with industry. Working with startup companies as well as large corporations
like Siemens and General Electric, we leverage our deep expertise in many areas of science and engineering to help them solve
tough problems.
We also provide challenging experiential and problem-based learning opportunities for our students, the future workforce for our
corporate partners. Through the GE-sponsored Smart Grid Challenge, student teams have competed for a cash prize while addressing
real-world challenges. At the end of 2012, 26 new patents were being pursued as a result of the competition.
We are also practicing what we preach by developing a sustainable campus community using energy saving technologies
and renewable energy resources. Our new Carbon Neutral Energy Solutions Building is a LEED-NC Platinum certified facility that
uses the sun to generate all of the power it uses.
At Georgia Tech our research is transformational, because we work together – across our campus and with our industry partners.
This culture of collaboration allows our research to have a much greater impact on society and the economy.
Stephen E. Cross
Executive Vice President for Research
June 2013
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“The power network, from generation to transmission and distribution to consumption, needs
to undergo the same kind of architectural transformation that computing and the communications network have gone through in the past few decades. We are taking one step toward
that transformation by developing a reliable architecture that will allow the electricity industry
to operate with characteristics similar to the Internet – distributed, flat, layered and scalable.”
- Santiago Grijalva, associate director for electricity at the Strategic Energy Institute
and a professor in the School of Electrical and Computer Engineering
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By studying the motion
of hatchling sea turtles
and a flipper-driven robot,
researchers have learned key

FlipperBot:

principles governing motion
over granular surfaces such
as sand. The findings could
improve future generations

Sea Turtles and a Flipper-Driven Robot Reveal

of robots designed to move

Principles of Moving on Granular Media

in the sea and on beaches.

By John Toon

F
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FlipperBot moves through a bed
filled with poppy seeds in the
Georgia Tech School of Physics.
The research provides new
information on the principles
governing locomotion on
granular surfaces.
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or sea turtle hatchlings struggling to reach the
ocean, success may depend on having flexible wrists that allow them to move without
disturbing too much sand. A similar wrist also helps a
robot known as “FlipperBot” move through a test bed
filled with poppy seeds, demonstrating how animals
and bio-inspired robots can together provide new
information on the principles governing locomotion
on granular surfaces.
The research could help robot designers better
understand locomotion on complex surfaces and
lead biologists to a clearer picture of how sea turtles
and other animals like mudskippers use their flippers.
The research could also help explain how animals
evolved limbs – including flippers – for walking
on land.
The research was reported April 24, 2013, in the
journal Bioinspiration & Biomimetics. The work was supported by the National Science Foundation, the U.S.
Army Research Laboratory’s Micro Autonomous Systems and Technology (MAST) Program, the U.S. Army
Research Office, and the Burroughs Wellcome Fund.
“We are looking at different ways that robots can
move about on sand,” said Daniel Goldman, an associate professor in the School of Physics at Georgia
Tech. “We wanted to make a systematic study of what
makes flippers useful or effective. We’ve learned that
the flow of the materials plays a large role in the strategy that can be used by either animals or robots.”
The research began in 2010 with a six-week
study of hatchling loggerhead sea turtles emerging

at night from nests on Jekyll Island, one of Georgia’s
coastal islands. The research was done in collaboration with the Georgia Sea Turtle Center.
Nicole Mazouchova, then a graduate student
in the Georgia Tech School of Biology, studied the
baby turtles using a trackway filled with beach sand
and housed in a truck parked near the beach. She
recorded kinematic and biomechanical data as the
turtles moved in darkness toward an LED light that
simulated the moon.
“On soft sand, the animals move their limbs in
such a way that they don’t create a yielding of the
material on which they’re walking,” said Goldman.
“That means the material doesn’t flow around the
limbs and they don’t slip. The surprising thing to us
was that the turtles had comparable performance
regardless of whether they were running on hard
ground or soft sand.”
The key to maintaining performance seemed to
be the ability of the hatchlings to control their wrists,
allowing them to change how they used their flippers under different sand conditions.
“On hard ground, their wrists locked into place,
and they pivoted about a fixed arm,” Goldman explained. “On soft sand, they put their flippers into
the sand and the wrist would bend as they moved
forward. We decided to investigate this using a robot model.”
That led to development of FlipperBot, with assistance from Paul Umbanhowar, a research associate
professor at Northwestern University. Like the turtles,

CO N TAC T
the robot has flexible wrists that allow variations in its movement. To move through a track
bed filled with poppy seeds that simulate sand,
the robot lifts its flippers up, drops them into
the seeds, then moves the flippers backward to
propel itself.
Mazouchova, now a Ph.D. student at Temple University, studied many variations of gait
and wrist position and found that the freemoving mechanical wrist also provided an
advantage to the robot.
“In the robot, the free wrist does provide
some advantage,” said Goldman. “The wrist
flexibility minimizes material yielding, which
disturbs less ground. The flexible wrist also allows both the robot and turtles to maintain
a high angle of attack for their bodies, which
reduces performance impeding drag from
belly friction.”
While the results may not directly improve
robot designs, what the researchers learned
should contribute to a better understanding of

the principles governing movement using flippers. That would be useful to the designers of
robots that must swim through water and walk
on land.
“A multi-modal robot might need to use
paddles for swimming in water, but it might
also need to walk in an effective way on the
beach,” Goldman said. “This work can provide
fundamental information on what makes flippers good or bad. This information could give
robot designers clues to appendage designs
and control techniques for robots moving in
these environments.” rh
This research has been supported by the National Science Foundation
under grant CMMI-0825480 and the Physics of Living Systems PoLS program, the U.S. Army Research Laboratory’s (ARL) Micro Autonomous
Systems and Technology (MAST) Program under cooperative agreement
W911NF-08-2-0004, the U.S. Army Research Office (ARO) and the Burroughs Wellcome Fund Career Award. Any conclusions are those of the
authors and do not necessarily represent the official views of the NSF, ARL
or ARO.

Daniel Goldman

daniel.goldman@physics.gatech.edu

“

 e are looking at different
W
ways that robots can move
about on sand. We wanted
to make a systematic study of
what makes flippers useful
or effective. We’ve learned
that the flow of the materials plays a large role in the
strategy that can be used
by either animals or robots.

”

— Daniel Goldman,
associate professor in the
School of Physics

Watch a video on this project:
http://bit.ly/17TWpXa

Georgia Tech associate professor Daniel Goldman and researcher Nicole
Mazouchova watch FlipperBot move through a bed filled with poppy
seeds in the Georgia Tech School of Physics. The researchers were
learning how animals and robots use flippers to move about.
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Research surrounding smart
grid issues is a major focus
of energy and sustainable

Building the Future
Power Grid:

infrastructure studies at
Georgia Tech. The research
crosses many disciplines,
including electrical and
computer engineering,
public policy, mechanical

Researchers Tackle Energy Challenges

engineering and information security. The researchers

with Technology Development and Policy Analysis

are supported by resources
that include the Strategic

By Abby Robinson

Energy Institute (SEI).
Integrating energy from
renewable sources such as
wind and solar is among the
challenges facing researchers
who are developing
technology for the future of
the electric grid.
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O

n a warm afternoon in August 2003, a highvoltage power line in a rural area of Ohio
brushed against some untrimmed trees,
tripping a relay that turned off the power it was carrying. As system operators tried to understand what
was happening, three other lines sagged into trees
and were also shut down, forcing other power lines
to shoulder the extra burden until they also tripped
off, starting a cascade of failures throughout southeastern Canada and eight northeastern U.S. states.
All told, 50 million customers lost power for
up to two days in the biggest blackout in North
American history. For many, this blackout served as
a wake-up call signaling the fragility of our electric
energy grid.
Almost 10 years later, our electric power system
continues to be challenged, by increasing demands
of a digital society, the need to accommodate renewable energy generation, growing threats to
infrastructure security and concerns over global
climate change. The technology for a smart grid
– with a two-way flow of electricity and information between utilities and consumers – could help
address these challenges, but technical, regulatory
and financial obstacles have slowed its deployment.
Researchers at Georgia Tech are helping advance
the smart grid. They are developing technologies,

creating methodologies and analyzing policies
that will allow for integration of renewable energy
sources and electric vehicles into the grid, with dynamic electricity pricing, and improved assessment
and monitoring of the grid and its components. The
researchers are supported by research resources
that include the Strategic Energy Institute (SEI).
SEI provides the infrastructure and environment
for research initiatives that improve the sustainability, affordability and reliability of the entire energy
cycle – from generation to distribution to use.
“Sustainable and reliable electric energy provided at reasonable cost is essential to the economic
future of our state, region and nation,” said Tim Lieuwen, executive director of SEI. “In collaboration
with our industry partners, Georgia Tech is helping
advance smart grid and related technologies that
will help address the challenges of meeting this demand.”
Integrating Renewables into the Grid
The electricity grid is a large, complex system
of power generation, transmission and distribution. High-voltage transmission lines carry power
from large power plants to load centers hundreds
of miles away. Next, lower-voltage distribution systems draw electricity from the transmission lines
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With funding from ARPA-E, professor Santiago Grijalva is
studying how energy “prosumers”– customers who both
consume and produce electricity – will affect operation of
the electrical grid.
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Assistant professor Andy Sun is collaborating with other research groups on an adaptive optimization
model that considers the uncertainty of renewable resources in system capacity and reliability.

through in the past few decades,” said Santiago Grijalva, associate director for electricity at
SEI and Georgia Power Distinguished Professor in the School of Electrical and Computer
Engineering. “We are taking one step toward
that transformation by developing a reliable
architecture that will allow the electricity industry to operate with characteristics similar
to the Internet – distributed, flat, layered and
scalable.”
To develop the architecture, Grijalva is
collaborating with Marilyn Wolf, the Farmer
Distinguished Chair in Embedded Computing
Systems and a Georgia Research Alliance Eminent Scholar in the School of Electrical and
Computer Engineering; Magnus Egerstedt,
the Schlumberger Professor in the School of
Electrical and Computer Engineering and an
expert in networked robotics; and Shabbir
Ahmed, a professor in the H. Milton Stewart
School of Industrial and Systems Engineering.
The system will be backward compatible with
the current electricity industry model, deployable by incrementally enabling prosumer
services and interoperable with emerging
smart grid technologies.
The system relies on a computational
cyber infrastructure and an autonomous, secure prosumer energy scheduler that allows
small-scale producers to offer energy and grid
services based on their capabilities and desire to achieve their sustainability, efficiency,
reliability, and economic objectives, while
contributing to systemwide reliability and efficiency goals. The researchers have teamed
with industry partners OSISoft, PJM, Midwest
ISO, and Duke Energy to demonstrate the architecture and software using realistic utility
datasets. They are also exploring commercialization opportunities for the technology.
Craig Tovey, the David M. McKenney Family Professor in the School of Industrial and
Systems Engineering, is taking an inverse
optimization approach to determining the
least expensive way for a utility company to
produce, store and use electricity to meet
demand in an area that contains prosumers. Tovey and Tanguy Hubert, an electrical
and computer engineering graduate student
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and distribute it to individual customers. This
long-standing electricity paradigm is being
challenged as the grid becomes equipped
with advanced sensing, communication, and
control systems, and as an increasing quantity
of power is generated by renewable sources.
Wind and sunshine constantly ebb and
flow with the slightest weather shifts, creating
a variable supply. So even when the renewables are going strong, conventional power
plants must always be ready to step in and
carry the load. Renewable energy sources –
wind, sun, water, wood, organic waste and
geothermal – generated about 12 percent of
the electricity in the United States in 2012. Increasing that percentage will require redesign
of the power grid control architecture, scheduling framework and market mechanisms to
balance supply and demand in the presence
of these energy sources.
Integrating renewable electricity into the
grid requires a transition by the electric industry from a centralized control architecture to a
more distributed and flexible one that allows
many actors to participate. To help accomplish that, Georgia Tech researchers in 2012
received a three-year, $2 million grant from
the U.S. Department of Energy’s Advanced
Research Projects Agency-Energy (ARPA-E)
to develop and demonstrate a distributed
control architecture and technologies for the
electric power grid that would support high
levels of renewable energy generation and
storage.
The architecture is based on the emerging
concept of electricity “prosumers” – a combination of the words “consumer” and “producer”
– which are economically motivated smallscale energy ecosystems that can consume,
produce and store electricity. For example,
prosumers could include homeowners who
consume energy from the grid while also producing power onsite from solar panels on their
homes’ roofs that feeds back into the grid.
“The power network, from generation to
transmission and distribution to consumption, needs to undergo the same kind of
architectural transformation that computing
and the communications network have gone

9

Photo: Gary Meek

A study led by professor Valerie Thomas showed that electric vehicles could make
it easier and cheaper to have renewables, particularly wind energy, in the grid.

advised by Grijalva, are developing a computational model to
determine what prices to offer small-scale producers to provide
enough incentive that they will make production, storage and
use choices consistent with the utility company’s optimal production plan.
“To solve this real-world inverse optimization problem, we
need to decide what action we want the prosumers to take so
that the overall goal is achieved and then determine what price
to offer so that when they minimize their own costs, they will select the action that is optimal for the general welfare,” said Tovey.
The addition of renewable energy to the grid also affects
the day-ahead auction process used to determine the price of
electricity in regions of the United States with wholesale markets. In a day-ahead electricity auction, participants bid today for
electricity that they want to buy or sell the following day. Then,
independent system operators find the equilibrium price based
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on the submitted bids. They also create a day-ahead schedule
detailing which generators will be turned on and how much
electricity each generator will produce the following day, a practice referred to as the unit commitment process. Higher use of
renewable generation resources introduces challenges of uncertainty and intermittency into these processes.
As part of the Georgia Tech-led National Science Foundation Sustainable Infrastructure for Energy and Water Systems
project, School of Electrical and Computer Engineering professor Miroslav Begovic is designing methodologies to determine
how uncertainty and large swings in production could be met by
other power plants. With this information, he will evaluate how
much solar photovoltaic plant capacity can be safely installed
in the U.S. power system without jeopardizing the reliability of
the supply.
Andy Sun, an assistant professor in the School of Industrial

Photo: Gary Meek

Professor Bert Bras is collaborating with the Ford Motor Company to examine how to
optimize the driving and charging habits of people using the company’s plug-in hybrids.

