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In commercial aircraft, we see anywhere between 300 and 1,000 pounds 

of fuel saved for each arrival.  With fuel cost at $3 per gallon, that would 

amount to as much as $600 per arrival and could really add up for the 

airlines at a time when they need all the savings they can get.

– John-Paul Clarke, director of the Air Transportation Laboratory
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Of the many diff erent fi sh that are part of coral ecosystems, there may be 

a small number of species that are really critical for keeping big seaweeds 

from overgrowing and killing corals.  Our study shows that in addition to 

having enough herbivores, coral ecosystems also need the right mix of 

species to overcome the diff erent defensive tactics of the seaweeds.

– Mark Hay, professor in the School of Biology

22The models are fl exible so that multiple scenarios can be investigated 

to see which options meet a certain goal. This goal can be diff erent for 

various groups, such as serving the most people given the availability 

of limited resources or minimizing the number of people infected while 

not negatively aff ecting businesses.

– Pinar Keskinocak, associate professor in the H. Milton Stewart School of 
Industrial and Systems Engineering

Dealing with the ash left over from burning coal is a problem all over the 

world.  By using it for real applications, our process can make the ash a 

useful commodity instead of a waste product.  It could also create new 

industry and new jobs in parts of the world that need them badly.

– Mulalo Doyoyo, assistant professor in the School of Civil and Environmental 
Engineering
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With missions changing, and many vehicles fl ying at 

lower altitudes, the acoustic signature of a tactical 

UAV has become more and more critical.  We have 

been able to develop a unique testing capability as 

a result of this project.

– Rick Gaeta, GTRI senior research engineer
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Lightning is electricity of the wrong sort.  Electric 

utilities must do a number of things to keep 

lightning from damaging the power delivery 

system, which can cause power outages or 

damage to equipment plugged into electrical 

outlets in homes and businesses.

– Rick Hartlein, director of NEETRAC
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32
Atoms start to vibrate, and then they fi nd a buddy 

with the same vibration, attitude and direction. 

They then start to move together and form this line 

that resembles a worm.  When you generate a lot of 

worms in a crystalline system over time, they start to 

tangle.  That’s when homogenous melting starts.

– Mo Li, professor in the School of Materials Science and 
Engineering  
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E
ach year, coal-burning power plants, steel 

mills and similar facilities in the United States 

produce more than 125 million tons of waste, 

much of it fl y ash and bottom ash left over from com-

bustion.  Mulalo Doyoyo has plans for that material.

An assistant professor in Georgia Tech’s School 

of Civil and Environmental Engineering, Doyoyo has 

developed a new structural material based on these 

leftovers from coal burning.  Known as Cenocell™, the 

material off ers attributes that include high strength 

and light weight – without the use of cement, an es-

sential ingredient of concrete.  

With broad potential applications and advantages 

such as good insulating properties and fi re resistance, 

the material could replace concrete, wood and other 

materials in a broad range of applications in construc-

tion, transportation and even aircraft.

“Dealing with the ash left over from burning coal 

is a problem all over the world,” says Doyoyo.  “By us-

ing it for real applications, our process can make the 

ash a useful commodity instead of a waste product.  

It could also create new industry and new jobs in 

parts of the world that need them badly.”

Fly ash is composed of small particles removed 

from coal combustion gases.  Most of it must now be 

disposed of as a waste product, though certain types 

of fl y ash can be used to replace a portion of the ce-

ment used in concrete.  

Cenocell, produced from either fl y ash or bottom 

ash in a reaction with organic chemicals, requires 

none of the cement or aggregate – sand and rock 

– used in concrete. And unlike concrete, it emerges 

from curing ovens in fi nal form and does not require 

a lengthy period to reach full strength.  

Because it uses what is now considered a waste 

material to replace cement – which generates car-

bon dioxide, a greenhouse gas – the new material is 

considered an asset to the environment.  The mate-

rial can have a wide range of properties that make it 

competitive with concrete, especially the new classes 

of autoclaved lightweight concrete.  

For instance, specifi c densities range from 0.3 to 

1.6, and the material can be manufactured to with-

stand pressures of up to 7,000 pounds per cubic 

inch.  The properties can be controlled by choosing 

the proper ash particle size, chemical composition, 

and the curing time, which can range from three to 

24 hours.

“We have a wide range in terms of texture, prop-

erties, performance and applications,” says Doyoyo.  

“The possibilities for this material are very broad.”

Among the potential applications are:

• Building and construction industry – infra-

structure materials that provide sound, crash 

and fi re barriers; permeable pavements; 

drainage fi llers; ultra-light truss stiff eners, 

foam, wood and concrete replacements in 

residential and commercial buildings; and 

acoustical tiles.  

• Transportation industry – cores for shock 

and crash absorbers; fi llers for trailer fl oors or 

b-pillars in vehicle frames.

• Aerospace industry – ultra-light heat 

shielding.

• Protective installations – fi reproof blast 

walls or structural fi llers for hazardous fl uids.

By John Toon

A New Use for Coal Ash

Material Provides Strong and Lightweight Alternative to

Concrete – Without Cement

Coal ash, a waste product 

generated by power plants, 

steel mills and other indus-

trial facilities, could be the 

basis for a new structural 

material that could provide 

an alternative to concrete in 

certain applications.  Known 

as CenocellTM, the material is 

both strong and light-

weight, with properties that 

can be adjusted by chang-

ing the chemistry, particle 

size and curing time.
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Photo: Gary Meek

Image shows diff erent types 

of material made from coal 

ash, each with diff erent 

properties depending on 

the particle size, chemical 

composition and curing time.



For competitive reasons, he won’t disclose 

the precise chemical composition of Cenocell, 

but Doyoyo says the processing involves mix-

ing the ash with organic chemicals.  The chemi-

cal reaction produces foaming, and results in a 

gray slurry that resembles bread dough.  The 

material is then placed in forms and cured in 

ovens at approximately 100 degrees Celsius 

until the desired strength is attained.

“We form a fi nal compound through a 

combination of chemical and mechanical pro-

cesses,” Doyoyo explains.  “Once it comes out 

of our process, it is ready to go and does not 

continue to change over time.”

Unlike concrete, which remains a mixture 

of materials held together by chemical bonds, 

Cenocell is a homogenous material.  The cell siz-

es and fi nal strength depend on both the curing 

time and size of the ash particles used.  Estimates 

suggest the material could be manufactured for 

an average cost of $50 per cubic yard.

Doyoyo and his research team – which 

also includes Paul Biju-Duvall, Julien Claus, 

Derek Major, Rolan Duvvury and Josh Gresham 

– have so far made only small samples for test-

ing.  They are working with a Georgia-based 

maker of autoclaved concrete to produce larg-

er samples for additional testing.  Large-scale 

manufacturing could be done with the same 

equipment now used to make autoclaved con-

crete, he says.

A native of South Africa who was educated 

at the University of Cape Town, Brown Univer-

sity and Massachusetts Institute of Technology, 

Doyoyo sees value beyond the reuse of a waste 

material.  He believes Cenocell could provide 

low-cost housing in developing countries and 

economic development impact from a new 

industry.

“This material could help develop com-

munities by allowing people living near coal-

burning facilities to create a new industry and 

new jobs,” he adds.  “This could be an engine 

of development for people who have been 

struggling. It really is a material with a social 

conscience.” rh
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Dealing with the ash left 

over from burning coal 

is a problem all over the 

world.  By using it for real 

applications, our process 

can make the ash a useful 

commodity instead of a 

waste product.  It could 

also create new industry 

and new jobs in parts of 

the world that need them 

badly.

– Mulalo Doyoyo, assistant 

professor in the School of 

Civil and Environmental 

Engineering

Graduate students Julien Claus and Derek Major prepare to test samples of Cenocell, a new 

material that is made from coal ash.

Photo: Gary Meek



Saving Fuel and

Reducing Noise 

for Airliners

By John Toon

Airline passengers arriving in 

Atlanta on early morning “redeye” 

fl ights during the past few months 

may have noticed something dif-

ferent during their descent to the 

runway.  Instead of the typical 

sound of engine power rising and 

falling as the aircraft descended in 

a series of level fl ight steps, they 

may have noticed a quieter arrival 

– without the steps. 

The changes were part of 

Georgia Tech’s fl ight-testing of 

“continuous descent arrivals,” a 

procedure designed to save fuel 

and time while producing envi-

ronmental benefi ts by reducing 

both noise and emissions.  In-

volving more than 600 fl ights, 

the Atlanta study was done in 

collaboration with the Federal 

Aviation Administration (FAA), 

FedEx and Atlanta’s two domi-

nant air carriers: Delta Air Lines 

and AirTran Airways.

The continuous descent ar-

rival procedure has already been 

studied at Louisville and Los 

Angeles airports.  Proponents 

hope the 90-day test in Atlanta 

– currently the nation’s busiest 

airport – will move the concept 

one step closer to nationwide 

implementation.  Estimates sug-

gest that continuous descent ar-

rivals could save a large airline as 

much as $80 million per year in 

fuel costs alone.

“In commercial aircraft, we 

see anywhere between 300 

and 1,000 pounds of fuel saved 

for each arrival,” says John-Paul 

Clarke, director of the Air Trans-

portation Laboratory at Georgia 

Tech and an associate professor 

in the School of Aerospace Engi-

neering. “With fuel cost at $3 per 

gallon, that would amount to 

as much as $600 per arrival and 

could really add up for the air-

lines at a time when they need 

all the savings they can get.”

Because aircraft engines 

don’t throttle up and down dur-

ing a continuous descent arrival, 

there are also signifi cant reduc-

tions in noise and emissions.  

Keeping engines at idle power 

can cut emissions of nitrogen ox-

ides by nearly a third, and reduce 

noise by 6 decibels along certain 

portions of the fl ight path – both 

signifi cant reductions that would 

improve the environment in the 

vicinity of airports.

And the technique could cut 

two minutes off  the approach and 

landing portion of a fl ight.  While 

that doesn’t seem like much, it 

could result in more effi  cient uti-

lization of aircraft and reductions 

in fl ight times for crews.

Continuous descent arrival is 

one in a series of improvements 

aimed at creating the next gen-

eration of air transportation tech-

nologies.  The goal is to redesign 

the airspace to allow future air-

liners to travel the most effi  cient 

paths to their destinations.

Though the fi nal numbers 

from the Atlanta evaluation won’t 

be known for several months, 

the potential savings have been 

demonstrated by more than 

60,000 landings at Los Angeles 

with a continuous descent ar-

rival technique developed by 

Georgia Tech.  But adopting 

the procedure throughout the 

air space system won’t be easy.  

Safety considerations must be 

paramount, and there are a 

number of optimization chal-

lenges caused by widely varying 

aircraft types, wind conditions 

and airport confi gurations.

“Imagine a line of aircraft de-

scending through a long tube 

that’s fi xed laterally and limited 

Making Transportation 
More Effi  cient

Rising concern about fuel prices and the environmental impact of transportation has led to a broad range of 

research activities at the Georgia Institute of Technology.  Making transportation of all kinds more effi  cient is the 

focus of the cover story in this issue of Research Horizons magazine. 

Georgia Tech conducts a 

broad range of research 

aimed at making 

transportation systems 

more effi  cient.  These 

projects reduce fuel 

consumption in airliners, 

provide real-time traffi  c 

congestion information, 

optimize truck routes, detect 

weather hazards, improve 

port logistics and maximize 

highway effi  ciency.
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Photos: Georgia Department of Economic

Development (top); Leanne West

(Top) Atlanta’s airport is the 

nation’s busiest.  (Bottom) 

Instruments like these may 

detect unseen fl ight hazards.



vertically to be within a narrow band,” ex-

plains Clarke.  “If each airplane were like a 

ball with a diff erent coeffi  cient of friction, 

then when you put the balls in the tube 

at equal intervals, they would begin to 

catch up with one another.  The ball with 

the lower coeffi  cient would tend to catch 

up with the ball with a higher coeffi  cient.  

That’s something that we have to work 

very hard to avoid.”

While the risks of getting aircraft too 

close are obvious – and governed by FAA 

rules on minimum spacing – too much 

spacing between landing aircraft can waste 

time and reduce airport throughput.

“The goal is to design a procedure that 

allows the aircraft engines to throttle back 

to idle power at the point of initial de-

scent and to remain at idle power along 

the fl ight path to the runway as long as 

possible, “ Clarke adds.  “We have fi gured 

out how to put altitude and speed con-

straints along the fl ight path so they can 

stay at idle power as long as possible while 

achieving the required minimal spacing 

at the runway threshold.”

Determining those constraints re-

quires detailed knowledge of the perfor-

mance of each aircraft type in use.  Clarke 

and his research team have obtained per-

formance data for most Boeing aircraft, as 

well as some of those manufactured by 

Airbus.  Based on the performance data, 

they have simulated the operation of 

each aircraft type under varying wind and 

weight conditions.

The researchers have also modeled 

variation in pilot behavior, because small 

diff erences in when fl aps are deployed and 

landing gear lowered create variations in 

speed, which aff ect aircraft spacing.

Arrivals would be customized for each 

airport, taking into account wind and traf-

fi c patterns.  And because the spacing be-

tween aircraft is determined well before 

they arrive at their destinations, adoption 

of the technique will require changes in 

the nation’s air traffi  c control system.

“The air traffi  c control system currently 

isn’t designed to allow the kind of fi ne-tun-

ing we need, but I’m very optimistic about 

being able to change that,” says Clarke.  

“Throughout all the areas, the FAA and the 

airlines, there is a growing acceptance that 

this is a solution.  We have been able to do 

the analysis, the fl ight-testing and the num-

ber crunching to show that it can be done.”

Clarke, who began the research at the 

Massachusetts Institute of Technology be-

fore joining Georgia Tech in 2005, believes 

the cost savings will ensure adoption of 

continuous descent arrivals.  He compared 

the technique to the adoption of fuel-sav-

ing winglets, small vertical attachments 

that have replaced traditional wingtips on 

many aircraft.
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Continuous descent arrivals could 

reduce fuel consumption, noise and 

pollution for landing aircraft.
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“For years people knew that winglets 

provided better performance, but it costs 

money to install them,” he adds.  “When 

fuel got more expensive, airlines started 

installing winglets because the savings 

justifi ed the costs.  The benefi ts of contin-

uous descent arrival may also take some 

time to be realized.”

Developing New

Systems to

Monitor Traffi  c

By Abby Vogel

Imagine getting into your vehicle and 

entering your destination into a small de-

vice that continuously sends your speed, 

location and travel path to a traffi  c monitor-

ing station. By combining your information 

with data from other vehicles, motorists 

could receive real-time notifi cations of tie-

ups and slowdowns in traffi  c on any road, 

from the largest interstate to the smallest 

dirt lane. The device could then display a 

map depicting the best route around con-

gestion to your destination.

“We’re investigating how to develop 

such a system, which will be the future 

generation of intelligent transportation 

systems,” says Michael Hunter, an assistant 

professor in Georgia Tech’s School of Civil 

and Environmental Engineering (CEE).