be expensive to maintain and inefficient due to the mismatch of
supply and demand. The adaptive model demonstrated sizable
savings on average operating and total costs and significantly
reduced the volatility of the operating cost. A paper on the model was published in the February 2013 issue of the journal IEEE
Transactions on Power Systems.
In Europe, power exchanges run the day-ahead auctions,
rather than independent system operators, but the exchanges
consider network constraints regarding system feasibility and
reliability provided by the system operators. Sebastian Pokutta,
an assistant professor in the School of Industrial and Systems Engineering, and researchers from Friedrich-Alexander-Universität
Erlangen-Nürnberg in Germany, created a model of the European
electricity market, with support from the German Stock Exchange
“Deutsche Börse Frankfurt.”
Determining the price of power in Europe has recently be-
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and Systems Engineering, has been collaborating with researchers at the Massachusetts Institute of Technology and ISO New
England to create an adaptive optimization model that makes
robust unit commitment decisions and ensures system reliability,
while considering real-time uncertainty from renewable energy.
“Wind and solar energy sources are intermittent and uncertain because they are greatly impacted by slight changes in
weather and because predicting wind or sunshine amounts a
day ahead can be difficult,” said Sun. “Unlike coal or natural gas
plants, when a wind farm is scheduled to generate 100 megawatts of electricity at 7 a.m., there is no guarantee that amount of
power will be produced.”
With support from ISO New England, the team tested its
model on the large-scale system operated by the organization
and compared its model with the current approach of overcommitting generators to create a “just-in-case” reserve. Reserves can
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come more difficult with power market coupling, an initiative
to integrate transmission allocation and power trading across
national borders so that cheaper electricity generation in one
country can meet demand and reduce prices in another country.
“While market coupling creates a more efficient market because of a strong interaction between price zones, it creates a
very challenging real-world optimization problem that needs
to be solved daily,” said Pokutta. “The market coupling optimization problem involves demand and supply orders of different
exchanges that need to be matched to maximize the total gains
from trade.”
Pokutta and his colleagues analyzed optimization techniques
for determining the price of electricity that would maximize the
financial surplus of all participants, while considering quantity
and price constraints. The algorithms matched energy demand
and supply for 24 hours and calculated all market prices, net positions and cross-border flows at the same time.
Members of the European Union aim to deliver 20 percent of
their energy from renewable sources, which is based on a target
in the European Renewables Directive of 2008. The increase in renewable generation will require an intraday market that will allow
for adjustments after the closure of the day-ahead market. Pokutta
plans to create an intraday market model and combine the market
models he has developed with atmospheric models to consider air
quality, sustainability and energy generation together.
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Examining the Effect of Electric Vehicles on the Grid
Electric vehicles could make it easier and cheaper to have renewables – particularly wind energy – on the grid and make it
easier to manage electricity with its peaks at high demand times,
according to the preliminary findings of a new study. The study
was conducted by Valerie Thomas, an associate professor in the
School of Industrial and Systems Engineering and the School of
Public Policy; Deepak Divan, a professor in the School of Electrical
and Computer Engineering; and their graduate students Dong
Gu Choi and Frank Kreikebaum.
The researchers modeled the electricity system in six eastern
and midwestern regions of the United States and are examining
the interplay among the use, availability and cost of different energy sources in those regions and electric vehicle adoption levels,
electric vehicle charging methods, fuel economy standards, and
renewable portfolio standards. Initial results from the study show
how the time of day that users charge their electric vehicles affects how much electricity must be generated and the sources
and costs of that power.
“Our preliminary findings indicate that controlled charging
of electric vehicles reduces cost and makes it significantly less
expensive to have large amounts of renewables in the electric

system,” said Thomas, who is the Anderson Interface Associate
Professor of Natural Systems. “The main cost saving is from reduced electric system capacity requirements.”
Controlled charging occurs when a driver plugs in a vehicle
after completing the last trip of the day, but charging doesn’t
begin until off-peak nighttime or early-morning hours when
the cost of electricity is lowest. This contrasts with uncontrolled
charging, when charging commences immediately upon plugging in the vehicle. Additional findings of the study detail the
effects of electric vehicle adoption levels, electric vehicle charging methods, fuel economy standards, and renewable portfolio
standards on gasoline consumption, electricity cost, greenhouse
gas emissions, and consumer cost. The study is supported by
the Intelligent Power Infrastructure Consortium, a universityindustry-utility consortium that fosters and accelerates the
development and adoption of early-stage, high-risk and highimpact technologies in power applications.
Bert Bras, a professor in the George W. Woodruff School of Mechanical Engineering, is collaborating with Ford Motor Company
to examine how to optimize the driving and charging habits of
people using Ford’s C-MAX Energi plug-in hybrids. To complete
his assessment, Bras will use data from Ford’s MyFord Mobile app
that provides real-time battery charge status and automatically
schedules recharging at lower-cost, off-peak times.
Earlier research by Bras found that charging electric vehicles
when renewables are online would be beneficial to the water
supply because generating power from wind and solar sources requires significantly less water than traditional coal or nuclear power
plants. This study was published in the December 2012 issue of the
journal Energy Policy and was supported by the National Science
Foundation and Georgia Tech’s University Transportation Center.
Bras is also collaborating with Ford on its MyEnergi Lifestyle initiative. The project, which launched at the Consumer
Electronics Show in January 2013, showcases how combining
renewable energy generation with time-flexible loads optimizes
energy consumption in homes with plug-in vehicles and smarter, more-efficient home appliances. Bras, School of Mechanical
Engineering professor Chris Paredis and School of Architecture
professor Godfried Augenbroe created a computer model that
calculates the electricity use of a typical family in their home for
one year.
The researchers’ model predicted a 60 percent reduction in
energy costs and a 55 percent reduction in carbon dioxide emissions from a single home by exchanging a gasoline car for an
electric vehicle, adding a small photovoltaic array, and shifting
activities – such as charging a plug-in vehicle or running a dishwasher – to off-peak nighttime or early-morning hours.

CONTINUED ON PAGE 14

NEETRAC: Extending
the Life of the Grid

T

he National Electric Energy Testing Research and Applications Center (NEETRAC) at Georgia Tech conducts research
to improve the reliability and efficiency of the nation’s
electric energy transmission and distribution system. Part of the
School of Electrical and Computer Engineering, the center is
supported by 40 equipment manufacturers and utility companies that serve more than 60 percent of U.S. electric customers.
“At NEETRAC, we try to solve some of the biggest challenges
faced by electric utilities today, including asset management as
the electricity infrastructure ages, and knowledge management
as older power engineers with specialized knowledge retire,”
said NEETRAC director Rick Hartlein.
At NEETRAC’s facilities near Atlanta’s Hartsfield-Jackson International Airport, Hartlein, associate director Frank Lambert and
their research team develop tools for assessing and extending
the life of grid components while maintaining reliability.
NEETRAC research engineers Nigel Hampton and Thomas
Parker evaluated connectors in utility high-voltage underground
cable systems using standard testing protocols and protocols
that more accurately simulate realistic utility operating conditions. Their results showed that some connector designs are
likely to fail if they are operated near their design limits, a finding that is important for utility system reliability.
The researchers are now working to refine the new testing protocol so that connector manufacturers will be able to
economically conduct the test themselves. The results will lead
to more robust and reliable underground cable systems.
For another asset management project, NEETRAC researchers investigated thermochromatic paint as a means of detecting

when connectors in overhead lines and substations exceeded
their operating temperature. The paint changes color above a
certain temperature to alert the utility company that the connector has overheated and needs to be replaced. The researchers are currently monitoring the paint’s performance on almost
500 connectors in the field.
In addition to asset management, another challenge electric
utilities face is retaining knowledge of legacy systems after older
employees retire. For example, underground cables in cities
were originally designed with paper insulation, which requires
a specialized expertise to maintain. Hampton and research
engineer Yamille Del Valle developed software that contains
the operating rules and design characteristics for cable systems
that use paper insulation and enables less-experienced utility
engineers to understand what to do when they have problems
with these older systems.
NEETRAC researchers recently developed another software
program called BUSAMP to accurately determine how much
electrical current utilities can push through substation aluminum tubes known as buswork without having them overheat.
The software – which was developed by William Black, a professor emeritus in the George W. Woodruff School of Mechanical
Engineering, NEETRAC research engineer Joe Goldenburg, and
NEETRAC co-op student Nate Brex – predicts ampacities and
temperatures for various buswork geometries and environmental conditions during steady state and transient conditions.

– Abby Robinson
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Researchers test insulators using high-voltage current at the NEETRAC facility south of Atlanta.
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Professor A.P. Sakis Meliopoulos (pictured above) and visiting professor George Cokkinides
have developed a real-time monitoring system to protect, control, optimize and stabilize
the power grid.
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The recent prolonged power outages in New York and New
Jersey caused by Hurricane Sandy have shown how vulnerable
America can be to losing its lights. In the United States, 149 power outages affecting at least 50,000 customers occurred between
2000 and 2004, a number that rose to 349 from 2005 to 2009.
Heading off large-scale failures requires a view of grid operations
that utility companies cannot currently get. Utilities receive a
snapshot of what’s happening in the system every several minutes, which frequently is not quick enough when potentially
catastrophic events can develop in a second.
Real-time measurement and management of grid components, both utility- and customer-owned, will help to accomplish
the goal of optimally and securely operating the power grid.
School of Electrical and Computer Engineering professor A.P. Sakis Meliopoulos and visiting professor George Cokkinides have
developed a real-time monitoring system to protect, control, optimize and stabilize the power grid.
“Our approach for an autonomous, plug-and-play distributed

control system is to use dynamic state estimation to continuously monitor the condition of grid components and use this
information to determine if any action should be taken,” said Meliopoulos, who is also a Georgia Power Distinguished Professor
and site director for the Power Systems Engineering Research
Center (PSERC), a National Science Foundation Industry-University Cooperative Research Center.
In the infrastructure they have proposed, grid components are
equipped with a universal monitoring, protection and control data
acquisition unit. The unit is constructed from a phasor measurement
unit, a complex number that represents both the magnitude and
phase angle of the sine waves found in electricity. The technology
collects the measurements that are location- and time-tagged and
transmits them via local area network to create a real-time model of
the system and estimate the system’s operating condition, a process
called dynamic state estimation. Because the relaying and recording
equipment available today contains phasor measurement units, the
proposed distributed state estimation system can be implemented
in any modern substation.

In August 2012, the researchers demonstrated their distributed dynamic state estimation system on the Water and Power
Authority’s five-substation system in St. Thomas, U.S. Virgin Islands, and achieved a dynamic state estimation rate of 60 times
per second. They also recently installed their system in Pacific
Gas and Electric’s (PG&E) Midway and Vaca-Dixon Substations
and in Southern Company’s Klondike and Scherer Substations.
At the New York Power Authority’s Blenheim-Gilboa Power Project, the researchers are using state estimation results to monitor
the system and predict imminent instabilities.
This research is supported by the U.S. Department of Energy;
New York Power Authority; PG&E; GE Energy; U.S. Virgin Islands
Water and Power Authority; NEC; Southern Company, and the
PSERC.
Miroslav Begovic, a professor in the School of Electrical and
Computer Engineering, analyzes a phenomenon called voltage
collapse, which can afflict transmission networks and cause a
blackout when the demand reaches a critical level, even if there
is sufficient power generation to meet the demand. The Northeast Blackout of 2003 led utilities and the government to team
up to install a phasor network throughout the United States.
The North American SynchroPhasor Initiative expects that approximately 1,000 phasor measurement units will be in place
and networked by the end of 2014.
By placing phasor measurement units at critical points in
the network, such as in certain substations, operators can assess system stress by measuring voltage and current phasors.

Begovic worked with industry to develop a methodology that
uses the data collected from phasor measurement units to
quickly assess the state of the power system and determine in
real time whether it is in danger of a blackout.
“The uniqueness of the methodology is that it only relies
on a single measurement point in a single location to gain
knowledge of what’s happening across the entire system,” said
Begovic. “While the accuracy of the methodology is reduced,
our ability to monitor the state of the system and quickly employ corrective actions to avoid a collapse is increased.”
This research is supported by ABB through its membership in the National Electric Energy Testing Research and
Applications Center (NEETRAC). NEETRAC provides an array of
analytical, engineering, research and testing services to help improve electric grid reliability and efficiency. Part of the School of
Electrical and Computer Engineering, NEETRAC is supported by
40 equipment manufacturers and utility companies that serve
more than 60 percent of U.S. electric customers.
NEETRAC and the U.S. Department of Energy supported a
project aimed at understanding how to effectively use diagnostic technologies to establish the condition of underground
cable circuits and locate degradation that may cause cables to
fail. Cable systems are designed to have a lifetime of 30 to 40
years with high reliability, but many underground cable systems
installed in the United States are reaching the end of their design lives.

CONTINUED ON PAGE 16

Students Take on
Smart Grid Challenges
“The program provided students the opportunity and experience to develop the skills required to solve the real-world challenges the smart grid presents,” said Stephen E. Cross, executive
vice president for research at Georgia Tech. “The experience that
our students gained through opportunities like this will pay
great dividends in the future.”
The General Electric Co.-sponsored competition created and
built experience in the complex fields of energy transmission
and distribution, demand management, and asset optimization
to better prepare students for work in the energy industry. By
the end of 2012, Georgia Tech teams had conceived and presented more than two dozen potentially patentable ideas to GE.
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T

he Smart Grid Challenge Program provided an opportunity
for Georgia Tech students to advance smart grid technologies and methodologies to address real-world challenges.
In the project, cross-disciplinary groups of students created
technically feasible and economically viable solutions to
smart grid-related problems. The students received graduate
research assistantships while they developed their solutions,
and then the teams competed against one another to provide
the best all-around solution to the problem for an additional
cash prize. The students were advised by faculty from the
School of Electrical and Computer Engineering and the School
xx of Aerospace Engineering.
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Researchers from the Georgia Tech Research Institute (GTRI), NEETRAC and the School
of Electrical and Computer Engineering are investigating potential cybersecurity gaps
in utility substation devices.
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“We did not want to develop our own diagnostic testing
technology and compete with the equipment already on the
market,” said Rick Hartlein, director of NEETRAC. “We wanted to
use our neutral perspective and highly analytical capabilities to
analyze commercial devices and determine whether their measurements were providing a true indication of the condition of a
cable circuit.”
NEETRAC research engineers Nigel Hampton and Joshua Perkel collected dielectric loss and partial discharge
measurements at different voltages and frequencies within cable
insulation systems to develop decision tools for utilities to use to
determine whether a circuit needed to be repaired or replaced.
Their methodology for testing the condition of underground
cables was incorporated into an IEEE industry standard.
Steve Potter, an associate professor in the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and
Emory University, and Ronald Harley, a Regents’ professor in the
School of Electrical and Computer Engineering, are studying how

neural networks integrate and respond to complex information.
They expect this work to inspire new methods for managing the
country’s ever-changing power supply and demand.
In collaboration with Ganesh Kumar Venayagamoorthy, Duke
Energy Distinguished Professor of Electrical and Computer Engineering at Clemson University, the researchers have trained a
network of rat cortical neurons in a petri dish to recognize and respond to voltage and speed signals from a simulated power grid.
They are using the results from these experiments to develop
bio-inspired artificial neural networks that will control synchronous generators connected to a power system. This project is
supported by the National Science Foundation.
Predicting the degradation and remaining useful life of generators, transformers and transmission lines could also significantly
improve the performance of the grid and reduce maintenance
costs. Nagi Gebraeel, an associate professor in the School of Industrial and Systems Engineering, is developing methods for
monitoring the degradation of power grid components and pre-

Strategic Energy Institute: Solving
Real-World Energy Grand Challenges

T

he Strategic Energy Institute (SEI) develops and implements Georgia Tech’s research strategy in the area of
energy and sustainable infrastructure. The institute connects faculty and external partners to execute a broad range of
interdisciplinary research initiatives that increase the sustainability, affordability and reliability of the entire energy cycle – from
generation to distribution to use. SEI researchers understand the
need for a sustainable energy future and provide roadmaps for
where to focus resources for energy research and development.
“SEI brings together a variety of experts from diverse fields
that understand the systems, technologies and context of the
ever-evolving nature of energy production and use, and can
move solutions from the lab to the marketplace,” said Tim Lieuwen, executive director of SEI.
SEI also helps to educate and train the workforce of the future in how to address complex, large-scale energy challenges.
The institute sponsors the student-run Energy Club, which
provides students with access to industry experts and leaders
who share their firsthand experiences with complex energy
challenges.
Georgia Tech’s energy systems minor, which gives students
a breadth of knowledge of topics important to energy systems,
includes a hands-on project that brings students from multiple
disciplines together to develop solutions to an energy challenge. Sam Shelton, principal research engineer and past director of SEI, also recently developed and delivered a massive open

online course called “Energy 101” to more than 30,000 viewers.
“Georgia Tech is dedicated to leading-edge fundamental
research in important societal areas, such as energy utilization
and sustainability, coupled with the accelerated translation into
real-world solutions. The SEI provides an integrating framework
for this Institute-wide work,” said Stephen E. Cross, executive
vice president for research at Georgia Tech.
As part of Georgia Tech’s sustainability efforts, the campus
recently built and opened the Carbon Neutral Energy Solutions
facility. SEI researchers conduct research in the building, which
was constructed with the help of a grant from the National
Institutes of Standards and Technology and recently received
platinum-level Leadership in Energy and Environmental Design
(LEED) certification and an award of merit for distinction in highperformance buildings from the National Institute of Building
Sciences Sustainable Buildings Industry Council. By optimizing
passive energy technologies, reducing electricity loads and
maximizing the use of renewable energy, the 42,000-squarefoot building has a goal of net-zero energy consumption.

dicting their remaining lifetimes.
“Recent advances in sensor technology and wireless communication have enabled us to develop innovative methods
for indirectly monitoring the health of different engineering
systems and using that information in decision-making processes,” said Gebraeel.
Gebraeel has developed models that use data from realtime sensor measurements – such as vibration, temperature,
insulation degradation and partial discharge – to calculate and
continuously revise the amount of remaining useful life of mechanical systems based on their current condition.
“We want to ensure the power grid remains reliable,” said
Gebraeel. “Power utilities can no longer rely on time- or usage-

based maintenance policies for generators or transformers.
They need to be able to monitor the units in operation for
up-to-date information on their condition and functionality to
avoid unexpected failure.”
In addition to asset management concerns, utilities are also
worried about cyber threats. A National Research Council report, completed in 2007 but declassified by the Department of
Homeland Security last November, warned that a coordinated
strike on the electric grid could have devastating effects on the
American economy. Researchers in the Georgia Tech Research
Institute (GTRI) and NEETRAC are investigating potential cybersecurity gaps in utility substation devices.
“Many older pieces of equipment in utility substations

– Abby Robinson
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Professor Marilyn Brown recently analyzed smart grid policies in several countries and found that
government is still the key player in smart grid investments.

were not built with security in mind,” said Andrew Howard, a
GTRI research scientist. “This equipment is now becoming Internet-enabled as part of the smart grid, and this presents a lot of
security concerns.”
Howard, GTRI research engineer David Huggins and NEETRAC
research engineer Carson Day are developing strategies for testing and evaluating security vulnerabilities in intelligent electronic
devices, which receive data from sensors and can issue control
commands, such as tripping circuit breakers or changing voltage levels. In laboratory tests, the researchers uncovered security
vulnerabilities in which some devices could be turned off, potentially by persons without privileged access to them.
“We found a way that we could flood the devices with certain
types of information so that they would turn themselves off,” said
Huggins. “If someone did that in the real world, he or she could
knock out a substation and the power could go down.”
GTRI researchers have helped secure and protect devices that
are deployed throughout U.S. government and corporate networks for years. They are leveraging their experience in network
device security and applying the techniques, tactics and procedures they learned from the Internet world to the power grid and
the energy community.

CONTINUED ON PAGE 21
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Analyzing State, National and International Energy Policies
In recent years, a number of U.S. states, the federal government and other countries have adopted or are considering
energy-related laws, regulations, programs, and voluntary or
mandatory requirements aimed at improving and enhancing
power systems. This includes programs that promote renewable
energy development or energy efficiency, policies that support
development and deployment of smart grid technologies, and
laws mandating renewable portfolio standards. Researchers in
Georgia Tech’s School of Public Policy, Sam Nunn School of International Affairs and School of Economics have analyzed these
policies and uncovered their similarities and differences.
Japan was resistant to adopting smart grid technologies for
years. Because 10 regional utilities held a monopoly on the power supply, there was little discussion of the smart grid. Then came
Fukushima in March 2011. Following a major earthquake, a tsunami disabled the power supply and cooling of three Fukushima
Daiichi reactors, causing a nuclear accident. Because only two of
Japan’s 50 nuclear reactors are currently operating, the country
must now rely more heavily on renewable energy sources – and
that requires a smart grid.
Brian Woodall, an associate professor in the School of International Affairs, has studied energy policy in Japan dating back to
the 1950s. Now, he’s analyzing Japanese energy strategy and the
policies that will foster the development of a smart grid and the
effective and sustained use of renewable energy in Japan. Col-

laborating with Woodall on this work are School of International
Affairs associate professor Adam Stulberg, associate professor
Mark Zachary Taylor, senior research associate William Foster and
graduate student Liz Dallas; School of Mechanical Engineering
professor Glenn Sjoden; and School of Industrial and Systems Engineering associate professor Valerie Thomas.
In the 1980s and 90s, Japan’s “Rooftop Program,” which subsidized consumers who put solar panels on their homes, became
the world’s first large-scale development of photovoltaic technology and demonstrated its feasibility as an energy source.
Today, the government is encouraging the creation of large-scale
solar farms and geothermal energy. In 2012, the Japanese government lifted its decades-old ban to allow geothermal projects
in national parks and monuments and earmarked $67 million for
a program to aid geothermal power developers through capital
injections and debt guarantees. By 2030, the Japanese government aims to triple renewable energy sources, which today make
up about 10 percent of the country’s power supply.
“To achieve this goal, the government will likely need to
increase its support for the introduction of new renewable
technologies through tax reductions, subsidies, and support for
research and development,” said Woodall. “Japan may also need
to create new energy policies that promote the development of
smart cities and the installation of smart meters and other energy
management systems.”
School of Public Policy professor Marilyn Brown and graduate
student Shan Zhou recently analyzed smart grid policies in Great
Britain, Italy, China, Japan, South Korea and the United States. In a
study published in the March/April 2013 issue of the journal Wiley
Interdisciplinary Reviews: Energy and Environment, they found that
governments have overcome various financial, regulatory and technical barriers to facilitate grid modernization.
“Currently, government is still the key player in smart grid investments. Our research suggests the need for a policy framework that
attracts private capital investment, especially from renewable project developers and communication and information technology
companies,” said Brown.
The study also revealed growing worldwide consensus that
smart meters are an essential enabler of grid modernization. A smart
meter can measure real-time electricity consumption and communicate the information to the utility and the consumer. Britain, Italy
and South Korea expect full adoption of smart meters by 2020. In
the United States, many utilities used Smart Grid Investment Grants
(with a total public investment of about $4 billion) to pay up to 50
percent of costs to install advanced metering infrastructures.
South Korea’s Smart Grid Road Map 2030 plans to spend $25
billion to facilitate the development and construction of smart
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Startup Companies Use Georgia Tech
Research to Improve the Power Grid
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s the power grid moves toward a smart grid – with a
two-way flow of electricity and information between
utilities and consumers – utilities are looking for ways
to better control the flow of power across their transmission
lines, and consumers are being encouraged to reduce energy
costs and better manage their carbon footprint.
Startup companies are developing and commercializing
technologies to improve energy utilization by utilities and
customers. These ventures are converting research discoveries arising from Georgia Tech’s $655 million-per-year research
program into applications with broad benefits.
Menlo Park, Calif.-based startup Varentec is developing a
power router to direct power on a specific pathway, something not possible today. Power routers could significantly
increase capacity on today’s power networks and avoid the
massive cost associated with building new transmission and
distribution infrastructure. The technology, which was licensed from Georgia Tech, was initially developed by School
of Electrical and Computer Engineering professor Deepak
Divan. To improve and commercialize the device, Varentec
received a $5 million grant from the Advanced Research
Projects Agency-Energy (ARPA-E).
Varentec also recently launched a device called edge of
network grid optimization (ENGO) to dynamically control
the voltage along a power line. The company initiated pilot
projects with three major utilities to install networks of ENGO
devices on their lines.
“Our membership in Georgia Tech’s National Electric Energy Testing Research and Applications Center allowed us to
work closely with utilities from the beginning to understand
their requirements for a voltage control system and to test
our products, which allowed us to substantially shorten the
timeline to commercialization and adoption of the technology,” said Divan, who is currently on a leave of absence from
Georgia Tech to serve as president and chief technology
officer of Varentec.
While at Georgia Tech, Divan and graduate student
Harjeet Johal also developed a device that clamps onto
overhead transmission lines to convert the existing line into
a “smart wire” and control the flow of power on transmission
lines. The device, called a discrete series reactor, can be wire-

lessly controlled by the grid operator or can be programmed
to respond automatically when the line reaches a certain
load. Oakland, Calif.-based company Smart Wire Grid Inc.
licensed the technology and attracted a $10 million series A
investment round.
The Tennessee Valley Authority (TVA) recently installed 99
Smart Wire modules across a 20-mile stretch of 161-kilovolt
transmission line near Knoxville, Tenn. In addition, Southern
Company has deployed 42 devices on two of its transmission
lines. Performance of TVA’s modules will be monitored for a
year with a $4 million grant from ARPA-E. TVA has supported
the development of the technology since 2005 through
Georgia Tech’s National Electric Energy Testing Research and
Applications Center.
Urjanet, the brainchild of entrepreneur Sanjoy Malik,
is working with large multi-location energy consumers
to reduce energy costs and better manage their carbon
footprints. Through VentureLab and the Advanced Technology Development Center (ATDC), Malik teamed with School
of Computer Science professor Sham Navathe and Scheller
College of Business associate professor Ravi Subramanian to
develop technology that gathers real-time and historical data
on energy pricing and usage and delivers it directly to the
customer. The customer then has the data needed to make
critical decisions about energy use and carbon footprint. In
2012, Urjanet caught the eye of venture capitalists, closing a
$6 million Series B investment round.

— Abby Robinson and
Kathie Robichaud

for state governments to promote renewable electricity generation and to decrease carbon dioxide emissions. A renewable
portfolio standard is a mandate that retail electricity providers
purchase a specified fraction of their electricity sales from renewable sources. By March 2013, 29 states, the District of Columbia,
Puerto Rico, and the Northern Mariana Islands had passed mandatory renewable portfolio standards; and eight states, Guam,
and the U.S. Virgin Islands had passed voluntary renewable portfolio standards.
Erik Johnson, an assistant professor in the School of Economics, is estimating the long-run price elasticity of supply of
renewable electricity generation. This is a measure of the responsiveness of the quantity of renewables supplied to a change in its
price. It gives the percentage change in quantity demanded in
response to a one percent change in price. The price elasticity is
an important parameter for policymakers to determine the cost
of carbon abatement from these policies relative to other methods of reducing carbon dioxide emissions.
Johnson’s preliminary findings suggest that renewable portfolio standards are an expensive way to decrease carbon dioxide
emissions, costing more than six times more than a cap-and-trade
program to reduce carbon dioxide emissions by 2.5 percent. In a
cap-and-trade program, emissions allowances are allotted to polluters, and companies whose emissions exceed their allocations
must either obtain extra allowances or buy credits from projects
that cut greenhouse gas emissions.
Georgia Tech supports multidisciplinary research teams that
are developing technologies and methodologies to improve the
efficiency, performance and reliability of the power system. Researchers are also analyzing the policies that will promote the
path toward creating the next generation of the electric utility
grid. Together, they are all contributing to finding ways to keep
the lights on. rh
For more information on Georgia Tech’s research
into energy and sustainable infrastructure, please
visit: http://b.gatech.edu/19hXDgs
The research described in this article has been supported by the National Science Foundation (NSF) under contracts EFR-0836046 (Sustainable Infrastructures for Energy and Water Supply) and EEC-0080012
(Power Systems Engineering Research Center) and by the Department of Energy (DOE) through contracts
DE-OE0000117 (National Energy Technology Laboratory); DE-FC02-04CH11237 and DE-AR0000225. The
conclusions and recommendations contained in the article are those of the authors and do not necessarily reflect the official positions of the NSF or DOE.
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grid technologies for the power grid, vehicles, and renewables. In
contrast, China’s 2012 plan for its smart grid emphasizes power generation and transmission, reflecting its relatively underdeveloped
power distribution system and the challenge the Chinese electricity market faces in developing effective interaction mechanisms
between customers and utility companies.
Feed-in tariffs, which pay a premium to small-scale renewable
electricity producers for the purchase of their renewable energy,
are popular worldwide for encouraging renewable electricity
generation. Britain introduced feed-in tariffs for small low-carbon electricity generation facilities through its 2008 Energy Act.
Japan, China and Italy have feed-in tariffs to develop domestic
markets for solar power. A few utilities in the United States also
offer feed-in tariffs for solar power purchases.
Although smart grid policies vary across the United States,
Brown and Zhou found that most states have implemented interconnection standards and net metering policies, although
constraining limits also exist in some states. Net metering allows
customers to connect the power they generate to utility grids
to offset their electricity consumption and sell excess generation
to the utility. Dynamic pricing programs, which provide realtime prices to customers and let them decide when to consume
electricity based on cost, are also widely used in industrial and
commercial sectors of the United States, but are just beginning
to become available to residential customers.
Daniel Matisoff, an assistant professor in the School of Public
Policy, is examining the factors that drive states to adopt policies
promoting renewable energy development or energy efficiency.
Because the vast majority of literature suggests that states either
learn from each other or compete with each other, Matisoff and
graduate student Jason Edwards are currently investigating two
competing theories about what drives renewable energy policy
adoption at the state level: the internal characteristics of the state
or the fact that other states have already adopted the policy. The
researchers are assessing three highly competitive policies aimed
at economic development and five low-competition policies.
“Our preliminary findings show that states do not tailor their
policies to match their geographic characteristics,” said Matisoff.
“More than anything else, renewable energy policy and energy
development appear to be outcomes of a political market.”
States with larger numbers of carbon intensive industries are
less likely to adopt renewable energy programs, while states with
more liberal populations and stronger environmental interest
groups are more likely to adopt programs. In addition, states with
more liberal populations, higher levels of air pollutants, more renewable potential and a less carbon dioxide-intensive industry
make more attempts to adopt renewable energy policies.
Renewable portfolio standards have become a popular tool
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Spear phishing is a type of
malware attack that uses
specific knowledge about

Spear Phishing:

the intended recipient to
increase the likelihood of
an attack’s success. Georgia

Researchers Work to Counter Email Attacks

Tech Research Institute

that Gain Recipients’ Trust

(GTRI) researchers are working on techniques that could
help counter these attacks.