Hunter is working on this research 

with Richard Fujimoto, Regents’ Professor 

and chair of the College of Computing 

Computational Science and Engineering 

Division; Christos Alexopoulos, associate 

professor in the H. Milton Stewart School 

of Industrial and Systems Engineering; 

Randall Guensler, CEE professor; and 

Frank Southworth, CEE principal research 

scientist and Oak Ridge National Labora-

tory senior research staff  member. These 

eff orts are being funded by the National 

Science Foundation’s Emerging Frontiers 

in Research Innovation program.

“By allowing motorists to be more ac-

tive and participate in the traffi  c monitor-

ing system by providing real-time data to 

the traffi  c centers, offi  cials could build a 

picture of current and future traffi  c fl ow 

and actively manage that traffi  c with 

much lower infrastructure cost than is 

done today,” says Fujimoto.

The research team envisions that each 

vehicle would contain a computer that 

collects real-time information and rapidly 

produces reliable forecasts of the future 

traffi  c in its local area. Using a concept 

called ad hoc distributed simulations, 

each vehicle’s simulation of a portion of 

the network would be combined to cre-

ate a more complete picture of the entire 

network. This type of system would allow 

offi  cials to know what’s happening on 

side roads and not just on the camera-

equipped freeways.

The researchers are currently inves-

tigating how to send information from 

each vehicle to a roadside server, which 

could involve transmitting it wirelessly 

from vehicle to vehicle until it reaches the 

server. They are also developing commu-

nications protocols to determine which 

information to collect and pass to the 

next vehicle and how to handle the da-

tabases in each vehicle. Field tests could 

begin in 2009. 

“The benefi t of this type of system is 

that it tells traffi  c offi  cials where a lot of 

people are headed so that they know 

what the demand is going to be, which 

will allow them to start managing for that 

demand immediately,” explains Hunter. 

This material is based upon work supported by the 

National Science Foundation under Award No. EFRI-

0735991. Any opinions, fi ndings, conclusions or recom-

mendations expressed in this article are those of the 

researchers and do not necessarily refl ect the views of 

the National Science Foundation.

Optimizing Routes and 

Resources for Trucking 

Companies

By Abby Vogel

As competition increases and shippers 

raise their expectations for service, truck-

ing companies must optimize their routes 

and use of drivers, vehicles and facilities.

Researchers in the H. Milton Stewart 

School of Industrial and Systems Engi-

neering at Georgia Tech are developing 

models to help optimize driver and equip-

ment scheduling, shipment planning, 

load consolidation and routing for two 

carriers – Saia and YRC Worldwide. The 

companies operate as less-than-truckload 

carriers, which means they collect freight 

from various shippers and consolidate 

that freight to fi ll trailers for travel to com-

mon destinations.

“Tens of thousands of shipments have 

to be picked up and then dropped off  

hundreds or thousands of miles away, and 

we’re studying how all of that freight can 

best be consolidated and sent through 

the company’s network of hundreds of 

Researchers Michael Hunter and Richard 

Fujimoto discuss the transportation 

information system they are developing.

Photo: Gary Meek
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facilities to minimize cost and improve ser-

vice,” says Martin Savelsbergh, Schneider 

Professor in the School of Industrial and 

Systems Engineering. 

Many less-than-truckload carriers oper-

ate with a fi xed consolidation and routing 

plan that they typically repeat every day.  

But Savelsbergh, along with associate pro-

fessor Alan Erera, and graduate students, 

developed a diff erent tactical plan for each 

day of the week for Duluth, Ga.-based Saia. 

“Our results have shown that there is 

the potential for 5 to 10 percent reductions 

in line haul costs, which equates to savings 

of $10 million to $20 million dollars per 

year, simply by executing a diff erent plan 

each weekday,” says Erera.

Taking it one step further, the research-

ers are developing real-time dynamic plans 

for Saia based on freight information col-

lected each day. While the goals of dynam-

ic planning are to reduce the time required 

for freight in the system to arrive at desti-

nations and to cut costs, the models devel-

oped also consider the future operational 

cost impact of decisions made today.

For YRC Worldwide, which operates 

both the Yellow Freight and Roadway car-

riers, the researchers initially focused their 

eff orts on driver management issues. They 

developed a computer program that could 

plan a week’s worth of driver schedules in a 

matter of minutes, while considering driver 

constraints and costs.

“Our software can be used to tell com-

panies how many drivers they should have, 

where the drivers should reside and how 

they should be dispatched,” notes Erera.

The researchers have also recommend-

ed ways to manage YRC’s equipment to 

minimize the tractor and trailer resources 

required by the company to eff ectively 

serve its customer demands. Results in-

dicate that fl eet sizes may be reduced by 

10-15 percent if resources are moved geo-

graphically to where they are needed most 

at any given time.  

“The optimization techniques we’ve 

developed are applicable for any less-than-

truckload carrier and are going to become 

increasingly necessary in the future to max-

imize profi t and service based on the fi xed 

resources available,” explains Savelsbergh. 

Funding for this research was provided 

by the companies through the Leaders 

in Logistics program, which is part of the 

Georgia Tech Supply Chain and Logistics 

Institute, and by the Alfred P. Sloan Founda-

tion’s Trucking Industry Program.

For YRC Worldwide, researchers are optimizing use of drivers and vehicles.

Georgia Tech researchers are helping Saia optimize its routes.

Photo: Saia

Photo: YRC Worldwide
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Testing Instruments

to Detect Invisible

Aviation Hazards

By Abby Vogel

While radar and other existing systems 

typically warn aircraft pilots of potential 

weather hazards during fl ight, they do not 

detect all possible atmospheric dangers. 

“Some hazards can be the most dan-

gerous because pilots’ eyes and radar can-

not see them,” says Gary Gimmestad, a 

principal research scientist in the Georgia 

Tech Research Institute (GTRI). 

GTRI is leading a team of researchers 

from fi ve universities and research organi-

zations to investigate the feasibility of us-

ing an instrument called a forward-looking 

interferometer to detect several of these 

invisible hazards during takeoff , cruise and 

landing. Forward-looking interferometers 

can detect the presence of the environ-

mental hazards by identifying each haz-

ard’s distinct infrared spectral signature.

With funding from NASA, the research-

ers are conducting studies to determine 

the sensitivity of the system for detecting 

clear-air turbulence, wake vortices, volca-

nic ash, low visibility, dry wind shear and 

ice on runways. 

A major concern for air navigation is 

clear-air turbulence because it cannot be 

seen and is therefore diffi  cult for pilots to 

avoid. During a January 2008 ground test in 

Boulder, Colo., the research team evaluated 

the feasibility of the infrared interferometer 

to detect clear-air turbulence at a useful 

distance from the sensor by measuring 

temperature fl uctuations. They also evalu-

ated the turbulence detection and hazard 

prediction algorithms they developed. 

“The measured results corresponded 

well to the model predictions, and this 

result was interpreted as a successful 

detection of mountain waves with inter-

ferometric radiometry, which has never 

before been accomplished,” adds Leanne 

West, project director and GTRI senior re-

search scientist.

A second fi eld test was conducted in 

Madison, Wis., in June 2008 to investigate 

the ability of the instrument to detect 

wake vortices. This tornado-like turbu-

lence forms behind an aircraft as it passes 

through the air and can cause problems 

for any subsequent aircraft following the 

same fl ight path. 

The researchers were able to resolve 

what could potentially be a wake vortex 

about 80 seconds after a DC-9 aircraft 

passed overhead. If this result can be veri-

fi ed, it would be the fi rst detection of a 

wake vortex by spectral infrared radiom-

etry, according to the researchers.

The preliminary results from the fi eld 

tests show that the imaging system is a 

promising technology to detect many, if 

not all, of the external hazards. Further re-

search will be completed to determine if 

the hazards can be detected in-fl ight with 

suffi  cient time-to-alarm for safe maneu-

vering to avoid the hazards.

The material in this article is based upon work sup-

ported by NASA under award number NNX07AN17A. 

Any opinions, fi ndings, conclusions or recommenda-

tions expressed in this article are those of the research-

ers and do not necessarily refl ect the views of NASA.

Researchers are studying the ability of 

instruments like these to detect invisible 

aviation hazards.

Photos: Leanne West
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Modeling Transportation 

Infrastructure for

the Port of Savannah

By Abby Vogel

The Port of Savannah has experienced 

dramatic growth – 15 percent per year on 

average since 2002. This trend could neces-

sitate expanding the roads and railroads 

leading to and from the seaport on Georgia’s 

coast. To help guide these infrastructure 

decisions, researchers at the Georgia Tech 

Research Institute (GTRI) have developed 

models that show how freight moves on 

roads and railroads from the Port of Savan-

nah to the rest of the nation.   

“We are developing models that can an-

swer questions about the local and down-

stream impacts of growth in port operations, 

port infrastructure or local infrastructure on 

the larger system,” says Michael Rodgers, a 

GTRI principal research scientist.

Rodgers is working on this project with 

GTRI principal research engineer James 

McMichael, civil and environmental engi-

neering assistant professor Michael Hunter, 

and graduate students Christopher Puglisi, 

Thomas Wall, Franklin Gbologah and Lak-

shmi Peesapati.

With data from the Logistics Innovation 

Center and funding from GTRI’s indepen-

dent research and development program, 

the models aim to help transportation or-

ganizations plan for corresponding growth 

in rail and highway systems. The models 

can reveal bottlenecks in the transporta-

tion network and determine where money 

would best be spent to improve the trans-

portation infrastructure.

“Transportation organizations and gov-

ernments have very limited resources, so 

our models will tell them what types of 

improvements give the most bang for the 

buck,” adds Rodgers. “It is so much quicker, 

easier and less expensive to change the 

infrastructure in a computer than it is to 

change the infrastructure on the ground.”

With the models, the researchers can 

examine many ‘what-if ’ scenarios – such 

as the impact of new technologies, a high-

speed rail line, truck-only lanes or the de-

velopment of a regional freight corridor. In 

addition to studying proposals from a tech-

nical perspective, the researchers are also 

investigating the environmental impact of 

the scenarios based on energy consump-

tion and vehicle emissions. 

Currently, the model includes the Port 

of Savannah, railways from Miami to Wash-

ington, D.C., and west to Chicago, and high-

ways from Savannah west to Atlanta. The 

researchers plan to expand the model to 

include ports in Charleston, S.C.; Norfolk, Va., 

and Jacksonville, Fla., and highways through-

out the southeastern United States.

“Our models may help determine im-

provements that will allow freight moving 

through the Port of Savannah to reach its 

fi nal destination faster, which could make 

the port even more attractive to shippers 

and improve the economy in Georgia,” ex-

plains McMichael.

Researchers have developed models to show how freight 

moves on roads and railroads from the Port of Savannah.

11
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Monitoring Driving

Behavior to Improve

Highway Effi  ciency

By Rick Robinson

Randall Guensler, a professor in the 

Georgia Tech School of Civil and Environ-

mental Engineering, studies transporta-

tion effi  ciency in metropolitan areas. 

His current work focuses on close mon-

itoring of real-world driving behavior.  The 

goal: fi nd ways to improve traffi  c fl ow by 

maximizing the use of existing highways.

The vehicle-activity data being moni-

tored are useful, he explains, not only for 

evaluating travel behavior, but also for study-

ing traffi  c operations, safety, and environ-

mental impact.  Such data can help guide 

decisions aff ecting transportation planning 

and environmental policy analysis.

“Many experts now believe that active-

ly managing lane use can provide greatly 

improved service without having to con-

struct extra lanes,” Guensler says. “These 

managed-lane strategies can be imple-

mented for minimal cost, especially when 

compared to the land and construction 

cost, the traffi  c problems and the demoli-

tion issues involved in building new roads.”

Guensler and his team are involved 

in two major projects directly associated 

with transportation effi  ciency and man-

aged-lane approaches: 

• Commute Atlanta is a four-phase 

project that examines how monetary 

incentives, often called value pricing, 

can infl uence driver behavior. The $2.3 

million joint project, sponsored by the 

Federal Highway Administration and 

the Georgia Department of Transpor-

tation (GDOT), is also collecting ve-

hicle-use and demographics data use-

ful in studying highway safety and air 

quality, as well as traffi  c fl ow.

• The Congestion Pricing project, spon-

sored by the GDOT, uses a variety of 

techniques including focus groups to 

collect consumer opinion and other 

data on lane-management approach-

es such as value pricing.

The benefi ts of controlling lane use 

through value pricing – sometimes called 

congestion pricing or peak-period pricing 

– are counter-intuitive, Guensler says. To 

people sitting in traffi  c, it looks as if fewer 

Under a recently announced plan, the state of Georgia will 

be the benefi ciary of $110 million in federal funds to develop 

HOV toll lanes along Interstate 85 in metro Atlanta. 

The Georgia Tech School of Civil and Environmental En-

gineering (CEE), partnered with the Georgia Department of 

Transportation (GDOT), will monitor the eff ects of the high-

occupancy toll (HOT) lane implementation.  Georgia Tech has 

been performing research in support of managed-lane projects 

since 2003. 

Georgia Tech’s activities, led by Randall Guensler, a CEE pro-

fessor, have involved several eff orts, including technology de-

velopment, instrumented vehicle-data collection and analysis 

of the impact of pricing on traffi  c and emissions.

More recently, working with Catherine Ross’ planning team 

from the Georgia Tech Center for Quality Growth and Regional 

Development, the researchers have also completed a series of 

reports for GDOT that summarize expert panel and focus group 

results on potential consumer response to congestion pricing.  

As the work continues, Guensler will oversee a study that 

will monitor drivers who choose to use the new toll lanes.  His 

team will track changes in congestion levels, household travel 

behavior and emissions.

Researchers will also identify potential equity issues in a 

study that will include 700 households, 1,500 personal vehicles 

and the express bus fl eet. The goal will be to assess the actual 

travel response and emissions changes that result from imple-

menting the toll project.  

 Guensler and his team are specialists in the development 

and deployment of in-vehicle devices to monitor motorists’ 

driving habits. 

For the fi rst two phases of the Commute Atlanta study, 

researchers developed instrumentation that used an onboard 

computer and GPS equipment to record numerous driving pa-

rameters including location, speed, engine functions and mile-

age. The team monitored more than 1.8 million vehicle trips on 

a second-by-second basis. A built-in cellular connection sent 

back accumulated data weekly.  

The third and fourth Commute Atlanta phases are using 

upgraded equipment that allows real-time tracking of vehicle 

location, speed, mileage and as many as 10 engine parameters 

in some monitored vehicles.

Guensler and Jennifer Ogle, now at Clemson University, are 

principals in Vehicle Monitoring Technology, a new company 

that is now providing monitoring services for vehicle activity 

and emissions elsewhere in the U.S. 

Supporting a $110
Million HOV Toll

Lane Project

Photo: Georgia Department of Economic Development

By using lanes more 

effi  ciently, transportation 

planners can move more 

traffi  c on existing highways.
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vehicles are fl owing through the adjacent 

limited-access lane because there are big 

spaces between each car or truck. 

“But in fact if you were looking from 

the top down, you’d see more vehicles 

going through that lane every hour than 

in the congested lanes,” he says.  “From an 

engineering standpoint, traffi  c fl ow is the 

product of vehicle speed and traffi  c density 

– that is, the speed of the vehicles and how 

closely are they following each other.”

To look at it another way, he explains, a 

small hose that’s fl owing freeing moves more 

water than a large hose that’s blocked.

Commute Atlanta’s fi rst two phases, 

now complete, examined consumers’ re-

sponse to having a price attached to their 

travel practices.  

The study selected several hundred rep-

resentative Atlanta households. Using in-

vehicle computers and Global Positioning 

System (GPS) equipment to collect speed, 

position and engine-operating data, the 

study pinned down each family’s average 

travel habits. 

Then each household was off ered a 

monetary rebate for each mile it could pare 

from its monthly total by any means pos-

sible: fewer trips, carpooling, using public 

transportation, biking or even walking. 

Guensler says the study’s fi rst two 

phases have helped establish research 

guidelines, but results haven’t been defi ni-

tive.  It’s likely that a larger sampling will be 

needed to produce statistically signifi cant 

data.  However, he adds, the data already 

collected from 470 vehicles and more than 

1.8 million vehicle trips will be useful in on-

going air-quality and safety research. 

The third and fourth phases of Com-

mute Atlanta will simulate the impact of 

travel behavior on real-time congestion 

pricing – charging less for restricted-lane 

travel at off -peak periods.  The research also 

includes installing portable devices on de-

livery and service vehicles to examine the 

potential eff ect of congestion pricing and 

other pricing mechanisms.

As value pricing of lane use becomes a 

reality, it’s likely to use a variety  of moni-

toring and toll-collection technologies.  To 

avoid congestion-prone toll booths, future 

approaches could use technologies similar 

to today’s cruise cards, which employ ra-

dio-frequency identifi cation (RFID) to keep 

track of a driver’s highway usage. 

Another approach could involve on-

board vehicle-monitoring systems, which 

would be in-vehicle devices that use GPS 

and other techniques to monitor and bill 

drivers for using special lanes.

The Congestion Pricing Project, a study 

separate from the Commute Atlanta work, 

was recently completed for the GDOT. In 

that project, Guensler teamed with co-

principal investigator Catherine Ross, who 

is the Harry West Professor in the Georgia 

Tech College of Architecture.  

Initially, the Congestion Pricing project 

reviewed new toll-collection technologies, 

as well as case studies of congestion-pric-

ing projects in other cities. Subsequently, it 

interviewed experts on congestion-pricing 

programs and then analyzed local consum-

er reactions using focus groups comprised 

of Atlanta-area citizens.   

“Our focus group work revealed inter-

esting points, including the fact that in-

come groups that wouldn’t generally use 

value priced lanes still liked having them 

available,” Guensler says.  “There are times 

when everyone fi nds that these lanes are 

a good economic decision – such as when 

you’re late for daycare, and you’re facing 

dollar-a-minute overtime charges.” 

Photo: Georgia Department of Economic Development

Georgia Tech researchers are studying aspects of real-world driver behavior as part of an eff ort to maximize highway effi  ciency.
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Traveling the Road

to Sustainability

in Transportation

By Rick Robinson

In transportation, effi  ciency and sus-

tainability are inseparable. 

That’s the viewpoint of transporta-

tion-sustainability researchers like Adjo 

Amekudzi, an associate professor in the 

Georgia Tech School of Civil and Environ-

mental Engineering. 

“Transportation performance needs 

to be evaluated in broader terms than in 

the past,” Amekudzi says. “A transport sys-

tem must move goods and people eff ec-

tively, but it should do so in ways that are 

environmentally friendly and socially eq-

uitable.  In the long term, that approach is 

best for both sustained economic devel-

opment and quality of life.” 

Sustainable transportation, she says, 

plays  a major role in quality-of-life issues. 

Clearly, the amount of money that both 

governments and individuals must spend 

on transportation aff ects other important 

expenditures.  Air quality and the amount of 

time that people spend in traffi  c also fi gure 

importantly in quality-of-life perceptions. 

To help achieve sustainability, cities 

need to promote multi-modal transporta-

tion systems – those that distribute trans-

portation over several systems rather than 

relying heavily on highways, Amekudzi says.  

A good multi-modal transportation system 

can improve effi  ciency across the board by 

giving both businesses and individuals true 

fl exibility in matching their needs to given 

transport modes.

Amekudzi’s recent research, funded 

by the National Science Foundation and 

the U.S. Department of Transportation, 

has focused on developing sustainabil-

ity metrics and methods for sustainability 

planning.  She examines the broader pic-

ture of transportation and society, includ-

ing ways to generate alternative scenarios 

that can improve both travel effi  ciency 

and environmental impact.

Analyzing the link between land use 

and transportation is vital, she says, be-

cause usually land use generates the need 

for transportation.  For instance, if most af-

fordable housing is built outside the city 

center, people will need expanded transit 

infrastructure to get to jobs, universities 

and recreation in places where the bulk of 

these activity centers exist in the city core. 

Amekudzi points to mixed-use facili-

ties, like Atlantic Station in midtown At-

lanta.  Such self-contained developments, 

which are blends of residential, commer-

cial and recreational development, pack 

many resources into a small area, reduc-

ing the need for outside trips that con-

sume energy.

“I don’t think everybody needs to park 

their cars, because we already have a sub-

stantial infrastructure for vehicles,” she says. 

“But we need to come to a point where 

people will see that they have several via-

ble transportation choices. That in turn will 

help us to reduce our resource and waste 

footprints, and allow us to continue to im-

prove our quality of life and make measur-

able movements toward sustainability.”

Tackling Complex

Issues Aff ecting

Transport Effi  ciency 

By Rick Robinson

Increasing transportation effi  ciency 

involves more than optimizing traffi  c fl ow 

and lowering fuel consumption.

Rather, it requires achieving effi  ciency 

in a range of areas, including cost, en-

ergy, environment and safety, says Frank 

Southworth, a principal research scientist 

in the Georgia Tech School of Civil and 

Environmental Engineering.  Southworth 

has been a principal investigator on more 

than 50 transportation-planning projects.    

“Most big projects tend to be evalu-

ated on travel-time savings, because time 

is money,” he says. “But a really effi  cient 

system tries to minimize all the costs – the 

obvious ones and the not-so-obvious – of 

a passenger or a freight trip, while still re-

maining reliable.”

For example, he says, if a company can 

move freight quickly but its fuel consump-

tion is becoming prohibitive or safety is 

suff ering, those problems will aff ect the 

real cost of doing business.

“Basically in transportation, the rule 

is – the bigger, the fewer, the cheaper,” 

Southworth says. “That means a big vehi-

cle that makes fewer trips is more effi  cient 

to operate, especially if its loads are kept 

as large as possible at all times.”

But, he adds, the most effi  cient meth-

od isn’t always the obvious one, and even 

the big-vehicle/always-loaded rule has 

exceptions. For example, many power 

companies have found that dedicated 

“unit trains” carrying only coal can be the 

most effi  cient way to feed power plants.  

Even though these miles-long trains go 

all the way back to the mines empty, they 

turn out to be cheaper to use than gen-

eral-purpose freight trains.

Similarly, choosing shipping modes 

– road, rail, ship, barge or even pipeline 

– also requires close consideration.  Rail-

roads and barges, for instance, typically 

use less fuel than highway vehicles. Yet 

the cost of transferring goods to trucks 

for local delivery can eat up those savings, 

and that can make straight-through truck-

ing a better choice at times.

Often left out of the transportation 

equation are environmental costs, says 

Adjo Amekudzi in 

Atlantic Station.

Photo: Gary Meek
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Southworth, who is also a senior research 

and development staff  member at Oak 

Ridge National Laboratory in Oak Ridge, 

Tenn. It’s in society’s long-term interest, he 

says, to promote transportation systems 

that reduce greenhouse gases such as car-

bon dioxide and ozone-creating pollutants 

such as nitrogen oxides. 

“Environmental damage, safety and en-

ergy costs are often called ‘externalities,’ – ex-

ternal to the primary goal of fast and cheap,” 

he says. “But you don’t want transportation 

to occur in such a way that increases pollu-

tion and consumes energy unnecessarily – 

and safety should never be compromised.”

To address environmental issues, he 

says, transportation researchers have 

turned to “the three-legged stool” – more-

effi  cient engines, less-polluting alternative 

fuels and reduced transportation demand.

“We tend to say that the bottom line is 

moving people and goods from A to B for 

the least cost,” he explains. “But the other 

question is, what does cost really mean?”  

Advancing

Transportation

Research in Georgia

By Rick Robinson and Abby Vogel

Georgia Tech’s Transportation Research 

Center (TRC) for Freight, Trade, Security and 

Economic Strength focuses on improving the 

security and effi  ciency of the transportation 

system, with a concentration on international 

trade, seaport and airport security, and their 

economic interrelationships and impacts. 

Alan Erera, associate professor in the 

H. Milton Stewart School of Industrial and 

Systems Engineering, and Chelsea C. White 

III, H. Milton and Carolyn J. Stewart School 

Chair and Schneider National Chair of 

Transportation and Logistics, serve as TRC 

co-directors.

With funding from the Center, Stewart 

School associate professor Christos Alexo-

poulos and professor David Goldsman are 

developing a suite of simulation software 

tools for seaport analysis. The current simula-

tion model is based on the Port of Savannah. 

The goals of this development eff ort are to 

help port management and emergency re-

sponse teams develop and evaluate facility 

expansion or reorganization plans, recovery 

strategies to respond to equipment failures, 

and security-related technologies, and to 

conduct emergency situation training.

TRC members are also investigating 

new forms of information technology, such 

as radio frequency identifi cation, and the 

ability of such technology to improve the 

effi  ciency and security of today’s transpor-

tation systems. 

“We are examining the impact of in-

creased container security checks on port 

productivity and the relative trade-off  be-

tween trying to prevent a major security-re-

lated service disruption and trying to quickly 

recover from a major disruption,” says White.

The TRC is supported by the U.S. Depart-

ment of Transportation and local matching 

funds and includes 12 investigators from 

Georgia Southern University and Georgia 

Tech’s Stewart School and School of Civil 

and Environmental Engineering.

The Georgia Transportation Institute (GTI) 

is a multi-faceted facilitator in transportation 

research and development statewide. 

“GTI coordinates transportation re-

search activities here at Georgia Tech and 

other Georgia universities,” says Michael 

Meyer, director of the institute and a pro-

fessor in the Georgia Tech School of Civil 

and Environmental Engineering.   “We’re 

the mechanism through which the Geor-

gia Department of Transportation funds 

that research.”

Researchers affi  liated with GTI are ac-

tive in research on a broad range of topics 

including policy and planning, environ-

mental issues, transportation technology, 

transportation infrastructure, and traffi  c 

operations.

GTI utilizes the faculty, departments and 

research facilities of Georgia Tech and other 

university members in Georgia, including 

Albany State University, Clark Atlanta Uni-

versity, Georgia Southern University, Georgia 

State University, Southern Polytechnic State 

University and the University of Georgia.

But, Meyer stresses, GTI is a versatile 

group that does more than distribute re-

search funds, respond to industry inquiries 

and organize professional seminars.  It ac-

tively pursues research opportunities. 

He points to the new U.S. Department 

of Transportation University Transportation 

Center (UTC) established at Georgia Tech 

last year. The University Transportation Cen-

ters are part of a federal program that funds 

U.S. universities to advance transportation 

research and train professionals in the fi eld. 

GTI, Meyer says, identifi ed and pursued 

the UTC opportunity.  The result was that 

Georgia Tech is now home to a national 

UTC–one of 10 universities to receive the 

Tier I University Transportation Center des-

ignation.  That distinction includes up to $1 

million in funding over two fi scal years, to 

be matched by non-federal funding.

Frank Southworth, left, 

and Michael Meyer both 

conduct transportation 

research at Georgia Tech.

rh



F
or endangered coral reefs, 

not all seaweed-eating fi sh 

are created equal.

A paper published in October 

2008 in the journal Proceedings of 

the National Academy of Sciences 

suggests that maintaining the 

proper balance of herbivorous 

fi sh may be critical to restoring 

coral reefs, which are declining 

dramatically worldwide. The con-

clusion results from a long-term 

study that found signifi cant re-

covery in sections of coral reefs on 

which fi sh of two complementary 

species were caged.

Coral reefs depend on fi sh 

to eat the seaweeds with which 

the corals compete, and without 

such cleaning, the reefs decline as 

corals are replaced by seaweeds. 

Diff erent fi sh consume diff erent 

seaweeds because of the diff ering 

chemical and physical properties 

of the plants.

“Of the many diff erent fi sh 

that are part of coral ecosystems, 

there may be a small number 

of species that are really critical 

for keeping big seaweeds from 

overgrowing and killing corals,” 

explains Mark Hay, the Harry and 

Linda Teasley Professor of Biology 

at Georgia Tech. “Our study shows 

that in addition to having enough 

herbivores, coral ecosystems also 

need the right mix of species to 

overcome the diff erent defensive 

tactics of the seaweeds.”

By knowing which fi sh are 

most critical to maintaining coral 

health, resource managers could 

focus on protecting and enhanc-

ing the highest-impact species. 

In situations where local people 

depend on fi shing, they might 

better sustain the reefs on which 

they depend by harvesting only 

less critical species. 

“This could off er one more ap-

proach to resource managers,” Hay 

adds. “If ecosystems were man-

aged for critical mixes of herbivo-

rous species, we might see more 

rapid recovery of the reefs.” 

Believed to be the fi rst study 

to demonstrate the importance 

of herbivore diversity in enhanc-

ing the growth of coral reefs, the 

research was conducted at the 

National Undersea Research Cen-

ter in Key Largo, Fla. It was sup-

ported by the National Oceanic 

and Atmospheric Administration, 

the National Science Foundation 

and the Teasley Endowment at 

Georgia Tech.

Working 60 feet below the sur-

face near the underwater labora-

tory Aquarius, Hay and co-author 

Deron E. Burkpile – who is now 

at Florida International University 

in North Miami – constructed 32 

cages on a coral reef. Each cage 

was about two meters square and 

one meter tall and was sealed so 

that larger fi sh could neither enter 

nor leave.

The number and type of fi sh 

placed into each four-square-me-

ter cage varied. Some cages had 

two fi sh that were able to eat hard, 

calcifi ed plants; some had two 

fi sh able to eat soft, but chemi-

cally defended plants; some had 

one of both types, and some had 

no fi sh at all. The cages were ob-

served for a period of 10 months 

starting in November 2003, and 

the change in coral cover and sea-

weed growth was measured.

“For the cages in which we 

mixed the two species of her-

bivores, the fi sh were able to 

remove much more of the up-

right seaweeds, and the corals in 

those areas increased in cover by 

more than 20 percent during 10 

months,” Hay says. “That is a dra-

Diversity of Seaweed-eating Fish May be Key to Recovery of 

Coral, Caribbean Experiment Shows 

Saving the Reefs:  

By John Toon
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A new study of coral reefs 

in the Caribbean shows 

that maintaining a proper 

balance of herbivorous fi sh 

may be critical to restoring 

the ecosystems, which 

are declining dramatically 

worldwide. The conclusion 

results from a long-term 

study that found signifi cant 

recovery in sections of coral 

reefs on which fi sh of two 

complementary species 

were caged.