By John Toon
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Spear phishing is the most
popular way to break into
a corporate network these
days, but GTRI researchers are
working to counter the threat.
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T

he email resembled the organization’s own
employee e-newsletter and asked recipients to visit a website to confirm that they
wanted to continue receiving the newsletter. Another email carried an attachment it said contained
a marketing plan the recipient had requested at
a conference. A third email bearing a colleague’s
name suggested a useful website to visit.
None of these emails were what they pretended to be. The first directed victims to a website
that asked for personal information, including
the user’s password. The second included a virus
launched when the “marketing plan” was opened.
The third directed users to a website that attempted to install a malicious program.
All three are examples of what information
security experts at the Georgia Tech Research Institute (GTRI) say is the most challenging threat
facing corporate networks today: spear phishing.
Generic emails asking employees to open
malicious attachments, provide confidential information or follow links to infected websites
aren’t new. What is new is that the authors of
these emails are now targeting their attacks using specific knowledge about employees and the
organizations they work for. The inside knowledge
used in these spear phishing attacks gains the trust
of recipients by prompting an emotional response.
“Spear phishing is the most popular way to get
into a corporate network these days,” said Andrew
Howard, a GTRI research scientist who heads up

the organization’s malware unit. “Because the malware authors now have some information about
the people they are sending these to, they are
more likely to get a response. When they know
something about you, they can dramatically increase their odds.”
The success of spear phishing attacks depends
on finding the weakest link in a corporate network.
That weakest link can be just one person who falls
for an authentic-looking email.
“Organizations can spend millions of dollars to
protect their networks, but all it takes is one carefully-crafted email to let someone into it,” Howard
said. “It’s very difficult to put technical controls into
place to prevent humans from making a mistake.
To keep these attacks out, email users have to do
the right thing every single time.”
GTRI researchers are now working to help email
recipients take advantage of the same public information the malware authors use. Much of that
information comes from social media sites that
both companies and malware authors find helpful.
Other information may be found in Securities and
Exchange Commission (SEC) filings, or even on an
organization’s own website.
Future defenses against spear phishing could
warn users that messages contain information from
public sources, and suggest that they be cautious.
To increase their chance of success, criminals
attempting to access a corporate network often
target more than one person in an organization.

Network security tools could use information about similar spear phishing attempts
to warn other members of an organization.
And by having access to all email entering a
network, security systems could learn what’s
normal for each individual – and recognize
unusual email that may be asking recipients
to take certain types of actions.
“Developing communication profiles for
users is one key component to understanding potential spear phishing messages,” noted
Chris Smoak, a research scientist who directs
GTRI’s malicious software analysis group. “We
use this in combination with natural language
processing techniques to identify emails that
attempt to elicit emotional responses from
users, for example.”
While spear phishing is the newest threat
to corporate networks, older attacks continue.
“We are attempting to detect and counter not only spear phishing, but also general
phishing messages,” Smoak said. “There are,
in many cases, separate methodologies
employed for each. Some differences are nu-

ances, while others are drastically different.”
The challenge for all of these efforts is to
avoid slowing the delivery of email, which
has become essential to doing business.
“We want to ensure that our spear phishing system can operate inline, side-line or
completely out-of-band to remain versatile in
its collection mechanisms,” said Ryan Spanier,
a GTRI research engineer who works with
Smoak and Howard.
GTRI researchers have been gaining experience with corporate networks based on
security evaluations they’ve done. Fortunately,
it’s not just the bad guys who are learning.
“The chief financial officers of companies now understand the financial impacts
of spear phishing, and when they join forces
with the chief information officers, there will
be an urgency to address this problem,” Howard added. “Until then, users are the front line
defense. We need every user to have a little
paranoia about email.” rh
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— Andrew Howard, GTRI
research scientist
GTRI researchers Chris Smoak and Ryan Spanier work to counter spear
phishing attacks. The attacks use knowledge of computer users to gain
their trust to break into corporate networks.
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Improvised explosive devices pose a growing challenge
to U.S. forces worldwide.
To help reduce this threat
and provide better care

Anatomy of a Blast:

to injured soldiers, GTRI
worked with the Army’s
Rapid Equipping Force (REF)

Researchers Develop Sensor System to Assess

to develop a sensor system
that measures the physical

the Effects of Explosions on Soldiers

environment of an explosion, collecting data that
can correlate what a soldier

By T.J. Becker

experienced with long-term
medical outcomes.
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Components of the Integrated
Blast Effect Sensor Suite
(IBESS) are shown. The
system measures the physical
environment of an explosion
and collects data that can be
used to correlate what the
soldier experienced with longterm medical outcomes.
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I

mprovised explosive devices (IEDs) are becoming
a global problem for the U.S. armed forces. To help
prevent injuries to soldiers and provide better care
to those who are injured, the U.S. military is striving to
better understand how blasts impact the human body.
In 2011, the Army’s Rapid Equipping Force (REF) approached the Georgia Tech Research Institute (GTRI) as
part of the Department of Defense Information Analysis
Program (IAC) to develop a system that measures the
physical environment of an explosion and collects data
that can be used to correlate what the soldier experienced with long-term medical outcomes, especially
traumatic brain injury.
The solution: the Integrated Blast Effect Sensor Suite
(IBESS). IBESS is the first system to acquire integrated,
time-tagged data during an explosive event – whether
soldiers are on the ground or riding in a vehicle – and
can later help recreate a holistic picture of what happened.
“No one knows to what extent overpressure or
acceleration causes injuries,” said Marty Broadwell, a
principal research scientist at GTRI who manages the institute’s projects with REF. “Nor do we know how quickly
an injury will show up, how long it will last or which soldiers are more resistant to harm than others. The only
way to understand the impact of a blast is to collect
data, which is precisely what IBESS does.”
IBESS features two major subsystems: a unit worn
by the soldier and a vehicle sensor suite. The soldier

system is contained in a canvas pouch, which attaches
to a soldier’s armor between his or her shoulder blades.
A recorder in the pouch connects to four pressure sensors, two on the back and two on straps that hang over
the front of the shoulders. Because these sensors face
different quadrants, the unit captures directionality and
more information than previous blast gauges.
“Soldiers already carry considerable gear, so
reducing the weight of the body unit and power consumption of its batteries drove many design decisions,”
said Brian Liu, a GTRI research engineer who served as
technical lead on the project. For example, the recorder
in the soldier body unit remains in sleep mode until
pressure or shock waves hit a certain threshold, causing it to wake and begin recording data. This allows the
system to have longer battery life and remain relatively
transparent to the wearer.
The vehicle system serves a dual purpose: It records
blast events that affect the vehicle, but also interacts
and automatically links with the soldier system. When a
soldier enters a vehicle, a base station installed in seats
transmits RFID signals. If the soldier system has stored
any data, these signals initiate a Bluetooth connection that enables two-way communication and data
transfer. This semi-passive RFID technology is proximity
based; transmission and reception occur only at very
close range, so IBESS can identify a soldier’s precise location in the vehicle.
Sensors are also installed on the vehicle’s interior

frame and seats. If an explosion or rollover occurs, these sensors collect linear acceleration
and angular rotation data. The soldier system
also wakes up and begins to record and transmit data. A single board computer aggregates
data from both the vehicle and soldier systems
and then passes it on to a rugged black box for
final storage.
“Materials, mounting strategies and mechanical isolation strategies have been used to ensure
the devices successfully capture data in survivable events,” Liu explained. “We first conducted
research on what kinds of magnitudes of blasts
were survivable for mounted and dismounted
operations and then performed many tests at
those levels for verification.”
IBESS is innovative on many fronts:
• Synchronized data: Unlike earlier generations of blast gauges, all data in IBESS is
time-tagged, using GPS time as common
time source. “Using this data we can rebuild
an event,” Liu explained. “Even though soldiers
aren’t wired together, we’ll know they were in
the same vehicle and experienced the same
event – and can assess how an event propagated through.”

• Scalability: GTRI researchers used as many
off-the-shelf and standard components as
possible. “This open architecture makes it easier to expand the system,” observed Douglas
Woods, GTRI research scientist and IBESS program manager.
• Anonymity: By leveraging the Department
of Defense’s Common Access Card (CAC) system’s Personal Key Identifier (PKI), IBESS can
collect information uniquely tied to individual
soldiers. Use of the PKI makes the data virtually
anonymous so other researchers can study it
without compromising privacy or containing
personally identifiable information.
Another hallmark of the project was its rapid
completion schedule. REF awarded the contract
to GTRI in July 2011. Researchers wrapped up preliminary designs in September, and by early 2012
they were testing and refining the system. IBESS
units began to ship overseas in August, and now
the system has been issued to more than 650
troops and will be installed on 42 vehicles in Afghanistan.
“Our work with GTRI has been outstanding,”
said Joe Rozmeski, REF’s deputy chief of technology management. “Originally chosen for its sensor
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“

 ecause of improved
B
equipment and medical
services, people are surviving severe explosions. Yet
we lack a clear understanding of blast-induced injuries on the human nervous
system. Mild traumatic
brain injury is a particular
concern because it has a
wide range of symptoms
and doesn’t show up reliably in tests…

”

— Shean Phelps, GTRI
principal research scientist

The IBESS system consists of a sensor system worn by soldiers, and a companion
system installed in vehicles. IBESS measures and records the forces involved in an
explosion or other event.
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expertise, GTRI has proven to be an ideal partner for us. They understand their role perfectly and are in tune with the REF’s objectives for
integrated blast effect research and collection.”
At its peak, the project involved more than 50 researchers with
expertise ranging from electronics to mechanical engineering to
health systems. This diversity in disciplines was critical to IBESS’ success.
“If you don’t understand the context in which a device will be
used, you won’t be collecting the right information, said Shean
Phelps, M.D., a principal research scientist who joined GTRI in 2011. A
retired Army officer, Phelps was a Special Forces (Green Beret) weapons, medic and team sergeant before becoming a physician and
was instrumental not only in initiating the IBESS project but also in
providing both operational and medical perspectives.
Traumatic brain injury has become a greater concern in
recent years. “Because of improved equipment and medical services, people are surviving severe explosions,” Phelps explained.
“Yet we lack a clear understanding of blast-induced injuries on
the human nervous system. Mild traumatic brain injury is a particular concern because it has a wide range of symptoms and
doesn’t show up reliably in tests, so we can’t effectively diagnose,
treat and manage its long-term effects.”
With IBESS, complex contextual data can be collected to link
soldiers’ experiences with their medical records and later correlate a
blast event to traumatic brain injury. IBESS is a major step forward for
both the medical and engineering communities, Phelps said: “We
now have a platform that’s dramatically different from previous efforts to collect blast data because it’s time-tagged, fully integrated
between humans and vehicles, able to pinpoint an individual’s location in a vehicle – and able to accept data from any sensor.”
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Ongoing work is being conducted by a team of GTRI research
engineers led by Allesio Medda. The researchers are building a structured database and analytical tools for the data that IBESS collects.
Other GTRI researchers are installing sensors in the ear-cup of
communications headsets worn by soldiers, which measure linear
and rotational acceleration on six axes. After testing, these headsets
will be issued to 200 Army Rangers.
Currently IBESS only captures environmental data. Yet because
of its open architecture, other diagnostic capabilities can be easily
integrated. For example, sensors could be added to monitor heart
rate, blood pressure, oxygen and hydration levels, body temperature
and EKG activity.
With such biometric sensors, IBESS could evaluate soldiers’ physical condition in training or on the battlefield for triage purposes
or to assess their ability to do a certain job. Data from the system
could be used to improve equipment and vehicle design. For example, gear might be developed to divert a shock wave or change
its frequency if a particular frequency is shown to damage the brain.
IBESS could also be adapted for non-military applications, such as
monitoring construction workers, race car drivers or elderly people
in their homes.
“Collecting physical data on the blast environment is the critical first step before the system can be made medically predictive,”
stressed Woods. “An explosion is a physical phenomenon. In order
to understand the extent of injuries and how to prevent them, you
must first understand the physics.” rh
Watch a video on this project: http://bit.ly/16pFiia

Douglas Woods, GTRI research scientist and IBESS program manager, poses with a
mannequin equipped with the Integrated Blast Effect Sensor Suite system.
Photo: Gary Meek

AWARDS & HONORS

Georgia Tech Faculty and Staff Receive Recognition
Farrokh Ayazi, electrical and
computer engineering professor, was
named an IEEE Fellow.
Aerospace engineering professor J.V.R. Prasad was named a
Fellow of the American Institute of
Aeronautics and Astronautics.
John Koon, professor of the
practice in the School of Civil and
Environmental Engineering, was
named a Fellow by the Water Environment Federation.
Center for Music Technology
director Gil Weinberg was named
a Fellow of the American Council
for Education.
Haesun Park, computational
science and engineering professor,
was named a Fellow by the Society for
Industrial and Applied Mathematics.
Civil and environmental engineering professor Susan Burns was
named a Fellow of the American Society of Civil Engineers.
Lakshmi Sankar, Regents’
professor in aerospace engineering,
received the Technical Fellow Award
from the American Helicopter Society.
Electrical and computer engineering Regents’ professor Ajeet
Rohatgi was named a Georgia Research Alliance Eminent Scholar.
Erik Verriest, electrical and
computer engineering professor, was
elected to the Royal Flemish Academy of Sciences and Arts of Belgium.
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Mustaque Ahamad

Jean-Luc Brédas

Laura Inman, assistant professor in music, contributed to the
album Life & Breath – Choral Works by
René Clausen that received Grammy
awards for best choral performance
and best engineered classical album.
Materials science and engineering Regents’ professor C.P. Wong
received the Dresden Barkhausen Award.
Hang Lu, chemical and
biomolecular engineering associate professor, delivered the 2013
Dudley A. Saville Lectureship at Princeton University.
Choice: Current Reviews for Academic Libraries, a publication of the
Association of College and Research
Libraries, selected City and Regional
Planning associate professor Brian
Stone’s The City and the Coming Climate: Climate Change in the Places We
Live as a 2012 outstanding academic
title in earth science.
Sam Nunn, distinguished professor of the School of International
Affairs, was awarded the Knight Commander’s Cross of the Order of Merit
of the Federal Republic of Germany.
Materials science and engineering professor Arun Gokhale received
the 2013 Henry Clifton Sorby Award
from the International Metallographic Society.
Tamara Bogdanovic, physics
assistant professor, was awarded a
Sloan Research Fellowship.

Becky Grinter

Mechanical engineering assistant professor Baratunde Cola
received the AAAS 2012 Early Career Award for Public Engagement
with Science.
Dewey Hodges, aerospace
engineering professor, received the
American Institute of Aeronautics
and Astronautics Holt Ashley Award
for Aeroelasticity.
College of Architecture dean
Alan Balfour was named one of DesignIntelligence magazine’s 30 Most
Admired Educators for 2013.
Christopher Jones, chemical
and biomolecular engineering professor, received the 2013 Curtis W.
McGraw Research Award from the
American Society for Engineering Education and the 2013 Paul H. Emmett
Award in Fundamental Catalysis from
the North American Catalysis Society.
GTRI research engineer Joseph
Goodman and his team earned the
University Strong Award in the 2013
E3 Awards sponsored by the Metro
Atlanta Chamber and Atlanta Business Chronicle.
Mustaque Ahamad, computer
science professor, received an IBM
Faculty Award.
Biomedical engineering associate professor Steve Potter received
the Regents’ Award for Excellence
in Teaching.
Marilyn Smith, aerospace
engineering associate professor,
received the Agusta Westland International Helicopter Fellowship Award
from the American Helicopter Society.
The American Institute for
Medical and Biological Engineering
welcomed biomedical engineering
professor Ravi Bellamkonda as its

Dewey Hodges

Steve Potter

new president-elect.
GTRI research engineer Lawrence Compton was selected as
the Crow of the Year by the Peachtree
Roost Chapter of the Association of
Old Crows.
C.F. Jeff Wu, industrial and systems engineering professor, received
the U.S. Army Wilks Award.
Civil and environmental engineering professor Terry Sturm
received the 2013 Hunter Rouse Hydraulic Engineering Award from the
American Society of Civil Engineers.
Jonathan Colton, mechanical
engineering professor, was selected
as a Jefferson Science Fellow for the
U.S. State Department/USAID.
Materials science and engineering professor emeritus Steve
Antolovich was selected to become
a member of the ICF-The World Academy of Structural Integrity.
Craig Forest, mechanical engineering assistant professor, was
named 2013 Engineer of the Year in
Education by the Georgia Society of
Professional Engineers.
GTRI senior research engineer
Tanah Barchichat and research
scientist Chris Rankine received
the 2012 Jim Arnold Collaboration
Team Award.
Jean-Luc Brédas, Regents’
professor of chemistry and biochemistry, received the 2013 David Adler
Lectureship Award in the Field of
Materials Physics from the American
Physical Society.
– compiled by Abby Robinson

J.V.R. Prasad

Ajeet Rohatgi
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Chemistry and biochemistry
professor John Reynolds and materials science and engineering adjunct
professor Tim Bunning were elected
Fellows of the Polymeric Materials
Science and Engineering Division of
the American Chemical Society.

Rebecca Grinter, interactive computing professor, was
inducted into the CHI Academy of
the Association for Computing Machinery’s Special Interest Group on
Computer-Human Interaction.
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Encouraging students to
pursue careers in science,
technology, engineering

STEM Outreach:

and mathematics (STEM)
fields is a national priority.
Georgia Tech is support-

Georgia Tech Supports the Goal of Attracting

ing that goal through a
broad range of efforts that

the Next Generation of Scientists and Engineers

includes in-school mentor-

By Liz Klipp and Jason Maderer

ing, biomedical internships,
interactive video lessons
from laboratories and realworld learning experiences.

C
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Mark Guzdial and Barbara
Ericson are leading national
initiatives to expand computer
science opportunities for
students and teachers.

28

andela Rojas says she didn’t know anything
about computer coding before last January.
In fact, the freshman at Gwinnett County’s
Lanier High School couldn’t even explain it.
“A bunch of numbers and computer commands,”
was her best guess. Eight weeks later, she had
recognized the power of computing and could
“make the computer do what I want.” What made
the difference is a coding program developed at the
Georgia Institute of Technology.
EarSketch is one of several Georgia Tech initiatives that researchers and staff members are making
available to K-12 students around the state and the
country. From the Nerdy Derby to online lessons and
underwater tours, every program uses creative and
different tactics. But the goal of each is the same: to
get more students interested in science, technology,
engineering and mathematics (STEM) fields. Many
are designed to provide STEM outreach with a focus
on minorities and underserved students.
Serving the State
Though it doesn’t have an education college,
Georgia Tech is one of the state’s leaders as Georgia
attempts to increase the number of STEM students,
expand its future workforce and drive the economy.
For 25 years, the Institute’s Center for Education Integrating Science, Mathematics and Computing
(CEISMC) has connected Georgia Tech with educa-

tional groups, schools, corporations and opinion
leaders around the state and nation. The 48-member
staff has two key initiatives for students: STEM awareness and preparation.
“Many K-12 children have never seen a scientist.
Some have never seen a lab,” said CEISMC Director
Richard Millman. “For children to decide if they want
to pursue STEM fields, they must first be introduced
to the field in a way that intrigues them. Thanks to
many of the faculty of Georgia Tech, the excitement
of research can be brought to the K-12 schools.”
CEISMC also focuses on STEM teacher professional development using content enrichment initiatives,
including initiatives funded by the federal government’s Race to the Top program.
Similarly, the Georgia Tech Research Institute
(GTRI) – Georgia Tech’s applied research organization – has made STEM a top priority. As part of its
core mission, GTRI is helping educate the leaders of a
technologically driven world.
“Our team will continue to bring excitement,
vitality and good science to classrooms across the
state,” said GTRI Director and Georgia Tech Vice President Robert McGrath. “At the same time, we will
concentrate our resources, attempting to have direct
and significant impact on the future careers and livelihoods of targeted groups of students. My hope and
experience suggests that such notable impact can
and will be contagious.”

Photo: Gary Meek
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Mentor Stephania Germain (right) helps Natalia Hernandez, a student from Radloff
Middle School, build a bottle rocket as part of the GoSTEM program.
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Using a videoconferencing system, principal research engineer Jud Ready teaches a lesson on growing
carbon nanotubes as part of GTRI’s Direct-to-Discovery program.

Discovering the World
Principal research engineer Jud Ready is
growing nanotubes in his lab at GTRI’s Baker Building. Approximately 30 high school
students are watching his every move,
some even suggesting which gases to use
during the experiment. Ready can see their
wide eyes and amazed looks as the nanotubes grow. He answers their questions
and offers others in return. But there are no
students with him in the lab. They are 66
miles away at Jasper County High School.
Ready is teaching a lesson, using videoconferencing technology, as part of
GTRI’s Direct-to-Discovery (D2D) program.
The five-year-old initiative connects Georgia Tech researchers with Georgia’s K-12
schools using high-speed Internet connections and high-definition, real-time video,
allowing students to participate in research
as it happens.
“I was introduced to science in the
second grade during a field trip to the
University of North Carolina at Chapel
Hill. I watched the scientists shatter flowers using liquid nitrogen,” said Ready, who
regularly leads D2D lessons. “Every student
should have the opportunity to discover
and explore their own personal interests.”
Later in the lesson, Ready places the
nanotubes under his scanning electron microscope, giving the students a glimpse of
something impossible to replicate in their
regular classroom.
Jasper County is the latest high school
to participate in D2D. Earlier lessons have
taken place with Barrow and Ware County
schools, where students have peered underwater at the Georgia Aquarium and
controlled telescopes in Australia to see
the stars.
“Due to economics and distance, our
students don’t have the chance to regularly attend or engage with museums,
aquariums or labs for educational opportunities,” said Joseph Barrow, superintendent
of Ware County Schools. “We saw D2D as
a golden opportunity to figuratively tear
down the brick and mortar walls of our sys-

Photo: Rob Felt

Pathway mentors Keyanni Shaw (left) and Kinyatta Trice (right) work with Lae’Tecia Hunter (middle), a
student at Coretta Scott King High School, on creating a resume.

Mentoring the Next Generation
Studies show that students who do not perform well in algebra
have limited career options in the science, technology, engineering and mathematics fields.
To help students pass through what educators call the algebra “gateway,” Georgia Tech offers All Kids Count in Atlanta. The

math-tutoring program is available to students at Centennial Place
Elementary School, as well as the B.E.S.T. Academy Middle and High
Schools and Coretta Scott King Middle and High Schools – both of
which are single gendered, African-American schools.
Each week, Georgia Tech work-study students work one-onone with students in need of remedial help or assistance preparing
for school and statewide, standardized tests. All Kids Count mentors also increase student interest in STEM by facilitating hands-on
science activities and teaching students about technology through
blogging, computer programming and other activities.
All Kids Count in Atlanta is just one of a plethora of mentoring
programs offered by Georgia Tech.
The Pathways into STEM Program, another partnership between CEISMC and the Atlanta Public Schools, provides mentors
to students at the B.E.S.T. Academy High School and Coretta Scott
King High School.
Pathways mentors are AmeriCorps members who are in the
schools between 12 and 40 hours per week. They help students
not only develop their math and science skills, but also prepare
them for the college and scholarship application processes.
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tem and to literally bring the world to our students.”
Because of D2D’s flexibility, Georgia Tech researchers don’t participate in every lecture. Sometimes schools use the technology
to create their own opportunities. For instance, one of Ware County’s elementary schools connected with former First Lady Barbara
Bush, who read students a story and spoke about the importance
of reading. A high school class has connected with NASA’s Goddard Space Flight Center.
“It takes three to five years to develop a textbook, which is then
used in a classroom for about 10 years,” said Jeff Evans, a GTRI principal research engineer and one of the D2D leaders. “By the time
some students read it in the book, the technology is already obsolete. Direct to Discovery is an evolutionary leap beyond a textbook,
and exposes students to the technologies of today and tomorrow.”
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Expanding Computer Science Education
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o matter their economic standing, gender or background, American high school students interested in
learning computer science are drastically underserved.
There are nearly 25,000 high schools nationwide, but only
2,000 advanced placement computer science teachers. Only
20 percent of Georgia’s high schools offer the course.
However, the number of students taking Advanced Placement Computer Science Level A (AP CS A) in Georgia has risen
every year since 2007. That’s when Georgia Tech professor Mark
Guzdial and senior research scientist Barbara Ericson started
a National Science Foundation (NSF) funded initiative called
Georgia Computes! The program features workshops, curricular
support and consultation, and has taught more than 400 high
school teachers how to teach computer science. In 2007, 422
Georgia students took the AP computer science exam. In 2012,
the number topped 1,000 for the first time.
“One of the reasons for the increase in students is that AP
CS A counts as a science, and Georgia requires students to
take four science classes to graduate,” said Ericson, Georgia
Tech’s director of computing outreach. “Teachers are also
recruiting students. Many teachers have gone from offering only one section to offering two or more sections of the
course.”
The College of Computing duo is now extending computer science education into two additional programs. Just
as Georgia has made progress due to Georgia Computes!,

Massachusetts has seen similar strides through initiatives led
by the University of Massachusetts Amherst. The two institutions are putting their knowledge and expertise together for
ECEP, or Expanding Computing Education Pathways. The fiveyear, $6.24 million NSF program is focused on growing the
nation’s pipeline of students in computer science program by
supporting state-level computing education reforms.
The second program is CSLearning4U, an NSF-funded
project that investigates and develops new distance learning
media for high school teachers. Novel approaches include
interactive e-books that teachers can use to learn at their
own pace and schedules. One thing not in the curriculum:
lectures.
“We’ve found that high school teachers learning computer science struggle with distance learning when they are
forced to watch lectures and program gobs of code with
little or no assistance,” said Guzdial. “This is a new subject for
most of them, something they’ve never seen before. It’s like
a new language. New approaches are essential.”
That’s especially true as Guzdial and Ericson race toward
2017, the year the NSF has targeted for its ambitious CS 10K
program. The goal is 10,000 computer science high school
teachers by 2017. It’s a tall mountain, but one Guzdial and
Ericson are climbing together.

“Most of these students are the first in their families to pursue
college and they don’t know what is required or how the process works,” said Taneisha Lee, director of the Pathways Program.
“Having a strong support system and information early on is very
important for students to be successful.”
Indeed, the Pathways Program has made a significant impact. Over the last four years, nearly 90 percent of students who
participated in Pathways went on to attend a two- or four-year
college or university, and nearly half of the students pursued
STEM degrees.
The Pathways Program has been so successful that CEISMC
expanded it into Gwinnett County’s Lilburn and Radloff Middle
Schools and Meadowcreek High School. It has also been incorporated into GoSTEM, a larger initiative that targets the Latino
K-12 population in Gwinnett County.