(Top) A diver swims toward 

the underwater laboratory 

Aquarius.  (Bottom) 

Researchers build cages to 

study the eff ects of seaweed-

eating fi sh on coral reefs.

Photos: National Undersea Research Center; Alex Chequer
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matic rate of increase for a Caribbean reef.”

Though the percentage growth was im-

pressive, the actual growth in size of each coral 

was small, Hay notes. Prior to the experiment, 

the coral reef areas studied had just 4 to 5 per-

cent coverage of live coral. After 10 months, the 

corals caged with the two species showed 6 to 

7 percent coverage. Corals caged with just one 

type of fi sh or no fi sh lost as much as 30 percent 

of their cover during the time period.

Hay and Burkepile attempted to repeat their 

experiment with a diff erent species of fi sh, but 

the underwater cages were wiped away by 

Hurricane Dennis in July 2005 after only seven 

months of study. 

The researchers studied the eff ects of the 

redband parrotfi sh (Sparisoma aurofrenatum) 

and the ocean surgeonfi sh (Acanthurus bahia-

nus) in the fi rst experiment, and the redband 

parrotfi sh and princess parrotfi sh (Scarus taeni-

opterus) in the second.

For the future, Hay would like to expand the 

experiments to study the eff ects of additional 

species, and repeat the studies in diff erent ar-

eas, such as the Fiji Islands, where residents 

are concerned about sustainability of the coral 

reefs. Though dependent on local fi sh for their 

protein, he says the Fiji Islanders may be able 

to change their fi shing habits if researchers can 

determine which fi sh must be protected to 

help the reefs.

The study provides more proof of how 

important biodiversity can be to maintaining 

healthy ecosystems.

“Species diversity is critically important, but 

we are losing critical components of the Earth’s 

ecosystem at an alarming rate,” Hay says. “There 

has been little work on the role of diversity 

among consumers and the eff ect that has on 

communities. This study will help add to our 

knowledge in this critical area.” 

C O N T A C T
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Of the many diff erent 

fi sh that are part of coral 

ecosystems, there may be 

a small number of species 

that are really critical for 

keeping big seaweeds 

from overgrowing and 

killing corals.  Our study 

shows that in addition to 

having enough herbivores, 

coral ecosystems also need 

the right mix of species 

to overcome the diff erent 

defensive tactics of the 

seaweeds. 

- Mark Hay, professor in 

the School of Biology 

(Left) A redband parrotfi sh swims near a coral reef in the Caribbean Sea.  

(Bottom) Researchers build cages that will be anchored to the coral reef to 

study the eff ects of fi sh diversity.

Photos: Deron Burkepile
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T
he race for the best “gecko 

foot” dry adhesive got a new 

competitor with a stronger 

and more practical material report-

ed in the journal Science by a team 

of researchers from four U.S. institu-

tions, including Georgia Tech.

Scientists have long been in-

terested in the ability of gecko 

lizards to scurry up walls and 

cling to ceilings by their toes. 

The creatures owe this amazing 

ability to microscopic branched 

elastic hairs in their toes that take 

advantage of atomic-scale attrac-

tive forces to grip surfaces and 

support surprisingly heavy loads. 

Several research groups have at-

tempted to mimic those hairs 

with structures made of polymers 

or carbon nanotubes.

In a paper published in the 

Oct. 10, 2008, issue of Science, 

researchers from the University 

of Dayton, the Georgia Institute 

of Technology, the Air Force Re-

search Laboratory and the Uni-

versity of Akron described an im-

proved carbon nanotube-based 

material that for the fi rst time 

creates directionally varied (aniso-

tropic) adhesive force. With a grip-

ping ability nearly three times the 

previous record – and 10 times 

better than a real gecko at resist-

ing perpendicular shear forces 

– the new carbon nanotube array 

could give artifi cial gecko feet the 

ability to tightly grip vertical sur-

faces while being easily lifted off  

when desired.

Beyond the ability to walk on 

walls, the material could have 

many technological applications, 

including connecting electronic 

devices and substituting for con-

ventional adhesives in the dry 

vacuum of space. The research has 

been sponsored by the National 

Science Foundation and the U.S. 

Air Force Research Laboratory at 

Wright-Patterson Air Force Base 

near Dayton, Ohio.

“The resistance to shear force 

keeps the nanotube adhesive 

attached very strongly to the 

vertical surface, but you can still 

remove it from the surface by 

pulling away from the surface in a 

normal direction,” explains Liming 

Dai, the Wright Brothers Institute 

Endowed Chair in the School of 

Engineering at the University of 

Dayton. “This directional diff er-

ence in the adhesion force is a sig-

nifi cant improvement that could 

help make this material useful as 

a transient adhesive.” 

The key to the new material 

is the use of rationally designed, 

multi-walled carbon nanotubes 

formed into arrays with “curly en-

tangled tops,” says Zhong Lin Wang, 

a Regents’ Professor in the Georgia 

Tech School of Materials Science 

and Engineering. The tops, which 

Wang compared to spaghetti or a 

jungle of vines, mimic the hierar-

chical structure of real gecko feet, 

which include branching hairs of 

diff erent diameters.

When pressed onto a vertical 

surface, the tangled portion of the 

nanotubes becomes aligned in 

contact with the surface. That dra-

matically increases the amount of 

contact between the nanotubes 

and the surface, maximizing the 

van der Waals forces that occur at 

the atomic scale. When lifted off  

the surface in a direction parallel 

to the main body of the nano-

tubes, only the tips remain in con-

tact, minimizing the attraction 

forces, Wang explains. 

“The contact surface area mat-

ters a lot,” he notes. “When you 

have line contact, you have van der 

Waals forces acting along the entire 

By John Toon

Mimicking Gecko Feet: 
Dry Adhesive Based on Carbon Nanotubes Gets Stronger, with 

Directional Gripping Ability

Georgia Tech researchers 

have collaborated with sci-

entists at three other institu-

tions to create an improved 

dry adhesive that mimics 

the way gecko lizards cling 

to walls and ceilings.  Using 

special carbon nanotubes 

to replace the branched 

hairs used by geckos, the 

researchers report improved 

directional adhesion from 

their stronger and more 

practical material.

Photo: Liangti Qu

A small patch of dry adhesive 

based on carbon nanotubes 

(black square) supports this 

heavy metal ring.
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length of the nanotubes, but when you have a 

point contact, the van der Waals forces act only 

at the tip of the nanotubes. That allows us to truly 

mimic what the gecko does naturally.”

In tests done on a variety of surfaces – in-

cluding glass, a polymer sheet, Tefl on and even 

rough sandpaper – the researchers measured 

adhesive forces of up 100 newtons per square 

centimeter in the shear direction. In the normal 

direction, the adhesive forces were 10 newtons 

per square centimeter – about the same as a 

real gecko. 

Though the material might seem most 

appropriate for use by Spider-Man, the real 

applications may be less glamorous. Because 

carbon nanotubes conduct heat and electrical 

current, the dry adhesive arrays could be used 

to connect electronic devices. 

Another application might be for adhe-

sives that work long-term in space. “In space, 

there is a vacuum and traditional kinds of ad-

hesives dry out,” Dai notes. “But nanotube dry 

adhesives would not be bothered by the space 

environment.”

In addition to those already mentioned, the 

research team also included Liangti Qu from 

the University of Dayton, Morley Stone from 

the Air Force Research Laboratory and Zhenhai 

Xia from the University of Akron.

The researchers hope to learn more about 

the surface interactions so they can further 

increase the adhesive force. They also want 

to study the long-term durability of the adhe-

sive, which in a small number of tests became 

stronger with each attachment. And they may 

also determine how much adhesive might be 

necessary to support a human wearing tights 

and red mask. 

“Because the surfaces may not be uniform, 

the adhesive force produced by a larger patch 

may not increase linearly with the size,” Dai says. 

“There is much we still need to learn about the 

contact between nanotubes and diff erent sur-

faces.”

Zhong Lin Wang
404.894.8008
zhong.wang@mse.gatech.edu
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When you have line 

contact, you have van 

der Waals forces acting 

along the entire length of 

the nanotubes, but when 

you have a point contact, 

the van der Waals forces 

act only at the tip of the 

nanotubes. That allows us 

to truly mimic what the 

gecko does naturally.

– Zhong Lin Wang, Regents’ 

Professor in the School 

of Materials Science and 

Engineering

Photo: iStockPhoto.com
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Gecko lizards can climb walls and cling to ceilings.  The creatures owe this ability 

to microscopic branched hairs in their toes that take advantage of atomic-scale 

attractive forces to grip surfaces.
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More than 50 media outlets reported 

on the development of a new 

technique for quieting jet engines in 

airliners.  Research engineer Jason 

Nadler of the Georgia Tech Research 

Institute (GTRI) developed the new 

technique, which uses honeycomb-

like structures composed of tiny 

tubes or channels to dissipate 

acoustic energy through a process 

called viscous shear.  Sponsored by 

EADS North America, the research 

has been reported in Aerospace 

Engineering, The Engineer, In Tech, 

Nanowerk, Physics World, R&D 

Magazine, and Technology Horizons.  

(See the article in the Summer 2008 

issue of Research Horizons).

The Thomson Reuters news agency 

and more than 100 other media 

outlets reported on a collaboration of 

four U.S. research organizations that 

led to an improved dry adhesive that 

works like the feet of a gecko lizard.  

Using special carbon nanotubes to 

replace the branched hairs used 

by the lizards to climb walls and 

cling to ceilings, the researchers 

reported improved directional 

adhesion from their stronger and 

more practical material.  Australian 

Broadcasting, Chemistry World, 

Electronic Engineering Times, New 

Scientist, Physics World, Scientifi c 

American, Small Times, Technology 

Review, TechJournal South and 

The Washington Post were among 

the media covering the research.  

Zhong Lin Wang led the Georgia 

Tech component of the work, which 

also included researchers from 

the University of Dayton, the Air 

Force Research Laboratory and the 

University of Akron. The so-called 

“gecko tape” relies on atomic-scale 

attractive forces for its ability to stick 

to a broad range of surfaces, from 

glass to sandpaper.  (See the article 

on page 18 of this issue of Research 

Horizons).

IndustryWeek, a magazine serving 

the manufacturing industry, 

reported on work done in the H. 

Milton Stewart School of Industrial 

and Systems Engineering on 

predicting the life of mechanical 

and electronic equipment.  The 

research, led by Nagi Gebraeel, could 

improve maintenance operations 

and ease the problem of spare-

parts inventories by calculating the 

remaining useful life of engineered 

systems.  Also reporting on the 

research were RF Design and Inside 

Engineer. (See the article on page 39 

of this issue of Research Horizons).

More than a dozen top media 

covered a new National Science 

Foundation grant that will support 

Georgia Tech’s role in developing a 

new fi eld of study for understanding 

the massive amounts of data 

being produced in health care, 

computational biology and other 

fi elds.  Led by Haesun Park, a 

professor in the Computational 

Science and Engineering Division of 

the College of Computing, the grant 

will support research into ways of 

improving the visual analytics of 

massive data sets through machine 

learning, numerical algorithms 

and optimization, computational 

statistics and information 

visualization.  The Atlanta Journal 

Constitution, Chicago Tribune, Forbes, 

HPC Wire, Miami Herald, National 

Public Radio, Newsday, Orlando 

Sentinel, San Francisco Chronicle 

and The Washington Post were 

among media covering the national 

Foundations of Data and Visual 

Analytics (FODAVA) Partnership 

Award.  (See the article on page 36 

of this issue of Research Horizons).

Researchers from the Georgia Tech 

Research Institute have created a 

low-cost, high-resolution imaging 

system that can be mounted on 

a helicopter and used to create a 

complete and detailed picture of an 

area aff ected by a hurricane or other 

natural disaster.  The information 

provided by the system can be 

used to estimate the number of 

refugees and assess damage to 

help relief agencies tailor assistance 

provided.  Known as the Mini 

ModPOD, the system was covered 

in the television service Discoveries 

and Breakthroughs Inside Science, 

and MedGadget, NASA Tech Briefs, 

National Defense, Occupational 

Health and Safety, TechJournal 

South, The Engineer, United Press 

International and Yahoo! Tech News.  

The research, featured on page 24 of 

this issue of Research Horizons, was 

sponsored by the Centers for Disease 

Control and Prevention.

The ash left over from burning coal 

is usually considered a waste, and 

must be disposed of in landfi lls.  

Research led by assistant professor 

Mulalo Doyoyo in Georgia Tech’s 

School of Civil and Environmental 

Engineering has developed a 

way to reuse the ash to make a 

strong and lightweight structural 

material that can be used to replace 

concrete in certain applications.  

The research, featured on page 4 

of this issue of Research Horizons, 

was reported in Environmental 

Protection, the Chemical Engineer, 

the Bangalore Mirror, The Engineer 

and dozens of blogs.

Top:  GTRI researcher Jason Nadler has developed a new technique for 
quieting jet engines by using a honeycomb-like structural material.

Bottom: Researchers in the School of Industrial and Systems Engineering 
are improving maintenance operations through a new means for 
calculating the remaining useful life of engineered systems.

Georgia Tech Researchers’  Work is Covered in the News Media
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Mostafa A. El-Sayed, Julius Brown 

Chair and Regents’ Professor in the 

School of Chemistry and Biochem-

istry, received the 2007 National 

Medal of Science.

Parker H. Petit Distinguished Chair 

for Engineering in Medicine Robert 
Nerem received the National Acad-

emy of Engineering Founders Award.

Assistant professor of mathematics 

Yuri Bakhtin, assistant professor in the 

College of Computing Computational 

Science and Engineering Division Guy 
Lebanon, and assistant professor in 

chemical & biomolecular engineering 

Sankar Nair received National Science 

Foundation CAREER Awards.

Chemical and biomolecular engineer-

ing professors Andreas Bommarius 
and Mark Prausnitz were elected to 

the College of Fellows of the American 

Institute for Medical and Biological 

Engineering.

Woodruff  School of Mechanical 

Engineering associate professor Al 
Ferri and part-time faculty member 

Dennis Ballou were elected to the 

grade of Fellow in the American 

Society of Mechanical Engineers.

Electrical and computer engineering 

professor Bernard Kippelen was 

named SPIE Fellow.

Wassim Haddad, professor in 

the Daniel Guggenheim School 

of Aerospace Engineering; Allen 
Tannenbaum, Julian Hightower 

Professor in the School of Electrical 

Engineering and Coulter Department 

of Biomedical Engineering; and 

Xiaoping Hu, biomedical engineering 

professor, were elevated to the grade 

of IEEE Fellow.

City and regional planning professor 

Nancey Green Leigh was inducted 

into the College of Fellows of the 

American Institute of Certified Planners.