Enhancing Outreach to Hispanics
Currently only 2 percent of Hispanics are employed in the
STEM fields compared to 6 percent of whites and 15 percent of
Asians, according to a recent report by the U.S. Department of
Commerce’s Economic & Statistics Administration. Regardless
of race or origin, higher education is a gateway to high-quality,
high-paying STEM jobs, the report found.
That’s why Georgia Tech is partnering with the Gwinnett
County School System on a new initiative called GoSTEM that
aims to enhance the K-12 STEM educational experience for Latinos, as well as strengthen the pipeline of Hispanic students
pursuing STEM degrees in college.
Funded by The Goizueta Foundation, GoSTEM is a community-focused program that brings resources for students, families
and teachers to address the factors that impede Latino students
from going into STEM fields. GoSTEM tries to reach students early

— Liz Klipp and Jason Maderer

on in elementary school and continues support through middle
and high school.
The program provides schools-based math, science and engineering college preparation programs conducted by Georgia Tech
mentors, extracurricular activities such as robotic competitions
and community service projects, as well as summer camps. Pathways to College, which is part of the Pathways Program, also helps
Latino high school students with their college application process
and provides them with STEM career information and resources.
“We want to get students interested in STEM careers and
give them the tools they need to pursue their dreams,” said Diley
Hernandez, GoSTEM program director. “This is a good step in preparing them for the future and opening their eyes to the array of
opportunities and choices ahead of them.”
GoSTEM also conducts a variety of community-wide events
and campus tours to empower Latino parents and guardians, and
provide them with information on how to guide their students
to college and possibly a STEM career. For K-12 teachers, GoSTEM offers fellowships for CEISMC’s Georgia Intern Fellowships for
Teachers (GIFT) to help them develop and implement a STEM curriculum through a summer internship at Georgia Tech.
GoSTEM is currently being offered at one cluster of Gwinnett
County Public Schools including six elementary schools, two middle schools and one high school. Hernandez plans to expand the
reach of the community-wide programs in the years ahead.

Manufacturing a Better Future
Bringing manufacturing back to the United States could create
new high-quality jobs for Americans. Georgia Tech is helping ensure that the next generation has the interest and skills necessary
to fill those positions.
With the help of a $7.3 million grant from the National Science
Foundation, Georgia Tech and the Griffin-Spalding County School
System have teamed up to bring manufacturing technologies to
middle and high school students in this low-income and highly
diverse school district
The five-year initiative – led by Georgia Tech’s George W.
Woodruff School of Mechanical Engineering in collaboration with
CEISMC – is bringing advanced manufacturing learning experiences, such as creating items using rapid prototyping and 3-D
printers – to Griffin-Spalding County students in the 6th through
9th grades.
Called Advanced Manufacturing and Prototyping Integrated
to Unlock Potential (AMP-IT-UP), the program allows students to
learn about manufacturing by exploring their creativity and creating a physical solution to an engineering challenge using the
engineering design process and both traditional and advanced
manufacturing tools.
“With AMP-IT-UP we hope to inspire all students to connect
with STEM fields,” said CEISMC associate director and AMP-IT-UP
program director Marion Usselman. “In particular, we want to catch
those students who might be our future creative innovators but
who are at risk of falling through the cracks in our current book and
test-driven education.”
Student classroom experiences are broadened by extracurricu-
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Engaging African-Americans in Biomedical Engineering
Fewer than 3 percent of Ph.D.s are awarded to African-Americans. Georgia Tech is working to change that statistic.
To increase the number of under-represented minorities
in STEM fields, Manu Platt, a professor in the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and
Emory University, and Professor Emeritus Robert Nerem, have created Project ENGAGE (Engaging New Generations at Georgia Tech
through Engineering).
The program is a partnership between Georgia Tech and two
single-gendered African-American public schools – the all-male
Benjamin Carson B.E.S.T Academy and the all-female Coretta Scott
King Young Women’s Leadership Academy. It aims to introduce rising juniors and seniors to biomedical engineering by providing a
hands-on experience in a research lab.
The first cohort of students, six from each school, began their
research fellowship at Georgia Tech in June 2013. During the summer, they will work 40 hours per week and they will continue on
throughout the school year dedicating 15 to 20 hours per week.
The fellowship kicks off with a four-week biology boot camp,
developed and taught by three high school teachers who spent
last summer in Georgia Tech’s biomedical labs learning the funda-

mentals. After the boot camp, the student fellows move into the
lab where they are mentored by either a Ph.D. candidate or a postdoctoral researcher. The goal is for each student to present his or
her project at a science fair before the end of the school year.
Project ENGAGE is more than just the research fellowship. Ph.D.
candidates and postdoctoral scholars regularly visit B.E.S.T. and
Coretta Scott King high schools to introduce biomedical engineering topics and discuss their research goals. The teens are also
invited to visit Platt’s lab at Georgia Tech throughout the year, either in person or virtually via high-bandwidth video conferencing
developed by the Georgia Tech Research Institute (GTRI).
“The more barriers we remove between these students and
research universities, the more likely they will feel that they, too,
deserve to be on campus and can be just as successful,” Platt said.
Project ENGAGE, which also includes mentoring partnerships
with CEISMC and may expand even further, is supported by the
National Science Foundation through the Emergent Behaviors of
Integrated Cellular Systems Science and Technology Center.
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lar clubs and competitions provided through the project. Georgia
Tech faculty and students are mentoring Griffin-Spalding students
in clubs such as the Junior Makers Club and robotic competitions
including FIRST LEGO League and FIRST Robotics. Griffin-Spalding
students have also been invited to campus for events such as the
Nerdy Derby and the InVenture Prize.
“It’s about creating students who are aware, who are capable
and who are enthusiastic about engineering, math, science and its
role in the future advancement of our country,” said CEISMC Program Director and AMP-IT-UP co-principal investigator Jeff Rosen.
Additionally, through AMP-IT-UP, Georgia Tech faculty will
investigate how the program affects academic engagement, content understanding and student persistence in the field. Georgia
Tech and the school system have been awarded $2.9 million for
the first two years of the grant, with another $4.3 million to follow
in 2014.
Coding for All
At Lanier High School, Candela Rojas has created a 30-second,
computerized remix of beats and samples despite knowing noth-

ing about computer programming six weeks prior. On a recent
morning, the girl who has loved music for years and fell in love
with coding in days was sharing headphones with one of the biggest names in hip hop. Gimel “Young Guru” Keaton, the computer
engineering wizard behind 10 albums for superstar Shawn “Jay-Z”
Carter, offers advice and encouragement.
Young Guru approached Georgia Tech in 2012 with a goal of
selling students on the impact of music, computers and technology. Within months, he was contributing original beats and loops
to EarSketch, an NSF-funded initiative that was developed by
researchers Jason Freeman and Brian Magerko. The duo built EarSketch with the intent of using musical remixes to introduce high
school students – especially minorities and young women – to the
world of computer programming. The software utilizes the Python
programming language and Reaper, a digital audio workstation
program similar to those used in recording studios.
“We think that we can get students more motivated to enter
computer science careers by placing introductory computing
education into a really interesting, fun context,” said Freeman, an
associate professor in the Georgia Tech School of Music. “Instead of
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Mentor Kimberly Rooks teaches students geometry at Coretta Scott King High School as part of the
Pathways into STEM mentoring program with CEISMC.

writing programs that sort lists or crunch numbers, students learn
all of these skills while making music.”
Lanier High became the first high school to try it when 75
freshmen in its Center for Design and Technology gave EarSketch
an eight-week test run this winter. Thirty five percent of the class
is female.
Mike Reilly, a former computer programmer who became a
teacher several years ago, worked with Georgia Tech to implement
the course. A year ago, three of his freshmen chose to continue
coding classes as sophomores. He thinks 25 of this year’s freshmen
will sign up.
“Our students now see computer programming as a skill set,
rather than something that is hard to understand,” Reilly says. “At a
minimum, this project is teaching them to respect and recognize
the power of coding.”
Discussions are underway to expand EarSketch to other metro Atlanta schools. The curriculum and software are available for
download on the project’s website and available to teachers across
the nation.
“By leveraging the collaborative nature of remix composition

and musically oriented computer programming, EarSketch may
provide a successful alternative to the cultural issues that computer games have in the engagement of minorities,” said Magerko,
an assistant professor in the School of Literature, Media and Communication.
It has already had an impact on Brie Edwards. Like most students, the African-American girl was lost on the first day of class.
“I wasn’t sure I could do it,” Brie admitted. “But the more I practiced, the easier it became and the more I enjoyed it. Now I don’t
want to leave the computer. I know that I’ll study programming in
college.” rh
Projects described in this article were supported by the National Science Foundation (NSF) under award
numbers DUE-1238089 and CNS-1138649. Any opinions expressed are those of the principal investigators
and may not represent the official views of the NSF.
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GTRI’s Direct-to-Discovery program allows researchers such as Jud Ready to interact with high school
students across Georgia and around the world.

35

Researchers at the Georgia
Tech Research Institute
(GTRI) are developing an
airborne testing capability

Flying Test Bed:

for sensors, communications devices and other
airborne payloads. This

New Aerial Platform Supports Development

aerial test bed, called the
GTRI Airborne Unmanned

of Lightweight Sensors for UAVs

Sensor System (GAUSS),
is based on an unmanned

By Rick Robinson

aerial vehicle (UAV) made
by Griffon Aerospace and
modified by GTRI.
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The GTRI Airborne Unmanned
Sensor System (GAUSS) is
used to evaluate sensing
devices in airborne testing. The
unmanned aerial vehicle can
carry a 40-pound payload.
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research team at the Georgia Tech Research Institute (GTRI) is developing an
airborne testing capability for sensors,
communications devices and other airborne payloads. This aerial test bed, called the GTRI Airborne
Unmanned Sensor System (GAUSS), is based on an
unmanned aerial vehicle (UAV) made by Griffon
Aerospace and modified by GTRI.
“Developing new sensor technologies that can
be effectively employed from the air is a priority today given the rapidly increasing use of unmanned
aircraft,” said Michael Brinkmann, a GTRI principal
research engineer who is leading the work. “Given
suitable technology, small UAVs can perform complex, low-altitude missions effectively and at lower
cost. The GAUSS system gives GTRI and its customers the ability to develop and test new airborne
payloads in a rapid, cost effective way.”
The current project includes development, installation and testing of a sensor suite relevant to
many of GTRI’s customers. This suite consists of a
camera package, a signals intelligence package
for detecting and locating ground-based emitters,
and a multi-channel ground-mapping radar.
The radar is being designed using phased-array
antenna technology that enables electronic scanning. This approach is more flexible and agile than

traditional mechanically steered antennas.
The combined sensor package is lightweight
enough to be carried by the GAUSS UAV, which is
a variant of the Griffon Outlaw ER aircraft and has a
13.6-foot wingspan and a payload capacity of approximately 40 pounds.
The aircraft navigates using a high precision
global positioning system (GPS) combined with an
inertial navigation system. These help guide the UAV,
which can be programmed for autonomous flight or
piloted manually from the ground. The airborne mission package also includes multi-terabyte onboard
data recording and a stabilized gimbal that isolates
the camera from aircraft movement.
Heavier sensor designs have several disadvantages, observed Mike Heiges, a principal research
engineer who leads the GTRI team that is responsible for flying and maintaining the UAV platform.
Larger sensors require larger unmanned aircraft to
carry them, and those aircraft use bigger engines
and must fly higher to avoid detection.
“Rather than have your design spiral upwards
until you’re using very large and expensive aircraft,
smaller sensors allow the use of smaller aircraft,”
Heiges said. “A smaller UAV saves money and is logistically easier to support. But most important, it
can gather information closer to the tactical level

on the ground, where it’s arguably most valuable.”
The GTRI team has developed a modular
design that allows the GAUSS platform to be
reconfigured for a number of sensor types.
Among the possibilities for evaluation are devices that utilize light detection and ranging
(LIDAR) technology and chemical-biological
sensing technology.
“The overall concept for the GAUSS program is that the airplane itself will be simply
a conveyance, and we can mount on it
whatever sensor/communication package is
required,” said Brinkmann.
The radar package that GTRI is currently installing and testing is complex, he
explained. In addition to phased-array scanning capability, the radar operates in the
X-band, is capable of five acquisition modes
and can be programmed to transmit arbitrary waveforms.
“This radar is a very flexible system that
will be able to do ground mapping, as well
as detecting and tracking objects moving around on the ground,” Brinkmann said.
“These multiple sensing capabilities offer

many possibilities for defense operations,
along with search-and-rescue and disasterrecovery operations.”
Possible applications include using the
signals intelligence package to locate people buried in rubble by searching for cell
phone signals, he said. In another scenario, a
group of self-guided UAVs could be used to
create an ad hoc cell phone network. That
application could be potentially valuable
in a post-disaster scenario where existing
cell phone towers have been disabled, as
happened after Hurricane Katrina, the Haiti
earthquake and other events.
“The GAUSS platform is extremely helpful for proof-of-principle development and
testing new concepts for airborne sensors,”
Brinkmann said. “It gives GTRI a convenient
and flexible base from which to pursue significant research in a variety of disciplines.” rh
Watch a video on this project:
http://bit.ly/10OuRMC
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“

 eveloping new sensor
D
technologies that can be
effectively employed from
the air is a priority today
given the rapidly increasing use of unmanned
aircraft. Given suitable
technology, small UAVs
can perform complex,
low-altitude missions effectively and at lower cost.
The GAUSS system gives
GTRI and its customers the
ability to develop and test
new airborne payloads in a
rapid, cost effective way.
— Michael Brinkmann,
GTRI principal research
engineer
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Research engineers Warren Lee (left) and Mike Heiges adjust GTRI’s Airborne
Unmanned Sensor System (GAUSS), a UAV with a 13.6-foot wingspan that is
being used as an airborne test bed for sensing devices.
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An article published in
Nature Neuroscience details
research progress toward

Brain Spikes:

reading and writing the
neural code. This encompasses the ability to
observe the spiking activity

Neural “Synchrony” May be Key to Understanding

of neurons in response to

How the Human Brain Perceives

outside stimuli and make
clear predictions about what

By Abby Robinson

is being seen, heard, or felt,
and the ability to artificially
introduce activity within
the brain.

D
Photo: Gary Meek

RESEARCH HORIZONS

Garrett Stanley, a Georgia
Tech/Emory University
biomedical engineering
professor, has published
almost 40 articles related
to “reading and writing the
neural code.”
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espite many remarkable discoveries in the
field of neuroscience during the past several decades, researchers have not been
able to fully crack the brain’s “neural code.” The neural
code details how the brain’s roughly 100 billion neurons turn raw sensory inputs into information we can
use to see, hear and feel things in our environment.
In a perspective article published in the journal
Nature Neuroscience on Feb. 25, 2013, biomedical
engineering professor Garrett Stanley detailed research progress toward “reading and writing the
neural code.” This encompasses the ability to observe
the spiking activity of neurons in response to outside stimuli and make clear predictions about what
is being seen, heard, or felt, and the ability to artificially introduce activity within the brain that enables
someone to see, hear, or feel something that is not
experienced naturally through sensory organs.
Stanley also described challenges that remain to
read and write the neural code and asserted that the
specific timing of electrical pulses is crucial to interpreting the code. He wrote the article with support
from the National Science Foundation and the National Institutes of Health.
“Neuroscientists have made great progress toward reading the neural code since the 1990s, but
the recent development of improved tools for measuring and activating neuronal circuits has finally
put us in a position to start writing the neural code
and controlling neuronal circuits in a physiological
and meaningful way,” said Stanley, a professor in the

Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory University.
The potential rewards for cracking the neural
code are immense. In addition to understanding
how brains generate and manage information,
neuroscientists may be able to control neurons in
individuals with epilepsy and Parkinson’s disease
or restore lost function following a brain injury. Researchers may also be able to supply artificial brain
signals that provide tactile sensation to amputees
wearing a prosthetic device.
Stanley’s paper highlighted a major challenge
neuroscientists face: selecting a viable code for
conveying information through neural pathways.
A longstanding debate exists in the neuroscience
community over whether the neural code is a “rate
code,” where neurons simply spike faster than their
background spiking rate when they are coding for
something, or a “timing code,” where the pattern of
the spikes matters. Stanley expanded the debate by
suggesting the neural code is a “synchrony code,”
where the synchronization of spiking across neurons
is important.
A synchrony code argues the need for precise
millisecond timing coordination across groups of
neighboring neurons to truly control the circuit.
When a neuron receives an incoming stimulus, an
electric pulse travels the neuron’s length and triggers
the cell to dump neurotransmitters that can spark a
new impulse in a neighboring neuron. In this way,
the signal gets passed around the brain and then the

body, enabling individuals to see, touch, and
hear things in the environment. Depending on
the signals it receives, a neuron can spike with
hundreds of these impulses every second.
“Eavesdropping on neurons in the brain
is like listening to a bunch of people talk – a
lot of the noise is just filler, but you still have
to determine what the important messages
are,” explained Stanley. “My perspective is that
information is relevant only if it is going to
propagate downstream, a process that requires
the synchronization of neurons.”
Neuronal synchrony is naturally modulated
by the brain. In a study published in Nature Neuroscience in 2010, Stanley reported finding that
a change in the degree of synchronous firing of
neurons in the thalamus altered the nature of
information as it traveled through the pathway
and enhanced the brain’s ability to discriminate
between different sensations. The thalamus
serves as a relay station between the outside
world and the brain’s cortex.
Synchrony induced through artificial stimulation poses a real challenge for creating a wide

range of neural representations. Recent technological advances have provided researchers
with new methods of activating and silencing
neurons via artificial means. Electrical microstimulation had been used for decades to
activate neurons, but the technique activated
a large volume of neurons at a time and could
not be used to silence them or separately activate excitatory and inhibitory neurons. Stanley
compared the technique with driving a car that
has the gas and brake pedals welded together.
“Moving forward, new technologies need
to be used to stimulate neural activity in more
realistic and natural scenarios and their effects
on the synchronization of neurons need to be
thoroughly examined,” said Stanley. “Further
work also needs to be completed to determine
whether synchrony is crucial in different contexts and across brain regions.” rh
This study was supported in part by the National Science Foundation
(NSF) (IIS-0904630 and IOS-1131948) and the National Institutes of Health
(NIH)(2R01NS048285). The content is solely the responsibility of the principal investigator and does not necessarily represent the official views of
the NSF or NIH.
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E
in the brain is like listening
to a bunch of people talk – a
lot of the noise is just filler,
but you still have to determine what the important
messages are. My perspective is that information is
relevant only if it is going
to propagate downstream,
a process that requires the
synchronization of neurons.

”

— Garrett Stanley,
professor in the Wallace
H. Coulter Department of
Biomedical Engineering at
Georgia Tech and Emory
University

Spring-Summer 2013 • Vol. 30, No. 2

Garrett Stanley has published almost 40 articles related to “reading and writing the neural code.”
In his latest perspective article, he wrote that the specific timing of electrical pulses may be key
to understanding how the human brain perceives what we see, feel and hear.
Photo: Gary Meek
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Entrepreneurs, Investors Attend ATDC Startup Showcase

More than 400 entrepreneurs, technology leaders, investors and others attended the 2013 ATDC Startup Showcase in April 2013. Here, a representative from Soneter
explains the company’s water metering technology.
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ore than 400 entrepreneurs, technology
leaders, investors and technology developers
attended the 2013 Advanced Technology Development Center (ATDC) Startup Showcase on April 22,
2013, at the Georgia Tech Hotel and Conference
Center in Midtown Atlanta.
The event kicked off with graduation
ceremonies for five ATDC companies that had
reached important revenue and operational
milestones. “These companies have already
achieved quite a lot,” said Blake Patton, ATDC’s
interim general manager. “They’ve raised important venture capital and built a strong and
growing customer base. They’ve also left a lasting impression on ATDC – driving and leading
change and helping other entrepreneurs.”
Speaker Bill Nussey, president and CEO of
email marketing company Silverpop, a former
ATDC company, joined Patton in congratulating
the graduates on their accomplishments. “You
are defying the odds, living the dream and making a dent in the universe,” he said.
The 2013 graduating companies are:
•
AccelerEyes helps code run 10 to
100 times faster by enabling it to run on
graphics processing units. The company already serves thousands of customers in more

than 40 countries across a variety of industries.
•
BrightWhistle is a first-in-class digital patient acquisition solution designed for
health care providers. Its technology helps
providers quickly find high value patients
through search and social media.
•
KontrolFreek is a leading designer of
ergonomic, game-enhancing products to improve comfort and performance when playing
video games.
•
Patientco helps patients pay, track,
understand and manage their healthcare
costs. The company helps patients rein in
healthcare costs and allows providers to receive payments more quickly.
•
Urjanet offers tools for tracking and
reporting energy use for large-scale consumers.
The graduates joined some 35 other ATDC
technology startups in exhibiting their innovative
technologies at the showcase. The companies demonstrated applications and hardware for a wide
range of industries, including health care and medical devices, financial services, clean tech/energy,
information security and gaming.
Among the technologies on display were
cabled robotics with balloon lifting devices to

provide broad surveillance over a large area,
shoe inserts to capture electrical current to
charge mobile devices while a person is walking,
a repositioning device to allow a caregiver to lift
a patient with one finger, and software automation for cutting and sewing garments and other
items at costs less than foreign producers.
ATDC, ranked by Forbes as one of the 12
business incubators that are changing the
world, helps technology entrepreneurs in Georgia launch and build successful companies.
With headquarters at Georgia Tech in Atlanta’s
Technology Square, ATDC provides these entrepreneurs coaching, connections, and a
community to foster their development.
— Kathie Robichaud

CONTACT:
Blake Patton
blake@atdc.org

Artificial Platelets Could Treat Battlefield Injuries

W

hen it comes to healing the terrible wounds of war, success may hinge on the first blood clot – the one that begins forming on the battlefield right after an injury.
Researchers exploring the complex stream of cellular
signals produced by the body in response to a traumatic injury believe the initial response – formation of a blood clot
– may control subsequent healing. Using that information,
they’re developing new biomaterials, including artificial
blood platelets laced with regulatory chemicals that could be
included in an injector device the size of an iPhone. Soldiers
wounded in action could use the device to treat themselves,
helping control bleeding, stabilizing the injury and setting
the right course for healing.
Formation of “designer” blood clots from the artificial
platelets would be triggered by the same factor that initiates
the body’s natural clotting processes. In animal models, the
synthetic platelets reduced clotting time by approximately
30 percent, though the materials have not yet been tested
in humans.
“The idea is to have on the battlefield technologies
that would deliver a biomaterial capable of finding where
the bleeding is happening and augmenting the body’s own
clotting processes,” said Thomas Barker, an associate professor in the Wallace H. Coulter Department of Biomedical

Engineering at Georgia Tech and Emory University. “Simultaneously, the material would help instruct the biochemistry
and biophysics of the clot structure that would govern subsequent healing.”
Barker presented information on the research Feb. 15,
2013, at the annual meeting of the American Association for
the Advancement of Science (AAAS). The research has been
sponsored in part by the National Institutes of Health (NIH),
by the U.S. Department of Defense through the Center for
Advanced Bioengineering for Soldier Survivability at Georgia
Tech, and by an American Heart Association postdoctoral fellowship to Ashley Brown, a postdoctoral fellow working on
the project.
As traumatic injuries heal, they often produce significant scarring that is difficult to treat. Researchers are
working on both sides of the problem, developing cell signaling techniques that may head off the formation of scars
– as well as techniques for addressing the fibrosis that is often the long-term result. Beyond helping halt the bleeding,
the synthetic platelets would deliver regulatory chemicals
designed to prevent scarring.
“The blood clot actually ends up directing how the
entire wound healing process is going to occur,” Barker said.
“The initial clot matrix instructs very specific cellular behav-

iors which have consequences for the next wave of cells that
comes in to do specific jobs, which have consequences for
the next wave of cells. If we can modify that initial clot, it can
become the three-dimensional matrix needed to build the
regenerated or repaired tissue.”
The synthetic platelets, made from tiny structures
known as hydrogels, could be injected into the bloodstream
where they would circulate until activated by the body’s own
clotting processes. Once activated, the particles – which
are about one micron in diameter – would change shape,
converting to a thin film that would help seal wounds. To
develop these hydrogels, Barker is collaborating with Andrew Lyon, a professor in Georgia Tech’s School of Chemistry
and Biochemistry. The researchers are also working with
assistant professor Wilbur Lam, a pediatric hematologist/
oncologist who is an expert in platelet mechanics.
This research is supported by the National Institutes of Health (NIH) under
Image: xx
contract R21EB013743 and by the U.S. Department of Defense (DoD) under contract W81XWH110306. The conclusions are those of the authors
and do not necessarily represent the official views of the NIH or the DoD.

— John Toon
CONTACT:
Thomas Barker
thomas.barker@bme.gatech.edu

Thomas Barker, an associate professor in the Wallace H. Coulter Department of Biomedical Engineering at Georgia Tech and Emory University, and Ashley Brown, a postdoctoral fellow in Barker’s
laboratory, examine a plate used to grow bacteria as a tool for evolving antibodies.
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Study Shows How Surface Diffusion Shapes Nanoparticles

Transmission electron microscope (TEM) images show four distinctive types of nanocrystals that were obtained at
different reaction temperatures during experiments to study the effects of surface diffusion.
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ontrolling the shapes of nanometer-sized catalytic
and electrocatalytic particles made from noble
metals such as platinum and palladium may be
more complicated than previously thought.
Using systematic experiments, researchers have investigated how surface diffusion – a
process in which atoms move from one site to
another on solid surfaces – affects the final
shape of the particles. The issue is important
for a wide range of applications that use specific
shapes to optimize the activity and selectivity
of nanoparticles, including catalytic converters,
fuel cells, chemical catalysis and plasmonics.
Results of the research could lead to a better
understanding of how to manage the diffusion
process by controlling the reaction temperature
and deposition rate, or by introducing structural
barriers designed to hinder the surface movement of atoms.

“We want to be able to design the synthesis
to produce nanoparticles with the exact shape
we want for each specific application,” said Younan Xia, a professor in the Wallace H. Coulter
Department of Biomedical Engineering at Georgia Tech and Emory University. “Fundamentally,
it is important to understand how these shapes
are formed, to visualize how this happens on
structures over a length scale of about 100 atoms.”
The research was reported April 8, 2013, in
the online early edition of the journal Proceedings of the National Academy of Sciences (PNAS).
The research was sponsored by the National Science Foundation (NSF).
Controlling the shape of nanoparticles is
important in catalysis and other applications
that require the use of expensive noble metals
such as platinum and palladium. For example,

Image: Younan Xia

optimizing the shape of platinum nanoparticles
can substantially enhance their catalytic activity, reducing demand for the precious material,
noted Xia, who is a Georgia Research Alliance
(GRA) eminent scholar in nanomedicine. Xia
also holds joint appointments in the School of
Chemistry and Biochemistry and the School
of Chemical and Biomolecular Engineering at
Georgia Tech.
Though the importance of particle shape at
the nanoscale has been well known, researchers hadn’t before understood the importance
of surface diffusion in creating the final particle
shape. Adding atoms to the corners of platinum
cubes, for instance, can create particles with
protruding “arms” that increase the catalytic
activity. Concave surfaces on cubic particles may
also provide better performance. But those advantageous shapes must be maintained.
“Controlling the shape is very important to
tuning the activity of catalysts and in minimizing the loading of the catalysts,” Xia said. “Shape
control is also very important in plasmonic
applications, where the shape controls where
optical absorption and scattering peaks are positioned. Shape is also important to determining
where the electrical charges will be concentrated on nanoparticles.”
The research team also included Xiaohu Xia,
Shuifen Xie, Maochang Liu and Hsin-Chieh Peng
at Georgia Tech; and Ning Lu, Jinguo Wang and
Professor Moon J. Kim at the University of Texas
at Dallas.
This research was supported by the National Science Foundation (NSF)
under grant DMR-1215034. Any conclusions expressed are those of the
principal investigator and may not necessarily represent the official views
of the NSF.

— John Toon
CONTACT:
Younan Xia
younan.xia@bme.gatech.edu

Study Provides New Data on Techniques for Killing Bacteria

Credit: Daniel Nelson, UMD

Transmission electron microscopy image of a Streptococcus pyogenes cell experiencing lysis after exposure to the highly active enzyme PlyC.