David McDowell, Carter Paden 

Chair in Metals Processing, was 

elected to the grade of Fellow in ASM 

International.

Aerospace engineering assistant 

professor Joseph Saleh was named an 

associate fellow of the American Insti-

tute of Aeronautics and Astronautics.

Associate professors Keith Edwards 
and Beki Grinter of the School of 

Interactive Computing were named 

senior members of the Association of 

Computing Machinery.

GTRI principal research engineer Mark 
Mitchell and GTRI senior research 

scientist David Roberts were selected 

as senior members of IEEE. 

The GTRI Communications Offi  ce 

received four Phoenix Awards from 

the Public Relations Society of 

America Georgia Chapter for the 2007 

GTRI Annual Report, external Web 

site, business to business marketing, 

and research done to establish GTRI’s 

new marketing strategy and brand 

identity. The offi  ce also recently 

garnered awards from the Association 

of Marketing and Communication 

Professionals, and the Southern 

Region and Atlanta Chapter of the 

International Association of Business 

Communicators.

Duke Power Company Distinguished 

Professor Ron Harley was named 

the 2009 recipient of the IEEE Richard 

Harold Kaufmann Award.

GTRI principal research engineer Bob 
Beasley received the 2008 Associa-

tion of Old Crows Gold Medal.

Athanasios Nenes, associate 

professor with appointments in the 

School of Earth and Atmospheric Sci-

ences and the School of Chemical and 

Biomolecular Engineering, received 

the American Meteorological Society’s 

highest award, the 2009 Henry G. 

Houghton Award.

Sue Ann Bidstrup Allen, professor of 

chemical & biomolecular engineering 

and executive assistant to the presi-

dent, received the 2007-08 Diversity 

Award from the Council for Chemical 

Research and the 2008 Sharon Keillor 

Award from the American Society of 

Engineering Education. 

GTRI principal research engineer Mike 
Harris received a U.S. Navy Award for 

Excellence.

J. David Frost, director of Georgia 

Tech Savannah and professor in the 

School of Civil and Environmental 

Engineering, was awarded the 2008 

Engineer of the Year in Education 

award from the Georgia Society of 

Professional Engineers. 

College of Architecture Professor of 

Practice David Green won the Bronze 

Medal from the American Institute 

of Architects Georgia Chapter for 

distinguished service.

Tom Habetler, professor in the 

School of Electrical and Computer 

Engineering, received an Outstanding 

Achievement Award from the Euro-

pean Power Electronics and Motion 

Control Council.

Electrical and computer engineering 

assistant professor Justin Romberg 
received an Offi  ce of Naval Research 

Young Investigator Award.

Nils Kröger, assistant professor in the 

School of Chemistry and Biochemistry, 

received the Cottrell Scholar Award.

J. Rhett Mayor, assistant professor in 

the Woodruff  School of Mechanical 

Engineering, won the 2009 Society 

of Manufacturing Engineers John 

G. Bollinger Outstanding Young 

Manufacturing Engineer Award.

Civil and environmental engineering 

professor Michael Meyer received the 

Carey Award from the Transporta-

tion Research Board of the National 

Academies.

Georgia Tech  Communications & 
Marketing was awarded a Phoenix 

Award from the Public Relations 

Society of America Georgia Chapter 

for the Green Buzz Web site. 

William “Bill” Rouse and Bert Zwart, 

professors in the Stewart School of 

Industrial and Systems Engineering, 

received IBM Faculty Awards. Zwart 

also received the Erlang Prize from 

the Applied Probability Society of 

INFORMS.

Associate professor Dana Randall of 

the School of Computer Science was 

named a National Associate of the 

National Academies.

Donald White, professor in the 

School of Civil and Environmental 

Engineering, received the American 

Institute of Steel Construction’s T.R. 

Higgins Lectureship Award.

- compiled by Abby Vogel

Beasley Grinter El-Sayed Habetler Lebanon Nair Randall Zwart
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T
he 1918 fl u pandemic 

killed more than 40 million 

people worldwide. While 

it is diffi  cult to predict when the 

next infl uenza pandemic will oc-

cur, Georgia Tech researchers have 

developed models to help orga-

nizations like the American Red 

Cross and Georgia Department 

of Education prepare emergency 

response plans.

“The models are fl exible so 

that multiple scenarios can be in-

vestigated to see which options 

meet a certain goal,” says Pinar Ke-

skinocak, an associate professor in 

Georgia Tech’s H. Milton Stewart 

School of Industrial and Systems 

Engineering (ISyE). “This goal can 

be diff erent for various groups, 

such as serving the most people 

given the availability of limited 

resources or minimizing the num-

ber of people infected while not 

negatively aff ecting businesses.”

Details of the models, devel-

oped with ISyE associate professor 

Julie Swann and graduate student 

Ali Ekici, were presented in October 

2008 at the Institute for Operations 

Research and the Management 

Sciences Annual Meeting.

Knowing how many people 

will need food, how many food 

distribution facilities will be nec-

essary, where the facilities should 

be located and how the resources 

should be allocated among the 

facilities is very important, ac-

cording to Marilyn Self, manager 

of disaster readiness for the Met-

ropolitan Atlanta Chapter of the 

American Red Cross. 

“These models have provided 

solid food distribution data that 

has helped us formulate the ques-

tions we have to ask and the deci-

sions that we have to make about 

food distribution during a pan-

demic on a local and statewide 

level,” Self says. 

The Georgia Department of 

Education is using Georgia Tech’s 

models to investigate whether 

schools should be closed during 

a pandemic. 

“Closing schools aff ects both 

families and businesses because 

parents will have to stay home 

and take care of children,” explains 

Garry McGiboney, associate state 

superintendent at the Georgia 

Department of Education. “We 

have to worry about important 

emergency workers like hospital 

staff  members and law enforce-

ment offi  cers not being able to 

work because they have to tend 

to their children because schools 

are closed.”

To estimate the number of 

meals required for a given area 

or determine if closing schools 

would be benefi cial, the research-

ers fi rst needed to determine how 

many people and/or households 

would be infected. To do this, they 

constructed a generic disease 

spread model, which described 

how the infl uenza disease would 

spread among individuals.

The researchers used U.S. Cen-

sus Bureau tract data – including 

household statistics, work fl ow 

data, classroom sizes and age sta-

tistics – to test the model. Crowd-

ed areas, including Atlanta and 

its suburbs, were always aff ected 

around the same time regardless 

of where the disease initiated. 

However, the time required for 

the disease to spread to rural ar-

eas depended on where the dis-

ease started.

With this information, the 

Georgia Tech researchers used 

the disease spread model as a 

forecasting tool to calculate the 

number of meals that would be 

required in metropolitan Atlanta 

during a fl u pandemic. They test-

ed three major scenarios: feeding 

By Abby Vogel

Flu Pandemic
Preparedness:

Models Help Determine Food Distribution and

School Closing Strategies

Georgia Tech researchers 

have developed models 

to help organizations like 

the American Red Cross 

and Georgia Department 

of Education prepare 

emergency response plans 

that could be implemented 

should a fl u pandemic aff ect 

the state.  The models help 

with decisions about food 

distribution to aff ected 

households and interven-

tion strategies to reduce the 

spread of the disease.

Photo: Centers for Disease Control and Prevention

Image shows a negative-

stained transmission electron 

micrograph of an infl uenza 

virus particle, or “virion.”
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every household with an infected individual 

(someone symptomatic or hospitalized), ev-

ery household with an infected adult or every 

household with all adults infected. 

The simulations showed that the 15 coun-

ties surrounding Atlanta would require approx-

imately 2.2 million, 1.4 million or 150,000 meals 

per day for the respective scenarios during the 

peak infection period. For the entire pandemic, 

the number of meals would reach 62 million, 

38 million or 3.8 million for the three scenarios 

respectively. 

Interventions such as voluntary quarantine 

or school closures could also aff ect food dis-

tribution by changing the number of infected 

individuals. 

“Voluntary quarantine means that if an in-

dividual is sick in a household, everyone in that 

household should stay home,” explains Ekici. 

“However, we realize that not everyone will fol-

low this rule, so the model assumes that only a 

certain percentage of infected individuals will 

stay home.”

The researchers investigated the eff ects of 

voluntary quarantine on disease spread, as well 

as the best time to begin the quarantine and 

how long it should last.

“These results are important because during 

a pandemic, communities have limited resourc-

es, including food and volunteers to distribute 

the food,” notes Swann. “If fewer people require 

the resources, especially during the peak time 

period, organizations like the American Red 

Cross can meet the needs of more people.”

The researchers also compared the two in-

terventions: quarantine and school closure. The 

results showed that closing schools reduced the 

number of people infected with the virus. How-

ever, for certain disease parameters, a four-week 

voluntary quarantine was found to be at least as 

eff ective as a six-week school closure for reduc-

ing the percentage of the population infected 

with the virus and the number of people infect-

ed at the peak time.

“While we hope that a pandemic never oc-

curs, our models will help Georgia and other 

states across the United States prepare response 

plans for the potential,” Keskinocak adds. 

Pinar Keskinocak
404.894.2325
pinar.keskinocak@isye.gatech.edu

Julie Swann
404.385.3054
julie.swann@isye.gatech.edu
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The models are fl exible 

so that multiple scenarios 

can be investigated to 

see which options meet 

a certain goal. This goal 

can be diff erent for 

various groups, such as 

serving the most people 

given the availability 

of limited resources or 

minimizing the number 

of people infected while 

not negatively aff ecting 

businesses.

- Pinar Keskinocak, 

associate professor in the 

H. Milton Stewart School 

of Industrial and Systems 

Engineering
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Julie Swann, Pinar Keskinocak and Ali Ekici (left to right) have 

developed models that show how a fl u pandemic would spread 

in Georgia.

Image: Pinar Keskinocak

Photo: Gary Meek

A simulation shows the location of active fl u 

cases 40 days after the start of a pandemic 

that began in Atlanta.



R
esearchers at the Georgia 

Tech Research Institute 

(GTRI) have developed a 

low-cost, high-resolution imaging 

system that can be attached to a 

helicopter to create a complete 

and detailed picture of an area 

devastated by a hurricane or oth-

er natural disaster. The resulting 

visual information can be used 

to estimate the number of storm 

refugees and assess the need for 

health and humanitarian services. 

Aid organizations currently 

don’t have a quick and accurate 

way to determine how many di-

saster victims need assistance. 

Satellites can collect images of 

areas aff ected by a natural disas-

ter, but there are dissemination 

restrictions, and cloud cover can 

prevent collection of images.

“Without a real-time map, it’s 

very hard to do population es-

timates and demographic esti-

mates to fi gure out where people 

are, how they’re moving, how 

they’re spaced out and even how 

many people you have on the 

ground,” says Benjamin Sklaver, a 

project offi  cer from the Centers 

for Disease Control and Prevention 

(CDC) International Emergency 

and Refugee Health Branch. “This 

technology does not exist cur-

rently, so GTRI’s imaging system is 

really an innovative project.” 

The imaging system – de-

signed by GTRI senior research 

technologist David Price and se-

nior research engineer Gary Gray 

– is called the “Mini ModPOD,” 

which stands for “Miniature Modu-

lar Photographic Observation De-

vice.” It consists of an off -the-shelf 

Canon Digital Rebel XTi digital 

camera, a global positioning sys-

tem receiver, a small circuit board 

that uploads mission parameters, 

and an inertial measurement unit 

that measures the aircraft’s rate of 

acceleration and changes in rota-

tional attributes, including pitch, 

roll and yaw. The images collected 

from the system can be stitched 

together to create a complete 

picture of the aff ected area.

The research team has tested 

the device on several fl ights, se-

lecting areas with large popula-

tions of people likely to be out-

doors. 

“During the fi rst test fl ight, 

we wanted to test the clarity and 

resolution of the images collected 

during the run, and we were very 

pleased,” explains Price. “We could 

see tennis balls on the ground and 

By Abby Vogel

Seeing the Big Picture: 
Portable Imaging System Helps Maximize Public Health

Response to Natural Disasters

RE
SE

A
RC

H
 H

O
RI

ZO
N

S

24 

Working in collaboration 

with the Centers for Disease 

Control and Prevention, GTRI 

researchers have developed 

a low-cost, high-resolution 

imaging system that can 

be attached to a helicopter 

to create a complete and 

detailed picture of an area 

devastated by a hurricane or 

other natural disaster. The 

resulting visual information 

can be used to estimate the 

number of storm refugees 

and assess the need for 

health and humanitarian 

services. 

Individual photographs 

were collected from the Mini 

ModPOD system and stitched 

together to create this image.

Image: David Price

(Left) Photo was collected by the Mini ModPOD system with the red 

box outlining the area shown blown up in the other image (right).

Image: David Price



people reading books at outdoor tables. This 

was suffi  cient detail to allow accurate counting 

of the number of people in an area.”

After the fi rst fl ight, the researchers reduced 

the weight of the device and developed a more 

accurate geo-referencing capability, which 

allowed the physical location of the scenes 

shown in each photograph to be determined 

with precision. With the modifi cations made, 

the researchers went for a second fl ight test in 

July 2008. 

The research group selected a rectangular 

zone of interest and loaded the latitude and 

longitude coordinates of the zone into the sys-

tem from a USB drive. As soon as the helicopter 

fl ew into the zone, the camera began snapping 

pictures. The electronics were set to measure 

the speed of the aircraft so that each photo 

overlapped 60 percent of the preceding photo, 

making it easier to stitch together the photos 

to create a complete picture. The pilot made 

two passes, at altitudes of 500 and 1,000 feet.

“This test fl ight was successful in confi rm-

ing the Mini ModPOD’s ability to activate the 

camera within the zone of interest. The result-

ing photos were extremely sharp and clear 

– they were free of any vibration or motion ef-

fects,” adds Price.

The photos were successfully matched to 

the fl ight data, which enabled the CDC to adjust 

them for geospatial reference. However, due to 

a software glitch, they were not overlapped as 

planned. The researchers made a small adjust-

ment to the software and completed a third 

test fl ight in August.

“This fl ight resulted in images that were 60 

percent overlapped, enabling CDC engineers 

to build a high-resolution mosaic image,” notes 

Price. “Individuals on the ground were easily 

distinguishable as people separate from other 

objects.”

The imaging system was developed with 

funding from the CDC. The imaging system will 

also be available to other agencies, such as the 

American Red Cross, to count people in refu-

gee camps for planning health and humanitar-

ian services.

The research described in this article was sup-

ported by cooperative agreement #U38 EH000363 

from the CDC. The article’s contents are solely the 

responsibility of the authors and do not necessar-

ily represent the offi  cial views of the CDC.

Gary Gray
404.407.7881
gary.gray@gtri.gatech.edu

David Price
404.407.7105
david.price@gtri.gatech.edu
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Without a real-time map, it’s 

very hard to do population 

estimates and demographic 

estimates to fi gure out 

where people are, how 

they’re moving, how they’re 

spaced out and even how 

many people you have on 

the ground. This technology 

does not exist currently, so 

GTRI’s imaging system is 

really an innovative project. 