T

the cell wall larger than 15 to 24 nanometers in diameter
would cause the cell to lyse, or burst. These small holes are
approximately one-hundredth the diameter of a typical
bacterial cell.
“Our model correctly predicted that the membrane
and cell contents of Gram-positive bacteria cells explode
out of holes in cell walls that exceed a few dozen nanometers. This critical hole size, validated by experiments, is
much larger than the holes Gram-positive bacteria use to
transport molecules necessary for their survival, which have
been estimated to be less than 7 nanometers in diameter,”
said Joshua Weitz, an associate professor in the School of
Biology at Georgia Tech.
The study was published online on Jan. 9, 2013, in
the Journal of the Royal Society Interface. The work was
supported by the James S. McDonnell Foundation and the
Burroughs Wellcome Fund.
Common Gram-positive bacteria that infect humans
include Streptococcus, which causes strep throat; Staphylococcus, which causes impetigo; and Clostridium, which
causes botulism and tetanus.
Georgia Tech biology graduate student Gabriel Mitch-

ell, Georgia Tech physics professor Kurt Wiesenfeld and
Weitz developed a biophysical theory of the response of a
Gram-positive bacterium to the formation of a hole in its cell
wall. The model detailed the effect of pressure, bending and
stretching forces on the changing configuration of the cell
membrane due to a hole. The force associated with bending and stretching pulls the membrane inward, while the
pressure from the inside of the cell pushes the membrane
outward through the hole.
“We found that bending forces act to keep the membrane together and push it back inside, but a sufficiently
large hole enables the bending forces to be overpowered
by the internal pressure forces and the membrane begins to
escape out and the cell contents follow,” said Weitz.
The experimental tests of the theory were conducted
by University of Maryland assistant professor Daniel Nelson.
— Abby Robinson
CONTACT:
Joshua Weitz
jsweitz@gatech.edu
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he rise of antibiotic-resistant bacteria has initiated a quest
for alternatives to conventional antibiotics. One potential
alternative is PlyC, a potent enzyme that kills the bacteria that
causes strep throat and streptococcal toxic shock syndrome. PlyC
operates by locking onto the surface of a bacteria cell and chewing a hole in the cell wall large enough for the bacteria’s inner
membrane to protrude from the cell, ultimately causing the cell
to burst and die.
Research has shown that alternative antimicrobials
such as PlyC can effectively kill bacteria. However, fundamental questions remain about how bacteria respond to
the holes that these therapeutics make in their cell walls
and what size holes bacteria can withstand before breaking apart. Answering those questions could improve the
effectiveness of current antibacterial drugs and initiate the
development of new ones.
Researchers at Georgia Tech and the University of
Maryland recently conducted a study to answer those questions. The researchers created a biophysical model of the
response of a Gram-positive bacterium to the formation of a
hole in its cell wall. Then they used experimental measurements to validate the theory, which predicted that a hole in
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A Cellulose Substrate is Used to Create Recyclable Solar Cells

Photo: Rob Felt

Georgia Tech researchers have used a cellulose substrate to create recyclable solar cells that now have a power conversion efficiency of 3.8 percent, up from 2.7 percent when
their paper was published in March 2013.
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eorgia Tech and Purdue University researchers have developed solar cells using natural
substrates derived from plants such as trees. Just
as importantly, by fabricating them on cellulose
nanocrystal (CNC) substrates, the solar cells can
be quickly recycled in water at the end of their
lifecycle.
The technology has been reported in the
journal Scientific Reports, the latest open-access
journal from the Nature Publishing Group.
The researchers report that the organic solar cells reach a power conversion efficiency of
2.7 percent, an unprecedented figure for cells on
substrates derived from renewable raw materials.
The CNC substrates on which the solar cells are
fabricated are optically transparent, enabling light
to pass through them before being absorbed by a
very thin layer of an organic semiconductor.
During the recycling process, the solar cells
are simply immersed in water at room temperature. Within minutes, the CNC substrate dissolves
and the solar cell can be separated easily into its
major components.

Georgia Tech College of Engineering Professor
Bernard Kippelen led the study and says his team’s
project opens the door for a truly recyclable, sustainable and renewable solar cell technology.
“The development and performance of organic substrates in solar technology continues to
improve, providing engineers with a good indication of future applications,” said Kippelen, who is
also the director of Georgia Tech’s Center for Organic Photonics and Electronics (COPE). “But organic
solar cells must be recyclable. Otherwise we are
simply solving one problem, less dependence on
fossil fuels, while creating another, a technology
that produces energy from renewable sources but
is not disposable at the end of its lifecycle.”
To date, organic solar cells have been typically fabricated on glass or plastic. Neither is easily
recyclable, and petroleum-based substrates are
not very eco-friendly. Paper substrates are better for the environment, but have shown limited
performance because of high surface roughness or
porosity. However, cellulose nanomaterials made
from wood are green, renewable and sustainable.

“Our next steps will be to work toward improving the power conversion efficiency to more
than 10 percent, levels similar to solar cells fabricated on glass or petroleum-based substrates,”
said Kippelen. The group plans to achieve this by
optimizing the optical properties of the solar cell’s
electrode. “We will also coat these cells with an
eco-friendly, thin environmental barrier coating
to protect the cells from water and oxygen when
operating in the field.”
Purdue School of Materials Engineering associate professor Jeffrey Youngblood collaborated
with Kippelen on the research.
This research was funded in part through the Center for Interface Science:
Solar Electric Materials, an Energy Frontier Research Center funded by the U.S.
Department of Energy (DOE), Office of Science, Office of Basic Energy Sciences
under Award Number DE-SC0001084, by the Air Force Office of Scientific Research
(AFOSR) (Grant No. FA9550-09-1-0418), by the Office of Naval Research (ONR)
(Grant No. N00014-04-1-0313), and the U.S. Department of Agriculture – Forest
Service (Grant No. 12-JV-11111122-098). Any opinions expressed are those of the
researchers and do not necessarily represent the officials views of the DOE, AFOSR,
ONR or Department of Agriculture.

— Jason Maderer
CONTACT:
Bernard Kippelen
bernard.kippelen@ece.gatech.edu

In Early Earth, Iron Helped RNA Catalyze Electron Transfer
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A

new study shows how complex biochemical transformations may have been possible under conditions that existed
when life began on the early Earth.

Georgia Tech School of Chemistry and Biochemistry postdoctoral fellow Chiaolong Hsiao (left) and professor Loren Williams examine
on a light box a polyacrylamide gel surrounded by an iron solution to determine whether RNA is stable in the iron solution.

23S ribosomal RNA and transfer RNA, catalyzed electron transfer more efficiently than other types of RNA.
However, none of the RNA and magnesium solutions
catalyzed single electron transfer in the oxygen-free environment.
“Our findings suggest that the catalytic competence
of RNA may have been greater in early Earth conditions
than in present conditions, and our experiments may
have revived a latent function of RNA,” added Williams,
who is also director of the RiboEvo Center.
In addition to Williams and Hsiao, School of Biology professors Roger Wartell and Stephen Harvey, and

School of Chemistry and Biochemistry professor Nicholas Hud, also contributed to this work as co-principal
investigators in the Ribo Evo Center.
This work was supported by NASA (Award No. NNA09DA78A). The content is solely the responsibility of the principal investigators and does not necessarily represent the official views of NASA.

— Abby Robinson
CONTACT:
Loren Williams
loren.williams@chemistry.gatech.edu
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The study shows that RNA is capable of catalyzing electron transfer under conditions similar to those of the early
Earth. Because electron transfer, the moving of an electron
from one chemical species to another, is involved in many
biological processes – including photosynthesis, respiration
and the reduction of RNA to DNA – the study’s findings suggest that complex biochemical transformations may have
been possible when life began.
There is considerable evidence that the evolution
of life passed through an early stage when RNA played a
more central role, before DNA and coded proteins appeared.
During that time, more than 3 billion years ago, the environment lacked oxygen but had an abundance of soluble iron.
“Our study shows that when RNA teams up with iron
in an oxygen-free environment, RNA displays the powerful
ability to catalyze single electron transfer, a process involved
in the most sophisticated biochemistry, yet previously uncharacterized for RNA,” said Loren Williams, a professor in
the Georgia Tech School of Chemistry and Biochemistry.
The results of the study were published online May 19,
2013, in the journal Nature Chemistry. The study was sponsored by the NASA Astrobiology Institute, which established
the Center for Ribosomal Origins and Evolution (Ribo Evo) at
Georgia Tech.
Free oxygen gas was almost nonexistent in the Earth’s
atmosphere more than 3 billion years ago. When free
oxygen began entering the environment as a product of
photosynthesis, it turned the earth’s iron to rust, forming
massive banded iron formations that are still mined today.
The free oxygen produced by advanced organisms caused
iron to be toxic, even though it was – and still is – a requirement for life. Williams believes the environmental transition
caused a slow shift from the use of iron to magnesium for
RNA binding, folding and catalysis.
Williams and School of Chemistry and Biochemistry
postdoctoral fellow Chiaolong Hsiao used a standard
peroxidase assay to detect electron transfer in solutions of RNA and either the iron ion, Fe2+, or magnesium
ion, Mg2+. For 10 different types of RNA, the researchers observed catalysis of single electron transfer in the
presence of iron and absence of oxygen. They found that
two of the most abundant and ancient types of RNA, the

45

NOTES

Health Care Providers Mostly Prefer Robotic Helpers

Photo: Keith Bujak

A caregiving robot hands a medication bottle to a person. In a study, researchers found that health care personnel would accept help from robots.

R

RESEARCH HORIZONS

oboticists are currently developing machines
that have the potential to help patients with
caregiving tasks, such as housework, feeding and
walking. But before they reach the care recipients,
assistive robots will first have to be accepted by
health care providers such as nurses and nursing
assistants. Based on a Georgia Tech study, it appears that they may be welcomed with open arms
depending on the tasks at hand.
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More than half of health care providers
interviewed said that if they were offered an assistant, they preferred it to be a robotic helper
rather than a human. However, they don’t want
robots to help with everything. Instrumental
activities of daily living, such as helping with
housework and reminding patients when to
take medication, were acceptable. But daily
living tasks, especially those involving direct,
physical interactions such as bathing, getting
dressed and feeding people, were considered
better for human assistants.
The findings were presented April 27- May
2, 2013, at the ACM SIGCHI Conference on Hu-

man Factors in Computing Systems in Paris,
France.
“One open question was whether health
care providers would reject the idea of robotic
assistants out of fear that the robots would replace them in the workplace,” said Tracy Mitzner,
one of the study’s leaders and the associate
director of Georgia Tech’s Human Factors and
Aging Laboratory. “This doesn’t appear to be
a significant concern. In fact, the professional
caregivers we interviewed viewed robots as a
way to improve their jobs and the care they’re
able to give patients.”
For instance, nurses preferred a robot assistant that could help them lift patients from a
bed to a chair. They also indicated that robotic
assistants could be helpful with some medical
tasks such as checking vital signs.
“Robots aren’t being designed to eliminate people. Instead, they can help reduce
physical demands and workloads,” Mitzner said.
“Hopefully, our study helps create guidelines
for developers and facilitates deployment into

the health care industry. It doesn’t make sense
to build robots that won’t be accepted by the
end user.”
This study complements the lab’s prior
research that found older people are generally
willing to accept help from robots. Much like the
current research, their preferences depended
on the task. Participants said they preferred robotic help over human help for chores such as
cleaning the kitchen and doing laundry. Getting
dressed and suggesting medication were tasks
viewed as better suited for human assistants.
— Jason Maderer
CONTACT:
Tracy Mitzner
tracy.mitzner@psych.gatech.edu

Test Platform Simulates Hostile Unmanned Aircraft

Photo: GTRI

Georgia Tech Research Institute (GTRI) researchers are using a Diamond DA-40 aircraft to simulate sensors that may be present on enemy UAVs. The technology – produced by GTRI as part of its Threat
Unmanned Devices Program – is expected to be used to gauge the effectiveness of U.S. countermeasures against enemy UAVs.

T

search engineer who directs the GTRI Threat Unmanned
Devices Program. The simulated threats include an
electro-optical infrared sensor package that includes
thermal-imaging capability, other sensors that detect
and analyze U.S. communication signals, and equipment capable of jamming U.S. weapons systems.
Additional threat-simulation capabilities could be added in the future.
“The intent here isn’t to shoot down a hostile UAV or
even to prevent it from being there,” Martin explained. “We
want to know what information that vehicle is trying to
gather, and what can be done to minimize the exposure of
that information.”
Currently, he noted, GTRI’s threat simulator payload
is being used on a Diamond DA-40 manned aircraft rather
than a UAV. That’s largely because the presence of a human
pilot makes it easier to obtain clearance to fly over U.S.
ground forces and ground assets at test ranges. In the future,
a UAV could be used for the task.
After takeoff, the test aircraft is directed entirely by a
ground operator. The human pilot simply executes the flight
plan and commands sent from the ground, maintaining a
human-in-the-loop in the event of an emergency.

“From the standpoint of the ground operator, the
manned aircraft will look and function like a UAV,” Martin
said. “The ground control interface makes it look like it’s an
autonomous vehicle up there.”
The GTRI team has finished integration of the threatsimulation devices that are called for under current plans
and has passed initial acceptance tests in the air.
“Currently, simulating threat UAV payload performance is the priority over simulating the signature of the
aircraft,” Camp said. “In the future, a test UAV platform could
provide a more realistic radar cross-section, electro-optic/
infrared signature and acoustic signature needed to provide
a complete threat UAV test capability. What we learn from
testing with the UAV threat simulator will help us deploy
countermeasures more effectively.”
— Rick Robinson
CONTACTS:
Vince Camp
vince.camp@gtri.gatech.edu
Doug Martin
doug.martin@gtri.gatech.edu
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oday, unmanned aerial vehicles (UAVs) are a rapidly growing
part of military operations. To protect its ground forces, the
United States military must be prepared to counter the surveillance technologies aboard hostile unmanned aircraft.
To do that, the Georgia Tech Research Institute (GTRI)
is developing integrated hardware devices that simulate
the sensors potentially present on enemy UAVs. The technology – produced by GTRI as part of its Threat Unmanned
Devices Program – is expected to be used to study the effectiveness of U.S. countermeasures against enemy drones.
The research is sponsored by the U.S. Army Threat Systems
Management Office.
“The assets that we’re building can simulate the
threat capability you would expect on a foreign unmanned
aerial vehicle,” said Vince Camp, a GTRI senior research
engineer who is a principal investigator for the project.
“We’re reproducing the ISR (intelligence, surveillance and
reconnaissance) capability that a threat UAV would have.
Simulating this ISR capability makes it possible to test the
effectiveness of U.S. countermeasures against a potentially
hostile signal intelligence capability in the air.”
When aloft, GTRI’s integrated devices simulate three
principal threat capabilities, said Doug Martin, a senior re-
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Research at Georgia Tech
The Georgia Institute of Technology is one of the nation’s leading public research universities, and has been an economic engine since its founding in 1885.
Groundbreaking research is underway in hundreds of research centers and laboratories across campus, inspiring game-changing ideas and new technologies
that will help drive economic growth, while improving human life on a global scale.
The Institute is focused on solving some of the toughest problems facing
our state, nation, and world. This focus transforms industries – and lives – while
enhancing economic development and creating jobs. This leadership is possible
because Georgia Tech’s culture encourages thinking big and fearless pursuit of
grand challenges. We define success as moving our research results from the lab
and classroom into the real world.
For more information, please visit (www.gatech.edu/research).
FOLLOW US ON TWITTER
@gtresearchnews
LIKE US ON FACEBOOK
www.facebook.com/gtresearchnews