- Benjamin Sklaver, project 

offi  cer with the Centers 

for Disease Control and 

Prevention 
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(Left) The white box attached to this helicopter contains a 

high-resolution imaging system developed by GTRI.  (Right) GTRI 

researchers Gary Gray and David Price prepare the imaging system 

for operation.



U
nmanned aerial vehi-

cles (UAVs) are playing

increasingly important 

roles in many fi elds. Ranging in size 

from the huge Global Hawk air-

craft to hand-held machines, these 

remotely controlled devices are 

growing ever more vital to the U.S. 

armed forces in roles that include 

surveillance and reconnaissance.

In some instances, UAVs must 

fl y close to their targets to gather 

data eff ectively and may evade en-

emy detection with sophisticated 

techniques like radar stealth, infra-

red stealth and special camoufl age. 

Aeroacoustics researchers at the 

Georgia Tech Research Institute 

(GTRI) are investigating an addi-

tional kind of stealth that could also 

be vital to these UAVs – technology 

that can evade enemy ears.

“With missions changing, and 

many vehicles fl ying at lower al-

titudes, the acoustic signature of 

a tactical UAV has become more 

and more critical,” says senior re-

search engineer Rick Gaeta.

Help could come from a fi eld 

of expertise known as acoustic 

signature control. It’s a technol-

ogy that could prove highly valu-

able to the further development 

of covert, low-altitude UAV sys-

tems. The work is sponsored by 

GTRI’s independent research pro-

gram and the U.S. Department of 

Defense.

Gaeta, an aeroacoustics spe-

cialist, is working with a GTRI re-

search team to fi nd ways to reduce 

a UAV’s sound footprint. The re-

searchers have characterized UAV 

noise using both ground-based 

methods and vehicle fl ight tests.  

The GTRI investigators’ central 

task has involved characterizing 

the acoustic signature of a UAV’s 

propulsion system, which typi-

cally consists of a piston engine 

and a propeller but could also be 

electrically or fuel-cell powered.  

The researchers needed to know 

how much noise comes from the 

engine’s exhaust as opposed to 

the spinning propeller. 

That task might seem straight-

forward, but real-world experi-

ments seldom are, says Gaeta, 

who is working on the project 

with senior research engineers 

Gary Gray and Kevin Massey. 

For instance, isolating engine 

noise from propeller noise is prob-

lematic.  Removing the propeller 

from the engine also eliminates 

the cooling source – the propeller 

wash.  But switching to another 

cooling source typically adds 

unwanted noise, which in turn 

complicates taking sound mea-

surements.  To operate the engine 

without a propeller attached, GTRI 

investigators had to search for 

quiet ways to provide both sub-

stitute cooling and a load for the 

engine to spin. 

Another complex testing is-

sue involves measuring acoustic 

performance and engine perfor-

mance simultaneously – a key to 

making the right design tradeoff s.  

Researchers utilized two special 

acoustic chambers at GTRI’s Cobb 

County Research Facility – the An-

echoic Flight Simulation Facility 

and the Static Jet Anechoic Facility. 

The fl ight simulation facility is 

a unique chamber with a 29-inch 

air duct that can simulate for-

ward-fl ight velocities while also 

allowing precise acoustic mea-

surements. To take full advantage 

of the fl ight-simulation chamber, 

Gaeta’s team built a special dy-

namometer capable of driving a 

small UAV engine and a propeller.  

By placing the engine-dynamom-

eter unit in the simulation cham-

Aeroacoustics Research on UAVs Could Lead to

Stealthier Surveillance

The Silent Treatment:  

By Rick Robinson
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GTRI senior research engineers 

Rick Gaeta, left, and Gary 

Gray display a propeller-

dynamometer device developed 

to test UAV aeroacoustics.    

Georgia Tech Research 

Institute (GTRI) engineers 

are developing ways to 

characterize the noise 

created by unmanned aerial 

vehicles.  Using acoustic 

signature control techniques 

to limit the sound created 

by these vehicles could be 

key to enabling their covert 

operation at low altitudes.

Photo: Gary Meek

We have been able 

to develop a unique 

testing capability 

as a result of 

this project.  It 

allows us to 

separate acoustics 

issues into their 

component parts, 

and that in turn 

helps us to attack 

those problems. 

– Rick Gaeta, GTRI 

senior research 

engineer



ber, the researchers could test both engine and 

acoustic performance, thereby providing data 

for UAV design tradeoff s. 

“We have been able to develop a unique 

testing capability as a result of this project,” 

Gaeta says. “It allows us to separate acoustics 

issues into their component parts, and that in 

turn helps us to attack those problems.” 

Investigators are also focusing on other is-

sues, such as how to quiet an unmanned air-

craft so that its own sound doesn’t interfere 

with the task of monitoring ground noise using 

airborne sensors. 

They want to fi nd a systems solution be-

cause UAVs are highly integrated.  For example, 

a concept that rendered a UAV acoustically un-

detectable might also aff ect the UAV’s infrared 

and radar signatures.  And changes in those sig-

natures could interfere with the aircraft’s ability 

to evade hostile infrared detection equipment. 

These complexities have led to new collabora-

tions with other GTRI researchers who special-

ize in radar and infrared signatures.  

In addition to ground-based research meth-

ods, GTRI investigators have acoustically mea-

sured UAVs in the fi eld, where real atmospheric 

and meteorological eff ects modify the acous-

tic signature reaching the ground.  They have 

acquired considerable data using GTRI owned 

and operated UAVs.  They also travelled to U.S. 

military installations and made measurements 

of UAVs being fl own there.

“We’ve been able to learn a lot from piggy-

backing on other fl ying programs,” Gaeta says.  

“Those eff orts have helped us to develop optimal 

methods for capturing UAV acoustic data and to 

fi nd the best ways to process it for analysis.”

Working from its fi ndings, the research team 

has identifi ed specifi c acoustic measures that 

could lead to truly covert, low-altitude UAVs. 

“Our next step is to put our fi ndings into a 

prototype for testing,” says Gaeta. “We believe 

that we have the means to make tactical UAVs 

much quieter.”

Rick Gaeta
404.407.7805
rick.gaeta@gtri.gatech.edu
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With missions changing, 

and many vehicles fl ying at 

lower altitudes, the acoustic 

signature of a tactical UAV 

has become more and more 

critical.  

- Rick Gaeta, GTRI senior 

research engineer
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In a GTRI wind tunnel, senior research engineers Rick Gaeta, left, and Gary Gray 

check a propeller that has been attached to a dynamometer for testing.
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F
iring bolts of lightning at 

expensive electrical equip-

ment is all in a day’s work 

at NEETRAC – the National Elec-

tric Energy Testing Research and 

Applications Center.  The goal for 

the lightning research and other 

testing done by the center is to 

improve reliability for the nation’s 

electric energy transmission and 

distribution system.

The 2.2 million-volt impulse 

generator needed to produce 

artifi cial lightning is just one part 

of the test gear used to evaluate 

utility industry equipment that 

ranges from wooden poles and 

aluminum transmission lines to 

transformers and switches.  Part of 

Georgia Tech’s School of Electrical 

and Computer Engineering, the 

center is supported by 32 equip-

ment manufacturers and utility 

companies that provide nearly 60 

percent of the electricity used in 

the United States.

A major part of the work is en-

suring reliability during the light-

ning storms that threaten utilities 

and their customers.

“Lightning is electricity of the 

wrong sort,” explains Rick Hartlein, 

NEETRAC’s director.  “Electric utili-

ties must do a number of things 

to keep lightning from damaging 

the power delivery system, which 

can cause power outages or dam-

age to equipment plugged into 

electrical outlets in homes and 

businesses.”

Thunderstorms can produce 

more than 100 million volts 

– compared to the 120 volts in 

household wall outlets and 240 

volts that power large home ap-

pliances.  To deal with those add-

ed millions of volts, utilities rely 

on a complex array of lightning 

arrestors, static lines and ground-

ing systems. 

Lightning arrestors, for instance, 

contain special materials that under 

normal conditions do not permit 

the fl ow of electrical current.  But 

when they sense a sudden surge 

of electricity from a lightning strike, 

they change properties in a few mi-

croseconds, becoming conductors 

rather than insulators.  When stra-

tegically placed on the electric grid, 

the arrestors carry the lightning 

surges away to the ground – after 

which the arrestors return to their 

role as insulators.

Without the arrestors, light-

ning could arc across the insula-

tors that support power lines, 

causing interruptions and dam-

aging other equipment.  In severe 

cases, the damage could cause 

line circuit breakers to trip, result-

ing in power outages to busi-

nesses, hospitals and whole com-

munities.  

At NEETRAC’s facilities near 

Atlanta’s Hartsfi eld-Jackson Inter-

national Airport, Hartlein and his 

research team evaluate the arres-

tors and help utilities choose the 

right locations for them. 

“Lightning arrestors are not in-

expensive devices and they must 

be maintained once they are put 

on the system,” Hartlein says.  “You 

want to distribute them on the 

system frequently enough to pro-

tect it, but not so frequently that 

you are wasting money.”

After multiple lightning strikes 

and years out in the elements, 

lightning arrestors themselves 

can fail, creating a momentary 

short-circuit on the power grid.  If 

that happens, a device built into 

the arrestors senses the problem 

and fi res a tiny explosive charge 

that physically disconnects the 

faulty arrestor from the distribu-

tion system.  NEETRAC has devel-

By John Toon

Bad Electricity: 
Research Center Helps Electric Utilities and Manufacturers

Protect Against Lightning

Thunderstorms can produce 

more than 100 million volts, 

resulting in catastrophic 

lightning discharges. Electric 

utilities must protect their 

equipment – and that of 

their customers – by using 

lightning arrestors and other 

equipment in appropriate 

locations in power delivery 

networks.  The National 

Electric Energy Testing 

Research and Applications 

Center at Georgia Tech tests 

that equipment to make 

sure it will work properly 

when needed. 

Photo: Gary Meek

A 2.2 million volt impulse 

generator is used to test 

electrical equipment at the 

National Electric Energy 

Testing Research and 

Applications Center.
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oped specialized laboratory testing procedures 

to evaluate the performance of these devices.

Helping the industry develop better equip-

ment requires an understanding of lightning and 

how it works.  For instance, though it’s generally 

not visible to the human eye, most lightning 

strikes in the Southeast are made up of between 

three and fi ve separate pulses between 30 and 

120 milliseconds apart, each one containing po-

tentially damaging electrical energy.

In the Southeast, 90 percent of lightning 

has a negative charge.  But positively-charged 

lightning also occurs, most often in the win-

ter.  Positive lightning ionizes the atmosphere 

more effi  ciently than negative lightning and 

can therefore travel longer distances.

“Positive lightning can travel 10 miles from 

the storm before striking an object on the 

ground, so the storm clouds may not even be 

visible when the lightning strikes,” says Ray Hill, 

a research technologist with NEETRAC.  “This is 

the source of what people call a ‘bolt from the 

blue.’  Because it tends to be a single pulse, pos-

itive lightning can be more dangerous since all 

of the energy is in a single stroke – and people 

aren’t expecting it.”

Though NEETRAC’s lightning impulse gen-

erator can create explosive results, most test-

ing at the center’s facilities is less dramatic.  

For instance, salt fog chambers simulate 

long-term exposure in moist and corrosive en-

vironments to study how utility system com-

ponents will withstand years of exposure to 

the elements.  

Strong ultraviolet lights and high tempera-

tures test the ability of rubber seals to with-

stand summertime heat and strong sunlight 

while keeping moisture away from sensitive 

components.  Computer simulations devel-

oped by Sakis Meliopoulos, a member of the 

Georgia Tech electric power faculty, help de-

termine the most effi  cient way to ground the 

electric grid, which provides the only eff ective 

way to control damaging current.

“The utility companies do a lot to keep 

lightning from damaging their systems, which 

helps keep the lights on,” Hill adds.  “When it 

comes down to that last bit of lightning pro-

tection for the service that comes into a home, 

consumers should consider additional surge 

protection, particularly for electronic equip-

ment.  But nothing is absolute – all you can re-

ally do with lightning protection is to get the 

odds in your favor.”

Photo: Gary Meek

Rick Hartlein
404.675.1870
rick.hartlein@neetrac.gatech.edu
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Lightning is electricity of 

the wrong sort.  Electric 

utilities must do a number 

of things to keep lightning 

from damaging the power 

delivery system, which 

can cause power outages 

or damage to equipment 

plugged into electrical 

outlets in homes and 

businesses.

- Rick Hartlein, director 

of the National Electric 

Energy Testing Research 

and Applications Center 

(NEETRAC)

Researchers test insulators using high-voltage current at the NEETRAC 

facility south of Atlanta.



B
ullet-stopping body armor 

for U.S. troops has focused 

mainly on one vital area 

– the torso.  Although wounds 

elsewhere can be debilitating or 

deadly, no ceramic body armor has 

off ered lightweight yet eff ective 

protection for hard-to-fi t areas like 

the head, arms, legs and groin. 

Georgia Tech researchers have 

now developed a way to form ce-

ramic body armor to any shape 

while achieving protection that is 

better than current armor.

Using novel ways of process-

ing boron carbide, the lightest and 

hardest body-armor material, the 

new technique has already been 

used to construct prototypes that 

fi t arms and legs like a glove. The 

new approach has also been used 

to produce armor contoured to 

protect the femoral artery area and 

the female torso.

“The boron carbide armor 

currently in use consists of sim-

ple plates because of the way 

it is manufactured,” says Robert 

Speyer, a School of Materials Sci-

ence and Engineering professor 

who is principal researcher on 

the project.  “Our technology lets 

us contour the material to any 

shape, and yet it’s actually harder 

and ballistically more eff ective 

than boron carbide plate armor 

currently in the fi eld.”

Speyer has launched a Geor-

gia Tech spinoff  company called 

Verco Materials, LLC.  Verco re-

ceived extensive business guid-

ance from VentureLab, a unit of 

Georgia Tech’s Enterprise Innova-

tion Institute that nurtures faculty 

startup companies. 

Verco was recently awarded 

$2 million in congressional fund-

ing, which is administered by the 

U.S. Army Research Laboratory in 

Aberdeen, Md.  In addition, the 

project has received $400,000 for 

armor prototypes for the future-

force warrior system from the U.S. 

Army Soldiers Systems Center 

in Natick, Mass., and $1.4 million 

from the Defense Advanced Re-

search Projects Agency (DARPA) 

to scale up armor fabrication from 

boron carbide nano-powder.

Speyer explains that boron car-

bide is extremely hard – the third-

hardest material behind diamond 

and cubic boron nitride.  That 

makes it a good bullet-stopper, he 

says, yet forming it into body-ar-

mor shapes has been challenging. 

Forming ceramic powder into 

a solid involves a process called 

sintering, in which compacted 

powder is heated until its particles 

bond together, eliminating the air 

space between them. Traditionally, 

boron carbide has been sintered 

by a technique called hot-press-

ing, which squeezes the particles 

together in a die at high tempera-

tures. But that approach yields only 

simple shapes such as plates.

Speyer and his research team 

performed basic research on the 

sintering process and discovered 

why boron carbide particles didn’t 

sinter well without the aid of pres-

sure. That discovery led to a new 

pressure-less sintering method 

based on control of powder 

chemistry, as well as thermal and 

atmospheric conditions during 

sintering. The new approach yields 

relative density and hardness val-

ues greater than hot-pressing, yet 

can be done faster and at poten-

tially a lower cost.  Most impor-

tant, it can produce hard ceramic 

in virtually any shape, a boon for 

armor designers.  

By Rick Robinson

Protecting Soldiers:  
Georgia Tech Spinoff  Receives Several Body Armor Contracts, 

Including $3.5 Million for Scale-up

RE
SE

A
RC

H
 H

O
RI

ZO
N

S

30 

Georgia Tech materials 

researchers have developed 

a way to form the light-

est-weight ceramic body 

armor to any shape while 

achieving protection that is 

better than current armor.  

The development allows 

production of armor that fi ts 

arms and legs like a glove 

and can be contoured to 

protect the femoral artery 

area and the female torso.

New boron carbide 

manufacturing  techniques 

produce armor that can not 

only take virtually any shape, 

but is also harder than the fl at 

boron-carbide armor plates 

currently in use.

Photo: Gary Meek
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After the sintering process, Speyer often 

employs a method called hot isostatic pressing 

to remove all porosity in the part.  This tech-

nique uses the hydrostatic squeezing action 

of a high-temperature, high-pressure gas in a 

specially modifi ed furnace.

“The beauty of this method is that the part 

is being squeezed from all directions uniformly, 

so whatever shape you put in, you get that 

same shape out,” Speyer says. 

What’s more, he adds, the product is com-

pletely non-porous. That lack of porosity is desir-

able because even the tiniest pore is the starting 

point for a crack, which can weaken the armor 

to impact by a high-speed projectile.

Speyer’s approach to forming body armor is 

eclectic – he and his team use a variety of methods 

to make armor shapes. Employing either pressing 

or casting techniques, they are producing armor 

parts and other test shapes using isostatic press-

ing (also called isopressing), uniaxial pressing, ex-

trusion, injection molding or slip casting.  

A projectile striking ceramic armor usually 

fl attens or fragments, and a signifi cant amount 

of energy is absorbed turning the ceramic into 

powder, which ablates the projectile as it at-

tempts to penetrate.  However, the surrounding 

area of the armor can be left substantially weak-

ened. Thus, one major issue for body armor in-

volves resistance to multiple hits.

Speyer’s team and another company have 

developed and produced a fl exible armor that 

has several virtues including improved multi-

hit capacity. Composed of ceramic geometric 

shapes that both interlock and overlap, this ar-

mor provides protection along with fl exibility.  

Preliminary results show outstanding stopping 

ability against the newest and most deadly 

bullets.

Recently, Verco has developed processing 

capabilities for another material, silicon car-

bide, which is a little heavier but much lower in 

cost, and performs better against some more 

extreme threats.   “We are very excited about 

this,” Speyer says.  “We have developed a way to 

make this material very, very hard, and that has 

always correlated well to ballistic behavior.”

Because the company is new and has lim-

ited production capability, the ceramic extrem-

ity armor will likely be used initially by Special 

Forces and other smaller units.  The armor will 

likely come in sizes, but custom-made armor is 

a possibility.

Robert Speyer
404.894.6075
robert.speyer@mse.gatech.edu
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The boron carbide armor 

currently in use consists of 

simple plates because of the 

way it is manufactured.  Our 

technology lets us contour 

the material to any shape, 

and yet it’s actually harder 

than boron carbide plate 

armor currently in the fi eld.

- Robert Speyer, professor 

in the School of Materials 

Science and Engineering  

Professor Robert Speyer holds boron carbide armor that 

has been molded to protect the neck and face against 

upward “spall” from projectile and armor fragments.



C
onga lines of atoms wend 

their way through a crys-

tal, their numbers growing 

as more and more atoms join the 

migration.  The worm-like lines of 

atoms randomly converge, form-

ing tangles that evolve into drop-

lets of liquid that signal the begin-

ning of the complicated process 

known as melting.

That’s the picture painted by 

Georgia Tech researchers, who 

used molecular dynamics simula-

tions to study how melting takes 

place deep within a perfect crys-

tal.  Reported in the April 2008 is-

sue of the journal Physical Review 

B, the research off ers a new and 

highly detailed look at a complex 

phenomenon that has intrigued 

theoreticians for nearly a century.

“Atoms start to vibrate, and 

then they fi nd a buddy with the 

same vibration, attitude and di-

rection,” explains Mo Li, a Georgia 

Tech School of Materials Science 

and Engineering professor who 

led the study.  “They then start to 

move together and form this line 

that resembles a worm.  When 

you generate a lot of worms in a 

crystalline system over time, they 

start to tangle.  That’s when ho-

mogenous melting starts.”

Solid materials ordinarily melt 

when the combination of entro-

py and energy favors the liquid 

phase.  Melting most often starts 

on the surface, or where crystal-

line defects and boundaries cre-

ate weak bonds that allow vibra-

tions to shake atoms loose from 

the structure.  

But with the advent of mate-

rial-cutting lasers that can heat 

crystalline materials from the 

inside – and with growing inter-

est in high-pressure geothermal 

melting that also takes place from 

the inside – scientists needed to 

understand how non-surface 

melting happens.

It stands to reason that melt-

ing within a crystal would be very 

diff erent from surface melting, Li 

points out.  Atoms constrained 

within a perfect crystal have no 

place to go unless an adjacent 

atom moves to create a temporary 

opening in the crystalline structure.  

But if that happens, perhaps when 

one atom temporarily jumps into 

this vacant space, whole lines of at-

oms can begin to move in concert, 

each occupying the space vacated 

by its neighbor.

But observing that movement 

in detail hasn’t been easy.

Simulating the action of mil-

lions of atoms requires consid-

erable computing time, so to 

minimize processor load, earlier 

simulations had raised the tem-

perature of crystals rapidly, caus-

ing them to melt catastrophically.  

Li and his collaborator, former 

graduate student Xian-Ming Bai 

– now a postdoctoral fellow at 

Northwestern University – decid-

ed to slow the process down to 

observe what would happen with 

more realistic scenarios in which 

the temperature rises gradually 

over time.

“If you heat the atoms too 

quickly, they have no opportunity 

to explore low-energy confi gura-

tions,” Li explains.  “We wanted 

to slow down and look at how 

the thermodynamics works.  We 

heated the material to a specifi c 

temperature and then held it for 

as long as we could to let the sys-

tem evolve – like marinating meat 

for better fl avor.”

Using a large computer clus-

ter in Georgia Tech’s School of 

Materials Science and Engineer-

ing, the researchers studied what 

Researchers Observe Complex Choreography of Atoms as

Solid Crystals Melt into Liquid

Dancing Atoms:  

By John Toon
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Molecular dynamics simulations 

show how non-surface melting 

begins and progresses inside a 

crystalline structure.

Using molecular dynam-

ics simulations, materials 

science researchers have 

explored how crystalline 

materials melt – from the 

inside.  Because of the 

crystalline confi nement, 

such melting diff ers from 

ordinary surface melting, 

and the research provides a 

fi rst insight into how it can 

happen.

Images: Xian-Ming Bai



would happen to a crystal composed of several 

thousand argon atoms as it was heated.  Argon 

was chosen because its physical behavior has 

been thoroughly studied.  To form a continu-

ous crystal without surfaces, the researchers 

mathematically joined the opposite faces of the 

simulated crystal.

Their patience was rewarded by a new and 

diff erent view of the choreography behind this 

common phase transition.  Beyond the basic sci-

entifi c interest, those revelations could lead to a 

better understanding of materials processing.

“The results point toward some very inter-

esting applications in controlling and manipu-

lating melting,” says Li.  “Since atoms don’t move 

individually, perhaps we can do something to 

change the behavior of this melting.”

At this point, Li doesn’t know if the dancing 

atoms observed in the simulated argon crystal 

are typical of melting in atomic crystals.  He 

would like to study other systems, and expand 

the work to include more complex structures 

such as ceramics, metallic alloys, polymers and 

semiconducting materials such as silicon.

“Regardless of the structure, I believe the 

general principle of melting will be the coordi-

nated motion of atoms or molecules,” he adds.  

“Atoms and molecules are bound together in 

certain directions and they would have to move 

in certain directions.  The consequence is that 

they will have to dance together.”

Ironically, the research into melting began 

with a study of how materials freeze, a project 

sponsored by the Defense Advanced Research 

Projects Agency (DARPA).  Toward the end of 

that project, Li and his collaborators decided to 

reverse the process to see what would happen 

to the crystals they had created.

“This gives us a reference point for under-

standing what is really happening in nature,” he 

says.  “There are still a lot of open questions, but 

no one really imagined that a mechanism like 

this existed.”

Mo Li
404.385.2472
mo.li@mse.gatech.edu
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Atoms start to vibrate, and 

then they fi nd a buddy 

with the same vibration, 

attitude and direction. They 

then start to move together 

and form this line that 

resembles a worm.  When 

you generate a lot of worms 

in a crystalline system over 

time, they start to tangle.  

That’s when homogenous 

melting starts.

– Mo Li, professor in the 

School of Materials Science 

and Engineering

33

Mo Li, a professor in the School of Materials Science and 

Engineering, poses with a computing cluster used to model 

the melting process within a crystal.
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T
he profi tability gap be-

tween companies that 

compete on the basis of 

innovative products or processes 

and fi rms that compete with a 

low-price advantage has more 

than doubled over the past three 

years, a new survey of Georgia 

manufacturers has found.

The 2008 Georgia Manufac-

turing Survey also found that 

Georgia companies are making 

signifi cant progress in adopting 

sustainable techniques – another 

form of innovation – though they 

tend to focus on easily-done ener-

gy reduction and waste-recycling 

measures rather than long-term 

investments in sustainable manu-

facturing products and processes.

Results of the survey, done 

periodically to assess the business 

and technological condition of 

Georgia’s manufacturing commu-

nity, were released in November 

2008 by Georgia Tech’s Enterprise 

Innovation Institute and School of 

Public Policy.  The results are based 

on responses from 738 companies 

with more than 10 employees.

“Innovation remains as impor-

tant as ever,” says Philip Shapira, a 

professor in Georgia Tech’s School 

of Public Policy and one of the 

study’s co-authors.  “Those Geor-

gia companies that innovate re-

ceive rewards for doing so.  But a 

signifi cant number of companies 

still have not adopted innovation 

as a leading strategy.”

The survey showed that com-

panies competing on the basis of 

innovation had a three-year aver-

age return on sales of 14.5 percent 

– nearly twice the 7.6 percent 

average for companies compet-

ing with low prices.  In the 2005 

Georgia Manufacturing Survey, 

companies relying on innovation 

saw an average return on sales of 

6.3 percent, compared to about 

3.6 percent for the low-cost com-

petitors.  The gap between the re-

wards for these two competitive 

strategies nearly doubled during 

the 2005-to-2008 period. 

Slightly less than 20 percent 

of Georgia manufacturers com-

pete based on price, compared to 

fewer than 10 percent that use in-

novation as the competitive edge, 

the study found.  Half of Georgia 

manufacturers reported gaining 

a competitive edge from qual-

ity products or services.  Other 

strategies include quick delivery, 

adding value and adapting to 

customer needs.

Wage rates were also associ-

ated with competitive strategy.  In-

novative companies paid an aver-

age of nearly $42,000 annually per 

employee, compared to a range of 

$33,000 to $37,000 for other fi rms.

The survey studied innovation 

in products, processes, organiza-

tional structures and marketing.  

About 70 percent of the manufac-

turers responding to the survey re-

ported that they had introduced a 

new or technologically improved 

product or process in 2008.

About three-quarters of the 

Georgia manufacturers reported 

adopting at least one practice 

aimed at making their operations 

more sustainable.  These included 

sustainability considerations in 

the choice of suppliers, selection 

of raw materials and processing 

techniques; application of sus-

tainable principles to product 

design, processing, facility de-

sign, packaging and marketing; 

employee training in sustainable 

practices; logistics and transpor-

tation services; the use, reuse and 

maintenance of the product, and 

product “end-of-life” issues.

By John Toon

Innovation Reward: 
Study of Georgia Manufacturers Shows Widening Profi t

Advantage for Innovative Companies

A new survey has found 

that the profi tability gap 

between companies that 

compete on the basis of 

innovative products or 

processes and fi rms that 

compete with a low-price 

advantage has more than 

doubled over the past three 

years.  The 2008 Georgia 

Manufacturing Survey also 

found that Georgia compa-

nies are making signifi cant 

progress in adopting 

sustainable techniques.

Photo: Nancy Fullbright

A worker at Spectral 

Response, a Duluth, Ga., 

company, inspects a circuit 

board before it is shipped to a 

customer. 
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However, only one in fi ve Georgia manu-

facturers had an environmental stewardship 

program, and just 18 percent have set targets 

for reducing energy use in their facilities.  Sus-

tainability is defi ned as steps taken to minimize 

the use of natural resources, toxic materials, 

waste emissions and production materials over 

the life cycle of the product produced.  But it 

also includes functions to expand sales, such 

as green branding and eco-labeling – not just 

cost savings benefi ts.

“The importance of sustainability is driven 

by the growth in energy costs, the rise in the 

cost of natural resources and of waste disposal, 

and demand from customers who consider 

sustainability issues when making purchasing 

decisions,” says Jan Youtie, a study co-author 

and manager of policy services in the Enter-

prise Innovation Institute. “In the broadest 

sense, sustainability is about sustaining busi-

ness, so if manufacturers want to succeed long 

term, they need to pay attention to environ-

mental and equity issues, not just economics.”

Manufacturers have long focused on 

cutting costs through approaches like lean 

manufacturing, and many companies see sus-

tainability primarily as a way to further those 

eff orts.  Such viewpoints may miss important 

opportunities, Shapira warns.

“Companies continue to focus on near-

term cost savings and easily achievable energy 

reductions,” he says.  “Too few are pursuing 

the long-term investments in innovation and 

product life cycle costing that would help sus-

tain them over the long term.”

Adoption of sustainable techniques varied 

with the size of companies.  “We usually see 

that large companies adopt new technologies 

earlier and at a higher rate than small compa-

nies, and energy has an inherent scale issue,” 

Youtie notes.  “But there are also benefi ts for 

small companies, which can be more agile in 

adapting to change.”

Support for the study came from the Geor-

gia Manufacturing Extension Partnership at 

Georgia Tech, the Georgia Tech Center for Pa-

per Business and Industry Services, the Georgia 

Department of Labor, the QuickStart Program 

of the Technical College System of Georgia, 

and Habif, Arogeti and Wynne, LLP.  Beyond 

Shapira and Youtie, authors included Luciano 

Kay, Ashley Rivera, Bryan Lynch and Andrea 

Fernandez-Ribas. 

The complete 2008 Georgia Manufacturing 

Survey can be downloaded at:

www.cherry.gatech.edu/survey.

Photo: Nancy Fullbright

Jan Youtie
404.894.6111
jan.youtie@innovate.gatech.edu

Philip Shapira
404.894.7735
philip.shapira@pubpolicy.gatech.edu
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Innovation remains as 

important as ever.  Those 

Georgia companies 

that innovate receive 

rewards for doing so.  But 

a signifi cant number of 

companies still have not 

adopted innovation as a 

leading strategy.

- Philip Shapira, professor 

in the School of Public 

Policy

The 2008 Georgia Manufacturing Survey found that the state’s 

manufacturers are making progress in adopting sustainable practices.
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S Neuromorphic Research Focuses on Threat Warning Binoculars

G
eorgia Tech has received a con-

tract to help develop “intelligent 

binoculars” that mimic the low-level 

image processing done by the hu-

man brain. Called the Cognitive 

Technology Threat Warning System 

(CT2WS), the device is expected to be 

far more capable than portable visual 

threat-warning equipment currently 

used by the U.S. military.

A research team headed by 

Paul Hasler, an associate profes-

sor in the Georgia Tech School of 

Electrical and Computer Engineer-

ing (ECE), will investigate the use 

of neuromorphic engineering to 

enable a CT2WS device. Neuro-

morphic techniques use innovative 

hardware and software approaches 

to emulate human intelligence.

The Georgia Tech team will 

be working with Hughes Research 

Laboratory and Northrop Grum-

man Corp., which have won CT2WS 

contracts from the Defense Ad-

vanced Research Projects Agency 

(DARPA). 

“Realistically, this is probably 

not something that’s going to be 

one project and then it’s done,” 

says Hasler, who is a research team 

leader at the Georgia Electronic De-

sign Center (GEDC). “This opens up 

a whole avenue of thought about 

neural-inspired approaches to new 

applications. There are likely to be 

a tremendous number of opportu-

nities here going forward.”

Neuromorphic engineering is 

interdisciplinary, using fi elds that 

include biology, physics, mathemat-

ics and computer science, as well as 

electrical and other types of engi-

neering. Its aim is to develop artifi -

cial systems – such as vision devices 

or auditory processors or even ro-

botic systems – based to a degree 

on natural biological systems. 

The CT2WS program’s aim is 

to deliver several prototype units 

small enough to be carried by sol-

ders in the fi eld. DARPA has stated 

that these intelligent visual devices 

are now possible because of recent 

discoveries in a variety of fi elds, in-

cluding wide-angle optics, digital 

imaging, cognitive visual-process-

ing algorithms, neurally based 

target detection processing and 

ultra-low-power, analog-digital 

signal processing electronics.

A successful visual-warning 

device of this type could produce 

revolutionary capabilities for the 

combat soldier.

“The idea of this project is to 

build a visual device that is atten-

tive, that can do the kind of low-

level visual processing that your 

eyes do naturally,” Hasler explains. 

“You would see a certain picture in 

your fi eld of view, but the device 

would actually be looking over a 

much wider space – and if it found 

something interesting it would pres-

ent you with that picture as well.” 

 – Rick Robinson

Contact:
Paul Hasler

404.894.2984

paul.hasler@ece.gatech.edu
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(Top):  Graduate student Csaba Petre, left, and associate professor Paul 
Hasler confer in the laboratory.

(Bottom) A fi eld-programmable analog array chip and instrumented test 
setup are used in both research and teaching.

Photos: Gary Meek

Research Uses Visual Analytics to Analyze Massive Data Sets

E
normous amounts of data are 

being generated in health care, 

computational biology, homeland 

security and other areas, but analyz-

ing these massive and unstructured 

data sets has proven cumbersome 

and diffi  cult. An emerging research 

fi eld known as data and visual 

analytics is helping sift through such 

mountains of information to fi nd and 

put together individual pieces of a 

picture.

Georgia Tech has received a 

fi ve-year grant to lead and coor-

dinate a new initiative that will 

develop foundational research in 

massive data analysis and visual 

analytics. A research team headed 

by Haesun Park, a professor and as-

sociate chair in the Computational 

Science and Engineering Division 

of the Georgia Tech College of 

Computing, will investigate ways 

to improve the visual analytics 
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of massive data sets through machine 

learning, numerical algorithms and op-

timization, computational statistics, and 

information visualization. 

“Developing new and improved 

mathematical and computational meth-

odologies will further enable systems de-

velopers, intelligence analysts, biologists 

and health care workers to implement 

new methods to ‘detect the expected and 

discover the unexpected’ among massive 

data sets,” Park explains.

The $3 million joint National Science 

Foundation and Department of Home-

land Security grant establishes Georgia 

Tech as the lead academic research in-

stitution for all national Foundations 

of Data and Visual Analytics (FODAVA) 

research eff orts. Over the next fi ve years, 

the Georgia Tech-led research team will 

work to establish FODAVA as a distinct 

research fi eld and build a community 

of top-quality researchers that will col-

laborate on research workshops and 

conferences, industry engagement and 

technology transfer. 

“FODAVA seeks to put an improved 

science base under one portion of the 

problem – how can we transform large, 

complex data sets into reduced compu-

tational models or mathematical formal-

isms that retain the information content 

while better supporting the human in 

extracting critical information from the 

data,” says Lawrence Rosenblum, pro-

gram director for graphics and visualiza-

tion at the National Science Foundation. 

“Scientifi c advances here are critical to 

future advances in the science of data 

and visual analytics that will keep us safe 

and provide technological and commer-

cial advances that benefi t mankind.”

– Abby Vogel
Contact:
Haesun Park

404.385.2170

hpark@cc.gatech.edu

Researchers Develop Self-Training Gene Prediction Program for Fungi

A researcher analyzes a document collection using a visual analytics system called Jigsaw.

Photo: Nicole Cappello
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G
eorgia Tech researchers have developed 

a computer program that predicts

genes in the DNA sequences of fungi.

Fungi – which range from yeast to 

mushrooms – are important for industry 

and human health, so fast progress in 

understanding the recently sequenced 

fungal genomes can help in developing 

and producing critical pharmaceuticals. 

Gene prediction can help to identify po-

tential targets for therapeutic interven-

tion and vaccination against pathogenic 

fungi. 

“In fungal genomes, a signifi cant 

part of the information that facilitates 

accurate gene splicing in nature is car-

ried by branch point sites,” says Mark 

Borodovsky, director of Georgia Tech’s 

Center for Bioinformatics and Computa-

tional Genomics. 

Branch point sites are located inside 

introns, which are non-coding regions of 

DNA located between genetic-code-car-

rying regions called exons. 

“Previously during the process of 

predicting the exon-intron structure 

of eukaryotic genes in genomes other 

than fungal ones, we didn’t search for 

branch point sites, but doing so in the 

new program helps to better delineate 

intron regions inside fungal genes,” adds 

Borodovsky, who is also a Regents’ Pro-

fessor in the Wallace H. Coulter Depart-

ment of Biomedical Engineering and the 

Computational Science and Engineering 

Division of the College of Computing.

Borodovsky and his colleagues 

expanded the eukaryotic genome self-

training software program they devel-

oped in 2005 to address the issue of 

fi nding unknown branch point sites in 

unannotated genomic sequences. The 

research team included Ph.D. student 

Vardges Ter-Hovhannisyan, Coulter De-

partment of Biomedical Engineering 

research scientist Alexandre Lomsadze 

and School of Biology professor Yury 

Chernoff .

Details of the new program, called 

GeneMark-ES, are available online in the 

journal Genome Research. The software 

will also be freely available for academic 

researchers.

 – Abby Vogel
Contact:
Mark Borodovsky

404.894.8432

borodovsky@gatech.edu

Regents’ professor Mark Borodovsky.

Photo: John Stasko
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R
esearchers have shown that a 

new class of ultraviolet pho-

todiode could help meet the U.S. 

military’s pressing requirement for 

compact, reliable and cost-eff ective 

sensors to detect anthrax and other 

bioterrorism agents in the air.

“The military is currently us-

ing photomultiplier tubes, which 

are bulky, fragile and require a lot 

of power to run them, or silicon 

photodiodes that require a com-

plex fi lter so that they only detect 

the desired ultraviolet light,” says 

Russell Dupuis, Steve W. Chaddick 

Endowed Chair in Electro-Optics in 

Georgia Tech’s School of Electrical 

and Computer Engineering (ECE) 

and a Georgia Research Alliance 

Eminent Scholar.

New research shows that ul-

traviolet avalanche photodiodes 

off er the high gain, reliability and 

robustness needed to detect these 

agents and help authorities rapidly 

contain an incident like the 2001 

anthrax attacks. The fabrication 

methods and device characteristics 

were described at the 50th Elec-

tronic Materials Conference held 

in Santa Barbara, Calif., in June 

2008. Details of the photodiodes 

were also published in the journals 

Electronics Letters and IEEE Photon-

ics Technology Letters.

ECE associate professor Doug-

las Yoder, assistant professor Shyh-

Chiang Shen and senior research 

engineer Jae-Hyun Ryou collabo-

rated on this research, which is 

funded by the Defense Advanced 

Research Projects Agency (DARPA) 

and the Georgia Research Alliance. 

The team chose to develop 

avalanche photodiodes for this 

bioterrorism application because 

the devices can detect the sig-

nature fl uorescence of biological 

molecules in a sample of air. Since 

most of the molecules of interest 

to the researchers emit ultraviolet 

light, they designed special photo-

diodes that detect the fl uorescence 

in the ultraviolet region, but have 

no response to visible light.

“We built our photodiodes 

with gallium nitride, which is a 

semiconductor that can be used 

to create photodiodes that require 

no fi lters because this material has 

an inherent response to ultraviolet, 

but no response to visible light,” 

explains Dupuis. 

To improve the sensitivity at ul-

traviolet wavelengths, the research-

ers designed the gallium nitride 

photodiodes to operate in a mode 

that employs avalanche multiplica-

tion. The avalanche multiplication 

phenomenon is used to multiply 

normally tiny currents by factors of 

up to one million, thus dramatically 

increasing the device gain.

Avalanche photodiodes can 

create much larger currents for 

each photon compared to normal 

photodiodes. Once the necessary 

electric fi eld strength has been 

achieved inside the device, the av-

alanche eff ect starts with just one 

free electron. Since the illuminated 

photodiode will contain many free 

electrons, an avalanche will always 

occur if the electric fi eld is large 

enough.

 – Abby Vogel

Contact:
Russell Dupuis

404.385.6094

russell.dupuis@ece.gatech.edu
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Photo: Gary Meek

Georgia Tech researchers work inside a hood that contains an electronic device probe station, which precisely measures the device characteristics of a new 
class of ultraviolet photodiode the researchers developed.
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N
ew research could soon make predicting the degrada-

tion and remaining useful life of mechanical and elec-

tronic equipment easier and more accurate, while sig-

nifi cantly improving maintenance operations and spare-parts 

logistics. 

Nagi Gebraeel, an assistant professor in Georgia Tech’s H. Mil-

ton Stewart School of Industrial and Systems Engineering, has 

developed models that use data from real-time sensor measure-

ments to calculate and continuously revise information regard-

ing the amount of remaining useful life of diff erent engineering 

systems based on their current condition and health status. These 

predictions are then integrated with maintenance management 

and spare-parts supply chain policies as part of an autonomic 

“sense and respond” logistics paradigm.

“Recent advances in sensor technology and wireless com-

munication have enabled us to develop innovative methods for 

indirectly monitoring the health and performance of diff erent 

engineering systems,” says Gebraeel, who started working on this 

project at the University of Iowa. “This has created an environ-

ment with an abundance of data that can be exploited in deci-

sion-making processes across diff erent application domains such 

as manufacturing, aging infrastructure, avionics systems, military 

equipment, power plants and many others.”

Gebraeel’s predictive models were detailed during two pre-

sentations in October 2008 at the Institute for Operations Re-

search and the Management Sciences Annual Meeting. Funding 

for model development was provided by the National Science 

Foundation.

Because Gebraeel’s sensor-driven prognostic models com-

bine general reliability characteristics with real-time condition-

based signals, they provide an accurate and comprehensive 

assessment of a system’s current health status and its future evo-

lution. These accurate predictions are then used to determine 

the most economical time to order a spare-part component and 

schedule a maintenance replacement by accounting for diff er-

ent costs, including those due to unexpected failures, spare-part 

inventory holding and out-of-stock situations.

Gebraeel began his research by monitoring the vibration and 

acoustic emissions signals from rotating machinery, namely bear-

ings. He extracted degradation-based characteristics pertaining 

to key components on the machinery and used them to develop 

condition-based signals. Gebraeel then created stochastic mod-

els to characterize the evolution of these condition-based signals 

and predict the remaining life of these critical components.

After extensive experimentation and testing, results showed 

that his techniques can potentially reduce the total failure costs 

and costs associated with running out of spare-parts inventory 

by approximately 55 percent. With such positive results, Gebraeel 

turned his attention to developing models for electronics. He re-

cently began working with Rockwell Collins to develop adaptive 

models to estimate the remaining useful life of aircraft electronic 

components (i.e. the statistical distribution of the time until the 

signals reached a predetermined failure threshold).

“Aircraft take off  at ambient ground temperatures and quickly 

reach their cruising altitudes, where the temperatures tend to be 

below zero,” explains Gebraeel. “It’s these changes in temperature 

coupled with inherent vibrations that aff ect the deterioration 

and lifetime of electronic equipment.”

Gebraeel’s goal is to embed his prognostic methodology into 

key avionic systems so that decisions can be made about wheth-

er an aircraft is capable of carrying out a specifi c mission. 

Gebraeel is also working closely with Virginia-based Global 

Strategic Solutions LLC, which has funding from two U.S. Navy 

Small Business Innovation Research (SBIR) grants. 

The focus of one of the grants is to advance the development 

of embedded diagnostics and prognostics to predict the re-

maining life distributions of electrical power generation systems 

on board U.S. Navy aircraft. The focus of the second grant is to 

develop advanced health monitoring and remaining useful life 

models for aircraft communication, navigation and identifi cation 

(CNI) avionics systems used on the Joint Strike Fighter.

Contact:

Nagi Gebraeel

404.894.0054

nagi.gebraeel@isye.gatech.edu

Equipment Lifetime: 
Models Predict a System’s Remaining Life and Link

Information to Inventory Decisions
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By Abby Vogel
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Reusing Coal Ash

Each year, coal-burning power plants, steel mills and similar 

facilities in the United States produce more than 125 million tons 

of waste, much of it fl y ash and bottom ash left over from combus-

tion.  Mulalo Doyoyo has plans for that material.

An assistant professor in Georgia Tech’s School of Civil and En-

vironmental Engineering, Doyoyo has developed a new structural 

material based on these leftovers from coal burning.  Known as 

Cenocell™, the material off ers attributes that include high strength 

and light weight – without the use of cement, an essential ingredi-

ent of concrete.   

With broad potential applications and advantages such as 

good insulating properties and fi re resistance, the material could 

replace concrete, wood and other materials in a broad range of 

applications in construction, transportation and even aircraft.

See story on page 4.


